WO 2007/140222PCT/11S2007/069595 PYRROLOPYRINHDINE COMPOUNDS AND THEIR USES
Background  The search for new therapeutic agents has been greatly aided in recent years by a
better undggiaRgindRhshe structure of enzymes and other biomolecules asspeistee mitisuiseases.
One important class of enzymes that has been the subject of extensive study is 5protein kinases.
Protein kinases consti (i)alrgé) mwwmm&%m&sﬁ%@ﬁﬁﬁiﬁé’sponsible for the
control of a variety of signal transduction processes within the cell. (Hardie, G. and Hanks, S. The
Protein Kinase Facts Book, | and I, Academic Press, San Diego, Calif.: 1995). Protein kinases are
thought to have evolved from a common ance ﬂ'd’é‘é’r‘(e due to the conservation of their structure
and catalytic funmiogeatdinasthkinerapetiigents sl BasrplailCaRivdra awehcatakstisydomain. The
kinases may be categorized into families by the substrates they phosphgrylate ge. ., Projein-tyrosine,
protein-s ﬁ%%rlﬂﬂ %rﬁ??\‘é,lf?ﬁiag,t eté?)ﬁ“%‘@ﬁ%é%%’éz-%?ﬁg _eﬁt‘%fe)(@ﬂ%"iﬁ‘iﬁs%%ﬁg Eg?%ﬂeggh@ correspond
to each ofifease kioasenipoiiies {Recofenexassnlat HanksershK subjiesir, dxtehf&ddiudy 1995, 9,
576-596; 15Knighton et al., Science 1991, 253, 407-414; Hiles et al., Cell 1992, 70, 419-429; Kunz et
al., Cell IO S8 596: Garcia-Bustos et al., EMBO J. 1994, 13, 2352-2361).  In general,
protein kinases Pretiaikimisasednstinggn dligg RyrilVastisignatpiatispehiglteangiessithan @aucleoside
triphosphate to a protein accept rt{uat iS.involyed in a signaling pathway. These phosphorylation
events acffsc%oﬂﬁ?)tfiec Y n%?lgéa/ﬂ SR 8%%%6‘0‘5?5% g ] B@ﬁﬁf&?%?&&@?ﬁ%ﬂein biological

function. (Hede pOoanth BryhkipR. Aiterisotsin Kiimsd Hycts Ganied indd$pansdetniaRrsstganf extracellular
and other stimulj, Exa such stimuli inclyde environmental and. chemical stress signals (e.g.,
oot ISR hEEE e WAL ERTS o e BT SR R L 0BT Sh SRR .
inteti@ukipehedud joatied tonmervaton sisthaotstrac (iFand) cataly i durdbt et dlsn@soal Iddmases cyte
macrophage- 25colony-sfj ing_factor. -CSF), and fibrgblast growth factor (FGE)).. A
ool SR SRS S O R A Ry 3 RS R AR T B SRR e or,
diff-ere_nti&ﬂmﬂjeeb‘y&ﬁersubfsharmdﬂ@spm:ipmﬂphtef(agnmmimymmapmtdnleemirlefthmdmﬁn@Iuc__ose

metaboligm, oy Aproleln symhesls. and eaulaien el he celicvcle Many disages e,
associatePWith“abtiormal celtutar responses triggered by protein Inase-mediated events as
describekmlasw farithies € Stisclas ex ampled ] dnlt d8e Ko Himite dTto FAREBNM1BRS5d B ae §9nflammatory

diseases hone diseases, metahalic disgases, neugglogical,a enegatiye diseases, cancer,
carﬁ?:vagé%lj glr% %g%a%fé’sg,%ﬁg?a i%%ggh%ggsigrzéqzrz@el@ r%gtr%l'dllzggg;ié%z%hgfé%gg g}‘aﬁzeg%sir Seases.
Accordinglyl1the93, Has e hoq; ubstariinstos/@ A0EVRO2R 2PHT 1313262286595 effort in medicinal

hemistry to fi inicj inhihit fegti h i ts. Th Ki
(OAK) are a tarmly Bh o R AN B GO R NG SR P U RIS
critical roleaisioytbkine sigelatisige Thphdephate ieapr@sithatessrdhatds involiegdily asignalseg include

the Sig”gh%%g#%ﬁ%@%ﬁﬁ%ﬁ%%ﬁi%@%4%1%@1&'&033}8& slﬁiﬁ(g é&%@ﬂﬂ%}&ﬁ@s been

implicat many abnormal Immune responses such as allergies, asthma,

aut@nm@iscgideteshe tughtpsaieindpilogicakbimstiorhclhasgabioaphmmitation goswiplake lateral sclerosis
and mu'“HiﬁrﬁE{@lrg’gt‘%ggé’M% 2o ARG ST UOMUE MR NRAYRR SHER S IetkiGpIR%ANd

lymphomas. The 10 pharmaceutical intervention in the JAIC/STAT pathway has been‘reviewed [Frank
Mol. Medswhasioabgralode prysemmesntal andshested steps 3l 666 (P000)jc shoga hgatja|C2, and
TYK2 areiiquiiRpshoRXPEBRRRS, BRME M i AN ROGRITRBLY, SYRIEERS YR NEMAQRGIRIqES!lS.

JAK3 binds exclusively to the commonT(Q/tokine receptor gamma chain (7c) and is activated by IL-2,
IL-4, 1L-7 Ihard gaon opsrosiefpetamsy GHOF-aay amsl qupyrib festass (he ngsardensteamasepigs -4 and

IL-Shave dibiRchHRRARHOME P (e HERFNAGR SPrdbist RO RTRRIDPERY) [N it gtal Blpod 96:
2172-218% (2 00)1]. Cross-linking(of, the high-affmity immunoglobulin (Ig) E receptors of sélnsitized -

mast cellStigadusBayaftecs ans o BiamarsHiE G Ap spRetsrlatrtia RIS RIS RS 0active
cytokinesdigRuiia bR ceiec-alarsih s disteatiyn e HraiReipaoR thdiyricatiieRsdiaatinoOet al,
Nature 346: 274-276 (1990) & Galli, N. Engl. J. Med., 328: 257-265 (1993)1. A crucial
glucose metabolism, control of protein synthesis, and regulation of the cell cycle.
Many diseases are associated with abnormal cellular responses friggered by protein
30 kinase-mediated events as described above. These diseases include, but are not limited to,
autoimmune diseases, inflammatory diseases, bone diseases, metabolic diseases, neurological
and neurodegenerative diseases, cancer, cardiovascular diseases, allergies and asthma,

Alzheimer’s disease, and h_ormoneFrelated diseases. Accordingly, there has been a substantial

1



role for JAK3 in IgE receptor-mediated mast cell responses in vitro and in vivo has been established
[Malaviya, et al, Biochem. Biophys. Res. Commun. 257: 807-813 (1999)]. In addition, the prevention of
type | hypekgensisivitypseactions, including anaphylaxis, mediated by mast qeitracsiationotiosough
inhibition of JAIC3 has also been reported [Malaviya et al, J. 25Biol. Chem. 274:27028-27038 (1999)].

The JAK family of tyrosing kinases have also been.shown to. play a role in jmmunosuppression and
allograft SHEEARES FRECTARD BROCTSIE SEe 70 PHOES ShoH S LRSI AP
[Muller-Lagkigs, et al., J. Immunol. 164: 3894-3901 (2000)], Familial amyotrophic lateral sclerosis

[Trieu, et al., Bigchem. Bipphys. Res, Commun, 267: 22-25 3Q(2000)1, and leu ia [Sudheck, et al.,
i Cancer ol FHREnREss (10U 3 LI A B LL0R6HS SPS EP R Fakarammalian
cell cycleyale¥egdiatedhy e IAK Cytlinadeiatant kinagekiodigroimglcRes dohichtrearcritical for

cell' growth; These comp. comprise at least a catalytic (the CDK itself).and a regylatory (cyclin).
bt SR AL S HE R JOTROFS B 67 L0 UGEH FATTHARE LRI ESER A (CDICL al2o
WO 200 #3426 S DS 2H Prio hah IPAKYSTA Bsigdain@has GRYLplivatiai B tha (aedisfipand cyclin

DI-D3 (CDIC2, %DK4, CDK5, CDK®6), cyclin E (CDIC2). Each of these complexes is invglved in a
partioula B e BRSNS AR RIS COONE P I TGV EEh RISl i ceil
cycle cortitaispgianvesjectibhyrhéiasord rthritsOamigdtrypldatactinl $uderesislaiid maftiphéscleépidn, and
CDK5 5p|a¥§ ﬁ'role in pguro(ﬂgl‘and ecretory cell functign. ghe.activiéy of CDKs is requlated
post-trang‘f’a 15 gﬁ)}?&?f af F)IPSEO 8IS0 Zgﬁﬁfhmgﬁw%ﬁ}r%%‘fﬁ ?%Qfsﬁ)a]l{’é?g Bt tiisir
intraOelluppntacalesitahinferventide ieltenMAakl/ BTedspihagsdeia lestnitivigeedt [EmitkrMisinModl
deregulation of hgir. regulators, suggestin tinhibj CDKs may be useful
anti-can_cge‘r%%(}e'r%s;)%eﬁ??gﬂ%ﬁ%é%gilﬁgpgggﬁs‘ei%gzgt%tr%g? t’?@@g ned and normal cells differ in
their requiremerdiifkr ,d AK Zyalidh TYKD 1622 @iquiitaistynagprésseah selifile tA K2 ve fopdonviabatifineoplastic
agents deyoid.olhe generaldiost taxieity eRssnvad with comentinal cvioiaxis,apd.exostafi drugs
While inhiBRioH of Ce cyc}ePreFa{ea Sisclearly felevan ?In, e.g., oncoﬁ)g appﬁcaﬁor?s, this may
not be thgarema fathéyi) hitdtisaaiRidd yol2e thsé-Tegll ity QD Kis- 10n The ptbkfetBihamaddinhibition
of GRK9/cyclin T function was. recently linked ta preventiog of HIV replication and the discovery of new
CD biol_%rylt s continues %S%qgsnl}&%uﬁeew Pﬁ%a%%ﬁ%n%ﬁ%ﬁ?bh%%&’?ﬁ? Frﬁ?iﬁﬁgrgsgSausville, E. A
Trends MisipendemchrPDBR 38a8B5S8ighaling [heilihetianBioGh¥s X 722188(R00Hte and thus

fate or deactivate cartal : s, lamine. histone, H1. and
components of (oSG koL S i BTt e HESHIATRTE RS PSRl G &
phosphoartindtedstastisiedsornf ATrn@athmatenyrorediotdainelidings suipsbratef Bwoertivgroups of

compoungds VeVt ﬁ'zﬁﬁﬁhﬁfe iV GiMeRRID (}?&3%&1 QUERGRAY 2080 R3orduit) have

been found to possess anti-proliterative properties by vi K-specific ATP antagonism. Thus,

theR9is aebehiVaiuts AGELAMARIS (A0 MekPelliidagastslividar TARRTT 6841883 M5 Acenidigly,
here 1S SRR hIBKSORIIHEIRAMALR P RARGR.S T\ AR A VP Rt as wel as

CDK1, CDK2, CDK4, CDK5, CDK6, CDKY7, CDK8 and CDK9. Summary of the Invention There _
remains &stddished Mdalarayancs als Bisgherar dbnhisr Rest&iamumus 35068 A0Ubdders. There is

also a negghiabAMARIER LHESE BN RIS HEABHON R AR aHAN BfonRTARETe

symptoms of cancer, transplant rejections, and autoimmune diseases. Furthermore, there is a need

for methdtsrrastrRednaitirriiondhieughyidpiénaiafidAksbBasalsa heenarportaddMataviarat ab Jell as

CDK4., CBKZ Gl 42 4459026:P3 8¢ 96y |CDK8 and CDK9, using the compounds provided herein.
In one aspect, the invention provides a compound of Formulal: Al1,R4 I. _
- The JAK family of tyrosine kinases have also been shown to play arole in

immunosuppres_sion and allograft acceptance [Kirken, Transpl. Proc. 33: 3268-3270 (2001)],
rheumatoid arthritis [Muller-Ladner, et al., J. Inmunol. 164: 3894-3901 (2000)], Familial
amyotrophic lateral sclerosis [Trieu, et al., Biochem. Biophys. Res. Commun. 267 122-25
30  (2000)], and leukemia [Sudbeck, et al., Clin. Cancer Res. 5: 1569-1582 (1999)].
Initiation, progression, and completion of the mammalian cell cycle are regulated by
various cyclin—dependeht kinase (CDK) complexes, which are critical for cell growth. These
complexes compﬁse at least a catalytic (the CDK itself) and a regulatory (cyclin) Subu_nit.

Some of the more important complexes for cell cycle regulation include cyclin A {(CDK1-also
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In one aspect of the invention, the protein kinase is a protein tyrosine kinase. In one 5 embodiment,
the protein kinase is selected from the group consisting of abl, ATK, ber-abl, Blk, Brk, Btk, c-fins, e- kit,
C- met, C-SkdJal51G6a38: CSFIR, CSK, EGFR, ErbB2, ErbB3, ErbB4, ERIEC Fak20es06555RI, 25
FGFR2, FGFR3, FGFR4, FGFR5, Fgr, FLK-4, fit-1, Fps, Frk, Fyn, GSK, Gst-FIkl, Hck, Her-2, Her-4,

o5, SROMTRHTI BB RA: DD BB ORD SM R P R e o e
DK A DD T ret St e Do T o Moo o colotett o T pro0s sonSietin
of Jakl- SEUEEE: SSRGS P HORGIEHY SHABA SIS EYEILE e S TR oy
consistingofealaic 3G CDK4 718) amh@tieimpliesiedfithéhéregulationtbLipiniaiptienaaad CiDKScell

cultuge. In still anqther asguect1 _th% rotein kin“gﬁ@i iIn a mammal. In another aspect, the invention
provides %lﬁfaﬁ‘fé) R Iﬁﬂ{'élaaﬁ CHRNIMAS ek disorder, wherein the method includes
administering toTh&abiiRdtyipNEPK e negh el poskrendlattyAbc eyt aalsiarny ustoofaiemnwidund of the
Formula I, such that the protein 20 kinase-assocjated.djsorder is treated. In one embodiment, the
orotein KFISETEC LS G 0 A TR B OEAUT AP o s, LY BT eake, Gk,
CDKS8, Ctlss]yakipdmketianthJzddiztiknadtqraticn dad derbgalatientofiitDi o taid theiasegid stetscted from the
group consisting of Jak3 and CD nother emhodiment, the protein kinasg-associated disorder is
celected ToBR T L e R e R SR e R R S e e
medéangiatadisprggesatiae tdissfomnsd met atootimdistisdbfferatlicdhgie seqetiement fivgralgosiscliervous
system digpasgs and SANSEl.y ndBANAISL SRRdIment e Proeindnase assadiplad,disorder is
cancer. In yet another embcr)lgi%enm & cancer 1S selected from e group consisting of breast,
stomach géiaPBost/b4dARP ST 8 i fl0dv06aB ima\arptacaloandurdgosatindtagenXVipitephatic system,
genitourinary tract (inclyding bladde rostate), ovarian,.gastric, bone, and pancreatic cancer.

T anotha A e B e S g
of organ trayspitib¢ thfectierfox érointabspinmbROA pyysensétipgubaimg €DK he Omtheidthethritis,
psoyiasis L diabete jcafion m.diabete e ma,.atopi matitis,
autg?nmtljlh;g&éﬁ%%jﬁ (flls]ic?z:lers, u &g&ﬁ%&ﬁ?@“&‘%ﬁiﬁ% ?l ecgéqeﬁ?i‘f?l%?rﬁg}% gigeﬁaggr and leukemia.
In still anethBeatiomenintendishevdiyardse s €BIKEchial dgyrthas domtinuws te spensy, awathesapentine
disease, %&ﬁ%ﬁféﬁa@%ﬁéﬁﬂ‘é %%?o%g‘grsé’&s%iﬁ‘él' .OA.hFMSP&'l%éT‘ﬁ{QD%% §) 4 vespnother

embodiment, t isease Is selected from an allergic or type I hypersensitivity feaction, asthma, graft
versus host diseBsefuhaiomafoicDdsHstie, rhospbionibie datbiausattrastsondeitivase ketais, Familial

amyotro r is, | i " S ' ti ovides a
etnod g e M ot

in nd&d tineitett anindlen e adlcdyNcitencnediatpikebarkdilts srvelveppuerdlsi-thansieraeariipnsuch that-
the autoiRNEriSE AREHR HB G IaP BR,SHD SWRERL. NS AHIQUIBmYRE diRgRmE @%‘ﬁ@(_@é’dﬂom the

group consisti%of autoimmune hemolytic anemia, autoimmune neonatal thrombocytopenia,
idiopathider8nibesdig feiMh Surp P RIT RGBS Piseovsio Peni 00 nibiga-aadhhiayed Hdfpid
Syndrome, S atiSprallFerit RISRPRAIRI YR Visu SIS PIEiiSe L1 RSIIgaRelYshRRALNtS, 20rheumatic

heart disease, glomerulonephritis, multiple sclerosis, neuritis, uveitis ophthalmia, )
polyendocrinopakhiss thstgdsacontinupd rsied ieBnd new heranmdicorgents deotreh bnaasdisersssy
inflammalieRe AHSH, il Ain- Bkt S AR JpSHIDHRERYTFRblethabrisss maliss falpinypne
inflammatory eye, autoimmune thyroiditis, hypothyroidism, systemic lupus erhythematosus, - _
Good pasﬂ%‘&rﬂ%rﬂﬁ*b?%%ﬁi&gmegéﬁér é@tgﬁn EQJ%%@PZ%E@F&& AAERERolytic anemia,
autoimmune thrombocytopenic purpura, rheumatoid arthritis, mixed connective tissue disease, ‘
polymyositisidennatomyositis, pernicious anemia, idiopathic Addison's disease, infertility,
glomerulonephritis, bullous pemphigoid S8 esthedterartiotbetes millitus, adrenergic drug -
resistance, chromigackivadienatitisd Bsinaw velliarmeirshasimrjile oraeriiitnaskibcrasdiotomy
syndrome, urticaria, atopic 30dermatjtis, asthma, inflammatory myopathies, chronic active hepatitis,
primAry SR HEWE 45 alse adiPrddar-compops sl in, Brsaeatment or preysBing Aspect, the
in(;/enti_onmemd@ﬁ@l E}%h@_@ﬂhﬁﬁ;ﬁﬂﬁ@ﬂ' : 5?1%&@@' ,@ﬁﬁﬂﬁwhﬁf@&tﬂg?irﬁﬁdfﬁﬂt&%ﬁlﬁmf@s” ot
administefing to a subject in need thereof a pharmaceutically acceptable amount of a compound of the
Formula &S8R %Héﬁ?aﬂgﬁ|M?éfe%ns?ﬁi£°W6%&M@2§2b&%ﬂ§f@@%e@%@@tﬁ@ated. In one
embodimiinbstisesiianap Rk [gjactigndiSakslesio frasrtODE §r oMK CIRIAgCTH YR IC DK S| DB,
disease, feiection to xeng transplantation, rejection related to organ transplant, rejection
tatoct IR GO R B W B A R AR TSP B NERLL o iy
incurred during organ transplantation. In another aspect, the invention provides a method of
treating cancer, wherein the method includes admiristering to-a subject in need thereof a
pharmaceutically acceptable amount of a compound of the Formula | such that the cancer disease or
disorder is treated. In one embodiment, the cancer is selected from the group consisting of bladder,

haad and narly



breast, stomach, ovary, colon, lung, brain, larynx, lymphatic system, genitourinary tract,
10gastrointestinal, ovarian, prostate, gastric, bone, small-cell lung, glioma, colorectal and pancreatic
cancer. In agathghashpss of the invention, the Formula | or salt thereof is a%jf}.bsﬁfﬂﬁ%mws
simultaneously or sequentially, with an antiinflammatory, antiproliferative, chemot erapeuflc agent,
immunosuppressant, anti-cancer, cytotoxic agent or kinase inhibitor other than a 15 compound of the
Formula PEMVadssthepsanndrf ERTBBtent, the compound of the Formula | or salt thereof is '
administered, simultaneously or sequentially, with »of a PTK inhibitor, cyclosporin A,
CTLA4-Ig, antibodies selected from anti-ICAM- rece’p‘tqr, anti-CD45RB, anti-CD2, anti-CD3,
anti-CD4, anti-CD80, anti-CD86, and monoclongl antibody OKT3,)agents blocking the interaction
between CD40 and gp39, fusion 20 Rréteins ¢ 0540 and gp39, inhibitors of NF-kappa
B function, non-steroidal antiinflammatory gdrlgs, stesgids, golcf‘gompounds, antiproliferative agents,
FK506, mycophenolate mofetil, cytotoxic diggs, TNF-a inhibitor ,g—mti-TNF antibodies or soluble TNF
receptor, rapamycin, leflunimide, cyclooxygenase-2 inhibitors, p&clitaxel, cisplatin, carboplatin,
doxorubicin, carminomycin, daunorubicin, aminopteyin, methotrexate, 25methopterin, mitomycin C,
ecteinascidin 743, porfiromycin, 5-fluorouracil, 6- mercaptopurine, gemcitabine, cytosine arabinoside,
podophyllotoxin e srosipect ebedite phaspheieotein kisise] sagiphein nyrositéasinase. vinaistine,
leurogidine, thilone, vindesing, leurosing, or.derivatives thereof. In angther gspect, the invention
prOviges 5%%5(): ¥%e3£ preo rl?f lllgglsne"_l-sgsl o&ia é%dgg’ |so?0%r9?|%g?r?1sésr1{ifl€vﬂé?§lfh tﬁgft’r{ei%rfr%e%lht includes
a protein Bika8ekydtkkafimg, eskinotsnoetf disecFOMDE) I aR af aCKEIR ACHKD, BSFRG b8 EdsBiy an

R A e S e

invention FskgiFyoteaSK.costbitkin Hke Mer 13y ooy Hkidl Re INSrR olakd $NEn KibRy nddibsas thereto, as

I g tical > g { , : it ) ein
Kinase.ac T R R o b R e T KR ion or
comifositibKthdresy ayﬁ%l&uéf@ssamM@kM%k&@QMMstMQte@me@D K4, CDKS,
COKG, COUGERIRA] GRS TRREST IR eisgdiepRd lepiesedsol sibination

therapy for in g prot nase activity in r for treating, preventing dr amefiorating of one or

more synﬁmbﬁﬁ@%?cénG’Gt,anaﬂ@plembﬁéﬁmﬂnnﬁzeaﬁmtam&nmh@dmwm thatggewp using the

compoungs, ofthie, 19 JAVENIRH Qfpharn %ﬁﬂﬁfi‘k&ﬁ@fgﬂ%‘&%ﬁeﬂ{, ‘fffééﬁéé%?kiﬂ%s%ﬂ? 85086k the

invention provides compounds of the Formula I: A.----) 21, NANR4 R3 (I) 150r a

pharmacdiiodiy sxuapeabiisiag of klidandGBKAr, wherein: the dashed line indicates a single or

double bond; A ifh, NrRfHeRapet e AR EhfiyA! BRESAE 1 KRV a cllR@RRIRLRIPACh,
independently, selected from the %roup consisting of hydrogen, hydroxyl, CI-C3-alkyl, - v

C3-C8-cyRIGHIRYRREEd St BotelRingsed iy manpaatuted C1-C3- 20alkyl, substituted

C3-C8-cycloalkyl, SHBRiH i8H e ORIl T DR U RRA RSt RRe. R4 is
selected from the (grc;up consisting of hydrogen, C1-C8-alkyl, substituted C1-C8alkyl, =~
C3-C8-cyrispaigiediiserdstenermdbeyriang inshydes adatinistaring o Rsihisahynasesstssntied
heteroarypgandtebaipaRecpRvE ahsuANer ¥ D RAFRINALTINSIFSriga i Sdich R Sheprofifnd Y is
20 kinase-associated disorder is trevated. In ohe embodiment, the protein kinase is selccted from
the group consisting of CDKl, CDK2, CDK4, CDK5, CDK6, CDK7, CDK8, CDK®9, Jakl,
Jak2 and Jak3. In a particular embodiment, the protein kinase is selected from the group

consisting of Jak3 and CDK4.

