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I NHI BI TORS Backgr ound The search for new therapeutic agents has been

greatly avgediionoéecent years by a better understandi ngpofr/erb@osboust ur e of

enzynmes and ot her bionol ecul es associ ated with di seases. One inportant

cl ass of enzynes that has been the subject of extensive study is protein

ki nases. Protein kinases constitute a large famly of structurally

rel ated enzynes that are responsible for the control of a variety of signa

t ransducti on process&somistyRiNtptiine coeddunns Harabkernu@er@re Hanks, S. The

Protein Kinase Facts Book, | and Il, Academ c Press, San Diego, Calif.:

1995). Protein kinases are thought to have evolved froma conmon ancestral

gene due to the conservation of theb g%truc ure and catal ytic function

Al nost all kinases contain a sim|l - am no acid catal ytic domain.

The ki nases THaYcabeh foah@@thctapettid dpeats hanbdeh @ecally aldog irsiebést i edreby & beyer

phosphor ate (e. protein-tyrosine, proteln serine/threonine, |i ds
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FASEB J. 1995, 9, 576-596; Knighton et  al., Science 1931 253, 407-414;

Hles et al., Cell 1992, 70, 419 429; Kunz et al., Cell 1993, 73, 585 596;
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involved in a sjgnaling_p hese phosp Iat| vents act. as
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in response to a variety of extraccllular and other stinmuli. Exanples of

such standrmtalyimﬁlngtu@ éimpstoH el coafath atieniic0-H0ranyso géig n@thls’tw éorgam

osnot i # , and
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H202), . inter or a
( TNF- a)))rpsme‘] qbr(gélﬁwé]l’lnef/ﬁﬁdoﬂrns liredyg ezc.)g Saquehocmbefs have been 1dent1ﬁed that generally

macr ophagc- co tin fa tor, ( CSF) nd fjhbropl ast gr act or
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activation of transcrlptlon factors, muscle contraction, glucose

met abolKusaret dofieH dPIBF 3ptist 86n Gergin Buspsset abfdMBEYLI1994.dR. BHO2tR6 kel | cycl e.
Many di seases arc associ ated with abnormal cellular responses triggered by
protein kinasc-nedi ated events as descri bed above. These di seases i ncl ude,
but are not Id ganictagbrétoin kinssed merhata éntchicslbdaegznaliMfby affecting a phosphoryl transfer

ot abol T HIELASE o0 DR i A G U aNG o 1 T GBEEE L asst

car di oypaspHblatidh SE@SERt adinbRE@bESH/ G @Iwa&iebfrﬁt ca BORIIATEbr &gﬁh@&ﬁ@@rgeﬁnd
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(CDK2, l'in E (CDK2). Each of these conpl exes is
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COK f a@Avmh%%ramoém@gnﬁa&mnus% Mo orﬁbrﬁﬁ)hks gaftsJaﬁo&gn drQriptIAAWRYGL - mds Qgs
CDKs 7,7 8, an are 1 npl |cafe§ in the regulation of transcription,

CDK5 plcalytslcaom @hezosmmnt@hcvlanalcorartdl 0§H®t@@1 smiheelel zlndfr@mxiattloomf the cell cydthe

activi 1S, & d_post sl at i onal.l tra
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alteration and deregul ation of CDKs and their regul ators, suggesting that

i nhibitors of CDKs may bc useful anti-cancer therapeutics. |Indeed, carly
results suggest that transforned and normal cells differ in their

requi renent for, e.g., cyclin AACDK2 and that it may be possible to devel op
novel antineoplastic agents devoid of the general host toxicity observed
with conventional cytotoxic and cytostatic drugs. Waile inhibition of cel
cycle-related CDKs is clearly relevant in, e.g., oncol ogy applications,
this may not bc the case for thc inhibition of RNA pol ynerase-regul ating
CDKs. On the other hand, |nh|b|t|on of CDK9/cycI|n T functlon was recently
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There remains a need for new treatnments and therapies for protein

ki nase-associ ated di sorders. There is also a need for conpounds useful in

t he treatwenviomnogseventi on or anelioration of one or npCce/EPyePioe0Te3 Of
cancer, transplant rejections, and autoi mune di seases. Furthernore, there
is a need for nethods for nodulating the activity of protein kinases, such
as CDK | , CDK2, CDK4, CDK5, CDK6, CDK7, CDK8 and CDK9, using the conpounds
provi ded herein. in one aspect, the invention provides a compound of

For mul %fﬁmmﬁo@rﬂlﬁg&@%dﬁ@ Qiscastd endAHRTE BsedsBY %@ﬁlb%l&f‘ﬁld%ﬁl%d%&l@ﬁﬁ@émd Y
formula T: or pharmaceutically acceptable salts, wherein Xs N;

Rl i s GCirsaiekychnceCNardipey@iRg d@ﬂea@tg&‘s and Bsthma elrbrmeds tietee.oad iabrngqmup,
or a 3 4 e y,

Qij CyC %tgﬁnég}? LS %c%grgln%gﬁtthe{r s g)él:rhg %lé%gtrlai}leffort in 51%(1101 8%\,%%1?46‘05 r]‘[0 dmay be
subst i prdted kWatsd‘llnhi’ﬂﬁoﬂrtthdeaefﬁaﬁ‘@d deytheragsutiOblyentdNO

2010/ 020675PCT/ EP2009/ 060793 5 L is a bond, C sal kylene, C(0), or
C(0)NR1, and wherein L may be substituted or unsubstituted; Y is H R1l1,

NRI 2RI 3, O"lmﬁz‘itlo\ﬂ f')\l%gﬁ@§1$n Qhd E&BpIt@sd %@&a&f&ﬂ@n E8l ¢ \é\B?are regulatedb varieus
where Y is where O- R% e present 3, kyl, oxo,

hal ogeﬁydtljlrdqmmle@? kipesedCRK) mlylpkmw}él%raquéwahﬁomqﬂ gjpwdp Thm @onmesOr N,
0 t.
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or unsuyhst bﬂtﬁ&s@@o%&ﬂeﬁg ihv®edtin flparfiBulaSpHds©6f thatQosile. Rt afRenent®ers dffho
Ro R', RI2, R 3, 14, and R15 are

each i fd8p&mibrare }nV§b4€é(§¥@EISIYQ'1bm ¢4l cgele cepfrodyhowagsr. 1lhus (Elkgal. Byand %Harg- 14
e SR i ORIty R
C _ol kydidHan. C1- 6al kyl OH, and wherein R4, R5, R6, R7, Rio,- ,

The activity of CDKs is regulated post-translationally, by transitory associations with other
proteins, and by alterations of their intracellular localization. Tumor development is closely
associated with genetic alteration and deregulation of CDKs and their regulators, suggesting that
inhibitors of CDKs may be useful anti-cancer therapeutics. Indeed, early results suggest that
transformed and normal cells differ in their requirement for, e.g., cyclin A/CDK2 and that it may be
possible to develop novel antineoplastic agents devoid of the general host toxicity observed with
conventional cytotoxic and cytostatic drugs. While inhibition of cell cycle-related CDKs is clearly
relevant in, e.g., oncology applications, this may not be the case for the inhibition of RNA
polymerase-regulating CDKs. On the other hand, inhibition of CDK9/cyclin T function was recently
linked to prevention of HIV replication and the discovery of new CDK biology thus continues to
open up new therapeutic indications for CDK inhibitors (Sausville, E. A. Trends Molec. Med. 2002,
8, S32-537).

The function of CDKs is to phosphorylate and thus activate or deactivate certain proteins,
including e.g. retinoblastoma proteins, lamins, histone H1, and components of the mitotic spindle.

The catalytic step mediated by CDKs involves a phospho-transfer reaction from ATP to the



ic and R13, substituted or unsubstituted; mand n are independently O0-2;
and 5710 whereinL,R3 R4 ,R,R6 ,R,RI10 ,Rl ,R--,andR13, R4, and R15 nmay
be subst iwoteth/osod78 one or nore of C 8al kyl, C2_8al kenylpcTE22@2l0kymy! , C3
nmeycl oal kyl, 5-14 nenbered heteroaryl3group, C6 maryl group, a 3-14
menber ed cycl oheteroal kyl group, OH, (0), CN, al koxy, halogen, or NH2. WO
2010/ 020675PCT/ EP2009/ 060793 6 Detail ed Description of the Invention

In an enbodi ment, the present invention includes conpounds of fornula I
wher ei %a%rdn?ol&gula%zﬁ{e s\ﬂbét%té)@re{ver@lf et off%rhﬁdﬂnﬁg(rg‘!;lgwpdﬁ% @?Scher“p%e Yis
N and Wis CR9, or N, and where f e present, and %B sal kyl ,
oxo, olCumEpor Dieg BisRgvamalpey.G0M aﬂ b23- déﬂsdlaat: kean foursiip p0$snssamtleqttitfdtane¢tt Y

|s N a [ﬁgp or 2. In another enbodinent, nis
%ﬁﬂy%k%bgnghgfﬁej ]%gis‘%& ?u&n I n anot her enbodinent, mis 2
and nis 1 In a further enbodlnent both ntand n are 1. In an

enbodi nent, ther e prese npounds of formula .(1). .1t

under st ood’ PhAMAFIHT tews rge ?@%ﬁgﬁ%ﬂm CRDICXCEDFARER P oTiey qfﬁem&}}ﬂ%ns
of the 6y fhithtody ﬁﬁlﬁf)ﬂtﬁ’ﬁa‘uon or dephBsMarBARRALERRL . CRSpHoSpHIRS 1MYdN is BEMMned by
propyl, butyl, ‘oxo, or’two Rs can form a bri dged (cycl oal yl)ﬁgroup, such

as cyclacgwmfcdbww@p%kmses rABgAngfos kipases spe is methyl.

I n ano r d| , the present
| nvean 8RR RERS AL TR N i lS bEpRERE such g cdea e fEP%; b kyl | such
as net I@dlk/cyelhrhgdmplm apiyity mayd»p Iﬁmh,ek reghlﬂttejll by tpertimilics of enkdexanlons cellular

C3 14cycloallc uch bu o ent yl r

oyl onBisnacepty S e KV EutRaR” eicbs ik Tees) eaoihs DR spbs Bt n.
G _8alkyidfhhd w6 hpess™ %ox@ﬁaﬁvﬁ@lrb 15%@&1@1 , b SO g erfehibdGHA I, or

CH2CHOHCH3; CI scyanoa such as CH or CH2CH2 Co 8al kyl C(0) Co
8al ky1RRIAFES, in g jarae aem PEPONERpIRIcs. 2HIE Kigig Sy @mmmmsm@ 15, Cl

8al ky1C3; dseyc| gatik { I

Ch8a|>/k 14WC ha?élé% 62) % CE%J( g %ﬁeﬁ%%ﬁ% Mgcedq% |at% gt%a le\/\Eot h one
or nor enaoflva@-lthe@ﬂkﬂﬁ;chn(E/Nb-lﬁnd atkd/ ctytbiﬁ’r(@il/rDm&) thd)lcRIeS a’rtﬁ)lefé.blﬂow levels of

i ndependent | select om 4cycl oal i | kox C
oyt PGP RDING Beca b i B s ST G SOy B P T S00705 7
I'n an eﬁistegthdmrftcyclme in SNid tikASurah& ek bhdvﬂﬁt@l@@ﬂ@@t&tvlfi&h MEgﬁ@@plfog@mﬁ a
sal kyl, such as nethyl, ethyl, propyl, buty entyl, exyl

C314cy EVERENY§SSi08 9f W“é@ Dehfegs @stwwcme%ttb Beﬁog) ageélybteeqﬁeﬁﬁtpwous@ and non-
CyC|°h§ﬁthd?m% 1l4..ehered cycl oheteroal kyl group, such as norpoholine,
pi peridi ne, or |pera2|ne a C6-14 aryl group, such as phenyl; a 5-14
menber ed heteroaryl group, such as pyridine, pyrimdine, or pyrlda2|ne

| k , th
K0 G ; al ky PP ey oftd me oy BEBRAI gl &f et Bpa S st v,
such agydeidpbifeMd ccitd iyt 88eNdlinedabp¥ed F&bh&ﬂﬂ“ﬂi‘éﬂam&ﬂenﬁcaﬁbi&ﬂv@ﬂ in Swhedh aS

met hyl eneOH, et hyl eneOH, or propyleneQH, and R14 and R15 when not H may
unsubstikilage B‘?Y rolfens plie Berndcedibsfie The devsfopmsnt @m@%ﬂth@wwégr &g W@Wm

C2sall k%?ﬂohfé@tw@t(ﬁ%ﬁ;&e‘?@ |stfc§f1| as canckfk, Hﬁﬂ?ﬁl‘éﬁgetﬂﬁﬁ ALy bendfiOHR: at g@csl&aa't yl
group, a 3- nber ed cycl ohet eroal kyl group, OH (0), CN al koky,

haIogeﬁpmmﬁcmﬂ@nsﬂwﬁﬁﬂeppwneﬁbﬂheﬂyénnebknéh$lmnheﬂpc@éeqnwﬁwvemebohe

i ncl udes co in R3is. k such as nethyl,

et hyI qu)edC to t e, Ofr;erlcg%(ilf %ns suc’: as Vl]&?ln eﬁtlﬁnsi &01%11618 1sea&%2a neuro-aa&gﬁm- in
anot herdmﬁ%gdmmagtt ,ot}ia& |(Sdktﬂarge&d|ﬂte®a:nehmcs o ovidH2IGH2ADHendfits ianbd her
enbodi nment nother enbo IH%H% t.he present |nvent|on

i ncl udé@afeeﬁb%t}hegr%toutlasfdf-ﬁfr%ect RiFSF ey henuspe! HETORHSEIPR WIS uch as
- CH2-, o (ildCldRnew, Qﬁera&dﬁ%@éﬁﬁz‘Cdk%l%}ﬂelt{lant@(fangr%eraples could ﬂo'fknﬁQFP} ek

embodi nent, the present invention includes conpounds of fornula | wherein
R is @dwnlaagegfeteeatat@y curren @hfitamouradents e gl Wong%ncxﬁBucgtly infgiact Wik PINA andor

cycl Oh(gfl(é/dld therefore reduce the risk of secondary tumour development.




i n anot her enbodi nent, the present invention includes conpounds of formula
| wherein R2 is cyclopentyl. I n anot her enbodi nent, the present

i nvent i oowoneludessconmpounds of formula | wherein R i sPCREPS00N6RI3
CONR5126, or a 5-14 nenbered heteroaryl group. WO

2010/ 020675PCT/ EP2009/ 060793 8 I n anot her enbodi nent, the present

i nvention includes conpounds of forrmula I wherein R is CONRSR6, and R5 and
R6 are Cl 8al kyl. In another enbodinent, RI is CONRGR6 where R5 and R6 are

net hyl Th0 1aR0kshedonBRRAHERR findRew tﬁer%%utic agents %Qreéﬂﬁﬁﬁbﬁlrdiﬁg&@dz&%mmgly,he
present i1nvention includes conpounds of forrmula | wherein X 1s CR9, anhd R9

i s H othdialsagment newlcth dagel@) inhbitoBrof potei kinases, such ps @Rt I €PKEab &R ERKS. t he
pr esent-d j i onpounds of forrmula | wherein one X is N and

t he otEgyai%?gtgggﬁﬁg%&gﬁﬁgﬁbodinent, the present invention includes
conmpounds of formula (1), such as: HN RL NL, , and I n anot her
enbodi nent, the present invention includes conpounds of fornmula I wherein X
is CRO and Y is R8 R3 where m aHdryptthe Insgygoy and Ware N, I n one

enbodi ment  trhgre GOIRAYA HeddFoPnsPHRAMBELs B thefaBlel &or lorobbig kale-hssb&add Pond, Cl _
sal kyl ene, or C(O)NH or C(0); and Yis H OH or Y is part of the follow ng
gr oup Rgorders7 grhgre is also a need for compounds useful in the treatment or prevention or ameliofgiope Y

I e s L U

2010/ 026« 5 RGELERR 09 (s Gt IBodl MBgitlee ddtivily ofbrktein kiftises abidtydbRIAC 1, @DK2,

zg_?lk;il @ﬁ@@%& @?ﬂ&z,d_%@%&( %b%m&% !e?]égmagd’ndscgm%?({eﬁ)ﬁlere nq)lnqg)ne

aspect, the invention provides a compound of Formula I:

In an embodiment, the present invention includes a compound of formula I:

HN N \
R2

N |
|
XYX

L

~
Y I

or pharmaceutically acceptable salts, wherein

X is CR’, or N;

R'is Cisalkyl, CN, C(O)OR4 or CONR’R®, a 5-14 membered heteroaryl group, or a 3-14
membered cycloheteroalkyl group;

R’ is Cy_salkyl, Cs.j4cycloalkyl, or a 5-14 membered heteroaryl group, and wherein R” may
be substituted with one or more C;salkyl, or OH;



R14 and R15 are each independently selected fromH, C _8alkyl, Cl1 14

cycl oal kyl, al koxy, C(0)Cl_ 3alkyl, C satkyl NH2, Cl16 ail s-3710H. in
one enbodivomnfo/be@sconpound is a conpound of fornula | woemrRewoB87®S H,

C _sal kyl, noycl oal kyl, C(0)Cl1_8 al kyf, Co_8al kyl OH, C _8cyanoal kyl

Co_gal kyl C(0) Co_gal kyl NR14R15, Co_ sal kyl C(0) OR14, NR14R15,

C _satkylC3 id4cycloallcyl, C(0)C _salkylt s i _tcycloal kyl, Co_sal koxY,

whi ch nmay be substituted with one or nore of OH, CN, F, or NH2. in one

enmbodi ment e, 66RP @Y k180 ACEOIBPESING' TRl WhbRin L WG HRIsBbsRRutdBorH OF
C _sal kyl . I'n one enbodi ment t’he conmpound is a conpound of fornula I

wher ei nnfRbsfityted( 0) OR4, CONRSR6, or a 5-14 nenbered heteroaryl group. in one
enbodi ment, the present invention includes conpounds of forrmula |I wherein Y
is RB Y---179m R3 where mand n arc | or 2, and Y and Ware N. In one
enbodi nent  tyhie H; @Y diRitR ¥ 01, @wonpeundf dfe fHdswiukardupwherein L is a bond. In
one enbodiggnt the conpound is a conpound of forrmula | wherein L is a bond
Y is not H/, In another enbodi nent, the present invention includes conpounds
of for mﬂ?ﬁ};ﬁ.): WO 2010/ 020675PCT/ EP2009/ 060793 10 R53 R52

N
R3
n , where Y is CR’ or N; where 0-3 R® may be present, and R%is Cisalkyl, oxo,

halogen, or two or more R® may form a bridged alkyl group;
Wis CR’, or N, or O (where W is O, R3 is absent);

R’ is H, Csalkyl, CysalkylR", Cs.i4cycloalkyl, C(O)C g alkyl, Cy_shaloalkyl, C;salkylOH,
C(O)NR'R", C,.gcyanoalkyl, C(O)R", CyalkylC(O)CysalkyINR'R", CyalkylC(O)OR™,
NRMR", SO,Csalkyl, C;.salkylCs_jacycloalkyl, C(O)C,salkylCs.j4cycloalkyl, C;salkoxy, or OH
which may be substituted or unsubstituted when R® is not H.

R’ is H or halogen;

R, R°,R®, R7, R R" R R" R'" and R'" arc cach independently selected from H, C;.
galkyl, Cs.14 cycloalkyl, a 3-14 membered cycloheteroalkyl group, a Ce.14 aryl group, a 5-14
membered heteroaryl group, alkoxy, C(O)H, C(N)OH, C(N)OCHj3, C(O)Ci.zalkyl, CisalkyINH;, C;.
calkylOH, and wherein RY R°,R®, R”,R'"" R" R™ andR"”,R'"™ and R'’ when not H may be

substituted or unsubstituted;
m and n are independently 0-2; and

wherein L, R3, R4, R’, R6, R’, RIO, R“, R12, and R13, R14, and R"? may be substituted with
one or more of Cisalkyl, Cygalkenyl, Cogalkynyl, Csiscycloalkyl, 5-14 membered heteroaryl
group, Ce.14aryl group, a 3-14 membered cycloheteroalkyl group, OH, (O), CN, alkoxy, halogen, or
NH,.



1(a) and a pharmaceutically acceptable salt thereof; wherein: R59 is
CONR54R55, or CN; R51 is C i _tcycloal kyl which may be unsubstituted or
substi t utwo 2by/2b675al kyl, or OH, Z is CH or N, and V i spiREr2a/064R57; and
R55 are independently H, G _3alkyl, R62, R' R56, and R57 are independently
H, G _sal kyl, C3_14cycloallcyl, Chshal oai kyl, NR58R59, C(0)O0R69,

C(0) Cal kyl, Co _8al kyl C(0) CO_ 8a|ky| NR61R62,

Chgal kOXy, Chol kyl OR63, C(0)-5-1 4cycl oheteroal kyl group, CLi(cycloal kyl
group, each of which when not H nay be substituted by one or nore of

Ch8al ky, OH, or CN;, R58, R59 60, R61 62, and R63 are H or G _8al kyl.

in an enbodi nent of the present i nventi on, fornula Ka) i ncl udes conpounds
where R59 is CONR53R55, andD dS RSﬁmo %{% or ethyl. in another
embodi ment, R54 and R55 aré€ rr%F’hf/ \/%"%Vfﬁ 0675PCT/ EP2009/ 060793 1
I n anot her emaoﬁntsmmhentfme p’tthﬁltM\&)ltl(bmlﬁﬁblhldés%oﬁqm’@mnﬁfomEWR&&IHIYSIS H,
cyclop cyclo cycl opentyl, and cycl ohexyl. in another

enbodi ﬁ” tRENLR gﬁ v ing 8T9%Res conpounds where R51 is cycl opentyl.

i n anot her rgenbodi nent, formula 1(a) includes conpounds where Zis N In

another drnent t he present invention includes conpounds where V is
NR56. enbodinent the present invention includes conpounds where
V |s N d R56 is H, nethyl et hyl, propyl which may be substituted by

OH. érmﬁnbodrnent R56 is |sopropyl In another enbodrnent R56 is
H i n yet &not herwhmdmsmemdw%sﬁarmmado 2 R® may bt preacot dndR® is Ci.

enbodr t he present iRvent s.,a nethod of, treati ase
o oor detien: ot efisrd e &0 gy bTeRi B bt st Soadii D S 4hd

conpri N, Ng 2a@HbBHSHRE, i B 180rQ0 MR abidtHeraS Rt dg nfi9 11002 M & nBdim&a)mag 11 ts
prodrug or pharnaceutrcal conposition conprising the conmpound of formula I

or i (apnénistsgpedeignbamiimpHanineand p s |1y adudep cabpdiment Ppihenpad p ared

subj ect in need thereof i n anot her enbodi nent, the present invention
i ncludes a nmethod of treating a drsease associ at ed mnth CDK 4 inhibition,
wherein t heIrdarseammdntstdlcldelre o2 Ryndrarie compdnnde ppoohilhéhatt ivendensteod

subj ec

o oup. VSTt EATER sttt Pl ete e e R R REN R ol momt - he

pr esent |nvent|on i ncludes a nethod of inhibiting a cyclin dependent kinase

(e.g. cdk- 4& whi ch et hod. conprrses contactrng the kinase with a
ki naser nhi bi't i“h%}n'é‘lﬁlr‘r‘f}@?}n]ﬁ i§ SR sy L o bRy lado, artwqéé)can form a byidgednot her

enbodi gRRioal egrptlﬁmtas cpet tirlogyc'ldé'ﬁht'&g% cfclélﬁkﬂo‘in%erﬁ%hﬂn@ﬁﬂ R9isBnethyl.

cel lul ar’ process (for exafpl e cel ivision) by inhibiting the actrvrty of
a cycl ilmaneigodndinenhasB’ yeresgnta conpound according to fornula | or I(a).

In an embodiment, the present invention includes compounds of formula I wherein R” is H,
Cisalkyl, such as methyl, ethyl, propyl, isopropyl, butyl, pentyl, or hexyl; Cs.1scycloalkyl, such as
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl; C(O)C;s alkyl, such as C(O)CHz,
C(O)CH,CHs, or C(O)CH,CH,CH3; CisalkylOH, such as CH,OH, CH,CH,OH, CHOHCH3,
CH,CH,CH,OH, CHOHCH,CHj3, or CH,CHOHCH3; C;_scyanoalkyl, such as CH,CN, or
CH,CH,CN; Cy.salkylC(O)CosalkyINRR ", such as CH,C(O)CH,NR'R"?; CggalkylC(O)OR",
NR14R15, CisalkylCs.j4cycloalkyl, C(O)CisalkylCs_j4cycloalkyl, Co_salkoxy, C].galkleM, Ci.
shaloalkyl, or C(O)R14, which may be substituted with one or more of OH, CN, F, or NH,, and
wherein R'* and R" are each independently selected from H, Cy_salkyl, Cs.1scycloalkyl, alkoxy,
C(0)C,salkyl, CysalkyINH;, or C;.alkylOH.



WO 2010/ 020675PCT/ EP2009/ 060793 12 I n anot her enbodi nent, the
present invention includes a conpound of forrmula 1 or 1(a) for use in the
prophyl axwe 2010/2ne7at ment of a di sease state as descri be#cChmapernn/060793 In
anot her enbodi ment, the present invention includes the use of a conmpound of
formula 1 or 1(a) for the manufacture of a nedicanent, wherein the

medi canent is for any one or nore of the uses defined herein. I n
anot her enbodi nent, the present invention includes a pharmaceuti cal

conposi ti onpeBhbsHMAGtaR COHAGUN Gre Qb Bﬂéﬂéhécn'ﬂ%r sOlected DAL Qalkyl, such as
pharmaceutically acceptable carrier. I n"anot her enbodlnent, t he

pr es entmadthikaathyilaropydchutid egensyl pirdendc eutsicgdpalisdnpiok it eyshopcenyproysliobetyh

compou r i i,C table.carrier in
e e L G I

" phar mpgetitling adrlpypedeteph abl @yireedigy, suchas pdngt ul 5at4 einbérce Sctarvdryd grompsduch ons
that are physiolagigally tg%grable and go not typically produgggﬁn allergic
or si m BY"URD SWary v et byt ?mgﬁ@ﬁmﬁs“ﬁ §§FF@”6%§@F?ydﬂiﬁﬂﬁ§¥s H:t he

i ke, WRRIDAAOICRIR! IO ANUTRR os EIOKSTAbICrABHISAEDICRICH.Ahect erm

"pharmaceuti ca Ig accept abl e” neans %gproved by a regul atory agency of the
Feder abkallsylNil2stugh as golislcneidtt. ctylaneNHedbriprrpyiraciHs CipabeyHald oeh as or ot her
gener al i r i r i ! eyl arly
o Pl GREAN A GLROR SRR AGHRap RE by BT WP pordheBE EpfaBkGltLP
exci pi eualistitwed wehbod @ mére b f hisalkylt Oesatianpldo Ghehligyh di pydbakgds- 1 Suadmbered
phar maceuti cal carypiers, can bc erile |iquyids, h as ?ﬁg ils,

el uaRGR T Coaty bigtns i ambog st wodh gyt fObing ko cn
as peamdlogé, lor NeQybean oil, mineral oil, sesanme oil and the like. Water or
aqueous sol ution saline solutions and aqueous dextrose and gl ycerol
solutions are preferably enployed as carriers, particularly for injectable

o BRSO S5 AT RIS

13 per ¢kl salkyldsueb s mpthgt, etharhlpyorpyt.ev &sopropgl; of Cniatal O, sichrs CHe@Ht odef i ci t

in the ivity, functio nd response of th . t ivel a

t her apsart AP Ta prdfieTbodsahic S PE G Proav LR extl R bttt i a
cl i ni cahibydisicgniRFic@Nt condition/ synptomin the host. "Agent" refers
to all materials that may be used to prepare pharmaceutical and diagnostic
conpositions, or that may be conpounds, nucleic acids, polypeptides,
fragments, RN EmbNAIAD iR r&%nﬂ}-‘%ﬁoﬁ'ﬁ{cﬁﬂ Al sinfdual m*gmblﬁa ¥ 8&8rein L is

i ndependently for suc purposég, all 1n accorgance mnt% t he present

i nvent iadand, Cysalkylehghsa¢hog—Cdk-,uSHoCHer @i -G HoCBb@Hs ; €0 mal(Obr gani ¢
conpound, a nucleotide, a protein, or a polypeptide that possesses simlar
or identical activity or function(s) as the conpound, nucleotide, protein
or pol ypept iflgnobicr eRBPdtRE:, FR\Wregnt ileentios idcadicacdrmpuhils eTdrmhdle 1 apendin R’ is
effect of the present inventiogon. (e.g., inhibition of tunor growth), but
need n6%3-14‘i¥%1é@§}§? fuch ag eygionraryleeysofuh cxclgpendtlr evelpbehat is sinilar or
identical to the sequence or structure of the preferred enbodi nent
"Derivative" refers to either a conpound, a protein or polypeptide that
conpri ses ain anvitho cabpdimseg theneecofineenpan éwtudes emepaunds offofmyye bvhersint Rizis
has be%ndgk%§ﬁed by the introduction of am no acid residue substitutions,
del eti SnS°BT “addi ti ons, or a nucleic acid or nucleotide that has been

nodi fied by either introduction of nucicotide substitutions or deletions,
additions or nutations, The derivat.ive nucleic acid, nucleotide, protein or
pol ypept i de hiediss smbodjmentyhegresgpt ipnyraien B“&fu%?f&‘ﬂl?%‘ﬁd%&tj f?ﬁ%ulﬁiwéﬁ&em RYis

pol ypepiN ¢g0)dR* USAMRIREr &ias-14 RRhBere@hetchRlARp. refers to fluoro, chloro,
brono, and i odo. As used herein, "alkyl" refers to a straight-chain
or branched saturated hydrocarbon group. In sont cnbodi nents, an al kyl
group can havc from1l to 10 carbon atons (e.g., from1l to 8 carbon atons).
Exanpl es of al kyl groups include nethyl (M), cthyl (Et), propyl (e.g.,

n- propyl and isopropyl), butyl (e.g., n-butyl, isobutyl, s-butyl, t-butyl),
pentyl groups (e.g., n-pentyl, isopentyl, neopcntyl), hexyl (c.g., n-hcxyl
and its isoners), and thc like. A lowr alkyl group typically has up to 4
carbon atons. Exanples of |ower al kyl groups include nmethyl, cthyl, propyl
(e.g., n-propyl and isopropyl), and butyl groups (e.g., n-butyl, isobu tyl,
s-butyl, t-butyl). In an cnbodi ment an al kyl WO

2010/ 020675PCT/ EP2009/ 060793 14 group, or two or nore al kyl groups may form
a bridged al kyl group. This is where an al kyl group |inks across anot her
group (particularly shown in cyclic groups), formng a ring bridged by an
al kyl chain, i.e., formng a bridged fused ring. This is shown, but not

e o a o o M




15 As used herein, "haloal kyr refers to an al kyl group having one or
nore hal ogen substituents. In sone enbodi nents, a hal oal kyl group can have
1 to 10 owmohkon/mberss (e.g., from1l to 8 carbon atons). EBRamPL@S/06§793

hal oal kyl groups include CF., CP:, P2, CH2E, CCU, CHCl12, CH2Cl, C2C1:,
and the |ike. Perhal oal kyl groups, i.e., alkyl groups wherein all of the
hydr ogen atons are replaced with halogen atons (e.g., CF:. and C2F5), are
included within the definition of "hal oal kyl." For exanple, a C-io

hal oal kyl gﬁ&%t&@@m@@&’lﬁlehpﬁlefﬁ?és@yﬂ 1ﬁven%g ﬁnciud'e&omﬁg{'lﬁﬂ§6fff01>ﬂuﬁa Pwhein Bris OF
I, i is an jnteger in the range to 10, and j is an integer in the

range GTONRIRS, @il Rpnd R’ dedC tshbkyl. | Inlasoﬂhelsgnhddanerrs,rR dg GANR 'R’ pvhere RAnd R ed
her ei n, oal e -aromati c carbocyclic group including
cycli d”ﬁxﬁ;lﬂl%%}wrpggmﬁ eﬁ%ﬁyny ‘groups. A cycl oal kyl group can be
nDnocycllc (e.qg., cyclohexyl) or polycycllc (e.g., containing fused,
bridged, and/or spiro ring systems), wherein the carb tons a Iocated
i nsi de or olft &o4er 8@89%69% HY§ regsRgRyenoR wﬂ@aq“’ mpoglpgbﬁoa%u al Wheiew X dan
have f i@ i@ id fi rilaBgat, QEh a(stlgp B §0m 3 to 8 carbon atons for a
monocyclic cycloal kyl group and from 7 to 14 carbon atoms for a polycyclic
cycl oal kyl group). Any suitable ring position of the cycl oal kyl group can
be coval ent
oyl oal kyl gt B ERpaE sk RE,FEAREh it} Eaiathy ol SRRT PR Blsinns 1
cycl ohépis\ andtyie bthpeKhsa@R? Ircgmd:mlbmbrmatytl t,he oyt exadoreimyludes compounds of
cyclohggtq%%g H nor bonyl, norpinyl, norcaryl, adamantyl, and
spirof éﬁ Proups, as well as t hei r honDIogs, isoners, and the liKke.
As used herei het er oat ont' refers an _atom of any el enment other than
car bon or hyg d includes, f e, nitrogcn, oxygcn, sulfur,
phosphor us, ’ usdd hgrefh, "cycl oheteroal kyl" refers
to a nonuyr cl oal kyl ghxmtp that cMntains at | cast one (e.g., one,
two, thre four orRofive) ring|hcteroatomgsel cctcd fromO, N, and S. and
option ontalns onc or noy .g., one, two, or three) double or triplc
bonds. cyfl ohcteroal kyl group, #s a whole, can have from3 to 14 ring
i het eroatons (e.g., from3-6 ring atons
group and from7 to 14 ring atons for a
pol ycycl i cyclohctcroalkyl groyp). The cycl ohetcroal kyl group can bc
coval entl y>attached to thez1 efi nedy chem cal structure at any heteroaton(s)
or carbon atom(s) that resUl'ts in a stablc structure. WO
2010/ 020675B(Hdolﬁfé2 GR8HDERAQ thelhesein@dntioD i NeOontpoah @l fbimwa I wherein X is
cycl oh @roahk ring may be oxidized (e.g., norpholine N oxide,
t hi omorphd8Pf Ae®s- oxi de, thi onorpholine S, S—dloxide). Cycl ohet er oal kyl
groups can al sorgontain one or nore oxo groups, such as phthalim dyl,
pi peri donyl, ol idinonyl, 2,40 H, 3H)-di oxopyri m di nyl,
pyridin-Z(#giéq/ m and the |ike. Exanples of cycloheteroallcyl groups

ng \0

i nclude, a ers, norpholinyl, thionorpholinyl, pyranyl,

i m dazol i di nytN7I miggazol i nyl, oxazolidinyl, pyrazolidinyl, pyrazolinyl,
pyrrolidinyl, p¥n-oliwhtre ni atdabydr afdly angW arieeX.r ahydr ot hi enyl ,
piperidinyl, pi perazinyl, azetidine, and the |ike As used herein,
“aryl" refers to an aromatic nonocyclic hydrocarbon ring systemor a

pol ycyclic i B8e $ibb&MMh teecoripolf@Sd a @BAPOind HEFOIIMGRST tRereeL rik RtbosdS LEM
is an aromatic hydrocarbon r|<% and any other aromatic . rings in the ring

syst emstlkdrrrder eHPINHhoHr GYartsbhds Hi @Hsoine issimpidithretetleving giiocycl i c arvyl
group can Rgve from6 to 14 carbon atons and a polycyclic aryl group can
have fro to 14 carbon atonms. The aryl group can be covalently attached
to the Wefinew chem cal structure at any carbon atonm(s) that result in a
stabl e rugiure. in sone enbodi ments, an aryl group can have only aromatic
car bocyciNc Tigygs, e.g., phenyl, 1-naphthyl, 2- naphthyl, anthracenyl,
phenant hr efyl grpw]@ﬁcYal@sztﬂaleth K&, driN: atHeR 0- em%mhyr‘ﬁerptrascntamhryl group can
be a palyc cI C rlng systemin Mhlch at | eas mati ¢ carbocyclic ring
is fus§d15(¥ WéQ19¥d‘”8°bB‘ﬁ&F$rfn% DR fEn A “3 d&ﬁ@’?&FouﬁﬂPé cycl oal kyl or
cycloheteroalkyl rings. Exanples of such aryl groups include, anong others,
benzo derivatives of cyclopentane (i.e., an indanyl group, which is a
5,6-bicyclic cycloal kyl/aromatic ring systen), cyclohexane (i.e., a

t et rahydr onapht hyl group, which is a 6, 6-bicyclic cycloal kyl/aromatic ring
systen), imdazoline (i.e., a benzimdazolinyl group, which is a
5,6-bicyclic cycloheteroal kyl/aromatic ring systenm), and pyran (i.e., a
chronmenyl group, which is a 6,6-bicyclic cycloheteroallcyllaromatic ring
systen) Clher exanples of aryI _groups i ncl ude benzodi oxanyl,

o o S o ) M - o A S




| sot opi cal | y-1 abel ed conmpounds of fornula (1) or I(a) can generally be
prepared by conventional techniques known to those skilled in the art or by
processeswenalogosrs to those described in the acconpanyipog/EEze@opbeErs3 and
Preparati ons using an appropriate isobopically-Ilabeled reagents in place of
t he non-1| abel ed reagent previously enpl oyed. Biological Activity The
conpounds of the fornulae (1) or I(a) and sub-groups thereof arc inhibitors
of cyclin dependent kinases. For exanple, conpounds of the invention arc

| nhi bi or s pf Sxekdn @gﬂﬁ@f&%gh@ﬁﬁ@ e 0 MRIL G UhiRFio bid)rdengndgnt

ki nases sel ected from 3
2010/Ozﬂﬁﬁgﬁﬁmhﬁﬂkﬂbﬁyﬁééi@%ﬂk@C@DKNR BDRQRa&& @xke and nore partlcularly
sel ect eds I KA %ﬂﬁﬁ

t he |n$€n ﬁg§V§%§¥”ﬂave |V|5?3Sfﬂ%galﬁggq5 b%ﬂ%’ s?ﬁt ragaky inang? Cr
(GSK—3}@kﬁ$Cﬂwﬂ@m3Hgmegemymﬁithe|r activity in nodulating or inhibiting CDK
and gl ycogen synt hase ki nase, they are expected to be useful in providing a
means of arresting, or recovering control of, the cell cycle in abnormally

di vi di ng cely §nc érﬁbdd%nérﬂ el RBuAdsiaCloRpoBAl &manm@m@pruﬁgq{ @ LAipr oye
useful in treatin 2 preventing proliferative disorders suc cancers.
sﬁéﬁ 1-¢

It is alcgdodiyli redleylt Ke-s ﬂﬁﬁhn@sﬂwwﬂﬁﬁéllﬁvéﬂ@ﬂ@ﬁ)ﬁbb$kﬁ@Ru§g ufo-i n

treatin 1@n u as V. ns

depondeat I oo &R S8 G LR S R RILIGPle RALMAS iglions.
epi | epsshicheay bdedstitetcd twitheondios sasest GHODN AR cANHei ner' s, not or neurone

di sease, progressive supranucl ear pal sy, corticobasal degeneration and

Pi ck's di sease for exanple autoi mune di seases and neur odegenerative

di seases.  Inone enfBHRiHEH 1 BHPodhd Hiae8apeuRt FSSnANHwRSBRI R Ti9ASr iRyl t 1S
envi saged that the conpounds of the invention will be useful consists of
viral infections, autoi nmune di seases and neur odegenerative di seases.

CDKs play a u th

COKG p12Y, 311 8he Bl BRUUA AR 2 (IR oF YRy, FRORHARIS i COIOR)
coul d ﬁéﬂﬁ&éfumnnhl4hemmmedmmenqu@nwmseases in which there is a disorder
of proliferation, apoptosis or differentiation such as cancer. In
particul ar RB+ve tunours nmay be particularly sensitive to CDK inhibitors.
These i ncl ugieodeiRBYdSMERS thOPFchdig inWWh BN i0818ddsRomPSundSE forfi RWWhdré s tyoi
Receptors or over-expression of Gowh Factor Receptors. Furthernore
tunours with hy %rnethylated pronoter regions of CDK inhibitors as well as
tunours overy Ssing cyclin partners of the cyclin dependent kinases may
al so display sengitivity. RB-ve tunours nmay al so be sensitive to CDK

i nhi bi tors. L%H}ML\Exanples of cancers which may be inhibited include, but
are not linitedyto,R% carcinom, for exanple a carcinoma of the bl adder
breast, colon (e.g. colorectal carcinonmas such as col on adenocarci noma and
col on aderromand nkiadhen2, aegpiYchadW gre Ni ver, |ung, for exanpl e adenocarci nonm,
smal | cell lung cancer and non-small cell lung carcinonmas, oesophagus, gal
bl adder, ovary, pancreas WO 2010/ 020675PCT/ EP2009/ 060793 20 e.g. exocrine
pancreati c @6 dheodim&it dieaompoasd Miaxonipbyridsfdormnds Bwhéread. Bracbondck,
prostate, or skin, for exanple squanmous cell carcinom; a henatopoietic
tumour of |ynphoid |ineage, for exanple | eukem a, acute |ynphocytic

| eukem a, Ch{&&i&n&%ﬂﬁ&QQHéb&nﬂﬁﬂh%@ﬁb@npﬁmﬁ%kEnhﬁﬂ?ﬁ&ﬁ&eﬁﬁyﬁ$hQ&uﬂYfiﬂﬁe

| arge B cell |ynphoma), T-cell |ynphona, nultiple nyel oma, degkln S

| ynphoih, non- Hodgkin's Iynphona hairy cell |ynphoma, or Burkett's

| ynphorma; a hematopoietic tunour of nyeloid |ineage, for exanple acute and
chroni ¢ nyel ogenous | eukem as, nyel odyspl astic syndrone, or pronyel ocytic

| eukem a; t hysmiticer fmbbdiocwh@theqaeseatrinvantivn imelirdeoéommpeedctffmmhuloffyi n, for
exanpl e fibrosarcoma or habdonmyosarcona; a tunour of the central or

peri pheral nervous system for exanple astrocytoma, neuroblastoma, gliom
or schwannonma; nel anoma; sem noma; teratocarci nonma; osteosarconma; Xxerodernma
pi gnent osum keratoctanthoma; thyroid follicular cancer; or Kaposi's

sar cona. The cancers may be cancers which are sensitive to

i nhibition of any one or nore cyclin dependent kinases selected from CDK1,
CDK2, CDK3, CDK4, CDK5 and CDK6, for exanple, one or nore CDK ki nases

sel ected from CDK1, CDK2, CDK4 and CDK5, e.g. CDK1l and/or CDK2. Wether or
not a particular cancer is one which is sensitive to inhibition by a cyclin
dependent ki nase inhibitor may be determ ned by neans of a cell growth
assay as set out in the exanples below or by a nethod as set out in the
section headed "Mt hods of Diagnosis". CDKs are also known to play a
role in apoptosis, proliferation, differentiation and transcription and
therefore CDK inhibitors could also be usefltl in the treatnent of the

c 1 19 N L T I o - e, e I .



WO 2010/ 020675PCT/ EP2009/ 060793 22 Anot her sub-set of cancers

i ncl udes breast cancer, pancreatic cancer, colorectal cancer, |ung cancer,
and nel anwomo010/020675 A further sub-set of cancers, nanelpgTaERR@SN6I79HEr €i N
conpounds having CDK4 inhibitory actimity may be of particular therapeutic

benefit, conprises retinoblastomas, small cell |ung carcinomas, non-small
| ung carci nonas, sarcomas, gliomas, pancreatic cancers, head, neck and
breast cancers and mantle cell |ynphonas. Anot her sub-set of cancers

wher ei n conmpounds._havi ng CDK4 inhibitory activity may be of particular

t herapeuti c beNef i ¥yc rises small cell lung cancer, non-small cell 1ung
cancer, pancreatic Rspr east cancer, glioblastoma nultifornme, T cel
ALL and nmangyN nphoma. A further subset of cancers which the
conpounds of| the invenki on nmay be useful in the treatnment of includes

sarconas,NI em as, glt'oma, familial nelanoma and nel anona. Met hods of
D agnosi s Prior to admnistration of a conpound of the fornula (1)
or 1(a), at¥ent may be screened to determ ne whether a di sease or

condition frpmwhich the patient is or may be suffering is one which would
be susceptible to treatnent with a conpound having activity against cyclin
dependent ki nases. For exanple, a biological sanple taken froma patient
may be Rsn ys determ ne whether a condition or disease, such as
cancer, th e patient is or may be suffering fromis one which is
characterised by a genetic adf@rmality or abnormal protein expression which

| eads 58d9¥§%ﬁ%§%ﬁ%ﬁéégﬁﬁgéﬂgﬁﬁégg%05&Pa%ﬂﬁitiSation of a pathway to nornal

CDK act'1 Vi normal Tt és that result in activation or
sensitisation of the CDK2 signal include up-regulation of cyclin E,

(Har wel_|s, 1] ssBB, Porter DC, Keyomarsi K.; J Biol Chem 2004 Mar 26;
279( 13R 1868508 9rClNoss of p21 or p27, or presence of CDC4 variants

(Raj agopal an H, Jallepalli PV, Rago C, Vel cul escu VE, Kinzler KW

Vogel stejn B, Lengauer C.; Nature. 2004 Mar 4;428(6978):77-81). Tunours

wi t h mit aintCs-1styclopiod whiclupay bgunsabstinted phsubatitiicd by &n-sdvds otedMr essi on, of
cyclin E or loss of p2l1 or p27 may be particularly sensitive to CDK
inhibitors. The term up-regul ation includes el evated expressi on or

over - exps €$bordw;, andncl udi ng gene anplification (i.e. nultiple gene copies)
and increased expression by a transcriptional effect, and hyperactivity and
activation, including activation by nutations. WO

2010/ 020 7HPCHf ERROYIY/ 060793 23 Thus, the patient may be subjected
to a diagnostic test to detect a marker characteristic of up-regulation of
cyclin E, or loss of p21 or p27, or presence of CDC4 variants. The term

di agnogiss, et Yesq ?ﬁﬁﬁﬂﬁﬂchﬁm‘ rker we include genetic markers

i ncluding, for exaﬁ% e, the measurenent of DNA conposition to identify

nmut ati ons of CDC4. The term marker al so includes markers which are

char acter i S&i Gscof ssequl.ation, o clin E  i.ncludi enzy. Ct i Vi by, 50
enzyneﬁﬁe Isg eﬁﬁéﬁ% §$%f@&?g¥§?h%ﬁ£sFH§W9ﬂa Clomde Oﬂﬁ?aﬁéﬁgﬁﬁaﬁi %@V%ﬁs of
the af g(eeRY] @IOYC Pakyti 3.5l HOTONCS salk JIINRPREG Ut @hikegy, 0T, aiiglIORE, C@)-3-0ss
of p21 or p27 may be particularly sensitive to CDK inhibitors. Tumpurs may
pref er éﬂwcgqluegﬁr%ﬁ% EFdenea e ioalin ggirasidrriorhiel whehnet H gpay ksswibgfftuisd pyor
P27 PrigQk of Qofd 2L TRRY -oH WoN;t he patient may be subjected to a diagnostic
test to detect a marker characteristic of up-regulation of cyclin E, or

| oss of p21 or p27. The di agnostic tests are typically conducted on
a bi ol 0@t cad sanpl ecsel ected fromt ur biopsy sanpl es, blood sanples
(isola??o%@aﬁd’gﬁr?chﬁ% 3?3% égkﬁwﬂBUr cells), stool biopsies, sputum
chronmosone anal ysis, pleural fluid, peritoneal fluid, or urine. it
has been found, j agopal an et al (Nature, 2004 Mar 4;428(6978):77-81),.
that there Wepe© f@me hgfa e dsesart injertiopaformpla d(ad psipdes Soppgpndsywhere R s

Ar chi pelRURYR PNaUREN NG REDEEH 3he (hANGELEy12NH ABRHQ BRI YoluRhere ATE REFRESPE G et
al, Cancer Res. 2002 Aug 15;62(16):4535-9). Identification of individual
carryi mgthylnut ation in CDC4 may nmean that the patient would be particularly
suitable for treatment with a COK inhibitor. Tunours may preferentially be
screened for presence of a CDC4 variant prior to treatnment. The screening
process will typically involve direct sequencing, oligonucicotide

m croan-ay analysis, or a nutant specific anti body. Met hods of
identification and analysis of nutations and up-regul ation of proteins are
well known to a person skilled in the art. Screening nmethods could include,
but are not limted to, standard nethods such as reverse-transcri ptase

pol ymerasc chain reaction (RT-PCR) or in-situ hybridisation. WD

2010/ 020675PCT/ EP2009/ 060793 24 the sel ection of primers, and conditions
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Patients with mantle cell |ynmphoma (MCL) could be selected for treatnent
with a conpound of the invention using diagnostic tests outlined herein.
MCL i s a wo=biomabe7s! i ni copat hol ogi ¢ entity of non- Hodgkipo'TsEPkyoopbaonsa,
characterized by proliferation of smaftl to nmedi umsized | ynphocytes with
co-expression of CD5 and CD20, an aggressive and incurable clinical course,
and frequent t(11;14)(q9l3;q932) translocation. Over-cxprcssion of cyclin Dl
nMRNA, found in mantle ccll Iynphona (MCL), is a critical diagnostic marker.
Yat abe et al (Blood. 2000 Apr 1;95(7):2253-61) proposed that cyclin D
-positivity should be included as one of the standard criterja for ML, and
that i nnovaii veothhercapiodindner farmink: et unelbies dingecads shivnd R Dels emlqprwl,on
t he ba r n 0] v

o(2) - 63585l BRADEMEDASH i rend " nhe it oL PR R o g
assay fudieracl/tlis dycBper(t@CND1) expression to aid in the diagnosis of mantle
cell lynmphoma (MCL). Howe et al (din Chem 2004 Jan;50(1):80-7) used

real -tinme quantitative RTPCR to evaluate cyclin DI nRNA cxprcssion and
found that qy%a&m&akmmemﬁEanﬁmhﬂﬁ:@MCEhmdQ@c&BNﬁnh@nmﬁhe@?dsb@ Gl 8n JTRYA
can be used in the dlagn05|s of MCL in blood, marrow, and tissue.

Al t er namibpdiment, thq presans inyertipnpinelades commeBrdscvhare Vbis N e én aepthesenbodimantnt
with a est 1| &b

cormoni'y Bernycnln KoL hABRaRt Wiel o9 8 kG MR BT pEHE T oy
over - cxyhidsagdbd srubbmmadtbyﬁihchr anfHiar vmbddimentaR> iCanpepylRds ancﬁﬁ)@(}mbﬁﬁl,men\/\l)
2010/ 02Q@67 /| EP2009/ 06 3 26_481 9 erefore breast cancer may in
partic ?g FEYIO ﬁPg Qeﬁbk'lﬁﬁﬁﬁfﬁéﬁlgs provi ded herei n. I n
additlon the cancer may be analysed for INK4a and RB | oss of function, and
cyclin D1 or CDK4 overexpression or CDK4 mutation. RB |oss and mutations

i nacti vati nép prehakaabediment dhe @reswp@mﬁpnymalﬂlﬂ%nadﬂetbw 61 Niating @cdisease

many t i ,0f
ormi 1 ity b Bftror sl Bel ALY BIACA! MRS L4 WA R B DM b refB N0l
over - expmems@dmnmﬂﬁ@%&dbnmﬂeagtI@hncﬂxpmﬂn@(ﬁﬂﬂmnﬁmnWmmlanmahh@nwmpnmmmg

16 is del eted f LI t
Cancer & ot nd SR LBPTG Sous aie sk HEhELPEREU A HouT oy PestBEne Kt <

result@mgmnnlﬁgdqhﬂQHGINK4a i nactivation through mut ati on, deletion, or

epi genetic silencing, or in the overexpression of cyclin DI or Cdk4 can be
identified by the techni ques outlined herein. Tunmours w th up-regul ation,

|0 particul &f QYL EXBEERRAO IO oYl iRl inchlid, %rm'efﬂ%ﬁ A rd g, %eﬁﬁ
may be partlcu arly sensitive I nhi hltors Thus e patie
subjec@s@cm@ﬁamdl@@Kotmhbnuwswhmwndbcé@ﬁw&chamkemrshah®n¢6dw$mmaﬂdﬁmﬂwln
over - expressi o rs
Chat  expufRendBeriochiReh aimeahpling REFGns At Gerio e symndsios SRES
over exph&seflammationcl ude small cell lung cancer, non- small cell |ung
cancer, pancreatic cancer, breast canccr, glioblastona multiforme, T cel
ALL and mantic cell |ynphonma. Thercfore paticnts with small cell |ung
cancer, nonin%ﬂ@%&fG@&&mﬁkﬂgtﬁﬁﬂﬁﬁ&n ﬁéaﬁmEQBHﬁw%aQQE&hmPBﬁ%ﬂﬁmﬁﬁQQﬁEyﬂm
glloblastona multiforme, T c ALL or mantle cell |ynphoma coul

sel ect ddpdndentt kisatenterg. adked), avhmmeeﬁhdbmrmmsass |cn1gtadlr@gﬂ1@skln@set @§h9 (kutalsq ned
above aqgmpagc 1%55}&% nr()on£&g mnth a CDK inhibitor as provided

her ei n. AELTUME K speci ancers caused by aberrations in the
D- Cycl i n- CDK4/ 6- INK4 Rb pathmay could be identified by using thc technlques
dcscribcd herein and then treated with a CDK4 inhibitor as vi de
Exanpl es of ?%B%?%qmthd@ger{t B TERER B EiS 1BEHLN S ggtwn%upgélﬁ%}m@melgﬁladnm
i ncl udrodk&CERt QlanPd &e\naaﬂv@fa)nf bg- mﬂ-l@lrﬁng/ﬂ%e&bulvny Breastlie aas:e%aem @SsULiag laons
for exanple in pancreatic, orcctal or lung canccr, raf nutations for
cxanpl@Oﬁmomﬁkﬁﬁvdmgt@ﬁﬁﬁmﬁnbﬁﬂ@hs for exanple in mel anom, pl6 del ctions
for exanple in lung cancer, pl6 nctthylation for cxanple in |ung cancer or
cyclin D ovcrexpression for exanple in breast cancer. Thus, a patient could
be sclected for WD 2010/ 020675PCT/ EP2009/ 060793 27 treatnment with a
conpound of the invention using diagnostic tests as outlined herein to
identifiy up-regulation of the D Cyclin-CDK4/6-1NK4-Rb pat hway for exanple
by overexpression of cyclin D, nutation of CDK4, nutation or depletion of
pRb, deletion of pl6-1NK4, nutation, deletion or nethylation of pl6, or by
activating events upstream of the CDK4/6 kinase e.g. Ras nutations or Raf
mut ati ons or hyperactive or over-expressed receptors such as Her-2 /Neu.
The conpounds of the present invention are particul arly advantageous in
that they are selective inhibitors of CDK4 over other cyclin dependent
kinases PCT/USZOO7/069595 generlcally dlscloses conpounds of thls class

T S S e



Nc/.2----- NN / WD 2010/ 020675PCT/ EP2009/ 060793 28 H N, ... .. -
N/ N 201 N 40

WO 2010/020675 PCT/EP2009/060793
12

In another embodiment, the present invention includes a compound of formula I or I(a) for

use in the prophylaxis or treatment of a discase state as described herein.

In another embodiment, the present invention includes the use of a compound of formula I or

I(a) for the manufacture of a medicament, wherein the medicament is for any one or more of the uses

defined herein.

In another embodiment, the present invention includes a pharmaceutical composition

comprising a compound of formula I or I(a) and a pharmaceutically acceptable carrier.

In another embodiment, the present invention includes a pharmaceutical composition
comprising a compound of formula I or I(a) and a pharmaceutically acceptable carrier in a form

suitable for oral administration.

The phrase “pharmaceutically acceptable” refers to molecular entities and compositions that
are physiologically tolerable and do not typically produce an allergic or similar untoward reaction,
such as gastric upset, dizziness and the like, when administered to a human. Preferably, as used
herein, the term “pharmacecutically acceptable” means approved by a regulatory agency of the
Federal or a state government or listed in the U.S. Pharmacopeia or other generally recognized

pharmacopeia for use in animals, and more particularly in humans.

The term “carrier” refers to a diluent, adjuvant, excipient, or vehicle with which the
compound is administered. Such pharmaceutical carriers can be sterile liquids, such as water and
oils, including those of petroleum, animal, vegetable or synthetic origin, such as peanut oil, soybean
oil, mineral oil, sesame oil and the like. Water or aqueous solution saline solutions and aqueous
dextrose and glycerol solutions are preferably employed as carriers, particularly for injectable
solutions. Suitable pharmaceutical carriers are described in “Remington's Pharmaceutical Sciences”

by E. W. Martin.

The phrase “therapeutically effective amount” is used herein to mean an amount sufficient to

reduce by at least about 15 percent, preferably by at least 50 percent, more preferably by at least 90
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percent, and most preferably prevent, a clinically significant deficit in the activity, function and
response of the host. Alternatively, a therapeutically effective amount is sufficient to cause an

improvement in a clinically significant condition/symptom in the host.

“Agent” refers to all materials that may be used to prepare pharmaceutical and diagnostic
compositions, or that may be compounds, nucleic acids, polypeptides, fragments, isoforms, variants,
or other materials that may be used independently for such purposes, all in accordance with the

present invention.

“Analog” as used herein, refers to a small organic compound, a nucleotide, a protein, or a
polypeptide that possesses similar or identical activity or function(s) as the compound, nucleotide,
protein or polypeptide or compound having the desired activity and therapeutic effect of the present
invention. (¢.g., inhibition of tumor growth), but need not necessarily comprise a sequence or

structure that is similar or identical to the sequence or structure of the preferred embodiment

“Derivative” refers to either a compound, a protein or polypeptide that comprises an amino
acid sequence of a parent protein or polypeptide that has been altered by the introduction of amino
acid residue substitutions, deletions or additions, or a nucleic acid or nucleotide that has been
modified by either introduction of nucleotide substitutions or deletions, additions or mutations. The
derivative nucleic acid, nucleotide, protein or polypeptide possesses a similar or identical function as

the parent polypeptide.

As used herein, “halo” or “halogen” refers to fluoro, chloro, bromo, and iodo.

As used herein, “alkyl” refers to a straight-chain or branched saturated hydrocarbon group.
In some embodiments, an alkyl group can have from 1 to 10 carbon atoms (e.g., from 1 to 8 carbon
atoms). Examples of alkyl groups include methyl (Me), ethyl (Et), propyl (e.g., n-propyl and
isopropyl), butyl (e.g., n-butyl, isobutyl, s-butyl, t-butyl), pentyl groups (¢.g., n-pentyl, isopentyl,
ncopentyl), hexyl (e.g., n-hexyl and its isomers), and the like. A lower alkyl group typically has up
to 4 carbon atoms. Examples of lower alkyl groups include methyl, ethyl, propyl (e.g., n-propyl and
isopropyl), and butyl groups (e.g., n-butyl, isobutyl, s-butyl, t-butyl). In an embodiment an alkyl



/" N---5:-L-1 ly N Ns, ----- N H The follow ng table
4 shows the inhibition against relevant targets of conpounds of the prior
art as compaosd2d@sconpounds of the present invention: PABEHE26b9/060793

14

group, or two or more alkyl groups may form a bridged alkyl group. This is where an alkyl group
links across another group (particularly shown in cyclic groups), forming a ring bridged by an alkyl
chain, i.c., forming a bridged fused ring. This is shown, but not limited to where two or more R®

groups for a bridged alkyl group across the Y ring group forming a ring bridged by an alkyl chain.

As used herein, “alkenyl” refers to a straight-chain or branched alkyl group having one or
more carbon-carbon double bonds. In some embodiments, an alkenyl group can have from 2 to 10
carbon atoms (e.g., from 2 to 8 carbon atoms). Examples of alkenyl groups include cthenyl,
propenyl, butenyl, pentenyl, hexenyl, butadienyl, pentadienyl, hexadienyl groups, and the like. The
one or more carbon-carbon double bonds can be internal (such as in 2-butene) or terminal (such as in

[-butene).

As used herein, “alkynyl” refers to a straight-chain or branched alkyl group having one or
more carbon-carbon triple bonds. In some embodiments, an alkynyl group can have from 2 to 10
carbon atoms (e.g., from 2 to § carbon atoms). Examples of alkynyl groups include ethynyl,
propynyl, butynyl, pentynyl, and the like. The one or more carbon-carbon triple bonds can be

internal (such as in 2-butyne) or terminal (such as in 1-butyne).

As used herein, “alkoxy” refers to an —O—alkyl group. Examples of alkoxy groups include
methoxy, ethoxy, propoxy (e.g., n-propoxy and isopropoxy), t-butoxy groups, and the like.
As used herein, “alkylthio” refers to an —S—alkyl group. Examples of alkylthio groups include
methylthio, ethylthio, propylthio (e.g., n-propylthio and isopropylthio), t-butylthio groups, and the
like.

The term “carbalkoxy” refers to an alkoxycarbonyl group, where the attachment to the main
chain is through the carbonyl group (C(O)). Examples include but are not limited to methoxy
carbonyl, ethoxy carbonyl, and the like.

As used herein, “oxo” referes to a double-bonded oxygen (i.c., =0). Itis also to be
understood that the terminology C(O) refers to a —C=0O group, whether it be ketone, aldehyde or acid

or acid derivative. Similarly, S(O) refers to a—S=0 group.
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As used herein, “haloalkyl” refers to an alkyl group having one or more halogen substituents.
In some embodiments, a haloalkyl group can have 1 to 10 carbon atoms (e.g., from 1 to § carbon
atoms). Examples of haloalkyl groups include CF3, C,Fs, CHF,, CH,F, CCl;, CHCl,, CH,Cl, C,Cls,
and the like. Perhaloalkyl groups, i.e., alkyl groups wherein all of the hydrogen atoms are replaced
with halogen atoms (e.g., CF3 and C,Fs), are included within the definition of “haloalkyl.” For
example, a Ci.19 haloalkyl group can have the formula —CiHy;:1Xj, wherein X is F, CL, Br, or I, 1 is
an integer in the range of 1 to 10, and j is an integer in the range of 0 to 21, provided that j is less

than or equal to 2i+1.

As used herein, “cycloalkyl” refers to a non-aromatic carbocyclic group including cyclized
alkyl, alkenyl, and alkynyl groups. A cycloalkyl group can be monocyclic (e.g., cyclohexyl) or
polycyclic (e.g., containing fused, bridged, and/or spiro ring systems), wherein the carbon atoms are
located inside or outside of the ring system. A cycloalkyl group, as a whole, can have from 3 to 14
ring atoms (¢.g., from 3 to 8 carbon atoms for a monocyclic cycloalkyl group and from 7 to 14
carbon atoms for a polycyclic cycloalkyl group). Any suitable ring position of the cycloalkyl group
can be covalently linked to the defined chemical structure. Examples of cycloalkyl groups include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclopentenyl, cyclohexenyl,
cyclohexadienyl, cycloheptatrienyl, norbornyl, norpinyl, norcaryl, adamantyl, and spiro[4.5]decanyl

groups, as well as their homologs, isomers, and the like.

As used herein, “heteroatom” refers to an atom of any element other than carbon or hydrogen

and includes, for example, nitrogen, oxygen, sulfur, phosphorus, and selenium.

As used herein, “cycloheteroalkyl” refers to a non-aromatic cycloalkyl group that contains at
least one (e.g., one, two, three, four, or five) ring heteroatom selected from O, N, and S, and
optionally contains one or more (e.g., one, two, or three) double or triple bonds. A cycloheteroalkyl
group, as a whole, can have from 3 to 14 ring atoms and contains from 1 to 5 ring heteroatoms (e.g.,
from 3-6 ring atoms for a monocyclic cycloheteroalkyl group and from 7 to 14 ring atoms for a
polycyclic cycloheteroalkyl group). The cycloheteroalkyl group can be covalently attached to the

defined chemical structure at any heteroatom(s) or carbon atom(s) that results in a stable structure.



CDK2: >15 26 of present application CDK4: 0.026 CDK1: >15 CDK..2: >15

The superior selectivity of the presently clainmed conpounds agai nst other
CDK fam lwomerimeoesand ot her ki nases nmeans that, conpar edTiEP2@0H60793
conpounds with less selectivity, the wresently claimed conpounds woul d have
reduced off target activities, and therefore |l ess unpredicted toxicity in
cells. \Wen looking at the results of cell cycle analysis perforned wth
the presently claimed conpounds and conpound 200 of the prior art, for

exanpl &neioh nlofe RlE&Tatdrfidh a MBloh&elolfy PHESRRY by oﬁhﬁb&'&dg %S@QMHQSN '&fd@t ai n

exclusive Gl arrest even at "10uM concentrati ons, ound 00 starts to
i nduce tl@mMnbhhlseeS-bxldc,l@blomorﬂhoan@S,ﬁedeld@n @‘e’ntorhaﬂerogﬂ@l grogpd @otalsagontem one

i by ey arrubioiePhs Mk CARev I ERREAEBR RS AERERERE oo ¢ e

pr esengerividihylepyelii-2aibl)asyi0ard e dike Exa(nmﬂ?bs) of c&clbheterb hlkﬁl droup Rclingg ambive
cells fqor candidate 4 inhjbjtors |nd|c at th rrpounatnpll;ave of f

tar get °HEEY OFRROSenimearPaRiiny b peeapyly Bnid Jiw Lamicaing PRl cl ai med
seri es pyibbEding! §rh28h{1, ﬁrdlﬁlihymeiﬂ'%hﬁﬁ &ﬁhﬁy@lrofﬁﬁﬂﬁoféﬂghﬁg&hQﬁﬂspleﬂH@ylt
t he celp?, proliferation o negative cell's at high concentrations,
i 11 ust PEeraggyl-eacttise, t‘@f@}éﬁ)lkactl vities. Still further, it has been
shown that, while the activity of CDK4 is not required for nor mal
fibroblast cell proliferation, the inhibition of COK | is thought to be an
undesi r abl eAsﬁIé@bherelwimryl’dmﬁe&dtd@ aaamxmi moncmgmlpah}eldodad)ohhmgpystmn art, the
present | % cl ai ned. co 8&% ar%: %1 Wﬁ
2010/ 02bBPSPEFEEPIEABT % 5 teé%stny BB% P I MBI e, t he
pr esentlirocdBbNE Ay SRIRQWALS arhfitid rﬁgmrth@ﬁng@séem moiuae bRy harvRabesk. t® t hose
of the sane scaffol ds with the same 1(4 potency but |ess selectivity
agai nstoBe RapodimKats ki Maresycligyyt ﬁeum@ﬁﬁﬂwuﬁ fo |14 chebea atpntsi agd @polycyclic
t her ap s, t

erbod e PRa Bols Bt KAE L BB B RLAE, THENGRID fa e s e BRI g he
7- Cycl dpﬁmﬁd)chemaﬁl s(tﬂlcrmct drtytlny paqbem mznmS)lhgtigsubyﬁasmbieztrydmm hrodonydH pyn olo[ 2

, 3d ri i ne
7- &/Efawgﬂgwmf i t?&rh&v%?was%ﬁ“ﬁéﬁf&?mhi P8 Sy PE Lot o! - 7H
pyrrol Qhﬁlt@yl zdl]tlﬁ}idfdnm ghé’iﬁn@r&@[ Q@Kﬁ@ hed @6 lide din®hdrhdal @ents, an aryl group can
7- Cycl openty1-2- (4-di met hyl am no- 3
4, 5, 6- bepPalgHslts- rmglsystsmnn Bpahait kpit.oge atpmaic sepogslipying & el (Be- dhpye i di ne
- 6-car
o p;ﬂ}?ﬁ%{ gl M#ﬁﬁ@ﬁé{&@{gw%gc@ﬁﬁyl &%nglﬁégfrg?%l@gQYExﬁhﬂg 8B dry1
d] pyri igrahips mc&d@amtymgﬁthe@s denzd ddrimestvey bhepictheentance (i8., an indanyl group, which is a

44-(2- Am 2|n1 - i di n-2-yl am nol, -7- .

vel opentyASAESHPURB P it P tah S B st B esndo i vhersiyn whiche.
245- ( 316, 8 DiPyeliE O}Ldl(ﬁﬂllfyl/&romatlc ring system), imidazoline (i.e., a benzimidazolinyl group, which
-y1l)-pyridin-2- }/I am nol - 7-cycl opent y1- 7H pyn- ol of 2 3-d] pyri m di ne- 6-

car boxyi # oREPElE YRR eiteromatief e spER fn@pyqan §-ca4- e hgreyp.St g is- p

i per aziy6-BicyMld cy%h&téﬂoam?r/%bﬁ%@ﬁn g)er?&ﬁr U?lllé? ck#mpes of aryl groups include
d] pyri mi di ne=6-carboxylic acid dime

7- Cycl| dperodipkamd bepzodiyardxgheehydy), -1@d041m31 @om@t rhtpdtibe.2H11, 21bi pyr azi nyl1-5'
-yl am no] - 7Hpyn- ol o[ 2, 3-d] pyri m di ne- 6- carboxylic acid di rret hyl am de;

7- Cycl opent y1- 2454( R) - 3- et hyl - pi perazi n-1-y1)-pyridin-2-yl am no] - 7H
-pyrrol o 2, 3sdbqayiidréeih dihBEf(ﬁf}d’afdfﬂX}d arcaraditik @bmedybiyd @mg 9&tem containing at least

7- 1 t 245 - 3- t 1
) y?)jcp;%??e gﬁ%ﬁ@zevﬁfam %ﬁ%@teﬁ@% e %Z%I?%WCH? Hhaeetenprbekf leastag gf the

di met hyj, mnctﬁ@ rifg @é@élnpﬂ%mrﬂélﬂc?aﬁé cééalﬁ@mwsp blpeem%zmeraat&%) ppb{étélgaalyr group.

-yl am noJ - pyn-ol o[ 2, 3-d] pyri m di nc-6- carboxylic acid dineth
7- Oycl @ﬁ@wﬂej garghavp frymy 24 1o Bt iyeigtenay prdgpypidin p-5i rpgr@tqrqyp.torms In some embodlments

-yll-p Yl

o et S B S S B o e s Bt b 0 R SR EyfeBe e

[ 4- ( py ring$, indh{aerméltic-cadiobyatiy Irngpiop as@daiomatid cyatbhepyrodlkdylmngs.- ylhcalmtemaryl?gﬂomyr ro
lo [2,3- d] pyrimdine-6-carboxylic acid dinethylamde; 7 -Cycl opentyl-2 -
4442 -hydroxy-ethyl)-piperazin -1 -yl]-pyri din -2-ylamno -7H pyn-ol o

[ 2,3- d] pyrimdine-6-carboxylic acid dinmethylan de;



7-Cycl opentyl-2- 44((S)-2,3-di hydroxypropyl)-piperazin- 1
-ytkpyridin-2-ytam no -7Hpyn-o0lo0[ 2, 3-d] pyri m di ne-6-carboxylic acid

di met hyl anode10/02067€ycl opentyl-2 -(5 - 412-(2-h PCT/EP2009/060793

ydr oxyet hoxy) - et hyl] - pi perazin- 1 id #7 -pyr

i di n-2-ylam no)-7H pyrrol o[ 2, 3-d] pyri m di ne-6-carboxylic acid

di met hytam de; 7 -Cycl opentyl-2- 44-(2-hydroxy- 1 -meth vyl
ethyl)-piperazin -1 -yl] -pyri di n-2-ylamino )

- THpy N9 od c%v%feﬁﬂlg)(ﬁdcﬁ‘&&iforlﬁe @efﬁﬁﬂ BRtYihiGuRGLR ALRPAAYbaBAR carbon %ﬁl that
opentyl-2 - 444 hydr oxyeth -piperazin- 1 -yll-pyridazin-3-ylam no
} - 7TH pyesub$ m f Patde std]cpl,vcr [ Gcrmradgf Beteraptybxygs do et centeln rﬁa@hﬁﬁam B bandsCycl

openty o%vever Pnégt‘rgorgll\m{dg & Qrﬁ)%&?erg&@?g%ﬁéyﬁa be gxﬁ%édég %t i‘/l o8 I\?OXIX am n

o} -7 rimdine I C aci am de;
- Cycl G)}pelﬁlteyjé‘.s%x-ldemﬁla‘ﬂc(ﬂﬁkn&s S-dib:hige)r Exympplepyflucip hgeroai ﬂngsllnel)ddél.p)m(ﬂyl dl n-2
-yl am _no. - 7Hpyn- ol yri.m di ne- 6- carboxylic acid dinet 7
-Oycl  byhilyqy: py(l&yl HYYH%’PJME pyHgzinyg pyragingl, 6ﬂ%2é4yrléﬁkyﬁp pZﬁ’:ZP eSS,

733/ b: H)éé&ﬂlgzo%bilthfazolyi , &byl HRKAz AL D bRa3tyll ] RYdibsBIAl Ao, GRiHRRIL i | e;
cl open - Z-
, 6-tct bgW@%/be hmmthzeml ayinabil.ymetylapinghil iggauimalydyaninsxe[y2, @irdrlyk i ni di nc6- ¢

_a:: g:‘))l;y lrtl)l %oﬁ?ézglyg:bgﬁ% c}a%&r}[l}rfj %j:nz.?‘f_}é%/z% rﬁ pq%%l%/%ﬁé%ﬂﬁﬁl( B’ét&%él neﬂrg_beééoxgdlazcil}ll

aci d dibaetolyiodyti d_ﬁnolﬂlyWHl-m@xﬁnM{ PiRéflatolyldindeliZiyy] aio vapofpgr najﬂlﬂg/ﬂdmyl
ég?gbgﬁé%h%gﬁgl Igl-nyl- %@&In%%é{}?@%/@iy? t%azolopynd]lrp I’1|rn a%ggyerldmy(]‘far boxylic
, 2", 3'furdpyRlingg. mt&%@hmgm I{y%déﬁ}rﬂinﬂlﬁfnlyﬂb?MdG;@r%i@Wﬁ?ﬁhoﬂykWﬁﬁﬂ' o[ 2, 3d] pyrim
am

|d|nc 6- carboxyllc acid

7- Oycl élpmﬂtlg@z02>d5ﬂl(e(ns;azslywhu¢wm1%@b& greups, pharie hilie.) Eyiher axamgdesyafagicrns]yl 7Hp

yrroIo [ i t clopentyl 2-
4 eCus AL R e B RBR Ky ot i QK AL A X
-7H—pymemkmnp@wﬁmgdgkpmsmnddwdmxﬁ carboxylic acid dlnethylanlde WO
2010/ 020675PCT/ EP2009/ 060793 32 7-Cycl opentyl-2- {5
-[44(R) - 2- hydr oxypr opyl) - pi perazin- 1 -yl] -pyrid in-2-ylamno -7H pyrro |l o
[2,3 - d]py Thmdﬂmn‘ﬁw&r@ﬁ(@bﬂxy&fkl@ to& hlﬁeﬂll gﬁiubyﬂ'h%ﬁ Etains 2-6 carbon atoms. An
7 Cyclo entyl-2-(5-piperazin-1 -yl-pyri n-2-ylamin o é{ 7H-pyrrol o
EWY Irgroup lﬁéhsdr@a%rbﬂ@wn ENEE}IBE ﬁté@%ywrﬁa&@n cartopdonple hoyd: - Sy defined
(4 |s
d] pyri %9 glﬁf;}e/t rréEB)' Hc%g sﬂ ultc(J:d Og)Cé?[B h@)féd \Q/hg Th;e rﬁ%ﬁﬂéﬁ@ deZéﬁbg%g%?grfi _"[[h% c§rbz)n .
sopr opyhrbpi pemtézbormbnﬂw bedretyouy iy W@arlmnr&t@nw%thq: allsgny? igrqupnltak p@fe[rﬁ_édsha-t
d] pyri m di pe- G- aci
7 Bycl Qysnby o5 bR e BTy AE sy 07 hn A UBE PR noj
- TH pymhe hlk@nil%r(alp 1A yDlyd stmtht ﬂ%&d&ﬁbfuﬁ&ﬂdd Exaiplts (ﬂicmﬂe fbyd @8ndelimifedipCl
opentyl 246 i sqpropyl |§era2|n- 62-p¥ri dazi
-yl ani BF ﬁwe@rl %p{ore@xl PyyRylng Bitgeyll-gi %ﬁ;ﬂrwn&kﬂ& -Bitadienx) Aithe;
7- Cycl@@gntyl -{5-[4-(2- hydroxy-2net hylpropyl) - pi perazi n-1-yl]-pyridin-2-y
| ami no} - 7Hpyn-olo[ 2, 3-d] pyri m di ne-6-carboxylic acid di methylamn de;
7-Cycl opentyl- 245 (3, 3-di net hyl - pi perazin-1 -yl)- pyr|

g: R;Btzilgl :m g‘ﬂl t &(Yer alkl){{lvg_zdii]ég(i l?%éllg ngalfegslz t§e6l gcs‘m (ﬁr 1|1pI (%)n a(%rlngg 2-6 carbon
] oct - BaWHTGEtATydII):yI@y gtodp k- Zhydr @i by protibtepiythindgait [e2stdne carbon-carbon triple bond.
di pyrimdin rbo c ac met hyl am de,

7| pq/yC: a"&glﬁ%r gn-gglr Olbfr)};%?%(ﬂ | %ﬂ%eb\vﬁn@pﬁ w0 WE‘PH atom of the alkynyl group. In an
no) -7 He{%eaﬁa{eg{ %le%miu %ﬂoﬁb doigindt 628 BA¥YI- bé‘rbélﬂrﬁlle%dﬁﬁé W @8ePsferably one
7- Cycl openty 24511&¢ perazin-1 é di n-2-ylamin(1-7Hp
yr rol o CP@O%S@IPQWH b@idnghsallwayllgwm ngy Q:$td11giit ﬁbqnmdl qrpranehed. Examples

7-Cycl
e pif%?lﬁfe%&%‘é%gh%qfﬁ%%’ LSS pf&t@%%zﬂagba‘“ﬂ iRt -busynydand ths ke,
dlnethylanlde 7- Cycl opentyl-2-0 sopropyl - , 2,3 ,4 ,5 ,6'-hex ahydro-P
, 4t ] bi pyridinyl -6-yl anino)-?prrroIo[2,3-d]pyrinidinc-6-carboxy|ic acid
di met hyl am dc; 7-Cycl opentyl-2- 15
-[ (R)-4(2-hydroxyct hyl)-3-net hyl -pi perazin-1 -yl] -pyridin-2-ylamno }
- 7THpyn-ol o[ 2, 3-d] pyri m di ne- 6-car boxylic acid di net hyl am de;



7-Cycl opentyl-2- 15 -[(S)-4-(2-hydroxyethyl)-3-nethyl-piperazl-ylamno }

- 7THpyrrol o[ 2, 3-d] pyri m di nc-6-carboxylic acid di nethylam dc; WO

2010/ 0206WBREI/ER2ZO09/ 060793 33 PCT/EP2009/060793

7- Cycl opent yl- 2- {54442- hydr oxyet hyt) -8i per azi n- 1- yl net hyd- pyri di n- 2-yl am no
-7Hpyrrol o[ 2, 3- d] pyri m di ne-6-carboxylic acid dinethylam de;

7-Cycl opentyl-2-{5 44-(2-di methyl am n oacetyl)-piperazin -1 -yl] -pyridin
-2-ylamno } -7Hpyrrol o[ 2,3-d] pyri m di ne-6-carboxylic acid dinmethyl am de;

7- Cycl opent ¥z ére‘rseﬁﬁﬂﬂ/%nt%ﬂ)ﬂ:lu@éétaﬁifﬂhgﬁlpﬁéﬁtzdany &cc‘)ébﬂabl@fé’dt&ﬂl&'l@ lyﬂe@éﬁ' nOf

-7H pyrrotof 2, d] pyri m di ne-6-carboxylic acid di nethyl'am de; 2-

44-( 2- Oymp@lhelx pf thasmieytigpil peroawionnds of yarmugey€l) ordi, wirrginame Ohmprca"rorns are
yclope rl i m de;
y oyel s d?ie%cteﬁ ‘é‘:@%@g‘?ﬂﬁg&ﬁe s%melagclngﬁ o {%Qﬂ Bat o a?o%&?%%i grimts nﬁmﬂei@ﬁ%hﬁ

di n- 2- ﬁbﬁﬂmeebnﬁbbmmwﬁhmﬁzn&nﬂ&p&ﬁﬂnﬂﬁmmemﬁmﬁméboxyl|c aC|d dlnethylantde
7-Cycl opentyl-2 45 -(4-i sobutyl piperazin -1

-y1)-pyridin-2-ylam no]-7H pyn-olo [2,3 dipyri midine-6- carboxylic acid
di met hyt am @@amples of i 1sotopes suitable for inclusion in the compounds of the invention comprises

1446- (7- Cyclogentyl 6- di nef hyl car banoy1- 7I—i—f§ynlg)lo[214 d] py rlntdlny; ylantn
0) pyr i djotergs lbldrctﬁepequalz anH andi H, gerbei.cueleisd” Gret Gighd e6t @ﬂ@rme such as

7- Cycl 58 44-( 24 ets i3 s 150

5 y1 RSk it AR PRI, Doy %ﬁ@?ﬁ&g%%%@ﬁy fugfis e
1446- ( T'aoyd eﬂtgﬂxﬁwﬁsmﬁmm caﬂhammmisﬁﬂh@§ﬁ9olo[2 3- d]pyrlntdln 2 ylantn
o) pyridin-3-yll- piperazin-l-yll-acetic acid ethyl ester; 4-(6-

(7-Cycl opcntyl-6-[(2-hydroxy-cthyl)nethyl - carbanmoy1] - 7H—pyrro|o [2,3

-d] pyri m di @eAain¥doddPidPy-lateyied b Rpotm¥S e BEhad (I6r kay, ERlRAXyk] Gogci d
tert-butyl ester; cﬁﬂ)&&%o enty llgp 5 44-(2- ntg?h 5lybutyl)%5pera2|n -1 -yl]
-pyri quer@r%nemrhdioactwv HDWﬁr%e pegfylan Qrugdl}ldyr pubsHata sic dfriomiph swdigei d

di met hy,

7- Oycl opentﬂ&cgve lotppesitium. ke Hhandicarbpn-) . by U are pagticuarly usefyl Brhis 1oy
i di nyl p6eppbami vioy o]?tﬂdplynasalod[ri&pﬂ)ocﬁtlpyranahmddytewﬁasaﬁﬂdbmmydn c acid

di met hyl am de;

1446- (7- Cycl opent y1- 6- di net hyl car banoyl- 7H pyn-ol of 2, 3-d] pyri m di n-2-yl anin
0) - pyri di n- Subs?ﬁ'tﬂtfb‘nﬁﬂﬂﬂidaﬁreﬂ-rs&(ﬂ;bess@@lﬁﬁé eudGiugh, i AN, gray afford certain therapeutic
1446-(7- Cyclopent¥ di met hyl ear banoyl- 7H-p tToIo[2 3-d] pyri mdin-2-ylamn
0) - pyr irdvantagey rpultipg Bemagzt%cr|mwhohstseéth®h |fer eéétnale wereptdrimEre bl o1y
accept /: 34 The
|nh|b|??%ﬁag s&gg%gﬁf Iﬁé?£ﬁ§%?%€??%92%§gﬁﬁ1%%%%%%&%‘ ?’the i nvention may
be neasured using a nunber of assays available in the art Exanpl es of such

ribed in the Exenplificat | Ph t.i cal
Compisi ¢1 on€ DR Wi W R el L P Saourtc - Cotrct R DB O s

t hat amesitbn RELESEHATN 3o AapBUIPHTY iseidies F& ekhi@tlingOdubfF£Y R0Eptér qREGIaBLY

ki nase-associ ated di sorder, e.g. prevent the various norphol ogi cal and
somatic synptons of a protein kinase-associated di sorder, and/or a di sease
or Cond't'0&oﬂ%&%ﬂ&@ﬁﬂkﬁ%%ﬁb@muk%fﬁﬂmﬁ&%ﬁRhQQJ@ﬂl%iEﬁﬂ?%¥%m§%@ﬂ@& of the
conmpound of the invention is the anobunt sufficien reat a protein

ki nase<cassotdz tedhaigeerkdewn |tmtha568almiedan therinteorély freatebsee azatauons toctéosev ary
gfeplelnf“ne%glggd 4 hagc%‘r%&)gﬁ’ysfrﬁﬁ %?am Oe 3@%&%@?&1‘0}6\% r1]rt1 a(te)n];] %I}Ppor%rfét b lf ngbeﬁ%/cﬁg
ch0|cere@emheqammmﬂMKthMbaeimmymnpmomuggen@kﬁe@t what constitutes an
"effective anount."” One of ordinary skill in the art would be able to study
the factors contai ned herein and make the determ nation regarding the

ef f ect ip{§lo&RUNivRy the conmpounds of the invention w thout undue

experi mentation. The reginen of adm nistration can affect what

const i t ut es Thacenpands okthe fymmtac (Mve lebeslouhdras theecdf areanhibders ohey dha

adm ni e tq rotein
Ki nase%1E egngglllta é&d}:grgér% l%ﬁfe @&ﬁhd%fstg%/len&g t%3 {1 gﬁ%)ltéosa gaﬁl ggr\l/?%fﬂlp as

st aggekedsadosrije particalar beliadapanidsitdiredesdalebted dirons@nls[en@DKle ¢DKGr CDIRd, dose
can be continuously infused, or can be a bolus injection. Further, the
dosages of the conpound(s) of the invention can be proportionally increased
or decreased as indicated by the exigencies of the therapeutic or

prophyl actic situation. Compounds of the invention nmay be used in
the treatnment of states, disorders or diseases as described herein, or for
t he manuf acture of pharnaceutical conpositions for use in the treatnent of
t hese di seases. Methods of use of compounds of the present invention in the
treatnment of these diseases, or pharnmaceutical preparations having
conpounds of the present |nvent|on for the treatnent of these dlseases
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ingredient in conbination with a pharmaceutically acceptable carrier. WO
2010/ 020675PCT/ EP2009/ 060793 35 The phrase "pharmaceutically

accept ablwocarwies’s is art recogni zed and i ncludes a phacrmpeawiocEb’ y
acceptable material, conposition or vehicle, suitable for adm nistering
conpounds of the present invention to mammals. The carriers include liquid
or solid filler, diluent, excipient, solvent or encapsulating material,
involved in carrying or transporting the subject agent from one organ, or
por ti o s tdisk OAVEDKY, HAGhNE haRicGRRly sQbctRPELMADIO], dibve: Rasys el @oksi er
must be acceptable”™ in the sense of %elng conpatlble wi t'h the other

i ngr edieah€OKK the fornul ation and not injurious to the patient. Sone
exanpl es of materials which can serve as pharnaceutically acceptable
carriers include: sugars, such as |actose, glucose and sucrose; starches,
such as cor Qosipateds ot ipainaboalsd anhucticiey ddaimsglycard syithasd kinavad (@8IS-3).such
as sodi um car boxynethyl cellul ose, et hyl .l ul gse and, cel |l ul ose acet ate;
powder €4 4PFIEIE ﬁ% H’t‘?ﬁl*’?”“&e‘?*é‘%‘idﬁ a“P&PEm(ﬁg’k Qﬁt"@g ghigegrnayn Si?g‘a\naéﬁt ter

and SURRYSHE Qpkcib@XESs uselul ﬁl,prwafﬁg%sm&%@e%m@hhg, of RlchARH@REn@d1lof, tRAEJII over
oil, sesane oil, olive oil, corn oil and soybean oil; glycols, such as

pr opy| exde i ghoermallygliyiding cels dhisabergogecanticinated g thesompariamssiveill prasisiseful

ol yet hyl u I t te;, agar;
Bur t or s e a e ¥E0L i PO R B8 S AR 3 Ao Rh s B B, ™
al gi ni compoutids pf/ﬁlegevreniﬁasremll/\lmweful lrstpftaung COrsiaﬂlanpeuc}stgehnﬁecsmhsptypemL oret hyl

al cohol ; pho pate buffer so @tlons ..and ot her gﬁndtOX|c co aL;bIe

subst ar‘?8’één58ﬁ€ gRragent Hlaﬁﬁtsmﬁ 1B PEMRBICACAICE gyad trauma, Strokgs FpTGhEy: agent s,
enul si ib@b8cRAckalivti§ @R sGeh HUCIBhAHeB IO dedkbnk [dissatlef b reginet APAREEEAM
stearate, as well as coloring agents, rel ease agents, coating agents,

sweet empkig, corticabesel drgonareriqneantl Frakngdispsentos cxamnle avtommyresispases and i oxi dant s
can al he conpositions. Exanpl es of
pharna%gﬂ??%gpﬁggg%%%ggéble antioxi dants include: water soluble
anti oxi dants, such as ascorbic acid, cystelne hydrochlorlde sodi um

bi sul fate, so m net abi,sul fite di ite .and .t he ;. oil-solu

DSl et BRSSP SULE L SO B e R he LKL cobba gkl ©

but yl atiedinhyior Xl 6k UsRE o of Vifg idikitidns, ALORugadik@&k&, and nk@cagleselive and
the like; and nmetal chelating agents, such as citric acid, et hyl encdi am ne
t et r aadéeiss-aci d (EDTA), sorbitol, tartaric acid, phosphorlc acid, and the
i ke Forrmul ati ons of the present i nvention include those suitable
for oral, nasal, topical, buccal, sublingual, rectal, vaginal and/or

par ent er al &dHsnlsyt z etl¢ wrihe Figalafior ofthatdloryslepayoptasmy emisenption, didfe pmgstent ed

in unit Ram and Lep red an t hods wel own i.n the art
of pharRE S HendH e TRY. Ik PUDERE Foull Pl RETReBnL ol EiR b
carri ethdi@iserdirddr @f proititeondasiph@lseor dfeagfiafion §0cWiak bargen et gdrliyulbRB-hat
anount of the conpound that produces a therapeutjc effect. CGenerally, out
of one 'HOPHIT B@Y Sepaideperly ﬁﬁﬁlﬁ’élVaFﬁ)ﬁP{( iphipitors akgee melyds Gweavrs harbiingent  t o
about D RALH @g%?@@&ﬁ%&%&@&&%%r %§erEEXBFeE§i0ﬁ‘bmr0%ﬁ £&A6r Ricoftblsl Ve
ingredient, preferably fromabout 5 per cent to about 70 per cent, nost
prefer £bttkletmommua1@msth110h>pﬁerrn@bﬁtated @roammregonqiéﬂlblé frthibitors as wolkdsHoeunsf
preparing these forpul ations S i_ncl ud t ste br | ng
o aouderdrant &Y T mdbbaatoRt end R R b S o oiTRn R yie?] KPS,
opt|onahhmnsﬁmeambbH@ﬂsuﬁemeSEﬁhyhmng@edlents. In general, the formul ations
are prepared by uniformy and intimately bringing into association a
compound of the present invention with liquid carriers, or finely divided
sol i d carri exsmpRE ofRQhbors #ARK LA Dbe 1hﬁ1bﬂf'é’(ﬁﬁ§lﬁ§é Yut SOARI NGNS, %@Qh&ﬁa for
Fornul ations of the invention suitable for oral admnistration may be in
t he forrapleespsitoas, ofgedneddsr, bpiabt eolon gt eplorectad garpigemag thshageaon | avor ed
bas' S aHén%%llJc%oﬁl‘d%L&’§§10§Qc9en%ﬁ1%f 'k?dn(é’{rj %{d%%%%WeP)lu%ﬁg‘Pé’}%%rﬁpe%dg{b%r%ﬁmm r as
SO Iut suspension I n aqueous or’ non- as an
0|I|n mahbpdbmngamﬁkpam&mmﬂumﬂMWHMH%nmh$ummm,@ﬁqﬁ&gﬁﬂgdﬂbmn&xpﬁmqypmmxmsr
as pastilles (using an inert base, such as gelatin and glycerin, or sucrose
and acacia) and/or as nouth washes and the |i ke, each containing a
predet er mi ned anmount of a compound of the present invention as an active
i ngredient. A conpound of the present invention may al so be adm ni stered as
a bolus, electuary or paste. in solid dosage fornms of the invention
for oral admnistration (capsules, tablets, pills, dragees, powders,
granules and the like), the active ingredient is mxed with one or nore
pharmaceutically acceptable carriers, such as sodiumcitrate or dical cium
phosphate and/or any of the follomnng fiIIers or extenders, such as

o, e o



m crocrystal line cellul ose, alum num netahydroxi de, bentonite, agar-agar
and tragacanth, and m xtures thereof For mul ati ons of the

phar macewvoealo/esvposi ti ons of the invention for rectal por/Era@onad793

adm ni strati on may be presented as a ®uppository, which nay be prepared by
m xi ng one or nore conpounds of the invention wth one or nore suitable
nonirritating excipients or carriers conprising, for exanple, cocoa butter
pol yet hyl ene gl ycol, a suppository wax or a salicylate, and which is solid
at roomt @i&ﬁh@%ﬂfcﬁ'@atlp ErcinbAd! GorRichPaGVix! tﬁ%‘?& ALY, BeRANHd nEAE HRIALE or Wir |
melt inthe rectumor vaginal cavity and release the active compound.

For mul &ei cxamplsfsqedneoysiceld errcinpmaenidntophitchuape oflimeliviélifiage vagixaalple

adm ni L0 0 S oans
or " spr Py DO GRS Hls R AR ENE cRT ee S rpORR LS o |

be appriffist dirge B cell lymldhomaga trigmph@ha, tiingtiplo lmy@kblmaQHotlglaﬂS(ﬂﬁﬁlﬁm;lma non-
adnlnlstratlp of ac qf of this invention inclu powder.s, sprays,

oi nt mentoslgkipasy@ehorgs. iegcel] lypingema Gdpusketis dY‘E}Plil%‘F% a hg R ORRIC SNV AT ant s.
The actieid ARRGENE: d@hpReaclictad cHRFR MBI Schb® 1619&91155' RIYSloWrdplhs@ic syndrome,
pharmaceutical ly acceptable carrier, and wth any preservatlves buf f ers,

or propeptoaniclcy tialcukanyia tibytioéhﬁilm@hlr cancer; a torheur@if pcpenshymalisaisine &or cxpenlvs
and. 9° ey eofiant Rltonl B FANL LGB e AENY e GATRRHIT Bhu Byt pyenti on.
excip { SUCK as anrmal —and veget apl 6 waxes, par af
starchexﬁn@gamamymnmcmhhMHm$ﬁmdghbmabrMﬁswnmnhyemﬂgbﬁmexghmmnés S|I|cones,
bentonites, silicic, acid, talcdand zi nc_oxid mxturﬁ1 Qf f 4

Powder éerétﬁﬂargﬁ?la?sosﬁa??r&% APIIC DAGTHFP ra&"’@&FﬁS&lﬁ‘n Giiular

I nvent iceiber; ¥ RiaPbEPEScsibieh as lactose, talc, silicic acid, alum num

hydr oxi de, calciumsilicates and pol yam de pomder, or nixtures of these
subst ances. Sprays can additionally contain customary propellants, such as
chl or of | uor r HasHb ch as
but ane and gp%@%%%%nﬂﬁﬂ% g@%énsgérh%ﬁe atchgg111 %&ggtﬂ%g ggpg chﬁgge of
pr ovi didngendemﬂmrmlsdrﬁdledeﬂlfmer(wb’.ﬂ @DK@n@BKﬁdCDiMI EEKﬁraaslé]ﬂK6 forentumole, b t he

compouRHTOR R BRI LRI CABSaf D of L HAHGar & cch v BEPniddi o

i ncr easehdiig of heba fktidulte c@mp@ WAE wAGhAS Senkifi®c BinRibitioAGyAdyelilceHedht f | UX
can be controlled by either providing a rate controlling nmenbrane or

di sper &ingee ltnh@ltabm)o Be dSaPEueHPY Heans 9b GFHESrOREY 55K %ﬁrseb‘%ﬂt in the examidghpdhel i ¢
for mul « Lhe Ilke arc al so

cont el of g L el eSS 5 R o,
2010/020675PCT/EP2009/060793 39 Phar maceuti cal conp05|t|ons of this
invention s ble fo eral ~adm ni st.rati onpri.se one or, nore
conmpounds o?k&ﬁ”nfﬁb% toP@%oﬁ%ﬁﬁé??%ﬂ“Vﬂ?%lgﬁﬁmgg'ﬁ%?gmﬁﬂ%Wﬁbceutlcally
accept aheriptien addethésRrOODK iAHBAOHToOK alOHRYVEDLIS tikOtrdith O Sf thdifsIkeviag ons,
suspensions or enul sions, or sterile powders which nay be reconstituted
into stérMcRotha] BaR esce; %qlaleﬁe@iﬁgl%fpr@i@@é@%ﬁ%glmﬁwxmm%ﬁpﬁ@%@@r VifF ch
My CORE LI ARk RGBS SHIVD BIPhe HOV Q@&H@M\@S&@«teﬁuﬁ Of NrsS diMaiophehSRAAR - t he
fornulation isotonic wth the blood of the intended recipient or suspending
or thi @Memdlgldafgd;mss chronic lnﬂanEmam;ylcb@a@fs, fgumaaipﬂfesyatquea)hllsusawwhnma@qmseous
carriers that m Rl 2 b0 th tical. co sitions, of the

i nvent Ia%trcl)lrlnrrr]lg e gdlate er%ﬂneﬁ)ofltls ﬁiu%l 01d algﬁrgtf_ls gsorlai;l y’ggt? qlmatopo \Xf Ane

gl ycol mspmdeyzaidthyltceﬂnmugk yhabd:tes meldiuisheardhbk@)uulaﬁah@kasaslfbleéxlampm oatdwces t her eof
vegetagle oils, such.as olive ojl, and inj ectg ani c ? such as
ethyl gvestraPhypreajsapsiy plceselgrogianier digsitalivh Horeiy Oéﬁ’éi‘}’i‘ﬂﬂ Zc]i‘f/‘m%ﬁﬁé use of
coat i ngjdRkexir %elat@&'&éln@&a'l%&hh@n% difhsd, Qﬁlym%ﬂ]& ﬁa‘f@ﬂ%@le&fsmt féﬁnftﬁqw red
particle size in the case of dispersions, and by the use of surfactants.
These owmodise, ol magnuéﬂrgtyomomda;ﬁwbdénr@vm@tlgm@mﬁummﬁvat i ves,

wettin n v, ion of the
ot i on SF R s E R Rt R ARE B AR RN S, HEGESRY

ant i bac¢perfusibn ammtyamThyﬂumgadthag@mr@s,ls faxtin- mdacqall @ alcgphslablated livhl discakadt anol ,
phenol sorbic acid, and the like. it may also be desirable to include

i sotoni c agents, such as sugars, sodiumchloride, and the like into the
conpositions. in addition, prolonged absorption of the injectable
pharmaceutical form may bc brought about by the inclusion of agents that
del ay absorption such as al um num nonostearate and gel atin. in sone
cases, in order to prolong the effect of a drug, it is desirable to slow

t he absorption of the drug from subcutaneous or intramuscul ar injection.
This may be acconplished by the use of a |iquid suspension of crystalline
or anDrphous naterlal haV|ng ~poor matcr solublllty Thc rate of absorptlon
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WO 2010/ 020675PCT/ EP2009/ 060793 41 of adm nistration, the tinme of

adm nistration, the rate of excretion of the particular conpound bei ng
enpl oyed,woheiwduoasi on of the treatnent, other drugs, ceopmEPee®/0s0783 Or
materials used in conbination with tha particular conmpound enpl oyed, the
age, sex, weight, condition, general health and prior nedical history of
the patient being treated, and |like factors well known in the nedical arts.
A physician or veterinarian having ordinary skill in the art can readily
det er mMyRgH A0 o RAGEGaIREOE BEnfid SRlonMSnBNRURMY aBlashidUhcPRAERGEHEY E Bscascs of
conposi tion réquired. For exanple, the physician or veterinarian could
start dosmescoloskdiesalsyrtpoutod sxaniple.lpsteoparesis ahardmiph.gappidinisandtive rhinosinusitis,
phar maceuyt i . C ithon.at.|ev I t r ir i to
bent ovetiedadt PERNTL LR b Rl R S CARE MG AAPRGs EEEE: (ulfSuuk
unti |l tdbgend@sibn ad ekt fadicancr pghil eved. in general, a suitable daily
dose of a conpound of the invention will be that anount of the conpound
that is the | owest dose effective to produce a therapeutic effect. Such an
effective dasfsWsbbedengbabky AeRBNAWRLA M8t R51a0F BnARSKIdaR 86 udhgye.
Generally, intravenous and subcut aneous doses of the conpounds of this

i nvent icombfgtiomwihpihehanticoprenagestsd Fpoexantide, thediyelan-depcadent fugscinbibfteict s,

il . ! . ki | f bod i ght
11 RSB D0PRLE, A0 A0 O booy i
still ffboe ipthefphamidcyuticabonglositiv nsd, ufeston neldods oG ingenpen fdegrepitg @diycaséor

effective,.anount is that a t treats.a protein kinase-assqci ated

di sor d&prdition comprispagbEpr cell gravil ecfistges QRaPndign CmRt PRy eRT el
CONPOURELWEYn B @bdth&it® £chnds. t wo, three, four, five, six or nore
sub-doses adm ni stered separately at appropriate intervals throughout the
day, optionally, in unit dosage forns. Wiile it is possible for a
conmpound of i j . Sste I i beS )

o of or abl o 5 ST Eftch HERIS ARG AR GRS SRR bl tnods,
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Salts of conmpounds of the present invention having at |east one
salt-form ng group nmay be prepared in a manner known per se. For exanpl e,
salts of conmpounds of the present invention having acid groups may be
formed, for exanple, by treating the conpounds with netal conpounds, such
as alkali nmetal salts of suitable organic carboxylic acids, e.g., the
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The sol vents from which those solvents that are suitable for any particul ar
reaction nmay be sel ected include those nentioned specifically or, for
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acetate, ethers, such as aliphatic ethers, for exanple diethyl ether,or
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| i m t edctivatioh hemutaishne and car boxylic acid functronalrtres Any reference
to a conmpound of the present invention is therefore to be understood as
referring also to the correspondi ng pro-drugs of the conpound of the
present invention, as appropriate and expedi ent. Conbinations A conpound
of the present invention nay al so be used in conbination with other agents,
e.g., an additional protein kinase inhibitor that is or is not a conpound
of the invention, for treatnent of a protein kinase-associated disordcr in
a subject. By the term"conbination" is neant either a fixed conbination in
one dosage unit form or a kit of parts for the conbined adm nistration
mhere a conpound of the present |nvent|on and a conbrnatron partner may be
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Waters Platform LC- M5 system HPLC System Waters 2795 Mass Spec

Detector: M cromass Platform LC PDA Detector: Waters 2996 PDA Purity is
measur ed Wy 20ld/dbsyde array detector (210-340 nm) Met hod pATHEPI@R060EYH20
(10mMM NI - 14HCO3 buffer adjusted to pH39.2 with NHACH) El uent B: CH3CN

G adi ent: 05-95% el uent B over 15 mnutes Flow. 0.8 m/m n Col um: Waters
XBridge C18 511 2.1 x 50 mm Method B El uent A H20 (10nmM NHAHCCB buf fer
adjusted to pH=9.2 with NHAOH) El uent B: CH3CN Gradi ent: 05-95% el uent B over
3.5 minutes Flow. 0.8 nUUmn Colum: Waters )(Bridge C18 5i1 2.1 x 50 nm

Met hod C Eluent A:H20 (0.1% Form c Acid) Eluent B: CH3CN ﬂ(o. 1% Form ¢ Aci d)
G adi ent : 5- 3596, laymticntBrantersujestedicmudiegnastiowso 8etett anarkengbaracteristic of up-

2010/ 0306 {RCTH EFRAG9, 0007 98, 4%, 9} W CORAGTRRRY FHIRL Snem MYSHEER SOA

2.0 Xx

includes screening. By marker we include genetic markers including, for example, the measurement
of DNA composition to identify mutations of CDC4. The term marker also includes markers which
are characteristic of up regulation of cyclin E, including enzyme activity, enzyme levels, enzyme
state (¢.g. phosphorylated or not) and mRNA levels of the aforementioned proteins. Tumours with
upregulation of cyclin E, or loss of p21 or p27 may be particularly sensitive to CDK inhibitors.
Tumours may preferentially be screened for upregulation of cyclin E, or loss of p21 or p27 prior to
treatment. Thus, the patient may be subjected to a diagnostic test to detect a marker characteristic of

up-regulation of cyclin E, or loss of p21 or p27.

The diagnostic tests are typically conducted on a biological sample selected from tumour
biopsy samples, blood samples (isolation and enrichment of shed tumour cells), stool biopsies,

sputum, chromosome analysis, pleural fluid, peritoneal fluid, or urine.

It has been found, Rajagopalan et al (Nature. 2004 Mar 4;428(6978):77-81), that there were
mutations present in CDC4 (also known as Fbw7 or Archipelago) in human colorectal cancers and
endometrial cancers (Spruck et al, Cancer Res. 2002 Aug 15;62(16):4535-9). Identification of
individual carrying a mutation in CDC4 may mean that the patient would be particularly suitable for
treatment with a CDK inhibitor. Tumours may preferentially be screened for presence of a CDC4
variant prior to treatment. The screening process will typically involve direct sequencing,

oligonucleotide microarray analysis, or a mutant specific antibody.

Methods of identification and analysis of mutations and up-regulation of proteins are well
known to a person skilled in the art. Screening methods could include, but are not limited to,
standard methods such as reverse-transcriptase polymerase chain reaction (RT-PCR) or in-situ

hybridisation.

In screening by RT-PCR, the level of mRNA in the tumour is assessed by creating a cDNA
copy of the mRNA followed by amplification of the cDNA by PCR. Methods of PCR amplification,



El uent A:H20 (0.1% Form c Acid) Eluent B: CH3CN (0.1% Form c Acid)

G adi ent: 5-95% acetonitrile/water over 7.75 mnutes Flow. 1.0 m/mn
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Det ector: Waters ZQ PDA Detector:Waters 2996 PDA Purity is neasured by W
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Press, San Diego. Reactions and manipulations involving nucleic acid techniques are also described
in Sambrook et al., 2001, 3™ Ed, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory Press. Alternatively a commercially available kit for RT-PCR (for example Roche
Molecular Biochemicals) may be used, or methodology as set forth in United States patents

4,666,828; 4,683,202; 4,801,531, 5,192,659, 5,272,057, 5,882,864, and 6,218,529 and incorporated

herein by reference.

An example of an in-situ hybridisation technique for assessing mRNA expression would be
fluorescence in-situ hybridisation (FISH) (see Angerer, 1987 Mecth. Enzymol., 152: 649).
Generally, in situ hybridization comprises the following major steps: (1) fixation of tissue to be
analyzed; (2) prehybridization treatment of the sample to increase accessibility of target nucleic acid,
and to reduce nonspecific binding; (3) hybridization of the mixture of nucleic acids to the nucleic
acid in the biological structure or tissue; (4) post-hybridization washes to remove nucleic acid
fragments not bound in the hybridization, and (5) detection of the hybridized nucleic acid fragments.
The probes used in such applications are typically labeled, for example, with radioisotopes or
fluorescent reporters. Preferred probes are sufficiently long, for example, from about 50, 100, or 200
nucleotides to about 1000 or more nucleotides, to enable specific hybridization with the target
nucleic acid(s) under stringent conditions. Standard methods for carrying out FISH are described in
Ausubel, F.M. et al., eds. Current Protocols in Molecular Biology, 2004, John Wiley & Sons Inc
and Fluorescence In Situ Hybridization: Technical Overview by John M. S. Bartlett in Molecular
Diagnosis of Cancer, Mecthods and Protocols, 2nd ed.; ISBN: 1-59259-760-2; March 2004, pps. 077-
088; Series: Methods in Molecular Medicine.

Alternatively, the protein products expressed from the mRNAs may be assayed by
immunohistochemistry of tumour samples, solid phase immunoassay with microtiter plates, Western
blotting, 2-dimensional SDS-polyacrylamide gel electrophoresis, ELISA, flow cytometry and other

methods known in the art for detection of specific proteins. Detection methods would include the use



Waters MS running conditions Capillary voltage:3.5 kV (3.2 kV on ES

Negati ve) Cone voltage: 25 V Source Tenperature: 120 C Multiplier:500 V Scan
Range: 125w8Q010amv6750ni sat i on Mode: El ect roSpray Posi ti ve por/Eeb@otos@Spr ay
Negative Once the anal ytical trace shmdwed good chromat ography a suitable
preparative method of the same type is chosen. Typical running condition
is: Colum Waters XBridge C18 511. 100 x 19 nun or Phenonenex Gemni, 5
100 x 21.2m) Mbbil e phase Sol vent A- FLO + 10 mM NHAHCO3 + NHACH, pH:9 2
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separ at, cagl% “9818 romao%to 50%B for early retaining conmpounds; from 35%

to 80%" retar i ng conpounds and so on). Ish: 1.2 mnute ish

step is perforrred at the end of the gradient Re- eqwlibration 2.1 mnutes
re- eqwllbra%l on st p |s ran to pre %or t he next run . ke Up
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100% Dmeam@@m/tgg&w Redd ERRORQLARA793 50 Experinental Procedures

General Procedure A (BOC-deprotection) Starting material is treated with
excess HCl1 (4M solution in dioxane). MeOH and/or CHO as added to aid
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screened for up-regulation, in particular over-expression, of cyclin E (Harwell RM, Mull BB, Porter
DC, Keyomarsi K.; J Biol Chem. 2004 Mar 26;279(13):12695-705) or loss of p21 or p27 or for
CDC4 variants prior to treatment (Rajagopalan H, Jallepalli PV, Rago C, Velculescu VE, Kinzler

KW, Vogelstein B, Lengauer C.; Nature. 2004 Mar 4;428(6978):77-81).