~ In another embodirhent, tﬂe protein kinase-associated disorder is selected from the
25 group coﬁsistin'g of blood vessel proliferative disorders, fibrotic disorders, mesangial cell
proliferative disorders, metabolic disorders, allergies, asthma, thrombosié, nervous system
diéeases and cancer.
In another embodiment, the protein kinase-associated disorder is cancer. In yet

another embodiment, the cancer is selected from the group consisting of breast, stomach,



CR9R1 or C=0; when the bond between X and Y is a double bond, Xis N or CR11, and Y is CR12;
wherein R6 and R7 are each, independently selected from the group consisting of aryl, substituted

aryl, heterogyy »g4alissed heteroaryl, hydrogen, CI-C3-alkyl, C3-C8-cyclopkylySiieirizoyclyl,
substituted alkyl, substituted-cycloalkyl, and substituted heterocyclyl; WO
2007/140222PCT/1182007/069595 R8 js hydrogen, C1-C3-alkyl, and C3-C8-cycloalkyl: R9 and R'
areeach, SXBRLERLE I S RIFSRANER CERIRGHOIES RS RRGTY gt i ohas Blpddesch,
independafitlyrsseieoias, iam, R i ko kg Rsis pagaérleahverogen, C1-C3-alkyl, Ci-C3-alkoxy, CN,
C=NOH, C=NOCHS3, C(0)H, C(0)Ci-C3-alkyl, C3-C8-cycloalkyl, heterocyclyl, aryl, heteroaryl,
substituted c|-clg.ana}chegmﬁdmr&é—l@re%blswsﬁﬁBﬁfﬁﬁﬁéﬁﬁ&éﬁa&éﬁf?%ﬂﬂffﬁ'at aryl,

Zubztitutegiidﬂ@tl?&?arstlgg&i‘ﬂﬁig&maﬁd Qﬁft?eﬁ%@&ﬁ)%& naﬁd&d )&&bﬁn;m&%)h&?lﬁgﬁésélml ,elin B (ijs a
ond, CI-C3-allcyl or branched Ci-C3-alkyl; wherein R13 and R14 are each, independently, selecte
fromhe 8\5‘63&8@@%‘&%%%@@?-&%%? e campliFaUncs TRmEHaRs 9% CARGF heteroaryl,
10substitutgthallkatorsivlisiindads; voloatkivu e Bsfiltbdifin o ciasvb soititte Crskh 3 iissatestituted

heteroaryl..  .In ope embo nt, R4.is branched or linear CI-Cs-alkyl, wherein the branched C1-

di
C5-alkyl gHEHGIRER SElisTAss i‘ﬂﬂf)%ﬁe or more heteroatoms, and/or substituted with one or more -
heteroatoms, hal@ganancd<r Smelyctinlki, g ds:ase siiléaddrombe Yalariky k¢ipotas, 4C3-C8

hetrocyclyl groups, aryl groups, heteroaryl groups, substituted.garyl groups, ot substituted heteroaryl
groups. e odi , en, _ onsisting o

b e SRR TR REEDTNGE RO o0 O CERAROORS R8I Yo Biting of
hydtogenydt kbsthatathodimencyhlodiksds€i3SeRqub St alletgilor! typyll bynsténkitvaoy |, _
heteroaryl, and substituted heteroaryl. 20In still another embadiment, R1?2 is.not hydrogen, R4 is
oranchecf SIS LR BHRD, IROh A R GO AR 1SS R S 1AL B ome o
more hetetohiplasclarubisy Bathilfilisatyatiibphitel aieraioxddnediz datkensiah atldgendoBia-C8 cycloalkyl
groups, substituted C3-C8 cycloalkyl groups, C3-C8 hetrogyclyl groups, aryl groups, heteroaryl
groups, substituirelc?%?y eér%sg/ﬁgg%#%ld%sef#&gaj Wé’éé%gry egﬁr}(/())éﬁ)sg%lﬁn eatrg%l% Hé]‘r}neurrﬁ ot |rﬁse%t,_A is
N. In anothlereimtudiresnicir 4nicl wdde atbrlifisteriige tg rosybjze sisticeg] didryof aginrneeastiedly

Cl-Cs-alkyl, branched Cl-C3-alkyl substitu henyl an -C6-cycloalkyl.  ..Inyet another
g T e R R
cyclohexyte@@th 3tilbaeethbodiméntdihtemitainendashdidchise irssal sitggl diioonthe)g ieup dEnsixiGE- GI3-
alky1)2 or a d Y.is C=0. In.another emhodiment, Xis CH2.or.C(C %%and Y is C=0.

Cl-C3- |
er andngrnE R B et oyl R e SO R BTN T o
C-(Ci-C3+htiophbanytoyeis Oy auEHaoP@uBRiyin@; GinoBadkanemi DPIRispidlhyl, C-C=NOH
C-C= 3.\ 2PCT h ' i . is H. |
g:lother le%gdo;'g frtineé\nlgt%é} %?sglréger% gr%%: S%l!\)v%}%l%g{ésﬁﬁs?t%%?ﬁ%%%thgg?%@ggg%%%‘?ﬁ%’or morer.l el
timé¥by hagugetic beatt disthogPmeralonaphuiliss malidptsairosis RieSritistunsiiiylopiiteabinaR 15 is a
bond, Q) N o MAS O OB MSTER) SR A 2y e e

by 0, N( or N(H). In still another embodiment, the aryl group’is phenyl. In another
embodimpwimsnapstiafiphyrations dndapetuiiy-Bamstbyadiame asplbrdanerdenfitiabetad, methoxy,
diethylamingy; R aipRiaaiy inRimna R QI BiaRiRe il aviBL hjiaaRhoiBdm; Bhaidic
R15-pyridinyl, R15-piperazinyl, R15-indazolyl, R15-pyrrolidinyl or 10R -imidazolyl, wherein the
piperazin%PWYéE@WEtBWé{@P%ﬂP%ﬁwQWEW,M%iﬂ@%ﬁmﬁfl aeamBIyRifsarolidinyl or
imidez olyL eHahBMANe B [N SRS UiHERR WA Gl b Al Yopedf) bR dumirtahifrdtiglkyl, OH,
C(0)(C112)1_3CN or N(H)C(0)Ci- - S _ :

mixed connective tissue disease, polymyositis/dermatomyositis, pernicious anemia,

idiopathic Addison’s disease, infertility, glomerulonephritis, bullous pemphigoid, Sjogren’s

syndrome, diabetes millitus, adrenergic drug resistance, chronic active hepatitis, primary

biliary cirrhosis, vitiligo, vasculitis, post-MI, cardiotomy syndrome, urticaria, atopic

30  dermatitis, asthma, inflammatory myopathies, chronic active hepatitis, primary biliary
cirrhosis and T-cell mediated hypersensitivity diseases. _
In another aspect, the invention provides a method of treating transplant rejection,

wherein the treatment includes administering to a subj ect in need thereof a pharmaceutically

acceptable amount of a compound of the Formula I such that the transplant. rejection is

d



In yet another embodiment, the phenyl group is substituted by N(H)C(0)aryl, 15C(0)N(H)C,-C4-alkyl,
C(0O)N(CI-C4-alkyl)2 or C(O)N(H)C3-Co-cycloalkyl. Preferred embodiments of Formula | (including

pharmaceug%ll @7(/:104%951ble salts thereof, as well as enantiomers, stereoispﬁ%gzﬁg;?dﬁbggg,
ow in Table

tautomers, diastereomers, atropisomers or racemates thereof) are shown be ‘Table A, Table B,
Table C and Table D, and are also considered to he “"compounds of the invention." The compounds of

the 20inVEFHES dReOme SRORHBET HerBRnsRlan RisiRisie iR P theaEewP AOFSRIB RS0 (nM
1.0 HN  HRAO/EIRUIN Goiét d¥sBHdY; rejectith refatel to xeno transplantation, rejection related to organ

transplant, rejection related to acute transplant, heterograft or homograft rejection and
ischemic or reperfus'ion injury incurred during organ transplantation. | _

5 In another aspect, the invention proVides a method of treating cancer, wherein the
method includes admihisterihg to a subject in need thereof a pharmaceutically acceptablé |
amount of a compound of the Formula I such that the cancer disease or disorder is treated. In
one embodiment, the cancer is selected from the group consisting of bladder,_head and neck,
breast, stomach, ovary, colon, lung, brain, larynx, lymphatic system, genitourinary tract, _

10 gastroihtestinal, oVarian, prostate, gastric, bdne, small-cell lung, glioma, colorectal and
pancreatic cancer. | |

~ In another aspect of the invention,. the .Formula I or salt thereof is administered,
simultaneo.usly or sequentially, with an antiinflammatory, antiprolifefative, chemothef_apeutic
agent, immunosuppressant, ént'i-cancer, cytotoxic agent or kinase inhibitor other than a

15  compound of the Formula I or salt thereof. In one embodiinent, the compound of the
Formula L or salt thereof is édminiétered, simultaneously or sequ'entially, with one or more of
a PTK inhibitor, cyclosporin A, CTLA4-Ig, antibodies sele.cted from anti-ICAM?'3, anti-IL-2
receptor, anti-CD45RB, anti-CD2, anti-CD3, 'ariti-CD4, anti-CD80, anti-CD86, and
monoclonal antibody OKT3, agents blocking the interaction bétween CDA40 and gp39, fusion

20  proteins coﬁstructed from CD40 and gp39, inhibitors of NF-kappa B function, non-steroidal
antiinflammatory drugs, steroids, gold compounds, antiproliferative agents, FK506,
mycophenolate mofetil, cytotoxic drugs, TNF-a inhibitors, anti-TNF antibodies or soluble
TNF receptor, .rapamyci.n, leflunimide, cyclooxygenase-2 inhibitors, paclitaXel, cisplatin,
carboplatin, doxorubicin, carminomycin, daunorubicin, aminopterin, methotrexate,

25  methopterin, mitomycin C, ecteinascidin 743, porfiromycin, 5-fluorouracil, 6-
mercaptopurine, gemcitabine, cytosine arabinoside, podophyllotoxin, etoposide, etoposide
phosphate, teniposide, melphalan, vinblastine, vincristine, leurosidine, epothilone, vindeéine,
leurosine, or derivatives thereof, _ |

Ih another aspect, the invention provides a packaged protein kinase-assdciéted .

30  disorder treatment, wherein fhe treatment includes a protein kinase-modulating cbmpound of

the Formula I, packaged with instructions for using an effective amount of the protein kinase-

modulating compound to treat a protein kinase-associated disorder.
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Detailed Description of the Invention
This invention is directed to compounds, e.g., pyrrolopyrimidine cempounds, and
intermediates thereto, as well as pharmaceutical compositions containing the compounds for

use in treatment of protein kinase-associated disorders. This invention is also directed to the

_ co_mpouhds of the invention or compositions thereof as modulators of Jak1, Jak2 and Jak3, as

well as CDK 1, CDK2, CDK4, CDKS5, CDK6, CDK7, CDK8 and CDK9. The p‘resenf
invention is also directed to methods of combination therapy for inhibiting protein kinase
activity in cells, or for treating, preventing or ameliorating of one or more symptoms of
cancer, transplant rejections, and autoimmune diseases in patients using the compounds of the
1nvent10n or pharmaceutical compositions, or kits thereof |

In one aspect the 1nvent10n provides compounds of the Formula I:

(D

or a pharmaceutically acceptable salt or solvate thereof, wherein:

the dashed line indicates a single or double bond;

AisNor CR’, wherein'_R5 is hydrogen or C;-Cs-alkyl;

R? and R? are each, independently, selected from the group consisting of hydrogen,
hydroxyl, 'cl-c3-a1ky1, C3-Cg-cycloalkyl, heterocyclyl, aryl, heteroaryl, substituted C;-C3-
alkyl, substituted C3-Cg-cycloalkyl, substituted hetefocyclyl, substituted aryl and substituted
heteroaryl; | |

" R*is selected from the group consisting of hydrogen, C,-Cs-alkyl, Substituted_ C-Cs-
alkyl, C3-Cg-cycloalkyl, substituted C3-Cg-cycloalkyl, aryl, substituted aryl, heteroaryl and
substltuted heteroaryl; '

when the bond between X and Yisa smgle bond, X is CR®R’, NR8 or C=0,and Y is
CRR! or C=0; |

when the bond between X and Y is a double bond, X is N or CR!!, and Y is CR'?;

wherein R® and R are each, independently selected from the group consisting of aryl,
substituted aryl, heteroaryl, substituted heteroaryl, hydrogen, C,-Cs-alkyl, C3-Cg-cycloalkyl,
heterqcyclyl, substituted alkyl, substituted cycloalkyl, and substifuted heterocyclyl;
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8 is hydrogen, C,-C;- alkyl and C3-Cg-cycloalkyl
R’ and R'? are each, mdependently, hydrogen, C;-Cz-alkyl, or C3—Cg-cycloalkyl
R'' and R? are each, independently, selected from the group consisting of halo,
hydrogen, C.l-C3_-alk.yl, C1-C3'-alkoxy, CN, C=NOH, C=NOCH;, C(O)H, C(O)CI-C3-alkyl,

C;-Cs-cycloalkyl, heterocyclyl, aryl, .heteroaryl, substituted C,-C;-alkyl, substituted C;-Cg-

cycloalkyl, substituted heterocyclyl, substituted aryl, substituted hetefoaryl, -BNR"RY, -
BOR", -BC(O)R"?, -BC(O)OR", -BC(O)NR"R"; wherein B is a bond, C;-C;-alkyl-or
branched C1-C3-alkyl§ wherein R"> and R" are each, independently, selected frorh the group
consisting of hydrogen, C;-Cs-alkyl, C3-Cg-cycloalkyl, heterocyclyl, aryl, heteroéryl, |
substituted alkyl, substituted éycloalkyl, substituted heteroéyclyl, substituted aryl, and
substituted heteroaryl. :

In one embodiment, R4.is branched 'or. linear C;-Cs-alkyl, wherein the branched C;-
Cs-alkyl group may be interrupted by one or more heteroatoms, and/ér substituted with one
or more heteroatoms halogéns C;-Cg cycloalkyl groups, substituted C3-Cg cycloalkyl groups, |
C3-Cs hetrocyclyl groups, aryl groups, heteroaryl groups, substltuted aryl groups, or
substltuted heteroaryl groups. ‘

In another e_mbodlment, R' is not hydrogen, R* is selected from the gr_oup conéisting
of hydrogen, Ci-Cg-alkyl, C;-Cs-cycloalkyl, C3-.Cg-substituted cycloalkyl, aryl, substituted
aryl, hetéroaryl, and substituted heteroaryl. _

In still another embodiment, R'? is not hydrogen, R* is branched or.linear C,-Cs-alkyl,
wherein the branched C;-Cs-alkyl group may be interrupted by one or more heteroatoms, =
and/or substltuted with one or more heteroatoms, halogens, C3-Csg cycloalkyl groups,
substituted C;-Cg cycloalkyl groups, Cs- Cg hetrocyclyl groups, aryl groups, heteroaryl
groups, substituted aryl groups, or substituted heteroaryl groups

In yet another embodlment AisN.

In another embodiment, R* is selected from the group consisting of hydrogen,
branched C14C5-alkyl' branch'ed C,-Cs-alkyl substituted by phenyl and C3-C6-cycloalkyl.

In yet another embodiment, R* is C(H)(CH,CHs),, C(H)(CHZCH3)Ph CH2CH3,
cyclopropyl cyclopentyl or cyclohexyl.

| In still another embodiment, the dashed line is. a single bond, X is CH;, C(C-Cs-
alkyl); or N(C,-Cs-alkyl), and Y is C=0. In another embodifnent, X is CH; or C(CH3); and

"~ Y is C=0. In yet another embodiment, the dashed line is a double bond, X is CH, N, C-

C(0)C;-Cs-alkyl or C-(C;-Cs-alkyl), and Y is CH, C-CHO, C-C;-C;-alkyl, _C-Cl-C3-alkoxy,

C-C(0)C:=Cs-alkyl, C-C=NOH or C-C=NOCHj,.

8
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In another embodiment, R? is H. _ '

In yet another embodiment, R? is an aryl gfoﬁp, which is _further' ihdependently :
substituted one or more times by halogen,_ C,-Cs-alkoxy, Rls-amine, R15_-heterocycle, or RP-
heteroaryl, wherein R" is a bond, C(0), N(H)C(0), N(H)SO, OC(O) or (CHy)14, wherein

 the (CHy)1.4 group may be interrupted by O, N(CHs) or N(H).

In still another embodiment, the aryl group is phenyl.