Patients with mantle cell lymphoma (MCL) could be sclected for treatment with a compound
of the invention using diagnostic tests outlined herein. MCL is a distinct clinicopathologic entity of
non-Hodgkin's lymphoma, characterized by proliferation of small to medium-sized lymphocytes
with co-expression of CD5 and CD20, an aggressive and incurable clinical course, and frequent
t(11;14)(q13;q32) translocation. Over-expression of cyclin DI mRNA, found in mantle cell
lymphoma (MCL), is a critical diagnostic marker. Yatabe et al (Blood. 2000 Apr 1;95(7):2253-61)
proposed that cyclin D1-positivity should be included as one of the standard criteria for MCL, and
that innovative therapies for this incurable disease should be explored on the basis of the new
criteria. Jones ct al (J Mol Diagn. 2004 May;6(2):84-9) developed a real-time, quantitative, reverse
transcription PCR assay for cyclin D1 (CCND1) expression to aid in the diagnosis of mantle cell
lymphoma (MCL). Howe et al (Clin Chem. 2004 Jan;50(1):80-7) used real-time quantitative RT-
PCR to evaluate cyclin DI mRNA expression and found that quantitative RT-PCR for cyclin D1
mRNA normalized to CD19 mRNA can be used in the diagnosis of MCL in blood, marrow, and
tissue. Alternatively, patients with breast cancer could be selected for treatment with a CDK
inhibitor using diagnostic tests outline above. Tumour cells commonly overexpress cyclin E and it

has been shown that cyclin E is over-expressed in breast cancer (Harwell et al, Cancer Res, 2000, 60,



To a stirred solution of 5-brono-2-nitropyridine (4.93 g, 24.3 mol ) and
pi perazi ne-1-carboxylic acid tert-butyl ester (4.97 g, 26.7 mol) in CELCN
(60 m) iwoadado@IPEA (4.65 nl, 26.7 mmol). The m xt ur ecirErb@atewioat
reflux for 72 hours then cooled to rawm tenperature and the precipitated
product collected by filtration. The filtrate is concentrated and purified
by flash columm chromat ography eluting with 30% Et OAci petrol. The conbi ned
products are re-crystallized from Et OAc/petrol to give
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4-(6-nitro-pyridin-3-yl)-piperazine-1l-carboxylic acid tert-butyl ester
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and et hyl ateidlitton HdQande) mag baghdlpdeddornNder ad BreS pHiéimetip, @88 ty@indd1 or
hydrogeldb%)r/erm ght. The m xture.is f| tered and Conce.ntr.atpel%mkg gi ve of

4- (6-am PYAFRRrGssign 94 Dt d‘é‘r‘%‘i‘?fhemi‘ losspmoRryRensdpacivedig Ripyt y I funeioa or
(2. 87 GypQtlmylaioAbf p i\@(@%&ﬁﬂ iR nfah$ tlﬂt%ﬂ'ﬂ)t pEXRBRY RadiBAtcl-iY G(b%pent yl-2-(5

-pi perazin-|-yl-pyri di n- -yIamln 0) - pyrrolo [2, 3-d] fy
di ne- 6retinoblsiome andin 99K dismagieell urxgcarcsltqmase@ygleﬂ 11|ISofﬁnIdf cd'in 40% ofhead

5-bro h d I 4 6 ) and
(P ac12( gﬁd ﬁecgci &YO] %xlgéé&e 5(537()§f§1%215t%§(r8; %@%8%/ @"Hﬂﬁ?&él %B’% nfl):éls émgg‘d)eé 2N
(0. 757 daleted5n 4®ofnbi)- smmldi lidgJadimeitae xyd prddPYy ofpahOre@iiBeanndrs., CBK43s ml’ﬂp]hﬁed
sequenti al | roomte rature. T m xture i.s_degasseg,under t r eam of
N Tana AV bR Gt s OF Bl f5em o Rt BRI RO o (i matidn B
2010/ Omgtﬁ)ﬁ(ﬁ_él&%%o@rgép%gg@@slﬁﬁm%br (2@c MWereBprdRfbnBIRlAlin 151 8CA@E: cahibe

reaction vessel is evacuated and back-filled wth N> (x3) and heated at 60
C for 4@%5@# By thyiechpiques qudlined hgraimpweemeuss wih up-regulasoadiniattisulRr oyes;

filterg are
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(636 ng, 54% . MS(EST) mz 324.2 H?
ancers that experience INK4a and RB loss of function and cyclin D1 or CDK4
overexpression, include small cell lung cancer, non- small cell lung cancer, pancreatic cancer, breast
cancer, glioblastoma multiforme, T cell ALL and mantle cell lymphoma. Therefore patients with
small cell lung cancer, non- small cell lung cancer, pancreatic cancer, breast cancer, glioblastoma
multiforme, T cell ALL or mantle cell lymphoma could be selected for treatment with a CDK

inhibitor using diagnostic tests outlined above and may in particular be treated with a CDK inhibitor

as provided herein.

Patients with specific cancers caused by aberrations in the D-Cyclin-CDK4/6-INK4-Rb
pathway could be identified by using the techniques described herein and then treated with a CDK4
inhibitor as provided. Examples of abnormalities that activate or sensitise tumours to CDK4 signal
include, receptor activation ¢.g. Her-2/Neu in breast cancer, ras mutations for example in pancreatic,
colorectal or lung cancer, raf mutations for example in melanoma, p16 mutations for example in
melanoma, pl6 deletions for example in lung cancer, pl6 methylation for example in lung cancer or

cyclin D overexpression for example in breast cancer. Thus, a patient could be selected for
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The following table 4 shows the inhibition against relevant targets of compounds of the prior

art as compared to compounds of the present invention:
TABLE 4
Compound Number IC50 (uM) Selectivity
200 (prior art) CDK4: 0.005
CDK1:>1.6
CDK2:>14
201 (prior art) CDK4: 0.11
CDK1: 7.5
CDK2:10.3
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The superior selectivity of the presently claimed compounds against other CDK family

members and other kinases means that, compared to other compounds with less selectivity, the

presently claimed compounds would have reduced off target activities, and therefore less

unpredicted toxicity in cells. When looking at the results of cell cycle analysis performed with the

presently claimed compounds and compound 200 of the prior art, for example, it is clear that, while

the presently claimed compounds maintain exclusive G1 arrest even at 10uM concentrations,

compound 200 starts to induce G2/M phase blocks at 1 and 10uM concentrations, reflecting its off-

target activities at higher than 1uM concentrations. Moreover, the inhibitory effects of the CDK4

inhibitor are absolutely dependent upon the presence of the Retinoblastoma protein (pRb). Activities

in pRb negative cells for candidate CDK4 inhibitors indicate that the compounds have offtarget

activities and not as selective. Compared to the presently claimed series, which are inert in pRb

negative cells, compound 200 does inhibit the cell proliferation of pRb negative cells at high

concentrations, illustrating its off target activities.

Still further, it has been shown that, while the activity of CDK4 is not required for normal

fibroblast cell proliferation, the inhibition of CDK1 is thought to be an undesirable effect. When

dosed to animals, compared to the prior art, the presently claimed compounds are expected to

er
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carboxylic acid dimethylamide;
7-Cyclopentyl-2-{5-[4-(3-hydroxypropyl)-piperazin-1-yl]-pyridin-2-ylamino} -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide;
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di et h)ég@g;?q% deflBmBBy1athidQ5mol ), Pd2(dba) 3(18. 5ng, 0. 020nml ), BI NAP
(25ng, 0.040mml ) and sodiumtert-butoxidc (70mg, 0.728mvp1l) in di oxane

( 3. 5mLY-Gwlensgars s da-(4f@prrpat-pigereang-O oartosy I)-phiriflin-2ay lemmobi7Scewreroldidc r onave.
The rc j m.oxt une | i 1] . bet wcen di chl oronet hanc and saturated
NaHCO3%i%}fﬁpfh%%g'ééhbcoxg?%g%ﬁ éfn{[elél é%glldg’ separated and t he aqueous | aycr

ext r act7eCyohpichtyt-2+ {51 é #(4-chctligtl-@re ouy Bt tigenezin - The] -ieyoidn -2 ethnangaiHggrraig2 Bs hed

with brinc, .dried ) ... filtercd and concentrated. Thc crudc product is
puri fi & yaﬂlﬁ@e-grﬁ%g%fe%m%ﬂwfﬁ@@%@&phy (0 to 10%

nct hangld gl Glhg1-0Eihanglo B Bin 71~ Gly-pl @@L YV tadrino]-7H-pyrrolo[2,3-

{544- (2, 2%2(?{&‘”@} I fjrgjr(o- (;tgml(3 ?pgl per a‘zfiZ]%25 -y1] - _;%j(yri di]n- 2?}3,/I am[ nof

- 7TH py dimirisfiding-ojapipriy s efiheingtisdsmdsy| i ¢ aci d di met hyl ani de, which is

i L e L )

8. 24 ( Pirok)2.3-A@8n(idind-6-cd)boxliG@id dilncthylabeille; 6. 62 (111, s), 4.81-4.72(111,

in), 3.27-3.09 , . 2.89 .(4H,. t), 2.61-2.49 (2 6-2.01 (411,
in), 1.7§§¥°?%Re%‘§i%§a(3%M@ﬂbﬁz@ﬁ?ﬁ%ﬁd%kﬁﬁ%ﬁé@gﬁﬁé‘@é@ﬁg@ﬁéﬁw@@ &

7- Cycl epamxitcadi®dimdtlydimiaepan- 1- yl - pyri di n- 2-yl ami no) - 7H pyrrol o[ 2, 3-

d] pyrim dine -6- carboxylic acid dinmethylamde.  Using. Buchwald Procedure
A 2- cHr%@mnwyat[éﬁéﬁtffy(w-wwﬁ61%‘t-ﬁzlraetaylﬂrwlilwﬁd}ﬂémem&aHu@mlq[%,3aci d

di mret h \: 2l 0. .jgave

446-(7561 c lg@ﬁfyé%f%"-% ﬁlcngeﬁl?ﬁéﬁ%%%% _ 7Hpyrrol o [2,3-d]

pyr i m dir@ycdepghiyi? o pinpyazirdi 1yl-Byydifp-2-ylamup)-dHgwep e 3 td pambdingtt-ariaaiytic
tert-butl&: .estée]% { 6ny, 27% [follow ng purification by Si02 chronmatography
el uti n&c 'dluﬂe Y305 NeOH i n di chl or ontt hane]. MS(ESI) nilz 549.3 (MtH)I Usi ng
Gener al7-®bgreyl-2-[A(4-4th§t-Hipeeyial 0Pt din O dameiony HerasR Bl d] pyrit jditier & 0
[2,3-d] pyrimdin-2-ylamno)-pyridin-3-ylp [1,4] diazepane-I|-carboxylic

aci d t &pPoplicAcidelimgthylagidsy, 0. 12 mol) is uscd to give

7-cycl iy 41 di sedaz¥i-1 RWCdvEid i 2 i = r{.0l o] 2, 3-
dlpyrinta optnit gg?ﬁ%@%@%@? egﬁzyr#e%ﬁylﬂay?ln!dgleg %’“"‘gﬁﬁ?]“"é%%"f%@”g yel | owi sh

sol i d [dipirinodina®-qachoxflicadid dmdtyl®@re;col unm chr omat ogr aphy el uting with 15%

NH3 2 in MeOH)/ ) .enl,z 449..2 - (et hod Q). NVR (400
L T N e T S o R e e L
6. 60 ( pitrol®)2,3-AlpfGin(idint-6quitnkelig aciBdigRtiydhide;), 3.17 (7H, s), 3.09 (2H t),
2.91 (2H , 2.061-2.45 , , 2.17- .93. (7H, 1.80-1.63.(2H )
Exarrpl( d -%tl@gewkgéﬁﬁ@%ﬁﬁ@ydrg%wlmlk%rmf?ghy?-pw%azwy@li-Wﬁ-glzl-%-ylamléo% SRl
-yl am polo 6t £y el RBeNRAKds LakRY UKL digrcthyldhilic:Pyr i m di ne- 6- carboxylic acid
di net hy?arri dé’ 15\97(% 2010/ 02067{5,PCT/ EP2009/ 060793 64 - .
- clopen -Z- - e el P TroxXye -J3-M¢C -pipcrazin-1 - = Tr1din-L-viamino - -
7-Cyclopentyl-2-{5-[(S)-4-(2-hydroxycthyl)-3-methyl-pip 1-yl]-pyridin-2-yl +-7TH

pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide;



N=( N NO, O By repeating procedures described in Exanple A,
pyrrolidin-3-yl-carbamc acid tert-butyl ester (2.52g, 13.5nunol) gave

[ 1- ( 6- ni two-2pywa20678- 3-y1) - pyrrol i di n-3-yl]-carbam c aci @crarkedonwsybs est er
as a yellow solid (2.16g, 57% [foll®sing trituration with Et0OAc] [M-Hy=
309.2. By repeating procedures described in Exanple B,
[1-(6-nitro-pyridin-3-yl)-pyrrolidin-3-yl]- carbamc acid tert-butyl ester
(2.16g, 7 A nunol) gave [1-(6-am no- pyr|d|n 3-yl)-pyrrolidin-3-yl]-

car bamzccagd bisOUlY Iy &Rk GLth ﬁgfpﬂ Hirk291aniRd0-7Hl Rl ¥k ng
Si 02chr orr%t@oﬁgé?{gghy{ gl u(tl % vw?t ﬁgp%% élA) d}jmflrl ér ogr’ei hacr{?e J[y()ljo d?

279. 2. dhmDng@maﬁezdsmsﬁcmmE@mmﬂgﬂ@6@393 65 LBlng Buchwal d Procedure A

2- chlor I [ I aci d

4 ot byl Jc]opéﬁ y?ge@s[li - g?ﬁ‘ﬁ%aﬁl?@&é%@p%@a%{n M98 8- £ oL s

[ 1- ( 6- ppirolof03-dipdrifridiny-b)cafykylad dcill dim3thyldagide;bam ¢ acid tert-butyl ester
(0.136qg, 0. 488 1) v . : e :

1116- (%’ %X%?H?B@mf (6X et RyYORIPERABYTY ARy ira-Yppings dfsyYraleldi - 2- y1 ani no

) - pyrltanﬂyn%n&nmaa%dxgih@aﬁdMﬂne@@mﬁﬂa{kc acid ten'-butyl ester (35ny, 15%
(follomnng Si 02 chrl onatugraphy el uting with 0-3% MeOH di chl or onet hane) .

VB( ESTRmiZ[453 5. y3lqhkarrhacetybpingraganley iy pdis cedaminol; 7-cyclopentyl-7H-pyrrolo[ 2,3

116- (7§ t 1- 7H pyrrol o[ 2, 3-
é] yr( ]§¥%h§8§%(%HXngéEE&QX&ﬁﬁhBﬁ@Pyyn-oIPéin-3-£1]-carbanic acid
t ert - bat@ycl@sheyi-2{ {35443 -cOclopmby | ymadidnydapiperazin- 1 -yl]-pyridin-2-ylamino } 7H-

rue- 245- (3- am no-pyn-.ol i.din-1-y1)-pyridi n-2-yl am no] - 7-cyclopentyl-7H pyn-o
| of 2, 3PH§O%E£$HﬁH$ﬁaméeéé? 0% ‘%‘§¥ qﬁ&W@?%ylanlde as a yellow solid
(11nmg, 73@odchOA-Dg9i(ngsoBi L AMIRL 1IN 2 A A h 197 Mdpt o 18 P2, { Bp HiMd e -1 N
B0ty Dokt ]Odewg E1) il s Q%I%h M) TT et o R IR O i i

Me- d3- @ijoxgw@wd(dlmethﬂaml@ 10 (| H d), 7.66 (1H, d), 7.11 (1H dd), 6.60

g)l " ohudy @ﬁf@&‘{t#ﬁ d@%@cag@g%y??Hfﬂ){%o}@,gécﬁpg&ggm?%@%@ - BVECE

(4H, mpjpetazdBi-Yy1;8&c(id did methyled®: 1. 63 (2H, m). Exanple 19

Al ottt R S N e e A iR

Pr oc ed uqlﬁyrﬁudﬁe%tda@do&yﬂc §3€ R yiideH pyrrol o
[2 yri m di ne- 6-carpboxylic acid_dinmethyl amde (0.142g, 0.485 nnDI) and

(+ - ) 4{4d@(&ﬁyﬁ@p@yywﬂw@v@)mﬂ@ﬁmm&ﬂ %érddﬁyrﬁmdlrb%wmw)pﬁﬂ%ﬁovl
tert- b nmol ) gavc 446-(7-cycl opentyl-6- WO
bo107 oo vE iR ST A Al Bt

di et hw(éa{r7E@\‘mbgprnWH6ﬂ@-hxﬂr@[ﬁevtﬁyl&i}lgwlrm@myﬂ WH-apirelo )2, 3¢ IpydinadiB-2y 1] - 2- met
hyl - razine xylic r. (260ng, 97% (follow ng
S 02" cRFBE GEv ki T BRAG- GrRo o Taos TP uSEiRS: Gt naney . MS( EST) i 2
549. 3 [MHdopehisi- BgS@QQEfn@éthﬁfb@@@ﬁlﬁe&Zﬁ& 1-yl]-pyridin-2- ylamlno} -7H-pyrrolo[2,3-
416-(7-cycl opentyl dj.met h IcarbanDyl 7/Hpyrrolo [2,3
d]pyr|HMHFWHQHQﬁdWﬂﬁﬁyh%V¥¢émﬁ* iMe:2- et hyl - pi per azi ne-1 - carboxyl i ¢ acid
tert- bqt@')tclﬁy%hgr[ 2 ?G(Qrfgldro(% ﬁﬂ/lmlj 4g§\6ehexahydro 3 4 blpyrldlnyl -6-ylamino]-7H-
7-cycl opent yl- 245-( 3- net y pi'perazin-1-yl)-pyri an1no¥ 7prn olo[ 2,
3-d] p\pb'rrqhobﬂ 31@]pyﬁnu@mtréwyrhowhcamcbldlmeﬂvﬂmﬂam de as a be| ge solid (67ny,

31 h t 5% (2.0, M.NH;

et hahd I 1 L0 S B G B R AP r T b 2 D in 3 e
(400 Mylzplpavsfa-n@l)} acBi@Rid; ki s), 8.76 (1H s) 8.13 (1H, d), 7.98 (1H d),
7.41 (I H d 0-4.67 3.46 (2H, t 3. 06 H,

3 02 2204 l% @Zrcxﬁopelzt%é dgn%hyle%g?mml b lgl'z?gdl(pﬁl;lrm% 2- fﬁ@obpwlégrx,ﬂ fr%
2. 27- 2,08 ot -y ITL roﬂlogl% atitibor ﬁ)armélceﬁéca@?uccﬁiable]sags?‘th@fébk d) Exanpl e 5

7- Cycl openty1- 5 % 2-fluoro - S pi perazin - yl'] -pyri din-2-ylam
no -7Hpyn-o |l o [2 3- d]pyrlnldlne 6 carboxyllc aC|d dlnethylanlde

Assays



O NNEK )-M/NF/ \ To a solution of

7-cycl opentyl-2-(5-piperazin-1-yl-pyridin-2-ylamno)-7H pyrrol o[ 2, 3-d] pyrim
i di ne6- cavbasyldzcs7aci d di net hyl ami de hydrochl ori de (150rgr/EP2@3850703 ) and
pot assi um car bonate (132ng, 0.955mD1H in acetonitrile (3nL) and DVF (2nlL)

i s added 1-brono-2-fluoroethane (0.035nL, 0 478mmpl) and the reaction

m xture is heated to 80C for 24 h in a sealed reaction vial. Upon cooling,
the reaction mxture is partitioned between dichl oronet hane and water. The

or gani qpl Witi5§0§lﬁ'9@f@ﬁiﬁge%&¢v1 tRd nl@YBhe BLA RN ﬁe%éa@@ﬂ’ed%ﬁ@a
di chl or onet hane. The conbi ned 2010/ 020675PCT/ EP2009/ 060793 67 orgahi cs

are is memlbwi aftasdays melableiiethc @Ng E@anples pf sueh essaprrtc denegbert indhaelbxenThdicatiande
product %Ffo\vf' ed using silica gel chromatography (0 to 10%

met hand romethane) to give 7- cyclopentyl-2-1514-(2-fl

uor o- et hyI) pi perazin-1-yll-pyridin-2-ylamnoi -7H pyn-ol o[ 2, 3-

d] pyrim di ne-6-carboxylic acid di methylam de (84ng, 55% as an off white
sol i d. 5@8’(—'@@/—@2#2—@@2140—@%%0 (rmethod B). 1H NWR (400 MHz, DWVBO-d6): 9.23
(1H s), 8.7he (a%g}aagfé)‘ eff&rtllléalglé{ﬂlt” d) bhezm% ounbih tHel) amc?ulﬁlﬁe(fegéﬁl Mfﬁc@en@% (1H,

s), 479468 H t), (1H, t), 314(4H t), 3.06 (6H,
s), ?rzat(crmre@tamo‘@sﬂgn@@(agsmlatqql)dlsozd%%&psewe(ltzhp varjous mogghofepipal gyd 1. 65
211, t

(n_ 2.yl g%mwﬁ@é%%k&?éﬁ azprgélntlélﬁas%_%gﬁ}e% cps ({e&, B%r ?%ﬁseas% oal){clgql)ed“l éfl(r:cgers%ibed

aci d dihoethyhamexgienple, dB)efﬁeetpeaatmdmgt qjﬁth@admpscﬁmddéﬂxenm@monmtwan@m 5,
7-cycl o

T SRR oA Rt Bttt b A syhist Tbs effeting PROYL PRy

hydr ocRkgundehg o(njsﬁg’ﬂ'ﬁctogs BRI Indgpient of the sub e the type of 111ness or the particular
2- [ 5- (4-cyanonet hyl - pi per azi n- 1- 1;1) pyrid [ ani noj - cyc opentyl- 7Hpyn-
ol o 2, 3omp91yﬁqﬁt1@n lﬁée%méamep Heicgoige ﬁ%@hy@@m@é %@eaﬁvwrlpnm aféeckol i d

(9 0B L0056 ORI ST N 00 O )
(1H, ddjctors c&Baifddhersih andmABe the GOte(idation) reg@dBg thdffecsyg aBourBof thel, t), 3. 06
2010/ OB PR B A0S BEDT B ATy of bpent y1- 2. adsz
- Met hoxy - et Mk Yeghméd& @7l thatoy lcki ¥iFéd ivhatcoybtaiich fn effddtipy hohQ. [[Be 3-
d] pyri m di ne-6-carboxylic acid dinmethylamde O N N'--0 N=K /Th \\
compound of the inverntion can be administered to the subject either prior to or after the onset of a
protein kinase-associated disorder. Further, several divided dosages, as well as staggered dosages,
can be administered daily or sequentially, or the dose can be continuously infused, or can be a bolus
injection. Further, the dosages of the compound(s) of the invention can be proportionally increased
or decreased as indicated by the exigencies of the therapeutic or prophylactic situation.

Compounds of the invention may be used in the treatment of states, disorders or diseases as
described herein, or for the manufacture of pharmaceutical compositions for use in the treatment of
these diseases. Methods of use of compounds of the present invention in
the treatment of these discases, or pharmaceutical preparations having compounds of the present
invention for the treatment of these diseases.

The language “pharmaceutical composition” includes preparations suitable for administration
to mammals, e.g., humans. When the compounds of the present invention are administered as
pharmaceuticals to mammals, e.g., humans, they can be given per se or as a pharmaceutical

composition containing, for example, 0.1 to 99.5% (more preferably, 0.5 to 90%) of active

ingredient in combination with a pharmaceutically acceptable carrier.



O\ By repeating procedures described in Exanple 5,
7-cycl opentyl-2-(5-piperazin-I1-yl-pyridin-2-
yl am no) -wokpim2ed78[ 2, 3- d] pyri m di ne- 6- carboxyl i ¢ aci d ecrmrbyloasi7de
hydrochl ori de (150ng, 0.318 mmol) gavd& 7-cycl opentyl-2 - {51442
- met hoxy- et hyl ) - pi perazin-1 -yl kpyri di n-2-yl am no
pyrrol o[ 2, 3-d] pyri m di ne-6-carboxylic acid dinethylam de as an off white
solid (46 ng, 29% . MS(ESI)nilz 493.5 (MtH) (nmethod B). 1H NVR (400 MHz,
gg/)so g) 609( %’ﬁe f)lilee j)nart&c&ﬁwﬁﬁ#acc%%abl@ ek gibart gécygglz&ﬁalﬁglﬁblu&gssia 734]2.8( %HOQ
(4H, rrphalﬁlaO@ltl(%ﬁ-Y a@pta@e eB2iab zomwnormr ve@ch:?s@ta@l@ fplzadmlnr)st’ermg o@nfabAds s) |
i y]7_;|' éy?lglg(p%é__sjﬁr_lt;qz\éerrﬁﬁﬁlg F}_) %grg%lglsl ThE %’ilrrl%%_}&f[upealr%%q e sQnélﬁHQI' 8%56%%'6%1%51%‘[
2000/ 0206756CT] £P20001 060793 lgm‘éﬁﬁ‘“ﬁ“iﬂéﬁmg dﬁtmﬁé@“‘mg FEN. By, Tepeating
pr oced GFE&: FWErd gh ql?PdExth?'BP eorgan, or portlz)n oft\w bogy Each carrleg ?n%gtab ' ng
7| cycl @)ﬁ)&g Mﬂl‘egrn(tﬁe Fézrﬁgf)ﬁ]?ellﬂg (!o'tﬂﬂéltlwr\)%ﬂi tHe %ther 1|ngredlents é)f ;[jhe forirrl}]ul?tlon aéld not

am no rrolo - rrmdi ne- car noxyli1 c aci I e am adae
%ydr ocC mjm@@gg (heoeHent. B0 5%1 of pgerials which g/an serve as pharmaceutl%lally acceptable

SAECS T AR

of f whistaechs oemumbs[:fanume\dmgmsm@Men@hmgnaﬁmhymeﬂhm detiglowe, ethyDedlinlok®%d 2M

in t hanol / di ch rorret han
VR (46 W B0l BB mal: Lelits g qrcigifnisguph ot daq00 FIAngs) ( 11y
d), é%p&io@;ﬂﬂ)ry%es 3112 uch a]s%)eﬁridfloﬂ r@o:ttoﬂseéa OJ sllﬁl((\xgelfloﬂrgesan@b (519 0(1%"@11 Shin
4.77-4 é , 17 (4H, t), 3.06 (6H s), 2.94 (2H s), 2.61 (4H t),
2. 44 (2Han yoybrarg(sl (@brqolssguchfs BEDPYZRE gliyol: EEelplsects® vy Isopkitel.ymanpitpls - )

?f éZr ( 3 aﬁd g&gfﬁg#ﬁﬂ&%ﬁ% e%'[e?% l%?za?%f@f blrel?t} rahn% IL:‘%%I lguratef %%ar uiffgnrél1 flgﬂants, such as

di met hylagnesilen hydiExide mﬁ)d ﬂﬁﬂﬁﬁﬁ%&@@d@@@%fi@@ié@ﬁﬁgeﬁeﬁa V$ett¢r; isetdn'&@hlind; on of

t en- but_y| di,net hyl ch n 09 olution i ol uene

24, 0B mTAETARIaH B bEohel PRt Pts G uEGRA o el HOON TS added
242- c@h&m@&m%p&@dhap@drn{aaeullaﬂtfoma@at%gnmI) dropw se. The reaction

m xture is then stirred for, 1 h at OC before warm ng to roomtenperature

and stirringVqtiRe agentir emarifigrs apd lupriganie e asmodinse vyl sudfajsand imagheragm
bet ween di gt Q%kel@&é‘&goxﬂ%}%ggﬁt's NEleas y&g @Q%M@‘% E%We%nﬁgeﬂévbﬁﬂ% d ed
n e

(MyS™4), filtered an entrate er re pressuré to gi pr oduct
(76ny, p@rfGtmangmgbr)ts \pindsctyaiigespsé dntehixidots| opn wise hopiesdna it thecoppesitiansat i on. By
repeati ng proce ureéq descri be

7- cycl opent faypieg o }ngaaf}ltrllcaﬂy ?i:cegésrpcﬁnﬁOQHants include: water soluble antioxidants,

K| gm nﬁll)lchﬂﬁaapc}(iﬂblﬁ b@ﬁ%y@tediemyﬂtoﬂhldhﬂ@-s@dlﬁﬁlrﬂilﬁﬂﬁﬁel Sodagh ehethibimtfiy |safiuthesulfite
ydrochl ori de

7-cycl aﬁ(éﬁxe;}lkezol S)qt?tzi@mnt(ozl%p@r 5&28 a%%ﬁﬁ%by pEMHYtr e d Ay dfoxyapisple (BHA),

D1 o bSO U007 LM S RS B
( rret hOdh@)tlng]dgeNBRu(:m%cmﬂdzapldDMBﬂeniﬁﬁiﬁamiﬁe R2ragdeHe asi)l (EBTAY, spiiitol, $grtari@ adid, OH,

1H, dd), 6.60 (1H, s), 4.79-4.68 (1H m), 4.61 (1H,
t) gépfi‘%lc%%‘d a§d§6’§ S, q)) 3. 44 ((2H t)) 3.15-3. 09 (ng n)n? 3.06 (ESH,

s), 2 60 (4Hormhulatiohs 2fthe %l“éseﬂt)lmveatléﬁnﬁluag tHod&buifable fr ot AasQlL tdpAddl, bkeal,
1.71-1.59 (2H, . Exanpl e 88

sublingual, rectal, vaginal and/or parenteral administration. The formulations may conveniently be
presented in unit dosage form and may be prepared by any methods well known in the art of
pharmacy. The amount of active ingredient that can be combined with a carrier material to produce
a single dosage form will generally be that amount of the compound that produces a therapeutic

effect. Generally, out of one hundred per cent, this amount will range from about 1 per cent to about



7-Cycl opentyl-2- {5 44-(2-dinmethyl amino-acetyl)-piperazin-1 -yl1ll-pyri
din-2-ylam no } pyn-ol o[ 2, 3-d] pyri m di ne-6-carboxylic acid dinethylam de
N Th /0 >wdl\2e102020875 WO 2010/ 020675PCT/ EP2009/ 060793 71 @ct/A®nwmloyo7and

di i sopropyl et hyl am ne (0.089nL, 0.50%snmol) in DM (lint) is added TBTU
(55ng, 0.170mml) and the reaction mxture is stirred at roomtenperature
for 1 hour. Methanol (0.5nL) is added and the reaction m xture purified by
silica gel chromatography (gradient of 0-10% 2M NH3 in

met hanglded). gt g&@&ﬁtolf@cﬂﬁ% if et Epreforably from about 5 per cent to about 70 per cent, most
7-cycl opent%/ 544- ( 2- di met hyl am no- acetyl) -

pi per aprafera lylfmyabcmli hOQerleatrfDﬁbC)m?Pipplycrenbl o[ 2, 3-d] pyri m di ne- 6- car boxyl i c

acid dinmeth ieh is f ified. by tri t] . .

201 9 O et XS 8 T ISTon R LA SN LR UMb g e

(et hodsdopiatioda &Mh{ﬁ)lﬁld%tﬁwﬁcseﬁfﬁnfﬂnﬁoﬁ)ﬁ))th tige &Erle(r]aﬂ;d, opﬁ)mal@ 81&-(8 r120’lre( 1H m,

8.01 (1H d) .7 61-7 55 (1H 6.65 (1H, s), 3-4. 75 4.22 (2H,

s), 3. 8accpssy ingjedieptsglp %%ral Elje fogmylgtionspje Rr&wrew unyf %@Y(fmqm@}latelz 92 (6H,

S) 2 @Qn%né%t& &8docifion 2eokbotnd8r ﬁlé?reséﬂtﬂnvgen’%h \Jﬂtlzgqﬁla'darrﬁk OEﬁ@éWhﬁldjea 2-
m no-acetyl)-piperazin - - pyri d|n-2yamno} -7-¢C

ycI opeﬁ@lychcamrqurﬂomh anq then ﬁnecwwwmpmgrﬂ@m@m boxyl i ¢ aci d di met hyl am de

O NNO N-= I 88,

2. cycl opent gimé I%t ns 0?6 éHlZ\ieEM(iI{ s&ﬁt?i%i}tc;rf% a% ?8%'&&1%&%@% 19% f{oﬁn 'c:ﬁ‘?a%?thgs

yl am nejchéts; plj/lsx-tai:tletﬁ Zoz’bng¢sq}a51ngrhcﬂhv&ﬁecﬁbw baxily kecraciadd deavet dryilagmadid),

hydr ochl or,i de Ong, 0.318mmol ), N-BOC-.glycine 6 mmo| ave.a

o ude” PPOHISErHHTONSY & S5t R Bk ByDEREES (Y GMECBLIRGURt GORHE: OF g0t

met hangh 4etes B RECABL SIBRGHIY emPisieR, &Qasﬂaﬂéﬁx& ér S)Gp, OPENB A AN & (using an inert base,

di met hyl car banoyl1- 7H pyrrol o[ 2, 3-d] pyri m di n- 2-y| am no) - pyri di n- 3-yl kp| pera

zi n-| - yhgh aszek@%@@v%gllyyereapbwczﬁea @Pa@@} andmrtay moagh wishghangihe bke seqh

di tl
( |2E iz 4 gx?t%{ﬁlr%raepgg%ﬁrmi o'lzlﬁ (%]f(;a] %%ﬁ%pf %é);l?] ﬁ%‘éﬁtﬁ é'(bélg an active ingredient.
d] pyri mi dinmpoRay bt mo:)serpym\ledtlcm Bay al]se p¢ pdmmmsitaned asya:l_@ol@- dxctua'yh)y bdstcar bami c

?‘g‘lmdnge;é-e? yrtigl lli&c%éefgiszf?wlslo%%olﬁg ]IOH P%rél%?%%ﬁ?t/ 1log capsules %%Ye?s pllls{ 54442

- 7- cycldepesy, ydwddts, Rydnulds @ndl theIike H ydctiig BigRAicht BaniREXWith 6n@éi Hore

di rrethyl am de as a pale yellow solid (96 , 619 [fol | ow ng purification
by Si 0Phemseriicalhy asaRtallE griay. wich ps srdiumsifraig qudssajcim phosphate, and/or any of

met han r t

(400 MB Qe ﬁll&bi&g ﬁﬂ?& B@Q&Jndgllgs&g§%g stgﬂ%gs %@%se’s gé%@ %151(7&% Itﬂ%n%) %n%/gr é(}lflﬁﬁc
dd), 6.26id; inders, sych @b, 82 cxarFge (Cﬂrboxmﬂl?thslca?ulé@Halgm)ltes C*geBlan,a)OTﬁmQ)ﬂH m, 3.65
(2H, .3.17 (6H. S). 2.55 (2H. . 2. 09 (4H ,

%85 1 betidie sy A hst Gl Shete ner BhiniskinBadrat e b e aen
reduct iaya, amlditidtca®dnate, potato or tapioca starch, alginic acid, certain silicates, and sodium

7-Cycl opentyl- 2‘%5 fornyl - pyridin-2-ylam no) - 7H—pyrro| 0[2 3-d] pyri m di ne- 6-
car boxyﬁriben%sal %ettzﬁgmaﬁg%s c4chras|paragian: yabsogpigiecel erptoip Fuckis uafemary _
di ssol \éﬁ&dnﬁmﬁh&hﬁ]&fn@w&ﬂmg@ms%cﬂ@é %r)ex@ﬁgle%etﬁrafc@h&n%ul kal%l sol ution is
clear (in cases ere the amne 1s sourced as a hydrochloride salt, 1 nol.
eq. Et &Nniostead@ed)sorbvwé,rsgdn@d@sbaa@d bavit@iie ghgl/ blbrlqanm oyrhadelci @lawh dteia@te,
added to aid d| ut| rnatio

eq.) is atgﬁeesrlluné e SOI@H) ?yeﬁ?:lene ?ycog T P‘Hr cltg)lﬁ muéanx res?’ 60% urther
16h. Thelohegagdntm Ini the qasemthﬁum tt:liblaq aieDpisls, adHHaPm sc@lutial oasmpm‘hdnb magramduct
extracted with dichloro ne, ethyl et te or CH%ZM Prméigzsafgﬁf The
conbi n&SAMBFIBHICTpE 485Ny % ?anIEPrSIUé’BS? riype MLens be pmploy ™t Re

sol vent,gyaAPRIAlREd géﬁQﬁ’n @Jg@ﬂ@s @ﬁ%ﬁ@ﬁ ekcﬁp@fﬁﬁ h{ 1a8€s D0 i gGRAT ATREIPANARRY -
General Procedure C reductive am nati on)

7- Cycl @fpéfrwlyﬂlnghsmlmfbylﬁmﬁlb’@lha@-tw bkd.no) - 7H pyn-ol o[ 2, 3-d] pyri mi di nc-6-c¢

arboxylic a e

di ssol ved i %‘ g? g’fﬁe{?}; %yl]n%?@or oe%#a%%ﬁﬂg%dl%l%gﬁ%gﬁéﬁl&h{ggbgﬁeg ésﬁglry

m xt ur esrédénty @osnpressdd@bleisxbayrte prepasdd usingtiader 20r &A@ Pl Eeldtn bour s, t hen
cooled to 0OC, NaCNBH3 or NaBH4(1.5 -2 nol. eq.) are then added and the

m xture stirred at rt for 5h. Wiere necessary, further MeOH and/or acetic
acid is added to aid reaction progress. The mxture is then quenched with
aqueous NaHCO3 sol ution (10m) and the product extracted with either

di et hyl ether, dichloronethane or CHChli PrOH (1:1). The conbi ned organics
are dried (MgS™), filtered and the sol vent evaporated. The crude product
is purified by Si02 chronatography.



WO 2010/ 020675PCT/ EP2009/ 060793 73 Exanple C

5-(tert-Butyl-di nethyl-silanyl oxynethyl)-pyridin-2-ylamne To a solution
of (6-chlwoaerypysrsdi nyl) net hanol (12.5g, 87 mmol) and pcrirPa@oioen763. 29,
105 mol ) in THF (120nl) is added a sl ution of TBDMSCI (15.8g, 105 nmol)
in THF (60m). The mxture is stirred at rt for 5h and then is concentrated
in vacuo to 1/4 of the original volume. The slurry is then partitioned

bet ween water (60 ml) and EtO0OAc (60 nl). The organic |ayer is ished once
Wt h vl &k yRBSamLY NediuR¥R KRR ﬁﬁérpal'hféﬂt %&Evamet BisSdoranabCE8,

finally once with bfine It Ts then dried (I\/E O4), filtered and the sol vent
evapor &od&dmi SWY@B@M@M@O( wesstlirhgd yodian wetbhyymethylanlfilose) metfhgd-jctize ehl or o

ridi 0 e i , / 258 0
(et + CBrRp @RSl RGBT bERZI bRt e pens s R
21.6 mWﬂereBbM&dnanﬁgste&thHﬂmhért Hqeld déwemophenone i mine (4. 7g, 25 9
mmol ) are di i qu (50 solution is degassed with
ni trogen. 3§ BEIFP eﬁz?rcﬁ@ @éosgig@?ﬂr% 8}‘?1?8?1}“3&%‘8“’%@@%?8&‘}10“( @%%Pfeﬁfnéz
nol ) a4 4 &h %%Qﬁ ed Hic8 with
heat ed ax?nﬁ&%@?ccl)l?d@ glrr\ ggﬁsdéﬁjﬁgrrelk g)wov\ﬂ(a1 to%goo?}ogg%rn tmtl)}F 'B}ehsgyrﬁax%ir% |e§“3| | ut ed
4-f ol d cotings EROhgHel sti¢teds entesic sortings erd ptherfqoptingseell @pa@on Hreinbarmpfeewislaly ent
in vac |
11 ot SRR S TG ASOBALSOS b AL B Y ool Risse ottt o,
(50nl) aeting 1hg/1ddlewhaamnsmg2f085mnpié hadﬁ@%ramlrrﬁtﬂyhtdlhlmse A6vabyimgptopoaivds t he
solution stirred, at rt xture.is concentrated.in vacua_and
Chen t RePRudaREedrelca wall %h%tpfg%%mceaﬁw?w AT THHESR T TS | s
i shed WdytbeRtdringed BY, fEx NS raBRTItht 1A aldaetesfttARngI |fﬁteﬁ‘6@@§9[n%b rdtilg
vacua. The crude red oil is purified by 5i02 chromat ography (gradi ent

Pet r ol sEfibaing aggntsigtiee formef qfeo%seh@mpqsalogﬁ that eam bsrdassglcdin styghp pater, or

w0 20107 B8RS EReR EBsUR By LA B ol e SR T iR My

si | any loptigmaly kyhthinpprcitliime Zeptsan nay s ofn cmnmsgmnstbzhmhhy(rﬂe@sg th&&etivesq) .
MS( ES1) ni ( MitH) + | e 108. . L . .
70yl SRR D0 i SR TMERGA . Sy PoFion bRy isst) g pisnylygin

pyri m deRgePmeddcb®xym F&s@ﬁkﬁbéﬂdﬁ@t&m@mld@s thatfcah b wéddgn Bud i Hleriet hod B,
5-(tert-butyl dincthyl silanyl oxynmeth |{S®B%I’Idl n-2-ylam nc (0.980g, 4.098

ol )  AWRFtPCe AN VExes. dyre P@W@nwi i Ay p i ipicge- a]capwlwaomléawpmﬁzw ic
acid d t vl i nct hyl -

si | any%@ydnﬁ%toﬁﬁ{%éjgfﬁ? Vgld%if%?r? %%I%{&itgcycl opentyl-7H pyrrol o [2, 3d]

pyri m di ne- 6iqad boxgd focma&lrdredhadmtdmaam dtth¢ sompamds 841§ ifventidrontlnde Si 02

h t ti - 5% MeO1llicli hI th 1Y) h 495. 3
Crery PO OBt b et Emubir oRg s bisnS Rl BT R on Grimyhgictiir
si | any |I1@Xd/dméﬂ1t36|tl)e Ryt dighedZeny,| tREMiQOY dosbg€ ﬂﬁ%ﬂn@ ﬁ@?'fcyﬂial?lhh@ydﬁ&hﬂcc{nﬁn&ﬂ}
pyrim d| ne- 6- car boxyli ¢ acid _di met hyl am de ( 0.202 mml ) is dissolved
in dryd n(t Gt SUChEAFOr RNYYs. 0Yates 9T Pwementsesogwahﬂmg pzesndeBIvysifies.added
dr opwi §€eh JSQEQII bI6ndTl i dﬂ{)ﬁyl %fcbﬁéleéihyl(?zﬁrb%ﬁzt&e actth}rl Ecetéﬁg%eﬁgll\éﬁzeﬁoll §entzﬂen

evapor ated and the cru roduct is purified by Si 02 chromatography
(el uti hgnwmhpl©p}lle%g0@@ﬂv1d3{ohﬂytﬂnegbmlané@) (in partjewler, cottonseed, groundnut, corn,

7-cycl gpent y.1- 2- drox ne i
e AR S O e Sl L PR L R A
( M+H) + atidettbsdf ByrbitiMyRnd ﬂ@ﬁuﬂb’klﬂ}erd\dlﬁ d3-0D): 8 77 (lH s), 8.45 (1H, d),
8.25 (1H, d 7.82 H, 1H, s) 75, (1H, 4.62 (2H, s),
3.18 (6H, s eﬂé@%@@@%ﬂ&zﬁe OFﬁl 001? %Sithnaﬂan 6‘?0 mfh@a a@ﬂ?@ti% ayvettigg anpl e
107 7- Qg&h@@ﬁlmsﬂm% andl %sp@ﬁlﬁ@’ Jlgeﬁbérivpéefkn%g}/flmﬁg ook gﬁcrrﬁl%lﬁg and
[ 2, 3-d] pyri'm di ne- 6-carboxylic acid di meth g
preservative agents.
Suspensions, in addition to the active compounds, may contain suspending agents as, for

example, cthoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,



7- Cycl opent y1- 2- (5- hydr oxymet hyl - pyri di n- 2-yl am no) - 7H pyrrol o[ 2, 3-d] pyrim
di ne- 6-carboxylic acid dinethylamdc (4.49g, 11.8 mml) is dissolved in

di chl or orwoham@2(¢tF5mL) and net hanol (75ml). Activated Wo@EPB&H06@EE3 1g, 503
mmol) is added in 4 portions over perisod of 48 h with continual stirring.
After a further 16 hours the mxture is filtered. The filtrate is heated to
38C and nore MO, (24g, 236 mmol) is added as 2 batches over 5 hours. After
stirring for a further 12 hours, the mxture is cooled and filtered.
ConcentyfiglbQtallfe %@ﬁﬂ&egﬁﬂﬁlﬁnﬁﬁkﬂaﬁy&@ﬁ@ beStohifd, gguraatg%danwagadx%@ﬁaﬁdw m) to
give 7-cyclopentyl-2-(5-fornyl-pyridin- -yI am no) = 7Hpyrrol 6]

d] pyr i miigiures tieredr boxyl i ¢ aci d di net hyl am de (3.8g, 85%. I\/B( ESl) mz 379.2

Ve, oy - 16 dops YEyné Ph e oGy QRS e Py g7
(2 12,8 g)agrélﬁnﬂ&tl()ﬂ. hiay(zﬁd())oléesﬁliwas(a]s‘dpp@s)tory‘}W&&h%a@aog(eﬁkkpaﬁg) ‘t%y Bixer c(rﬁ:'jd,r noxe

SS I N er.l odl nane
met hod c%ngf(?@gé ﬁg?hﬁ ﬁnvﬁfltl%\é(lg—% RAB 25 TROLS &MY /"(2;’(1)? Wta(t@ggggg@{entf ) Earﬁ‘ﬁlﬁl ) in
di chl orc a%qm( 16286k oh B0 BULITh &Py 1d8Elglydo?, assh};ﬁcfs@cgrya%laﬂ dra sfaﬁéylété and

m nut es this mxture is added a sol ution of cycl opentyl- 2-
(5- hydmﬁﬁw at repym fesineraury) eyl aybedyytemnperatufeang, dprefore, Wlll melt in the

pyrim 0.3g, 0.79 mmol) in

di chl o?%)rre g 9%%@%{3/%8%&”%59%%%9%4&% gﬁgé The reaction is stirred at
rt. for | h &btneulatidns ofithe tphsent(imdintipn avhith NecGrditablle (f(ﬁ&ﬂgl)lalau’dﬁnmdtdﬁd)n aldoe

m xture iudrred Vi orousl for JIO m nut.es and tg\f g{ Eﬁ?ases are

separ at ¥ A HE S 81H RBUCIPFE Y &2 IARY COPTRNRY SUPhe
conbi n%ﬁirrféfsg}@'ﬁk&(ﬁomqm&%tt@fb@abﬁbﬁﬁlatwth water, brine, dried (MySO4)
filtered and the sol vent evaporated to

7- cycl opent Ppsgee(fomisgprde tqpyeal ey tﬁargdgmgﬂ@%}m¢wf@l copomadyfispisiim eﬁﬁ@iffa
oo AR LTSS BT A8 SNy S Ay B R o, 7

di n-2-Tpk amverwhlpii&ipymayob@@ibseﬂud]iwtmﬂn chindgio6s with bpkyiniacewchldy aicapthblyl am de
Fol | ovm Pr ocedur e

7-cycl § w&g f’f}*%ﬂaf B4 .b&fﬁ%“zowal?ﬁ%sﬂ teatgy he 8ired 3-

d] pyri m di ngh§omah8ax yhites, athels dhd @b Redden (ih20d8on & HARIOIm A of
tert-butyl (2R 6S)-2,6- dinethylpiperazine-I|-carboxylate (93ng, 0.436mo1)
gave (2155 gmyntm@cxcml@};msgﬁwaﬁm@_an vegetable fats, oils, waxés, paraffins, starch,

di met h i I t hy1]
O LR A Al ol el A B
[foI | owinegxSicCrahixonesttbgeaiphy, eI uting with 0-10% MeOH)/ di chl or onet hane] .

MS(ESO ni z 3 Procedu

(25, 6R) - 24670 FIy BT BERER BT REPRITCAR (s ooty hOB L8 80 gty P 2-
yl am nay tappoké, dala-sarcyd aeed, hMﬂﬂmL?m@ydiloﬁEIE haalciyph pitic&2d fitgoly@adidopyldee, orci d
tert-butyl est er (170mg, 0, 295mmmo1) gave .

7- cycl HEMS PT Digss yubstancs) Sptays can additgnallycpripin AUHODMYREPPRIPRS SYER 8 n- 2- yI am
i NoJ - 71ch RYS Bl kavoéalg])&ya{n'd%ﬁkl%tﬁu&ﬁf@&f(}#d'r&a%hg SQ&HT%tHﬁYJn@%@ﬁrOpMQ

2010/ 0206 75PCT/ EP2009/ 060793 77 (128 "owi ng Si 0

chr omat ogr apkapsdasinat patghenvhave the ddaivgl @Q‘MangB ofprom@mg) on@Mcd ddB(/@SDfaen/ z

(1 oo ghubl TR Stathe i Siop 1 el ey gORREIofel Dol o Blngr %3 o,

(2H, S)d;spé’rsi’m@-tl@e &)hllioﬂﬂ.d.m i} proPperliBeditun, ABs)o,rpt?an(hhhﬁrR:bks cd als@ b6 bscd.to R (c&hls N,
2.11 (411, d 84- 1 24 (6H, le 77
7- Oycl Sisett the oy dﬁ@f’%fdk?ﬁl%‘% h'@ae)rats M@‘ﬁaabe gﬂﬂ&r@ﬁﬁ%iﬁmm 1dng

-yl am RQ,e zgmn@ l%%bl%n@lhpaﬁ ésemalﬁlg e a@mreaaoh%uﬁdﬁ ARl fndiniRtihyl am de
Fol | owi ng General™ Procedure

7-cycl opent @ph@att@cmnmtwpguemlpmﬁzeryﬂ anvaAgy -spRitigynang thf Rk are also

d] pyri e (100ng 0. 264mmol ) and 1-(2-
et hoxa S TS bERE it BEbSbop OSBRI,

7-cycl opentyl-2-1544- ( 2- nethoxy et hyl) -

pi perazin-1-yl met hyl | - pyri di n-2-yl am noi - 7H pyn-ol o[ 2, 3-d] pyri m di ne-6-carb
oxylic acid dinethylamde (100ng, 71% [follow ng Si02chromat ography,
eluting with 0-10% (2M NH3 in MeOH)/di chl oromet hane]. MS(EST) ni/z 507. 3
(MHHE (method A). Iff NWR (400 MHz, Me-d3-0D): 8.77 (1H, s), 8.43 (1H, d),
8.21 (1H, d), 7.80 (1H, dd), 6.65 (1H, s), 4.83-4.74 (1H, m, 3.61-3.47
(4H, m, 3.35 (3H, s), 3.18 (6H, s), 2.81-2.41 (12H, m, 2.11 (4H, d), 1.77
(2H, d). Exanple 62 7-Cycl opentyl-245 -(4-isopropyl-piperazin-1

-yl met hyl ) - pyridin-2-ylam no]-7Hpyrro lo [2,3- d]pyrimdine-6-carboxylic
acid dinethylanide MD 2010/020675PCT/EP2009/060793 78 Follomnng GEnera

VY o o ~ o~



Exanpl e 85 7-Cycl opentyl-2 -15 4442

- hydr oxy- et hyl ) - pi perazi n-1 -yl nmet hyl ppyri di n- 2-yl am nol

- THpyr r olwp2pBrodpgrgr i m di ne- 6- car boxylic acid di net hyl arcaEr2000060793

2010/ 020675PCT/ EP2009/ 060793 79 Fol | 8 ng General Procedure B,

7-cycl opentyl-2-(5-fornyl-pyridin-2-ylam no)-7H pyrrol o[ 2, 3-

d] pyri m di ne-6-carboxylic acid di nethyl am de (150ng, 0.396mmo1l) and N (2-
hydr oxyet hyl ) pi perazi ne (57ng, 0.436mmp1l) gave

7-cycl opent Y’ﬂar&a@éﬁﬁal(c%n{i%gwﬁ@d?ﬁl@}ﬂv)entlon suitable for parenteral administration

pi perazin-1-yl net hyl kpyr i di n- 2- %/ am no. 1- 7H-£)yrro o[ 2, 3-d] pyri m di ne-6-carb
oxyl i ¢ campdscinget moraeneeouads efthoinfentiontie ceo m@lthnmmlgonm%orﬁvf ol l owi ng Si 02

1955 CRRAE e P LA Ui fthor IER G S RO RS B 405 (114

d), 8. 2dspehdibnsd) emulsBihs (dklslterldhibqwcﬁrﬁﬁhl(:lh Hay $¢ recénﬁi&atéd iMo {tdddde injdctabde 69 (2H,

t 3.55 (.2H, 3,18 (6H, 2.47 (12H, 1.78 (2H,
dg ’ Ex éﬂlﬁ{l@ls\r)o&sd)lsbersmns just pI‘lOI‘Sto use, WZ%h may conta12n antiox1dants ersl_lbacteri’ostats (

7- Cycl Qpant Yhiddendof eab hanstl il oMt withRE B3 dofthy IHEIIRY Foc ik bﬁiwa%&fdmgam n
o] -7H-pyrrolo [2,3- d]pyrimdine-6-carboxylic acid dinethylam de 0

Fol | owohél@ﬁ@gagem ocedure B,

TSPt e L BT R Rt

]7. (r:reg lh?hﬁﬁulbéu:myll qmng;ematrzilrl]yarﬁf thsiliﬁ??tloﬁ_lm?ﬁiefm’zt?rnghajaml polyols (such as glycerol
oyt di A RAHGH DAREBYFROR BT SOdp oD HEtE: BB IO r Agsseble oils

di met hyhandsdeivasil %d%)gctﬂm& B%aﬁ@'e'st@rs ( Sénds etﬁﬁﬁ@lez&é Plrd Wﬂﬁﬂh can be
Si 02chr omat ogr aphy, eluting wth 0-10% ( in M . M5(ES1) en/z

527 2 (ONHMpIneq, deit xarplg) by th@\@seszm/ammmpdwserdzmgwdamw:ghmammamwf thp00

b es (Tifteihhicsht ib bbby raifedPnt ai potne ReEsdfllgnf). 7, 30 (I A9,
(611 S) ZTBGSe(cBiﬁposylonszmﬁ&lﬁ)l_ @iﬂlta-élﬁdiﬁuvams-suﬂi ﬂslilpégst@l“valtld?s thtﬁgl-a%en:tg SZH,
Dl aRtys i dferih daonisd PR LA RafTEb ik o o My By Y

di met hyhaud g, the idcsionsdf G@ﬂ"’@fs%htlﬁﬂ’c%ﬁﬂéﬁdﬁhnaﬁmgal agents, for example paraben,

7-cycl opent yI-2- (5- di | )- 7TH | of 2,
d] Szﬁ ﬁﬁg?q%ta@ok (ahw%%lé Béé: @dgh%%/%a{n ﬁpﬁi’o dlso PQB%&@% SIZB}ﬁlﬁﬁSP}OnéFn%EentS

1- acet I 7 ﬂfrﬁ%l
2- [ 5- (ﬁh%hgiese?/%ﬁ%|Sg§}lglzc|%n@1d-eyﬁnﬁq ¥} 1)1t03??’@0mp051tlolnar¥ln %((1) 1t10n rol ogpentyl 7prr

rol o[ 2 aBsodl}tpyqufrtﬂminnetaBIemalmwwtlcal féunmacrlhmmghaathocleb)a&learmmﬁdn offagergs sol i d
(96nyg, foI 02chr omat o h ng with 0-10% (2M NH3 in
wory) dREAtsr BRemEhaR R B S BRean plifd i Dod &) 11 R (400
MHz, Me-d3- QD)ome&:azgs (rﬂd‘ﬂder&d pro&;n{gahé difbct 8 a diBig 22is(dkkirablg to sTovdthe @bsdrptetah)of
665(1H s)484474(1Hm) 63.(2H t), 3.57 (4H, .d), 3.18 (6H, s),
2. 65- 2 theadrpg fromypb C%arfguszoroetr?(nmculﬁ; mJeftlf/ls T(hzslrmaY%aCCE%ah%lﬁébsﬁle usc of a

7- Cycl @laﬁfatsﬁ;pe%ﬁén 613cr9’§£1hﬂé oﬁnﬂﬁﬁﬁ"{ﬁfs Briaderdal Hﬁh&% or R gélﬁbl%t}y lr@gtaode 7H pyr

rolo [2,3 pyrim di he-6-carboxylic acid yl am de
2010/ ozbﬁmamwfﬁmdjggﬂ@e@emdggpon its rate of dissolution which, in tum, may depend upon

crystal size and crystalline form. Alternatively,
delayed absorption of a parenterally-administered drug form is accomplished by dissolving or
suspending the drug in an oil vehicle.