In another embodiment, the phenyl group is independently substituted one or more
times .with fluoro, methoﬁy, diethylamine, R"*-piperazinyl, Rls-m_orpholinyl, R_ls-piperidinyl,
RP-triazolyl, R'*-phenyl, R"-pyridinyl, Rls-piperazinyl R"*-indazolyl, R">-pyrrolidinyl or

R'"*-imidazolyl, wherein the p1pera21nyl morpholinyl, piperidinyl, tr1azolyl phenyl,

pyridinyl, piperazinyl, 1ndazolyl pyrrolidinyl or imidazolyl groups may be further substltuted
with C,-Cs-alkyl, C(O)C1-Cs-alkyl, S(0).C;-Cs-alkyl, OH, C(O)(CH2)1:3CN or N(H)C(O)Ci-
Cy-alkyl. - | |

In yet another embodiment, the phenyl group is substituted by N(H)C(O)aryl
C(O)N(H)C1 Cs-alkyl, C(O)N(Cl-C4-alkyl)2 or C(O)N(H)C;3-Cs- cycloalkyl

Preferred embodiments of Formula (including pharmaceutically acceptable salts

thereof, as well as enantiomers, stereoisomers, rotamers, tautomers, diastereomers,

- atropisomers or racemates thereof) are shown below in Table A, Table B, Table C and Table

D, and are also considered to be “compounds of the invention.” The compounds of the

invention are also referred to herein as “protein kinase inhibitors.”
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CN) WO 2007/140222PCT/US2007/069595 In certain embodiments, the compound of the
present invention is further characterized as a modulator of a protein kinase, including, but not limited
to, protein kipaspsseiesied from the group consisting of abl, ATK, ber-abl, Bk, BeksBifsgzdins, e- kit,
c- met, c-src, CDK, cRafl, CSFIR, CSK, EGFR, ErbB2, ErbB3, ErbB4, ERK, Fak, fes, FGFRI, 255
FGFR2, FGFR3, FGFR4, FGFR5, Fgr, FLK-4, fit-1, Fps, Frk, Fyn, GSK, Gst-FIkl, Hck, Her-2, Her-4,
IGF- 1R, INS-R, Jak, INK 1CDR, Lck, Lyn, MEK, p38, PANHER, PDGFR, PLK, PKC, PYK2, Rai,
Rho, ros, SRC, t'ell tgé?/?ﬁ%ﬁﬁ@z UL97, VEGFR, Yes, and Zap70. In a preferred embodiment,
ed fro

the protein kinase ig'Sel !‘{ m the group consisting of CDK1, CDK2, CDK4, CDK5, CDK6, CDK?7,

CDK8 and CDKaO. othegpreferred 10 embodiment, the protein kinase is selected from the group
consisting of Jakl, Jak2 and JakB. In a particularly preferred embodiment, the protein kinase is
selected from the grpup consisting of Jak3 and CDK4. In other embodiments, the compounds of the
present invention ysed for the treatment of protein kinase-associated disorders. As used herein,
the term "protein gli:je 15associated disorder" includes disorders and states (e.g., a disease state)-
that are associated \'fvith_the activity of a protein kinase, e.g., CDK4 and Jak3. Non-limiting examples of
a protein kinase-associated disorder includg blood vessel proliferative disorders, fibrotic disorders,
mesangial cell proliferative disorders, metabolic disorders, allergies, asthma, thrombosis, nervous
system diseases, org ant rejection, autoimmune diseases, and 20 cancer. In another -
embodiment, the comm%resent invention is further characterized as a modulator ofa
combination of prot&in kiﬁ'asﬁﬁ.g., Jak3 and CDKA4. In certain embodiments, a compound of the

present invention ¢ d forprotein kinase-associated diseases, and use of the compound of the
present invention [inhibitor of any one or more protein kinases. It is envisioned that a use can be
a treatment of inhibiting 250ne or more isoforms of protein kinases. The compounds of the
invention are inhilg ors’*@clin-dependevnt kinase enzymes (CDKs). Without being bound by theory,
inhibition of the CDK4/WDl complex blocks phosphorylation of the Rb/inactive E2F complex,
thereby preventing release of activated E2F*and ultimately blocking E2F-dependent DNA transcription.
This has the effect of induci 0 Gl cell cycle arrest. In particular, the CDK4 pathway has been
shown to have tufmor-spgé]l‘%@gulation and cytotoxic effects. Furthermore, the compounds of this
invention have the )gote"" tial to Block the expansion of auto- or alloreactive T cells, and thus have
beneficial effects on neldiseases, as well as transplant rejections. WO
20071140222PCT1US20077069595  The present invention includes treatment of one or more
symptoms of cancer, tranz%’!‘q@ejections, and autoimmune diseases, as well as protein
kinase-associated disorders, as“described above, but the invention is not intended to be limited to the
manner by 5 which the compound performs its intended function of treatment of a disease. The
present invention incluﬁn{m}ggt of diseases described herein in any manner that allows treatment

to occur, e.g., cancer .t rejections, and autoimmune diseases. - In certain embodiments,
the invention provides'a p;ha(rf%ﬁ:autic’al composition of any of the compounds of the present
invention. In a relate bodiment, the invention provides a 10 pharmaceutical composition of any of

of these compounds. In €€értgin @mbodiments, the invention includes the compounds as novel
chemical entities. In one diment, the invention includes a packaged protein

o

kinase-associated disorder treatment. The E)ackaged treatment includes a compound of the invention
packaged 15 with instruc/\%néf\gj;ing an effective amount of the compound of the invention for an
oungds
LET]

the compounds of the pre??tnt invention and a pharmaceutically acceptable carrier or excipient of any

intended use. The com present invention are suitable as active agents in pharmaceutical
compositions that are€ s particularly for treating protein kinaseassociated disorders, e.g.,
cancer, transplant ¢ ctions%c}ﬂautoimmune diseases. The 20 pharmaceutical composition in
various embodime as a jpharmaceutically effective amount of the present active agent along with
other pharmaceutically acceptable excipients, carriers, fillers, diluents and the like. The phrase,
"pharmaceutically efffictive amount" as used herein indicates an amount necessary to administer to a
host, or to a cell, i8SU€, or organ of a host, to achieve a therapeutic result, especially the regulating,
modulating, or inhigfting protein kinase ' - ‘

. kR



25activity, e g., inhibition of the activity of a protein kinase, or treatment of cancer, transplant
rejections, or autoimmune diseases. In other embodiments, the present invention provides a
method for a@i mfzzzactivity of a protein kinase. The method includes cgptaeling #glowith any of
the compoun e present invention. In a related embodiment, the method further provides 30 that
the compound is present in an amount effective to selectively inhibit the activity of a protein kinase.

In other embodiments, the {nvention provides a use of any of the compounds of the invention
for manufacture of a medic@ne tt at cancer, transplant rejections, or autoimmune diseases in a
subject. WO 2007/140222PCT/1152007/1169595 In other embodiments, the invention provides a
method of manufacture-6f-s meiic’airgent, including formulating any of the compounds of the present
invention for treatmentQf alsubject. Definitions The term “treat," "treated," "treating" or "treatment”
includes the diminishme Nt or alleviation of at least one symptom associated or caused by the state, -
disorder or disease bemg eated. In certain embodiments, the treatment comprises the induction of a
protein 10 kinase-assottaded disorder, followed by the activation of the compound of the invention,
which would in turn diminish or alleviate at leasf 0ne symptom associated or caused by the protein
kinase-associated dlsorderhbei;r&aﬁted For example, treatment can be diminishment of one or

several symptoms of a dlsg\der plete eradication of a disorder. The term "subject” is intended
to include organisms, e.§", pr& agﬁgt%s and eukaryotes, 15which are capable of suffering from or

afflicted with a diseas rder ndition associated with the activity of a protein kinase. Examples
of subjects include ma : humans, dogs, cows, horses, pigs, sheep, goats, cats, mice,
rabbits, rats, and transgenic non- ‘human animals. In certain embodiments, the subject is a human,
e.g., a human suffering from/a“t\r/sk of suffering from, or potentially capable of suffering from cancer,
transplant 20rejections, and autoirnmune dlseases and for other diseases or conditions described
herein. In another embodi subject is a cell. The language "protein kinase-modulating
compound," "modulator of pro ase" or "protein Icinase inhibitor" refers to compounds that
modulate, e.g., inhibitr otfherwise alter, the activity of a protein kinase. Examples of protein
kinase-modulating compounds ﬁéﬁmﬂude compounds of Formula |, as well as Table A, Table B, Table
C, Table D, Table E, and other examples as described herein (|nclud|ng pharmaceutlcally acceptable
salts thereof, as well as enantiomers, stereoisomers, rotamers, tautomers, diastereomers,
atropisomers or.racemates the eof) Additionally, a method of the invention includes administering to a
subject an 30 effective amo %}mtem kinase-modulating compound of the invention, e.g., protein
kinase-modulating compewnids6f Fprmula |, as well as Table A, Table B, Table C, Table D, Table E,
and other examples as de v-ribedgt‘t%fin (including pharmaceutically acceptable salts thereof, as well
as enantiomers, stereoi ers, rotamers, tautomers, diastereomers, atropisomers or racemates
thereof). WO 2007/140222PCT/US2007/069595 The-term "alkyl" includes saturated allphatlc groups,

including straight-chain g?groups (e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,

nonyl, decyl, etc.), bran -chain alkyl groups (isopropyl, tert-butyl, isobutyl, etc.), cycloalkyl
(alicyclic) groups (cycloprepyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl), alkyl substituted
cycloalkyl groups, and cyclgaiRyl substituted alkyl groups. The term "alkyl" also includes alkenyl
urthermore, the expression "CrCy-alkyl", wherein x is 1-5 and y is 2-10
yl-group (straight- or branched-chain) of a particular range-of carbons. For
example, the expression CI-Cl-alkyl includes, but is not limited to, methyl, ethyl, propyl, butyl,
isopropyl, tert-butyl and isobutyl. Moreover, the term 10C3_6-cycloalkyl includes, but is not limited to,
cyclopropyl, cyclopentyl, and cyclohexyl. As discussed below, these alkyl groups, as well as cycloalkyl
groups, may be further substituted. The term "halo" as used herein means halogen, and includes
fluorine, chlorine, bromine, or iodine, especially fluorine and chlorine. The term alkyl further includes
alkyl groups which can further include oxygen, 15 nitrogen, sulfur or phosphorous atoms replacing one
or more carbons of the hydrocarbon backbone. In an embodiment, a straight chain or branched chain
alkyl has 10 or fewer carbon atoms in its backbone (e.g., C1-C10 for straight chain, C3-C10 for
branched chain), and more preferably 6 or fewer carbons. Likewise, preferred cycloalkyls have from. -
4-7 carbon atoms in their ring structure, and more preferably have 5 or 6 carbons in the ring structure.
20Moreover, alkyl (e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, etc.) include both "unsubstituted
alkyl" and "substituted alkyl", the latter of which refers to alkyl moieties having substituents replacing a
hydrogen on one or more carbons of the hydrocarbon backbone which allow the molecule to perform
its intended function. :

16



The term "substituted" is intended to describe moieties having substituents replacing a 25 hydrogen
on one or more atoms, e.g. C, 0 or N, of a molecule. Such substituents can include, for example, oxo,
alkyl, alkoxyyalkgaylsddeynyl, halogen, hydroxyl, alkylcarbonyloxy, arylcarbg@ylogne/069595
alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate,
phosphonato, phosphin Q, 30 amino (including alkyl amino, dialkylamino, arylamino, diarylamino, and
alkylarylamino), acyla ﬂ%ﬁc}d&g allcylcarbonylamino, arylcarbonylamino, carbamoyl and ureido),
amidino, imino, sulfy Zalkylthio, arylthio, thiocarboxylate, sulfates, alkylsultinyl, sulfonato,
sulfamoyl, sulfonamido, nit[rf,/i‘&él}uoromethyl, cyano, azido, heterocyclyl, alkylaryl, morpholino, phenol,
benzyl, phenyl, pi ne, ayclopentane, cyclohexane, WO 2007/140222PCT/US20070169595
pyridine, 5H-tetrazote, triazole, piperidine, or an aromatic or heteroaromatic moiety, and any _
combination thereof~_ Further examples of substituents of the invention, which are not intended to
be limiting, include mojeties selected from straight or branched alkyl (preferably CI-Cs), cycloalkyl
(preferably C3-C8),alkoxy (preferably C1-C6), thioalkyl (preferably C1-C6), alkenyl (preferably
C2-C6), alkynyl ( ably C2-C6), heterocyclic, carbocyclic, aryl (e.g., phenyl), aryloxy (e.g.,
phenoxy), aralkyl (e.g.} benzyl), aryloxyalkyl (e.g., phenyloxyalkyl), arylacetamidoyl, alkylaryl,
heteroaralkyl, alkylc'ﬁirbonyl and arylcarbonyl or other such acyl group, heteroarylcarbonyl, or
heteroaryl group, 10(CR'R")0_3NR'R" (e.g., -NH2), (CR'R")0.3CN (e.g., -CN), -NO2, halogen (e.g., -F,
-Cl, -Br, or -I), (CR'R")0.3C(halogen)3 (e.g.y -CF3), (CR'R")0.3CH(halogen)2, '
(CR'R")0.3C112(halogen) (CR'R")0.3CONR'R", (CR'R")0_3(CNH)NR'R", (CR'R")0_3S(0)1.2NR'R",
(CR'R")0.3CHO, (CR;I?O.C; (CRR"0_3H, (CR'R")0_3S(0)0.3R' (e.g., -SO03H, -OSO3H),
(CR'R"0.30(CR'R")0"3H{e.g.| -CH20CH3 and -OCH3), (CR'R")0.3S(CR'R")0_3H (e.g., -SH 15and.
-SCH3), (CR'R"0.3 .g.,ﬁ)LP\), (CR'R")0.3COR', (CR'R")0_3(substituted or unsubstituted phenyl),
(CR'R"0.3(C3-C8 lkyl), (CR'R")0.3CO2R’ (e.g., -CO2H), or (CR'R")0_30R' group, or the side
chain of any naturallyQccurring amino acid; wherein R' and R" are each independently hydrogen, a
CI-05 alkyl, C2-05 Ik%yl, C2-05 alkynyl, or aryl group. Such substituents can include, for example,
halogen, hydroxyl, alkylcarbonyloxy, 20 arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, -
carboxylate, alkylcarbonyl, alkoxycarbonyl,.aminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate,
phosphonato, phosphinato, cyano, amino (including alkyl amino, dialkylamino, arylamino, diarylamino,
and alkylarylamino), a ine, (including alkylcarbonylamino, arylcarbonylamino, carbamoyl and
ureido), amidino, imingll oxime, Sulthydryl, alkylthio, arylthio, 25 thiocarboxylate, sulfates, sulfonato,
sulfamoyl, sulfonamid o,_n"ltr?@?uoromethyl, cyano, azido, heterocyclyl, or an aromatic or

heteroaromatic me and fany tombination thereof. In certain embodiments, a carbonyl moiety (C=0)
may be further defv@gtized with an oxime moiety, e.g., an aldehyde moiety may be derivatized as its -

oxime (-C=N-OH),analgg. It will be understood by those skilled in the art that the moieties substituted
on the hydrocarbon 30 chain can themselves be substituted, if appropriate. Cycloalkyls can be further

substituted, e.g., Wi: the substituents described above. An "aralkyl" moiety is an alkyl substituted with

an aryl (e.g., phe im thyl (i.e., benzyl)). The term "alkenyl" includes unsaturated aliphatic groups
analogous in lengt d possible substitution to the alkyls described above, but which contain at least
one double WO 20117/140222PCT/US206¥1069595 bond. For example, the term "alkenyl"
includes straight-chain alkenyl groups (e.g, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, dece | yl, &tc.)\Jbranched-chain alkenyl groups, cycloalkenyl (alicyclic) groups _
(cyclopropenyl, cy Ncyclohexenyl, cycloheptenyl, cyclooctenyl), alkyl or alkenyl substituted
cycloalkenyl groupsiand cydg\éaﬁyl_or cycloalkenyl substituted alkenyl groups. The term alkenyl further
includes alkenyl g 5 thatf include oxygen, nitrogen, sulfur or phosphorous atoms replacing one or
more carbons of the-tiytsecarbon backbone. In certain embodiments, a straight chain or branched
chain alkenyl group hag r er carbon atoms in its backbone (e.g., C2-C6 for 10 straight chain,
C3-C6 for branched chain). lLikeN ise, cycloalkenyl groups may have from 3-8 carbon atoms in their
ring structure, and more prefefably have 5 Qr 6 carbons in the ring structure. The term C2-C6 includes
alkenyl groups containing 2 to 6 carbon atoms. Moreover, the term alkenyl includes both '
"unsubstituted alkenyls" and "substituted alkenyls", the latter of which refers to alkenyl moieties having
substituents replacing a 15 hydrogen on one or more carbons of the hydrocarbon backbone. Such-
substituents can include, for example, alkyl groups, alkynyl groups, halogens, hydroxyl, '
alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, amino (including 20 alkyl
amino, dialkylamino, arylamino, diarylamino, and dfkylarylamino), acylamino (including
alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulfhydryl, alkylthio,
arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl,

~/ann azidn hotaracyielv/l allv/larmd Ar an arnmatice or heatarnarnmatie moiaotyy 2RThaoa tarrmm "alley/ny/



WO 20071140222PCT/US2007/069595 Moreover, the term alkynyl includes both "unsubstituted
alkynyls" and "substituted alkynyls", the latter of which refers to alkynyl moieties having substituents
replacing a {yglraeeupone or more carbons of the hydrocarbon backbongqugssigiategnts can
include, for example, alkyl groups, alkynyl groups, halogens, hydroxyl, alkylcarbonyloxy,
Sarylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl
alkoxycarbonyl, aminocarbg laminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl,
phosphate, phosphonato p\os h|n ,°cyano, amino (including alkyl amino, dialkylamino, arylamino,
diarylamino, and altkylargliamifio), acylamino (including alkylcarbonylamino, arylcarbonylamino,
carbamoyl and ureido)am dlnoﬁrf 10 sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, =
alkylsulfinyl, sulfonato amoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl,
alkylaryl, or an aromatic pr heteroaromatic moiety. The term "amine" or "amino” should be understood
as being broadly appliﬁmi;aboth a molecule, or a moiety or functional group, as generally understood
5

in the art, and may be imary, secondary, -or tertiary. The term "amine" or "amino” includes
compounds where a nitr rogen atom is covalently bonded to at least one carbon, hydrogen or-
heteroatom. The terms mclude for example, butare not limited to, "alkylamino," "arylamino,"
"diarylamino," "alkylarylamlno " "alkylaminoaryl," "arylaminoalkyl," "alkaminoalkyl," "amide," "amido,"
and "aminocarbonyl." The e’%’él mino" comprises groups and compounds wherein 20 the
nitrogen is bound to at I itignal alkyl group. The term "dialkyl amino” includes groups
wherein the nitrogen atom is bound {0 at least two additional alkyl groups. The term "arylarnino" and
"diarylamino” include geoups wherein the nitrogen is boundto at least one or two aryl groups,
respectively. The term "glkylarylamino," "alkylaminoaryl" or "arylaminoalkyl" refers to an amino group
which is bound to at le@st pne alkyl group and at 25least one aryl group. The term "alkaminoalky!"
refers to an alkyl, alker:#,ﬁor alkynyl group bound to a nitrogen atom which is also bound to an alkyl
group. The term "amide,” "amido” o amlnocarbonyl includes compounds or moieties which
contain a nitrogen atom which is bound to the carbon of a carbonyl or a thiocarbonyl group. The term
includes "alkaminocarbonyly lkylaminocarbonyl" groups which 30 include alkyl, alkenyl, aryl or
alkynyl groups bound to an@%ﬁ bound to a carbonyl group. It includes arylaminocarbonyl and
arylcarbonylamino groups thhﬁiwfe aryl or heteroaryl moieties bound to an amino group.which is

bound to the carbon of& tgrbonyl orthiocarbonyl group. The terms "alkylaminocarbonyl,”

s kKynylaminocarbonyl," "arylaminocarbonyl,” "alkylcarbonylarnino," WO
2007/140222PCMIS200 06 595 "alkenylcarbonylamino," "alkynylcarbonylamino," and-
"arylcarbonylarnino" are ifcluded in term "amide* Amides also include urea groups
(aminocarbonylamino) and c tbamates (oxycarbonylamino).  The term "aryl" includes groups,
including 5- and 6- membejg si glextng aromatic groups that may include from zero to four
heteroatoms, for exampte; p gyrrole, furan, thiophene, thiazole, isothiaozole, imidazole, triazole,

tetrazole, pyrazole, oxazele, iso , pyridine, pyrazine, pyridazine, and pyrimidine, and the like. "
Furthermore, the term |'ncI des multicyclic aryl groups, e.g., tricyclic, bicyclic, e.g., naphthalene
benzoxazole, benzodioxdzole, benzothiazole, benzoimidazole, benzothiophene,
methylenedioxyphenyl, 18guinslifie, Isoquinoline, anthryl, phenanthryl, napthridine, indole, benzofuran
purine, benzofuran, deazapurine, of indolizine. Those aryl groups having heteroatoms in the ring .
structure may also be referred to as "aryl heterocycles", "heterocycles," "heteroaryls™ or
"heteroaromatics.” The aromatig ring can be substituted at one or more ring positions with such
substituents as described aljove as example, alkyl, halogen, hydroxyl, alkoxy, 15alkylcarbonyloxy,

arylcarbonyloxy, alkoxy s bonylox aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
r]OCérf

alkylaminoacarbonyl, agatkylami onyl, alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl,
aralkylcarbonyl, alkeny onyl,'alkoxycarbonyl, aminocarbonyl, alkylthiocarbonyl, phosphate,
phosphonato, phosphlnao Cyano, amino (including alkyl amino, dialkylamino, arylamino, diarylamino,
and alkylarylamino), 2 agylamlno (including alkylcarbonylamino, arylcarbonylamino, carbamoyl and
ureido), amidino, imino ydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato,
sulfamoyl, sulfonamido,Ey’ , trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or
heteroaromatic moiety. Atyl groups can also be fused or bridged with alicyclic-or heterocyclic rings
which are not-aromatic so as to form a polycycla{e.g., 25tetralin). The term heteroaryl, as used herein,
represents a stable monocyclic or bicyclic ring of up to 7 atoms in each ring, wherein at least one ring
is aromatic and contains from.1to 4 heteroatoms selected from the group consisting of 0, N and S.
Heteroaryl groups within the scope of this deflnltlon include but are not limited to: acridinyl, carbazolyl

cinnolinyl,.
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30quinoxalinyl, pyrrazolyl, indolyl, benzotriazolyl, furanyl, thienyl, benzothienyl, benzofuranyl,
quinolinyl, isoquinolinyl, oxazolyl, isoxazolyl, indolyl, pyrazinyl, pyridazinyl, pyridinyl, pyrimidinyl,
pyrrolyl, tetrgRydigsaingiine. As with the definition of heterocycle below, "heteroatyhoi5.as9s
understood to include the N-oxide derivative of any nitrogen-containing heteroaryl. In cases where the
heteroaryl substituent is bicyclic and one ring is non-aromatic WO 2007/140222PCT/US2007/069595
or contains no heteroatoms, it erstood that attachment is via the aromatic ring or via the
heteroatom containing rln/kes ect 9. The term 'heterocycle" or "heterocyclyl"-as used herein is
intended to mean a 5- t&10-Membered aromatic or nonaromatic heterocycle containing from 1 to 4 _
heteroatoms 5selectedA4ron theE{&F consisting of 0, N and S, and includes bicyclic groups.
"Heterocyclyl" therefo ude the'above mentioned heteroaryls, as well as dihydro and tetrathydro
analogs thereof. Further exanfples of "heterocyclyl" include, but are not limited to the following:
benzoimidazolyl, benzofuranylenzofurazanyl, benzopyrazolyl, benzotriazolyl, benzothiophenyl,
benzoxazolyl, carbazolyl, carbol cinnolinyl, furanyl, 10imidazolyl, indolinyl, indolyl, indolazinyl,
indazolyl, isobenzofuranyl, isoin , isoquinolyl, isothiazolyl, isoxazolyl, naphthpyridinyl, oxadiazolyl,
oxazolyl, oxazoline, isoxazoline, oxetanyl pyranyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridopyridinyl,
pyridazinyl, pyridyl, pyrimidyl, pyrrolyl, quinazolinyl, quinolyl, quinoxalinyl, tetrahydropyranyl, tetrazolyl,
tetrazolopyridyl, thladlazolyh%hlenyl triazolyl, 15azetidinyl, 1,4-dioxanyl, hexahydroazeplnyl
piperazinyl, piperidinyl I, pyrrolidinyl, morpholinyl, thiomorpholinyl, _
dihydrobenzoimidazolyl,
dihydrofuranyl, dihydro

dihydrobe uranyl, dihydrobenzothiophenyl, dlhydrobenzoxazolyl

dazolyl, dihydroindolyl, dihydroisooxazolyl, dihydroisothiazolyl,
dihydrooxadiazolyl, dihysrooxazolyl, dihnydropyrazinyl, dihydropyrazolyl, dihydropyridinyl,
dihydropyrimidinyl, 20dibydropyrrolyl, dihydroquinolinyl, dihydrotetrazolyl, dihydrothiadiazolyl, .
dihydrothiazolyl, dihydfothignyl, dihydrotriazolyl, dinydroazetidinyl, methylenedioxybenzoyl,
tetrahydrofuranyl, and tetrahydrothienyl, and N-oxides thereof Attachment of a heterocyclyl substituent
can occur via a carbore or via a heteroatom. The term "acyl" includes compounds and moieties
which contain the acyl radical 25 (CI-13C0-) or a carbonyl group. The term "substituted acyl" includes
acyl groups where one or more of the hydrogen‘atoms are replaced by for example, alkyl groups, -
alkynyl groups, halogens, h oxyk alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carbox 1lmate a arbonyl arylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, dialRyla (L)F?tginyl alkylthiocarbonyl, alkoxyl, 30 phosphate, phosphonato,

phosphinato, cyano, ampnos(inclydingalkyl amino, dialkylamino, arylamino, diarylamino, and
alkylarylamino), acylamigo{including alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido),
amidino, imino, sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, allcylsultinyl, sulfonato,
sulfamoyl, sulfonatnida; nitrp, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or
heteroaromatic WO 2084 40222PCTII’I S2007/069595 moiety..  The term "acylamino” includes
moieties wherein an agd@mety is bonded to an amino group. For example, the term includes
alkylcarbonylamino, arylcarbonylamino, carbamgyl and ureido groups. ~ The term "alkoxy" includes
substituted and unsubstituted alkyl, alkenyl, and alkynyl groups covalently linked to an oxygen atom.
Examples of alkoxy groups include methoxy, ethoxy, isopropyloxy, propoxy, butoxy, and pentoxy
groups and may include cyekﬁ%uch as cyclopentoxy. Examples of substituted alkoxy groups
include halogenated alkox e alkoxy groups can be substituted with groups such as alkenyl,
alkynyl, halogen, 10 hyd* oxyl, alk rbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, :
aryloxycarbonyloxy, .ﬁ; late, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, diatkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate, phosphonato,
phosphinato, cyano, amipo (including alkyl amino, dialkylamino, arylamino, diarylamino, and .
alkylarylamino), acylam-including alkylcarbonylamino, 15arylcarbonylamino, carbamoyl and
ureido), amidino, imino; hydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato,
sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl; alkylaryl, or an aromatic or
heteroaromatic moieti€s. Examples of halogen substituted alkoxy groups include, but are not limited
to, fluoromethoxy, difluoromethoxy, trifluorometfidxy, chloromethoxy, dichloromethoxy, 20
trichloromethoxy, etc. The term "carbonyl" or "carboxy" includes compounds and moieties which
contain a carbon connected with a double bond to an oxygen atom, and tautomeric forms thereof. - -
Examples of moieties that contain a carbonyl include aldehydes, ketones, carboxylic acids, amides,
esters, anhydrides, etc. The term "carboxy moiety" or "carbonyl moiety" refers to :
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25 groups such as "alkylcarbonyl" groups wherein an alkyl group is covalently bound to a carbonyl
group, "alkenylcarbonyl" groups wherein an alkenyl group is covalently bound to a carbonyl group,
"alkynylcarbg,nyg' SRupswherein an alkynyl group is covalently bound to a asbeey 9/RdRos
"arylcarbonyl” groups wherein an aryl group is covalently attached to the carbonyl group. Furthermore,
the term also refers to groups whereln onée or more 30 heteroatoms are covalently bonded to the
carbonyl moiety. For examp rm includes moieties such as, for example, atninocarbonyl
moieties, (wherein a mtrog@katg bound to the carbon of the carbonyl group, e.g., an amide),
aminocarbonyloxy moietié Wﬁereﬁoxygen and a nitrogen atom are both bond to the carbon of

the carbonyl group (e.g. o referréd to as a "carbamate”). Furthermore, amlnocarbonylamlno groups
(e.g., ureas) are also 01171140222PCT/US21107/069595 include as well as other
combinations of carbonyl groups bound to heteroatoms (e.g., nitrogen, oxygen, sulfur, etc. as well as
carbon atoms). Further@g the heteroatom can be further substltuted with one or more alkyl, alkenyl,
alkynyl, aryl, aralkyl, ac C. moieties. The term "thiocarbony!" or "thiocarboxy" includes compounds
and moieties which 5 cq n a carbon connected with a double bond to a sulfur atom. The term
"thiocarbonyl moiety" includes moieties that are Aanalogous to carbonyl moieties. For example,
"thiocarbonyl" moieties include aminothiocarbonyl, wherein an amino group is bound to the carbon
atom of the thiocarbonyl group, furthérmore other thiocarbonyl moieties include, oxythiocarbonyls
(oxygen bound to the carbon@ }mmotmocarbonylamlno groups, etc. 10 The term "ether"
includes compounds or nitfieties that contain an oxygen bonded to two different carbon atoms or
heteroatoms. For exam e termincludes "alkoxyalkyl" which refers to an alkyl, alkenyl, or alkynyl
group covalently bonde n oxygen atom that is covalently bonded to another alkyl group. The
term "ester" includes compounds and moieties that contain a carbon or a 15 heteroatom bound to an
oxygen atom that is bonfed }{o the carbon of a carbonyl group. The term "ester" includes
alkoxycarboxy groups suclras methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl,
pentoxycarbonyl, etc. T kyl, alkenyl, or alkynyl groups are as defined above. The term "thioether"
includes compounds and moieties which contairt a sulfur atom 20 bonded to two different carbon or
hetero atoms. Examples of thioethers include, but are not limited to alkthioalkyls, alkthioalkenyls, and
alkthioalkynyls. The term "alk % include compounds with an alkyl, alkenyl, or allcynyl group
bonded to a sulfur atom th to an alkyl group. Similarly, the term "alkthioalkenyls" and
alkthioalkynyls" refer to cq pound rdkmbmetles wherein an alkyl, alkenyl, or alkynyl group-is bonded to
a sulfur atom 25 which i§ alently bonded to an alkynyl group. The term "hydroxy" or "hydroxy!"
includes groups with an =§Hor  The term "halogen” includes fluorine, bromine, chlorine, iodine, etc.
The term "perhalogena;Edéenerally refers to a moiety wherein all hydrogens are replaced by halogen
I

atoms. 30The terms "palycyclyl1” or "polycyclic radical” include moieties with two or more rings (e.g.,
cycloalkyls, cycloalkenyl$;xcycloalkynyls, aryls and/or heterocyclyls) in which two or more carbons are
common to two adjoining r#g®, e.g., the rings are "fused rings". Rings that are joined through
non-adjacent atoms are termed "bridged" rings.,Each of the rings of the polycycle can be substituted
with such substituents as descnbed above, as for WO 2007/140222PC111152007/069595 example,

halogen, hydroxyl, alkylcar 0 arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyt” arbonyl, alkylaminoacarbonyl, aralkylaminocarbonyl,
alkenylaminocarbonyl, artqo)/r%l arylcarbonyl, aralkylcarbonyl, alkenylcarbonyl, aminocarbonyl,
alkylthiocarbonyl, alkoxyt ate;phosphonato, phosphinato, cyano, amino (including alkyl amino,

dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino (including alkylcarbonylatnino,
arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulfhydryl, alkylthio, arylthio,
thiocarboxylate, sulfates, alky. sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano,
azido, heterocyclyl, alkyl, a,LLoﬂa an aromatic or heteroaromatic moiety. 10The term "heteroatom”
includes atoms of any element oth an carbon or hydrogen. Preferred heteroatoms are nitrogen,
oxygen, sulfur and phosp S. Additionally, the phrase "any combination thereof' implies that any
number of the listed functlo al groups and molecules may be comblned to create a larger molecular
architecture. For example, theterms "phenyl,” "carbonyl" (or "=0"), "-0-," "-OH," and C1-6 15 (i.e.,

-CH3 and -CH2CH2CH n be combined to form a 3-methoxy-4-propoxybenzoic acid substituent. It
is to be understood that n combining functional groups and molecules to create a larger molecular
architecture, hydrogens can be removed or add&d, as required to satisfy the valence of each atom.

It is to be understood that all of the compounds of the invention described above will 20 further include
bonds between adjacent atoms and/or hydrogens as required to satisfy the valence of each atom.
That is, bonds and/or hydrogen atoms are added to provide the following number of total bonds to
each of the following types of atoms: carbon: four Bbnds; nitrogen: three bonds; oxygen: two bonds;
and sulfur: two-six bonds.



It will be noted that the structures of some of the compounds of this invention include 25 asymmetric
carbon atoms. It is to be understood accordingly that the isomers arising from such asymmetry (e.g.,
all enantiomgis . sieranisemers, rotamers, tautomers, diastereomers, or racgfa{REh#Rdsxekided within
the scope of this invention. Such isomers can be obtained in substantially pure form by classical
separation techniques and by stereochemically controlled synthesis. Furthermore, the structures and
other compounds and moieties dlsgyssed in this 30 application also include all tautomers thereof.
Compounds described herdin m y tained through art recognized synthesis strategies. It will also
be noted that the substit} me of the compounds of this invention include isomeric cyclic
structures. It is to be upe rdingly that constitutional isomers of particular substituents are
included within the scape af this'invention, unless. WO 2007/140222PCT/US2007/069595 indicated
otherwise. For example, the term "tetrazole" includes tetrazole, 2H-tetrazole, 3Htetrazole, 4H-tetrazole
and 5H-tetrazole. Use ncer, transplant rejections, and autoimmune -diseases The compounds of
the present invention Iﬂz 3 aluable pharmacological properties and are useful in the treatment of -
diseases. In certain emb|od|ments compounds of the invention are useful in the treatment of a
proliferative disease, or cancer. . A proliferative disease is mainly a tumor disease (or cancer)
(and/or any metastases). The inventive compounds are particularly useful for treating a tumor which is
a breast cancer, 10genito ancer, lung cancer, gastrointestinal cancer, epidermoid cancer,
melanoma, -ovarian cane reas cancer, neuroblastoma, head and/or neck cancer or bladder
cancer, or in a broader.sense r in or gastric cancer; in particular (i) a breast tumor; an
epidermoid tumor, su id head and/or neck tumor or a mouth tumor; a lung tumor, for
example a small cell or flon-small cell lung tumor; a gastrointestinal tumor, for 15example, a colorectal
tumor; or a genltourln mor, for example, a prostate tumor (especially, a hormone-refractory
prostate tumor); or (||) oliferative disease that is refractory to the treatment with other
chemotherapeutics; og a tumor that is refractory to treatment with other chemotherapeutics due to
multidrug resistance. In a broader sense of the tmvention, a proliferative disease may furthermore be a
20 hyperproliferative conditiaq such as leukemias, hyperplasias, fibrosis (especially pulmonary, but
also other types of flbros%su h nal fibrosis), angiogenesis, psoriasis, atherosclerosis and
smooth muscle proliferdlion’th the blood vessels, such as stenosis or restenosis following angloplasty
£

Where a tumor, a tum eagé, afcarginoma or a cancer are mentioned, also 25metastasis in the
original organ or tissu ' ny~ether location are implied alternatively or in addition, whatever
the location of the tumor and/or mefastasis. The inventive compound is selectively toxic or more
toxic to rapidly proliferating cells thanto normaleells, particularly in human cancer cells, e.g.,
cancerous tumors, the coppound has significant antiproliferative effects and promotes differentiation,

e.g., cell 30cycle arrest aldid dsis. In other certain embodiments, compounds of the invention
are useful in the treat t of splant rejections. Examples of transplant rejections that may be
treated by the compo of'the invention include, but are not limited to, graft versus host disease,

rejection related to xeno trans , rejection related to organ transplant, rejection related to acute
WO 2007/140222PCT/US2007/069595 transpldit, heterograft or homograft rejection and ischemic or
reperfusion injury incurred@uspgrorgan transplantation.  In still other certain embodiments,
compounds of the invergLith efdl in the treatment of autoimmune diseases. Examples of
autoimmune diseases tg be treated by the compounds of the invention include, but are not limited to,
autoimmune hemolytiia autbimmune neonatal thrombocytopenia, idiopathic thrombocytopenia
purpura, autoimmunocytope Wmolyﬂc anemia, antiphospholipid syndrome, dermatitis, allergic -
encephalomyelitis, myocarditis, relapsing polychondrltls rheumatic heart disease, glomerulonephritis,
multiple sclerosis, neuritis, uveitis ophthalmia, polyendocrlnopathles 10 purpura, Reiter's Disease,
Stiff-Man Syndrome, autoimmune pulmonary inflammation, autism, Guillain-Barre Syndrome, insulin
dependent diabetes mellitis, autoimmune inflammatory eye, autoirrnnune thyroiditis, hypothyroidism,
systemic lupus erhythematosus, Goodpasture's syndrome, Pemphigus, Receptor autoimmunities,
autoinunune hemolytic anemia, autoimmune thrombocytopenic purpura, rheumatoid arthritis, mixed
connective 15tissue disease, polymyositis/dermatomyositis, pernicious anemia, idiopathic Addison's
disease, infertility, glomerulonephritis, bullous pemphigoid, Sjogren's syndrome, diabetes millitus,
adrenergic drug resistance, chronic active hepatitis, primary. biliary cirrhosis, vitiligo, vasculitis,
post-MlI, cardiotomy syndrome, urticaria, atopic dermatitis, asthma, inflammatory myopathies, chronic
active hepatitis, primary biliary cirrhosis and T-cell 20mediated hypersensitivity diseases. The term
"use" includes any one or more of the following embodiments of the invention, respectively: the use in

the treatment of protein kinase-associated disorders; the
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use for the manufacture of pharmaceutical compositions for use in the treatment of these diseases,
e.g., in the manufacture of a medicament; methods of use of compounds of the 25invention in the
treatment of}lesm Hiseases; pharmaceutical preparations having compoungdg-pihg hygsxien for the
treatment of these diseases; and compounds of the invention for use in the treatment of these
diseases; as appropriate and expedient, if not stated otherwise. In particular, diseases to be treated
and are thus preferred formméompound of the present invention are selected from cancer,
transplant rejections, o ne diseases, as well as 30 those diseases that depend on the
activity of protein kinases. d/ahﬁx‘ use" further includes embodiments of compositions herein which
bind to a protein kinag f'fICI ntly to serve as tracers or labels, so that when coupled to a fluor or tag,
or made radioactive, ca e d as @ research reagent or as a diagnostic or an imaging agent. WO
2007/140222PCT/US2007/0695 M‘ays The inhibition of protein kinase activity by the
compounds of the invention may be measured tfsing a number of assays available in the art.
Examples of such assays ar descrlbed in the Exemplification section below. Pharmaceutical
Compositions The Iangug\ fféctive amount” of the compound is that amount necessary or
sufficient to treat or preventa prqtein kinase-associated disorder, e.g. prevent the various
morphological and sor syrp/gt\op;c:gc a protein kinase-associated disorder, and/or a 10 disease or
condition described h .Inane le, an effective amount of the compound of the invention is the
amount sufficient to treat a protein Icinase-associated disorder in a subject. The effective amount can
vary depending on suc¢h fgctors as the size and weight of the subject, the type of illness, or the
particular compound of the invention. For example, the choice of the compound of the invention can
affect what constitutes?an-"effective amount." 15 One of ordinary skill in the art would be able to study
the factors contained herein and make the detefmination regarding the effective amount of the
compounds of the inventi thqut undue experimentation. - The regimen of administration can
affect what constitutes a&&ﬁ%ﬁount The compound athe invention can be administered to the
subject either prior to or|after thelonset 200f a protein kinase-associated disorder. Further, several
divided dosages, as stosages can be administered daily or sequentlal_ly, or the dose
can be continuously infasédeor can be a bolus injection. Further, the dosages of the compound(s) of
the invention can be proportienally increased or decreased as indicated by the exigencies of the
therapeutic or prophylactic sityation. 25Compounds of the invention may be used in the treatment of
states, disorders or diseases escribed 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 diseases, or pharmaceutical preparations having compounds of the
present invention for the treafm o’f\these diseases. 30The language "pharmaceutical composition”
includes preparations sij f inistration to mammals, e.g., humans. When the compounds of
the present invention are administergd as pharmaceuticals to mammals, e.g., humans, they can be
givenperseorasap aceutiCal composition containing, for example, 0.1 to 99.5% (more '
preferably, 0.5 to 90%jaf active ingredient in combination with a pharmaceutically acceptable carrier.
WO 2007/140222PCT/U52007/069595 The phrase "pharmaceutically acceptable carrier” is art
recognized and mcludﬁ ajrharmaceutlcally acceptable material, composition or vehicle, suitable for
administering compou the present invention to mammals. The carriers include liquid or solid
filler, diluent, excipient, splvent or encapsulating material, involved in carrying or transporting the
subject agent from one organ, or portion of the pody, to another organ, or portion of the body. Each
carrier must be "acceptable” in the sense of being compatible with the other ingredients of the
formulation and not injuriou,szte;bjf« atient. Some examples of materials which can serve as
pharmaceutically acceptgblb\ erg‘m?:lude sugars, such as lactose, glucose and sucrose; starches,
potatd stafch; cellulose, and its derivatives, such as 10sodium carboxymethyl
cellulose, ethyl cellulos d cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients,
such as cocoa butter arg-suppository waxes; oils, such as peanut oil, cottonseed oil, safflower ail,
sesame oil, olive oil, corr_oil and soybean oil; glycols, such as propylene glycol; polyols, such as
glycerin, sorbitol, manpitol and polyethylene glycol; esters, such as ethyl oleate and ethyl laurate;
agar; buffering agents, h 15as magnesium hydroxide and aluminum hydroxide; alginic acid,;
pyrogen-free water; isotonic saline; Ringer's solution; ethyl alcohol; phosphate buffer solutions; and
other non-toxic compatible substances employed in pharmaceutical formulations. Wetting agenits,
emulsifiers and lubricants, such as sodium lauryl sulfate and magnesium stearate, as well as coloring
agents, release agents, coating agents, sweetening, 20flavoring and perfuming agents preservatives
and antioxidants can also be present in the

such as corn starch and
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compositions. Examples of pharmaceutically acceptable antioxidants include: water soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium metabisulfite,
sodium sulfiepnmihg)like; oil-soluble antioxidants, such as ascorbyl palmitgtes 2, hHxiaied
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, propyl gallate, a-tocopherol, and the
like; and metal chelating agents, such as citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol,
tartaric acid, phosphoric aer the like. Formulations of the present invention include those
suitable for oral, nasal,-mmgal sublingual, rectal, vaginal and/or parenteral administration. The
formulations may 30 cogyenien e presented in unit dosage form and may be prepared by any
methods well known i art of pharmaCy. The amount of active ingredient that can be combined
with a carrier material to produce_a§' gle dosage form will generally be that amount of the compound
that produces a therapeutic effect. Geperally, out of one hundred per cent, this amount WI|| range from
about 1 per cent to-about ninety-nine percent of*factive ingredient, WO

2007/140222PCT/US2007 95 preferably from about 5 per cent to about 70 per cent, most
preferably from about 1Q tio about 30 per cent.  Methods of preparing these formulations or
compositions include tm ringing into association a compound of the present invention with
the carrier and, option ne or ore accessory ingredients. In general, the formulations are
prepared by uniformly and m%ate_wbnngmg mg‘o association a compound of the present invention
with liquid carriers, or finely d|V|ded solid carriers, or both, and then, if necessary, shaping the product.
Formulations of the invention e for oral administration may be in the form of capsules, cachets,
pills, tablets, lozenges (usw;d\ basis, usually sucrose and acacia or 10 tragacanth), powders,
granules, or as a solution"pr a Suspension in an aqueous or non-aqueous liquid, or as an oil-in-water
or water-in-oil liquid em @ orﬁs{ap elixir or syrup, or as pastilles (using an inert base, such as
gelatin and glycerin, or stcrose and acacia) and/or as mouth washes and the like, each containing a
predetermined amount of«® compound of the present invention as an active ingredient. A compound of
the present invention may &lSo be 15administered as a bolus, electuary or paste. In solid dosage
forms of the invention for opal administration (capsules, tablets, pills, dragees, powders, granules and
the like), the active ingr&dient is mixed with one,gr more pharmaceutically acceptable carriers, such as
sodium citrate or dicalcium phosphate, and/or any of the following: fillers or extenders, such as
starches, lactose, sucrose, %manmtol and/or silicic acid; binders, such as, for example,
carboxymethylcellulose, HgJéJQN elatin, polyvinyl pyrrolidone, sucrose and/or acacia; humectants,
such as glycerol; disintegrating ag%j such as agar-agar, calcium carbonate, potato or tapioca

starch, alginic acid, ce silicafes, and sodium carbonate; solution retarding agents, such as
paraffin; absorption aceglerators, such as quaternary ammonium compounds; wetting agents, such as,
25for example, cetyl alcghol and glycerol monostearate; absorbents, such as kaolin and bentonite
clay; lubricants, such &talcl calcium stearate, magnesium stearate, solid polyethylene glycols, sodium
lauryl sulfate, and mixtures thereof; and coloring agents: In the case of capsules, tablets and pills, the
pharmaceutical composmo S may gomprise buffering agents. Solid compositions of a similar type
may also be employed oft 30and hard-filled gelatin capsules using such excipients as

igh molecular weight polyethylene glycols and the like. - A tablet
on or molding, optionally with one or more accessory ingredients
Compressed tablets mayrbe prepared using binder (for example, gelatin or hydroxypropylmethyl
cellulose), lubricant, inegtdi| reservative, disintegrant. WO 2007/140222PCT/US20071069595
(for example, sodium starch glycolate or cross-linked sodium carboxymethyl cellulose), surface-active
or dispersing agent. Molded tablets. may be made by molding in a suitable machine a mixture of the
powdered compound moistened with an inert liquid diluent. The tablets, and other solid dosage forms
of the pharmaceutical compositions of the 5present invention, such as dragees, capsules, pills and
granules, may optionally be scored or prepared with coatings and shells, such as enteric coatings and
other coatings well known in the pharmaceutical-formulating art. They may also be formulated so as to
provide slow or controlled release of the active ingredient therein using, for example,
hydroxypropylmethyl cellulose in varying proportions to provide the desired release profile, other
polymer 10matrices, liposomes and/or microspheres. They may be sterilized by, for example, filtration
through a bacteria-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions that can be dissolved in sterile water, or some other sterile injectable medium
immediately before use. These compositions may also optionally contain opacifying agents and may
be of a composition that they release the active ingredient(s) only, or 15preferentially, in a certain
portion of the gastrointestinal tract, optionally, in a delayed manner. Examples of embedding
compositions that can be used include polymeric gdbstances and waxes. The active ingredient can
also be in micro-encapsulated form, if appropriate, with one or more of the above-described
excipients. Liquid dosage forms for oral administration of the compounds of the invention