Injectable depot forms are made by forming microencapsule matrices of the subject
compounds in biodegradable polymers such as polylactide-polyglycolide. Depending on the ratio of
drug to polymer, and the nature of the particular polymer employed, the rate of drug release can be

controlled. Examples of other biodegradable polymers include poly(orthoesters) and



Fol | ow ng General Procedure C

7-Cycl opentyl-2-(5-fornyl-pyridin-2-ylam no)-7H pyrrol o[ 2, 3-

d] pyri m dvoeefiviees7Boxyl i ¢ aci d di net hyl am de (0.298g, Op¢s&powmioyo7and

2- met hyl - pi perazi ne-1- carboxylic aci4# tert-butyl ester (0.316g, 1 58 mmol)
gave 416-(7-cycl opentyl-6-dinethyl carbanmoyl- 7H pyn-olo[2,3-d] pyrimdin
-2-ylam no) - pyri di n- 3-yl net hyl] - 2- net hyl - pi perazi ne-| -carboxylic acid
ten-butyl ester a yellowish oil (0.341g, 77% [followi ng prification by

Si 02 chb QrRhOS RRNYD btk e&gbl\é‘f&}ﬁugat@r{@ M%%Q%M ard (Bl BRI p Y the @RZ i3 (MHH)
Fol | owi ng CGenheral Procedure A, 4- 7-cyclo entyl 6- di rret yl carbanoyl -

7H- pyr dipbssns 3r diicrpymidions that e Wmmt &)Wlplybcp itis 8- y| net hy1] - 2-

hyl I
gave 7- cye 1oehRp A SR PR oL bR b bS] pr G a B o m o
7TH pynraitolyl ZhSr @t oPyouirsdi gﬁinii&ry&oﬁx&f shmxlylb f@ cach aﬂndnﬂ’eﬁtqunl raticd € oaxamphd) tHeg

solid (70ng, 25% [f | 1 owi ng matogra . eluting vmthOlO%(ZMNI—B
in MeORSS HMERGFY iRt é%ar cawfé?%% ipjegen, qﬂ@fﬂﬂm’-eye FEPRORNEBICNL 1 T- T NVR

(400 Mgg og%l_r? 310 D«)dmlgls%gtlcfnl HSL 1n§):t:10118 nﬂrgsﬂﬂ (l)'ﬂdnlﬁja)latm% t%%lcﬁi 1 loﬁ%n 0r701§@ne(1
dd), 6.65 m . 3. 54 (2 IR 04
(I H, nﬁndzecghbzsmovmaes r@ralznctzvﬂéf @hm(lrzmathn)ls plz:f@@dz 01 (5H m, 1 85-1.73

E thy dr bxy azegjﬁﬁses arenﬁét%ﬁ(lrﬁmfspﬁlgﬂ’ .a chp %me)[e]d' rﬁa]rerlt%ﬂ_ly as us?d he[reén 3-d]

pyri m dhdags feodardh aahyﬂmstraaon dtheli tﬂmﬂi mtktahandlctoplm aﬂﬁiﬁﬁdtﬁlﬁ@ﬁlﬁﬁ’ﬁl}"/ H5RER09I)60793

82 Foll ral . Proced

7-cycl 85@}“0[;\%652“7( o?t()lwtloaylmra‘{eﬁo%) thélmutgc&)larfﬁgrﬁ%ﬁe'rl& &tl‘zflt}?cal intracapsular,
d] pyr i miteioRfrab i Stichax! infra@@indl, dﬁﬁﬁ&h&ﬁ@mﬁﬁs@eﬁeﬁshwal&mausamwuwrum
chl ori de (73ng% 0. 667mm|) gave 7- cycl ogen yl 2- [5-

( 3- hydrimsaprtigplerisgberpulyn sberpphnoid.ipaspign Injecriop pa¢ Bifesiqm | 3- d]
di ‘ b d (0.131g,
pyrim di ne- %ﬁgﬁ%&%% ?enﬁs L g gl ISW aéﬂtlgﬁlst%%dash/gt%&g%ﬂl% I\*ﬁﬁh@ﬁl' ( g

47% [follo romat ogr ap ‘elutin
MeOH) / @@Mmstfdﬁ()ESﬁIﬁ)d ‘Jadhmist36d ﬁer(p‘b]efd)l’y( aetsed tHeBin mdAINR drdiQ B trivird, of@DClS)

8.78 (1H 2H 1H dd

4. 66- 4 ovaritid, S or Ghaehpy Yoy a5 ptmg enfh b i s(%hﬂ%
(2H, t kenter tA8paticaik dydicin 41, thds QJSlﬂofEth toGhctabblidd ahd bkheHlike Fr%ed¥Rds efobxam
7-Cycl opentyl 2-,15-k(R) - 2- hydr oxy- 1- met hyl - et hyl am no) - net hyl | - pyri

| ami noPuv CPH&??}EW@ETQSt@@PpyH m di ne- 6 carboxylic acid dimethylamde. O N |

I NN NN
Procedure CN:T hése(%/gmpopenty - -?Bﬁqég%@@%riﬁ%m@%&% grgﬁﬁlh%%ﬂ;lgﬁrp‘ér rE ?43/[ 2, 3-
d] pyr i suigiibherodtead pthoxydtiagomandudngretaHy ) sl lfeay 0 fig ex@nAl8 2nspody), reatedly,
-2- an-1-ol. (.2 0..264 1 ay .
T yol Shin ey BB PasnieRty SR Ra e R IaR T EE Ry poierg ey 2 drops.
pyri di mncludihg RECAID, abldspYlide@bldy. [ 2, 3-d] pyri m di ne 6- car boxylic aci d
di met hyl am de as a white soljd 362}:1 62% EST) nilz 438.3 (M+H) +
(et hod B) . Regprfpere qi4boronial admisy: IOBS#@tidlﬂile compogndspf theresgyt ingensign, 11,

d). 7. %idd Ih'ay Bihsed b f'ZulfaMé hyal)ated‘ko aﬂd/%? the %Hanﬂ&:eut%ap&n(p%ﬁtlogs) of tRe 77 (1H,
d), 3.67 (1H,~ dd), 3.3 n,

2. 67- 2 pBSerftaentiyn, age, fpcn@mad nug» phanrmaaeu(uzﬂly @yeptablqéos(agehform; by E@(lmqpﬂl(elaBS
7-Cycl “Feghag)é%% \ééﬁ)(ﬂslgs Ofnﬁghx heplrtpera2| n-1-yl methyl)-pyridin-2-yl am no] - 7H

pyrrol o yrimdine- carboxyllc acid dinmethylam de. O
Actual dosage levels of the active ingredients in the pharmaceutical compositions of this

invention may be varied so as to obtain an amount of the active ingredient which is effective to
achieve the desired therapeutic response for a particular patient, composition, and mode of
administration, without being toxic to the patient.

The selected dosage level will depend upon a variety of factors including the activity of the

particular compound of the present invention employed, or the ester, salt or amide thereof, the route



Il I NNNN- / Follow ng General Procedure C,

7-cycl opentyl-2-(5-fornyl-pyridin-2-ylam no)-7H pyn-ol o[ 2, 3-

d] pyri m dvoeefivieeé7Boxyl i ¢ aci d di net hyl am de (3. 8g, 10. @6mmBrjooancio3
(S)-2-nethyl - pi perazi ne-1- carboxylictiacid tert-butyl ester (5.03g,
25.13mmol ) gave (S)-446-(7-cycl opentyl-6-

di met hyl car bamoy1- 7H pyrrol of 2, 3-d]

pyrim di n-2-yl am no) - pyri di n- 3-yl nmet hy1] - 2- met hyl pi per azi ne-1 - carboxylic
aci d t efhahiidtati& RS tiRS o PadiihikBatRA Ihd rdté of'AQretibr ¥ il ip@htlcRidk 9&51_5%1&3 bein
chromat ogr aphy, el'uting wth 50% Et 0Ac/ petrol eum et he %6
( MrH) | cPopldyedi thgd@eimer el thPirestmenir ethgx drugs, compounds and/or materlals used in

(S)-44 Y

byt m dp R L ARAr Rl EEAR BRI R LU B sdrdtlon ecncrlasglin
acid teand pﬁ@ﬁrﬂédl@ﬂihﬁforﬁ af thb @aticht Bang tredt¢d, gad Hke factors well known in the medical
7-cyclo ent y1-2154(S) - 3- et hyl - pi perazi n- 1-yl net hyl ) - pyri di n- 2-

yl am ndl%7H pyn-ol o[ 2, 3-d] pyri m di nc- 6-carboxylie acid di methyl am de (1.3g,
65% [follow ﬂgglcwozoe{@{mgﬁw%w@a@pam@%@@n% Sh02¢ somabosi@phy,
eluting with 5% (NH12. OM i n MeOH) Kkl i chlor onet hane) S1) mz 463.3 (M+rH)
( met hodreayriberthe piiRRtiva amowmef thamhagnagpyticaBeoppogition reguire@ Eop exampple.dhe 8. 21

(oH o ONeg%ln?% gyt é%eﬁ%e?af&%ouﬂadzga&é?Wfﬁ%%%&rﬂ Lo 2 01

(5H, mpharina8@utibald@dn(pdkitiomt ledel 6 weBtHan djat requaepinerdd to achieve the desired

A R T e R e P

Fol | owi ng Gﬁﬂgén%{al %&Qﬁ@&lé‘ EiﬁlyEdose ofa compound of the invention will be that amount of the
7-cyclopentyl-2 (5- ornyl - pyri di n-2-yl am no)-7Hp nolo! , 3-
d] pyr i epepeendghetay hexgpistdese ictfeetivivde hprdaen afiberapewti cffocts Effoeting dose
pi peri 6P

difp f%t e%d%)(%gggi WQ)B%% {s)deg@}c‘i)%da ove Geneﬁal}y, 1ntravené) S atéd ulbcutaneo

7-cycl ope roxy- pi peridi n- - am noj - - THpyr
rol o[ 2 sted]oncmn@Dmms@)f tday ﬂn&myioh(folaacpaﬂlenlu Wherhysledrfoﬂhe mshaa’m:ﬂanaﬂgckuaﬁfeats

white so 5 0 fol | ow rificatio arative LCVS.a
Fur ¢ ner e FRAT RSt G0% G b Bt G Rt PP e R S SRR
MeOH EfhAciboutpO ES 9‘%(1125()41@@ par I(Mdﬂhb ,ABtioshoR) prefkﬂa’by\ﬁ/ﬁn(aﬁ&ﬁ IM"[Z),about 100
Me-d3-0D): 8.77 (1H, s) 42 (1H, d% 8.20 (1H, d 80 (1H, d%}

(1H, s)0gRer§aar (Amffeﬁyve gt 3 thy appnt tats aprg m(lgwseﬁsocoteﬂ %Oechr
2.83 (2H, dgf delir &I T e@l%cl? allggdosczof%ﬁ'e efc%% &)ipou%dHay(b%uquglstel%dggt\&;|ﬂ’1reéj)
1.77 (2H, d), 1.69-1.51 5

7- Cycl @@gnﬁgﬁls@-o@mopq: p@r@;@cwdmlyﬂstwmdrsyparwmadapperrydt@_mtervals throughout the day,
10) - 7H pyn- 2, 3-d r -mdine-6- carboxylic acid dinethylamde. WO
2010/ Ofgﬁgﬁfg ;’Ell\a'g&ﬁ%flgg\éWES 85 Follow ng General Procedure B,

7- cycl opent ywhil-i{ 8 pbaitty For pyonpbimPofth@picst) mothtyirtd 6t 8fmindtered alone, it is

d] pyrim di ne 6- carboxylic acid dinethylam de (0.35 0.926mmo1l) and

pi per aPfsigable éxpdspigipter thegompormhasnhprmesstigsal e@nH@§IOH1 02mol ) gave

416- (7-cycl opent yl- 6-di net hyl car banoyl- 7H pyrrol o [ 2, 3-

d] pyri m di n-2-yl am n6) - pyri di n- 3-yl met hyd- pi per azi ne- 1- carboxylic acid
tert - bdynherashroreduse a white solid (0.333g, 60% The material is used

directly InCtohe % tofﬁ;[eresen 1£1EeS Yo g%el & 549 H%ol Fac\)flallla% G% ral
Procedure A~°4X8%¢ cyclopentty‘i- Pairet ?Pyafcar am)y TRV 01 OQTI?

d] pyri nmkielg prodedurantnobn-tp yiosel kkiHad inl thedh yaklypdipe szineer inomaashbe(ﬁﬂioml@g:l d
tert-buty| .ester (0.333¢g, 0.607mmmol) gave

7-cycl & Ttl?/“_”E"?ﬂ{OB“b‘Flﬁ%tfoé‘m n-1-yl met hyl - pyri di n- 2-yl ami no) - 7H-pyrrol o

[2, 3- d]W]T’?Mﬁ 'the'@c%é’@?‘ thois GAE QXY f'eﬁdlﬂpﬂegloqwl@%%ﬁ Mk 161088 cnstlichBoRwder
(135nmg, /fghés{ | owi ng treatnent Wt S0A and further purification
by Si 02aiisrlondestgd almgrod@t af tha gompeyndg of thomapnt i@ nfipn is designated a “protecting

MeOH d'g%Hp?ﬂRﬁE%E RRNGhtexNBEERL oAl AscHHRe f)]iro{eMlélif%f ful(lcm%ﬁlg'logqo@s by such

protecting groups, the protecting groups themselves, and their cleavage reactions are described for



1H NVR (400 MHz, Me-d3-0D): 8.78 (IH, s), 8.43 (IH d), 8.21 (IH, d), 7.80
(1H, dd), 6.65 (IH s), 4.83-4.72 (IH m, 3.54 (2H, s), 3.18 (6H, s), 2.88
(4H, t), WRoBOt0A208G5(6H, m, 2.11 (4H, d), 1.78 (2H, d). rExrarpios/0dd93

7- Cycl opent y1- 245- (4- net hyl - pi perazi i21-yl net hyl ) - pyri di n- 2-yl am no] - 7H pyn
-ol o[ 2,3- d] pyri mdi ne-6-carboxylic acid dinethylam de. WO

2010/ 020675PCT/ EP2009/ 060793 86 Fol | owi ng General Procedure B,

7-cycl opentyl-2-(5-fornyl -pyridin-2-ylam no)-7H pyrrol of 2, 3-

d] pyri %k&lhﬂ@ npstgﬁfaRPPéYelrérfée %’rl& dichat byl aed& {&yRGesi® FPARRRRVJy1 &NGhdYs Bet hy!
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é zT)( ?@ﬁgg 9. %391\4( Ty, Z/BRBO ecewegHz UpRyn nganw 5)8’§th&51 fﬂﬁh@dlﬂfn Vgileg Nesiy si
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7-cycl dqﬂelbkglﬂn(QH(Escfhkemy IAdmydssadren Eep;aﬂ@,rﬁr@tmhe'?ﬂ-npyma@kl@ﬂpﬁdes Proteins),

S B4 DSt Epentr wnt maaarticla Bl i ARl Bosb cirtiaR doopt DA e @S der

0. 445 ”‘Kb@enﬁﬁd&@te%ﬂ(?sacchande und Derlvate” (Chemzs Carbohydrates Monosaccharides and
cyclopentyl 6- di met hyl ear banoy pyrrol o yrimdin-2-ylam no)-pyrid

i n- 3- yIeER S ). Siegre lmﬁyml@ér%l[ggﬁ 29714] @c[l@r?@teslsw@ﬁjmtyctirtg gieuny it battheyt y|

S 02t SheL Saraaby % 0P b RO B G bR RRPELI U ER) By

Fol | owibpgol@elyeis akdiRtion, q:dhutoéys,ﬂi orktfi@ativcTy wydet pigenilgdical Gemdiitiets lig:b.eby banmoyl -

7H pyn- O|?§L g: %ﬁ

pyrim GMAHSICHIRSY- pyri di n- 3- yI met hy1] - 3, 8- di aza- bi cycl o 3. 2. 1] oct anc- 8- ¢
ar boxylsuRs @Kdo&pb@ﬁ&smﬂthél regheihyéddiod B0eng & 13:?54&563314)‘[ fANi®g group may be prepared
7-cycl opent y1-245-( 3, 8- J)aza bi cycl of 3. % 1] oct - 3-yl met hyl) -

pyri di Al 2mapagHkneyn perssy F Pb@@p@l@,saﬂsmf Fplﬁp%%oéthé RFBHRYIcatigr haying acid

di met h P 105¢g
R IR G S A S e
NH3 in alsmoh)e/tzdusdtsl dsuitablherga]ic cavBHESL paills, e47 Sh@sqditrhipalt ¢iietthpllicBhoicktidl NVR
(400 Mz

iy, 6 6 LR pefudrnbait pith it S lihaploaii b f5knsiling bydiSatat)
(6H, S)arbdnfi& dr%&&nogéid&arb(ﬂla&é s%cﬁ@s( %ﬂﬂum B9 potdsidth K}Zlicﬂxlddj}:arbé’nai’@oraly@ﬂogéﬂll,
m, 2.01-1.85 (2H, : anple 65 2-

44- ( 2- Aﬁﬁbﬁﬁa%é’éf}woﬁeﬁ?oﬁém&f?]ﬁmin cwwﬁww% FgmADig Ow 8#akls) organic amine,

-7~ CYC%&R%%M&HZ liﬁl@lYtM 911&1 gsrﬁall Qlc@ysrdf%éjéaﬁ%ﬁmﬁgﬁgé?fﬂﬂe'féiaﬁ?'ogin used. A01d

di et hyl am de. By repeating procedures outlined in anp e

7- cycl egditioy ialtZO€ 5orpp<pmdazf the preyéntatientionpare pbtem2d il axionw)y mlampw rapl oy 2, 3- d]
byri - dipe- g canboxul L anaghdadl rervlam de. £0,1000,.0 24.b 1R AN

t ert - butOxycar bonyl i Wb 3 e e A5 £, ° T P Py gave®®

24514- (camﬁﬁilﬂ’d@{)ﬁﬂleﬁoyds}nt invention containing acid and basic salt- formlng groups, e.g., a free

pi perazin-1-yl meth pyridin-2-yla 1-7-cycl opentyl-7H-pyrral o 2, 3-d] pyr
i m di néaré)owrﬁmmf «?ﬁ Smtho g oY W?]Qﬁ?%@eése% nine acdpiisgfiongy ﬁ%t,& %@b@as

MB( ES1),p4z 506. 3" (M+H) + (nethod B).

addition salts, to the isoelectric point, e.g., with weak bases, or by treatment with ion exchangers.



1H NVR (400 MHz, Me-d3-0D): 8.78 (1H, s), 8.43 (1H, d), 8.22 (1H, s), 7.80
(111, dd), 6.65 (1H, s), 4.83-4.72(111, m, 3.71-3.62 (2H, m, 3.58 (2H,
s), 3.54-8030(0kds7sm, 3.18 (6H, s), 2.67-2.55 (2H, m, reTEP29440703H, m),
2.20-2.03 (4H, m, 1.86-1.68 (2H, m .43Exanple 60 7-Cycl opentyl-245

- (4-nmet hyl - 3- oxo- pi perazin-1 -yl nethyl)-pyridin-2-ylam no ]-7H pyrrolo

[ 2,3- d] pyrimdine-6-carboxylic acid dinethylamde W

2010/ 020675PCT/ EP2009/ 060793 88 Fol | owi ng General Meethod B,

6-chl OrSQl't@é’Jn'Hé'cGﬁve?feﬁ% aﬁskdiiﬁ‘i?%%nﬁéqgg%e &&%ﬁiﬂ&&%& ARE1 did ammonium salts

met hyl pi perazi ne- 2-one hydr ochl ori deéﬂ my, 3. 709nmol) gave

4- ( 6- clehobocqnyeitel, fpr:@xgmnlexbwtre)aimqmme typitaldé padaandacid advetiqspitsidor &asiple,

[follo Y. luting with 0-10% MeOH di chl or onet hane] .

VB( ESl\)l%%félegg%%ggﬁ%%)%ﬁ aggl;\t repeating pr oced(:Jr es outlined in Exanmple C
step 2 Mieneapif idonaks deszdteiocbidiene thainestiodicat be $@aﬁi@dhﬂ.@ efnerdkinognpeOAC) |
4- (6-chl oro pyri.di n-3-yl met hy0- 1- et hyl per az 2-one (712ng, .2.970mmuol )
gave 45¢BUHe r‘Fb‘LWP‘? GTOMOES diaierapomens. %@ﬁﬁparﬂti&ﬂ FLFRHIDIE PP EINE 2804

[ fol | owReeShO sl RBESH rﬁﬁhﬂes %c%laﬂ%aﬁ\bﬁ ﬂld@drjegr&r(az&érm dcParation, for
MeOH) / di chl or ofret hane VB( ES )rﬂz 221.3 (M+H) Fol | om ng Buchwal 'd nethod B,
4-(6- awmplpwﬂcﬂlmgebqrrbm hgt medivgepraspprediqued diromatpgignley Q@@ﬁ@eve@eésmﬁﬁnl)
and 2- e I

i et h%Pﬂélgn{nd% ée‘ihé%é’s é&%\%} mﬁ%?é’d"f& Rhedp; B RY FHabb e SreS RERBIHLAG ,AE d
7-cycl @qﬂ&ﬁﬂmﬂng&éﬁge@th ame téparatdn oX hrephipanaaf diadterydismhdry 9 ebtaiddle, for example
2010/ 020675P P2009/ 060793 .89 . . .

pyri di ym}lwf IO%CWPIIH%% OBLY G TRREEP L O CRHERINT ¥ Gobypp materials,

di met h)h’lt@mléél@atés]alaﬂ'%naﬁﬁr%uc[ﬁ&h'b@Wo@lgcd% QAdel @ﬂ’&?éd%l‘:@ﬂ 16 btdhdA@mditohs, 1- 10%
(2M NH3 in MeOH)/DCM MS(EST) m z 477§J (method B) 1H NVR (400 Mz,
Me- ch- @B).:us@g zBromppgraphic igethgdy; distribgsion glet,’zlst( ﬂel -) calystallizegion (apgithedlile; 6. 65
(1H, s), 4.83-4.76 (1H, in), 3.62 (2H s), 3.40 (2H, t), 3.19-3.15 (8H,

in), 2.97 (3H, s), 2.78 (2H, t), 2.64- 2.53 (2H, m, 2.11 (4H d), 1.77
(2H, d)GenBiahptdaydsabrdridexi de Seri es General Pr ocedure F

(21|- %!{ ﬁ&%g%@ Cl 2 en R}gﬁp‘etpyto a?llpr czess3es (rjr{e oneﬁntlgj roug outt 1S (Psc)l(c}/slulre(.: acid

The process steps to synthesize the compounds of the invention can be carried out under reaction

conditions that are known per se, including those mentioned specifically, in the absence or,
customarily, in the presence of solvents or diluents, including, for example, solvents or diluents that
are inert towards the reagents used and dissolve them, in the absence or presence of catalysts,
condensation or neutralizing agents, for example ion exchangers, such as cation exchangers, e.g., in
the H' form, depending on the nature of the reaction and/or of the reactants at reduced, normal or
clevated temperature, for example in a temperature range of from about -100 °C to about 190°C,
including, for example, from approximately -80°C to approximately 150°C, for example at from -80
to -60°C, at room temperature, at from -20 to 40°C or at reflux temperature, under atmospheric
pressure or in a closed vessel, where appropriate under pressure, and/or in an inert atmosphere, for
example under an argon or nitrogen atmosphere.

At all stages of the reactions, mixtures of isomers that are formed can be separated into the
individual isomers, for example diastereoisomers or enantiomers, or into any desired mixtures of
isomers, for example racemates or mixtures of diastercoisomers, for example analogously to the
methods described in Science of Synthesis: Houben-Weyl Methods of Molecular Transformation.

Georg Thieme Verlag, Stuttgart, Germany. 2005.



In a large seal ed tube is added 5-brono-2,4-dichloropyrimdine (3g, 13.2
mml) in 100 nmL of EtOH. Then cycl opentyl amne (1.95 ni, 19.75 mmol) and
N, N - di i swpnopyi2ed7eyl amine (3 36 nL, 19.8 mmol) are addedTiEP2d0o@co3 ut i on
at rt. The solution is then stirred r44 overnight. Solvent is evaporated and
the crude is purified using silica gel chromatography (15% et hyl

acet at e/ 85%exane) to give (5-

br ono- 2-chl oro- pyri m di n-4-y1)-cycl opentyl-anmne as a white solid (3.25g,
89% .  NBCESdnid frbhviadiBidsd Mifdhls th WO 2QAMI0 2065 BTk ER2Q0QINERALR R OTh
CCINNH A mxture of (5-brono-2-chloro-pyrimdin-4-yl)-cyclopéntyl am ne
(1g, 3 i lyrgriindsy mantionddoipeditesthly dedboetiayipte etatr, SBE0 suay, as dovaratkyl-Jower

ang. 5. gl e s ByCellE e Y by ntp, AP Rply el B 00

r enov edydéiic:tiedd, daexhspleustrdhs dndurmorditydne degidirematic hapbafent cudld et hyl

acctate in heptanc. Product concentrated t ive .

[2- chl GPe8e phio ﬁﬂ%@f%ﬁ%sa%bi@@@ ’)e-t}ﬂfl‘i‘Pf?ﬁ%diohzﬂ’-r‘iﬂa]“—’lcg}‘é‘lﬂ&%aéﬁ‘ilws ani ne
(500 myectdtile, HYRLERII Wdfocddbn® stdiddnicthyderd® ohld#d® 0P Ehloroform, acid amides, such

[ 2-chl oro-5- (3, 3-di et hoxy-prop-1-ynyl)-pyrimdin-4-yl kcycl opentyl am ne
(5. 21 @s dogtiprmanigde pHAnathy deriemitivg hasesy siich-ap betglogyahsniitueach base.der i n THF

( TBAF) : | . eq - f Or ' ved
and oottt £y e BN AR AIEER R dibofuic 84 SDRYHss LA Byt RLARD

2- chl orncid ankydridopdot aximpledicetichaky dadeh yyiclic Hinpynal bofi2hdd bifdpycartminglisneh 4. 26 g,
82% . N5 EhS%() nihz 324. 5 M+I;P+ WO ZOJfOﬁ 0206175PC'¥/ EP2009/ 060793 91 A

mi xt ur &Ygphexane, hexane or 180 entanc, or mixtures of those solvents, for example aqueous solufions,

2- chl oR@teds SiH&WREMiYake BmThEROMMITRITYHe bR T S cals v 3ntGhiRbidsThali N1 KA. 26

g, 13 nmmol) in dioxane is added concentrated HCl. After reaction is

conpl etuekdl ipiveoking 1D, fangxammiehy ¢hsomafdg@piner naHEPnE r act ed with et hyl

acet at g- i ' r r u : is
Cun usiq“I}]lS g‘ﬁrl[elg(?tgltrc]i% /%%%@FE glggtsga{?ség‘%ag%k)g th ggfglfh\?g% ik f&lhyglﬁlyﬁfa%l, &tthelpgtlym

2- chl omoxy7foc yednygenbolidethipyolvoit of 2, {8 di pyltizatiodi Rdtedent anyballohefydes nj& 19 g,
82%) . I\/B%E%l) en/z 350.4 (MtH)+ A m xture of

2- chl oP627cycl opent y1- 7H pyrrol o[ 2, 3-d] pyri ni di ne- 6- car bal dehyde (2.69 g,
11 mMolthe invein icht@dgedo e ®ring oPthg prokessMBihichan@nouid Sstaih@le 6s i  Af t er
the reaction is conplete, water i s added and a yellow solid is precipitated

to gi ventouRadins y-apy é%%fﬁhmm%? i y9el posteing srateyiahynd the ERNKELIBE PREBHRIEPS C
aci d (2:698d cﬁl@,%r in Wﬁ%ls)arﬁﬂrglo %t%gﬁgs_ \%%%&Wlﬁder the St dWNon ¢ nditi(ins or is used in

2- Chl oro-7-cycl opentyl- 7H pyr yrim di ne-6-carboxylic aci
(1. 079 theafo0B wire dyrivaHBT, Wb kaBBly, in 4.p0@neted Jormrpd indihic $opr apydabit dnyel camipeand

2mL, | L ' I in dj nethyl f ' 20 2 M sol ut.i. f
i et hPRIRRG (oD RgR e re e Bt TR N Piodesiage® dhe ek arith it e
stirregrdcessedurtichintsitg. t o achi cve conpl ete. convcrsion. The reaction

m xture is diluted wwth ethyl acetate and washed wi th saturated agueous
sodi um hydr ogen carbonate, water, then brinc. The organic phase is dried

(Na2SOp).» 4,4 tered and concentrated. Purification by chromatography on
si li cagel (e% hyl acet at e: hept ane) provi des

2- Chl orlhisAneaptibo plea tycbnipiassey phasinafc®igal ¢pmpyedimdrdicnetaBings andyogihbdscofarptng

gbgg; g%lbogefmg%%#%%g%g%%g%%}sg%m% e|15(§n1i}1isj[err]i/n§, p%%lsméli:e&tli\é%h%/ -acce\l%?ble prodrugs of
compounds of the compounds of the invention. For example, compounds of the invention having
free amino, amido, hydroxy or carboxylic groups can be converted into prodrugs. Prodrugs include
compounds wherein an amino acid residue, or a polypeptide chain of two or more (e.g., two, three or
four) amino acid residues is covalently joined through an amide or ester bond to a free amino,
hydroxy or carboxylic acid group of compounds of the invention. The amino acid residues include

but are not limited to the 20 naturally occurring amino acids commonly designated by three letter



Exanmple 1

7-Cycl opentyl-2-(pyridin-2-ylam no)-7H pyrrol o[ 2, 3-d] pyri m di ne-6-car boxyl i
c acid diwetbhywi@mrde 0 HNNNN - O Fol | owi ng Buchwal d MetrlbwdPB)09/060793

2-chl oro-7-cyclopentyl-7H pyn-olo[ 2 ,4-d] pyri m di ne-6-carboxylic acid

di met hyl am de (100mg, 0.34 mmol) and pyridi ne-2-ylamne (64 ng, 0.68 mmmol)
gave 7-cycl opentyl-2-(pyridin-2-ylam no)

-7H pyrrol o[ 2, 3-d] pyri m di ne-6-carboxylic acid dinmethylamde (350 ng, 84%.
'VS( EST)S%BOI‘?’% Asd ﬁﬁ:ﬂl&s4 E%@r%‘p‘?ol?rf& @Fﬁfﬂﬁ%na%fﬁosﬁle &§demosme 3-

-pi perazin-I-yl-pyridin-2 -yldmno)-
, 3- d] pyueithilleistrding nowve biosbgtaradaraed, @atdmmmmlmmr@eimdm%lthMnngcmmm/a| d

Met hod e
- chl Orhgﬁuigeggld (gglglﬁ P@%q%%é}ogo %tl@m? dAjddltlonal tafpes of é)rocdgt%%s &r& ?llsocenézgmgassed
di met hoainsdacd, 800 carboxyl gldpshroml he dridatzeppanialzs ol cpyisi Hrdae-hadpoxggraups

(314 m, 3 13 mmi) dave 7-cyc| gpentyl: 2 (opi perazin: 1yl pyridin-2-

yl an nq)m& IRAoRE Ry, SndRYPHIN I8k ifetRyI6RFRBOY s CasdatifediNRIMEANDAR (142
ny, 36O 1!% ESI) tii [z dj% %%I{lﬁ % k};?;r | at ed!JAnaI ogues GCener al Pﬁlgcedure
D Exa eV1ews 1996, 19, 115. Carbamate prodrugs of hydroxy and amino groups are also

gd]Q/C| %)c?@ é?’e cagﬁcgﬁ{eg%!)dre SD glél?oéla{% %%?’sla)ndgﬁlrfzitg%%erg OYWMO%{O%‘#? pyrrol of 2,

7-cycl melnmyzhﬂan ()Hayplrcpqr@qups-ai(zgcylopy)mmh}naﬂd glcalokyodhyVéth@y mihptea] Be 3eyd] pyri m
i di ne6- car box I|c Cld di ne e 00 , 0..229 . ) in 20 f THF
5 A S Ot TP RO 0 i< DB AT R B Dk KA e fors g,
0. 687 Kﬁﬁﬂe)and-l:,ﬂﬂ)okﬁﬁcz{ch(pﬂnéﬂdﬁhlitﬁ@ brswllﬂa@@ﬂl%@cﬁ |§3(71Q) ik ah Qhinbthchl csk@hd owi ng

Si 02 chromat og‘gphy, eluting with 0-10% (2M NH3 in NEOQ di chl or onet han]

gave 7desgeibep Jarpalse enpogprssed.pPigdrugs ohthis tyng arg dlescaibed mJy Mgdi Qlesgm. 1896,

VB Es T ?fﬁ%%@%'ﬂﬁ}%ad BPIVELS BEUE SHERPIAST Ryl dthor
- et hyl Yhge pﬂ)lda@ melitlesyh:}y npyrpordtei gneups -11;dhahmg11m1t nal—hrpyedt(o ctter,[ayiBe and

d] pyri m di ne- boxyl i.c aC|d di met hyl am de WO
2010/ 02 ’é)&ﬂ*ﬁﬂ?g? 5’%‘

Any reference to a compound of the present invention is therefore to be understood as referring also

to the corresponding pro-drugs of the compound of the present invention, as appropriate and

expedient.

Combinations

A compound of the present invention may also be used in combination with other agents, e.g., an
additional protein kinase inhibitor that is or is not a compound of the invention, for treatment of a
protein kinase-associated disorder in a subject.

By the term “combination” is meant either a fixed combination in one dosage unit form, or a kit of
parts for the combined administration where a compound of the present invention and a combination
partner may be administered independently at the same time or separately within time intervals that
especially allow that the combination partners show a cooperative, e.g., synergistic, effect, or any
combination thereof.

The compounds of the invention may be administered, simultaneously or sequentially, with an
antiinflammatory, antiproliferative, chemotherapeutic agent, immunosuppressant, anti-cancer,

cytotoxic agent or kinase inhibitor other than a compound of the Formula I or salt thereof. Further



94 HNNN \ Follow ng General Procedure D,

7-cycl opentyl-2-(5-pi perazin-1-yl-pyridin-2-ylam no)-7Hpyn-olo[ 2, 3-d] pyrim
di ne- 6- cavbasylizes7aci d di met hyl ami de (100 ng, 0.229 molprTardood/br7esro- 2-

fl uoroethane (88 ny, 0.687 muol) gavet6

7-cycl opentyl-2-1544-(2-fluoro-ethyl)-piperazin-1-yll- pyridin-2-ylam no}

- 7H pyn-ol o[ 2, 3-d] pyri m di nc- 6-carboxylie acid di methylam de (51 ng, 80%.
MS(EST)ml z 481.3 (MtH) - Exanpl e 26

7- Cycl Qﬁﬁﬂﬁwslof?ag@lﬁéﬁla( glams@l R iR BY In) coRibRkiBR wrkhlha/éolnﬁavaﬁasddfrane my&ﬁfa;hno

- 7H pyn pyrim di ne- 6-carboxylic acid dinethylam de
2010/ 026675 /a@z@thgn@é@o? 9P THEInkditbowy¢lgspeandy, 4T LPrelgeehitbodids selected from

7-cycl [ i di.n~R>Y| amne) - 7 r.ol. -d] pyrim
1 oL A PR i R e A
et hanolCI{&, sl m@n(f&]l(ﬁlarmb))d}galia" 3, agents blocking the 1nteraction between CD40 and gp39,

7-cyclgpentyl-2-044-(2 dro th | ).-.pi per azi i di n2-yl am nol-7H
pyrrol %pra]ewﬁpﬂ%twwg%@%éﬁ%@ HE95eht Hfsr?gtl\}fy]? %yeéltl%@nn@on “Ho94d &

IVS( ESl)an%ﬁaﬁﬁﬁto%g &Mﬁ@sﬂér(ﬁ&@%Bﬂd%o%oﬁﬁc@’&lt@ﬁﬁﬂ&rﬁﬁvgigeﬂﬁﬂﬁ06 mycophenolate

-1 sopropoxy-eth pi per azi n-| -yl kpyrid in-2 -ylam nof -7H pyrrolo [2 , 3 -
d] pyri mqietﬂe%ot@@e Weneyl TRF-gadnlkibierpesnt ylNpddodiemns olublEENF aegentgr. Canrarysin,
Procedyf

7-cycl OpenEmiie,é:y{:]gmagpegal}sg-ZQi 1Hh1!f1t0ﬁs pachtaéel c1§platfn carb(()jlglatﬂ_'doxoru 1[112 3-d] pyri ni
di ne- 6camribaxycdn, aiaammdbldflnnnhinybm dﬂetﬁdt&&atlﬁfgmetﬂiolﬁaﬂn mMicdn)y cdn@, &tdizascidin

t7” g;ngfa gg#ﬁ%g&%@i %{J?rouggﬂrggé%pggo g c),gg'mvgtabine cytosine arabinoside,
pi per agbilophy b RM! étdlhdiide; stbFs¥idR RYTchPpbali nighap! VidbiitnR; Binedtinexyl i
acid d?rretﬂhyl anmi de (QI?LOE% %%%%O%Eéle)%iz 521.3 IgHa( Mrlll) Gene?al 1

Pr oc ed dguso sl ips, gp@héowvmd@@ bg@qmyg_org]erlvatlves thereof.

{ 544 ( g[ﬁé ﬂéﬁg{dg?ef){%eq%ge‘?% yf?d g gf&a\lll nerxé%t ‘f’éf Beﬁ’oﬁn%)éh HUPRhtedbbhgeyrrol o

2010/ OI@&ES P(IfEhﬁBQﬂ@gb 066288 the number of dosage forms administered to a patient, the
compound of the invention and any additional agent may be formulated together in any combination.
For example, the compound of the invention inhibitor may be formulated in one dosage form and the
additional agent may be formulated together in another dosage form. Any separate dosage forms
may be administered at the same time or different times.
Alternatively, a composition of this invention comprises an additional agent as described herein.
Each component may be present in individual compositions, combination compositions, or in a
single composition.
Exemplification of the Invention

The invention is further illustrated by the following examples, which should not be construed

as further limiting. The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of cell biology, cell culture, molecular biology, transgenic biology,

microbiology and immunology, which are within the skill of the art.

Expermimental Procedure
Analytical Methods
In the examples, the compounds prepared are characterized by liquid chromatography and

mass spectroscopy using the systems and operating conditions set out below. Where atoms with



96 To a solution of

7-cycl opentyl-2-(5-piperazin-1-yl-pyridin-2-ylamno)-7H pyrrol o[ 2, 3-d] pyrim
i di ne6- cavbasyldzes7aci d di net hyl am de (55 ng, 0. 123 mmol PCcarm®2009/060793

(R -2-nmethyl-oxirane (250 nmg, 4.3 moi7) in 5 nL of ethanol is heated at 70C
for 18 h. Followi ng Si 02 chromatography, eluting with 0-10% (2M NH3 in

MeOH) / di chl or omet hane] gave 7-cycl opentyl-2-15444(R)- 2-hydr oxy- propyl) -

pi perazin-1-yll-pyridin-2-ylam nol -7H pyn-olo [2,3 -d]pyrimi

di ne- 6'dﬁ?crr89)@6lto(ﬂe§a1% Qe&'aﬁﬂ%ts%le AR qH6tel 10e Allss GHBPAI-folMRE Eo?n%@dnﬁ i483. 3
(MeH) + T T NVR (400 MHg,  8.70 (I'H, 's), 8.32 (IH d), 7.96 (IH s),

7. 80 (Imgnossptopie.2@s (ilH, Clt)  Bectab Jevkral systen®, BugedHis deycribgd Bglow, aid thaselares) |

St g%g@%@%%ﬁq&%%&&&ég r?%ﬁﬁde%é:%sgli%s%' ar Werbrthl cbitios OFhe Grerding?H M-
7- Cycl epeditiyrk-uded &d4ks6 (ScriBedbalehv 0 Xy- propyl) - pi perazin -1 -yl] -pyri din
-2-ylamno -7Hp yrrol o [2,3- d]pyrimdinc-6-carboxylic acid dincthylam de
WO 2010/ 020675PCT/ EP2009/ 060793 97 OH Fol | owi ng General Procedure E, o
7-cyclopent yEMNS 4 RisNE paFdred u¥ihg Bt AbWing nydiano) - 7Hpyr rol of 2, 3-d] pyrim
di ne- 6-car boxylic acid di nmethylamde (48 ng, 0.110 mmol) and (S)-2-net hyl
oxi r an@VatepsiPlatformy IO Miysnslengiay e

7-cycl QpR = 2-{5444(S) - 2 - propyl) - pi perazi n-1- Apyri di n- 2-yl am nol -
7H- pyn-ol O’E{%%ée%%] pyri m di n\é}%e?srcg?r%oxyl ic acid dinmethylamde (10 ng, 16%.
VB( EST)Midsz SA&3DSedtddt| - 1) /| Mxaophs PTdform@(C| opent y1- 2-

{544- (2- hydr oxy- 2- et hyl - 1) -piperazin-1-yll-pyridin-2-ylam no

-7prni°9f§{3§t,e O] pyri ni di %@%%"Pgﬂ%/ﬁl c acid dinethylanide *OH WO

2010/ 02Q645P@mbAFR Jcﬁ%rr%?d@'ﬂe@i%ﬁﬁ)llb@ﬂfbhﬁ{)e (72 ngy, 0.805 mol) gave
y

7-cycl opentyl-2-1514- ( 2- hydr oxy- 2- net - propyl) -
pi per azi n- 1-yl kpyri di n-2-yl am nol-7H pyrrolo [2 , 3
-d] pyri 'tﬂlg)@g-ES-car boxylic acid dinmethylam de (17 ng, 29%. MS(ES f) mz
507. 3 (1\% + anple 21 7-Cycl opentyl-2-15
44- ( 3- BpamoAy - pr BpY 1) OnpMpeil a3C O Huffey biljuptyd to @l 2wythaybhiOd)o} - 7H- pyn-ol o
[2,3- dipyrimdipe-Q[:.carboxylic acid di nethyl am de Fol | om ng Gener al
Pr oced%llz%b!s' 8%38N
7- cyclapedientl- 2- (59pVRSIAZBIVE- M mawedsdi n- 2-yl ami no) - 7Hpyn- olo[ 2, 3-d] pyri mi
di ne- 6-carboxylic acid dinethylamde (100 ng, 0.229 mml) and 3-brono
propanfiew| (80 A§,m0n®74 mol) gave
7-cycl 11-2- = & - 3- ropyl) -
pi per ag;r%ﬁl}]ln%{yll- %‘éﬁ?@%ﬁgr@gg?g%ﬁ%ﬁw&% ol o[ 2, 3-d] pyri m di ne-6-carboxylic
acid dinmethylam de (55 ng, 50% . MS(EST) mz 493.3 (MtH) + Exanpl e 44
7-Cycl E\ReFtX -2-15-[4-(3-hydroxy-propyl)-pi peraz-yl]-pyridin-2-ylamno }
- 7TH py 19he , 3- dThyrim di ne-6-carboxylic acid di nethyl am de

Eluent A: H,0O (10mM NH4HCO; buffer adjusted to pH=9.2 with NH,OH)

Eluent B: CH;CN

Gradient: 05-95% eluent B over 3.5 minutes
Flow: 0.8 ml/min

Column: Waters XBridge C18 5pu 2.1 x 50 mm
Method C

Eluent A: H,0 (0.1% Formic Acid)
Eluent B: CH;CN (0.1% Formic Acid)
Gradient: 5-95% eluent B over 3.5 minutes

Flow: 0.8 ml/min



WD 2010/ 020675PCT/ EP2009/ 060793 99 HNNN Nr-h- ./N OH Fol | owi ng Gener al
Procedure D,

7- cycl opembyeatidr(&spi perazi n- 1-yl - pyri di n- 2-yl am no) - 7Hpyrmebapds@ox] pyri m
di nc- 6-carboxylic acid di nethyl am dc 4100 ng, 0.229 mml) and 3-brono
propane-1, 2-diol (106 ng, 0.687 nmol) gave

7-cycl opentyl-2-1514- (2- hydr oxy- 2-net hyl- propy) pi perazin- 1 -yl kpyridin-2
-ylamino -7H pyn-010 [2 ,3 -d] pyri m di nc-6-carboxylic acid dinmethylam de

(29 oAt Wﬁﬁeﬂo)neﬁ%ﬁ%ﬁ%?g&%ﬁ WI@ %@@b? 58%m

7- Cycl opentyl-2- 15444(R Xy- propyl) - pi peraz} -7H

pyrrol o[ 2, 3-d] pyri m di nc-6-carboxylic acid di nwt hyl am dc WO
2010/0@86%%55T/EP2009/060793 11)1) Foll owi ng General Procedure D,

7-cycl -2-(5-pi perazin-1-yl-pyridin-2-ylam no)-7Hpyrrol o[ 2, 3-d] pyri m
di ne- 6 Ep@mbaxyl i enaciod wremiibWcalyi de (100 ng, 0.230 nmmol) and R-(+)
glycidol (51 ng

7-cycl &bt §i1- 2- @@@N@Q)%fz’gmﬁﬁﬂfﬁroxy propyl) - pi per azi n- 1-
| k | di 6- b | d
yl kpyri hcﬂerﬁ y(g? %% aié;%/@fﬂ{/%%lzsgge}ﬂﬂgg%%g% i ne- 6- car boxylic aci

di met hyl am (MtH) + Exanpl e 29
7- Cycl dpent y1- 2- 1.0 ml/min

I544( 2, 3-dihydr.o 1 2|n1ylkpyr|d|n2ylamno
- 7THpyn- 18][“% 3- cﬁ%‘%’ @ﬁ?ﬁu@é)’é %13%1 qn& aci d di nethyl ani de Fol | owi ng
General Procedure E, 7-cyclopcntyl- 2 (5-piperazin- 1

-yl -pyridin-2-ylam no rrol o[ 2, 3-d] pyri m di nc-6-carboxylic acid
di net hyYatsroeractiont Y%L%N%QSW%U and (S)-(+) glycidol (51 ng, 0.691 mmol)

gave 7%@9% ) &Ly 1-2- é—?(ﬁ‘hﬁ(cfsﬁhpl%r 325’2§Wg£r9)§Yade99Nrﬁﬁ pi perazin-1 -

yl I -pyridin- arni nol- 7H pyrrol o[ 2 yrirnidinc-6-carboxylic acid
di met hMlassiSres P@ectory, 509 WaB( &3 ) n12 509 3 (MrH) 1 Exanpl e 79

7- Cycl %@%b %ct%ffS (4- Cyc'ﬁ/pe?§é'd9g1$&f)/§raz' n-1-yl)-pyridin-2

yl am pyn-olo [2,3 pyTi nc- 6- carboxylic acid dincthyl am de WO
2010/ 0 206R65PaAGIRZDBOUVGRIR3rth Hetector (200-340 nm)

Method E

Eluent A: H,0O (10mM NH4HCO; buffer adjusted to pH=9.2 with NH,OH)
Eluent B: CH:;CN

Gradient: 05-95% ecluent B over 3.5 minutes

Flow: 2.0 ml/min

Method for Preparative Mass Directed Liquid Chromatography (LCMS)

Waters Fractionlynx system:

2767 Dual Loop Autosampler/Fraction Collector
2525 preparative pump

CFO (column fluidic organiser) for column selection
RMA (Waters reagent manager) as make up pump
Waters ZQ Mass Spectrometer

Waters 2996 Photo Diode Array detector



HNNN N Fol |l om ng General Procedure D,

7-cycl opentyl-2-(5-piperazin-1-yl-pyridin-2-ylamno)-7Hpyrrol o[ 2,3-d] pyrim
di ne- 6- cavbaswld2as7aci d di net hyl ami de (100 ng, 0.230 molprTardodoneoTe3

cycl opentane (103 ng, 0.691 nunol) gawe

7-cycl opentyl-215- (4-cycl opentyl - pi perazi n-1-y1)-pyridi n2-yl am no] - 7H pyrro
| o[ 2, 3-d] pyri m di ne-6-carboxylic acid dinmethylamde (85 ng, 71% . MS(EST)
nilz 503.3 (MtH) + Exanple 63 7-Cycl opentyl-2-[5 -(4-i sopropyl-piperazin-1
- Y1) - PYVdtediz VA RBrb el - 7H pyn-ol o [2,3-d]pyri midine-6 - carboxylic
acid dinmethylamde WO 2010/ 020675PCT/ EP2009/ 060793 11) 2 of acetone and
NaB( OAc) (E1 (30 ng, 0.138 mmol). The resulting m xture is stirred at room
tenperature for 18 h. Following purification by preparative LCVMS gave
7-cycl opentyl- 245- (4-

i sopr opydsslghpénazi n-1-yl)-pyridi n-2-yl am no] - 7H pyn- ol o[ 2, 3-d] pyri ni di ne- 6-
carboxylic acid dinethylamde (20 ng, 61%. MS(ES1l) en/z 477.3 (M+H)-

Exanpl e 36 7-Cycl opentyl- 2-

{544- ( vhesey SVruhniRtOXbRhSY! ) - pi perazin-1-yfi-pyridin-2-ylam no

- 7THpyrrol o] 2, 3-d] pyri m di ne-6-car boxylic acid di methyl am de HNNN OH

Fol | owiGagili@shexdtake:Pr ocedur®S BY (3.2 kV on ES Negative)

7-cycl %%%E'lera;%%-' (5- pi perazjngl-yl -pyridi n-2-yl am no) - 7Hpyn- olo[ 2, 3-d] pyri m
di ne- 6-car boxylic acid di net hylam de (100 ng, 0.230 mml) and 2-brono

pr opan-Sbuek TeMperamre:0. 690 MOGI) gave

7-cycl ntﬁ/l; 2-{544- ( 2- hy@r O%y- 1- met hyl - et hyl ) -

pi pera 913-%;11- pyri di n- 2- 9% nol - 7H pyn-ol o[ 2, 3-d] pyri m di ne- 6- car boxylic
aci d disomt Rylgam de (28 ng, 1235800 andS( EST) mz 493. 4 (MtH) + Exanple 101 2-

| 446- (7- Cycl opentyl-6-di nethyl carbam oyl-7Hpyrrol o [2,3-d]pyrim din

- 2-y| ademsasipn Yladei di n - 3- yHlectraSpraypiasiive oaci d met hyl ester WO

2010/ 020675PCT/ EP2009/ 060783453 HUMNGi D - K- - -

Once the analytical trace showed good chromatography a suitable preparative method of the same
type is chosen. Typical running condition is:

Column

Waters XBridge C18 5p 100 x 19 mm or Phenomenex Gemini, 5 , 100 x 21.2mm)

Mobile phase

Solvent A: H,0 + 10 mM NH4HCO; + NH4OH, pH=9.2

Solvent B: CH;CN

Flow rate: 24 ml/min

Gradient: Generally all gradients have an initial 0.4 min step with 95% A + 5% B. Then according
to analytical trace a 3.6 min gradient is chosen in order to achieve good separation (e.g. from 5% to
50% B for early retaining compounds; from 35% to 80% B for middle retaining compounds and so
on).

Ish: 1.2 minute ish step is performed at the end of the gradient

Re-equilibration: 2.1 minutes re-equilibration step is ran to prepare the system for the next run

Make Up flow rate: | ml/min
All compounds are usually dissolved in 100% MeOH or 100% DMSO




Fol | owi ng General Procedure D

7-cycl opentyl-2-(5-piperazin-1-yl-pyridin-2-ylam no)-7Hpyrrol o[ 2,3-d] pyrim
di ne- 6- cavbaswld2as7aci d di net hyl ami de (100 ng, 0.230 molprTapdo@obr7e3o
propionic acid nmethyl ester (31 ni, (8028 mmvl) gave

2-1446- (7-cycl opent yl- 6-di et hyl car banoy1-

7H pyrrol o[ 2, 3-d] pyri m di n-2-yl am no) - pyri di n- 3-yl kpi perazi n-1 -yl | -propi on
c acid nmethyl ester (46 ng, 39%. MS(ES1l) en/z 521.4 (M-H)+ Exanple 103 2-
| 446- ( 7- Cycl opent y1- 6- di net hyl car banoyl- 7H pyrrol o[ 2, 3-d] pyri m di n-2-yl am n
0)-pyridin-3-yljpiperazin-l-yll -propionic acid "/"NOH WD

2010/ 020675PCT/ EP2009/ 060793 11)4 To a solution of 2 - {446-(7-cyc

| opent anoyl-7H-pyrrolo [2,3 -d]pyrimdin-2 -
yIaninoXPEQEFagﬁbg&%ﬁ ﬁgpera2|n | -y11l- -propionic acid nmethyl ester (250
my, 0.48 mml) in 10 niL of THF is added a solution of LiOH (19 ng, 48 nmol)
in 10 nL of H20. After stirring at roomtenperature, the resulting

mi xtur@“l“§”ﬂé)ﬁﬁ%"ﬂf‘F%‘t‘e(H%ﬂelH"’F‘iﬁ‘@B) with H20 and adjusted to pH =6 with 1
N HO. fﬂhﬁehal% ehAted Q[’EE%JZ@E‘@HCD@HM §(§l{1ﬁ&1§mmﬁ&&h&' NI 2D S @Hblgeagt ed to
give 2- 144 c ycl opentyl-6 -dineth car banoyl- 7H- pyn-ol o [2, 3-d]

pyr|nl@ﬁﬁﬂzo9Khh$®hﬂ@¥M@Wﬁﬂw§@6ﬁ¥3AﬁVI}ghﬁhﬁﬁm@é¢ﬁeyﬂXH¥F¢UZ @WﬂbeaC|d
(225 9 4- h

exyl rrentg%suﬁl% @mﬁg{ﬁ)\g‘l H cr ?ld};ﬁz?o%}?ﬁt?gr%ﬁo&_ gﬁ%g?%’] gt]r_g%\al_%g%lgily gr pr%aﬁll‘m%
opentyliI&Spyrrolo [2,3- d] pyrimdine-6-carboxylic acid di nmethylam de
Fol | ow ng General Procedure D

7-cycl opent yl- 2- (5-pi perazi n-1-yl -pyridi n-2-yl am no) - 7Hpyrrol o 2, 3-d] pyrim
di ne- 61ﬁﬁﬂbQM§hfﬁe§Cid di et hyl am de (100 ng, 0.230 nirnol) and brononet hyl
cycl ohexane (12 , 0.690 nirnol) gave

215- (4fé?§ﬂ@héxylnethyl pi perazi n-1-y1) - pyri di n- 2-

yl am no] - 7- cycl opent y1- 7H pyi Tol o[ 2, 3-d] pyri m di ne- 6-carboxylic acid

di et hyl am de (75 ng, 63%. I\/B(ESI)rrlz 531.4 (M FH)I Exanple 92

7-Cycl opentyl-2 -[5 -(4-isobuty era2|n 1 -yl)-pyridin-2

-yl am no] - 7Hpyrrol o [ 2, 3-d] /Ag\ carboxylic acid di nethylam de WO
2010/020675PCT/EP2009/060793 11 /fim ng CGeneral Procedure D,

7-cycl ape n:i - 2- (5- pi perazin- 1- yI

am no) - 7Hpyrrol o[ 2, 3-d] pyrim

|
di ne- 6-ca lic acid dlnethylanlde (100 230 mol ) and 1- br ono- 2-

met hyl pr|a¢'~r&§ ng, 0. 690 nmol ) gave

7-cycl opentyl- 215- (4 |sobutyl pi perazi n-1- y1) pyrldln 2-

ylanino] 7H pyn-ol o[ 2, 3-d] pyri m di ne-6-carboxylic acid dlnethylanide (45
ny, 4@ MS(EST) nilz 491.3 (MrH) Exanple 99 7-Cycl opentyl-2-15 44-(2-m

et h yl Tleutsitrpd polpeeraefi nbromoyd-hitjepyiidige ﬁ* Vg, P grminab 2nd pipeisyinedHagroxylce -

g]Og%; Io%g.}%%éi?llyé%;%gg%z O%fg’g %@%%P@g@l\ﬁ(@Oqﬁ) 1S a\ﬁﬁ)ed DIPEA (4.65 mL, 26.7 mmol).
The mixture is heated at reflux for 72 hours then cooled to room temperature and the precipitated
product collected by filtration. The filtrate is concentrated and purified by flash column
chromatography eluting with 30% EtOAc/petrol. The combined products are re-crystallized from
EtOAc/petrol to give 4-(6-nitro-pyridin-3-yl)-piperazine-1-carboxylic acid tert-butyl ester, (4.50 g,
80% yield). MS(ESI) m/z 308 (M+H)"

Example B



Fol | owi ng General Procedure D

7-cycl opentyl-2-(5-piperazin-1-yl-pyridin-2-ylam no)-7Hpyrrol o[ 2,3-d] pyrim
di ne- 6- cavbasyld2es7aci d di met hyl ami de (100 ng, 0.230 molprTardoodobr7esro- 2-
met hyl butane (103 ng, 0.690 mmol) gale

7-cycl opentyl-2-1544-(2-met hyl -butyl)-pi perazin-1-yl1-

pyridin-2-ylam nol - 7H pyrrol o[ 2, 3-d] pyri m di ne- 6-carboxylic acid

di met hyl am de (50 ng, 42% . MS(ES1l) en/z 505.3 (MtH) Exanpl e 68

7-Cycl opentyl-2- 44-(4-nethyl -pentyl)epiperazin-1 -yll -pyridin-2-ylamno
-YFprrig&o 2, 3- dipyrimdine-6-darbbxylic acid dimethylanmi de Following
Gener al 0" °N

7-cycl opentyl

-R-( -bi erazin-1-yl -pyridin-RK-ylam no)- 7Hpyn-ol o[ 2, 3-d] pyrim
di ne- 6- car boxylt éﬁjsjiinethylanide (100 ng]| 0 230 mmol ) and 1-brono-4-

()

met hyl pentane (103 690 mot)—gave

7-cycl opent y1- 2- 1514-N 4- M€ hyl - pent y1) - plpera2|n Pyil pyridin-2-ylam nol - 7H
-pyrrol o[ 2, 3-d] pyri m di ne-6-carboxylic acid dinmethylam de (50 ng, 42%.
MS(EST) in/z 519.4 (MrH) | Exanple 10 2-15 - (4- Carbanoyl net hyl - pi perazin -1

-y1) - PW inixdind 024;(5@[&@ ndln-g;sg) -piperasihy-1- chﬁb&ylﬁb id Rribhityd-ester (3.40 g, 11.0
di pyri m di ne- 6-car OX%@IC aci d di net hyl am de

2010/ om@%w@rﬂ%ﬁé@ Bomo8. 3iﬁ}rvnoan/etmq21 H8 Ind)/\Mg:ﬂeé aeqtaP (B0gekdur e D,
7-cycl g 3-d rim
A S s b g e A A LA i
acet amcdm:e@@ﬁed‘rg) g1t GO0(Grapind-pyada-2y]) pif(cdezorr ]bearbqpiyrhietabiylltert-butyl ester (2.87

i perazip:1- - n- 2- -

g Eycl§p§h%9%i$HB§§ﬁgbﬂ%%%y%ag%ﬁﬁainidinc-6-carboxy|ic aci d di met hyl ami dc
(50 nyg, 459@ MS(ESI)nilz 492. 4 (NHFD Example 7 2-[5-(4-Acetyl

pi per azi n- yl pyridin-2-ylam no]-7-cycl opcntyl -7H pyrrol o[ 2, 3-d] pyrimdin
c-6- c&BBwl 1M aci d dinct hyl ani dc

raf%g l ¢ ar(ﬁj%n%/ .6.%5 % éf%gafzg% !}T&I é{/ dln-@éﬁ&r?%lg) aHyﬂygﬂEﬂz(gﬁ) k mig g}bﬁ'am% l @&a@bcﬁl%tgiléay rim

dichloronnthanc Addcd 0.5 m. of acetic MD 2010/ 020675PCT/ EP2009/ 060793
11) 8 anhydride. After 10 mn, reaction is conplete and trituration with

acet OniHNT gave

2-[5-(4- ceN oera2| -1 1) - pyridin-2-yl am no] - 7- cycl opent y1- 7H pyrrol o[ 2
, 3- d]pyr| caN Ng_achd di nethyl am de (30 ng, 91% . MS(EST)n z

477.3 (N141)/ .,- aﬂ\ dure G Exanple 27 7-Cycl opentyl-245 -(4-cycl
opropanecarbon -pH perazin-1 -yl)-pyri di n-2-ylamino]-7Hp yrrol o [2, 3-
d] pyri m di ne- 6- carboxyI|c<§:]d di rethylam de To a solution of 7 -cycl
opentyl-2 -(5 -piperazin - yl -pyridin-2 -ylam no)-7Hpyrrol o [2,3-dip

yrim di ne6-carboxylic acid dinethylamde (100 ng, 0.230 mml) and

cycl opropanecar bonyl chloride (22 nL, 0.690 mmol) in 5 nL of CH2Cl2 is
added a sol ution OBEFttbl (64 nm., 0.459 mmol) and stirred at rt for 18 h.
The resulting mxture is concentrated and diluted with saturated NaHCO and
extracted with ogcetate (3x100 nL). The conbine organics are dried

over hb2 preparatlve HPLC to give
215- (4 ca|b y} met hyl - pi perazi n-1-y1)-pyridin-2-yl am no] -7-cycl opentyl-7H
pyrrolqﬁ%lﬁq ri mdine-6-carboxylic acid dinmethylamde (81 ng, 68%

MS(EST) in/z 503.3 (M-H) +

To a stirred solution of (5-bromo-2-chloro pyrimidin-4-yl)-cyclopentyl-amine (1.00 g, 3.62 mmol)
and PdCl,(dppf)-dichloromethane (148 mg, 0.181 mmol) in THF (10 mL) is added Et;N (0.757 mL,
5.43 mmol) and 3,3-dicthoxy-propyne (0.778 mL, 5.43 mmol) sequentially at room temperature.

The mixture is degassed under a stream of N and stirred at room temperature for 10 minutes before



Exanpl e 23 245 -(4-Cycl ohexanecar bonyl - pi perazin-1 -yl)-py

di n-2-yl ammo] - 7- cycl opentyl- 7H pyrrolo [2,3 - d] pyri m di ne-6-carboxylic
aci d di mavbybamizoes WO 2010/ 020675PCT/ EP2009/ 060793 109 pATHIRMIWK60793 Ot
Fol | owi ng General Procedure G 52

7-cycl opentyl-2-(5-pi perazin-1-yl -pyridin-2-ylam no)-7Hpyrrol o[ 2, 3-d] pyrim
di ne- 6-carboxylic acid di nethylam de (100 ng, 0.230 nmol) and cycl ohexane
carbonyl chloride (37 ng, 0.690 nmol) gave

245- (41gyel %ﬂg@f‘ﬁl fn@B RYAddRl PEhAZhBidn Wedikt RYGAGILRE aMJl B&Bk@ﬁled?mﬁl\/ﬁi &@8 ntyl-
7H- pyn-ol o[ 2 pyr|n1 di ne- 6-car boxylic acid di net hyl am de (63

ng,
MS( ESI )an(ﬂﬂ‘lqat@km 68°C [ﬁlhr}éb& hoEy(sarTﬂ)lleenlg@chLs aBowed to cool, diluted with EtOAc, filtered and

-14- (2 Gyl ohex e%cﬁtdql d L34 nTﬂ'e sk L BY LD 2an}{t mqﬂgous ayer is further
I SABSEARG IO oot Lo ad Ao

- 7- cyclPopen e

di met hykmﬁteﬂhmth E‘@AZ@GxG) QB&B%H’GH@aEE%@B&{t:OﬁG a8ad QM[@SOHOﬂﬂk@w angl doacekraled.
Procedur e

7-cycl dpe ﬁﬁsgﬂilezs RusLisr Sy 5497 Hramgtegisphy. gluting wﬁhérﬁrﬁ%snt?ﬁamt%(pftrgl 139V i i
di ne- 66@AROY¥MI1 §o gﬁ%ﬁz @lﬂ%tahyj ﬁme%xwp% ! yl?p%‘?’lglm @mbpemg aheygy!

acetyl chloride ( gave 2 (2-cyc ohexy
acet y1Y63% fpéri'é}%)n MS§8i- "ﬁ/\? ﬁ?ﬁ? |(1M2 )

yl am nol - 7-cycl opent yl - 7H pyrrol o[ 2, 3-d] pyri m di ne- 6-carboxylic acid

di ret hyl am de (61 ng, 47%. MS(ES1l) nmlz 559.4 (M+H)+ Exanple 91

7-Cyclope$ -2 - 150#&4- (3-cyc | opentyl -propionyl)-p iperazin-1

-yl kpyri djn-2 - 1 no - 7Hpyn-ol o[ 2, 3-d] pyri m di ne- 6-carboxylic acid

di met hyd,am ol lomé ng General Procedure G

7-cycl opent y1l- 23(5- pi perazi n-1-yl - pyri di n-2-yl am no) - 7Hpyn-ol o[ 2, 3-d] pyri m
dine-6-carboxyki§]acid di met hyl am de (100 ng, 0.230 nmmol) and 3-cycl opentyl
propi onyl chloriMe (39 inL, 0.690 nmol) gave

7-cycl opentyl-2-{544-(3-cycl opentyl - propi onyl) -

pi perazin-1-yl11l-pyridin-2-ylam nol-7H pyn-ol o[ 2, 3-d] pyri m di ne- 6-car boxylic
aci d diToetshylcdroldeor &72wtylordk8%3.3-ABh &S -prpp 11 yny g ridni ik 1 cﬁ)dapsqnt}é-aﬁﬁne

i 2. ST hevay ook i) saddii s TERERATE L) BB Emgpiarosnt” "

di met hydraparsigre. W 28404 DR06S R RE2888/ OR/S3ridhk. After cooling the mixture is

partitioned between H,O and dichloromethane. The phases are separated and the aqueous layer is
extracted with dichloromethane (x2). The combined organic extracts are dried (MgSOy), filtered and
concentrated. The residue is purified by SiO; chromatography cluting with a gradient of 10%
EtOAc/petrol to 30% EtOAc/petrol to give 2-chloro-7-cyclopentyl-6-dicthoxymethyl-7H-
pyrrolo[2.3-d]pyrimidine, (5.68 g, 76%). MS(ESI) m/z 324.1 (M+H)"

.

To a stirred solution of 2-chloro-7-cyclopentyl-6-dicthoxymethyl-7H-pyrrolo[2,3-d [pyrimidine (6.29

Cl

g, 19.5 mmol) in 1,4-dioxane (68 mL) is added conc. HC1 (19 mL) at room temperature. The
reaction mixture is stirred for 30 minutes, then neutralized with 2N NaOH aqueous solution and

saturated NaHCOs3 aqueous solution. The mixture extracted into EtOAc (x3), combined organic



A HNNNN- Nrk' M ONO Fol Il owi ng General Procedure G

7-cycl opentyl-2-(5-piperazin-1-yl-pyridin-2-ylamno)-7Hpyrrol o[ 2,3-d] pyrim
di ne- 6- cavbaswli2as7aci d di net hyl ami de (100 ng, 0.230 mMolprTaPd009/060793
pyrrolidine-|carbonyl chloride (25 m33 0.690 mmol ) gave

7-cycl opentyl-2-1514-(pyrrolidine-1-carbonyl)-

pi perazi n-1-yl kpyri di n-2-ylam nol , - 7H pyrrol o[ 2, 3-d] pyri m di ne- 6-car boxylic
acid dinmethylam de (84 ng, 709 . MS(ES1l) in/z 532.3 (M+tH)+ Exanpl e 94

7-Cycl Qﬁﬁ&tts)/a}e dricd (:‘A’@%S({Lél f(lfé'r&?iﬂd%ﬂ@enilrat'eﬁ t@ﬁlb@@%]t)fﬂ@ REIAZENorb-7-Y ! ]
-pyridin-2-ylam no

rrol OPﬁﬂa yrim di ne- 6- carboxylic acid
di net hyyeapaieyl- 7%@91@1%@@&7@ GP@@@@ﬂQ@@?%b@.lmsqidl I Tove aﬁlgre@@uf@p@ﬂlon

Procedy

7 oyl Qb B2 Teyslopeny Tyl ey AN Y (R
di ne- 6-ndgrapaxyOi (¢2$.ﬁ31IU)1 iscidded Hyﬂlamﬁ% 61@0587@mn&)mﬁ@ommpeamdrepmhemadime 1-
(738{;58 P%éﬁ%?S%ﬂé%ﬁS %ﬁrﬁgpggqoﬁgggll i)é g}%@%%%yﬂh 2N NaOH aqueous solution and the

pi per azidridn flridavsd Ohdlr2 THE AR OR: cxirddte DS &kmem%xe@lam usm cQﬁrﬂﬁ‘ﬁe@ o@gernlihoxyl ic
aci d di et hyl am de@g83 ng, 64% . MS(ES1) en/z 546.3 (MtH)+ Exanpl @

7- Cycl eplesntsare dried Mgt pﬁitﬂr«rdn?éld@o@cearrbf@ﬁyﬂle tshigae isAtupfigd by Si02- pyr i d
in-2-yl, n@or%egﬂﬂ&y ut?%ge‘)\[éﬁh §g%hf%¥{ L#5o S ERGA 85 G ROX, IEF0 RE 3 Sl JTRE (¥ 3o de

Fol | owi’ ng
7-cycl opémh},oie 2-clyBlopinpds 7ar-pyerdle 2|, 3-plpy tichi dind26 ¢ hdbhind} o dHphite edlal, 23°B-yillgyr i m

di ne- 6- i met hyl am de (100 ng, 0.230 mmol) and
norpholl\gﬁggﬂc’??@%ﬁgﬂdgﬁgori de (38 ng, 0.690 mml) gave

7-cycl opentyl-2-1514- (nor phol i ne- 4- car bony1) -

pi perazin-1-yl kpyridin-2-ylam no -7H pyn-olo[ 2, 3-d] pyri m di ne- 6-carboxylic
acid dllr/rgE am de (80 ng, 62% . MS(ES1l) en/z 548 3 (MtH) + Exanpl e 30

(R -4- opentyl 6- di met hyl car banoyl- 7H pyrrolo [2 , 3
-d] pyri m Pn-2 amno) pyridin-3- yl]-2- rrethyl-plperazmeI-carboxyllc

acid tert- buty AN 0675PCT/ EP2009/ 060793 113 Fol | owi ng
Buchwal d Met hod B, |-ch| oro 7-/ et y1- 7H pyn-ol o 2
, 3-d] pyri mdinc-6-ca NG X1 c di met hyl am dc (200 ng, 0.200 nunol) and

(R) 2- met hyl pi per azi ne- 1Hcarboxy ic acid tert-butyl ester (200 ngy, 0.682
nunol ) gave (R)-446-(7-cycl opcnt -

di met hyl car banoyl- 7H pyrrol o[ 2, 3-d] pyri m di n- 2-yl am no) - pyri di n- 3-y11- 2- nmet
hyl - pi perazi ne-1- carboxylic acid tert-butyl ester (131 ng, 35%. MS(ESI)
nilz 549.5 (MtH)| Exanple 31

(S) - 44Buciwaldchopehiry i 6- di net hyl ear banoyl- 7H pyn-ol o[ 2, 3-d] pyri mi di n-2-yl a

M n0) - RYF A2a Tk o5 TSV <RIBS TS yrofids S OJij'r{n%d%%'6chr§JntlmPe”(t8¥' ester
0.324 mmol) in toluene (5.0 mL) is added sequentially Pd,(dba); (16 mg, 0.0162 mmol), 2-di-tert-
butylphosphino-2",4',6'-triisopropylbiphenyl (14 mg, 0.0324 mmol) and 4-(6-amino-pyridin-3-yl)-
piperazine-1-carboxylic acid terz-butyl ester (Example B) (99 mg, 0.357 mmol). The mixture is
degassed under a stream of N, before LIHMDS (1M in THF; 0.650 mL, 0.650 mmol) is added. The
reaction mixture is heated at 110 °C overnight. At room temperature the mixture is diluted with
EtOAc filtered and concentrated. The residue is purified by SiO; chromatography, eluting with
EtOAc gave 35 mg of material which is triturated with a 1:1 mixture of EtOAc/petrol providing 4-
[6-(6-cyano-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridin-3-yl]-piperazine-1 -
carboxylic acid tert-butyl ester (20 mg).



WO 2010/ 020675PCT/ EP2009/ 060793 114 , 3-d] pyri m di ne- 6- car boxylic acid

di met hyl am de (200 ng, 0.200 mmol) and (S)-2-nethyl pi perazi ne- 1-carboxylic
aci d ten-wotglo/ed7er (200 ng, 0.682 mmol) gave (S)-416- pCTmPedoopPEITHY 1- 6-

di et hyl car banoyl- 7H pyrrol o[ 2, 3-d] py¥i m di n- 2-yl am no) - pyri di n-3-y11- 2- net
hyl - pi perazi ne-1- carboxylic acid tert-butyl ester (157 ng, 42%.
MS5(ES1)m z 549.5 (M+H) + Exanple 16 7-Cycl opentyl-245 AR)-3-nethyl -p

i perazin-1 -yl)-pyridin-2-ylamino]-7Hp yrrol o [2,3-d]pyrim

di ne6- I f ure
R e T e o Do L Y sy e B Rl 2 TGRS

d] pyr i mydilin-2yN-pmeiaanie- pgarbakiyhic gcig 1e]rt-butmb¢smy I(2Q3mgbgaazz |cnele Iprczﬁ@zpmbaylh isc acid

tert b
LR e -——
| of 2, 3-adpiy.r Trituclition vﬁth&ﬁet’tbﬁl)eﬁier gavaCi- Cb/ciﬂpﬂﬁiyhy-l(ﬁ-@lpdfaz(rﬁﬁyhgyrl(ﬁ@-%ylarMﬁ()EST)

lz 449, 3 (M I\/R 40 8.03
? '| HZ sy H- szr(grbo ?%) %t}ml “Q‘éc*(fg@il%ﬁ (8. %mw"c&&wers% Stelﬁ)MSZE%g }39 3. 46
(3H d)(M@)i&e(tﬁd—dAﬁ) 3.14-3.05 (2H m, 2. 82 2.75 (1H n, 2 60- 2 55

(3 2.41 (1H, m, 2.10-2.04 (4H, 1. 94- 67E4H :
81 7 q/Hllﬁ\dBr{ﬂﬁ}OlMﬂz, WS(P(C"F))S’QNQLSM&J?W%&X Rylil X 1B, die8.01 (1H, d), 51(1H s)

t hyl - p| I i r I )
oyt arar: G0 K] PR O 001 b 0035 Ry PR U8 i 208
2010/020315HGEAHRQDDQ6OH&ZQB 115 Follomnng Ceneral Procedure D,

7-cycl opentyl- 2454(R) - 3- net hyl - pi perazi n-1-y1)-pyridi n-2-

yl am no] - 7H pyn- olo[ 2, 3-d] pyri m di ne- 6- car boxyl i ¢ acid di net hyl am de (43
ng, 0. @Rampw4) and 2-brono ethanol (13 ngy, 0.105 nmol) gave
7-cyclopentyl- 2-0- b;R) %6i2 hydroxy-ethyl)-3-nmethylpiperazin-1 -yll-pyri
di n - 27y¢yehepeptyl-21i4-dinethayllamipopigeridip) phy vl Wfldlfb‘?'}’ﬂ‘?émeo)c He%glol3.2 acid di m
et hyl MS(ES1) miz 493.3 (MrH) + Exanple 17

7- Cycl o@gﬁ%ﬁ%ﬁ§§5ﬁgﬂ?gﬁf@ met hyl - pi perazin- 1 -yl)-pyridin-

-ylam no] - 7Hpyrro lo [ 2, 3- d]pyrlnldlne6 carboxylic acid di nmethyl am de

Fol | ow ng CGeneral Praosed
(S)-446-(7- cycIopent?ﬁggigfhethylcarbanoyl 7H pyn-ol o[ 2, 3-

d] pyri m di n- 2-yl am no) y1] yl - |pera2|nc 1- carboxylic acid
tert-butyl ester (145 ng, O. 21 D g Ve
7-cycl opcntyl-2454(S) - 3- nnthy 3 .g yl) pyrldln 2-yl am no] - 7Hpyrrol o

[ 2, 3-d] pyri m di ne-6-carboxylic acid dlneth am de
2010/ 020675PCT/ EP2009/ 060793

By repeating procedures described in Example A, 4-dimethylaminopiperidine (2.60 g, 18.4 mmol)
to give dimethyl-[1-(6-nitro-pyridin-3-yl)-piperidin-4-yl]-amine, (3.90 g, 80%) (purification by
precipitation). MS(ESI) m/z 250.1 (M+H)"



116 (86 nmg, 72% . MS(ES1)m z 449.3 (MtH) Exanple 82 7-Cycl opentyl-2 -15
-[(S)-4-(2-hydroxy-ethyl)-3 -nethyl-piperazin-|-ylppyridin-2 -ylamno 1
- 711pyr r olvo[281020d7pyr i m di ne- 6- car boxyl i c aci d di met hyl aoird®200966d7b®W ng
General Procedure D, 55
7-cyclopentyl-2454(S) - 3- et hyl - pi perazin-1-yl)-pyridin-2-

yl am no] - 7H pyn-ol o[ 2, 3-d] pyri m di nc- 6- carboxylic acid di nethylam de (74
ng, 0.17 mmol) and 2- brono ethanol (23 ny, 0.18 mmol) gave
7-cyc|opﬁntyl-Z-15-[(S)-4-(2-hydroxy-ethyI)-3-nethy|pincrazin- I

-y1] - pyridi n-2-yl am nol- 7H pyrrol o[ 2, 3-d] pyri m di nc- 6- carboxylic acid

di met hyt'aniydc (34 ng, 42% . MS(ESI) mz 493.3 (M41)1 Exanple 72

7- Cycl opently1-r45 <(3 , 3-di net hyl - pi perazin-1-yl)-pyridin-2-ylamno]-7

H pyn-o lo [ 2, 3- yrim di nc6-carboxylic acid di nethylam de WO

2010/ 020675PCT/ E g60793 117 Fol |l om ng Buchwal d Met hod B,

2-chl oro-7-cycl opentyl-7H pyrrol o[ 2 , 3-d] pyri m di ne- 6-carboxylic acid

di met hyl am de (50 ng, 0.17 nmol) and 4-(6-am no-pyridi n- 3-

y1) -2, 2-di net hyl - pi perazi ne-|-carboxylic acid tert-butyl ester (58 ng, 0.15
mol )  dawepéating pyoctdungaisoribed Example B, didictigt-Hy(6-1pirpeyadinsB-yh)-piperipinr4-yl]-
di n-2-yl am -7 n- o[2,3,.-d ri.mi. di,.ne-6- carboxyli.c acjd

i et hYTR A90(e 65 R SR sgve el Bl e i T By s Sa B o
opent y b7245[m (B S-donet hyl -piperazin -1-yl)-pyri din -2-ylamno]-7H pyn-o
lo [2,3-d] pyrim dine6-carboxylic acid dinethylamde Follow ng CGeneral
Procedure A, 4-16-(7-Cycl opentyl-6-di nmethyl carba nmoyl-7H pyn-ol o

[2,3-d Lo dk Qs ' {1y G 5 - dhi : 1 -anL per azi
e 1 - o Db Rar PRGBS oLl 3L glogel fage Sl B oL &

7- cycl opdbnnyrile 225 g (B3 & dineBtahy B-(pidpeethylamirbpyptyidin-1-yl)-pyridin-2-ylamine (93 mg,

T U S SRR TR JAAS e
2010/ 020835PIUFREA0GHO6QZARN AR (THINMR% 4 0011 Mvihe (BVBRod®ith 91 ABxtGLHF S) ,

8.76 (111, s), 8.15 (1H, d), 7.98 (1H, s), 7.43, (111, d), 6.61 (1H s),
4. 76- AEfOAEPRIOlly - 3.50-3.48 (2H, ), 3.08-3.05 (3H, nm), 2.89-2.86 (211,

1), 2\PQEGRA 49) 2 (A48 ndibd R M, 2.14-2.05 (2H ), 2.00-190 (2H
m, 1.?0-1. 0 (1H, m. anple 4 7-Cycl opentyl-245 -(3-o0x0 -piperazi n-1
-y 1) - pyHiNMIR (AOGMHIza VIS31)7 66y Hi o). 60 G FRsXR#91( Hi d)ck AR 6. ) ol oKy Bl ¢
aci d dingt vl 8 867 (11 quinter), 3.74-3.62 (2H, m), 2.75-2.63 (2H, m), 2.30-2.08 (11H, m), 2.08-

1.92 (2H, m), 1.92-1.81 (2H, m), 1.81-1.66 (2H, m), 1.59-1.44 (2H, m).

Example 2
rac-7-Cyclopentyl-2-[5-(3-methyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-

6-carbonitrile



Fol | owi ng Buchwal d Met hod B, 2-chloro-7-cyclopcntyl-7H pyn-ol o[ 2

, 3-d] pyri m di ne- 6-earboxylie acid dinethylamde (100 ng, 0.34 mmvol) and

4- (6- am nwopyro/doers3- y1) - pi perazin-2-one (111 ng, O0.57@&cmmErRjoganres

7-cycl opentyl-2-[ 5-( 3- ox0- pi perazi n-1s6y1) - pyri di n2-ylam no] - 7H pyrrol of 2, 3-
d] pyri m di ne- 6-earboxylie acid dinethylamde (35 ng, 35%. MS(EST) tn/z
449. 2 (MtH)|I Exanple 39 7-Cyclopcntyl-2 -[5 -((S)-3-hydroxy-pyrro
lidin-1-yl)-pyridin-2-ylamno]-7 Hpyn-olo [2,3- d]pyrimdinc-6-carboxylic
aci d di hypam de WD 2010/ 020675PCT/ EP2009/ 060793 119 Fol | owi ng Buchwal d
Met hod '%‘Y\Z/U\hl oro-7-cycl opentyl-7H-pyrrol o[ 2 , 3-d] pyri m di ne- 6-car boxylic
acid di oy alm/aé| (101 ng, 0.35 nmol) and
N-{(E)-2-[(S)-8-(inerthutyl-dinethyl-silanyloxy)-pyrrolidin-1-ylpvinyl.1l-acr
yl am di ne (153 , 52 mol ), foll owed by deprotection with TBAF to give
7-cycl opent y1- 2154( roxy-pyrrolidin-1-yl)-pyridin-2-

yl am no] - 7H pyrr ol of 2N3- %yri m di ne- 6- car boxylic acid dinethylam de (98
ng, 65% . MS(ES1l) nilz 436.3 (MrH Exanpl e 32 7-Cycl opentyl-245

- (3- hydroxy-azetidin-I-yl)-pyridin-2-ylamno]-7H pyrrolo [2, 3-d]

pyri m dynepdating probeduyts desaihied iIdEmhblﬁlAarﬁ-ldethyIGﬂ)ﬂper\iﬁle 1-carboxylic acid tert-butyl
2010/ 02067 PCT/ EP2009/ 060793 120 To a sol ytion of

5- br onGst -o%pgr. diheD gy esamghy h4g§nw>5fldlla RIS -APaF Gl ietfe
(0.46 %ut eskdr (00 QldwaRsS X, AT déldﬁ'n Wit 88 g, 0.278 mmol) in
6 nL of Ly;IE/BO |(s ad g?zg)oqfasmﬁ%jn car bonatdggﬁ h?, . 7.68 muol) The resulting

m xt ur M¢QHHechtasemetbargd CVISOESB iz 3BdMEd) i nt o et hyl acetateNaHCO sol uti on.
Extracted with ethyl acetate (2x250 nL). The organic layer is ished with
brine and dried over Na2SO4. Concentrated to give

1-(6-nitro-p9ridin-3-yl)-azetidin-3-ol (153 ng, 29% . MS(ES1l) en/z240.1

( M+H) DJY ol on of 1-(6-nitro-pyridin-3-yl)-azetidin-3-ol (154 nyg,
0.779 nmmol P i nN L2Lt\mL of DWF is added EbN (0.2 ni, 0.15 nmol), TBDMSCl (117
ng, 0.776 mmu gsulting mxture is stirred at roomtenperature for 2
h. Poured into EtOAgf NaHCO2. the aqueous layer is extracted with ethyl
acetate (2x50 ni). RC ined organic |layers are ished with brine, dried

over Na2SO4. WD 2010/ 020675PCT/ EP2009/ 060793 121 Concentrated to give
5-[3-(tert-butyl-dinmethyl-silanyloxy)-azetidin- 1 -yl1]-2-nitro-pyridine

(175 n%,y rzgeoatlng procedures described in Example B, 2-methyl-4-(6-nitro-pyridin-3-yl)-piperazine- 1 -
carboxylic acid fert-butyl ester (600 mg, 1.52 mmol) is hydrogenated over Pd-C on an H-cube
(Thales) (instead of under an atmosphere of hydrogen) to give 4-(6-amino-pyridin-3-yl)-2-methyl-
piperazine-1-carboxylic acid zert-butyl ester (544 mg, 98%). MS(ESI) m/z 293 (M+H)"

1,
0

Using Buchwald Procedure A, 2-chloro-7-cyclopentyl-7H-pyrrolo[2,3-d ]pyrimidine-6-carbonitrile
(95 mg, 0.385 mmol) and 4-(6-amino-pyridin-3-yl)-2-methyl-piperazine-1-carboxylic acid terz-butyl
ester (124 mg, 0.424 mmol) gave 4-[6-(6-cyano-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidin-2-



NH2 To a suspensi on of
5[3-(tert-butyl-dinethyl-silanyl oxy)-azetidin-l-yl]-2-nitro-pyridine (124
ng, 0.40Iwormioy20évs5 nL of et hanol is added iron powder pCZO®2009/06968 Mol )
then 2 nL of NHACLl solution. The resuli7ing mxture is heated at 80 Cfor 3 h
and filtered through celite and concentrated. The resulting dark solid is
divided between ethyl acetate and water. The aqueous phase is extracted
with ethyl acetate (2x50 nL). The conbine organic |ayers are ished with
brine, N I
o 13 (R Dy Ay HG gy cxer (136 mg) (flowing
(105 n§iOodymatpgiaplyingngn Byl o wge[(}{ﬂdlcgloromethane and subsequent trlturatlon with
2- chl or?)et lg%%% %n%}er H‘%@Hcﬂ %glglﬂ% ﬁ%}g J[’el m di ne- 6- car boxylic acid
di et hyla B Rt glep
(E)-2- [(S) 3- (tertbutyl di met hyl - si | anyl oxy) -pyrrolidin-1-yl pvinyll-acrylam
i di ne foll oned by &protection th 2 oL of TBAFE to
gi ve 7@ @%@ﬁ%&l’fose%eés‘*r{w? G327 EYI AL 7Hy@5ﬂ°b§?"? Sefll wrzfmdm -2-ylamino)-
yl am n%m&h@%g 20hQh. éiilzﬁ’]yer 1%@bmrc@cm@h%m 'e@tetag:alvg 7%@1@5&1&&1@15% (18

1) rﬂz 4 H) + Exanpl e [(2
- et hyl )merﬁlﬁtlwemém hdlanwldm %yﬁrmw atH- nmolvpe%fé]pwp@ardlgeﬁ 'PPvT—prfrﬂél(Q)l ng, ¥%

d] pyri | f

Solh; 038 EaEaR) ERIRESY plifeash %gbgg‘%’wmhﬂgﬁfn?f&‘%hﬁ Ho SRR 0 Met hod
B, 2-cMaddichtyahaparet yiid sabsqoyent aditofa2ion 3vth]digthylrettei)n MS(E(S&)%@WB 2amvadl)d
di met hyl a g (200 ng, O 68 nunol) and {2-[(6-am no-pyridin- 3-

y1)-ma¥ tﬁ? %l)no] ethyl -carbarnic acid tert-butyl ester (200 ng, 0.75
nmol ), lﬂNN/IRV(@Gb fomzdgmsm%t 1®00 (nSH RY mgeatsz’mcg@mmes 1A1HOmYi 9 E7-8.05

2-{5-[(2-am no-et hy amnoﬁp di n- 2- ms
-7- cycl(%ﬁ])efﬁl Qﬁlﬂ-ﬁp@f)s 766 6{% s3-d L. artigichle3 @51:366r7t(8k1y G- Ht$ 46 fiHerhy28ni de

(100 I (2
Uy oty e S MER 7T PR PN SREIIRA, AR ey PR R

d] pyri r(riIdl;m)e-162-9c(aHb«b)xyl | c acid d| met hyl am de HO Fol | owi ng Buchwal d Met hod
B, 2-chloro-7-cyclopentyl-7H pyn-olo [2 ,3-d] pyri m di ne-6-carboxylic acid
di met hyl am de (25 ng, 0.85 nmol) and [2-(ten-butyl dinethyl

si | anylEsmpi€tdey| ket hyl am ne (27 nyg, 0 094 mmol ), followed by
deprotection usi 6 Int of TBAF in int of THF to give

7oyl Grexaopennl P45 2 Skdirarnyy BRI 2 myP - GHINORINE S i mmiding

2010/ 0%%@33?@/ EP2009/ 060793 123

yl am no}-7H pyrrol of 2, 3-d] pyr| m di ne- 6- car boxylic acid dinethylam de (18
ng, 72% . MS(ES1l) mz 424.2 (M+HH) +

H

o



1HNVR (400 MHz, CDCH. 8.78 (IH s), 8.59-8.41 (2H, m, 8.23 (1H, d), 7.65
(1H, dd), 6.47 (IH s), 4.88-4.72 (1H, in), 4.55-4.42 (1H, m, 3.84-3.42
(4H, m), WoLdiw@dhk7ss), 3.02 (2H, t), 2.68-2.53 (2H, in) pc2mEPZoopAbi7osl), 1.73
(2H, d). Example 3 7-Cycl opentyl-245 s8( pi peridin-4-ylc arbanoyl)-pyridin-2
-ylam no]-7Hpyrrolo [2,3-d] pyri mdine -6- carboxylic acid dinmethylamde N
Fol | ow ng Buchwal d Met hod B, 2-chl oro-7-cyclopentyl-7H pyn-olo [2

, 3-d] pyri m di ne-6-carboxylic acid di methylamde (25 ng, 0 85 nunol) and

4-[ (6- 270 00BYE Al Ber 3 PPN
R e o e L E
of TBAFL.D$ g25.4@ mofol)TRCH:6NY20 enlY gaipc-Gputvo pyri@din 53y il példiadieppng-1-carboxylic

Yrd aemR bR s g HeP YISk MR S G e e e 89 €
7- Cycl omsvH MichPoAGm éthmtehy MSOE $Ig rri/323- @4y car banoyl) - pyri di n- 2-yl am no] - 7Hp

yrrolo [2 ,3 - d] pyri mdine-6-carboxylic acid dinethylamde WO
2010/ 020675PCT/ EP2009/ 060793 124 Fol | owi ng Buchwal d Met hod B,

2-chl oro-7-cyclopentyl- 7H pyn-olo[ 2 , 3-d] pyri m di ne- 6-car boxylic acid
di et hyL.a]@ deo(170 my, 0.58 nmol) and 4-[ (6-ani no- pyri di ne- 3-
car bonyl)/- hyl - am nokpi peri di ne-1-carboxylic acid tert-butyl ester (292

ng, 0.87 nmmol N,—fol | oned by &protection using General Procedure A to give
7-cycl opent yX- 245} (et hyl - pi peri di n4-yl - car banoy1l) - pyri di n- 2-yl am no] - 7H py
rrol o[ 2, 3-d] pyLi iLng- 6- carboxylic acid dinmethylam de (46 ng, 16% .

MS(ESf) mz 491.3 w Exanpl e 49 7-Cycl opentyl-245 -(piperazine-1
-carbonyl)-pyri di mZ=y\j@mino]-7Hp yrrolo [2,3-d] pyrim dine-6-
carboxylic acid dinmethylamide Follow ng Buchwal d Met hod B,

2-chl oro-7-cycl opentyl-7Hpyrrolo [2 , 3-d] pyri m di ne-6-carboxylic acid

di net hyl am de (205 ng, 0.7 m*rpl%: and 4-(6-am no-p(%/.ri di ne- 3-

car bonémre@ﬁaﬁég aeocedirgs depgrhsd v Example 8. theptuitserpyiidiesrd - -Adwzengne-d- 8 mmol ) ,

fol l owgrbp)\gncvagd%%%gggggfgggg é‘rg??.g?g{n?(ﬁpig%ﬁdl%%ém%p&v%f ﬁ&_@' Usi.pg General

Procedure to glve pl perazine-1-carbonyl) -
pyri di iF2gs) Gnstom] of Tidd@yemraghofpBer8-of hpdrogan) th gige 6-(G-amiexyyridin-agild

di met hy| a de (13 Mo dheia MRLERT e (#0383 ok AR EsHsamb ey
%JZ;

@
T =

O

Following Buchwald Procedure A, 2-chloro-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-
carbonitrile (95 mg, 0.385 mmol) and 4-(6-amino-pyridin-3-yl)-[1,4]diazepane-1-carboxylic acid
tert-butyl ester (124 mg, 0.424 mmol) gave 4-[6-(6-cyano-7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)-pyridin-3-yl]-[ | ,4]diazepane-1-carboxylic acid rert-butyl ester (96 mg)
[following Si0O; chromatography, eluting with a 1-3% MeOH/dichloromethane and subsequent

trituration with a dicthyl ether]. The material is used directly in the next step.



7- Cycl opentyl- 2- {544- ( 2- hydr oxy- et hyl ) - pi perazi ne-1-c arbonyl | -pyri
din-2-ylam no } -7Hpyn-ol o[ 2, 3-d] pyri m di ne-6-carboxylic acid dinethylam de
OH Fol | owogoféanes7al Procedure D, PCT/EP2009/060793

7-cycl opent y1- 245- ( pi per azi ne- 1- car bawy1l) - pyri di n- 2-yl am no] -

7H- pyn-ol o[ 2, 3-d] pyri m di ne-6-carboxylic acid di nethylam de (200 nL, O0.43
nmml ) and 2-brono ethanol (37 ng, 0.52 nmmol) to give

7-cycl opentyl- 2- 1544-( 2- hydr oxy- ethyl) pi perazi ne- 1-

car bon 7 [ i Mi.Lc acid
e o e B SRl B e e Sy

6-(7- qﬂﬂnup@)myylﬂnﬁliﬁri déﬂﬂ@lh@ami@ahggrbowhc@yndﬂmtbp@l gstet|goye VeydonenpdPH@m

) P8 o R SO TS EOLERORY AR R gy

7H pyn-oobid] s&‘eps ﬂ)]lllbWﬁﬁgnpuﬂlfﬂeﬁcﬁthWNHQ ecom@indcldiingtvitg hani éenr? o, 6. 83

nmol ) and noni cotini c Cld met hyl . ester Fol | owed
by treéilff%ﬁl/tdlqﬂqrwn{ 9 oy %ﬂﬂuﬁﬁﬁqltyraﬂﬁn@? fftﬁwlﬁhe%HrMﬁféD&?é& 2 M)

6- (7- cygl@pgnyyl- 6- dlnethylcarbannyl 7H pyrrol o[ 2, 3-d] pyri m di n- 2- ylanlno)
nicotinic acid (1.2 559 NB%EST mz 395.3 NH le 50 7-Cy
opentyiHN‘ﬂR-(ém WiFre DS O-slmi 9 Ab (LTpi pesd Hi2Hh o), 7 19 =78 2H@ﬁ92:§)7179r5ﬂ (%ﬁlnm)z

-yl am 3ol { &’&‘QteBb 95 {41, 9), 3 B R N3 N8 281 ARTDOXBE 130 AS KA 175 iy gyn de

To a solut

6-(7- cﬂdﬁdpéhe&ﬂnﬁ il 3t By HHamh a3y L6 7 2y ol of 2, 3-d] pyri m di n- 2-yl am no) -
nicotinic acid (100 ng, 0.25 mvol) (Exanple D) in 3 nL of DM is added

di et hyl - pi peri din-4-ylamne (33 ng, 0.25 mmol), HBTU (140 ng, 0.38 mmol),
and DlRRAn{ple 38 nL, 0.51 nmol). After 48 h stirring at room tenperature,
the resulting mxture is concentrated and diluted with saturated NaHCO3 and

ext r act/dey dprentyeR Hyhydiosymeyl mxidipd-yinyino)fHépyaale] hedvvgandise dabogitilsd

over Na2 d concgntrated to give a reddish residue. Preparative HPLC to
gi ve 7+&yclgpent y1N geth yl am no- pi peri dine-1 -carbonyl)-pyri
din-2-ylam i 7 02, 3-d]pyrim dine-6- carboxylic acid

di net hyl ani déV (6@ gy MB(ES1) in/z 505.5 (M+H) + NVR (400 MHz,
DVBO- d6) : 9. 97 (1H 5 (1H, s), 8.34 (1H, d), 7.83 (1H, d), 6.65 (1H,
s), 4.80-4.72 (IH, m), -4.00 (1H, s), 3.06 (6H, s), 2.48-2.40 (2H, m),

2.39-2.30 (2H, m, 2 18(6H s), 2.05-1.95 (5H, m), 1.82-1.70 (2h, ),

1. 69- 12%@V§é (2H, m, 1.19-1.16 (2h, m. WO
2010/ 0 CT/ P2009/ ﬁO? 3\ —=Kkxanpl e 87 7-Cycl opentyl-245 -(4-hydro
Xy- pi peri di ne- 1~¢% \7-pyridin-2-ylamno]-7Hpyrro lo [2 ,3 -

di pyri m di ne-6-carboxylic aciy)d_di nethylam de To a sol ution of
647-cycl opent y1- 6-di net hyl caf banoyl- 7H pyn- ol o[ 2, 3-d] pyri m di n- 2-yl am no) -
nicotinic acid nmethyl ester 00 ng, 0.49 mmol) and piperidin-4-ol (500 ng,
4.9 mmol) in 5 nL of CH2C12 is added dropw se a solution of iPrMgCl (2. 45
m, 4.9 mol) at 0C and allowto warmup to roon1tenperature over ni ght .

Af ter H8115irdRAWAROPIRE LAWY BIoBnid - Ao ahiii e o

anot her 5 The reaction mxture i s quenched d NRICl and

extrac W@on\mlh (¥ mal G ormmebrad é3$ele®tﬁ&t<}1mefhbfbslwmbkm@efbykj@mrldmr%h@@nw th
NaCl a r d: Fol A 0 _aphy,
el ut i b i PGP E DR S NE 7 C SEDRE S s P Bl BRI S
Xy- pi p@ytldldﬁnyﬂaﬂnmoc}-dng@l@pél)tylHXH-lpydolb{Z% yl];@zmmdhnﬂb-cﬁfﬂohﬂﬂl-e([foll@wﬁﬂg SiOz
dlpyrl i ne ar box d | am de 19 MS( EST),. ni
478. 3 Pi)a?og@ééﬁfﬁﬁ]émﬁ t%‘ % é%fé% qraiget @’f@rﬁ}’l )Su Q?WF{?M@“%‘?’ B4 15%
1- pyrleﬂkﬂ 2- ylan1|no } -7-cycl opentyl-7H pyn-ol o [2, 3-
di pyri m di'ne-6-carboxylic acid di methyl am de
To a stirred solution of 2-[5-(tert-butyl-dimethyl-silanyloxymethyl)-pyridin-2-ylamino]-7-
cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-carbonitrile in THF (2.0 mL) is added HF *pyridine
(0.080 mL) at 0 °C. The reaction mixture stirred at room temperature for 16h before it is diluted



WO 2010/ 020675PCT/ EP2009/ 060793 128 A sol ution of

6- (7-cycl opentyl-6-di met hyl car banoyl- 7H pyn-ol o[ 2, 3-d] pyri m di n-2-yl am no) -
ni cot i ni cweabth/244¥® ngy, 0.25 nmol) in DVF is added (2- nmeCEpacioneo793
ethyl)-carbam c acid ten-butyl ester 53 ng, 0.25 mml), HBTU (140 ny, 0.38
mmol ), and DI PEA (0.088 nL, 0 51 nmol) After 48 h stirring at room
tenperature, the resulting mxture is concentrated and diluted with
saturated NaHCO solution and extracted with ethyl acetate (3x 100 nlL) The
conbi n %w@ir&l%ﬂ h&Sar@ligh A iR aEd NaRCOL sé"iﬂﬁlorp ‘HHG@ Q\MQ%E kit Qe PAn¥i& ofcdnBid@iish
resi due. Foll owed by deprotection using General Procedure Ato give 2-

{ 5- [ ( 2 Taitraderew iy flicthybethed gagar @adomn}ylrﬂy@rlmdno@n;eﬂafwmm 27ylepolopfibint y 1-

1 Dyl ol aih P AL 0RGRLSAT BOKH 16, a8l 1o LPRLIN ARsfite A0 770

i met hy (s 0Bt BAR- t et rahydro -2H[ 1, 31

di et VB 00 N ook Y 3P e dobul o 35 58 REF v Ko b

Met hod (By, sﬁ £ 9@1)75 QMQiI@RﬁﬁHté’ti'ﬂ@L(IQW HPbeZZ o dipy)i m oli pe(BH cay hpsy! i c
acid dlnet | am de (

N- 4, N-AfHK thy1- 3, 4, 5, 6- tetrahydro 2H[1 3 Thi pyri dinyl-4, 6' -di anmine (113

ng, 0.51 nmol) to glve

7-cycl opentyl- 2- (4-di net hyl am no3, 4, 5, 6-t et rahydro- 2H11, 31bi pyri di nyl-6' -yl
anino){%ﬁnqu¢9olo[2 3-d] pyri m di ne-6-carboxylic acid dinethylanide (80 ny,

50% . 1 n/ NMR (400 . )

8. 74 (¥5F‘(5E|§5& Ghpge M\ a%razﬁ)l@éﬂmw -é)ﬁaf%l?”a@ (C%BP%W Bl B?é“?( ‘:"le(%l’J_'s)

a. 80'4d§§/rﬁrﬂlh‘ine@oar&x§ﬁc {dinihyl@nil® (6H, s), 2.70-2.60 (2h, m, 2.40-2.30
(2H, m, 2.20 (61-1, s), 2.00-2.80 (4H, m, 1.85-1.75(211, m,
1.70-1.60(211, m, 1.65-1.45 (2H, m. Exanple 20 7- Cycl opentyl-2-(4 -h

ydr oxy- 3, 4, 5 ,6-tetrah ydro -2 H41 , 3t] bi pyridinyl-6'-ylam no)-7H pyn-o |o

[ 2, 3- pyglnldlne 6- car boxylic aci d di met hyl am de CH Fol | owi ng Buchwal d
Met hod \t- or o- 7-cycl opentyl- 7H pyn- ol o[ 2, 3-d] pyri m di ne- 6-car boxylic
aci d di de (290 ngy, 0.939 mml) and

4- (tert/ﬁu yI met hyl - si | anyl oxy) - 3, 4, 5, 6-
tetrahy 2H11 31b|pyr|d|ny1 6'-ylamne (336 ng, 1.09 nmol) Foll owed by
deprote tiom u5|ng 7 mL of TBAF in 28 nL of THF to give

7-cyclo yl- - hylanlno 3,4,5,6-tetrahydro-2H [1
, 31bi pyri di Nanl 7H pyrrol o[ 2, 3-d] pyri m di ne- 6-carboxylic acid
dlnethylanlde 1@6 ES1) nilz 450.3 (MtH) - WO

2010/020675PCT/EP2009/060793 131) Exanple 35 7-Cycl opentyl-244
-(2-hydroxy-ethyl)-3 ,4 ,5 ,6 -tetrahydro -2 H41, 31 bipyrid

inyl-6' i nol-{Hpyn-@] o[ 2, 3-d] pyri m di ne- 6-carboxylic acid dinmethyl am de

By repeating procedures described in Example A, (except heating at 130 °C for 1 h in a CEM
Discovery microwave, rather than heating at reflux) 3-piperazin-1-yl-propionitrile (510 mg, 3.63
mmol) gave 3-[4-(6-nitro-pyridin-3-yl)-piperazin-1-yl]-propionitrile as a white crystalline solid
(212mg, 25%) [following SiO; chromatography, eluting with 0-10% methanol/dichlomethane and
subsequent recrystallization form ethyl acetate/petroleum ecther (212mg, 25%). MS(ESI) m/z 262.1
(M+H)"



Fol | owi ng Buchwal d Met hod B,

2-chl oro-7-cyclopentyl-7H pyn-olo[ 2, 3-d] pyri m di ne- 6-carboxylic acid

di net hyl anode1o(ck0sng, 0.34 mmol ) and PCT/EP2009/060793
2-(6'-am no-3,4,5,6-tetrahydro-2H[1,8Thi pyri di nyl-4- yl)-ethanol (90 ng, O
38 nmol) to give

7-cycl opentyl-2-14-(2-hydroxy-ethyl)-3,4,5, 6-tetrahydro-2H 1

, 31bi pyri di ny1 6' -yl am no] 7H pyrrol o[ 2, 3-d] pyri m di ne-6-carboxylic acid

di met hy= rrg MS(EST) in/z 478.3 (MrH)| Exanple 52
7- Cycl opent \L-¢- A, 3\ H5 6' - hexahydro- 13, 41bi pyri di nyl- 6-yl am no) - 7H
- pyt Tol o[ 2, 3- o\]_py’rl e-6-carboxylic acid dinmethylam de WO

2010/ 020675PCT/ EP2009/ 060793 131 Fol | owi ng Buchwal d Met hod B,
2-chl oro-7-cycl opentyl- 7H pyrrol o[ 2, 3-d] pyri m di ne- 6- car boxylic acid
d th n HIIEFE nitro- I’l m 1 razm -
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pyn- ol @y2H3- d] pyri mi di ne- 6- carboxylic acid dinethylanide (212 ng, 48%.
MS(EST) mz 434.3 (MtH) 114 NMR (400 MHz, DMSO-d6): 9.54 (111, s), 8.80
(1H, s), 8.29 (111, d), 8.17 (1H, s), 7.62 (111 d), 6.63 (1H, s), 4.83
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concentrated. Diluted with 100 H20 and basified t 112 Wi th 50%
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and co t

7-cycl pe’ﬁﬂi?ﬁ%ﬁ(‘éf@. é\cl)rg'r opyl-1',2',3",41,51, 61- hexahydro-[ 3, 4] bi pyri di ny1-
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yI am n%‘ roI o[ 2, 3-d] pyri m di ne- 6- carboxylic acid dinethyl am de (65
ny, "Wé‘{) 1) mz 476.3 (MH) + Exanpl e 100
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bi pyri di nyl-6 yI am no] - 7Hpyn- ol o ] pyri mdine-6-carboxylic acid

di met hyllanyding-orqpoxyhe gaig dignet IPéPI owi ng General Procedure D,

7-cycl opentyl-2-(11, 21, 31, 4,5, 6' - hexahydr o-[ 3, 4] bi pyri di ny1- 6-

-YI%}-pyn ol o[ 2, 3- d] pyri m di ne- 6- car boxylic acid di nethylam de (63

nd 2- brono ethanol (90 ng, 0 72 nmml) to give
y 1' 42- hydroxy-ethyl)-1',2',3 ,4",5" ,6'-
hexahyd 01 T4 pyri di nyl-6-yl am no] - 7H pyrrol o[ 2, 3-d] pyri m di ne- 6- car boxyl

ic acid thyl am de (37 nmg, 53% . MS(ESI)tti/z 478.3 (MtH) Exanple 45 446
-(7-Cyc opﬁmtyl 6- di met hyl ear bamoy1- 7H pyrrolo [2,3 -d] pyri mdin-2-ylamno
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133 Foll ow ng General Procedure D, 2-chloro-7-cycl opentyl-7H pyrrolo[2

, 3-d] pyri m di ne-6-carboxylic acid dinethylamde (200 ng, 0 68 nunol) and
4- (6- am nwopytl/wesn- 3- y1)-pi perazi ne-|-carboxylic aci g¢ctrarkeddotyrbs est er
(210 ng, 0.75 nmmol) to give 446-(7-cyel opentyl-6- di m
et hyl car banmoyl- 7H-pyrrol o [2,3-d]pyrim din -2-ylamn o)-p yridazin
-3-yll-piperazine-1 -c arbox yl i ¢ acid tert-butyl ester (150 ng, 469%.
MS(ESI) nilz 536.3 (MtH) Exanple 67 7-Cycl opentyl-2-(6-pi peraz
n-1 -yl spe)p Q8 Prodedthr@tclibed th B¥Anfle A @xds Lpaxlfn%m Hove-Br CALPEYEM C acid
di net hyl'am de = WO 2010/ 020675PCT/ EP2009/ 060793 134

, 3-d] pjmwwd’lyrmelm@mw tether than kpetinlg afireuty | -6h3.ddriflugocthy))pip2&immldl ggave

7- cycl REALY, . . . 0
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c acid ﬁblllﬁ@tﬂg}ﬁu&lﬁbd&)n( S’i@g clﬂ%latokﬁﬂaEﬁ'Elutmg|vﬁt}ﬁ(360%MeM{b‘ﬂlithlbfanﬂRné]400 VHz,

DIVBOde}%[’S % %%ﬁ % .76 (1H, s) 8.20 (1H, d), 7.39 (1H, d), 6.60 (1H,
EpD eyl (Mgt 67 (1H, ), 3.52 (4H, s), 3.05 (6H, s), 2.94 (4H,

s) 2.42-2.26 (2H, m, 1.97-1.88 (4H, m, 1.62-1.56 (2H, nm). Exanple 70

7-Cycl opentyl 2-[6 - (4 i sopropyl -piperazin-1 -yl)-pyri dazin -3

-yl am M} 7I—V_y\n o/ \[2 3 d] pyri m di ne-6-carboxylic acid dinmethylam de N

To a suspen 1 onNo

7-cycl opentyI=2- (11721, 31 41 51, 61- hexahydr o-[ 3, 41bi pyri di nyl-6-yl anm no) - 7H

pyrrol o[ 2, 3-d] pyr| m di ne- 6- carboxylic acid dinmethylamdc (100 ng, 023

nunol) in dichl oronet hane/ acetone is added NaBH( OAc); (488 23 mmol )

fol | owdy rblyeaanglp@pgdms dgbestbicdin Beample By 6intro-nytidin-3-dihdt(@ 3r-rk u@@nqﬂlﬁéi ed and
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concent(Isney 8#% ) gihwd is used in the next step without further purification. MS(ESI) m/z 261.1

7-cycl (2 y1-216- (4-isopropyl -pi perazi n-1-y1)-pyridazi n-3-yl am no] - 7Hpyrro
| of 2, 3-@[]e rimdine-6-carboxylic acid dinethylamde (77 ng, 70% . MS(ES1)
nilz 478.3 (MtH) WD 2010/ 020675PCT/ EP2009/ 060793 135 Exanpl e 37

7-Cycl opentyl-2- ,16-[4-(2 -hydroxy-ethyl)-piperazin-1-yl]-pyrid

azi n- 3BpchnpldgMethad B/ r r ol 0 [ 2, 3- d] pyri m di ne- 6- car boxyl i ¢ aci d

di met h I
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pyri daumn@oyﬁzamnmﬂmalr&n@yé (303101 Yis de @k )drahtrheatétﬁroaogar @AW ih @ @GN Biscover
di met hylam de (14 ng,. 13% . NMS(EST) mz 480.3
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dichloromethane. The combined organics are ished with brine, dried (MgSOQs,), filtered and
concentrated. The crude product is purified using silica gel chromatography (0 to 10%
methanol/dichloromethane) to give 7-cyclopentyl-2-{5-[4-(2,2 2-trifluoro-cthyl)-piperazin-1-yl]-
pyridin-2-ylamino} -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide, which is
purified further by trituration with acetonitrile (115mg, 55%). MS(ESI) m/z 517.2 (M+H)" (method
A).
'H NMR (400 MHz, Me-d3-OD): 8.72 (1H, s), 8.24 (1H, d), 7.98 (1H, d), 7.50 (1H, dd), 6.62 (1H,
s),4.81-4.72 (1H, m), 3.27-3.09 (12H, m), 2.89 (4H, t), 2.61-2.49 (2H, m), 2.16-2.01 (4H, m), 1.81-
1.69 (2H, m).