20include pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups
and elixirs. In addition to the active ingredient, the liquid dosage forms may contain inert diluent
commonly ugerhinthgiass such as, for example, water or other solvents, sohi¢hiliziag)agexis and
emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol,
benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (in 25particular, cottonseed, groundnut,
corn, germ, olive, cast same oils), glycerol, tetrahydrofinyl alcohol, polyethylene glycols and
fatty acid esters of scmﬁxtures thereof Besides inert diluents, the oral compositions
can also include adjuvants sugh as wetting agents, emulsifying and suspending agents, sweetening,
flavoring, coloring#30 erfuﬁﬁand preservative agents. = Suspensions, in addition to the active
compounds, may ain suspending agents as, for example, ethoxylated isostearyl alcohols,
polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide,
bentonite, agar-agar agid tragacanth, and mixtures thereof WO 2007/140222PCT/US2007/069595
Formulations of the pharmaceutical compositions of the invention for rectal or vaginal administration:
may be presented as @ itory, which may be prepared by mixing one or more compounds of the
invention with one orjﬂ\m@ nonirritating excipients or carriers comprising, for example, cocoa
butter, polyethylené|glyc®l, LZ?{gpository wax or a 5salicylate, and which is solid at room temperature,

but liquid at body eratyre and, therefore, will melt in the rectum or vaginal cavity and release the
active compound! ormulations of the present invention which are suitable for vaginal -
administration also include pessaries, tampons, creams, gels, pastes, foams or spray formulations
containing such as are known.in the art to be appropriate. 10Dosage forms for the topical or
transdernial administration of a compound of this invention include powders, sprays, ointments,

pastes, creams, lotions; solutions, patches and inhalants. The active compound may be mixed
under sterile 'conditijk ' pharmaceutically acceptable carrier, and with any preservatives,
buffers, or propellaits that raay be required. 15The ointments, pastes, creams and gels may contain,
in addition to an dctivé compound of this invention, excipients, such as animal and vegetable fats, oils,

waxes, paraffins, starch{tragaganth, cellulose derivatives, polyethylene glycols, silicones, bentonites,
silicic acid, talc and zinc oxide, or'mixtures thereof. Powders and sprays can contain, in addition to a
compound of this invention, 20excipients such as lactose, talc, silicic acid, aluminum hydroxide,
calcium silicates and gplyammi der, or mixtures of these substances. Sprays can additionally
contain customary Qret such as chlorofluorohydrocarbons and volatile unsubstituted
hydrocarbons, suchlas buta nd propane. Transdernial patches have the added advantage of
providing controlléd délivery of a25 compound of the present invention to the body. Such dosage
forms can be madegy dissolving or dispersing the compound in the proper medium. Absorption
enhancers can alsg’he used to increase the flux of the compound across the skin. The rate of such
flux can be controlled By either providing a*fate controlling membrane or dispersing the active

compound in a polymer \atrix or gel. 300phthalmic formulations, eye ointments, powders, solutions
on's

and the like, are also as being within the scope of this invention. - Pharmaceutical
compositions of thisnt uitable for parenteral administration comprise one or more compounds
of the invention in binat'ﬁofir\miith one or more pharmaceutically acceptable sterile isotonic aqueous
or nonagueous |@ s, dispersions, WO 2007/140222PCT/1JS2007/069595 suspensions or
emulsions, or sterifefpowders which may be reconstituted into sterile injectable solutions or
dispersions just pyiertouse, which may contain antioxidants, buffers, bacteriostats, solutes which
render the formulation [isotonic with the blood of the intended recipient or suspending or thickening
agents.  Examples of suitable agueous and nonaqueous carriers that may be employed in the
pharmaceutical composi 'Qns of the invention include water, ethanol, polyols (such as glycerol,
propylene glycol, poly "%WI, and the like), and suitable mixtures thereof, vegetable oils, such
abte“or

as olive oil, and inje ?nic esters, such as ethyl oleate. Proper fluidity can be maintained, for

example, by the use\Qf coatirg~naterials, such as lecithin, by 10 the maintenance of the required
particle size in the e of dispersions, and by the use of surfactants. - These compositions may .-
also contain adjuvarfts such as preservatives, wetting agents, emulsifying agents and dispersing
agents. Preventiqprokipeactiin.of microorganisms may be ensured by the inclusion of various
antibacterial and antififngal agents, for exaffiple, 15paraben, chlorobutanol, phenol sorbic acid, and
the like. It may also be desirable to include isotonic agents, such as sugars, sodium chloride, and the
like into the compositions. In addition, prolonged absorption of the injectable pharmaceutical form may
be brought about by the inclusion of agents that delay absorption such as aluminum monostearate
and gelatin. _ I : :

24



In some cases, in order to prolong the effect of a drug, it is desirable to slow the 20 absorption of the
drug from subcutaneous or intramuscular injection. This may be accomplished by the use a a liquid
suspensionwiFsysialligor amorphous material having poor water solubility~Hhesats ploakisorption of
the drug then depends upon its rate of dissolution which, in turn, may depend upon crystal size and
crystalline form. Alternatively, delayed absorption of a parenterally-administered drug form is
accomplished by dissalvi 5suspending the drug in an oil vehicle. - Injectable depot forms are
made by forming mic;cﬂg%?natrices of the subject compounds in biodegradable polymers such
as ponIactide-poIyﬁTycoIi"de. epending on the ratio of drug to polymer, and the nature of the particular
polymer employe .rate&ﬁnug release can be controlled. Examples of other biodegradable
polymers include ly(orth ers) and poly(anhydrides). Depot injectable formulations are also
prepared by entrapping the diug in liposomes or microemulsions that are compatible with body tissue.
The preparationsof th# présentinvention may be given orally, parenterally, topically, or rectally. They
are of course given by forms suitable for each administration route. For example, they are
administered in tablet¥ or Fapsule form, by injection, inhalation, eye lotion, WO

2007/140222PCT/ 9595 ointment, suppository, etc., administration by injection, infusion or
inhalation; topical tiororeintment; and rectal by suppositories. Oral and/or IV administration is
preferred. Th ases "parepteral administration” and "administered parenterally” as used herein

means modes of a im’gt@ jon other than enteral and topical administration, usually 5by injection,
and includes, witfoutimitation, intravenous® intramuscular, intraarterial, intrathecal, intracapsular,
intraorbital, intracardiacwintradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular,
intraarticular, subcapjilr;;[:sagwarachnoid, intraspinal and intrasternal injection and infusion. The
phrases "systemic ddmihistration,” "administered systemically," "peripheral 10 administration" and
"administered per@m&lly as’used herein mean the administration of a compound, drug or other
material other tha into the central nervous system, such that it enters the patient's system
and, thus, is subject to r‘nugébv@ and other like processes, for example, subcutaneous '
administration. These compounds may be administered to humans and other animals for therapy by
15any suitable route of administration, including orally, nasally, as by, for example, a spray, rectally,
intravaginally, parentergﬂy: "ift\aﬁisternally and topically, as by powders, ointments or drops, including
buccally and sublingually Repardless of the route of administration selected, the compounds of
the present inventiony; whigh may be used in a suitable hydrated form, and/or the pharmaceutical 20
compositions of the g esent[if%on, are formulated into pharmaceutically acceptable dosage forms
by conventional @. kngwn to those of skill in the art. 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 activelingredient which is effective to achieve the desired therapeutic response for a
particular patient,E(I)nBvosition, and 25mode of administration, without being toxic to the patient. The
selected dosage | elwill 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 of
administration, the time of administration, the rate of excretion of the particular compound being
employed, the duration of the treatment, other drugs, compounds 30 and/or materials used in -

combination with the par/ﬂi@mpound employed, the age, sex, weight, condition, general health
 of the

and prior medical histo"y tient being treated, and like factors well known in the medical arts.
A physician or vetegpartagAiaviig ordinary skill in the art can readily determine and prescribe the
effective amount of the pharmageutical composition required. For example, the WO
2007/140222PCTYUS2007/069595 physician or veterinarian could start doses of the compounds of the
invention employesdn-the pharmaceutical composition at levels lower than that required in order to
achieve the desired Nherapeutic effect and gradually increase the dosage until the desired effect is
achieved.  In genheral, a suitable daily dose of a compound of the invention will be that amount of
the compound that is the lowest dose effective to produce a therapeutic effect. Such an effective dose
will generally depenti upon the factors described above. Generally, intravenous and subcutaneous
doses of the com of this invention for a patient, when used for the indicated analgesic effects,
will range from about 0.0001 to about 100 g per kilogram of body weight per day, more preferably
from about 0.01 to about 50 mg per kg per day, and 10 still more preferably from about 1.0 to about
100 mg per kg per day. An effective amount is that amount treats a protein kinase-associated
disorder. If desired, the effective daily dose of the active compound may be administered as two,
three, four, five, six or more sub-doses administered separately at appropriate intervals throughout the
day, optionally, in unit dosage forms. 15While it is possible for a compound of the present invention to
be administered alone, it is preferable to administ@? the compound as a pharmaceutical composition.
Synthetic Procedure




Compounds of the present invention are prepared from commonly available 20 compounds using
procedures known to those skilled in the art, including any one or more of the following conditions
without limitgipkee7/140448hin the scope of this text, only a readily removablg gfaud§hahdssoot a
constituent of the particular desired end product of the compounds of the present invention is
designated a "protecting group," unless the context indicates otherwise. The protection of functional
25groups by such protectj roups, the protecting groups themselves, and their cleavage reactions .
are described for exampm;;h&rd reference works, such as e.g., Science of Synthesis:
Houben-Weyl Methodgof ecliar Transformation. Georg Thieme Verlag, Stuttgart, Germany. 2005.
.scj'eﬁei-of -synthesis.com(Electronic Version, 48 Volumes)); J. F. W.
McOmie, "Protectivg Grolps in Organic Chemistry”, 30 Plenum Press, London and New York 1973, in
T. W. Greene and P. &~ M. Wuts, "Protective Groups in Organic Synthesis”, Third edition, Wiley, New
York 1999, in "The gf:) ides"; Volume 3 (editors: E. Gross and J. Meienhofer), Academic Press, '

London and New Yark 1981, in "Methoden der organischen Chemie" (Methods of Organic Chemistry),
Houben Weyl, 4th editivn, Volume 15/1, Georg Thieme Verlag, Stuttgart 1974, in H.-D. Jalcubke and
WO 2007/140222PCT/US2007/069595 H. Jeschkeit, "Aminosauren, Peptide, Proteine” (Amino acids,
Peptides, Protems) Verlag Chemie, Weinh&m, Deerfield Beach, and Basel 1982, and in Jochen
Lehmann, "Chemie der Kohleghydrate: Monosaccharide und Derivate” (Chemistry of Carbohydrates:
Monosaccharides and Deri /Matl es\ Georg Thieme Verlag, Stuttgart 1974. A characteristic of
protecting 5groups is thédt they can be removed readily (i.e., without the occurrence of undesired
secon- dary reactions) xanmple by solvolysis, reduction, photolysis or alternatively under
physiological conditi .g., by enzymatic cleavage).  Salts of compounds of the present invention
having at least one salt-farming group may be prepared in‘a manner known per se. For example, salts
of compounds of the present 10 invention having acid groups may be formed, for example, by treating
the compounds with met'ﬁl compounds, such as alkali metal salts of suitable organic carboxylic acids,
e.g., the sodium salt of 2-ethylhexanoic acid, with organic alkali metal or alkaline earth metal
compounds, such as the corresponding hydroxides, carbonates or hydrogen carbonates, such as
sodium or potassium hydn rbonate or hydrogen carbonate, with corresponding 15 calcium
compounds or with am wtable organic amine, stoichiometric amounts or only a small
excess of the salt-formj ng age [{pﬁ%erably being used. Acid addition salts of compounds of the

present invention arg ained(in costomary manner, e.g., by treating the compounds with an acid or a
suitable anion exch cagent. Internal salts of compounds of the present invention containing acid
and basic salt-forming groups, e.g., a free carboxy 20 group and a free amino group, may be formed,
e.g., by the neutrahsaﬂom%ch as acid addition salts, to the isoelectric point, e.g., with weak
bases, or by treatment with io Rangers. Salts can be converted in customary manner into
the free compounds; metal and ammonium &alts can be converted, for example, by treatment with
suitable acids, and acid 25addition salts, for example, by treatment with a suitable basic agent.
Mixtures of isomers obta n/E]:;afgydmg to the invention can be separated in a manner known per se
into the individual i |sor.m éreoisomers can be separated, for example, by partitioning between
polyphasic solvent mixtyres, rﬁlﬂftalllsatlon and/or chromatographic separation, for example over
silica gel or by, e.g.,Imedium pressure liquid 30 chromatography over a reversed phase column, and
racemates can be seps rated, far example, by the formation of salts with optically pure salt-forming
reagents and separﬁ of the mixture of diastereoisomers so obtainable, for example by means of
fractional crystallisa [;Dor by chromatography over optically active column materials: Intermedlates
and final products canlbe worked up and/or purified according to WO
2007/140222PCT/US2007/069595 standarer methods, e.g., using chromatographlc methods,
distribution methods, (re-) crystallization, and the like. General process conditions The following
applies in general to all entioned throughout this disclosure. © The process steps to
synthesize the comp invention can be carried out under reaction conditions that are
known per se, inclugj ntioned specifically, in the absence or, customarily, in the presence
of solvents or diluents, igcluding, for example, 10solvents or diluents that are inert towards the
reagents used and dissolve them, in the absence or presence of catalysts, condensation or
neutralizing agents, a[;rgxample ion exchangers, such as cation exchangers, e.g., in the H form,
depending on the n f the reaction and/or of the reactants at reduced, normal or elevated
temperature, for exa e in a temperature range of from about -100 C to about 190C, including, for
example, from apprOX|mater 1580C to approximately 150C, for example at from -80 to -60C, at
room temperature, at from -20 to 40C or at reflux temperature, under atmospheric pressure or in a-
closed vessel, where appropriate under pressure, ¥nd/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 20into the
individual isomers, for example diastereoisomers or enantiomers, or into any desired mixtures of
isomers, forgyamplegasemates or mixtures of diastereoisomers, for examplgppeensieyoto the
methods described in Science of Synthesis: Houben-Weyl Methods of Molecular Transformation.
Georg Thieme Verlag, Stuttgart, Germany. 2025g Thz §olvents from which those solvents that are
suitable for any particular reaction 25may be lude those mentioned specifically or, for
example, water, esters, such as lower aIkyI-IoWeEaId;a;mates for example ethyl acetate, ethers, such
as aliphatic ethers, for example diethyl ether, (Lr(ﬁyp/%c gthers, for example tetrahydrofiiran or dioxane,
liquid aromatic hydrocarbons, such as benzen Iuene alcohols, such as methanol, ethanol or 1-
or 2-propanol, nitriles, such as acetonitrile, halogenated hydrocarbons, such as methylene 30 chloride
or chloroform, acid-amides, such as dimethylformamide or dimethyl acetamide, bases, such as:
heterocyclic nitrogen bases, for example pyridine or N-methylpyrrolidin-2- one, carboxylic acid .
anhydrides, such as lower alkanoic acid anhydrides, for example acetic anhydride, cyclic, linear or
branched hydrocarbons, such as cyclohexane, hexane or isopentane, or mixtures of those solvents,
for example aqueous solutions, unless otherwise WO 2007/140222PCT/US2007/069595 indicated in
the description of the processes. Such solvent mixtures may also be used in working up, for example
by chromatography or partitioning.  The compounds, including their salts, may also be obtained in
the form of hydrates, or their crystals may, for example, include the solvent used for crystallization.
Different Scrystalline forms may be present. The invention relates also to those forms of the process in
which a compound obtainable as an intermediate at any stage of the process is used as starting
material and the remaining process steps are carried out, or in which a starting material is formed
under the reaction conditions or is used in the form of a derivative, for example in a protected form or
10 in the form of a salt, or a compound obtainable by the process according to the invention is
produced under the process conditions and processed further in situ. Prodrugs This invention also
encompasses pharmaceutical compositions containing, and 15methods of treating protein
kinase-associated disorders through administering, pharmaceutically acceptable 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 20 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 symbols
and also includes 4-hydroxyproline, hydroxylysine, demosine, isodemosine, 3-methylhistidine,
norvalin, beta-alanine, gamma-aminobutyric acid, citrulline homocysteine, homoserine, 25 omithine -
and methionine sulfone. Additional types of prodrugs are also encompassed. For instance, free
carboxyl groups can be derivatized as amides or alkyl esters. Free hydroxy groups may be derivatized
using groups including but not limited to hemisuccinates, phosphate esters, dimethylaminoacetates,
and phosphoryloxymethyloxycarbonyls, as outlined in Advanced Drug Delivery Reviews, 1996, 19,
115. Carbamate prodrugs of hydroxy and 30 amino groups are also included, as are carbonate
prodrugs, sulfonate esters and sulfate-esters of hydroxy groups. Derivatization of hydroxy groups as
(acyloxy)methyl and (acyloxy)ethyl ethers wherein the acyl group may be an alkyl ester, optionally
substituted with groups including but not limited to ether, amine and carboxylic acid functionalities, or
where the acyl group is an amino acid ester as described above, are also encompassed. Prodrugs of
this type WO 20071140222PCT/L1S211117/069595 are described in J. Med. Chem. 1996, 39, 10.
Free amines can also be derivatized as amides, sulfonamides or phosphonamides. All of these
prodrug moieties may incorporate groups including but not limited to ether, amine and carboxylic acid
functionalities. ~ 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 10agents, 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.

27



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 admirisigiedsindependently at the same time or 15separately withipgmgdsiegsdhat
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 antiinflanunatory, antiprol —chemotherapeutic agent, immunosuppressant,
anti-cancer, cytotoxic agent or kinase inhibitor other than a compound of the Formula | or salt 20
thereof. Further examples of agents that may be administered in combination with the compounds of
the invention include, but are not limited to, a PTK inhibitor, cyclosporin A, CTLA4-lg, antibodies
selected from anti-ICAM-3, anti-IL-2 receptor, anti-CD45RB, antiCD2, anti-CD3, anti-CD4, anti-CD80,
anti-CD86, and monoclonal antibody OKT3, agents blocking the interaction between CD40 and gp39,
fusion proteins constructed from CD40 and 25gp39, inhipit - function, non-steroidal
antiinflammatory drugs, steroids, gold compounds, ﬁ%gﬁ%ﬁ% &%@PFKSO& mycophenolate
mofetil, cytotoxic drugs, TNF-a inhibi ti-INF antibodies or soluble TNF receptor, rapamycin,
leflunimide, cyclooxygenase-2 inhit;iﬁirm&ﬂ?fel, cisplatin, carboplatin, doxorubicin, carminomycin,
daunorubicin, aminopterin,_methorexa{“e,q?étﬁhopt’erin, mitomycin C, ecteinascidin 743,

30porfiromycin, 5-fluorouracil, 6¢ aptapurine, gemcitabine, cytosine arabinoside, podophyllotoxin,
etoposide, etoposide phosphatesteriposide, melphalan, vinblastine, vincristine, leurosidine, =~
epothilone, vindesine, leurosine, gr derivatives thereof The compound of the invention and any
additional agent may be formulated in. separate dosage forms. Alternatively, to decrease the number
of dosage forms administered to-g-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 dosafe 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 5different times.