NNN ".".NN W 2010/ 020675PCT/ EP2009/ 060793 136 Fol | owi ng Buchwal d

Met hod B, 2-chloro-7-cycl opentyl-7H pyrrol o[ 2, 3-d] pyri m di ne-6-carboxylic
aci d di mrewbybam2des(100 ng, 0.342 mmol) and PCT/EP2009/060793

5'-am no- 2, 3,5, 6-tetrahydro-[1, 21] bi psgr azi nyl -4- carboxylic acid tert-butyl
ester (114 ng, 0.408 nmmol), followed by deprotection using Ceneral
Procedure A to give

7-cycl opentyl-2-(3,4,5, 6-tetrahydro-2H11, 21bi pyrazi nyl-5' -yl am no) - 7Hpyr r ol
o[ 2, 3- gl\Aypid% di ne- 6-carboxylic acid dimethylamde (82 ngy, 45%. MS(ES1)
in/fz 436.3 (MtH) Exanple 15

7- Cycl dpeyrlapentyt3-(§-31 . Aldikzopan- ey hgyridis24/18nigo)- el matrg i b3 2Hpgriatyicpgr azi nyl - 5
"-ylam - 7Hp - d] pyri m di ne- 6-carboxylic acid di nethylam de 0 HN
N N NCFr%é)fJIH %@@J&ﬂhgbﬁﬁﬁ%&@ner al Procedure D,

7-cycl opentyl-2-(3,4,5, 6-tetrahydro-2H[1, 21bi pyrazi nylSyl am no) - 7H pyn-ol o
[ 2, 3-d] pyri m di ne-6-carboxylic acid dinethylam de (50 ng, 0.114 mmol) and
2-bromp_et hanol (25 ng, 020 nmol) to give

ty1- 244- (2- hydroxy- et hyl ) -3, 4, 5, 6-

t et rahydrlo- 2 21bi pyrazinyl -5' -yl am no] - 7H pyrrol o[ 2, 3-d] pyri m di ne- 6-car
boxyl i efachd nmet hyl am de (30 ng, 54% . MS(ESI) tri/z 480.6 (MtH)- NVR
(400 \CDCL3): 9.19 (1H, s), 8.61 (1H, s), 7.76 (1H s), 7.48 (1H s),
7.19 (1 , 6.36 (1H, s), 4.80-4.68 (1H, m, 3.66-3.57 (2h, s), 3.54 (6H,
s), 2.63TFG3H, m(zh, s), 2.56-2.40 (2H, m, 2.03-1.93 (3h, m,
1.68-1.56 N WO,R2010/ 020675PCT/ EP2009/ 060793 137 Exanpl e 40

7- (4- Hydr oxy- ¥-Tret thycI ohexyl ) -2-(pyridin-2-ylam no)-7H pyrrol o[ 2, 3-d] py
rimdine-6- carboxylic acid dinethylamide O HNNN OH To a solution of

7- (4- oxo-cycl ohexyl ) -2-(pyridin-2-ylam no)-7H pyrrol o[ 2, 3-d] pyri m di ne-6-
car boxysing Byadhevatll Redchgiuam PecHl @o-heycldpe§b 7idapyryolo (2,3 dPpyrisnidideléetapdxghiops

of MeMyl., After. reactj i onpl.et ed, ed 25 nl.. af er, the mL of
et sm e AEas L P b B E 4R R SerP Bt E e 0gh k) "
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7- (4- hydroxy- 4- m%th | - cycl ohexyl)-2-(pyridin-2-ylam no)-7H pyripl o[ 2, 3-
d] pyri ®6teN @E0g. FRedXiawieg BeifFatpiy g@éﬁf(ﬂ@%@%,ehﬁwww%éme 7n395. 3

( M-H) dichloromethane]. MS(ESI) m/z 549.3 (M+H)"

Using General Procedure A, 4-[6-(7-cyclopentyl-6-dimethylcarbamoyl- 7H-pyrrolo [2,3-d]
pyrimidin-2-ylamino)-pyridin-3-yl]- [1,4] diazepane-1-carboxylic acid zert-butyl ester (66mg, 0.12
mmol) is used to give 7-cyclopentyl-2-(5-[1,4]diazepan-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine -6-carboxylic acid dimethylamide (35mg, 65%) as a yellowish solid [following
purification by SCX column chromatography eluting with 15% (NH3; 2 M in MeOH)/DCM].
MS(ESI) m/z 449 2 (M+H)" (method C).

'"H NMR (400 MHz, Me-d3-OD): 8.69 (1H, s), 8.08 (1H, d), 7.83 (1H, d), 7.30 (1H, dd), 6.60 (1H,
s), 4.76 (1H, quintet), 3.63 (4H, t), 3.17 (7H, s), 3.09 (2H, t), 2.91 (2H, t), 2.61-2.45 (2H, m), 2.17-
1.93 (7H, m), 1.80-1.63 (2H, m).

Example 13
Rac-2-[5-(3-Amino-pyrrolidin-1-yl)-pyridin-2-ylamino]-7-cyclopentyl-7H-pyrrolo[ 2,3-d]

pyrimidine-6-carboxylic acid dimethylamide.



Exampl e 58 7-Cycl opentyl-2 -(5 -piperazin-1 -yl-pyridin-2

-ylam no)-7Hpyrro o [2 , 3-d] pyri m di ne-6-carboxylic acid nethylam de

Fol | owi ngwBustwebars et hod B, 2-chl oro- 7-cycl opent y1- 7H pgmarb@9fogo793

, 3-d] pyri m di ne-6-carboxylic acid nmetdayl am de (500 ng, 1.80 mml) and

4- (6-am no-pyridin-3-yl)- piperazine-|l-carboxylic acid tert-butyl ester
(550 ng, 1.98 mml) gave 7-cycl opentyl-2-(5- WO

2010/ 020675PCT/ EP2009/ 060793 138
piperazin-L-yI-pyridin-2-y|anino)-7k+pyrro|o[2,3-d]pyrinidine-6-carboxy|ic

aci d mgg hylam de” (580 my, 77%. MS(ES1) mz 421.2 (Mrl-1)- 1H NVR (400 Mz,
DVBO- d6)> (IH s), 8.38 (IH d), 8.02 (IH s), 7.77 (IH s), 7.36 (IH,
dd), 6 ), 6.16-6.10 (1H, nm), 5.50-5.48 (1H, m), 3.15 (3H, d), 3.03

(2H,d), \2.68-2.58 (2H, in), 2.14-2.05 (4H, m, 1.80-1.61 (8H n). Exanple
entyl 245 - (4-isopropyl -piperazin-1

Laén 2-ylam no]-7H pyrrolo [2,3-d] pyrimdine-6 - carboxylic acid

M spensi on of

2-chl oro-7- cy 7 pyrrol o[ 2, 3-d] pyrim di ne-6-carboxylic acid

met hyl am de (500 ng, 1. %6 mml ) in acetone is added NaBH(OAc)3 (2.5 g, 12

nmmol ) fo Iome by 15 drops of glacial acetic acid. After reaction is

conpl et 0 nt ed. D Iuted with 250 nL of H20 and basified to pHl2

W th 50% Na Qg?§ Extracted wi th dichl oronethane (3x 250 nlL)

and concent Pat e 7- cyclopentyl 215- (4-i sopropyl - pi perazin-1

-yl)-pyridin-2- ylanlno] 7H pyn-ol o] 2, 3-d] pyri m di ne- 6-carboxylic acid

met hyl am de (277 ng, 50%9. MS(ESI) nilz 463.4 (MtH)| Exanple 11

(7-Cyc |H$/Fi€15€aﬁﬂg ﬁro@é‘cﬁﬁ&;' deScribéd i/ Ekzﬂﬁf)lé@i Pytrdlidn: V%}l%fﬂafﬁl@ihd‘d #rt-butyl ester

-y1)-(5-pi perazi n- ridin-
2010/ 020675 ﬂ’@'ﬁPEF‘éD%PQF éb&g@romﬂlﬁwbmgde&ﬁmmam geishiens;butyl ester as a
2-chl o t l Io[2 3- d]pyrimdine (70 ny,
0.24 n#gﬂ-l{w ?(@H?g 5’75%8%)3? fréurmyl‘ﬁ%??%é zi ne- 1-carboxylic acid
t en- buﬁymfﬁs{@%%174 ng, 0.27 mmol), followed by deprotection using General
Procedure A to give (7- ¢ ycl opentyl-6 -oxazol-5-yl-7H pyn-olo [2,3
-d] pyrim din-2-yl)-(5-piperazin-1 -yl-pyri di n-2 -yl)-amin e (25 ng,
24%) . ES fp m z 431 2 (N%FDI 1H NVR (400 MHz, DMSO-d6): 9.33 (1H, s),
8.78 1F§/ Ns) 8.13 (1H, d), 7.98 (1H, d), 7.61 (1H, s), 7.40
(1H, dd ~¥Q- 4. 77 (1H, m, 3.04-3.01 (4H, m, 2.86-2.84
(4H, m, 2. 03 2. ( —nm, 1.68-1.67 (2H). Exanple 18 (7-Cycl opentyl-6-0
xazol -5 -yl-7Hpyrrol o [2,3 -dlpyrimdi n-2-yl)-(5-piperazin-1 -yl nethyl
-pyri din -2- yl)-amine WD 2010/ 020675PCT/ EP2009/ 060793

By repeating procedures described in Example B, [1-(6-nitro-pyridin-3-yl)-pyrrolidin-3-yl]-

carbamic acid tert-butyl ester (2.16g, 7.0 lmmol) gave [1-(6-amino-pyridin-3-yl)-pyrrolidin-3-yl]-
carbamic acid fert-butyl ester as a purple solid (1.12g, 56%). [following SiO, chromatography
eluting with 2.5-7.5% MeOH/dichloromethane). [M+H]'=279.2.



141) acid ten-butyl ester (106 ng, 0.363 mmol ), followed by deprotection
usi ng General Procedure A to give

(7- cycl opeotyi/Gecrzazol - 5-y1- 7H pyrrol o[ 2, 3-d] pyri m di npeTEPrecobs@pper azi n-
| -yl met hyl pyridin-2-yl)-amne (23 ng,6515% . MS(EST) nilz 445.2 (M+H) +

Exanpl e 109 7-cycl opentyl-245-(2-oxopi perazi n-1 -yl)pyridin-2-ylam

noj] - 7H-pyn-ol o [2,3-d] pyrim dine-6- carboxylic acid dinethylamde N~ O N
N WO 2010/ 020675PCT/ EP2009/ 060793 141 A mi xture of 5-bronp-2-nitropyridine
(200 Myjsink Bithwald Prdeedurd QQRINBIA c%ggty?% %013{2% mlﬂndlﬁ@a@kﬂg O9y14c43

ng, 0.075 mmol), cesium carbonate (32 diun(11l) acetate
(11 ngacid dmethylrsijic ((hl?m Btdhen(d) @drﬁl_)(61amutvelaxreﬂdl 60'1)3125®r0dld1nn3-al] R@rbgtmal

Ch t t i i i t
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et ce e qrganic iayer is was rine, drie

and eVZ%%%tlé%S (R Igwiee OPEIFlonmatongi> Bytg HEhotht M?&%l&%ﬂﬁmm%bﬁng i ca

(ethyl \s@katg) sps 9yides’ 4- (6-Nitropyridin-3-y1)-3-

oxopi perazi ne-1-carboxylic acid tert-butyl ester as a pale brown solid (248
ng, 77%. M5 (ES1) mz 323 [MH+]. NO O O By repeating procedures

car boxy e GefehBofedine & VE1PU-PRYEHL Sl el op NEpSRL 03

4- ( 6- antipyoipyidined yﬂ-aﬁ?l-lr}ol))yﬂdm)&jdl] -pgﬂa]zdlmélyl}:aarbmnyﬂ actl raibatytl ester (Botng) 0.8635r

( 22 EST 293

2 o0 oo Bk aar by R TNy oY BaT Hir2 Slmnind- bevslansBRy T Havgelag2 -

di met hykamidge- é%gt%oﬂﬁw aQ1d7(ﬂm"efP1W|n)1de as a yellow solid (11mg, 39%) [followmg SiO;

4- (6-am nopyridin-3-y - OX0 erazi ne-1-car boxyl ic acid tert- buté ester

(204 rrghroma@graﬁhme}utmlmhﬁ%Q 0 NH@HOMSOMQM p M3 EEDuwe 1352 te (6
ny, gﬁ b) and cesium carbonate (340 ng, 1.05 mmol) in dioxin (4 niL)
is flu ectll h nitrogen and heated to 100 C, overnight. Additional

pal | adi HNMR)(40@ b dctdBOMY, 8.68 027 smadio) | Hnd), BERAR(Q47. h(1 H) d0B8)604i B,

anal ys e ek kAR or ol S b SRt e TRl el

vacuo and (bhemy esiTue2 (1IH,9h), brned Ign4wahgr1.94-1 180 (MD m), 1.80-1.63 (2H, m).
2010/ 020675PCT/ EP2009/ 060793 142 sonication in an ultrasonic bath. The

suspension is filtered and the filter cake is washed with heptane. Drying
in vacyq.plgvigles 446-(7-Cycl opentyl-6-di met hyl carbamoyl- 7H-pyrrol of 2, 3-

d] pyri m g n- 2- yl am no) - pyri di n- 3-y1] - 3- oxo- pi perazi ne-| -carboxylic acid

t ert - batgyclashigh-248- (&me&ry@qderazm( B50-nyg dingB3antu® | EBRYrrotb [2,3=d 509infiNiag 6] +.
Fol | owi n ner cedu

4- 16-(‘7’El 82‘8%&’ @1 M@E hyl car bam)yl 7H pyrrol o[ 2, 3-

d] pyri m di nr 2-yl am no) - pyri di n- 3-y1] - 3- oxo- pi per azi ne-1-carboxylic acid
tert-bupyl ster gi ves 7-

cycl openty1- 24 -(2 oxopi perazi n-1-yQoyridi n-2-yl am no] - 7H pyrrol o[ 2, 3-d] pyr
i mdi ne- & j§<yl ic acid dinmethylamde (10 ng, 3.5% MsS (ESO= 448 [ MtH| +.
Exanpl e 11077 cl opentyl-2 -(5 -norpholin-4 -yl-pyridin-2

-ylam ngg=XH pyrrolo [2,3-d ] pyrimdine-6-carboxylic acid di nethylam de A
m xt ur e of %- Mor pholin-4-yl-pyridin-2-ylamne (0.61 g, 3.4 mmvol; prepared
usi ng metyhQds s 'Iap—L%Fi hose described in Exanple. A and Exanple B),

2- Chl oro-7-I¢ pyi Tol o[ 2, 3- d] pyri m di nc-6-carboxylic acid

di met hyl ani'de 009b4 mol ), BINAP (106 my, 0 17 nmol), palladi un(H)
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143 yl - pyridin-2-yl am no) - 7H pyrrol o[ 2, 3-d] pyri m di ne-6-carboxylic acid
dinmethylam de as a tan solid (1.30 g, 88% M (ES1) mz = 436.1 [ M+tHF.

The fol | omonrgiabd7es 1 and 2 of conpounds are exanpl es eCTEPr@OWHES3 Whi ch

may be made using the synthetic route® exenplified in the experinental
section. Wiile the synthesis of all conpounds is not shown, one of skil
the art nay be able to nake each conpound using the synthetic routes shown.
TABLE 1 . ConpoundExanple Nunber N HN ----..--Th I -...,,.". 1 .-" N\ NI

N O

Hﬁhé‘thﬂcalllrba'lrﬁ(')yll\?I H:byrrolo [2,3-d]pyrimidin-2-ylamino)-pyridin-3-yl]-2-methyl-piperazine- 1 -
carboxylic acid tert-butyl ester (260mg, 97%) (following SiO; chromatography, cluting with 0-3%
MeOH/dichloromethane). MS(ESI) m/z 549.3 (M+H)"

Using General Procedure A, 4-[6-(7-cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo [2,3-
d]pyrimidin-2-ylamino)-pyridin-3-yl]-2-methyl-piperazine-1-carboxylic acid tert-butyl ester
(260mg, 0.474 mmol) gave 7-cyclopentyl-2-[5-(3-methyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-
pyrrolo[2,3-d] pyrimidine -6-carboxy-lic acid dimethylamide as a beige solid (67mg, 31%)
[following Si0O; chromatography eluting with 5% (2.0 M NHj3 in methanol/dichloromethane].
MS(ESI) m/z 449 4 (M+H) " (method D).

'H NMR (400 MHz, DMSO-d6): 9.23 (1H, s), 8.76 (1H, s), 8.13 (1H, d), 7.98 (1H, d), 7.41 (1H,
dd), 6.60 (1H, s), 4.80-4.67 (1H, m), 3.46 (2H, t), 3.06 (6H, s), 3.02-2.90 (1H, m), 2.90-2.74 (2H,
m), 2.61-2.49 (2H, m), 2.49-2.27 (2H, m), 2.27-2.08 (2H, m), 1.98 (4H, s), 1.65 (2H, d), 1.03 (3H,
d).

Example 5
7-Cyclopentyl-2-{5-[4-(2-fluoro-cthyl)-piperazin-1 -yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

(@) N\
72 N/O
7 N\

N = M

N N N
H N2/ ./ \_f

To asolution of 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d Jpyrimidine-
6-carboxylic acid dimethylamide hydrochloride (150mg, 0.318mmol) and potassium carbonate
(132mg, 0.955mmol) in acetonitrile (3mL) and DMF (2mL) is added 1-bromo-2-fluoroethane
(0.035mL, 0.478mmol) and the reaction mixture is heated to 80°C for 24 h in a sealed reaction vial.
Upon cooling, the reaction mixture is partitioned between dichloromethane and water. The organic

layer is separated and the aqueous layer extracted further with dichloromethane. The combined

in
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organics are ished with brine, dried (MgSO,), filtered and concentrated. The crude product is
purified using silica gel chromatography (0 to 10% methanol/dichloromethane) to give 7-
cyclopentyl-2-{5-[4-(2-fluoro-cthyl)-piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (84mg, 55%) as an off white solid.

MS(ESI) m/z 481.2 (M+H)" (method B).

'H NMR (400 MHz, DMSO-d6): 9.23 (1H, s), 8.75 (1H, s), 8.14 (1H, d), 7.99 (1H, d), 7.43 (1H,
dd), 6.60 (1H, s), 4.79-4.68 (1H, m), 4.64 (1H, t), 4.53 (1H, t), 3.14 (4H, t), 3.06 (6H, s), 2.72 (1H,
t), 2.68-2.60 (5H, m), 2.49-2.37 (2H, m), 1.98 (4H, s), 1.65 (2H, d).

Example 84
2-[5-(4-Cyanomethyl-piperazin-1-yl)-pyridin-2-ylamino]-7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

/N/Q

72\
~

N

By repeating procedures described in Example 5, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-
ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide hydrochloride (150mg,
0.318mmol) gave 2-[5-(4-cyanomethyl-piperazin-1-yl)-pyridin-2-ylamino]-7-cyclopentyl-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide as an off white solid (99 mg, 66%).
MS(ESI) m/z 474 4 (M+H) " (method B).

'H NMR (400 MHz, DMSO-ds): 9.25 (1H, s), 8.75 (1H, s), 8.15 (1H, d), 8.04-7.97 (1H, d), 7.48-
7.41 (1H, dd), 6.59 (1H, s), 4.78-4.69 (1H, m), 3.81 (2H, s), 3.18 (4H, t), 3.06 (6H, s), 2.66 (5H, 1),
2.43 (1H, d), 1.99 (4H, s), 1.70-1.61 (2H, m).

144



\

N - A> HNN NO N------ L."-- 1..----. NH
WO 2010/020675 PCT/EP2009/060793
68
Example 14

7-Cyclopentyl-2-{5-[4-(2-methoxy-cthyl)-piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

=

N N
H N7 T\,
\

By repeating procedures described in Example 5, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-
ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide hydrochloride (150mg,
0.318mmol) gave 7-cyclopentyl-2-{5-[4-(2-methoxy-cthyl)-piperazin-1-yl]-pyridin-2-ylamino } -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide as an off white solid (46 mg, 29%).
MS(ESI) m/z 493.5 (M+H) " (method B).

'H NMR (400 MHz, DMSO-ds): 9.22 (1H, s), 8.75 (1H, s), 8.14 (1H, d), 7.98 (1H, d), 7.42 (1H, dd),
6.60 (1H, s), 4.78-4.69 (1H, m), 3.48 (2H, t), 3.26 (3H, s), 3.18-3.09 (4H, m), 3.06 (6H, s), 2.65-2.52
(6H, m), 2.47-2.35 (2H, m), 1.98 (4H, s), 1.71-1.58 (2H, m).

Example 10
2-[5-(4-Carbamoylmethyl-piperazin-1-yl)-pyridin-2-ylamino]-7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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By repeating procedures described in Example 5, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-
ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide hydrochloride (100mg,
0.212mmol) gave 2-[5-(4-carbamoylmethyl-piperazin-1-yl)-pyridin-2-ylamino]-7-cyclopentyl-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (66mg, 63%) as an off white solid
[following Si0O; chromatography eluting with 0 to 10% (2M NHj3 in methanol/dichloromethane).
MS(ESI) m/z 492.3 (M+H)" (method B).

'"H NMR (400 MHz, DMSO-dy): 9.22 (1H, s), 8.75 (1H, s), 8.14 (1H, d), 7.99 (1H, d), 7.43 (1H, dd),
7.25-7.17 (1H, m), 7.17-7.10 (1H, m), 6.59 (1H, s), 4.77-4.70 (1H, m), 3.17 (4H, t), 3.06 (6H, s),
2.94 (2H, s), 2.61 (4H, 1), 2.44 (2H, s), 1.98 (4H, s), 1.65 (2H, d).

Example 33
7-Cyclopentyl-2-(5-{4-[2-(2-hydroxy-cthoxy)-ethyl]-piperazin-1-yl} -pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

~

oA
Z N/Q
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R
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To a stirred solution of zert-butyldimethylchlorosilane (50%wt solution in toluene, 8.38mL,
24.08mmol) and imidazole (1.78g, 26.09mmol) in DMF (10mL) at 0 °C is added 2-(2-
chloroethoxy)ethanol (2.13mL, 20.07mmol) dropwise. The reaction mixture is then stirred for 1 h at
0 °C before warming to room temperature and stirring for a further 17 h. The reaction mixture is
partitioned between diethyl ether and brine. The combined organics are then dried (MgSOs,), filtered
and concentrated under reduced pressure to give product (76mg, 0.3 18mmol) which is used directly

without further purification.

By repeating procedures described in Example 5, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-
ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide hydrochloride (100mg,
0.212mmol) gave 7-cyclopentyl-2-(5-{4-[2-(2-hydroxy-cthoxy)-ethyl]-piperazin-1-yl} -pyridin-2-
ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide as an off white solid
(13mg, 12%). MS(ESI) m/z 523.5 (M+H)" (method D).

'"H NMR (400 MHz, DMSO-dy): 9.22 (1H, s), 8.75 (1H, s), 8.14 (1H, d), 7.99 (1H, d), 7.43 (1H, dd),
6.60 (1H, s), 4.79-4.68 (1H, m), 4.61 (1H, t), 3.57 (2H, t), 3.50 (2H, q), 3.44 (2H, t), 3.15-3.09 (4H,
m), 3.06 (6H, s), 2.60 (4H, t), 2.54 (2H, t), 2.48-2.37 (2H, m), 2.05-1.91 (4H, m), 1.71-1.59 (2H, m).

Example 88
7-Cyclopentyl-2-{5-[4-(2-dimethylamino-acetyl)-piperazin-1-yl]-pyridin-2-ylamino} -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

|
N

/N/Q

/ N\
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N
— /\ @)
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To a solution of 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d Jpyrimidine-
6-carboxylic acid dimethylamide hydrochloride (80mg, 0.170mmol), N,N-dimethylglycine (18mg,
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0.170mmol) and diisopropylethylamine (0.089mL, 0.509mmol) in DMF (I1mL) is added TBTU
(55mg, 0.170mmol) and the reaction mixture is stirred at room temperature for 1 hour. Methanol
(0.5mL) is added and the reaction mixture purified by silica gel chromatography (gradient of 0-10%
2M NHj3; in methanol/dichloromethane) to give 7-cyclopentyl-2-{5-[4-(2-dimethylamino-acetyl)-
piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide,
which is further purified by trituration with acetonitrile, as an off white solid (69mg, 78%).
MS(ESI) m/z 5204 (M+H)" (method D).

'"H NMR (400 MHz, Me-d;-OD): 8.75 (1H, s), 8.28-8.21 (1H, m), 8.01 (1H, d), 7.61-7.55 (1H, m),
6.65 (1H, s), 4.83-4.75 (1H, m), 4.22 (2H, s), 3.84 (2H, 1), 3.64 (2H, t), 3.28-3.21 (4H, m), 3.18 (6H,
s),2.92 (6H, s), 2.60-2.50 (2H, m), 2.16-2.02 (4H, m), 1.80-1.70 (2H, m).

Example 12
2-{5-[4-(2-Amino-acetyl)-piperazin-1-yl]-pyridin-2-ylamino } -7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

/N/O
72N

— /\ (0]
S N G

By repeating procedures described in Example 88, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-
ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide hydrochloride (150mg,
0.318mmol), N-BOC-glycine (56mg, 0.318mmol) gave a crude product which is purified by SiO,
chromatography, cluting with 0-7% methanol/dichloromethane to give (2-{4-[6-(7-cyclopentyl-6-
dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridin-3-yl]-piperazin-1-yl} -2-o0xo-

ethyl)-carbamic acid zerz-butyl ester which is used directly in the next step.

Following General Procedure A, (2-{4-[6-(7-cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)-pyridin-3-yl]-piperazin-1-yl} -2-oxo-cthyl)-carbamic acid rert-butyl ester
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gave 2-{5-[4-(2-amino-acetyl)-piperazin-1-yl]-pyridin-2-ylamino } -7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide as a pale yellow solid (96 mg, 61%) [following
purification by SiO, chromatography eluting with 0-10% (2M NH3 in methanol/dichloromethane].
MS(ESI) m/z 492.3 (M+H)" (method B).

'"H NMR (400 MHz, Me-d;-OD): 8.73 (1H, s), 8.28 (1H, d), 8.02 (1H, d), 7.55 (1H, dd), 6.64 (1H,
s),4.82-4.73 (1H, m), 3.97 (2H, s), 3.88-3.78 (2H, m), 3.65 (2H, t), 3.28-3.19 (4H, m), 3.17 (6H, s),
2.55(2H, d), 2.09 (4H, m), 1.82-1.69 (2H, m).

Benzylic Amine analogues

General Procedure B (Na(OAc);BH reductive amination)
7-Cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid
dimethylamide (1 mol. eq.), amine (1.1 mol eq.) are dissolved in dichloromethane (~ 30 vols.) and
stirred until the solution is clear (in cases where the amine is sourced as a hydrochloride salt, 1 mol.
eq. Et;N is added). Where necessary, MeOH and/or 1 drop acetic acid is added to aid dissolution
and imine formation. Na(OAc);BH (1.5 - 2 mol. eq.) is then added to the mixture and stirring
continued at rt for further 16h. The reaction is quenched with aqueous NaHCOs solution and the
product extracted with dichloromethane, ethyl acetate or CHCl3/i-PrOH (2:1). The combined organic
fractions are dried (Na,SO4 or MgSQO,) filtered and the solvent evaporated. The crude product is
purified by SiO, chromatography.

General Procedure C (NaCNBH3 or NaBH4 reductive amination)
7-Cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid
dimethylamide (1 mol. eq.) and amine (1-2 mol. eq.) are dissolved in either dichlorocthane/THF
(3:1) or MeOH/dichloromethane mixtures (40 vols.). The mixture is stirred at 20-40°C for 16 hours,
then cooled to 0°C, NaCNBH; or NaBH4(1.5 — 2 mol. eq.) are then added and the mixture stirred at
rt for 5Sh. Where necessary, further MeOH and/or acetic acid is added to aid reaction progress. The
mixture is then quenched with aqueous NaHCOj3 solution (10ml) and the product extracted with
cither diethyl ether, dichloromethane or CHCIs/iPrOH (1:1). The combined organics are dried
(MgSO0s), filtered and the solvent evaporated. The crude product is purified by SiO,
chromatography.



1\

N - < ', HN N ----- NO N

WO 2010/020675 PCT/EP2009/060793
73

Example C
5-(tert-Butyl-dimethyl-silanyloxymethyl)-pyridin-2-ylamine

NH

N/

OTBDMS

To a solution of (6-chloro-3-pyridinyl) methanol (12.5g, 87 mmol) and imidazole (7.2g, 105 mmol)
in THF (120ml) is added a solution of TBDMSCI (15.8¢g, 105 mmol) in THF (60ml). The mixture is
stirred at rt for 5Sh and then is concentrated in vacuo to 1/4 of the original volume. The slurry is then
partitioned between water (60 ml) and EtOAc (60 ml). The organic layer is ished once with water,
once with a 5% KH;POy solution, once with sat. NaHCOj3 and finally once with brine. It is then
dried (MgSQ,), filtered and the solvent evaporated in vacuo. 5-(tert-butyl dimethyl
silanyloxymethyl)-2-chloro pyridine is obtained as a colorless liquid (22.4g, 83%). MS(ESI) m/z
258.0 (M+H)"

5- (tert-butyl dimethyl silanyloxymethyl)-2-chloro pyridine (5.58g, 21.6 mmol), BINAP (0.4g, 0.64
mmol) and benzophenone imine (4.7g, 25.9 mmol) are dissolved in toluene (50ml) and the solution
is degassed with nitrogen. Sodium t-butoxide (2.91g, 30.3 mmol) and Pdx(dba); (0.2g, 0.22 mmol)
are added and the solution is degassed once more. The mixture is heated at 80°C for 6h and then
allowed to cool to rt. The mixture is diluted 4-fold with Et,O and then the solution is filtered.
Evaporation of solvent in vacuo gave the crude benzhydrylidene-[5-(zerz-butyl dimethyl
silanyloxymethyl)-pyridin-2-yl]-amine. This product is dissolved in MeOH (50ml) and
hydroxylamine (2.85ml of a 50% aq. Solution, 46.5 mmol) and the solution stirred at rt for 16h. The
mixture is concentrated in vacuo and then the residue is dissolved in Et,O (50ml) and filtered. The
filtrate is ished with brine, dried (MgSO4) and then the solvent is evaporated in vacuo. The crude
red oil is purified by SiO, chromatography (gradient Petrol Ether: EtOAc=8:1 to 100% EtOAc) to

give an orange oil which crystallized when triturated with hexane. The solvent is finally removed in
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vacuo to give 5-(tert-butyl dimethyl silanyloxymethyl)-pyridin-2-ylamine as an orange solid (2.9g,
56.1%). MS(ESI) m/z 239.2 (M+H)"

Example 108
7-Cyclopentyl-2-(5-hydroxymethyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d] pyrimidine-6-carboxylic
acid dimethylamide

ZY
/

N
N—< OTBDMS

Following Buchwald Method B, 5-(terz-butyl dimethyl silanyloxymethyl)-pyridin-2-ylamine
(0.980g, 4.098 mmol) and 2-chloro-7-cyclopentyl-7H-pyrrolo [2,3-d]pyrimidine-6-carboxylic acid
dimethyl amide gave 2-[5-(tert-butyl dimethyl- silanyloxymethyl)-pyridin-2-ylamino]-7-
cyclopentyl-7H-pyrrolo [2,3d] pyrimidine-6-carboxylic acid dimethylamide (1.136g, 84%)
[following Si0O; chromatography eluting with 0-5% MeOH/dichloromethane). MS(ESI) m/z 495.3
(M+H)"
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2-[5-(tert-butyl dimethyl silanyloxymethyl)-pyridin-2-ylamino] -7-cyclopentyl-7H-pyrrolo [2,3d]
pyrimidine-6-carboxylic acid dimethylamide (0.1g, 0.202 mmol) is dissolved in dry THF (1ml).
TBAF (1M solution in THF) (0.303ml, 0.303 mmol) is added dropwise, then the mixture stirred for
16h at rt. The solvent is then evaporated and the crude product is purified by SiO, chromatography
(eluting with 0-10% MeOH/dichloromethane) to give 7-cyclopentyl-2-(5-hydroxymethyl-pyridin-2-
ylamino)-7H-pyrrolo[2,3-d] pyrimidine-6-carboxylic acid dimethylamide (60mg, 78%). MS(ESI)
m/z 381.2 (M+H)" (method B).

'"H NMR (400 MHz, Me-d3-OD): 8.77 (1H, s), 8.45 (1H, d), 8.25 (1H, d), 7.82 (1H, dd), 6.65 (1H,
s),4.81-4.75 (1H, m), 4.62 (2H, s), 3.18 (6H, s), 2.65-2.53 (2H, m), 2.11 (4H, d), 1.84-1.72 (2H, m).

Example 107
7-Cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid
dimethylamide.

MnO; method
7-Cyclopentyl-2-(5-hydroxymethyl-pyridin-2-ylamino)-7H-pyrrolo[ 2,3-d Jpyrimidine- 6-carboxylic
acid dimethylamide (4.49g, 11.8 mmol) is dissolved in dichloromethane (175ml) and methanol
(75ml). Activated MnO; 85% (51.1g, 503 mmol) is added in 4 portions over period of 48 h with
continual stirring. After a further 16 hours the mixture is filtered. The filtrate is heated to 38°C and
more MnO, (24g, 236 mmol) is added as 2 batches over 5 hours. After stirring for a further 12
hours, the mixture is cooled and filtered. Concentration in vacuo gave a solid which is triturated
with MeOH (10ml) to give 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (3.8g, 85%). MS(ESI) m/z 379.2 (M+H)" (method
B).
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'"H NMR (400 MHz, DMSO0-d6): 1047 (1H, s), 9.94 (1H, s), 8.91 (1H, s), 8.82 (1H, d), 8.49 (1H, d),
8.18 (1H, dd), 6.69 (1H, s), 4.83-4.73 (1H, m), 3.06 (6H, s), 2.48-2.38 (2H, m), 2.02 (4H, s), 1.68
(2H, d).

Dess-Martin periodinane method

A suspension of Dess-Martin periodinane (0.435¢g, 1.06 mmol) in dichloromethane (5ml) and tert-
BuOH (0.1ml) is stirred at rt. for 15 minutes. To this mixture is added a solution of 7-cyclopentyl-2-
(5-hydroxymethyl- pyridin-2-ylamino)-7H-pyrrolo [2,3-d] pyrimidine-6-carboxylic acid
dimethylamide (0.3g, 0.79 mmol) in dichloromethane: THF (Sml:7ml) over 5 minutes. The reaction
is stirred at rt. for 1h after which cther (50ml) and NaOH 1M (25ml) are added. The mixture stirred
vigorously for 10 minutes and then the phases are separated. The aqueous layer is back-extracted
with ether (25ml). The combined organic fractions are ished with water, brine, dried (MgSQOy)
filtered and the solvent evaporated to give 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine -6-carboxylic acid dimethylamide as a white solid (0.244g, 82%)).

Example 75
7-Cyclopentyl-2-[5-((3S,5R)-3,5-dimethyl-piperazin- 1 -ylmethyl)-pyridin-2-ylamino]-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

Following General Procedure B, 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (150mg, 0.396mmol) and zert-butyl (2R, 65)-2,6-
dimethylpiperazine-1-carboxylate (93mg, 0.436mmol) gave (2S,6R)-4-[6-(7-cyclopentyl-6-
dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridin-3-ylmethyl]-2,6-dimethyl-
piperazine-1-carboxylic acid rert-butyl ester (170mg, 74%) [following SiO, chromatography, eluting
with 0-10% MeOH)/dichloromethane]. MS(ESI) m/z 577.3 (M+H)"

Following General Procedure A, (2S,6R)-4-[6-(7-cyclopentyl-6-dimethylcarbamoyl-7H-
pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridin-3-ylmethyl]-2,6-dimethyl-piperazine- 1 -carboxylic acid
tert-butyl ester (170mg, 0.295mmol) gave 7-cyclopentyl-2-[5-((3S,5R)-3,5-dimethyl-piperazin-1-
ylmethyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
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(128mg, 91%) [following SiO; chromatography, eluting with 0-10% (2M NH; in MeOH)/DCM].
MS(ESI) m/z 477.3 (M+H)  (method B).

'H NMR (400 MHz, Me-ds-OD): 8.78 (1H, s), 8.43 (1H, d), 8.22 (1H, d), 7.79 (1H, dd), 6.66 (1H,
s), 4.83-4.75 (1H, m), 3.61 (2H, s), 3.30-3.21 (2H, m), 3.18 (6H, s), 3.01 (2H, d), 2.65-2.52 (2H, m),
2.11 (44, d), 1.98 (2H, t), 1.84-1.71 (2H, m), 1.24 (6H, d).

Example 77
7-Cyclopentyl-2-{5-[4-(2-methoxy-cthyl)-piperazin-1-ylmethyl]-pyridin-2-ylamino} -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure B, 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (100mg, 0.264mmol) and 1-(2-
methoxyethyl)piperazine (42mg, 0.29 1mmol) gave 7-cyclopentyl-2-{5-[4-(2-methoxy-cthyl)-
piperazin-1-ylmethyl]-pyridin-2-ylamino} -7H-pyrrolo[2,3-d[pyrimidine-6-carboxylic acid
dimethylamide (100mg, 71%) [following SiO, chromatography, eluting with 0-10% (2M NHj3 in
MeOH)/dichloromethane]. MS(ESI) m/z 507.3 (M+H)" (method A).

'"H NMR (400 MHz, Me-d;-OD): 8.77 (1H, s), 8.43 (1H, d), 8.21 (1H, d), 7.80 (1H, dd), 6.65 (1H,
s),4.83-4.74 (1H, m), 3.61-3.47 (4H, m), 3.35 (3H, s), 3.18 (6H, s), 2.81-2.41 (12H, m), 2.11 (4H,
d), 1.77 (2H, d).

Example 62
7-Cyclopentyl-2-[5-(4-isopropyl-piperazin- 1 -ylmethyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure B, 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (150mg, 0.396mmol) and N-isopropoylpiperazine
(56mg, 0.436mmol) gave 7-cyclopentyl-2-[5-(4-isopropyl-piperazin-1-ylmethyl)-pyridin-2-
ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (103mg, 53%) [following
Si0; chromatography, cluting with 0-10% (2M NH3 in MeOH)/dichloromethane]. MS(ESI) m/z
491.3 (M+H)" (method A).

'H NMR (400 MHz, Me-d3-OD): 8.78 (1H, s), 8.43 (1H, d), 8.22 (1H, d), 7.80 (1H, dd), 6.65 (1H,
s), 4.84-4.77 (1H, m), 3.56 (2H, s), 3.33-3.28 (1H, m), 3.18 (6H, s), 2.78-2.49 (10H, m), 2.11 (4H,
d), 1.78 (2H, d), 1.11 (6H, d).

Example 85

7-Cyclopentyl-2-{5-[4-(2-hydroxy-ethyl)-piperazin-1-ylmethyl]-pyridin-2-ylamino } -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure B, 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (150mg, 0.396mmol) and N-(2-
hydroxyethyl)piperazine (57mg, 0.436mmol) gave 7-cyclopentyl-2-{5-[4-(2-hydroxy-ethyl)-
piperazin-1-ylmethyl]-pyridin-2-ylamino} -7H-pyrrolo[2,3-d [pyrimidine-6-carboxylic acid
dimethylamide as an off white solid (78mg, 40%) [following SiO, chromatography, eluting with 0-
10% (2M NH3 in McOH)/DCM]. MS(ESI) m/z 493.3 (M+H)" (method A).

'H NMR (400 MHz, Me-ds-OD): 8.77 (1H, s), 8.43 (1H, d), 8.21 (1H, d), 7.80 (1H, dd), 6.65 (1H,
s),4.83-4.74 (1H, m), 3.69 (2H, t), 3.55 (2H, s), 3.18 (6H, 5), 2.73-2.47 (12H, m), 2.11 (4H, d), 1.78
(2H, d).

Example 34
7-Cyclopentyl-2-[5-(4-methanesulfonyl-piperazin-1-ylmethyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure B, 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (150mg, 0.396mmol) and 1-methanesulfonyl-
piperazine (72mg, 0.436mmol) gave 7-cyclopentyl-2-[5-(4-methanesulfonyl-piperazin-1-ylmethyl)-
pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide as an off white
solid (97mg, 46%) [following SiO, chromatography, eluting with 0-10% (2M NH3 in
MeOH)/DCM].

MS(ESI) m/z 5272 (M+H)" (method A).



Y, chaymm- N--TY N %",,._...7,. NH2 O WO
2010/ 020675PCT/ EP2009/ 060793 148 1 ---- \ 10A
WO 2010/020675 PCT/EP2009/060793
80

'"H NMR (400 MHz, Me-d;-OD): 8.77 (1H, s), 8.43 (1H, d), 8.22 (1H, d), 7.80 (1H, dd), 6.65 (1H,
s), 4.80-4.75 (1H, m), 3.60 (2H, s), 3.30-3.25 (4H, m), 3.18 (6H, s), 2.86 (3H, s), 2.66-2.54 (6H, m),
2.11 (4H, d), 1.83-1.72 (2H, m).

Example 61
2-[5-(4-Acetyl-piperazin-1-ylmethyl)-pyridin-2-ylamino]-7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

Following General Procedure B, 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (200mg, 0.528mmol) and 1-acetyl piperazine (75mg,
0.581mmol) gave 2-[5-(4-acetyl-piperazin-1-ylmethyl)-pyridin-2-ylamino]-7-cyclopentyl-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide as an off white solid (96mg, 37%)
[following Si0O; chromatography, eluting with 0-10% (2M NH3 in MeOH)/dichloromethane].
MS(ESI) m/z 4912 (M+H)" (method A).

'"H NMR (400 MHz, Me-d;-OD): 8.77 (1H, s), 8.43 (1H, d), 8.22 (1H, d), 7.81 (1H, dd), 6.65 (1H,
s), 4.84-4.74 (1H, m), 3.63 (2H, t), 3.57 (4H, d), 3.18 (6H, s), 2.65-2.44 (6H, m), 2.19-2.03 (7H, m),
1.78 (2H, d).

Example 54
7-Cyclopentyl-2-[5-(3-methyl-piperazin-1-ylmethyl)-pyridin-2-ylamino]-7H-pyrrolo [2,3-d]

pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure C, 7-Cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (0.298g, 0.788 mmol) and 2-methyl-piperazine-1-
carboxylic acid tert-butyl ester (0.316g, 1.58 mmol) gave 4-[6-(7-cyclopentyl-6-dimethylcarbamoyl-
7H-pyrrolo[2,3-d] pyrimidin -2-ylamino)-pyridin-3-ylmethyl]-2- methyl-piperazine-1-carboxylic
acid rert-butyl ester a yellowish oil (0.341g, 77%) [following prification by SiO, chromatography
eluting with 2-6% MeOH/DCM].

MS(ESI) m/z 563.3 (M+H)"

Following General Procedure A, 4-[6-(7-cyclopentyl-6-dimethylcarbamoyl- 7H-pyrrolo[2,3-d]
pyrimidin -2-ylamino)-pyridin-3-ylmethyl]-2- methyl-piperazine-1-carboxylic acid terz-butyl ester
(0.341¢g, 0.606 mmol) gave 7-cyclopentyl-2-[5-(3-methyl-piperazin-1-ylmethyl)-pyridin-2-ylamino]-
7H-pyrrolo [2,3-d] pyrimidine-6-carboxylic acid dimethylamide as a white solid (70mg, 25%)
[following SiO; chromatography, eluting with 0-10% (2M NHj3 in MeOH)/dichloromethane).
MS(ESI) m/z 463.3 (M+H) " (method B).

'H NMR (400 MHz, Me-d3-OD): 8.77 (1H, s), 8.42 (1H, d), 8.21 (1H, s), 7.80 (1H, dd), 6.65 (1H,
s),4.82-4.73 (1H, m), 3.54 (2H, s), 3.18 (6H, s), 3.04-2.94 (1H, m), 2.94-2.76 (4H, m), 2.67-2.51
(2H, m), 2.20-2.01 (5H, m), 1.85-1.73 (3H, m), 1.08 (3H, d).

Example 10A
7- Cyclopentyl-2- [5- (3-hydroxy-azetidin-1-ylmethyl ) -pyridin-2-ylamino] -7H-pyrrolo [2,3-d]

pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure B, 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide and 3-hydroxy-azetidinium chloride (73mg,
0.667mmol) gave 7- cyclopentyl-2- [5- (3-hydroxy-azetidin-1-ylmethyl ) -pyridin-2-ylamino] -7H-
pyrrolo [2,3-d] pyrimidine-6-carboxylic acid dimethylamide as a light yellow solid (0.131g, 47%)
[following SiO; chromatography, eluting with 0-5% (2M NH3 in MeOH)/DCM). MS(ESI) m/z
436.2 (M+H)" (method B).

'"H NMR (400 MHz, CDCl3): 8.78 (1H, s), 8.59-8 41 (2H, m), 8.23 (1H, d), 7.65 (1H, dd), 6.47 (1H,
s),4.88-4.72 (1H, m), 4.55-4.42 (1H, m), 3.84-3.42 (4H, m), 3.17 (6H, s), 3.02 (2H, t), 2.68-2.53
(2H, m), 2.07 (4H, d), 1.73 (2H, d).

Example 66
7-Cyclopentyl-2-{5-[((R)-2-hydroxy-1-methyl-cthylamino)-methyl]-pyridin-2 lamino} -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide.

Nl/WO
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Following General Procedure C, 7-Cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (50mg, 0.132mmol) and (R)-2-amino propan-1-ol
(20mg, 0.264mmol) gave 7-cyclopentyl-2-{5-[((R)-2-hydroxy-1- methyl-cthylamino)-methyl]-
pyridin-2-yl-amino-7H-pyrrolo [2,3-d] pyrimidine-6-carboxylic acid dimethylamide as a white solid
(36mg, 62%). MS(ESI) m/z 438.3 (M+H)" (method B).

'H NMR (400 MHz, CDCI3): 8.75 (1H, s), 8.47 (1H, d), 8.28 (1H, d), 7.73 (1H, dd), 6.47 (1H, s),
4.88-4.77 (1H, m), 3.90 (1H, d), 3.77 (1H, d), 3.67 (1H, dd), 3.36 (1H, dd), 3.18 (6H, s), 2.98-2.88
(1H, m), 2.67-2.53 (2H, m), 2.10 (4H, d), 1.75 (2H, d), 1.16 (3H, d).

Example 55
7-Cyclopentyl-2-[5-((S)-3-methyl-piperazin-1-ylmethyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide.

W
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Following General Procedure C, 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (3.8g, 10.05mmol) and (S)-2-methyl-piperazine-1-
carboxylic acid tert-butyl ester (5.03g, 25.13mmol) gave (S)-4-[6-(7-cyclopentyl-6-
dimethylcarbamoyl-7H-pyrrolo[2,3-d] pyrimidin-2-ylamino)-pyridin-3-ylmethyl]-2-methyl-
piperazine-1-carboxylic acid tert-butyl ester as a white solid (2.45g, 45%) [following SiO,
chromatography, eluting with 50% EtOAc/petroleum ether). MS(EST) m/z 563.3 (M+H)"

Following General Procedure A, (S)-4-[6-(7-cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d]
pyrimidin-2-ylamino)-pyridin-3-ylmethyl]-2-methyl-piperazine-1-carboxylic acid zert-butyl ester
(2.45g, 4.35mmol) gave 7-cyclopentyl-2-[5-((S)-3-methyl-piperazin-1-ylmethyl)-pyridin-2-
ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (1.3g, 65%) [following
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Si0; chromatography, cluting with 5% (NH3 2.0M in MeOH)/dichloromethane). MS(ESI) m/z 463.3
(M+H)" (method A ).

'H NMR (400 MHz, Me-d3-OD): 8.77 (1H, s), 8.42 (1H, d), 8.21 (1H, d), 7.80 (1H, dd), 6.65 (1H,
s), 4.83-4.72 (1H, m), 3.54 (2H, s), 3.18 (6H, s), 3.03-2.92 (1H, m), 2.92-2.77 (4H, m), 2.67-2.51
(2H, m), 2.20-2.01 (5H, m), 1.86-1.70 (3H, m), 1.07 (3H, d).

Example 76
7-Cyclopentyl-2-[5-(4-hydroxy-piperidin-1-ylmethyl)-pyridin-2-ylamino]-7H-pyrrolo [2,3-d]

pyrimidine-6-carboxylic acid dimethylamide.
Z N N—
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Following General Procedure B, 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (0.2g, 0.529mmol) and piperidin-4-ol (56mg,
0.556mmol) gave 7-cyclopentyl-2-[5-(4-hydroxy-piperidin-1-ylmethyl)—pyridin-2-ylamino]-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide is obtained as a white solid (25mg, 10%)
[following purification by preparative LCMS and further purification by SiO; chromatography,
eluting with 0-7% (2N NH; in MeOH/EtOAc). MS(ESI) m/z 464.3 (M+H) ' (method B).

'H NMR (400 MHz, Me-d3-OD): 8.77 (1H, s), 8.42 (1H, d), 8.20 (1H, d), 7.80 (1H, dd), 6.65 (1H,
s),4.83-4.72 (1H, m), 3.72-3.60 (1H, m), 3.54 (2H, s), 3.18 (6H, s), 2.83 (2H, d), 2.67-2.50 (2H, m),
2.24 (2H,1),2.11 (4H, d), 1.89 (2H, d), 1.77 (2H, d), 1.69-1.51 (2H, m).

Example 42
7-Cyclopentyl-2-(5-piperazin-1-ylmethyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d] pyri-midine-6-

carboxylic acid dimethylamide.
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Following General Procedure B, 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (0.35¢g, 0.926mmol) and piperazine-1-carboxylic acid
tert-butyl ester (0.19g, 1.02mmol) gave 4-[6-(7-cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)-pyridin-3-ylmethyl]-piperazine-1-carboxylic acid tert-butyl ester as a white
solid (0.333g, 60%). The material is used directly in the next step. MS(ESI) m/z 549.3 (M+H)"

Following General Procedure A, 4-[6-(7-cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)-pyridin-3-ylmethyl]-piperazine-1-carboxylic acid tert-butyl ester (0.333g,
0.607mmol) gave 7-cyclopentyl-2-(5-piperazin-1-ylmethyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d]
pyri-midine-6-carboxylic acid dimethylamide as a white powder (135mg, 50%) [following treatment
with DOWEX 550A and further purification by SiO; chromatography, cluting with 0-12% (2N NH3
in MeOH/dichloromethane). MS(ESI) m/z 449.4 (M+H)" (method D).

'H NMR (400 MHz, Me-d3-OD): 8.78 (1H, s), 8.43 (1H, d), 8.21 (1H, d), 7.80 (1H, dd), 6.65 (1H,
s),4.83-4.72 (1H, m), 3.54 (2H, s), 3.18 (6H, s), 2.88 (4H, t), 2.79-2.35 (6H, m), 2.11 (4H, d), 1.78
(2H, d).

Example 43

7-Cyclopentyl-2-[5-(4-methyl-piperazin-1-ylmethyl)-pyridin-2-ylamino]-7H-pyrrolo[ 2,3-
d]pyrimidine-6-carboxylic acid dimethylamide.

PR
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Following General Procedure B, 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (0.2g, 0.529mmol) and N-methyl piperazine (58mg,
0.582mmol) gave 7-cyclopentyl-2-[5-(4-methyl-piperazin-1-ylmethyl)-pyridin-2-ylamino]-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide as a white off solid (0.144¢g, 60%)
[following further purification by SiO, chromatography, eluting with 2-5% (2N NHj3 in
MeOH/dichloromethane]. MS(ESI) m/z 463.3 (M+H)" (method B).