Alternatively, a composition of this in\,ﬁ ion comprises an additional agent as described herein. Each
component may be present in individual cgmpg@sitions, combination compositions, or in a single
0

composition. Exemplification of the 0 The invention is further illustrated by the following
strued as further limiting. The practice of the present invention will

examples, which should not be coy
employ, unless.otherwise indica gonventional techniques of cell biology, cell culture;, molecular
biology, transgenic biology, mickehietogy and immunology, which are within the skill of the art.
15GENERAL SYNTHESIS METHODS  All starting materials, building blocks; reagents, acids,
bases, dehydrating agents, solve and catalysts utilized to synthesis the compounds of the present
invention are either commercial ailable or can be produced by organic synthesis methods known
to one of ordinary skill in the art (Houben-Weyl 4th Ed. 1952, Methods of Organic Synthesis, Thieme,
20 Volume 21). Further, the compounds of the present invention can be produced by organic
synthesis methods known to one of orgdhjr@! in the art as shown in the following examples. LIST
OF ABBREVIATONS BINAF'()-(1,1'-binaphthaene-2-2'diy1)bis(diphenylphosphine) 25 -
DIEADiethylarnine DIPEADIisopra Amint DMFDimethylformamide HPLCHigh pressure liquid
chromatography HAMSHigh resoldtion mass-spectrometry 30 ' '
HBTUO-Benzotriazol-1-yl-N,N, ramethyluronium hexafluorophosphate _
HOBt1-Hydroxy-1H-benzotriazoN.EAMSLiquid chromatography / mass spectrometry
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NMMN-methylmorpholine NMPN-methylpyrrolidine WO 2007/140222PCT/US20117/1169595
RTroom temperature THFTetrahydrofuran EtEthyl NBSN-Bromosuccinimide DIADDiisopropyl azo
dicarboxylatg d sdesylosBAF Tetra-n-butylammonium fluoride 10 Example 1pcr/us2007/069595
(5-Bromo-2-chloro-pyrimidin-4-y1)-(1-ethyl-propyl)-amine NBr NH To a solution of
5-Bromo-2,4-dichloropyrimidine(4.56 g, 20 nunol) in Ethanol (9 mL) is added 1-Ethylpropylamine (2.6
mL, 22 intnol) and DIEA (7 mL, 40 \mol at ambient 15temperature. The reaction mixture is stirred at
ambient temperature for 16 his, then i$ coycentrated in vacuo and the residue is purified by flash
chromatography (silica gel, Mexane:?,:g? to 30:70) to give '
(5-Bromo-2-chloro-pyrimidin-4-y1)-(1-ethyl-propy1)- amine. MS (ESI)m/z 280 (M+H). 1H NMR
(CDC13, 400 MHz) 8 8.1(s 5.24(d, 1H), 4.1(m, 1H), 1.58(m, 4H), 0.93(t, 6H). 20 Example 2 -
Tributyk(Z)-2-ethoxy-vinyl) ane Bu Bu To a solution of Ethyl edlynyl ether (2.26 mL, 50% in
hexane, 15 mmol) in toluene 25 (40 mL) is added Tri-n-butyl hydride (2.7 mL, 10 nunol) and A1BN (81
mg, 0.5 nunol) at ambient rature. The reaction mixture is heated at 100 C for 16 hrs. After
cooling down, the mixture is concentrated in vacuo to give tributyl-((Z)-2-ethoxy-vinyl)- stannane The
crude product is used as is. WO 2007/140222PCT/US2111170169595 Example 3
[2-Chloro-54(2)-2-ethoxy-vj yrimidin-4-y1]-(1-ethyl-propy1)-amine jt CI'M NH Toa solutlon of
crude compound from example 2 (4.25g, -275%, 8 8 nunol) in CH3CN (10 mL) is added '
(5-Bromo-2-chIoro-pyrimidin-4-y1)-(1-ethy|-propyl)-amine (2.25 g, 8 mmol), Et4NC1 (1.33g, 8 mmol)
and Pd(PPh3)2C12 (280 mg,04 m ambient temperature. The reaction mixture is purged with
N2, sealed in a mlcrowave;m:tcﬂ@ng egted at 100 C for 17 mins. After cooling down the mixture is
concentrated in vacuo and the residle ;S%I’Ifled by flash chromatography (silica gel ethyl acetate :

hexane=5:95 to 1040:60) to g
[2-Chloro-54(Z)-2-ethoxy- vin
NMR (CDC13, 400 MHz). 5 8. 0
2H), 1.60-1.69(m, 2H), 1.43-1[52

pyrimidin-4- -y1]-(1-ethyl- propyl)-amine. MS (ESI)m/z 270 (M+H)+ 1H
(s, 1H), 6.26(d, 1H), 5.46(d, 1H), 4.91(d, 111), 4.16(m, 1H) 399(q,
, 2H), 1.32(t, 31- 1) 0.92(t, 6H).
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15 Example 7 2-Chloro-7-(1-ethyl-propy1)-7H-pyrrolo[2,3-d]pyrimidine  To a solution of
[2-Chloro-54(2Z)-2-ethoxy-vinyl)-pyrimidin-4-y1]-(I-ethylpropy1)- amine(1.1g, 4.07 mmol) in EtOH (8 mL)
is added cogeshliAes 3¢ 1 (0.1 mL) at ambient 20 temperature. The reactippfRixbdneigezealed in a
microwave reactor and heated at 100 C for 10 mins. After cooling down the mixture is concentrated in
vacuo to provide 2-Chloro-7-(1- ethyl-propy1)-7H-pyrrolo[2,3-d]pyrimidine. The crude product is used
as it is. The material can be purified by flash chromatography (Si02, EtOAc : Hexane = 1: 5). MS
(ESI)m/z 224 (M+H)+. 1I-1 NMR, 400 MHz). 8 8.87(s, 111), 7.30(d, 111), 6.69(d, 251H),
4.69(m, 1H), 1.77-1.99(m, 41-1)| 0.71(t, gH) Example 8 WO 20071140222PCT1US2007/069595
5,5-Dibromo-2-chloro-7-(1-ethiyl- pr’bpyljq 5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one Br -~ To a
mixture of 2-Chloro-7-(1-etyt=propyl)- Z};;ﬂ)yrrolo[z,&d]pyrimidihe (crude, - 4.07 nunol) in t-BuOH (7
mL) is added 2 mL of 1120 bient t erature, then NBS (2.28 5¢g, 12.8 mmol) is added to the
orange color solution. The mixture is stirred at 28 - 30 C for 2.5 hrs, then is concentrated and taken up
in ethyl acetate, washed wij HCO3 aqueous solution, and brine. The organics are dried with
Na2S04, filtered and concentrated to provide
5,5-Dibromo-2-chloro-7-(1-ethyl-propy1)-5,7-dihydro-pyrrolo[2,3- d]pyrrmldln -6-one. The crude product
isused as itis. 10 MS (ES&)«JI&398 (M+11)+. Example 9
2-Chloro-7-(1-ethyl-propy1)-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one 15To a solu_tlon of
5,5-Dibromo-2-chloro-7-(1-ethyl-propy1)-5,7-dihydro-pyrrolo[2,3- d]pyrimidin-6-one (crude, - 5 3 mmol)
in acetic acid (6 mL) and THF (4 mL) isgdded Zn dust (1.37 g, 21 mmol) at 0 C. The mixture is stirred

at OC for 2 mins then heated to %00 qperature, stirring for 30 mins. The mixture is filtered through
celite, rinsed with ethyl acetatQ{he/ rate is concentrated in vacuo and the residue is purified by
flash 20chromatography (eth | acétate :hexane=5:95 to 40: 60) to give 2-Chloro-7-(1-ethyl-propy1)-
5,7-dihydro-pyrrolo[2,3-d]py#imidin-6- orﬁs (ESDiniz 240 (M+H). 111NMR (CDC13,-400 MHz). 8
8.17(s, 1H), 4.20(m, 111), § , 211), 2:10(m, 211), 1.84(m, 211), 0.84(t, 611). 25 Examples 10-13
By repeating the procedures described in example 6-9, using appropriate starting materials, the
following compounds are cﬁt ﬁed WO 2007/140222PCT/US2007/069595 Structure J1 .7..... ¢i,N

Na

*k
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Example 14 (3 -Amino-phenyl)-(4-methyl -piperazin-I-y1l)-methanone NH, 5 A solution of
3-aminobenzoic acid(1.51 g, 11 mmol), 1-methylpiperazine(1.1 mL, 10 mmol), EDCIHC1(2.87 g, 15
mmol) and RN |40k 20 mmol) in C112C12(10 mL) is stirred at room tei@pRIgdarRidsed hours.
Then saturated NaHCO3 aqueous solution is added. The aqueous layer was extracted with CH2C12,
and the organic extracts were dried over 10 Na2S0O4, filtered and concentrated under reduced
pressure. The crude product is pur d by column chromatography (Si02, MeOH: CH2C12 =0.7:99.3
to 6:93) to give 1.75 g of the title @ as a yellow solid. MS (ES1)m/z 220 (M+H) WO
2007/140222PCT/US20117/%: mples 15-20 = By repeating the procedures described in
example 14, using appropriate starting erials, the following compoimds are obtalned
StructureMS(mlz) (M+1) r O 22 238 07 5 220 Example 21

N-(4-Methoxy-3-nitro-phen

*%k.

*%

*%

31



A mixture of 4-methoxy-3-nitroaniline(168 mg, 1 mmol) and Isonicotinoyl chloride hydrogen
chloride(267 mg, 0.2 M in 1.5 mmol) in pyridine(1 mL) is sealed in a microwave reactor and heated at
100C undenrggicigmaygsadiation for 5 mins. Then IN NaOH aqueous solutigg-isiada@chtedse reaction
mixture. After stirring at room temperature for several minutes, the mixture is filtered. The solid is- .
washed with H20 and air dried to give 263 mg of the title compound as a yellow solid. MS (ESI)m/z
274 (M+H)+ Example 22 10N-(4-Floro-3-nitro-phenyl)-isonicotinamide The same procedure is
repeated as described in examp,L' ve the title compound as a pink solid. 15 MS (ESI)m/z 262
(M+H). Example 23 N-(3-Amino-4-florp-phenyl)-isonicotinamide. 20A mixture of 4-floro-3-nitroaniline
(100 mg, 0 38 mmol) and Timechlorie(189 mg,0.95 mmol) in EtOH(1 mL) with 4 drops of concentrated
HC1 is heated at 80C for 4 hayr. The rated NaHCO3 aqueous solution is added. The aqueous
layer was extracted with Ef and the organic extracts are washed with brine, dried over Na2S04,
filtered and concentrated undesTeduced pressure. The crude product is purified by column 25
chromatography (Si02, MeOH,C112C12=1:99 to 10:90) to give 55.5 mg of the title compound as
yellow solid. MS (ESI)m/sz +H)+ Example 24 30 N-(3-Amino-4-methoxy- phenyl) -isonicotinamide
WO 2007/140222PCT/11S2007/069595 The same procedure can be repeated as described in
example 23 to give the title c mpound as a pink solid. MS (ESI)m/z 244 (M+I-1). 5 Example 25
1-(4-Nitro-phenyl)- plperldln 4 -one To a solution of 1-(4-Nitro-phenyl)-piperidin-4-ol (100 mg, 0.45
mmol) in CH2C12(2 10 mL) is added Dess-Martih periodinane(286 mg, 0.675 mmol) at for 2.5 hours.
The reaction is quenched with 1N NaQH aqueous solution. The aqueous layer is extracted with
C112C12, and the organic extragtssare>dried over Na2S04, filtered and concentrated under reduced
pressure. The crude product |s/[ﬂ\r|f Blumn chromatography (5i02, EtOAc: Hexane=12:88 to
100:0) to give 84 mg of the title compéyq;oas a white solid. 15 MS (ESI)m/z 221 (M+H) Example 26

1-Methy1-4-[1-(4-nitro-phe iperidin-34-yl]piperazine 0 NaN N- , 20A mixture of
1-(4-Nitro-phenyl)-piperidi e(84 mg, 0.38 rnmol) and-1- methylplperazme(o 085 mL, 0 76 mmol)
in MeOH(2 mL) is stirred at rgpm temperature for 5 hours. Then to the reaction mixture is added 0.2
mL of HOAc, followed by I\I;QﬁBHS (72 mg, 1.14 mmol). The mixture is stirred at room temperature
for 0.5 hour, then concent The residue is taken up in EtOAc, washed with saturated NaHCO3
agueous solution and 25briné, dried over Na2S04, filtered and concentrated under reduced pressure.
The crude product is purified by column chromatography (Si02, 2N NH3 in MeOH:CH2C12=1:99 to
10:90) to give 46 mg of the tltle c 0 as a yellow solid.

@ﬁ
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MS (ESI)m/z 305 (M+H) 30 Example 27 WO 2007/140222
444-(4-Methyl-piperazin-1-y1)-piperidin-1-ylkphenylamine Nry-N N- C\ \ A suspension of
1-Methy1-43lo(4siMiiQupieny1)-piperidin-4-ylkpiperazine (46 mg, 0.15 mmopangdshsiildddss, 8 mg) in
MeOH (2 mL) is stirred at room temperature under H- 52(balloon pressure) for 16 hours, then filtered
through celite, washed with EtOAc, concentrated under reduced pressure to give 42 mg of the title
compound as a light grey solid. MS (ESl)miz 275 (M+11)+ Example 28 10Benzoic acid
1-(4-amino-pheny1)-piperidin-4-y1‘e Jhe same procedure is repeated as described_ in example
23 to give the title compound a _ lid. 15 MS (ESI)rniz 297(M+H)+. Example 29
3-(2-Pyrrolidin-1-yl-ethoxy)-p ami To a mixture of PPh3 (866 mg, 3.3 mmol) in THF(6
mL) is added.DIAD (0.65 mL, mol) at 0 C. The suspension was stirred for 10 minutes, then
heated to room temperature. Tq the mixture, 4-nitrophenol(460 mg, 3.3 mmol) and 1-(2-hydroxyethyl)-
25 pyrrolidine(0.26 mL,2.2 mmol)jis added, and the mixture is stirred at room temperature for 16
hours, then concentrated. The résidue is taken up in EtOAc, washed with IN NaOH aqueous solution
and brine, dried over Na2S04; red and concentrated under reduced pressure. The crude product
is purified by column chro raphy (Si02, WO 20071140222PCT1US2007/069595
MeOH:CH2C12=1:99 to 10:90) to give 277mg of 112-(4-Nitro-phenoxy)-ethyl]-pyrrolidine as a white -
solid. MS (ESI)m/z 237 (M+H)+  The same procedure is repeated as described in example 27 by
using 142-(4-Nitrophenoxy)-ethylkpyrrolidine as a starting material to give the title compound as a
yellow oil. MS (ESI)m/z 207(M+H)+. Exarmple 30-33 10By repeating the procedures described in
example 29, using appropriate-Staning aterials, the following compounds are obtained.
StructureMS(mh)(M+1) NH2
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207 223 236 209 Example 34 (3-Nitro-phenyl)-(2-pyrrolidin-I-yl-ethyl)-amine cc. ..o 15 WO
2007/140222PCTIUS2007/069595 The mixture of 1-fluoro-3-nitrobenzene(420 mg, 3 mmol) in
DMF(1.5 mhy gNilraminoethyl)-pyrrolidine(514 mg,4.5 mmol) and Cs2CO3S a7 dsua!) is
heated at 100C under microwave radiation for 2.5 hours, then concentrated. The mixture is diluted.
with EtOAc, washed with saturated NaHCO3 aqueous solution and brine, dried over Na2S04, Sfiltered
and concentrated under reduced pressute. The crude product is purified by column chromatography
(Si02, MeOH:CH2C12=1:99 to p 90 to Jive 130 mg of the title compound as a light brown oil. MS
(ESDIn/z 236 (M+H) 10 Examyple i Methyl piperazin-1-y1)-ethyl]-(3-nitro-pheny1)- amine CV
The same procedure is repea ribed in example 34 to give the title compound as a yellow
oil. 15 MS (ESI)In/z 265(M @ 3 N-(2-Pyrrolidin-I-yl-ethyl)-benzene-1,3-diamine 20The
same procedure is repeated as described in example 27 to give the tide compound as a light brown
oil. MS (ESI)m/z 206(M+H). 26 Example 37 N-[2-(4-Methyl-piperazin-1-y1)-ethyl]-benzene-1,3-diamine
NH, WO 2007/140222PCT/1JS2007/069595 The same procedure is repeated as described in
example 27 to give the title cCampound as a light brown oil. MS (ESI)miz 235(M+11). Example 38
1-Methy1-4-(6-nitro-pyridin; -piperazine o

ik
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9- A mixture of 5-bromo-2-nitropyridine(500 mg, 2.46nunol) and 1-methylpiperazine(1 mL) is
heated at 80 C for 2 hour. Then water is added. The aqueous layer is extracted with 10 EtOAc, and the
organic extrgdsys/agyashed with brine, dried over Na2S04, filtered and cppsqrissismcykyier reduced
pressure. The crude product is purified by column chromatography (SiO2 MeOH:CH2C12=0.7:99.3 to
6:93) to give 520 mg of the title compound as yellow solid. MS (ESI)miz 223 (M+H) 15 Example 39
114-(6-Nitro-pyridin-3-y1)-piperazin-1-y1l]-ethanone To a mixture of 5-bromo-2-nitropyridine(406 mg,
2 mmol) and 1- 20 acetylpiperaz mg, 2 nunol).in toluene(5 mL) is added Cs2CO3, then
Pd2(dba)3(74 mg, 0.08 mmol)jh\ (100 mg, 0.16 nrunol) are added. The mixture is degassed,
and heated at 100C for 16 h8rs. Then the mixture is cooled down to room temperature, diluted with
EtOAc, and filtered through«€lite. The is concentrated under reduced pressure. The crude
product is purlfled by colu omatography (5i02, MeOH:CH2C12=0.7:99.3 to 6:93) 25 to give 270
mg of the title compound as fellow solid. MS (ESI)miz 251 (M+H)+ WO
2007/140222PCT/US211117/069595 Example 40 5-(4-Methyl-piperazin-1-y1)-pyridin- 2 -ylamine H2N
The same procedure is rep as described in example 27 to give the title compound 5as a light
brown solid. MS (ESI)m/z 193(M+H)+. Example 41 1-[4-(6-Amino-pyridin-3-y1)-piperazin-I-yl]
-ethanone 1111 10 - The same procedure is kepeated as described in example 27 to give the title
compound as a brown solid. MS (ESI)m/z 221(M+H)+. 15 Example 42
144-(4-Nitro-pheny1)-piperidin-1-ylFethapone To a solution of 4-(4-Nitro-phenyl)-piperidin (206 mg,
1 mmol) in CH2C12(3 mL) is 20 %%1(0 106 ml, 1.5mmol) at 0 C. Then Et3N(0.253 mL, 1.8
mmol) is added slowly. The mi d at O C for 10 minutes. Then saturated NaHCO3 aqueous
solution is added. The aqueo s layer is ektracted with CH2C12, and the organic extracts are dried
over Na2S04, filtered and g0 ntrat?d/lj%ger reduced pressure. The crude product is purified by
column chromatography (5 MeOH:CH2C12=0.7:99.3 to 6:93) to give 273 mg of the title 25
compound as yellow solid. M 249 (M+H) Example 43 WO

2007/140222PCT/13S2007%
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1- [4-(4-Amino-phenyl)-piperidin-1 -yl] -ethanone The same procedure is repeated as described in
example 27 to give the title compound as a yellow, solid. 5 MS (ESI)m/z 219(M+H) Example 44
7-(1-Ethyl-pipgghdrfizisioro-4-(4-methyl-piperazin-1-y1)-phenylamino]  pcer/us2007/069595
-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one n3/4 N HNNN 10 To a mixture of 2-Chloro-7-(
1-ethyl-propy1)-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6- one (18 mg, 0.075 mmol) and TsOH (1.12 ml,
0.2 M in 1,4 dioxane) is added 3-% methylpiperazinn)aniline (23. 5 mg, 01125 mmol), and
DMF (0.25 mL) at ambient temp h&sreaction mixture is sealed in a microwave reactor and
heated at 140 C for 15 30 min he rrw&jre is diluted with EtOAc, washed with NaHCO3 aqueous
solution and brine, dried (Na ) filtered and concentrated. The crude product is purified by
prepHPLC to give 27 mg of thejtitle compound as a brown solid. MS (ESI)m/z 413 (M+H)+. 20
Examples 45-90 By refeating the procedures described in example 44, using appropriate
starting 25 materials, the foIIO\g[\g compounds are obtained. Ar MS Found (M+H) 395. N-
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~ In certain embodiments, the compound of the present invention is further
characterized as a modulator of a protein kinase, inciuding, but not limited to, protein kinases
selected from the group consisting of abl, ATK, ber;abl, BIk, Brk, Btk, c-fims, e- kit, c- met,
c-src, CDK, cRafl, CSFIR, CSK, EGFR, ErbB2, ErbB3, ErbB4; ERK, Fak, fes, FGFRI, 25
FGFR2, FGFR3, FGFR4, FGFRS, Fgr, FLK-4, flt-1, Fps, Frk, Fyn, GSK, Gst-Flkl, Hck, Her-
2, Her-4, IGF- IR, INS-R, Jak, JNK, KDR, Lck, Lyn, MEK, p38, PANHER, PDGFR,' PLK,.

- PKC, PYK2, Ra’f; Rho, ros, SRC, t’ell t’e2, TRK, TYK2, UL97, VEGFR, Yes, and Zap70.

In a preferred embodiment, the protein kinase is selected from the group consisting of
CD_KI; CDK2, CDK4, CDKS5, CDK6, CDK7, CDK8 and CDK9. In another preferred
embbdimént, the protein kinase is selected from the group consisting of Jak1, Jak2 and Jak3.
Ina particularly preferred embodimeﬁt, .the protein kinase is selected from the group . |
consisting of Jak3 and CDK4. ._ _ _ |

In other embodiments, the compbunds of the present invention are used for the
treatment of protein kinase-associated disorders. As used herein, the term “protein kinase-
éssociated disorder” includes disorders and sfates'(e.g. , a disease state) that are associated
with the éctivity of a protein kinase, e.g., CDK4 and Jak3. Non-limiting examples of a

protein kinase-associated disorder include blood vessel proliferative disorders, fibrotic

- disorders, mesangial cell proliferative disorders, metabolic disorders, allergies, asthma,

thrombosis, nervous system diseases, organ transplant rejection, autoimmune diseases, and

cancer. In another embodiment, the compound of the present invention is further
characterized as a modulator of_ a combination of protein kinases, e.g., Jak3 and CDK4.

In certain embodiments, a compound of the present invention is used for protein
kinase_-asso'ciated diseases, and use of the compound of the present invention as an inhibitor.
of any one or more protein kinases. It is envisioned that a use can be a treatment of inhibiting |
one or more isoforms of protein kinases. _ |

| The conipounds of the invention are inhibitors of cyclin—dependént kinase enzymes
(CDKs). Without being bound by theory, inhibition of the CDK4/cyclin D1 complex blocks
phosphorylation of the Rb/inactive E2F compiex, thereby preVenting release of activated E2F
and ultimately blocking E2F-dep¢ndent DNA transcrif.ution. This has the effect of inducing .
G; cell cycle arrest. In particular, the CDK4 pathway has been shown to have tumor-speciﬁc
deregulation and cytotoxic effects. | _

Furthermore, the compounds of this invention have the poténtial to block the
expansion of auto- or alloreactive T cells, and thus have beneficial effects on autoimmuné

diseases, as well as transplant rejections.
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The present invention includes treatment of one or more symptoms of cancer,
transplant rejections, and autoimmune diseases, as well as protein kinase-associated

disorders, as described above, but the invention is not intended to be limited to the manner by

which the compound performs its intended function of treatment of a disease. The present

invention includes treatment of diseases described herein in any manner that allows treatment
to occur, e.g., cancer, transplant rejections, and autoimmune diseases.

- In certain emb’bdiments, the invention provides a pharmaceutical composi.tion of any
of the compounds of the present invention. In a related embodiment, the invention provides a
pharmaceutical composition .o_f any of the compounds of the present invention and a - |

pharmaceutically acceptable carrier or excipient of any of these compounds. In certain

“embodiments, the invention includes the compounds as novel chemical entities.

In one embodiment, the invention includes a packag'ed protein kinase-associated
disorder treatment. The packaged treatment includes a compound of the invention packaged
with instructions for using an effective amount of the compound of the inventiori for an
intended use. | | o

The compounds of the present invention are suitable as active agents in
pharmaceutical'éompositions that are efﬁcacibuﬁ particularly for treating protein kinase-
associated disorders, e.g., cancer, transplant rejéctions, and autoimmune diseases. The
pharmaceutical composition in various embodiments has a pharmaceutically effective amount
of the present active agent along with other pharmaceuticaily acceptable excipients, carriers,
fillers, diluents and the like. The phrase, “pharmaceutically effective amount” as used herein
indicates an amount necessary to admi_nister to a host, or to a cell, issue, or organ of a host, to
achieve a therapeutic result, especially the regulating, modulating, or inhibiting protein kinase
activity, e.g., inhibifion of the _activity ofa protein kinase, or treatment of cancer, transplant '
rejections, or autoimmune diseases. | -

.In other embodiments, the present invention provides a method for inhibiting the_:.
activity of a protein kinase. The method includes contacting a cell with any of the |
compouhds_of the present invention. In a related embodiment, the method further provides -
that the compound is present in an amount effective to selectiveiy inhibit the activity of a
protein kinase. |

In other embodiments, the present invention provides a use of any of the compounds

of the invention for manufacture of a medicament to treat cancer, transplant rejections, or

‘autoimmune diseases in a subject.
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In other embodiments, the _invention provides a method of manufacture of a
medicameht, including formulating any of the compounds of the present invention for

treatment of a subject.

De[znitions .

The term “treat,” “treated,” “treating” or “treatment” includes the di_minishment or
alleviation of at least one symptom associated or caused by the state, disorder or disease
beihg treated. In certain embodiments, the treatment comprises the. inductie_n of a protein -
kinase-associated disorder, followed by the activation of the compound of the invention,
which would in turn diminish or alleviate at least one symptom associated or caused by the
protein kinase-associated disorde_r being treated. For exé.mple, treatment can be
dimini'shment.of one or several symptorhs of a disorder or complete eradication of a disorder.

~The term “subject” is intended to inclqde organisms, e.g., prokaryotes and eukaryotes,
which are capable of suffering from or afflicted with a disease, disorder or condition |
as_sociated With the activity of a protein kinase. Examples of subjects include mammals, e.g.,
humans, dogs, cows, horses, pigs, sheep, goats, cats, mice, rabbits, rats, and transgenic non-
hlima_n animals. In certain embodiments, the subject is a huntan, e.g., a human suffefing
from, at risk of suffefing from, or potentially capable of suffering from cancer, transplant
rejections, and autoimmune diseases, and for other diseases or conditions described herein.
In another embodiment, the subject isacell. -

The lang'uatge “protein kinase-modulating compound,” “modulator of protein kinase”
or “protein kinase inhibitor” refers to compounds that modulate, e.g., inhibit, or otherwise
alter, the activity of a protein kinase. Examples of protein kinase-modulatihg compounds -
include c'ompounds of Formula I, as well as Table A, Table B, Table C, Table 'D, Table E,
and other examples as described herein (including pharmaceutically acceptable salts thereof,
as well as enantiomers, stereoisomers, rotamers, tautomers, diastereomers, atropisomers or |
racemates thereof).

Additionally, a method of the invention includes administering to a subj ectan
effective amount of a protein kinase-modulating .compound of the invention, e.g., protein
kinase-modulating compounds of F ormula I, as well as Table A, Table B, Table C, Table D,
Table E, and other examples as described herein (including pharmaceutically acceptable salts
thefeof, as well as enantiomers, stereoisomers, rotamers, tautomers, diastereomers,

atropisomers or racemates thereof).
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The term “alkyl” includes saturated aliphafic groups, including straight-chain alkyl
groups (e.g., methyl, ethyl, pfopyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, etc.),
branched-chain alkyl groups (isopropyl, tert-butyl, isobutyl, etc.), cycloalkyl (alicyclic)
groups (cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl), alkyl substituted

cycloalkyl groups, and cycloalkyl substituted alkyl groups. The term “alkyl” also includes.

alkenyl groups and alkynyl groups. Furthermore, the expression “Cx-Cy-alkyl”, wherein.x is
1-5 and y is 2-10 indicates a particular alkyl group (straight- or branched-chain) of a -
particular range of carbons. For example, the expression C;-C;-alkyl includes, but is not
limited to, méthyl, ethyl, propyl, butyl, isopropyl, tert-butyl and isobutyl. Moredver, the term
C3_6-cyéloalkyl includes, but.is not limited to, cycldpropyl, .cyclopent'yl, and cycl(;hexy1. As

discussed below, these alkyl groups, as well as cycloalkyl groups, may be further substituted.

~ The term “halo” as used herein means halogen, and includes fluorine, chlorine,
bromine, or iodine, especially fluorine and chlorine. | )

The term alkyl f'urthef includes alkyl groups which can further include oxygen, |
nitrogen, sulfur or phosphorous atoms replacing one or more carbons of the hydroc'arbon
backbbne_. Inan e'mbodimeht, a straight chain or branched chain alkyl has 10 or fewer carbon
atoms in its backbone (e.g., C;-Cyy for straight chain, C; -Cio for branched chain); and more
preferably 6 or fewer carbons. Likewise, preferred cycloalkyls have from 4-7 carbon atoms
in their ring structure, and more preferably have. 5 or 6 carbons in the ring structure.

Moreover, alkyl (e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, eté.) include both
“unsubstituted alkyl” and “substituted alkyl”, the latter of which refers to alkyl moieties
having substituents replacing a hydrogen on one or more carbons of the hydrocarbon
backbone, whfch allow fhe molecule 'to perfqnn its intended function. |

_ The term “substituted” is intended to describe moieties having substituents replacing a
hydrogen on one or more atoms, e.g. C, O or N, of a molecule. Such substituents can
include, for example, oxo, alkyl, alkoxy, alkenyl, alkynyl, halogen, hydroxyl,
alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate,
alkylcarbonyl, arylcarbonyi, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, |
dialkylarhinocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate, phbsphonato, phosphinato,
amino (including alkyl aminb, dialkylamino, arylamino, diarylamino, and alkylarylamino),
acylamino (including alkylcarbonylamino, arylcarbonylaminé, carbamoyl and ureido),
amidino, imino, sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl,
sulfonato, sulfamoyl, sulfonémido, njtro, trifluoromethyl, éyano, azido, heterocyclyl,

alkylaryl, morpholino, phenol, benzyl, phenyl, piperizine, cyclopentane, cyclohexane,
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pyridine, SH-tetrazole, triazole, piperidine, or an aromatic or heteroaromatic moiety, and any
combination thereof. ' | ' '
Fui'ther examplés of substituents of the invehtibn, which are not intended to be
limiting, include moieties selected from straight or branched alkyl (preferably C;-Cs),
5 cycloalkyl .(preferab'ly C3-C3),. alkoxy (preferably C,-Cs), thioalkyl (preferably C,-Cg),
alkenyl (preferébly C,-Cg), alkynyl (preferably C,-Cq), heterocyclic, carbocyclic, aryl
- (e.g., phenyl), aryloxy (e.g., phenoky) aralkyl (e.g., benzyl), aryloxyalkyl
| (e. g phenyloxyalkyl), arylacetamldoyl alkylaryl, heteroaralkyl alkylcarbonyl and
_ arylcarbonyl or other such acyl group, heteroarylcarbonyl or heteroaryl group,

10 (CR’R”)O sNR’R” (e.g., -NH»), (CR’R”)o 3CN (e.g., -CN), -NO,, halogen (e.g., -F, -Cl, -Br, or
-I), (CR’R”),. 3C(halogen)3 (e.g., -CF3), (CR’R”)o.3CH(halogen),, (CR’R”),. 3CH2(halogen)
(CR’R”),. 3CONR’R” (CR’R”)o3(CNH)NR’R”, (CR’R”)¢_35(0);2NR’ R”, (CR’R”),. 3CHO
(CR’R™)30(CR’R”)3H, (CR’R™)438(0)0.3R” (e.g., -SO3H, -OSO:H), _
(CR’R”)9.30(CR’R”)o3H (e.g., -CH,OCHj and -OCH;), (CR’R”)0.3S(CR’R”)o3H (e.g., -SH

15 and -SCH3), (CR’R”)030H (e.g., -OH), '(CR"R”)0_3COR’, (CR’R”)p.3(substituted or

| unsubstitutéd phenyl), (CR’R”)O.g(Cg-Cg cyclbalkyl), (CR’R”)0-3C02R’ (e.g., -COH), or
(CR’R*)0.30R’ group, or the side chain of any naturally occurring amino acid; wherein R’
and R” are each independently hydrogen, a C,-Cs alkyl, C,-Cs alkenyl, C2-Cs alkynyi, or aryl
group. - Such substituents can include, for example, halogen, hydroxyl, alkylcarbonyloxy,

20 | aryléarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, ‘alkylcarbonyl
alkoxycarbonyl, ammocarbonyl alkylthiocarbonyl, alkoxyl, phosphate phosphonato,
phosphinato, cyano, amino (including alkyl amino, dialkylamino, arylammo diarylamino,
and alkylarylammo) acylammo (1nc1udmg alkylcarbonylamino, arylcarbonylamino,
carbambyl and ureido), amidino, imino, oxime, sulfhydryl, alkylthio, arylthio,

25  thiocarboxylate, 5ulfates, sulfonato, sulfamdyl, sulfonax_nido, nitro, trifluoromethyl, cyano,
azido,‘ heterocyélyl, or an aromatic or heteroaromatic moiety, and any combination thereof.
In certain embodiments, a carbonyl moiety (C=0) may be further derivatized with an oxime
moiety, e.g., an aldehyde moiety may be derivatized as its oxime (-C=N-OH) analog. It will
be understood by those skilled in the art that the moieties substituted on the hydrocarbon

.30 chain can .ther.nselvés be substitilted, if appropriate. Cycloalkyis can be further substitﬁted,
e.g., with the substituents described above. An “aralkyl” moiety is an alkyl substituted with
an aryl (e.g., phenylmethyl (i.e., benzyl)). | _

The. term “alkeny » includes unsaturated aliphatic groups analogous in length and

possible substitution to the alkyls described above, but which contain at least one double
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| bond.

For example, the tefr_h “alkenyl” includes straight-chain alkenyl groups (e.g., ethenyl,
propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, etc.), branched-
chain alkenyl groups, cycloal'kenyl (alicyclic) groups (cyclopropenyl, cyclepentenyl,

- cyclohexenyl, cycloheptenyl, cyclooctenyl), alkyl or alkenyl substituted cycloalkenyl groups,

and cycloalkyl or cycloalkenyl substituted alkenyl groups. The term alkenyl further includes
alkenyl groups that include exygen, nitrogen, sulfur or phosphorous atoms replacing one or
more carbons of the Hydrocarbon backbone. In certain embodiments, a 'straig_ht chain or
branched chain alkenyl group has 6 or fewer carbon atoms in its backbone (e.g., C2-C¢ for
straight chain, C3-Cg for brahehed_ chain). Likewise, cycloelkenyl groups may have from 3-8
carbon atoms in their ring structu’re, and more preferably have 5 or 6 carbons in the ring .
structure. The term C,-Cg includes alkenyl ‘groups containing 2 to 6 carbon atoms.
Mereover the term alkenyl includes both “unsubstituted alkerlyls” and “substituted
alkenyls”, the latter of which refers to alkenyl moieties hav1ng substituents replacing a
hydrogen on one or more carbons of the hydrocarbon backbone Such substituents can
include, for example, alkyl groups, alkynyl groups, halogens, hydroxyl, alkylcarbonyloxy,
arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl, |
arylcarbonyl, aikoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylthiocarbonyl, alkexyl, phosphate, phosphonato, phosphirrato, cyano, amino (including -
alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino
(including alkylcarbonylamind, arylcarbonylamino, carbamoyl and ureido), amidino, imino, -
sulfhydryl, alkjlthio arylthio, thiocarboXylate sulfates, alkylsulfinyl, sulfonato, sulfarrioyl
sulfonamido, nitro, trlﬂuoromethyl cyano a21do heterocyclyl, alkylaryl, or an aromatic or
heteroaromatic moiety. _
The term “alkynyl” includes unsaturated aliphatic groups analogous in length and

possible substitution to the alkyls described above, but which contain at least one triple bond.

~ For example,' the term “alkynyl” includes straight-chain alkynyl groups (e.g., eth&nyl,
propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl, etc.), branched-
chain alkynyl groups, and cycloalkyl or cycloalkenyl substituted alkynyl groupé. The term
alkynyl further includes alkynyl groups that include oxygen, nitrogen, sulfur or phosphorous

atoms replacing one or more carbons of the hydrocarbon backbone. In certain embodiments,

* astraight chain or branched chain alkynyl group has 6 or fewer carbon atoms in its backbone

(e.g., C2-C for straight chain, C3-C¢ for branched chain). The term C-Cy includes alkynyl

groups containing 2 to 6 carbon atoms.
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“alkynylaminocarbonyl,

Moreover, the term alkynyl includes both “unsubstituted alkynyls” and “substitute'dv
alkynyls”, the latter of which refers to alkynyl moieties having substituents replacing a .
hydrogen on one or more carbons of the hydrocarbon backbone. Such substituents can

include, for example, alkyl groups, alkynyl groups, halogens, hydroxyl, 'alkylcarbonyIOXy,

~ arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,

arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocar_bon_yl, dialkylaminocarbonyl,

 alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, amino (including

alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino
(includihg alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido), amidino, imino,
sulﬂiydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl,
Sﬁlfonamido, ni_trb, triﬂuoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or
heteroaromatic moiety. | _ _ | _

The tefm “amine” or “amino” should be understood as being broadly applied to both a
molecule, or a moiety or functional group, as generally understood in the art, and may be
primary, secondary, or tertiary. The term “amine” or “amino” includes compounds where a
nitro geﬁ atom is coValenﬂy bonded to at least one carbon, hydrogen or heteroatom. The

terms include, for ex_ample; but are not limited to, “alkylamino,” “arylamino,” “diarylamino,”

2% 66 l EEN1Y 99

alkylaminoaryl,

l” [13

“alkylarylamino, arylaminoalkyl,” “alkaminoalkyl,” “amide,” “amido,”

and “aminocarbonyl.” The term “alkyl amino” cdmpr_ises groups and compounds wherein

the nitrogen is bound to at least one additional alkyl gfoup. The term “dialkyl amino”
includes groupS wherein the nifrogen atom is bound to at least two additional alkyl groups.
The term “aryla'nﬁno” and “diarylamino” inclﬁde groups wherein the nitrogen is bound to at
least one or two aryl groupS, respectively\.' The term “alkylarylamino,” “alkylaminoaryl” or |
“arylaminoalkyl” refers to an amino group which is bound to at least one alkyl group and at

least one aryl grdup The term “alkaminoalkyl” refers to an alkyl, alkenyl, or alkynyl group

- bound to a nitrogen atom wh1ch is also bound to an alkyl group.

27 ¢

- The term “amide,” “amido” or “aminocarbonyl” includes compounds or moieties
which contain a nitrogen atom which is bound to the carbon of a carbonyl or a thiocarbonyl
group. The term includeé “alka_minocarbony ” or “alkylaminocarbonyl” groups which
include alkyl, .alkenyl, aryl or alkynyl groups'boimd to an amindgrou’p bound to a carbonyl
group. It includes arylaminocarbonyl and arylcar_bonylamiho groups which include aryl or
heteroaryl moieties bound to an amino group which is bound to the carbon of a carbonyl or

thiocarbonyl group. The ienns “alkylaminocarbonyl,” “alkenylaminocarbonyl,”

1”“ 1”“

arylaminocarbonyl,” “alkylcarbonylamino,”

54
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1-(1-{447-(1-Ethyl-propyl1)-7H-pyrrolo[2,3-d]pyrimidin-2-ylaminokphenyl}-piperidin-4-y1)- 5 ethanone
To a mixturg, gha¢Hi(dsAynino-phenyl)-piperazin-1-ylkethanone (70.5 mg, @S2wsnot)13nshs
NaOtBu(38.4 mg, 0.4 mmol) in 1,4-dioxane(0 3 mL) is added a solution of 2-

ChIoro--?-(1-ethy|-propy1)-7'H-|o,y‘r‘rolo[2,3-d pyrimidi_ne(go mg, 0.26 mmol) in 1,4- 10 dioxane(0.6 _r.n'L)
and a suspérBvisaPertanngs({alkymyg cereonyleming anrds ppirarkenslaming tars inehidydiRe mixture
is degassgsh aeliiea kARG HRIRIBRHES FHRR RMbEHERIS BRI SRNhIB.FARRy temperature,

diluted with EtOAc, and filtered through celite. The filtrate is concentrated under reduced pressure. The
crude pr&M@BHYMWkp-HPLC to give 84.9 mg of the title compound as pale white solid. 15 MS

(ESmM/z 407 (Mt dmeaRlP 1btolidd groufty HRIEAHRS thaPrsReBeR dssglber dnhrmaele 102,

using appropriate starting materials, the following compounds are obtained. HNN Ar WO
200211 45‘22‘2’%4‘%@6&?1‘6‘%@15‘ Zei9fo four heteroatoms, for example, phenyl, py_rrole, furan,

thiophene, thiazole, isoth’iéozole, imidazole, triazole, tetrazole, pyra_zble, oxazole, isoxazole,
pyridine, pyrazine, pyridazine, and pyrimidine, and the like. Furthermore, the term “aryl”
includes multicyclic afyl 'groﬁps, e.g., tricyclic, bicyclic, e.g., naphthalene, ben_zoxaiole, '
benzodioxazole, benzothiazole, benzoimidazole, benzothiophene, ,methylenedioy.(yphenyl,_ :

10 quinoline, isoquinoline, anthryl, phenanthryl, napthridine, indole, benzofuran, pu.‘rine,-. |
benzofuran, deazapurine, or indoliéine;. Those aryl groups having heteroatoms in the ring = -
structure may also be referred fo as “aryl heterocycles”, “heterocycles,” “heteroaryls” or
“heferoaroinatics.” The aromatic ring can be substituted at one or niére ring positio_ns:with :
such substituents as deScribéd above, as for example, alkyl, halogen, hydroxyl, alkoxy, _

15  alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, afyloxycarbonyloxy, carboXylate,
alkylcarbonyl, alkylaminoaéarbonyl, aralkylaminocarbonyl, alke‘nyl'amino'ca'lrbonyl,' |
alkylcarb.onyl, arylcarbonyl, aralkylcarbonyl, alkenylcarbonyl, alkoxycarbonyl,_
aminocarbonyl, alkylthiocarbonyl, phosphate, phosphonato, phosphinato, cyano, amino
(including alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino),

20  acylamino (including alkylcarbonylamino, arylcarbonylamino, carbamoyl énd uréido), '
amidino, imino, sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl,
sulfonat_o, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido,.heterocy_clyl, '
alkylaryl, or an aromatic or heteroaromatic moiety. Aryl groups can also be. fused or bridged
with alicyclic or heterocyclic rings which are not aromatic so as to form a polycycle (e.g.,

25 tetralin). B o | |

The term heteroaryl, as used herein, represents a stable monocyclic or bicyclic ring of
up to 7 atomS in each r_ing, wherein at least one ring is aromatic and contains from 1 to 4
heteroatoms selected from. the group consisting of O, N'and S. Heteroaryl groups within the
scope of this definition include but are not limited to: acridinyl, Carbazolyl, cinnolinyl,