'"H NMR (400 MHz, Me-d3-OD): 8.78 (1H, s), 8.43 (1H, d), 8.21 (1H, s), 7.79 (1H, dd), 6.65 (1H,
s),4.83-4.72 (1H, m), 3.56 (2H, s), 3.18 (6H, s), 2.98-2.35 (10H, m), 2.30 (3H, s), 2.11 (4H, d), 1.78
(2H, d).

Example 73
7-Cyclopentyl-2-[5-(3,8-diaza-bicyclo[3.2.1]oct-3-ylmethyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide.
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Following General Procedure B, 7-cyclopentyl-2-(5-formyl-pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (0.153g, 0.405mmol) and 3,8-diaza-
bicyclo[3.2.1]octane-8-carboxylic acid tert-butyl ester (95mg, 0.445mmol) gave 3-[6-(7-
cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridin-3-ylmethyl]-3,8-
diaza-bicyclo[3.2.1]octane-8-carboxylic acid rerz-butyl ester as an off white solid (0.186g, 80%)
[following purification by SiO; chromatography, eluting with 0-5% MeOH/EtOAc]. MS(ESI) m/z
575.3 (M+H)"

Following General Procedure A, 3-[6- (7-cyclopentyl -6-dimethylcarbamoyl- 7H-pyrrolo [2,3-d]
pyrimidin-2-ylamino)-pyridin-3-ylmethyl]-3,8-diaza-bicyclo[3.2.1]octane-8-carboxylic acid tert-
butyl ester (0.186¢g, 0.324mmol) gave 7-cyclopentyl-2-[5-(3,8-diaza-bicyclo[3.2.1]oct-3-ylmethyl)-
pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide as a white solid

.1
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(0.105g, 68%) [following purification by SiO, chromatography, eluting with 0-5% (2M NHj3 in
MecOH)/dichloromethane]. MS(ESI) m/z 475.3 (M+H) (method B).

'H NMR (400 MHz, Me-d3-OD): 8.77 (1H, s), 8.38 (1H, d), 8.18 (1H, s), 7.76 (1H, dd), 6.65 (1H,
s),4.83-4.72 (1H, m), 3.49 (2H, s), 3.42 (2H, s), 3.18 (6H, s), 2.68 (2H, dd), 2.64-2.50 (2H, m), 2.29
(2H, d), 2.23-2.01 (4H, m), 2.01-1.85 (2H, m), 1.77 (4H, d).

Example 65
2-{5-[4-(2-Amino-acetyl)-piperazin-1 -ylmethyl]-pyridin-2-ylamino } - 7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide.
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By repeating procedures outlined in Example 12, 7-cyclopentyl-2-(5-piperazin- 1 -ylmethyl-pyridin-
2-ylamino)-7H-pyrrolo[2,3-d] pyri-midine-6-carboxylic acid dimethylamide (0.108g, 0.24 Immol)
and tert-butoxycarbonylamino-acetic acid (42mg, 0.241mmol) gave 2-{5-[4-(2-amino-acetyl)-
piperazin-1-ylmethyl]-pyridin-2-ylamino} -7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxy-lic
acid dimethylamide as a white solid (§7mg, 69%). MS(ESI) m/z 506.3 (M+H)" (method B).

'H NMR (400 MHz, Me-d3-OD): 8.78 (1H, s), 8.43 (1H, d), 8.22 (1H, s), 7.80 (1H, dd), 6.65 (1H,
s),4.83-4.72 (1H, m), 3.71-3.62 (2H, m), 3.58 (2H, s), 3.54-3.39 (4H, m), 3.18 (6H, s), 2.67-2.55
(2H, m), 2.55-2.41 (4H, m), 2.20-2.03 (4H, m), 1.86-1.68 (2H, m).

Example 60
7-Cyclopentyl-2-[5-(4-methyl-3-oxo-piperazin- 1 -ylmethyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Meethod B, 6-chloro-pyridine-3-carbaldehyde (500mg, 3.532mmol) and 1-
methylpiperazine-2-one hydrochloride (559mg, 3.709mmol) gave 4-(6-chloro-pyridin-3-ylmethyl)-
l-methyl-piperazin-2-one (712mg, 84%) [following SiO, chromatography, eluting with 0-10%
MeOH/dichloromethane]. MS(ESI) m/z 240.1 (M+H)"

By repeating procedures outlined in Example C step 2 (except that benzhydrylidene intermediate is
extracted using EtOAc), 4-(6-chloro-pyridin-3-ylmethyl)-1-methyl-piperazin-2-one (712mg,
2.970mmol) gave 4-(6-amino-pyridin-3-ylmethyl)-1-methyl-piperazin-2-one (31 mg, 28%)
[following SiO; chromatography, eluting with 0-10% (2M NHj3 in MeOH)/dichloromethane].
MS(ESI) m/z 221.3 (M+H)"

Following Buchwald method B, 4-(6-amino-pyridin-3-ylmethyl)-1-methyl-piperazin-2-one (30mg,
0.136mmol) and 2-chloro-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid
dimethylamide (33mg, 0.113mmol) give 7-cyclopentyl-2-[5-(4-methyl-3-oxo-piperazin-1-ylmethyl)-
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pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (11mg, 21%)
[following Si0O; chromatography eluting with 1-10% (2M NH3 in MeOH)/DCM]

MS(ESI) m/z 4773 (M+H)" (method B)

'H NMR (400 MHz, Me-ds-OD): 8.78 (1H, s), 8.44 (1H, d), 8.23 (1H, d), 7.81 (1H, dd), 6.65 (1H,
s),4.83-4.76 (1H, m), 3.62 (2H, s), 3.40 (2H, t), 3.19-3.15 (8H, m), 2.97 (3H, 5), 2.78 (2H, 1), 2.64-
2.53(2H, m), 2.11 (4H, d), 1.77 (2H, d).

Dimethylated Amide Series
General Procedure F

2-Chloro-7-cyclopentyl-7H-pyrrolo[2,3-d[pyrimidine-6-carboxylic acid dimethylamide

In a large sealed tube is added 5-bromo-2,4-dichloropyrimidine (3g, 13.2 mmol) in 100 mL of EtOH.
Then cyclopentyl amine (1.95 mL, 19.75 mmol) and N,N’-diisopropylethylamine (3.36 mL, 19.8
mmol) are added to the solution at rt. The solution is then stirred rt overnight. Solvent is evaporated
and the crude is purified using silica gel chromatography (15% ethyl acetate/85%hexane) to give (5-
bromo-2-chloro-pyrimidin-4-yl)-cyclopentyl-amine as a white solid (3.25g, 89%). MS(ESI) m/z
278.4 (M+H)"
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A mixture of (5-bromo-2-chloro-pyrimidin-4-yl)-cyclopentyl amine (1g, 3.6 mmol),
propiolaldehydedicthylacetel (550 mg, 4.3 mmol), PdCIy(PPhs), (252 mg, 0.36 mmol), Cul (70 mg,
0.36 mmol), 20 mL of Et;N and 5 mL of DMF is degassed and heated to 100 °C. After 13 h, solvent
are removed and column is run using 5% cthyl acetate in heptane to 10% ethyl acetate in heptane.
Product concentrated to give [2-chloro-5-(3,3-dicthoxy-prop-1-ynyl)-pyrimidin-4-yl]-cyclopentyl
amine (500 mg, 43%). MS(ESI) m/z 324.5 (M+H)"

o/
PR
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A mixture of [2-chloro-5-(3,3-dicthoxy-prop-1-ynyl)-pyrimidin-4-yl]-cyclopentyl amine (5.21 g, 16

mmol) in THF is added 1M tetra-n-butylammonium floride in THF (TBAF) (97 mL, 97 mmol) and

Cl

heated to 65 °C for 2 hour. Solvent is removed and column is run using heptane/cthyl acetate from
5% to 15% to give 2-chloro-7-cyclopentyl-6-dicthoxymethyl-7H-pyrrolo[2,3-d]pyrimidine (4.26 g,
82%). MS(ESI) m/z 324.5 (M+H)"
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A mixture of 2-chloro-7-cyclopentyl-6-dicthoxymethyl-7H-pyrrolo[2,3-d]pyrimidine (4.26 g, 13
mmol) in dioxane is added concentrated HCI. After reaction is completed within 10 min, water is
added and then extracted with ethyl acetate. Solvent is removed to give a brown color crude
product. Column is run using heptane/cthyl acetate (6:4) to give 2-chloro-7-cyclopentyl-7H-
pyrrolo[2,3-d]pyrimidine-6-carbaldehyde (2.69 g, 82%). MS(ESI) m/z 350.4 (M+H)"

I

A mixture of 2-chloro-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-carbaldehyde (2.69 g, 11

Cl

mmol) in DMF is added oxone (7.2 g, 12 mmol) and stirred for 6 h. After the reaction is complete,
water is added and a yellow solid is precipitated to give 2-chloro-7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid (2.69 g, 85%). MS(ESI) m/z 266.4 (M+H)"

2-Chloro-7-cyclopentyl-7H-pyrrolo[2,3-d ]pyrimidine-6-carboxylic acid (1.07g, 4.03mmol), HBTU
(1.53g, 4.03mmol) and diisopropylethylamine (2mL, 12.1mmol) are dissolves in dimethylformamide
(20 mL). 2 M solution of dimethylamine in ethanol (2.4mL, 4.8 mmol) is added and the mixture is
stirred for 30 minutes to achieve complete conversion. The reaction mixture is diluted with ethyl
acetate and washed with saturated aqueous sodium hydrogen carbonate, water, then brine. The
organic phase is dried (Na;SQOy,), filtered and concentrated. Purification by chromatography on
silicagel(ethyl acetate:heptane) provides 2-Chloro-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-
carboxylic acid dimethylamide (927mg,79% yield) MS(EST) m/z 293.1 (M+H)"
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Example 1
7-Cyclopentyl-2-(pyridin-2-ylamino)-7H-pyrrolo[2,3-d Jpyrimidine-6-carboxylic acid dimethylamide

\ \ O

50

Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
,3-d]pyrimidine-6-carboxylic acid dimethylamide (100mg, 0.34 mmol) and pyridine-2-ylamine (64
mg, 0.68 mmol) gave 7-cyclopentyl-2-(pyridin-2-ylamino)
-7TH-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (350 mg, 84%).

MS(ESI) m/z 351.1 (M+H)"

Example 74
7-Cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic
acid dimethylamide

Following Buchwald Method B, then General Procedure A, 2-chloro-7-cyclopentyl-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (300 mg, 1.02 mmol) and 5-piperazin-1-
yl-pyridin-2-ylamine (314 mg, 1.13 mmol) gave 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-
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ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (142 mg, 36%). MS(ESI)
m/z 435.3 (M+H)"

Alkylated Analogues

General Procedure D
Example 78
7-Cyclopentyl-2-[5-(4-ethyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[2,3d Jpyrimidine-6-

carboxylic acid dimethylamide

To asolution of 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d Jpyrimidine-
6-carboxylic acid dimethylamide (100 mg, 0.229 mmol) in 20 mL of THF is added potassium
carbonate (100 mg, 0.689 mmol) then bromoecthane (75 mg, 0.687 mmol). The reaction mixture is
heated at 70 °C for 18 h. Following SiO, chromatography, eluting with 0-10% (2M NHj3 in
MecOH)/dichloromethan] gave 7-cyclopentyl-2-[5-(4-cthyl-piperazin-1-yl)-pyridin-2-ylamino]-7H
pyrrolo[2,3d]pyrimidine-6-carboxylic acid dimethylamide (67 mg, 63%). MS(ESI) m/z 463.3
(M+H)"

Example 86
7-Cyclopentyl-2-{5-[4-(2-fluoro-cthyl)-piperazin-1 -yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.229 mmol) and 1-bromo-2-
fluorocthane (88 mg, 0.687 mmol) gave 7-cyclopentyl-2-{5-[4-(2-fluoro-cthyl)-piperazin-1-yl]-
pyridin-2-ylamino} -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (51 mg, 80%).
MS(ESI) m/z 481.3 (M+H)"

Example 26
7-Cyclopentyl-2-{5-[4-(2-hydroxy-cthyl)-piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

N d
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Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (34 mg, 0.072 mmol) and 2-bromo
cthanol (9 mg, 0.216 mmol) gave 7-cyclopentyl-2-{5-[4-(2-hydroxy-ethyl)-piperazin-1-yl]-pyridin-
2-ylamino}-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (12 mg, 32%). MS(ESI)
m/z 479.3 (M+H)"

Example 95
7-Cyclopentyl-2-{5-[4-(2-isopropoxy-cthyl)-piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

o)
I
Z =N N—
HN™ N y
N/|

Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.229 mmol) and 2-(2-
bromocthoxy)propane (200 mg, 0.252 mmol) gave 7-cyclopentyl-2-{5-[4-(2-isopropoxy-cthyl)-
piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
(103 mg, 86%). MS(ESI) m/z 521.3 (M+H)"

General Procedure E

Example 57

7-Cyclopentyl-2-{5-[4-((R)-2-hydroxy-propyl)-piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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To asolution of 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d Jpyrimidine-
6-carboxylic acid dimethylamide (55 mg, 0.123 mmol) and (R)-2-methyl-oxirane (250 mg, 4.3
mmol) in 5 mL of ethanol is heated at 70 °C for 18 h. Following SiO, chromatography, cluting with
0-10% (2M NHj3; in MecOH)/dichloromethane] gave 7-cyclopentyl-2-{5-[4-((R)-2-hydroxy-propyl)-
piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
(10 mg, 16%). MS(ESI) m/z 493.3 (M+H)"

'H NMR (400 MHz, CDCly): 8.70 (1H, s), 8.32 (1H, d), 7.96 (1H, s), 7.80 (1H, s), 7.28 (1H, d), 6.45
(1H, s), 5.32 (1H, s), 4.86-4.77 (1H, s), 3.85 (2H, 1), 3.44 (2H, 1), 3.18 (6H, s), 2.98 (3H, s), 2.62-
2.59 (2H, m), 2.11-2.02 (3H,m); 1.74-1.63 (3H, m).

Example 56
7-Cyclopentyl-2-{5-[4-((S)-2-hydroxy-propyl)-piperazin-1 -yl]-pyridin-2-ylamino} -7H-pyrrolo[ 2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure E, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
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OH

pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (48 mg, 0.110 mmol) and (S)-2-methyl
oxirane (121 mg, 0.22 mmol) gave 7-cyclopentyl-2-{5-[4-((S)-2-hydroxy-propyl)-piperazin-1-yl]-
pyridin-2-ylamino} -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (10 mg, 16%).
MS(ESI) m/z 4933 (M+H)"

Example 71
7-Cyclopentyl-2-{5-[4-(2-hydroxy-2-methyl-propyl)-piperazin-1-yl]-pyridin-2-ylamino} -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

HN)NL?E}_/{:—
%
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Following General Procedure E, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-

=z

pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (50 mg, 0.115 mmol) and 2,2-
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dimethyloxirane (72 mg, 0.805 mmol) gave 7-cyclopentyl-2-{5-[4-(2-hydroxy-2-methyl-propyl)-
piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
(17 mg, 29%). MS(ESI) m/z 507.3 (M+H)"

Example 21
7-Cyclopentyl-2-{5-[4-(3-hydroxy-propyl)-piperazin-1-yl]-pyridin-2-ylamino} -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.229 mmol) and 3-bromo
propan-1-ol (80 mg, 0.574 mmol) gave 7-cyclopentyl-2-{5-[4-(2-hydroxy-2-methylpropyl)-
piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
(55 mg, 50%). MS(ESI) m/z 493.3 (M+H)"

Example 44
7-Cyclopentyl-2-{5-[4-(3-hydroxy-propyl)-piperazin-1-yl]-pyridin-2-ylamino} -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-

pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.229 mmol) and 3-bromo

propane-1,2-diol (106 mg, 0.687 mmol) gave 7-cyclopentyl-2-{5-[4-(2-hydroxy-2-methyl-propyl)-
piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
(29 mg, 24%). MS(ESI) m/z 509.3 (M+H)"

Example 46

7-Cyclopentyl-2-{5-[4-((R)-2,3-dihydroxy-propyl)-piperazin-1-yl]-pyridin-2-ylamino } -7H-

pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

\__/

[N
N
OH
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Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and R-(+)
glycidol (51 mg, 0.691 mmol) gave 7-cyclopentyl-2-{5-[4-((R)-2,3-dihydroxy-propyl)-piperazin-1-
yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (56 mg,
47%). MS(ESI) m/z 509.3 (M+H)"

Example 29
7-Cyclopentyl-2-{5-[4-((S)-2,3-dihydroxy-propyl)-piperazin-1-yl]-pyridin-2-ylamino} -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

g @ /
e

Following General Procedure E, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and (S)-(+)
glycidol (51 mg, 0.691 mmol) gave 7-cyclopentyl-2-{5-[4-((S)-2,3-dihydroxy-propyl)-piperazin-1-
yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (60 mg,
50%). MS(ESI) m/z 509.3 (M+H)"

Example 79
7-Cyclopentyl-2-[5-(4-cyclopentyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and bromo
cyclopentane (103 mg, 0.691 mmol) gave 7-cyclopentyl-2-[5-(4-cyclopentyl-piperazin-1-yl)-pyridin-
2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (85 mg, 71%). MS(ESI)
m/z 503.3 (M+H)"

Example 63
7-Cyclopentyl-2-[5-(4-isopropyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[ 2,3-d]pyrimidine-6-

carboxylic acid dimethylamide

To asolution of 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d Jpyrimidine-
6-carboxylic acid dimethylamide (30 mg, 0.069 mmol) in 10 mL of dichloromethane is added 1 mL
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of acetone and NaB(OAc);H (30 mg, 0.138 mmol). The resulting mixture is stirred at room
temperature for 18 h. Following purification by preparative LCMS gave 7-cyclopentyl-2-[5-(4-
isopropyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid
dimethylamide (20 mg, 61%). MS(ESI) m/z 477.3 (M+H)"

Example 36
7-Cyclopentyl-2-{5-[4-(2-hydroxy-1-methyl-cthyl)-piperazin- 1 -yl]-pyridin-2-ylamino } -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and 2-bromo
propan-1-ol (96 mg, 0.690 mmol) gave 7-cyclopentyl-2-{5-[4-(2-hydroxy-1-methyl-cthyl)-
piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
(28 mg, 25%). MS(ESI) m/z 493.4 (M+H)"

Example 101
2-{4-[6-(7-Cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridin-3-yl]-

piperazin-1-yl} -propionic acid methyl ester
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Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and 2-bromo
propionic acid methyl ester (31 mL, 0.28 mmol) gave 2-{4-[6-(7-cyclopentyl-6-dimethylcarbamoyl-

7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridin-3-yl]-piperazin- 1 -yl} -propionic acid methyl ester
(46 mg, 39%). MS(ESI) m/z 521.4 (M+H)"

Example 103
2-{4-[6-(7-Cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridin-3-yl]-

piperazin-1-yl} -propionic acid
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To a solution of 2-{4-[6-(7-cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino)-pyridin-3-yl]-piperazin-1-yl} -propionic acid methyl ester (250 mg, 0.48 mmol) in 10 mL
of THF is added a solution of LiOH (19 mg, 48 mmol) in 10 mL of H,O. After 18 h stirring at room
temperature, the resulting mixture is concentrated and diluted with H,O and adjusted to pH = 6 with
I N HCIL. Ished with dichloromethane then solids precipitated and collected to give 2-{4-[6-(7-
cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridin-3-yl]-piperazin-
1-yl} -propionic acid (225 mg, 94%). MS(ESI) m/z 507.3 (M+H)"

Example 69
2-[5-(4-Cyclohexylmethyl-piperazin-1-yl)-pyridin-2-ylamino]-7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

A
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Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and bromomethyl
cyclohexane (122 mg, 0.690 mmol) gave 2-[5-(4-cyclohexylmethyl-piperazin-1-yl)-pyridin-2-

ylamino]-7-cyclopentyl-7H-pyrrolo[2,3-d|pyrimidine-6-carboxylic acid dimethylamide (75 mg,
63%). MS(ESI) m/z 5314 (M+H)"

Example 92
7-Cyclopentyl-2-[5-(4-isobutyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[ 2,3-d Jpyrimidine-6-

carboxylic acid dimethylamide
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Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-

1\ 32

pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and 1-bromo-2-

methyl propane (94 mg, 0.690 mmol) gave 7-cyclopentyl-2-[5-(4-isobutyl-piperazin-1-yl)-pyridin-2-
ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (45 mg, 41%). MS(ESI)

m/z 491.3 (M+H)"

Example 99

7-Cyclopentyl-2-{5-[4-(2-methyl-butyl)-piperazin- 1 -yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-

d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and 1-bromo-2-
methyl butane (103 mg, 0.690 mmol) gave 7-cyclopentyl-2-{5-[4-(2-mecthyl-butyl)-piperazin-1-yl]-
pyridin-2-ylamino} -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (50 mg, 42%).
MS(ESI) m/z 505.3 (M+H)"

Example 68
7-Cyclopentyl-2-{5-[4-(4-methyl-pentyl)-piperazin-1-yl]-pyridin-2-ylamino} -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

A

HN” N7 N N—

)
\(\)N
Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and 1-bromo-4-
methyl pentane (103 mg, 0.690 mmol) gave 7-cyclopentyl-2-{5-[4-(4-methyl-pentyl)-piperazin-1-

yl]-pyridin-2-ylamino} -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (50 mg,
42%). MS(ESI) m/z 519.4 (M+H)"

Example 10
2-[5-(4-Carbamoylmethyl-piperazin-1-yl)-pyridin-2-ylamino]-7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide



1", -ee, ", t-2-mm- <', HNNNO N Y ,,--- N N

WO 2010/020675 PCT/EP2009/060793
107

\ O

\
/ —
N=
g
Following General Procedure D, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and 2-bromo
acctamide (95 mg, 0.690 mmol) gave 2-[5-(4-carbamoylmethyl piperazin-1-yl)-pyridin-2-ylamino]-

7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (50 mg, 45%).
MS(ESI) m/z 492 4 (M+H)"

Example 7
2-[5-(4-Acetyl piperazin-1-yl)-pyridin-2-ylamino]-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-

carboxylic acid dimethylamide

7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[ 2,3-d[pyrimidine-6-carboxylic
acid dimethylamide (30 mg, 0.230 mmol) in 5 mL of dichloromethane. Added 0.5 mL of acetic
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anhydride. After 10 min, reaction is complete and trituration with acetonitrile gave 2-[5-(4-acetyl-
piperazin-1-yl)-pyridin-2-ylamino]-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid
dimethylamide (30 mg, 91%). MS(ESI) m/z 477.3 (M+H)"

General Procedure G

Example 27
7-Cyclopentyl-2-[5-(4-cyclopropanecarbonyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[ 2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

O
=
)

o

z

To asolution of 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d Jpyrimidine-
6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and cyclopropanecarbonyl chloride (22 mL,
0.690 mmol) in 5 mL of CH,Cl, is added a solution of Et;N (64 mL, 0.459 mmol) and stirred at rt
for 18 h. The resulting mixture is concentrated and diluted with saturated NaHCOs and extracted
with cthyl acetate (3x100 mL). The combine organics are dried over Na,COj; and preparative HPLC
to give 2-[5-(4-carbamoylmethyl-piperazin-1-yl)-pyridin-2-ylamino]-7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (81 mg, 68%). MS(ESI) m/z 503.3 (M+H)"

Example 23
2-[5-(4-Cyclohexanecarbonyl-piperazin-1-yl)-pyridin-2-ylamino]-7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure G, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and cyclohexane
carbonyl chloride (37 mg, 0.690 mmol) gave 2-[5-(4-cyclohexanecarbonyl-piperazin-1-yl)-pyridin-
2-ylamino]-7-cyclopentyl-7H-pyrrolo[2,3-dJpyrimidine-6-carboxylic acid dimethylamide (63 mg,
49%). MS(ESI) m/z 5453 (M+H)"

Example 90
2-{5-[4-(2-Cyclohexyl-acetyl)-piperazin-1-yl]-pyridin-2-ylamino } -7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure G, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and cyclohexyl
acetyl chloride (39 mL, 0.690 mmol) gave 2-{5-[4-(2-cyclohexyl acetyl)-piperazin-1-yl]-pyridin-2-
ylamino }-7-cyclopentyl-7H-pyrrolo[2,3-dJpyrimidine-6-carboxylic acid dimethylamide (61 mg,
47%). MS(ESI) m/z 559.4 (M+H)"

Example 91
7-Cyclopentyl-2-{5-[4-(3-cyclopentyl-propionyl)-piperazin- 1 -yl]-pyridin-2-ylamino } -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure G, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and 3-cyclopentyl
propionyl chloride (39 mL, 0.690 mmol) gave 7-cyclopentyl-2-{5-[4-(3-cyclopentyl-propionyl)-
piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
(57 mg, 44%). MS(ESI) m/z 559.4 (M+H)"

Example 22
7-Cyclopentyl-2-{5-[4-(pyrrolidine-1-carbonyl)-piperazin- 1 -yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure G, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and pyrrolidine-1-
carbonyl chloride (25 mL, 0.690 mmol) gave 7-cyclopentyl-2-{5-[4-(pyrrolidine-1-carbonyl)-
piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

84 mg, 70%). MS(ESI) m/z 532.3 (M+H)"
( g, ) (ESD ( )

Example 94
7-Cyclopentyl-2-{5-[4-(piperidine-1 -carbonyl)-piperazin-1-yl]-pyridin-2-ylamino} -7H-pyrrolo[ 2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure G, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and piperidine-1-
carbonyl bromide (32 mL, 0.690 mmol) gave 7-cyclopentyl-2-{5-[4-(piperidine-1-carbonyl)-
piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
(83 mg, 64%). MS(ESI) m/z 546.3 (M+H)"

Example 38
7-Cyclopentyl-2-{5-[4-(morpholine-4-carbonyl)-piperazin-1 -yl]-pyridin-2-ylamino } -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

EJ\"J

Following General Procedure G, 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.230 mmol) and morpholine-
4-carbonyl chloride (38 mg, 0.690 mmol) gave 7-cyclopentyl-2-{5-[4-(morpholine-4-carbonyl)-
piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
(80 mg, 62%). MS(ESI) m/z 548.3 (M+H)"

Example 30
(R)-4-[6-(7-Cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridin-3-
yl]-2-methyl-piperazine-1-carboxylic acid tert-butyl ester
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Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
,3-d]pyrimidine-6-carboxylic acid dimethylamide (200 mg, 0.200 mmol) and (R)-2-methyl-
piperazine-1-carboxylic acid terz-butyl ester (200 mg, 0.682 mmol) gave (R)-4-[6-(7-cyclopentyl-6-
dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridin-3-yl]-2-methyl-piperazine- 1 -
carboxylic acid tert-butyl ester (131 mg, 35%). MS(ESI) m/z 549.5 (M+H)"

Example 31

(S)-4-[6-(7-Cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d ]pyrimidin-2-ylamino)-pyridin-3-
yl]-2-methyl-piperazine-1-carboxylic acid tert-butyl ester

Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
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,3-d]pyrimidine-6-carboxylic acid dimethylamide (200 mg, 0.200 mmol) and (S)-2-methyl-
piperazine-1-carboxylic acid tert-butyl ester (200 mg, 0.682 mmol) gave (S)-4-[6-(7-cyclopentyl-6-
dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridin-3-yl]-2-methyl-piperazine- 1 -
carboxylic acid tert-butyl ester (157 mg, 42%). MS(ESI) m/z 549.5 (M+H)"

Example 16
7-Cyclopentyl-2-[5-((R)-3-methyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[ 2,3-d]pyrimidine-
6-carboxylic acid dimethylamide
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Following General Procedure A, (R)-4-[6-(7-cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)-pyridin-3-yl]-2-methyl-piperazine-1-carboxylic acid tert-butyl ester (131
mg, 0.200 mmol) gave 7-cyclopentyl-2-[5-((R)-3-methyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
(55 mg, 50%). MS(ESI) m/z 449.3 (M+H)"
'"H NMR (400 MHz, CDCly): 8.71 (1H, s), 8.38 (1H, d), 8.03 (1H, s), 7.80 (1H, s), 7.36 (1H, d), 6.46
(1H, s), 4.84-4.80 (1H, m), 3.46 (3H, d), 3.18 (6H, s), 3.14-3.05 (2H, m), 2.82-2.75 (1H, m), 2.60-
2.55(3H, m), 2.47-2.41 (1H, m), 2.10-2.04 (4H, m), 1.94-1.67 (4H, m).

Example 81
7-Cyclopentyl-2-{5-[(R)-4-(2-hydroxy-cthyl)-3-methyl-piperazin-1-yl]-pyridin-2-ylamino } -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
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Following General Procedure D, 7-cyclopentyl-2-[5-((R)-3-methyl-piperazin-1-yl)-pyridin-2-
ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (43 mg, 0.095 mmol) and
2-bromo cthanol (13 mg, 0.105 mmol) gave 7-cyclopentyl-2-{5-[(R)-4-(2-hydroxy-ethyl)-3-methyl-
piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
(32 mg, 68%). MS(ESI) m/z 493.3 (M+H)"

Example 17
7-Cyclopentyl-2-[5-((S)-3-methyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[ 2,3-d]pyrimidine-
6-carboxylic acid dimethylamide

Following General Procedure A, (S)-4-[6-(7-cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)-pyridin-3-yl]-2-methyl-piperazine-1 -carboxylic acid tert-butyl ester (145
mg, 0.200 mmol) gave 7-cyclopentyl-2-[5-((S)-3-methyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
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(86 mg, 72%). MS(ESI) m/z 449.3 (M+H)"
Example 82

7-Cyclopentyl-2-{5-[(S)-4-(2-hydroxy-ethyl)-3-methyl-piperazin-1-yl]-pyridin-2-ylamino } -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

A
HN)\N/ N N—
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Following General Procedure D, 7-cyclopentyl-2-[5-((S)-3-methyl-piperazin-1-yl)-pyridin-2-

4/

ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (74 mg, 0.17 mmol) and 2-

bromo cthanol (23 mg, 0.18 mmol) gave 7-cyclopentyl-2-{5-[(S)-4-(2-hydroxy-cthyl)-3-methyl-

piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

34 mg, 42%). MS(ESI) m/z 493.3 (M+H)
(34 mg, 42%). MS(ESI) (M+H)

Example 72

7-Cyclopentyl-2-[5-(3,3-dimethyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-

6-carboxylic acid dimethylamide
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Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
,3-d]pyrimidine-6-carboxylic acid dimethylamide (50 mg, 0.17 mmol) and 4-(6-amino-pyridin-3-
yl)-2,2-dimethyl-piperazine-1-carboxylic acid tert-butyl ester (58 mg, 0.15 mmol) gave 7-
cyclopentyl-2-[5-(3,3-dimethyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d Jpyrimidine-6-
carboxylic acid dimethylamide (20 mg, 25%). MS(ESI) m/z 463.3 (M+H)"

Example 24
7-Cyclopentyl-2-[5-(3,5-dimethyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-
6-carboxylic acid dimethylamide

N O
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Following General Procedure A, 4-[6-(7-Cyclopentyl-6-dimethylcarba

I=

moyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridin-3-yl]-2,6-dimethyl-piperazine-1 -carboxylic
acid rert-butyl ester (150 mg, 0.27 mmol) gave 7-cyclopentyl-2-[5-(3,5-dimethyl-piperazin-1-yl)-
pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (70 mg, 58%).
MS(ESI) m/z 463.3 (M+H)"
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'"H NMR (400 MHz, DMSO-d6): 9.33 (1H, s), 8.76 (1H, s), 8.15 (1H, d), 7.98 (1H, 5), 7.43, (1H, d),
6.61 (1H, s), 4.76-4.72 (1H, m), 3.50-3.48 (2H, m), 3.08-3.05 (3H, m), 2.89-2.86 (2H, m), 2.50
(12H, s), 2.48-2.43 (2H, m), 2.14-2.05 (2H, m), 2.00-1.90 (2H, m), 1.70-1.60 (1H, m).

Example 4
7-Cyclopentyl-2-[5-(3-oxo-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-

carboxylic acid dimethylamide
0
“ N N—
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Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.34 mmol) and 4-(6-amino-pyridin-3-
yl)-piperazin-2-one (111 mg, 0.578 mmol) gave 7-cyclopentyl-2-[5-(3-0xo-piperazin-1-yl)-pyridin-
2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (35 mg, 35%). MS(ESI)
m/z 449.2 (M+H)"

Example 39
7-Cyclopentyl-2-[5-((S)-3-hydroxy-pyrrolidin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[ 2,3-
d]pyrimidine-6-carboxylic acid dimethylamide



44 1 HN ------- NN d, N -

WO 2010/020675 PCT/EP2009/060793
119

575

OH

Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
,3-d]pyrimidine-6-carboxylic acid dimethylamide (101 mg, 0.35 mmol) and N-{(E)-2-[(S)-3-(tert-
butyl-dimethyl-silanyloxy)-pyrrolidin-1-yl]-vinyl} -acrylamidine (153 mg, 0.52 mmol), followed by
deprotection with TBAF to give 7-cyclopentyl-2-[5-((S)-3-hydroxy-pyrrolidin-1-yl)-pyridin-2-
ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (98 mg, 65%). MS(ESI)
m/z 436.3 (M+H)"

Example 32

7-Cyclopentyl-2-[5-(3-hydroxy-azetidin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d] pyrimidine-6-

carboxylic acid dimethylamide

OH
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To a solution of 5-bromo-2-niropyridine (0.54 g, 2.66 mmol), azetidin-3-ol hydrochloride (0.46 g,
4.17 mmol) and tetrabutylammonium iodide (0.103 g, 0.278 mmol) in 6 mL of DMSO is added
potassium carbonate (1.06 g, 7.68 mmol). The resulting mixture is heated to 80 °C for 3 h. Poured
into cthyl acetate/NaHCOjs solution. Extracted with ethyl acetate (2x250 mL). The organic layer is
ished with brine and dried over Na,SO4. Concentrated to give 1-(6-nitro-pyridin-3-yl)-azetidin-3-ol
(153 mg, 29%). MS(ESI) m/z 240.1 (M+H)"

To a solution of 1-(6-nitro-pyridin-3-yl)-azetidin-3-ol (154 mg, 0.779 mmol) in 2 mL of DMF is
added Et;N (0.2 mL, 0.15 mmol), TBDMSCI (117 mg, 0.776 mmol). The resulting mixture is
stirred at room temperature for 2 h. Poured into EtOAc/NaHCO:s. the aqueous layer is extracted
with cthyl acetate (2x50 mL). The combined organic layers are ished with brine, dried over Na,SOs.
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Concentrated to give 5-[3-(tert-butyl-dimethyl-silanyloxy)-azetidin-1-yl]-2-nitro-pyridine (175 mg,
73%).

NH,

N/

A

To a suspension of 5-[3-(zert-butyl-dimethyl-silanyloxy)-azetidin-1-yl]-2-nitro-pyridine (124 mg,
0.401 mmol) in 5 mL of cthanol is added iron powder (206 mg, 3.68 mmol) then 2 mL of NH4Cl
solution. The resulting mixture is heated at 80 °C for 3 h and filtered through celite and
concentrated. The resulting dark solid is divided between ethyl acetate and water. The aqueous
phase is extracted with ethyl acetate (2x50 mL). The combine organic layers are ished with brine,
dried over Na,SO4 and concentrated to give 5-[3-(tert-butyl-dimethyl-silanyloxy)-azetidin-1-yl]-
pyridin-2-ylamine (105 mg, 94%).

Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
,3-d]pyrimidine-6-carboxylic acid dimethylamide (120 mg, 0.411 mmol) and N-{(E)-2-[(S)-3-(tert-
butyl-dimethyl-silanyloxy)-pyrrolidin-1-yl]-vinyl} -acrylamidine (112 mg, 0.401 mmol), followed by
deprotection with 2 mL of TBAF to give 7-cyclopentyl-2-[5-(3-hydroxy-azetidin-1-yl)-pyridin-2-
ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (18 mg, 46%). MS(ESI)
m/z 422.5 (M+H)"

Example 59
2-{5-[(2-Amino-ethyl)-methyl-amino]-pyridin-2-ylamino } -7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
,3-d]pyrimidine-6-carboxylic acid dimethylamide (200 mg, 0.68 mmol) and {2-[(6-amino-pyridin-3-
yl)-methyl-amino]-ethyl} -carbamic acid zerz-butyl ester (200 mg, 0.75 mmol), followed by
deprotection using General Procedure A to give 2-{5-[(2-amino-cthyl)-methyl-amino]-pyridin-2-
ylamino}-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg,
34%). MS(ESI) m/z 423 4 (M+H)"

Example 83
7-Cyclopentyl-2-{5-[(2-hydroxy-cthyl)-methyl-amino]-pyridin-2-ylamino } -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

\\O
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Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
,3-d]pyrimidine-6-carboxylic acid dimethylamide (25 mg, 0.85 mmol) and [2-(zerz-butyl dimethyl
silanyloxy)-ethyl]-methyl amine (27 mg, 0.094 mmol), followed by deprotection using 0.6 mL of
TBAF in 2 mL of THF to give 7-cyclopentyl-2-{5-[(2-hydroxy-ethyl)-methyl-amino]-pyridin-2-
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ylamino}-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (18 mg, 72%). MS(ESI)
m/z 424.2 (M+H)"

'H NMR (400 MHz, CDCl;): 8.78 (1H, s), 8.59-8 .41 (2H, m), 8.23 (1H, d), 7.65 (1H, dd), 6.47 (1H,
s),4.88-4.72 (1H, m), 4.55-4.42 (1H, m), 3.84-3.42 (4H, m), 3.17 (6H, s), 3.02 (2H, t), 2.68-2.53
(2H, m), 2.07 (4H, d), 1.73 (2H, d).

Example 3
7-Cyclopentyl-2-[5-(piperidin-4-ylcarbamoyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-

carboxylic acid dimethylamide
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Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
,3-d]pyrimidine-6-carboxylic acid dimethylamide (25 mg, 0.85 mmol) and 4-[(6-amino-pyridine-3-
carbonyl)-amino]-piperidine-1-carboxylic acid terz-butyl ester (27 mg, 0.094 mmol), followed by
deprotection using 0.6 mL of TBAF in 2 mL of THF to give 7-cyclopentyl-2-[5-(piperidin-4-
ylcarbamoyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (18
mg, 72%). MS(ESI) m/z 4242 (M+H)"

Example 53
7-Cyclopentyl-2-[5-(methyl-piperidin-4-yl-carbamoyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
,3-d]pyrimidine-6-carboxylic acid dimethylamide (170 mg, 0.58 mmol) and 4-[(6-amino-pyridine-3-
carbonyl)-methyl-amino]-piperidine-1-carboxylic acid zerz-butyl ester (292 mg, 0.87 mmol),
followed by deprotection using General Procedure A to give 7-cyclopentyl-2-[5-(methyl-piperidin-
4-yl-carbamoyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
(46 mg, 16%). MS(ESI) m/z 491.3 (M+H)"

Example 49
7-Cyclopentyl-2-[5-(piperazine- 1 -carbonyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-

carboxylic acid dimethylamide

HN” N %j/
N=
S

Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
,3-d]pyrimidine-6-carboxylic acid dimethylamide (205 mg, 0.7 mmol) and 4-(6-amino-pyridine-3-
carbonyl)-piperazine-1-carboxylic acid fert-butyl ester (236 mg, 0.8 mmol), followed by
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deprotection using General Procedure A to give 7-cyclopentyl-2-[5-(piperazine-1-carbonyl)-
pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (13 mg, 41%).
MS(ESI) m/z 4633 (M+H)"

Example 96
7-Cyclopentyl-2-{5-[4-(2-hydroxy-ethyl)-piperazine-1-carbonyl]-pyridin-2-ylamino } -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

OH

Following General Procedure D, 7-cyclopentyl-2-[5-(piperazine-1-carbonyl)-pyridin-2-ylamino]-
7H-pyrrolo[2,3-dJpyrimidine-6-carboxylic acid dimethylamide (200 mL, 0.43 mmol) and 2-bromo
cthanol (37 mg, 0.52 mmol) to give 7-cyclopentyl-2-{5-[4-(2-hydroxy-cthyl)-piperazine-1-
carbonyl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100
mg, 48%). MS(ESI) m/z 478.3 (M+H)"

Example D
6-(7-Cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-nicotinic acid

N™ ™ N\ o
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Following General Procedure D, 7-cyclopentyl-2-[5-(piperazine-1-carbonyl)-pyridin-2-ylamino]-
7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (2 g, 6.83 mmol) and 6-amino-
nicotinic acid methyl ester (1.15 g, 7.51 mmol). Followed by treatment with LiOH (1g, 25 mmol) in
320 mL of THF/H,0 gave 6-(7-cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino) nicotinic acid (1.2 g, 55%). MS(ESI) m/z 395.3 (M+H)"

Example 50
7-Cyclopentyl-2-[5-(4-dimethylamino-piperidine-1 -carbonyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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To a solution of 6-(7-cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d Jpyrimidin-2-ylamino)-
nicotinic acid (100 mg, 0.25 mmol) (Example D) in 3 mL of DMF is added dimethyl-piperidin-4-yl-
amine (33 mg, 0.25 mmol), HBTU (140 mg, 0.38 mmol), and DIPEA (0.088 mL, 0.51 mmol). After
48 h stirring at room temperature, the resulting mixture is concentrated and diluted with saturated
NaHCOj; and extracted with ethyl acetate (3x 100 mL). The combine organics are dried over
Na,COs and concentrated to give a reddish residue. Preparative HPLC to give 7-cyclopentyl-2-[5-
(4-dimethylamino-piperidine-1-carbonyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d Jpyrimidine-6-
carboxylic acid dimethylamide (60 mg, 46%). MS(ESI) m/z 505.5 (M+H)"

'H NMR (400 MHz, DMSO-d6): 9.97 (1H, s), 8.85 (1H, s), 8.34 (1H, d), 7.83 (1H, d), 6.65 (1H, s),
4.80-4.72 (1H, m), 4.06-4.00 (1H, s), 3.06 (6H, s), 2.48-2.40 (2H, m), 2.39-2.30 (2H, m), 2.18 (6H,
s),2.05-1.95 (5H, m), 1.82-1.70 (2h, m), 1.69-1.60 (2H, m), 1.41-1.32 (2H, m), 1.19-1.16 (2h, m).
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Example 87
7-Cyclopentyl-2-[5-(4-hydroxy-piperidine-1-carbonyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

To a solution of 6-(7-cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d Jpyrimidin-2-ylamino)-
nicotinic acid methyl ester (200 mg, 0.49 mmol) and piperidin-4-ol (500 mg, 4.9 mmol) in 5 mL of
CH,Cl, is added dropwise a solution of iPrMgCl (2.45 mL, 4.9 mmol) at 0 °C and allow to warm up
to room temperature overnight. After 18 h, added another 10 equivalents of i-PrMgCl and stirred for
another 5 h. The reaction mixture is quenched with saturated NH4Cl and extracted with
dichloromethane (3x100 mL). The combine organic ished with NaCl and dried over Na,SO4 and
concentrated. Following SiO; chromatography, eluting with 85/15% (CH2Cl,/MeOH) gave 7-
cyclopentyl-2-[5-(4-hydroxy-piperidine-1-carbonyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (120 mg, 51%). MS(ESI) m/z 478.3 (M+H)"

Example 41
2-{5-[(2-Amino-ethyl)-methyl-carbamoyl]-pyridin-2-ylamino | - 7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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A solution of 6-(7-cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-
nicotinic acid (100 mg, 0.25 mmol) in DMF is added (2-methylamino ethyl)-carbamic acid zerz-butyl
ester (53 mg, 0.25 mmol), HBTU (140 mg, 0.38 mmol), and DIPEA (0.088 mL, 0.51 mmol). Afier
48 h stirring at room temperature, the resulting mixture is concentrated and diluted with saturated
NaHCO; solution and extracted with ethyl acetate (3x 100 mL). The combine organics are dried
over Na,COs and concentrated to give a reddish residue. Followed by deprotection using General
Procedure A to give 2-{5-[(2-amino-cthyl)-methyl-carbamoyl]-pyridin-2-ylamino}-7-cyclopentyl-
7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 77%). MS(ESI) m/z 451.3
(M+H)"

Example 6
7-Cyclopentyl-2-(4-dimethylamino-3,4,5,6-tetrahydro-2H-[1,3"bipyridinyl-6'-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

A
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Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic
acid dimethylamide (100 mg, 0.34 mmol) and N-4,N-4-dimethyl-3,4,5,6-tctrahydro-2H-
[1,3"]bipyridinyl-4,6'-diamine (113 mg, 0.51 mmol) to give 7-cyclopentyl-2-(4-dimethylamino-
3.,4,5,6-tetrahydro-2H-[1,3"bipyridinyl-6'-ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid
dimethylamide (80 mg, 50%). MS(ESI) m/z 477.3 (M+H)"

'H NMR (400 MHz, DMSO-d6): 9.20 (1H, s), 8.74 (1H, s), 8.13 (1H, d), 7.98 (1H, s), 7.43 (1H, d),
6.59 (1H, s), 4.80-4.68 (1H, m), 3.66 (2H, d), 3.10 (6H, s), 2.70-2.60 (2h, m), 2.40-2.30 (2H, m),
2.20 (6H, s), 2.00-2.80 (4H, m), 1.85-1.75 (2H, m), 1.70-1.60 (2H, m), 1.65-1.45 (2H, m).

Example 20
7-Cyclopentyl-2-(4-hydroxy-3,4,5,6-tetrahydro-2H-[ 1,3']bipyridinyl-6'-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

OH

Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic
acid dimethylamide (290 mg, 0.939 mmol) and 4-(tert-butyl-dimethyl-silanyloxy)-3,4,5,6-
tetrahydro-2H-[1,3"|bipyridinyl-6'-ylamine (336 mg, 1.09 mmol). Followed by deprotection using 7
mL of TBAF in 28 mL of THF to give 7-cyclopentyl-2-(4-dimethylamino-3.4,5,6-tetrahydro-2H-
[1,3"]bipyridinyl-6'-ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (110
mg, 61%). MS(ESI) m/z 450.3 (M+H)"
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Example 35
7-Cyclopentyl-2-[4-(2-hydroxy-ethyl)-3,4,5,6-tetrahydro-2H-[1,3']bipyridinyl-6'-ylamino]-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

OH

Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic
acid dimethylamide (100 mg, 0.34 mmol) and 2-(6'-amino-3,4,5,6-tetrahydro-2H-[ 1,3"bipyridinyl-4-
yl)-ethanol (90 mg, 0.38 mmol) to give 7-cyclopentyl-2-[4-(2-hydroxy-ethyl)-3,4,5,6-tetrahydro-2H-
[1,3"]bipyridinyl-6'-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (80 mg,
93%). MS(ESI) m/z 4783 (M+H)"

Example 52
7-Cyclopentyl-2-(1',2",3',4',5',6'-hexahydro-[3,4"bipyridinyl-6-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic
acid dimethylamide (300 mg, 1.03 mmol) and 6-amino-3',4",5',6'-tetrahydro-2'H-[3,4"|bipyridinyl-1'-
carboxylic acid tert-butyl ester (313 mg, 1.13 mmol), followed by deprotection using General
Procedure A to give 7-cyclopentyl-2-(1',2',3',4",5',6'-hexahydro-[3,4"bipyridinyl-6-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (212 mg, 48%). MS(ESI) m/z 434.3
(M+H)"

'"H NMR (400 MHz, DMSO-d6): 9.54 (1H, s), 8.80 (1H, s), 8.29 (1H, d), 8.17 (1H, s), 7.62 (1H, d),
6.63 (1H, s), 4.83 (1H, m), 3.38-3.30 (3H, m), 3.06 (6H, s), 3.05-2.95 (1H, m), 2.88-2.80 (1H, m),
2.48-2.40 (4H, m), 2.04-1.95 (4H, m), 1.83-1.70 (2H, m), 1.70-1.64 (2H, m).

Example 80
7-Cyclopentyl-2-(1'-isopropyl-1',2',3",4',5',6'-hexahydro-[3,4'|bipyridinyl-6-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

To a suspension of 7-cyclopentyl-2-(1',2',3",4',5',6'-hexahydro-[3,4'|bipyridinyl-6-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.23 mmol) in
dichloromethane/acetone is added NaBH(OAc); (488 mg, 2.3 mmol) followed by 3 drops of glacial
acetic acid. After reaction is completed and concentrated. Diluted with 100 mL of H,O and basified
to pH12 with 50% NaOH solution dropwise (2mL). Extracted with dichloromethane (3x 100 mL)
and concentrated to give 7-cyclopentyl-2-(1'-isopropyl-1',2",3'.4',5',6'-hexahydro-[3.,4'|bipyridinyl-6-
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ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (65 mg, 60%). MS(ESI)
m/z 476.3 (M+H)"

Example 100
7-Cyclopentyl-2-[1'-(2-hydroxy-ethyl)-1',2",3',4',5",6'-hexahydro-[3,4"bipyridinyl-6-ylamino]-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

OH

Following General Procedure D, 7-cyclopentyl-2-(1',2',3",4',5',6'-hexahydro-[3,4'|bipyridinyl-6-
ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (63 mg, 0.15 mmol) and 2-
bromo cthanol (90 mg, 0.72 mmol) to give 7-cyclopentyl-2-[ 1'-(2-hydroxy-ethyl)-1',2',3",4',5',6'-
hexahydro-[3,4'|bipyridinyl-6-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid
dimethylamide (37 mg, 53%). MS(ESI) m/z 478.3 (M+H)"

Example 45
4-[6-(7-Cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-d [pyrimidin-2-ylamino)-pyridazin-3-yl]-

piperazine-1-carboxylic acid zerz-butyl ester
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Following General Procedure D, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
,3-d]pyrimidine-6-carboxylic acid dimethylamide (200 mg, 0.68 mmol) and 4-(6-amino-pyridazin-3-
yl)-piperazine-1-carboxylic acid tert-butyl ester (210 mg, 0.75 mmol) to give 4-[6-(7-cyclopentyl-6-
dimethylcarbamoyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-pyridazin-3-yl]-piperazine- 1 -carboxylic
acid tert-butyl ester (150 mg, 46%). MS(ESI) m/z 536.3 (M+H)"

Example 67

7-Cyclopentyl-2-(6-piperazin-1-yl-pyridazin-3-ylamino)-7H-pyrrolo[ 2,3-d]pyrimidine-6-carboxylic

acid dimethylamide

Following General Procedure A, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
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,3-d]pyrimidine-6-carboxylic acid dimethylamide (150 mg, 0.28 mmol) gave 7-cyclopentyl-2-(6-
piperazin-1-yl-pyridazin-3-ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide
(2 mg, 2%). MS(ESI) m/z 436.3 (M+H)"

'H NMR (400 MHz, DMSO-d6): 9.77 (1H, s), 8.76 (1H, s), 8.20 (1H, d), 7.39 (1H, d), 6.60 (1H, s),
5.75(1H, s), 4.76-4.67 (1H, m), 3.52 (4H, s), 3.05 (6H, s), 2.94 (4H, s), 2.42-2.26 (2H, m), 1.97-1 .88
(4H, m), 1.62-1.56 (2H, m).

Example 70
7-Cyclopentyl-2-[6-(4-isopropyl-piperazin-1-yl)-pyridazin-3-ylamino]-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide
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To a suspension of 7-cyclopentyl-2-(1',2',3",4',5',6'-hexahydro-[3,4'|bipyridinyl-6-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.23 mmol) in
dichloromethane/acetone is added NaBH(OAc); (488 mg, 2.3 mmol) followed by 3 drops of glacial
acetic acid. After reaction is completed and concentrated. Diluted with 100 mL of H,O and basified
to pH12 with 50% NaOH solution dropwise (2mL). Extracted with dichloromethane (3x 100 mL),
and concentrated to give 7-cyclopentyl-2-[6-(4-isopropyl-piperazin-1-yl)-pyridazin-3-ylamino]-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (77 mg, 70%). MS(ESI) m/z 478.3
(M+H)"
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Example 37
7-Cyclopentyl-2-{6-[4-(2-hydroxy-cthyl)-piperazin-1-yl]-pyridazin-3-ylamino} -7H-pyrrolo[ 2,3-
d]pyrimidine-6-carboxylic acid dimethylamide

Following General Procedure D, 7-cyclopentyl-2-(6-piperazin-1-yl-pyridazin-3-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (100 mg, 0.229 mmol) and 2-bromo
cthanol (143 mg, 1.14 mmol) gave 7-cyclopentyl-2-{6-[4-(2-hydroxy-ethyl)-piperazin-1-yl]-
pyridazin-3-ylamino } -7H-pyrrolo[2,3-d Jpyrimidine-6-carboxylic acid dimethylamide (14 mg, 13%).
MS(ESI) m/z 480.3 (M+H)"

Example 48
7-Cyclopentyl-2-(3,4,5,6-tetrahydro-2H-[ 1 ,2'|bipyrazinyl-5'-ylamino)-7H-pyrrolo[2,3-d]pyrimidine-

6-carboxylic acid dimethylamide
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Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic
acid dimethylamide (100 mg, 0.342 mmol) and 5'-amino-2,3,5,6-tetrahydro-[1,2']bipyrazinyl-4-
carboxylic acid tert-butyl ester (114 mg, 0.408 mmol), followed by deprotection using General
Procedure A to give 7-cyclopentyl-2-(3,4,5,6-tetrahydro-2H-[1,2"]bipyrazinyl-5'-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (82 mg, 45%). MS(ESI) m/z 436.3
(M+H)"

Example 15

7-Cyclopentyl-2-[4-(2-hydroxy-ethyl)-3,4,5,6-tetrahydro-2H-[ 1,2'|bipyrazinyl-5'-ylamino]-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide

HN” "N /N—
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Following General Procedure D, 7-cyclopentyl-2-(3.4,5,6-tetrahydro-2H-[1,2]bipyrazinyl-5'-
ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide (50 mg, 0.114 mmol) and
2-bromo ethanol (25 mg, 0.20 mmol) to give 7-cyclopentyl-2-[4-(2-hydroxy-ethyl)-3,4,5,6-
tetrahydro-2H-[1,2'|bipyrazinyl-5'-ylamino]-7H-pyrrolo[ 2,3-d]pyrimidine-6-carboxylic acid
dimethylamide (30 mg, 54%). MS(ESI) m/z 480.6 (M+H)"

'H NMR (400 MHz, CDCl;): 9.19 (1H, s), 8.61 (1H, s), 7.76 (1H, s), 7.48 (1H, s), 7.19 (1H, s), 6.36
(1H, s), 4.80-4.68 (1H, m), 3.66-3.57 (2h, s), 3.54 (6H, s), 2.65 (3H, s), 2.59 (2h, ), 2.56-2 .40 (2H,
m), 2.03-1.93 (3h, m), 1.68-1.56 (4H, m).
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Example 40
7-(4-Hydroxy-4-methyl-cyclohexyl)-2-(pyridin-2-ylamino)-7H-pyrrolo[ 2,3-d Jpyrimidine-6-

carboxylic acid dimethylamide

OH

To a solution of 7-(4-oxo-cyclohexyl)-2-(pyridin-2-ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-
carboxylic acid dimethylamide (25 mg, 0.066 mmol) in THF is added 20 drops of MeMgl. After
reaction is completed, added 25 mL of water then 30 mL of aqueous sodium bicarbonate. Extraction
with dichloromethane (3x50 mL) and concentrated to give a mixture of diastercomers. Preparative
HPLC to give 7-(4-hydroxy-4-methyl-cyclohexyl)-2-(pyridin-2-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (2 mg, 4%). MS(ESI) m/z 395.3 (M+H)"

Example 58
7-Cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic

acid methylamide

H
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Following Buchwald Method B, 2-chloro-7-cyclopentyl-7H-pyrrolo[2
,3-d]pyrimidine-6-carboxylic acid methylamide (500 mg, 1.80 mmol) and 4-(6-amino-pyridin-3-yl)-
piperazine-1-carboxylic acid terz-butyl ester (550 mg, 1.98 mmol) gave 7-cyclopentyl-2-(5-
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piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid methylamide (580
mg, 77%). MS(ESI) m/z 421.2 (M+H)"

'H NMR (400 MHz, DMSO-d6): 8.72 (1H, s), 8.38 (1H, d), 8.02 (1H, s), 7.77 (1H, s), 7.36 (1H, dd),
6.67 (1H, s), 6.16-6.10 (1H, m), 5.50-5.48 (1H, m), 3.15 (3H, d), 3.03 (2H,d), 2.68-2.58 (2H, m),
2.14-2.05 (4H, m), 1.80-1.61 (8H, m).

Example 51
7-Cyclopentyl-2-[5-(4-isopropyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[ 2,3-d]pyrimidine-6-

carboxylic acid methylamide

To a suspension of 2-chloro-7-cyclopentyl-7H-pyrrolo[2,3-d[pyrimidine-6-carboxylic acid
methylamide (500 mg, 1.20 mmol) in acetone is added NaBH(OAc)s (2.5 g, 12 mmol) followed by
15 drops of glacial acetic acid. After reaction is completed and concentrated. Diluted with 250 mL
of H,0 and basified to pH12 with 50% NaOH solution dropwise. Extracted with dichloromethane
(3x 250 mL) and concentrated to give 7-cyclopentyl-2-[5-(4-isopropyl-piperazin-1-yl)-pyridin-2-
ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid methylamide (277 mg, 50%). MS(ESI)
m/z 463.4 (M+H)"

Example 11
(7-Cyclopentyl-6-oxazol-5-yl-7H-pyrrolo[2,3-d|pyrimidin-2-yl)-(5-piperazin-1 -yl-pyridin-2-yl)-

amine
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Following Buchwald Method B, 2-chloro-7-cyclopentyl-6-oxazol-5-y-1-7H-pyrrolo[2,3-
d]pyrimidine (70 mg, 0.24 mmol) and 4-(6-amino-pyridin-3-yl)-piperazine-1-carboxylic acid zert-
butyl ester (74 mg, 0.27 mmol), followed by deprotection using General Procedure A to give (7-
cyclopentyl-6-oxazol-5-yl-7H-pyrrolo[2,3-d]pyrimidin-2-yl)-(5-piperazin-1-yl-pyridin-2-yl)-amine
(25 mg, 24%). MS(ESI) m/z 431.2 (M+H)"

'H NMR (400 MHz, DMSO-d6): 9.33 (1H, s), 8.78 (1H, 5), 8.59 (1H, 5), 8.13 (1H, d), 7.98 (1H, d),
7.61 (1H, s), 7.40 (1H, dd), 6.78 (1H, s), 4.70-4.77 (1H, m), 3.04-3.01 (4H, m), 2.86-2.84 (4H, m),
2.03-2.01 (6H, m), 1.68-1.67 (2H).

Example 18
(7-Cyclopentyl-6-oxazol-5-yl-7H-pyrrolo[2,3-d |pyrimidin-2-yl)-(5-piperazin-1 -ylmethyl-pyridin-2-
yl)-amine
NS o
A
pZ N
HN™ N7 N
2 O
g
)
9

Following Buchwald Method B, 2-chloro-7-cyclopentyl-6-oxazol-5-y-1-7H-pyrrolo[2,3-
d]pyrimidine (100 mg, 0.346 mmol) and 4-(6-amino-pyridin-3-ylmethyl)-piperazine-1-carboxylic
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acid rert-butyl ester (106 mg, 0.363 mmol), followed by deprotection using General Procedure A to
give (7-cyclopentyl-6-oxazol-5-yl-7H-pyrrolo[2,3-d]pyrimidin-2-yl)-(5-piperazin-1-ylmethyl-
pyridin-2-yl)-amine (23 mg, 15%). MS(ESI) m/z 445.2 (M+H)"

Example 109

7-cyclopentyl-2-[5-(2-oxopiperazin-1-yl)pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-

carboxylic acid dimethylamide
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A mixture of 5-bromo-2-nitropyridine (200 mg, 1 mmol), 1-Boc-3-oxopiperazine ( 240 mg, 1.2
mmol), Xantphos (43 mg, 0.075 mmol), cesium carbonate (326 mg, 1 mmol), palladium(II) acctate
(11 mg, 0.049 mmol) in dioxane (5.5 mL) is heated to 120 °C in a Personal Chemistry microwave
apparatus for 0.5 h. TLC and LCMS analysis indicates completion of the reaction. The reaction
mixture is filtered through Celite, evaporated in vacuo, and the residue is partitioned between water
and ethyl acetate. The organic layer is washed with brine, dried (Na2S0O4) and evaporated in vacuo.
Purification by flash chromatography on silica (ethyl acetate) provides 4-(6-Nitropyridin-3-yl)-3-
oxopiperazine- 1 -carboxylic acid tert-butyl ester as a pale brown solid (248 mg, 77%). MS (ESI) m/z
323 [M+H+].

NH,

By repeating procedures described in Example B, 4-(6-nitropyridin-3-yl)-3-oxopiperazine-1-
carboxylic acid tert-butyl ester (240 mg, 0.74 mmol) gives 4-(6-aminopyridin-3-yl)-3-oxopiperazine-
l-carboxylic acid tert-butyl ester (225 mg). MS (ESI) m/z 293 [M+H]+.

A mixture of 2-Chloro-7-cyclopentyl-7H-pyrrolo[2,3-d pyrimidine-6-carboxylic acid dimethylamide
(225 mg, 0.77 mmol), 4-(6-aminopyridin-3-yl)-3-oxopiperazine- 1 -carboxylic acid tert-butyl ester
(204 mg, 0.69 mmol), BINAP (24 mg, 0.038 mmol), palladium(II) acetate (6 mg, 0.027 mmol) and
cesium carbonate (340 mg, 1.05 mmol) in dioxin (4 mL) is flushed with nitrogen and heated to 100
°C overnight. Additional palladium(II) acetate ( 6 mg, 0.027 mmol) and BINAP (24 mg, 0.038) are
added and heating is continued at 110 °C for 2 h at which point LCMS and TLC analysis indicates

completion of the reaction. The solvent is removed in vacuo and the residue is stirred in water with
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sonication in an ultrasonic bath. The suspension is filtered and the filter cake is washed with
heptane. Drying in vacuo provides 4-[6-(7-Cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)-pyridin-3-yl]-3-oxo-piperazine-1-carboxylic acid tert-butyl ester as a tan
solid (350 mg, 83%) MS (ESI) m/z = 549 [M+H]+.

Following General Procedure A 4-[6-(7-Cyclopentyl-6-dimethylcarbamoyl-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino)-pyridin-3-yl]-3-oxo-piperazine-1-carboxylic acid tert-butyl ester gives 7-
cyclopentyl-2-[5-(2-oxopiperazin-1-yl)pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-
carboxylic acid dimethylamide (10 mg, 3.5%) MS (ESI) m/z = 448 [M+H]+.

Example 110
7-Cyclopentyl-2-(5-morpholin-4-yl-pyridin-2-ylamino)-7H-pyrrolo[ 2,3-d Jpyrimidine-6-carboxylic
acid dimethylamide

pesad
5
8

o)

A mixture of 5-Morpholin-4-yl-pyridin-2-ylamine (0.61 g, 3.4 mmol; prepared using methods
similar to those described in Example A and Example B), 2-Chloro-7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide (1.00 g, 3.4 mmol), BINAP (106 mg, 0.17 mmol),
palladium(II) acetate (38 mg, 0.17 mmol) and cesium carbonate (1.6 g, 4.9 mmol) in dioxan (20 mL)
is heated to 110 °C for 6 h. After cooling to room temperature, heptane (30 mL) is added and the
mixture is stirred for 1 h. The resulting suspension is filtered and the filtercake is suspended in
water with vigorous stirring. The resulting suspension is again filtered and the filtercake is washed

with water then dicthylether before being dried in vacuo to provide 7-Cyclopentyl-2-(5-morpholin-4-
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yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d Jpyrimidine-6-carboxylic acid dimethylamide as a tan solid
(1.30 g, 88%) MS (ESI) m/z = 436.1 [M+H]+.

The following tables 1 and 2 of compounds are examples of compounds which may be made
using the synthetic routes exemplified in the experimental section. While the synthesis of all
compounds is not shown, one of skill in the art may be able to make each compound using the

synthetic routes shown.

TABLE 1

. Compound Example Number
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Biological Activity

CDK4/cyclin D1 Enzymatic Activity Assay

A 384-well microtiter Lance TR-FRET (time-resolved - fluorescence energy transfer)
endpoint assay was used for CDK4/cyclin D1 kinase activity measurements. The same assay was
used for IC50 determination of small molecule inhibitors. In general, the kinase reactions were
carried out in 30 UL volumes in the reaction solution containing the following: 2 uL. compound (in
20% DMSO), 18 uL CDK4/cyclin D1 in Assay Buffer (50 mM HEPES, pH 7.5, 5 mM MgCl,, 2
mM MnCl;, | mM DTT, 0.05% BSA, 0.02% Tween-20), 10 uL of the mixture of pRb152 and ATP.
The final reaction mixture contains compound (inhibitor) with the concentration varying from 0.005

—10 uM, 2% DMSO, 0.3 nM CDK4/cyclin D1, 175 nM pRb152, and 3 uM ATP (Amersham
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Technol ogy, Cat. No. 9307S), 1 nM Lance Eu-W.024-Rabbit anti-I1gG (Perkin

El mer, Cat. No. AD0082), and 20 nM SureLi ght TM Al | ophycocyani n-Streptavi din
(Perki n Bvoenio/@ad7s No. CRL130- 100). The resul ted sol ut ipecmEPe@mo@ci7OEubat ed
at roomtenperature for 2 hours befongs read on the Evision Miltil abel
Reader (Perkin El mer, Envision 2102-0010). Note: TCso< 0.005 nM or TC50>
101. 1M indicates the true 1C50 is out of detection range.

CDk4l cyclin D1 reconbinant protein used in the enzymatic activity assay was

prcpar (PﬂaIlﬂYacféo@éﬂaN%s’?} D65 RPHES M Qe As & NetrBH Qﬂrﬂéth téth$@AtuRNA 384-well white
pFast BacDual - GST- hCycl inD1 viruses in Sf21 cells. The overexpressed protein

was pufflaf- b@ﬁ)nb@puPlaNT PPealtlfllErhmtsly CpiNo. 63 99 o r-80 84 pilice Wete (®icn¢hed biArheC,

VAN SNEENG RER AL B! e dam it ot o el RSO R AT O et Ay

CDK1/ cYsekdcHoBsKliufies Eondihiny iteyfo NBRARYT BEBAR 0. Bume(ﬁﬁﬁm HEEBBY, pMas susegM or
1050 detcm nati on of snal nol ecuc i nhibitors. encral , the kinasc

react i &%Twwé“alﬁqq H0QG KOS/ nBSH) 70\%{%@1-%05@%13 BBl Signaliss. whi ch
is comgq ﬁ?ﬂto%gré F&s@"fﬁww £ b 2AZVPYROR ab i adu g %{k‘ﬁ)'ﬁirﬁé? Byl Nothe I x

React i on Bu ecul ar Devices, Cat. No. R813 pi L substrate
m xt ur eAIEﬁO8I)3|=m®2(HlMtS)mdzlglﬁT%éfﬂpphteoémim&MMWlﬁeVPar@s El@at, Cathidlo. RR382F) and

ot o TR0 B LR s ks in Dbl POl Bibls Rt et o RSt a8 e o ound

(i nhi biBvixion MultitabichRc 0 CRIkih aliner) Emaﬂ@mhrzgoi 0010) O NQEH 1G5 .MM 84S0,
0.25 nM CDKI/cyclin B, 100 nM Tanu-a Hi stonc-H peptide, and 20 jaM ATP.
Al l red@ﬁ%ﬁ@l%ﬁséhertﬂﬁ Igto ip gBiaftdetepéoraiange i n bl ack 384-wel | flat-bottom
Costar platcs (Corning, Cat. No. 3710) for 120 m n then were quenched by
the addition of 60 jiL 400-fold diluted | x Progressive Binding Buffer A
(Mol ecul ar D®kidcgslin BatrecohibinaRBird@)n ust¢t @ the anryastie attipyl sasayzatsipoepasiddryal s

were read on the i S) i | abe n. El ner nyi si on 2102-
A T e 2 2 A i e AR R s R T
t enper At erheNOtRxpredRd protdin QRS pidi by 2SI PA Lyl pdil dofkehi t6 288% fulkeby: r ue

| C50 is out of detection range. CDK2/cyclin A Enzymatic Activity Assay

The as$#&M&HBLEun under the conditions identical to that for CDKI/cyclin B
except 0.25nM CDK1/cyclin B was replaced with 0.3 nM CDK2/cyclin A The
results of the assays are sunmarized in table 2. TABLE 2 Exanple No. CDK4
(n\) COHIK {/ojdlinODEB zy W tidSciWibiAsshy >15 >15 351. 1 74 *** >15 >15

A 384-well microtiter IMAP-FP™ (Molecular Devices Trade Mark Technology) endpoint assay was
used for CDK 1/cyclin B kinase activity measurements. The same assay was used for ICs
determination of small molecue inhibitors. In general, the kinase reactions were carried out in 20 pL
volumes in the reaction solution, which is composed of 2 pL. compound (in 20% DMSOQO), § uL.
CDKl/cyclin B in the 1x Reaction Buffer (Molecular Devices, Cat. No. R8139), 10 uL substrate
mixture of Tamra Histone-H1 peptide (Molecular Devices, Cat. No. R7384) and ATP (Amersham
Pharmacia, Cat. No. 27-2056-01) in the 1x Reaction Buffer with | mM DTT freshly added. The
final reaction mixture contains compound (inhibitor) with the concentration varying from 0.005 — 10

uM, 2% DMSO, 0.25 nM CDK1/cyclin B, 100 nM Tamra Histone-H1 peptide, and 20 pM ATP.

All reactions were run at room temperature in black 384-well flat-bottom Costar plates
(Corning, Cat. No. 3710) for 120 min then were quenched by the addition of 60 uL. 400-fold diluted
1x Progressive Binding Buffer A (Molecular Devices, Cat. No. R8139). The fluorescent

polarization signals were read on the Evision Multilabel Reader (Perkin Elmer, Envision 2102-



435.3 78 *** >15 >15 4633 86 ** >15 >15 481.3 WO
2010/ 020675PCT/ EP2009/ 060793 198 26 ** >15 >15 479.3 14 ** >15 >15 493.3 95
** >15 WO 2010/020675 PCT/EP2009/060793
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0010) after 2-hour incubation at room temperature. Note: ICso < 0.005 nM or ICso > 10 uM

indicates the true ICs is out of detection range.

CDK2/cyclin A Enzymatic Activity Assay

The assay was run under the conditions identical to that for CDK1/cyclin B except 0.25nM
CDKl/cyclin B was replaced with 0.3 nM CDK2/cyclin A. The results of the assays are

summarized in table 2.

TABLE 2
CDK4 (uM) | CDK1 (uM) | CDK2 (unM) | MS (MH+)
Example No.
| * >15 >15 351.1
74 ok >15 >15 4353
78 ok >15 >15 4633
86 ko >15 >15 4813




>15 521.3 33 **

>15 >15 523.4 57 **

>15 >15 493.3 56 **

>15 >15 493.3 71 **

>15 >15 507.3 WD 2010/ 020675PCT/ EP2009/ 060793 199 21 ***

WO 2010/020675

198

PCT/EP2009/060793

26 ok >15 >15 4793
14 ok >15 >15 4933
95 ko >15 >15 5213
33 ko >15 >15 5234
57 ko >15 >15 4933
56 ko >15 >15 4933
71 ko >15 >15 507.3




>15 >15 493.3 44 **

>15 >15 509.3 46 ** >15 >15

5093 29 ** 15 >15 509.3 79

PCT/EP2009/060793

** >15 >15 503.3 63 *** >15 >15
WO 2010/020675
199
21 HkE >15 >15 4933
44 ** >15 >15 5093
46 ** >15 >15 5093
29 *k 15 >15 5093
79 *k >15 >15 5033
63 HkE >15 >15 4773




4773 36 ** >15 >15 4934 WO 2010/ 020675PCT/ EP2009/ 060793 200 101 >15 >15
521.4 103 ** >15 >15 507.3 69 ** >15 >15 531.4 92 *** >15

PCT/EP2009/060793

WO 2010/020675
200
101 * >15 >15 5214
103 ko >15 >15 507.3
69 o >15 >15 5314
92 ok >15 >15 4913
99 o >15 >15 5053
90 o >15 >15 5194
68 ok >15 >15 5194




>15 491.3 99 **

>15 >15 505.3 90 **

>15 >15 519.4 68 *** >15 >15 519.4 WO

2010/ 020675PCT/ EP2009/ 060793 21)1 25 ** >15 >15 517.3 10 **
WO 2010/020675 PCT/EP2009/060793
201
25 = >15 >15 5173
10 = >15 >15 4924
84 o >15 >15 4743
9 = >15 >15 4883
7 = >15 >15 4773
27 = >15 >15 5033
23 = >15 >15 5453




>15 >15 4924 84 **

>15 >15 474.3 9 **

** >15 >15 503.3 23 ** >15 >15

>15 >15 488.3 7 ** >15 >15 477.3 27

PCT/EP2009/060793

WO 2010/020675
202
90 ko >15 >15 5594
91 ko >15 >15 5594
12 ok >15 >15 4923
88 ok >15 >15 520.5
22 ok >15 >15 5323
94 ok >15 >15 546.3
38 ko >15 >15 5483




545.3 WD 2010/ 020675PCT/ EP2009/ 060793 202 90 ** >15 >15 559.4 91 ** >15
>15 5594 12 ** >15 >15 4923 88 *** >15 >15 520.5 "), ** >15

WO 2010/020675 PCT/EP2009/060793
203
30 * >15 >15 5493
31 % >15 >15 5493
19 ok >15 >15 4483
16 ok >15 >15 4493
81 o >15 >15 4933
77 o 15 >15 4493
82 o >15 >15 4933




>15 532.3 94 ** >15 >15 5463 38 ** >15 >15 548.3 WO
2010/ 020675PCT/ EP2009/ 060793 21)3 30 >15 >15 549.3 31 >15 >15 549.3 19

*xx WO 2010/020675 PCT/EP2009/060793
204

72 *k >15 >15 4633
24 ok >15 >15 4633
4 *k >15 >15 4492

*k 14 8 4493
13 *k >15 >15 4353
39 *k >15 >15 4363




>15 >15 448.3 16 *** >15 >15 449.3 81 **

>15 >15 493.3 17 ** >15 >15 4493
82 ** >15 >15 493.3 WD 2010/ 020675PCT/ EP2009/ 060793 204 72

PCT/EP2009/060793

WO 2010/020675
205
32 ok >15 >15 4225
ok >15 >15 4234
59
83 * >15 >15 4242
*x 12 14 4363
10A
34 * >15 >15 5274
42 ok >15 >15 4493




** >15 >15 463.3 74 **

>15 >15 463.3 4 **
** >15 >15 435.3 39 ** >15

>15 >15 449.2 8 ** 14 8 449.3 13

PCT/EP2009/060793

WO 2010/020675
206
43 ok >15 >15 463.6
34 ok >15 >15 463.3
55 ok >15 >15 4634
60 * >15 >15 4774
61 * >15 >15 491.5
62 ok >15 >15 4914
65 ko >15 >15 506.4




>15 436.3 WD 2010/ 020675PCT/ EP2009/ 060793 205 32 ** >15 >15 422.5 59 **
>15 >15 4234 83 >15 >15 4242 10A ** 12 14 4363 34

WO 2010/020675 PCT/EP2009/060793
207
73 ko >15 >15 475.6
75 ko >15 >15 4772
76 ko >15 >15 4644
77 ko >15 >15 507.5
85 ko >15 >15 4934
ko >15 >15 4383
66
ko >15 >15 4773




>15 >15 5274 42 ** >15 >15 449.3 WD 2010/ 020675PCT/ EP2009/ 060793 206 43 **
>15 >15 463.6 54 ** >15 >15 463.3 55 ** >15 >15 463.4 60

WO 2010/020675 PCT/EP2009/060793
208
3
53 ko >15 >15 4913
49 ok >15 >15 463.3
96 ko >15 >15 507.3
50 ko >15 >15 505.5
87 ko 13 >15 4783
oAk 14.8 4.7 4513




>15 >15 4774 61 >15 >15 491.5 62 ** >15 >15 4914 65 ** >15 >15 506.4 WO
2010/ 020675PCT/ EP2009/ 060793 207 73 ** >15 >15 475.6

WO 2010/020675 PCT/EP2009/060793
209
41
ok >15 >15 4773
6
20 ko >15 >15 4503
35 ko 4.7 2.9 4783
ko >15 >15 4343
52
80 ko >15 >15 476.3




75 ** >15 >15 4772 76 **
4934 66 ** >15 >15 438.3

>15 >15 4644 77 **

* %

>15

>15 507.5 85 ** >15 >15

WO 2010/020675 PCT/EP2009/060793
210
100 ko >15 >15 478.3
* >15 20 536.3
45
67 ko >15 >15 4363
70 ko >15 >15 4783
37 ko >15 >15 4803
* >15 >15 4363
48




>15 >15 477.3 WD 2010/ 020675PCT/ EP2009/ 060793 208 3

491.3 49 ** >15 >15 4633 96 ** >15 >15 507.3 50

WO 2010/020675

211

53 ** >15 >15

PCT/EP2009/060793

15 * >15 >15 480.6
* >15 >15 3953
40
ok 2.6 8.3 4313
47
58 o >15 >15 421.2
51 ko >15 >15 4634
11 ok 1.3 3.5 4312




** >15 >15 505.5 87 **

13 >15 478.3

2010/ 020675PCT/ EP2009/ 060793 209 41

* k% *

14.8 4.7 451.3 WO
6 *** >15 >15 477.3

PCT/EP2009/060793

WO 2010/020675
212
18 wH* 1.1 2.8 4452
109 * >15 >15 4485
110 * >15 >15 436.1
Key

Greater than 0.1, and less than or equalto 1.0 =*

Greater than 0.01, and less than or equal to 0.1 = **

Greater than 0.001, and less than or equal to 0.01 = ***



20 ** >15 >15 450.3 35 ** 4.7 2.9 478.3 52 ** >15 >15 434.3 80 ** >15 >15
476.3 WD 2010/ 020675PCT/ EP2009/ 060793 211) 100 ** >15 >15
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WHAT IS CLAIMED IS:

1. A compound of formula I:
NT T
P b
=
HN N \
R2
NZ” |
|
xYx
L
Sy

I

or a pharmaceutically acceptable salt thereof, wherein

X is CR%;

R!is CONR? RG, and R’ and R® are Cgalkyl;

R? is Cs.i4cycloalkyl wherein R* may be substituted with one or more Cy_galkyl, or OH;

L is a bond, C_galkylene, C(O), or C(O)NH, and wherein L may be substituted or unsubstituted;
Yis H, R", NR"”R", OH, or Y is part of the following group

n , where Y is CR® or N;
where 0-3 R® may be present, and R® is C|_salkyl, oxo, halogen, or two or more R® may form a
bridged alkyl group;
W is CR9, or N;
R’ is H, C_salkyl, C.salkylR', C3.ucycloalkyl, C(O)C g alkyl, C;ghaloalkyl, C;galkylOH,
C(O)NR'R"Y, C, scyanoalkyl, C(O)R', Cq5alkylC(0)CsalkyINR R, CogalkylC(O)OR ',
NRM“R", SO,Csalkyl, C.salkylCs.iscycloalkyl, C(0)C.galkylC;.j4cycloalkyl, Cygalkoxy, or
OH which may be substituted or unsubstituted when R? is not H.

R’ is H or halogen;



478.3 45 >15 20 536.3 67 ** >15 >15 436.3 70 ** >15 >15 478.3 37 ** >15
>15 480.3 48 >15 >15 436.3
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R'" R R® R™ and R" are each independently selected from H, C.galkyl, C;.14 cycloalkyl, a
3-14 membered cycloheteroalkyl group, a Ce.14 aryl group, a 5-14 membered heteroaryl group,
alkoxy, C(O)H, C(N)OH, C(N)OCH3, C(O)C,salkyl, C;_galkylNH,, and CalkylOH, and
wherein R'"!, R™, and R'®, R"™, and R'® when not H may be substituted or unsubstituted;

m and n are independently 0-2; and

wherein L, R®, R'"!, R'2, and R, R' and RY may be substituted with one or more of Cj_galkyl,
Cy.galkenyl, Cysalkynyl, Cs.jacycloalkyl, 5-14 membered heteroaryl group, Ce.14aryl group, a 3-
14 membered cycloheteroalkyl group, OH, (O), CN, alkoxy, halogen, or NH,.

2. The compound of formula I or pharmaceutically acceptable salt thereof according to
claim 1 wherein R? is H, C,galkyl, Cs.jscycloalkyl, C(O)Ci.s alkyl, C;.galkylOH, C;.
scyanoalkyl, Cy.salkylC(0)Cy.galkyINRR ">, Cy.galkylC(OYOR", NR"R"5, C/_galkylCs.
rcycloalkyl, C(0)C_salkylCs.jscycloalkyl, Cosalkoxy, CysalkylR', C_ghaloalkyl, or C(O)R',
which may be substituted with one or more of OH, CN, F, or NH,, and wherein R'"“and R" are
each independently selected from H, Calkyl, Cs.jscycloalkyl, alkoxy, C(O)C,salkyl, C;.
galkyINH,, or C;_galkylOH.

3. The compound of formula I or pharmaceutically acceptable salt thereof according to any

one of claims 1 or 2 wherein R® is H, C;.salkyl, or C;.galkylOH.

4. The compound of formula I or pharmaceutically acceptable salt thereof according to

claim 3 wherein R? is H, methyl, ethyl, propyl, isopropyl, CH,OH, or CH,CH,OH.

5. The compound of formula I or pharmaceutically acceptable salt thereof according any

one of claims 1 to 4 wherein Y is H, OH, or Y is part of the following group

n , where Y is N and W is CR’, or N;

where 0-2 R® may be present, and R%is Ci-salkyl, oxo, or two or more RS may form a bridged

alkyl group.



WO 2010/ 020675PCT/ EP2009/ 060793 211 15 >15 >15 480.6 40 >15 >15 395.3 47
*** Cd 8.3 431.3 58 ** >15 >15 4212 51 ** >15 >15 463.4
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6. The compound of formula [ or pharmaceutically acceptable salt thereof according to any

one of claims 1 to 5 wherein R? is cyclopentyl.

7. The compound of formula I or pharmaceutically acceptable salt thereof according to any

one of claims 1 to 6 wherein Y is part of the following group

R8
Y/7%/ m
w
LM “R3
n where m and nare 1, and Y and W are N.
8. The compound or pharmaceutically acceptable salt thereof according to claim 4 wherein

mis2andnis 1.

9. The compound or pharmaceutically acceptable salt thereof according to any one of

claims 1 to 8 wherein R® is methyl, ethyl, propyl, butyl, oxo, or two R® can form a bridged

group.

10. A compound of formula I(a) according to claim 1:

[
T

HN N \
R

51

v I(a)

or a pharmaceutically acceptable salt thereof, wherein:

R is CONR*R®’;



11 *** 1.3 3.5 431.2 WO 2010/ 020675PCT/ EP2009/ 060793 212 18 *** 1.1 OC r|
445.2 109 >15 >15 448.5 110 >15 >15 436.1 Key Geater than 0.1, and

| ess than or equal to 1.0 = * Greater than 0.01, and |less than or equal to
0.1 =" Geater than 0.001, and less than or equal to 0.01 = ***
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R! is C3.j4cycloalkyl which may be unsubstituted or substituted by Cisalkyl, or OH;

Z is CH or N; and

V is NR*® or CHR’,

R* and R are both methyl; and
R*, R, R, and R* are H.

I11. A compound according to claim 1 selected from:
7-Cyclopentyl-2-{5-[4-(2-fluoro-ethyl)-piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-
dlpyrimidine-6-carboxylic acid dimethylamide;

7-Cyclopentyl-2-(4-dimethylamino-3,
4,5,6-tetrahydro-2H-[1,3'|bipyridinyl-6'-ylamino)-7H-pyrrolo[2,3-d|pyrimidine-6-carboxylic
acid dimethylamide;
2-[5-(4-Carbamoylmethyl-piperazin-1-yl)-pyridin-2-ylamino]-7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide;
2-{5-[4-(2-Amino-acetyl)-piperazin-1-yl]-pyridin-2-ylamino } - 7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide;
2-[5-(3-Amino-pyrrolidin-1-yl)-pyridin-2-ylamino]-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidine-
6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-{5-[4-(2-methoxy-ethyl)-piperazin-1-yl|-pyridin-2-ylamino }-7H-pyrrolo|2,3-
d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-[4-(2-hydroxyethyl)-3,4,5,6-tetrahydro-2H-[ 1,2'|bipyrazinyl-5'-ylamino]-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-[5-((R)-3-methyl-piperazin-1-yl)-pyridin-2-ylamino]-7H
-pyrrolo]2,3-d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-[5-((S)-3-methylpiperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-

d}pyrimidine-6-carboxylic acid dimethylamide;



WHAT IS CLAIMED I'S: 1. A conmpound of formula I: L, or a pharmaceutically
acceptabl e salt thereof, wherein Xis CR9; RL is CONRGR6, and R5 and R6 are
C _sal kyl; R2 is C3. 1l4cycl oal kyl wherein R2 nmay be substituted with one or
nore C.8alkyl, or OH Lisa bond, d _tal kylene, C(0), or C(0O)NH, and
wherein L may be substituted or unsubstzil?ut ed; Yis H RH NRHRH OH or Y
is part of the followi ng group R8 Y<Yal”'11llc R3 , where Y is CR9 or N
where 0-3 R8 ma present, and R8 is Cmal k ox0, hal ogen,_ or two or

be mal kyl , ¢ ) |
more R 7rfeXelanspinl-2-[5r® unethyRineazingf wiblpyridin-¢-ytagginogsy/ Hpyrredofi2e3-fpyrimidine-
G _sal kyl : ({0)C1_8 al kyl, G _ghal oal kyl, C _8al kyl OH,
c(0) Nmﬁﬁ?@“@fiﬁégﬁ%ééﬁlﬁ?&q 0)R14, C0_8al kyl C(0) Co_sal kyl NRI 4R15,
Co_sal kyHG(chypeRl-2- NRI44RHSdrSpEpybapikyrazindtyFaly kidincB y thadye) -BHHgytolo[2,3-
C(0)C1_8al ky1C3, 14cycl oal kyl , .C  sal koxy, or OH which may be substituted or
unsubstﬁfﬂﬂ% %ﬁ'&%ﬁca&:‘”‘iy Cﬁéld dﬂ?‘etﬁ@ﬁ‘ﬁgg% or hal ogen; 214 R11, R12, RI 3, and
R18 are j d gt i 1S idi gychpal kyl, a
4 e B b B B R o e
het er oapytrolgf2eird |pyaindding-6-@ro)xlic @¢iN)dimethyBENI€CT | 3, C(0) &t _3al kyl ,

ahan not el BE s TR Pt e P RaUB S Ler W A e ThasseRbent |y

0- 2; and]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-{5-[4-((S)-2,3-dihydroxypropyl)-piperazin-1-yl]-pyridin-2-ylamino } -7H-
pyrrolo[2,3-d]|pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-(5-{4-[2-(2-hydroxyethoxy)-ethyl]-piperazin-1-yl}-pyr
idin-2-ylamino)-7H-pyrrolo[2,3-dpyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-{5-[4-(2-hydroxy-1-methylethyl)-piperazin-1-yl]-pyridin-2-ylamino } -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-{6-[4-(2-hydroxyethyl)-piperazin-1-yl]-pyridazin-3-ylamino }-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-{5-[4-(2,3-dihydroxypropyl)-piperazin-1-yl]-pyridin-2-ylamino }-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-{5-[4-((R)-2,3-dihydroxypropyl)-piperazin-1-yl]-pyridin-2-ylamino } -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-(3,4,5,6-tetrahydro-2H-[ 1,2"]bipyrazinyl-5'-ylamino)-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-[5-(piperazine-1-carbonyl)-pyridin-2-ylamino]-7H-pyrrolo[2,3d]pyrimidine-6-
carboxylic acid dimethylamide;
7-Cyclopentyl-2-[5-(4-dimethylaminopiperidine-1-carbonyl)-pyridin-2-ylamino |-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-(1',2",3',4',5",6'-hexahydro-[ 3,4']bipyridinyl-6-ylamino)-7H-
pyrrolo[2,3d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-[5-((S)-3-methylpiperazin-1-ylmethyl)-pyridin-2-ylamino]-7Hpyrrolo[2,3-

d]pyrimidine-6-carboxylic acid dimethylamide;



wherein L. R3, R R 2, and R 3, R4, and R15 may be substituted with one or
nore of Ct_8al kyl, C2.8alkenyl, C2 8al kynyl, C3_14cycl oal kyl, 5-14
menber ed heteroaryl group, Coiltaryl group, a 3- 14 nenbered

cycl ohet eroal kyl group, OH, (0), CN, al koxy, halogen, or N -12. 2. The
conpound of fornmula | or pharnmaceuti calzl(% acceptabl e salt thereof according
to claiml1l wherein R3is H & salkyl _14cycl oal kyl, C(0)C1.8 al kyl,

G .8al kylOH, anoal ki/ Co_sal kyl C(0) C0_8al kyl R 4R15,

C0_8al kyt&y cb)m@r %ﬁﬂ AR B h@ﬂr%m@pxé@lpei%lyayébmwn 2-ylamino}-7H-

C(0) I yl R14, G _8hal oal kyl, or
c( 0) R14g%mﬁxﬁ$ﬁ#§k%’gh§‘gbég4r%’ggﬁ%ﬁdﬁﬁﬁgﬁlg%hﬁore of OH ON, F, or NH2,
and mheﬁ@ycldiﬁeﬁty&ﬁd{ﬁl[a (@Ezéﬁdfbmpﬂ@pbnﬂmmjm-lsﬁ]-pm@d X-ylamid }-T- 8al kyl ,
C3_14cycl oa % Cl 3a| éé{jrp &X IkyI NH2, or G _6al kyl O L 3.
The conpYiing d}%ﬁ“ﬁﬂ e16 SHEF A8 F %tccept abl e salt thereof
accor di f; § 8al kyl , or
Cl1_8al kﬁl (%fig)péﬂt&l Qr[g (gésdblr@ﬂ : O}%lera%gr} ﬁu%ﬁyr%l&zﬁglﬁlﬁng?glﬁﬂ cally acceptabl e
sal t thpyrewib[Qairﬂp}'rdmdglet@cadbaxyh@awmémmthylmldes H nethyl, et hyI propyl ,

i PCF12

ey o e BT -2 S ATy G Cner g Lot ORR SParHg %ﬁ@%@a@# PGk to 4
wher ei nd]‘ﬁyhﬁndrlne BartxyNc héid Ranhéthohntie ol | owi ng grOUp R8 m, where Y is N
and Wis CR9 N, where 0-2 R8 nmy be present, and is & sal kyl, oxo,

or two ZnCYﬁr&péntRBZT{éy[4f(6rm¢tbylmqn@§)aalparalzm 1yt ciwldm-%ﬂy@ralm}’ﬁéf pyIglelsat of
f or mul a%yﬁ{r}(ﬂgggﬁ%eo&& 18%5&1%&3@?&?@' e salt thereof according to any one

of clai 0 er‘lt 7. The conpound of fornula I

or phar TaGelspeesl- Q§[6<”ﬁ¢-¢£jpt(qi§'ﬂ-@1;&8dzin ulye}@afdaamcbymxﬁgo]tm@womg3of cl ai ns
1to6 V\/nereln Y is parf o the follow ng group R8 N491" t}141R3 where m and

nare 19 p&ﬁﬂll@n%tﬁtfawoéb’hc pgid Hneﬂ'i‘lﬁlém(‘,‘i?ﬁ'pound or pharmaceutically accept abl e
kL T P T S e
of cl ai pwrdlo[2d-8]pwhieridiner6R@rbexyhe i ldimethplpmidgr opyl , butyl, oxo, or two Rs
can 1o Qe Rbe SIS 9SS Rimethy1-prpe @it S idi 25 Warkinof A1 G0 d500 Lo claim
d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-[5-(3,8-diaza-bicyclo[3.2.1]oct-3-ylmethyl)-pyridin-2-ylamino}-7H-
pyrrolo[2,3-d]}pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-d|pyrimidine-6-
carboxylic acid dimethylamide;
7-Cyclopentyl-2-[5-(4-ethyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-d]pyrimidine-6-
carboxylic acid dimethylamide;
7-Cyclopentyl-2-[5-(4-cyclopentyl-piperazin-1-yl)-pyridin-2-ylamino]-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-(1'-isopropyl-1',2',3',4",5",6'-hexahydro-[3,4'bipyridinyl-6-ylamino)-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-{5-[(R)-4-(2-hydroxyethyl)-3-methyl-piperazin-1-yl]-pyridin-2-ylamino }-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-{5-[(S)-4-(2-hydroxyethyl)-3-methyl-piperazin-1-yl]-pyridin-2-ylamino }-7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide;



R53

R52
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7-Cyclopentyl-2-{5-[4-(2-hydroxyethyl)-piperazin-1-ylmethyl]-pyridin-2-ylamino } -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-{5-[4-(2-dimethylaminoacetyl)-piperazin-1-yl]-pyridin-2-ylamino } -7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-{5-[4-(2-ethyl-butyl)piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide;
2-{5-[4-(2-Cyclohexyl-acetyl)piperazin-1-yl]|-pyridin-2-ylamino } - 7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-{5-[4-(3-cyclopentyl-propionyl)-piperazin-1-yl]-pyridin-2-ylamino } 7H-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-[5-(4-isobutylpiperazin-1-yl)-pyridin-2-ylamino |-7H-pyrrolo[2,3d]|pyrimidine-
6-carboxylic acid dimethylamide;
{7-Cyclopentyl-2-{5-[4-(2-isopropoxyethyl)-piperazin-1-yl]-pyridin-2-ylamino }-7Hpyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide;
7-Cyclopentyl-2-{5-[4-(2-methyl-butyl)piperazin-1-yl]-pyridin-2-ylamino } -7H-pyrrolo[2,3-
d]pyrimidine-6-carboxylic acid dimethylamide; and
7-Cyclopentyl-2-[1'-(2-hydroxy-ethyl)-1',2',3",4',5',6'-hexahydro-[3,4']bipyridinyl-6-ylamino]-
7TH-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide;

or a pharmaceutically acceptable salt thereof.
12. The compound according to claim 1 which is 7-cyclopentyl-2-(5-piperazin-1-yl-pyridin-

2-ylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide having the following

formula



| (a) or a pharmaceutically acceptable salt thereof, wherein: 216 R51 is
C3. 14cycl oal kyl which may be unsubstituted or substituted by G _3al kyl, or
OH, Zis CHor N, and Vis NR56 or CHR57; R54 and R55 are both nethyl; and
R52, R', R56, and R' are H. 11. A conpound according to claim1 selected
from 7-Cyclopentyl-2-

{5-[4-(2-fl uoro-ethyl)-piperazin- I-yI]%&Qridin-2-y|anino|-7FprrroIo [2,3 -
dj pyri m di ne- 6-carboxylic acid di methyl mi de;

7- Cycl opent y1: @i no-3, 4,5,6-tetrahydro-2H [1,31 bi

pyridi nyl-6'- rolo[2,3 -d] pyrimdinc-6-earboxyl ic acid

di nmet hyl am de} \\

2-115- (4- Gy Ny| - pi perazi n-1-y1) - pyri di n- 2-yl ani no] - 7- cycl opent y! -

H pyrrol of ,3- d] pyri mdi ne/6- carboxylic acid di nothyl ani dc;

2- {544- (2_Aq no- acetyl J-phperazi n-1-y1l1l-pyridi n-2-yl am nol-7-cycl opentyl-7H
- pyrrol @{2/ - di pyri & 6- car boxylic acid di net hyl am de;

2-[5-(3- AnlnA pyrrol i d\n~1i-ye-pyridin-2-ylam no]-7-cycl opentyl-7H pyrrolo[2
, 3-di pyri ne6- car boxylic acid dinmethylamde: 7-Cyclopentyl-2- { 5-

[ 4-(2-met hoxy-ethyl)-piperazin- 1 -yl]-pyridin-2-ylamnol -711-pyrrolo [2,3
- d] pyri m gi ne-6-carboxylic acid dinmethylam de;
7- Cycl opent yiy 244- ( 2- hydr oxyet hyl ) -3, 4, 5, 6-t et rahydr o- 2H H, 21bi pyrazi nyl -
yIaninoI-?pr rol o[ 2, 3-d] pyri m di ne-6-carboxylic acid di nmethyl am de;

7-Cycl o 2154(R) - 3- et hyl - pi perazin- 1 -yl1)-pyridin-2-ylam nc+7H
-pyrrolo[2N3 d] pyri m di ne-6-carboxylic acid di net hyl am de;
7- Cyclopen?yl 2454(S) - 3- nethy|p|peraphmnmwymyzbyau@pﬁbznyhaqud] 711 -pyrro
o[ 2, 3- d] pyri m di ne-6-carboxylic acid dinmethylam de; 217 7-Cyclopentyl-2
4543 -m et hyl pi perazin- 1 -yl)-pyridin-2-ylamno]-7l1-pyrrolo [2,3
- di pyri m.di ngke &ﬁﬁ;ﬁtﬁiﬁ)&l'ab@or@ﬁ‘ﬂgdo dlaﬁﬁtlMl@ﬂlﬁﬁcy&o@h@}}l@@%m&aZm{5 Iﬁyr‘i(ﬁn-
- hydroxypropyl) - pi perazin-1 -yll-p di n-2-ylam nol -7Hpyrrolo
d] pyri m%/ laEng)- Eﬁmwﬂa[?é cﬂeyr@nmmﬁeéﬁwbawweacwdwéh @r@ ving.the followmg
544- (pyfiRljadi ne- 1- carbonyl) - pi pera/in-1-ylt-pyridin-2-ylam no{-711pyrrolof
2, 3- d]pyrlnldlne 6-carboxylic acid dinothyl am de:
7- Cycl opent yl-2-{514-(2- hydr oxy- et hyp- pi perazi n-1-yl11-pyridi n-2-ylam no{-71
-1l-pyrrolo [2,3- d]pyrimdine-6-carboxylic acid dinmethylam de;

7- Cycl opent y i S)-2,3
- di hydr oxypropyl) - ipe i 1-yl | -pyridin-2-ylam no{
- 7Hpyrrol o[ 2 d] di ne\ 6- carboxylie acid di nethyl am de;

7- Cycl openty 1- 2N('5- {4N[2 ( 2-Mydr oxyet hoxy) - et hyl | - pi per azi n- 1-yl | - pyr
i di n-2-yl am no) - 7H pyr olopé 3-d] pyri m di ne- 6-carboxylic acid
: yl-2-{5-[4-(2
perazi n-1-yl]-pyridi n-2-yl am nol
e- 6-carboxylic acid di methyl am de;

no} - 7H pyrrol o[ 2, 3- d] pyri m di ne-6-carboxylic acid di nethyl am de;

7- Cycl openyyl- 2-{544- (2, 3-di hydr oxypropyl) - pi perazi n-1

-y11- pyridi nN2-yl am nol -7Hpyrrol o[ 2, 3-d] pyri m di ne-6-car boxylic acid

di met hyl am deg;

7- Cycl opent y1- 2-{514((R) - 2, 3-di hydr oxypropyl) - pi perazin-1-y11l-pyridin-2-yl a
m nol -7Hgyrrol o[ 2, 3-d] pyri m di ne-6-earboxylic acid dinmethyl am de;

7-Cycl opentyl-2-(3,4,5, 6-tetrahydro-211-[1, 2Thi pyrazi nyl-5' -yl am no) - 7H pyn
-ol o[ 2, 3- d] pyri mdi ne-6-carboxylic acid dinethylam de;

7-Cycl opentyl-2-[5-(pi perazi ne-1-carbonyl)-pyridin-2-ylamno]-711-pyrrolo[2
, 3d] pyrlidm diAeeipowal dygphyimaccaticadlydicomitdhié sati dhegeof according to any one of claims

1 to 12 for use as a medicament.



7- Cycl opentyl-215- (4-di net hyl am n opi peri dine-1

-carbonyl) - pyri di n-2-yl am nok7Hpyrrol o] 2, 3-d] pyri m di ne- 6-carboxylic acid
di et hyl am de;

7-Cycl opentyl-2-(1',2',3 ,4",51, 61- hexahydro-[ 3, 41bi pyri di nyl- 6-yl am no) - 7H
pyrrol o[ 2, 3dl pyri m di ne- 6-car boxylic acj,gd di methyl am de;

7-Cycl opentyl-245((S)- 3-net hyl pi perazi n="1-yl nmet hyl ) - pyri di n- 2-yl am nol - 7Hpy
rrol o[ 2,3- d]pyrimdine-6-carboxylic acid dinethy]lamde; 218

7-Cycl opent y @a“PSQ?MG%)COQPH?BP%Q%P%W&? compeyngrphgrmaceutically acceptable

-yll-py I cid

d|nethyF%ﬁ#k&mga%$ﬁﬂh%opé%im%%pxhlggz%? €j§¥%§g%§§§§?@%g eB%?%é%%??n- 1

-yli - yrldln 2-yl am nol - 7Hpyrrol o[ 2, 3- deyrlnldlnc -carboxylic acid

di met hy

7- Oycl olb@ nt y?\ oompination CORPESIE Afopmeys AL Rharmpceically apcsptobls splt erepf. 1.
pyrrol oa&oﬁﬂhgwaﬂgﬂﬂe%c@nﬁ@ﬁl@@mkdg@t@pwhcahbﬂﬁef ham de; 7-Cycl opentyl- 245
-(4-isopropyl -pi pérazi ne- 1 -carbonyl)-pyridin-2-ylamnot -7H pyrrol o
[2,3 - d] pyrimdine-6- carboxyllc aci d di met hyl am de;

7- | t 2 544- 4 t hyl -. t 1 - ni 1-

s A g e T S S R A S E A P
pyl - pi  pEf@zisin the ti¢dtnepy bf dhagém- 3 -yl ami no] - 714-pyrrolo [2,3 -

d] pyri m di ne-6-carboxylic acid dinmethyl am de;

7-Cyclopcntyl- 2-{5- 14-( 2- hydr oxy- 2met hylpropyl) - pi per azi n- 1-yl I - pyri di n- 2-y

| am no} ;g Hpyr ae car
7- Cycl op%nt yf{ g%glg ggﬁﬂ di metﬂ(-5 ﬁin %g?g‘?il?%&éff tﬁecéaggl 1@%{%@&]&6&] ?%rofp
rol o[ 2 a}nsdtlpg of: mtﬁinakﬂr @ncay hmxsﬁlcancea,qjadcﬁamtdmyéxambldﬁ:;ctal cancer, lung cancer,
7-Cycl o gpdlaza-bic [3.2.110oc¢t - 3 | met hy §%pg§:ldln 2-yl am
noJ - 7Hp op g&ﬁ zca Cf&] By lneina; SHEaBotsy Tpeinadsykegt R ytic leukentia
7- Cycl opegii W1, %ﬁro‘oﬂ’dsﬁﬁﬁe@%hemala uborRY dbdingm4l GRgiRIhadtid RYINYRpRbAa 3R 6-
carboxylic acid dinicthyla
7- Cyclomunmwﬂlﬂﬂmmngdwmthyl pi perazin-1-yl)-pyridin-2-ylamno]-7I1-pyrrolof
2,3-d] pyrimdi ne-6- carboxylic acid di nethyl am de;
7- Cycl opentyl-2-[5-(4-cycl opentyl -pi perazin-1-yl)-pyridin-2-ylam no]-7H pyr
rolo[ 2, 3. d]Wéédﬂ;ﬁiuﬁ@a@c&&hQ%Mﬂahﬁ 13¢bithsdiafBtondiamicde; 7- Cycl open tyl
-2 (11-i sopropyl - , 21,3

,41,51,61- hexahydro p, 41bipyridiny1 6-yl am no) - 7Hpyrrol o[ 2. 3- dlpyriniciinc
_6-car yl
151 (R (A RSB AAT AR oot 8 BB cpording oA A no 1
-7prrqﬂhﬁﬁ&wﬂﬁdﬂ@%&bﬂnﬂﬂﬂemﬁhﬁarbOXyIIC aci d di met hyl am de;
7-Cycl opentyl-2-{5-[(S)-4-(2-hydroxyet hyl)-3-nethyl -pi perazin-1-y1]-pyridin
-2-y|anino} 7Hpyrrol of 2, 3-di pyri m di nc- 6- carboxylic acid dinicthyl an de;
219
7-Oycl opent y 18P BRI SO MY 8% VS P R BRI et A hy TP AMSE 1 ani
no} - 71-agentpyrrol o[ 2, 3-d] pyri m di ne- 6- car boxylic aC|d di met hyl am de;
7-Cyclopenty1-2-{5-[4-(2-dinethyhu-ninoacetyl)-piperazin-1-y|]-pyridin-2-y|
am nol - 7Hpyrrol o 2, 3-dThyri m di ne- 6- car boxyl i ¢ acid di net hyl am de;
7- Cycl opent wﬂlfe?cnn{p'éuﬁéla&c%rcﬁhgyd clBi Y3 Yo (RE §Rdhk Aredmyecht oP¥drced, n- 2- yI am nol
-7THpyrrolo [2,3- "d] pyri mdine-6-carboxylic acid di nethylam de; 2-
{544- (2- Cycl ohexyl - acetyl) pi perazin-| - ylkpyrldln 2-yl am no}
- 7-cyclgpen 1 7%(%[\{%?@ Pgej_a(for(g LE Y5 I Q e S ear Boxyl 1 ¢ Acldoied from the

di met hyTam

{5-[4- (gdo @dr@aﬁﬁg \f- abﬁﬂtmyﬂc)er Pbro@ft &ahéer] paickeapi¥ rdadlidt; Solsteral R@nder, lung
7Hpyrrol o[ 2, 3-d] pyri m di ne- 6- carboxyllc aci d di met hyl am de;

7- Cycl 6pRgsLyesop @eehcqng%m}mnwersaﬂmou& ¢elh capginpmg; lpubeiva gevie lymphesytie of
o0[23 r

(7 Oyl R M 4 YR S merenchyml orginy magtl gl
} - THpy iyroplajn2g @d shinpsnndlingedli Ineg Garear.boxyl i ¢ aci d di met hyl am de

7- Cycl opentyl- 2- {544- (2- et hyl - but yl ) pi perazin-I-yll-pyridin-2-ylam nol
-7H-pyrrol o [2,3- d]pyrimdine-6-carboxylic acid dinethylamde; and

7-Cycl opentyl-2111-(2-hydroxy-ethyl)-1",2",3 ,4",5 ,6"'-hexahydro-[3, 4Thi pyr
i di nyl -6-ylam no]- 711-pyrrolo[2,3-dipyrimdine-6-carboxylic acid

di et hyl am de; or a pharmaceutically acceptable salt thereof 12.The
conmpound according to claim1 which is

7-cycl opentyl-2-(5-piperazin-I1-yl-pyridin-

2-yl am no) - 71- T- pyrrol o[ 2, 3-d] pyri m di ne-6-carboxylic acid di nmethyl am de
hayi ng the follow ng fornul a ; or a pharmaceutically acceptable salt

t her eof



13. The compound according to claiml which is
7-cycl opentyl-2-(5-piperazin-|-yl-pyridin2-ylamno)-7H pyrrol o[ 2, 3-d]pyrim

di ne- 6-carboxylic acid di nethylam de having the following formul a 14.
A conpound or pharmaceutically acceptable salt thereof according to any one
of clainmse 1 to 12 for use as a nedica . 221 15. A pharnaceutica

conposition conprising a conpound or pharmaceutically acceptable salt

t hereof according to any one of clains 1 to 12 and a pharmaceutically
acceptable carrier. 16. A conbination conprising a conpound or

phar maceut i cajgl %f%%ﬁﬁ%%’é Br gﬂéﬁnakélﬁ{cgﬁ a8CHRLE HE th@re@f‘é{cc%ﬁﬁngfto GhPbIB of
to 12 together with another agent. 17. A conpound or pharmaceutically
accept ablaens akd 13 hethe ofanatcoradofgmedicamyntddr the diensneht bbedkhzef. or use in the
treatnment of cancer. 18. A conpound for use according to claim17 wherein
the cancer is selected fromthe group consisting of: stomach cancer, breast
cancer, 2panc{RahbCordiRPes clai® Ol OWRERR the DR is kdlBded BORLIhe gi%tﬁipbﬁg;%@i!ng of:
cancer, nelanonma, squanous cell carcinoma, |eukem a, acute 1ynphocytic

| eukem stomagh sender,Ablicastpeaneerb pasdredtis, cagice reglorectalueancero flumge sarehyemphageal
origin, mantle cell | homa and non small, cel |l | ung cancer.. 19 .  The
compounaBe Relrn o ERao £ ar it st Sy BBRSS e tikemidET cen
phar macaui, cadur6aeasa,t dl i Qrimos b thebdirhg@BPOuEiE, @astdy kNG nighotdaddnd doh
and a pharmaceutically acceptable carrier. 21. A conbination conprising

t he conpttheclbbBscaasy to claim 13 together with another agent. 22. The
conpound according to claim13 for use in the treatnent of cancer. 23. The
conmpound for use according to claim?22 wherein the cancer is selected from
t he group consisting of: stomach cancer, breast cancer, pancreatic cancer,
col orectal cancer, lung cancer, esophageal cancer, nel anoma, squanous cel
carci noma, |eukem a, acute |ynphocytic |leukema, T cell ALL, neurobl astoma,
glioma, a tunor of nesenchynmal origin, mantle cell |ynphoma and non snall
cell lung cancer. 222 24. Use of a conpound or pharnmaceutically
acceptabl e salt thereof according to any one of clains 1 to 13 in the

manuf acture of a nedi canent for the treatnent of cancer. 25. Use according
to claim 24 wherein the cancer is selected fromthe group consisting of:
stomach cancer, breast cancer, pancreatic cancer. colorectal cancer, |ung
cancer, esophageal cancer, nelanoma, squanous cell carcinoma, |eukem a,
acute | ynphocytic |leukema, T cell ALL, neuroblastoma, gliom, a tunor of
mesenchymal origin, mantle cell |ynphoma and non snmall cell |ung cancer.
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