30  quinoxalinyl, pyrrazolyl, indolyl, benzotriazolyl, furanyl, fhienyl, benzothienyl, benzofuranyl, -
quinolinyl, isoquinolinyl, oxazolyl, isoxazolyl, indolyl, pyrazinyl, pyridazinyl, pyridinyl, |
pyrimidinyl, pyrrolyl, tétrahydroquinoline. As with the definition of heterdcycle below,
“heteroaryl” is also understood to include the N-oxide deﬁvative of any nitrogen-containing

heteroaryl. In cases where the heteroaryl substituent is bicyclic'and one ring is non-aromatic
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or contains no heteroatoms, it is understood that attachment is via the aromatic ring or via the
heteroatom containing ring, respectively | _ . |

The term “heterocycle” or “heterocyclyl” as used herem is intended to mean a 5- to
10-membered aromatic or nonaromatic heterocycle containing from 1 to 4 heteroatoms
selected from the group consisting of O, N and S, and includes bicyclic groups. |
“Heterocyclyl” therefore includes the above mentioned heteroaryls, as well as dihydro and
tetrathydro analogs thereof. Further examples of “heterocyclyl” include, but are not limited -
to the.fo_llowing: benzoimidazolyl, benzofuranyl, benzcﬁirazanyl,_benzopyrazclyl,
behzotriazolyl, benzothiophenyl, benzoxazolyl, carbazolyl, carbolinyl, cinnolinyl, furanyl;
imidazolyl, indolinyl, indolyl, indolazinyl, indazolyi, isobenzofuranyl, isoindolyl,
isoquinolyl, isothiazolyl, isoxazolyl, naphthpyridinyl, oxédiazolyl, oxazolyl, oxazoline,.
isoxazoline. oxetanyl, pyranyl, pyrazinyl pyrazolyl, pyﬁdazin'yl pyridopyridinyli,
pyridazinyl, pyridyl, pyrimidyl, pyrrolyl quinazolinyl, quinolyl, quinoxalinyl,
tetrahydropyranyl tetrazolyl, tetrazolopyridyl, thiadiazolyl, thiazolyl, thienyl, trlazolyl
azetidinyl, 1,4-dioxanyl, hexahydroazepinyl, piperazinyl, piperidinyl, pyridin-2-onyl,
pyrrolidiriyi, morpholinyl, thiomorpholinyl, dihydrobenzoimidazclyl, dihydrobenzofuranyl,
dihydrobenzothiophenyl, dihydrobenzoxazolyl, dihydrofuranyl, dihydroimidazolyl,

- dihydroindolyl, dihydroisooxazolyl, dihydroisothiazolyl, dihydrooxadiazolyl,
dihydrocxazolyl, dihydropyrazinyl, dihyd_ropyrazolyl,_dihydropyridinyl, dihydropyrimidinyl,

dihydropyrrolyl, dihydroquinolinyl, dihydrotetrazolyi, dihydrothiadiazolyl, dihydrothiazolyl,
dihydrothienyl, dihydrotriazolyl, dihydroazetidinyl, methylenedioxyberizoyl, |
tetrahydrofuranyl, and tetrahydrothienyl, and N-oxides thereof. Attachment of a heterocyclyl
substituent can occur via a carbon atom or via a heteroatom. |
‘The term “acyl” includes compounds and moieties which contain the acyl radical
(CH3CO )ora carbonyl group. The term “substituted acyl” includes acyl groups where one
or more of the hydrogen atoms are replaced by for example, alkyl groups, alkynyl groups |
halogens, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl,_ alkoxyl,
phosphate, phosphonatc, phosphinato, cyano, amino (including alkyl amino, dialkylamino,
arylamino, diarylamino, and alkylarylarriino), acylamino (including alkylcarbonyiamino, |
arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulfhydryl, elkylthio, arylthio,
thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,

trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic
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moiety. |

The term “acylamino” includes moieties wherein an acyl moiety is bonded to an
‘amino group. For example, the term includes alkylcarbonylamino, arylgarbbnylé.mino, a
carbamoyl and ureido groups. '

5 o - The term “alkoxy” includes substituted and unsubstituted alkyl alkenyl and alkynyl
groups covalently linked to an oxygen atom. Examples of alkoxy groups include methoxy,
ethoxy, isopropyloxy, propoky, butoxy, and pentoxy groups and may include cyclic groilps
such as cyclopentbxy. Examples of substituted alkoxy groups include hal_ogenated alkoxy
groups. The alkoxy groups can be substituted with groups such as alkenyl, alkynyl, halogen,

10  hydroxyl, alkylcarbonyloxy, érylcarbonyloxy, alkoxycarbényloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, arylcaibonyl, alkoxycarbohyl, aminocarbonyl,

| alkylaminocarbonyl, dialkylaminocarbonyl, zﬂkylthiocaxbonyl, alkoxyl, phosphate,

phosphonéto -phosphinato, .cyano amino (including alkyl amino, diaﬂkylamino arylamino,
diarylamino, and alkylarylamlno) acylamino (including alkylcarbonylammo

15  arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulfhydryl alkylthio, arylthlo
thlocarboxylate, sulfates, alkylsulﬁnyl, sulfonato, sulfamoyl, sulfonamido, mtro, '
triﬂubromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heterQarbmatié
moieties. Exaﬁiples of halogen substituted alkoxy groups include, but are not limited to, |
fluoromethoxy, difluoromethoxy, trifluoromethoxy, chloromethbxy, dichloromethoxy,

20 trichloromefhoxy, efc. |

The term “carbonyl” or “carboxy” includes compounds and moieties which contain a

carbon connected with a double bond to an oxygen atom, and tautomeric forms thereof. |
Examples of Ihoieties that contain a 'carbonyl include aldehydes, ketones, carboxylic acids,

| amides, esters, anhydrides, efc. The term “carboxy moiety” or “carbonyl moiety” refers to

25  groups such as “alkylcarbonyl” groups wherein an alkyl group is éovalently bound to a
carbonyl group, “alkenylcarbonyl” groups wherein an alkenyl group is coValently bound to a
carbonyl grdup, “alkynylcarbonyl” groups wherein an alkynyl group is covalently bo_und toa
carbonyl group, “arylcarbbnyl”_ groups wherein an aryl group is covalently attached to the
carbonyi group. Furthermore, the term also refers to groups wherein one or more

30  heteroatoms are covalently bonded to the carbonyl moiety. For example, the term includes
moieties such as, for example, aminocarbony! moieties, (wherein a nitrogen atom is bound to _.
the carbon of the carbohyl group, e.g., an amide), aminocarbonyloxy moieties, wherein an
-oxygen and a nitfogen atom are both bond to the carbon of the carbonyl group (e.g., also

referred to as a “carbamate”). Furthermore, aminocarbonylamiho groups (e.g., ureas) are also -
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include as well as other combinationé of carbonyl groups bound to heteroatoms (e.g.;
nitrogen, oxygen, sulfur, efc. as well as carbon atoms). Furthermore, the heteroatom can be
further substituted w1th one or more alkyl, alkenyl, alkynyl aryl, aralkyl, acyl, efc. moieties.
~ The term “thiocarbonyl” or “thiocarboxy” includes compounds and moieties which
contain a carbon connected with a double bond to a sulfur atom. The term “thiocarbonyl |

moiety” includes moieties that are analogous to carbonyl moieties. For example,

- “thiocarbonyl” moieties include aminothiocarbonyl, wherein an amino group is bound to the -

-~ carbon atom of the thiocarbonyl group, furthermore other thiocarb_onyl moieties include, |

oxythiocarbonyls (oxygen bound to the carbon atom), aminothiocarbonylamino groups, elc.

The term “ether” includes compounds or moieties that contain an oxygen' bonded to
tWo different carbon atoms or heteroatoms F of example, ‘the term iricludes “alkoxyalkyl”
which refers to an alkyl, alkenyl, or alkynyl group covalently bonded to an oxygen atom that
is covalently bonded to another alkyl group.

The term “ester” includes compounds and moieties that contain a carbon or a
heteroatom bound to an oxygen atom that is bonded to the carbon of a carbonyl group. The
term “ester” includes alkoxycarboxy groups such as methoxycarbonyl, ethoxycarbonyl,

propoxycarbonyl, butoxycarbonyl, pentoxycarbonyl, etc. The alkyl, alkenyl, or alkynyl

- groups are as defined above.

The term “thioether” includes compounds and moieties which contain a sulfur atom

bonded to two different carbon or hetero atoms. Examples of thioethers include, but are not

limited to alkthioalkyls, alkthioalkenyls, and alkthioalkynyls. The term “alkthioalkylé”
include compounds with an alkyl, alkenyl, or élkynyl group bonded to a sulfur atom that is
bonded to an alkyl group. Similarly, the term “alkthioalkenyls’f and alkthioalkynyls” refer to
compounds or moieties wherein an alkyl, alkenyl, or alkynyl group is bonded to a sulfur atoin
which is coValenﬂy bonded to an alkynyl group.

The term “hydroxy” or “hydroxyl” includes groups with an -OH or —O".

' The term “halogen” includes fluorine, bromine, chlorine, iodine, etc. The terni |
“perhalogenated” generally refers to a moiety wherein all hydrogens are replaced by halogen

atoms. _ _

The tefms “polycyclyl” or “polycyclic radicai” include moieties with two or more
rings (e.g., cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in which B
two or more carbons are common to two adjoining rings, e.g., the rings are “fused rings”.
Rings that are joined through‘ non-adjacent atoms are termed “bridged” rings. Each of the

rings of the polycycle can be substituted with such substituents as described above, as for
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” example, halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, -

aryloxycarbonyloxy, carboxylate, alkylcarbonyl, alkoxycarbonyl, alkylaminoacarbonyl,
aralkylaminocarbonyl, alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, ziralkylcarbonyl,

alkenylcarbonyl, aminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate, phosphonato,

phosphinato, cyano, amino (including alkyl amino, dialkylamino, arylamino, diarylamino,

and alkylarylamino), acylamino (including alkylcarbonylamino, arylcarbonylamino,
carbamoyl and ureido), amidlno, imino, sulfhydryl, alkylthio, arylthio, thiocarboxylate, |
sulfates, alkylsulfinyl, '. sulfonato, sulfamoyl, sulfonamido, nitro, triflucromethyl, cyano,
azido, heterocyclyl, alkyl, alkylaryl or an aromatic or heteroaromatic moiety. |

The term “heteroatom” includes atoms of any element other than carbon or hydrogen

Preferred heteroatoms are n1trogen oxygen, sulfur and phosphorus.

- Additionally, the phrase any combmatlon thereof” implies that any number of the
11sted functional groups and molecules may be combined to create a larger molecular _
architecture. For example, the terms “phenyl,” “carbonyl” (or “=07), “-O-,” “~OH,” and C,;
(i.e.,-CH; and $H2CH2CH2-) can be combined to form a 3-methoxy-4-propoxybenzoic acid
substituent. It is to be understood that when combining functional groups'ar'rd molecules to
create a larger mole_cul'cir architecture, hydrogens can be removed or added, as r_e(;uired to
satisfy the valence of each atom. , |

It is to be understood that all of the compounds of the invention described above will
further include bonds between adjacent atoms and/or hydrogens as required to satisfy the -
valence of each atom. That is, bonds and/or hydrogen atoms are added to provide the
following number of total bonds to each of the following types of atoms: carbon: four bonds,
nitrogen: three bonds; oxygen: two bonds; and sulfur: two-six bonds.

It will be noted thatthe structures of some of the compounds of this invention include
asymmetric carbon atoms. It is to be understood accordingly that the isomers arising from
such asymmetry (e.g., all enantiomers, stereoisomers, rotamers, tautomers, diastereomers, or
racemates) are included within the scope of this invention. Such isomers can be obtained in
substantially pure form by classical separation techniques and by stereochemically controlled
synthesis. Furthermore, the structures and other compounds and moieties diseussed in this
application also include all tautomers thereof. Compounds deseribed herein may be obtained
through art recognized synthesis strategies.

It will also be noted that the substituents of some of the compounds of this invention
include isomeric cycl1c structures. It is to be understood accordmgly that constitutional

isomers of particular subst1tuents are included within the scope of this invention, unless
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273 1 < 245 Example 118 (2-Chloro-5-nitro-pyrimidin-4-y1)-(1-ethyl-propyl)-amine O NNH To a
solution of 2,4-dichloro-5-nitro-pyrimidine (2g, 10.31mmol) in anhydrous EtOH (20m1) is added
1-ethylpropw % m1, 11.341mmol) at OC (ice bath) under inert 10 re 1o thisis
added neat f [ggfml 15.465mmo1l). The reaction is stirred at r.t. foﬂgﬁ %égﬁga%tlon
mixture was concentrated in vacuo and the residue is dissoloved with EtOAc. The.organlc layer is
washed vishicedothe a8 afiansianpleidbcdeamNtersois singludes tattazedel Hivtetiasousification with
column chrpmatooy yr@@gaﬂd%ﬁt{g@g&lgxane) gives the desired product. 15 MS (ESI)m/z 245.1
Example 119 (2- Ch oro-5-amino-pyrimidin-4-y1)-(1-ethyl-propyl)-amine  CINH 20 WO =
20071140222PCT/US211117/1169595  To a solution of

(2-Chlorogsepjfraapyiipigipis 7%) SR DiBIRGA i A8 o) in anhydrous EtOH (50m1) is

added Tin(IT) chioride rnmol) and conceniraied HC1(1m1) at ambient temperature.
The Reaction is ﬁl“émeampwdﬁ Rithe mquenméwwhquh@@lﬂ rhaoncoleginghpnepatietracted

with Et0AG, yas hisery ith tringtier: QY& Naes O AndiesSlAIGHS! rbl{ﬂﬁléﬁxlﬁs%l’%@le crude
product. The crude is used as is. , '
1nvention are useful in the treatment of a proliferative disease, or cancer.

- A proliferative disease is mainly a tumor disease (or cancer) (and/or any metastases).
The inventive compounds are particularly useful for treating a tumor which is a breast cancer,
10 genitourlnary cancer, lung cancer, gastromtestinal cancer, epidermoid cancer, melanoma,
ovarian cancer, pancreas cancer, neuroblastoma, head and/or neck cancer or bladder cancer,
orina broader sense renal, brain or gastric cancer; in particular (a breast tumor; an
epidermoid tumor, such as an epidermoid head and/or neck tumor or a mouth tumor; a lung
tumor, for example a small cell or non-small cell lung tumor; a gastrointestinal tumor, for
,15 example, a colorectal tumor; or a genitourinary tumor, for exarhple, a prostate tumor -
| (especially, a hormone.-refractory prostate tumor); or (ii) a proliferative disease that is
refractory to the treatment with other chemotherapeutics; or (iii) a tumor that is refractory to
’ treatment with other chemotherapeutics due to multidrug res1stance |
In a broader sense of the invention, a proliferative disease may furthermore be a
20 hyperproliferative condition such as leukemias, hyperplas1as fibrosis (espec1ally pulmonary, »
but also other types of fibrosis, such as renal ﬁbros1s) angiogene51s psoriasis, atherosclerosis
and smooth muscle proliferation in the blood vessels, such as stenosis or restenosis following
angioplasty. | ‘
Where a tumor, a tumor disease, a carcinoma or a cancer are mentioned, also
25 metastasis in the original organ or tissue and/or in any other location are implied alternatively
orin addition, whatever the location of the tumor and/or metastasis. ' |
~ The inventive compound is selectively toxic or more toxic to rapidly proliferating
cells than to normal cells, particularly in human cancer cells, e.g., cancerous tumors, the
compound has signiﬁcant antiproliferative effects and promotes differentiation, e.g., cell
30  cycle arrest and apoptosis. | - |
| In other certain embodiments, compounds of the invention are useful in the treatment
of transplant rejections. Examples of transplant rejections that may be treated by the
compounds of the invention include, but are not limited to, graft versus host disease, rejection | _

related to xeno transplantation, rejection related to organ transplant, rejection related to acute
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MS(ESI)m/z 215.2 10 Example 120 2-Chloro-9-(1-ethyl-propy1)-7,9-dihydro-purin-8-one N A.-r->"--N
CIN 15To a microwave vial is added the crude (2-Chloro-5-amino-pyrimidin-4-y1)-(1-ethyl-

propyl)-ami 9mmo1l) and anhydrous DMF(15m1) followed by Cl[ﬁﬁqm‘? ) dymidazole
(1.133¢g, 6.9 rr(%no §.a§egaled vial and microwave heated at 100 C for 10 m]%n. e reé@:t%namixture is

diluted with EtOAc, washed with water, dried over Na2SO4, and 'conce_ntrateo.l in vacuo. Purification
with colurienshlathdrsgregial (Sibomograforeiron@y rrkisabymioes tapetisicadntab weeuwIS(ESI) m/z

241.1 Exy ;%,J? ?tﬁﬁn@ JAsahdipiperazin-1-ye-phenylamino]-9-( : _ _
1-ethyl-propyl)-7,9- .|hydr§5-§iuﬁr?n.-8-one 25 WO 2007/140222PCT/1JS2007/069595 By repeating the
procedures desdritstdl pilexsenrinembndingents kiorpomndsahihe inysathgn pre, 9safilirdhgurin-8-one as

a startingmalgual PG AR AU (%9@53‘5195 ot ¥R rilungfisCabd AT BlEkated by the

2-Chloro-9-(1-ethyl-propy1)-7-methy1-7,9-dihydro-purin-8-one 10 CI *~ To a solution of
2-Chforo-crpapetndsyorby inve otigm yerigs it ars mot liooted) to auteimetyng Bemore gTOMIR,(2m1) is

added mefhylindide bl AiomBdione diypNAR OXibsaMPeRi4BLigTMOL)- The reaction is

stirred under nitrogen for 1.5h. The redction 15 mixture is quenchéd with ice water and extracted with

EtOAc. THaleimenmosdapeaia.dvanolicancaia astiphorphelipif vawlies.gloampidtisraliergic
2-Chloro-gs¢l; QXWQRYQEW{YS%QH&%?’W% aRfs, TETHUEE IAF R IRsed as is. MS

(ESI)m/z 255.1 20 Exampie 23 2-[4-(4-Acety -pipg—:-razm;l;yli-phenylamino]—9-('1. -
-ethyl-proplpmerulnaenpiitis onptirlosparnsis.ciraniirou it epbibabpie malysodesrinarsshiss, By

repa@iing ghs R sedries IRes & i MsARPIRIAMAISB®immune pulmonary inflammation,
2-Chloro-9-( -etrgdllsﬁgpp 1)-7-methyl-7,9-dihydro-purin-8-one as a starting material, the desired
] , _

product is2BHtEn psameEinsHin depsadenhtipbsiesomRibso BYPIBMHRS

inflammatory eye, autoimmune thyroiditis, hypothyroidism, systemic lupus erhythematosus,’
Goodpastuie’s syndrome, Pemphigus, Receptor autoimmunities, autoinunune hemolytic
anemia, autoimmune thrombbcytopenic purpura, rhéumatoid arthritis, mixed connective

15 tissue disease, poImeositis/dermatomyositis, pernicious anemia, idiopathic Addisc)ri’s
disease, infertility, glomerulonephﬁtis, bullous pemphigoid, Sjogren’s syndrome, diabetes
millitﬁs, adrenergic drug resistance, chronic active hepatitis, primary biliary cirrhosis; |
vitiligo, vasculitis, post-MI, cardiotomy syndrorii_e, urticaria, atopic dermatitis, asthma,
inflammatory myopathies, chronic active hepatitis, primary bi.liar'y'cirrhosis and T-cell

20  mediated hypersensitivity diseases.

~ The term “use” includes any one or more of the following embodiments of the
invention, respectively: the use in the t_re’atmerit of protein kinase-associated disorders; the
use for the ma.nufacture.of pha_rmaceutical compositions for use in the treatment of these -
diseases, e.g., in the manufacture o_f a medicament; methods of use of compounds of the-

25  invention in the treatment of these diseases; pharmaceutical preparations having compounds
of the invention for the treatment of these diseases; and compounds of the invention for use in
the treatment of these diseases; as appropriate and expedient, if not stated otherwise. In
particular, diseases to be treated and are thus preferred for use of a compound of the present
invent_ioh are selected from cancer, transplant rejections, or autoimmune _diseases,'as well as |

30 those diseases that depend on the activity of protein kinases. The term “use” further includes
embodiments of compositions herein which bind to a protein kinase sufficiently to serve as |
tracers or labels, so that.when coupled to a fluor or tag, or made radioactive, can be used as a

research reagent or as a diagnostic or an imaging agent.
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To a solution of 3-pentanone (1g, 11.61mmol) in anhydrous 1,2-dichloroethane 15(45m1l) is added
allylamine(0.872m1, 11.61mmol) followed by NaBH(OACc)3 (3.44g, 16.254mmo1) at ambient

temperaturev@@goup/gﬁ{ Rjtrogen. The reaction is stirred at room temperaturg,@yﬁ]rgymo gareactlon
mixture is quenched with 1N NaOH and extracted with dichloromethane. The extract is fied over

Na2S04 and concentrated in vaccuo to allyl-(1- ethyl-propyl)-amine 20 Example 125
Ally1-(5-ttesaes-2-chloro-pyrimidin-4-y1)-(1-ehtyl-propyl)- amine To a solution of

allyl-(I-ethyl-p
5-bromo-2,4-dic o%(%/?ﬁqr:}ilﬁ %ﬁ%%%@amm(ﬁ&fﬁ?%q%% sgc{)‘lgracﬁgﬁ l{f% mln%}zéndml 15mmol)
at ambiemi¢esnyeck asing aﬁhmﬂmafmwsm&dhbmmgh@anaeﬁmm%ewmasm he residue is
purified w Y AC/Hexane) to give the desired product. MS -
(ESDrn/zdégﬁgE@grﬁgﬁ&é%@g%¥ or(fé);)‘%r 3’ 1%%8[ propy1)-5-methyl-7H-pyrrolo[2,3-d]pyrimidine CIN
To a%olution of allyl-(5-bromo-2-chloro-pyrimidin-4-y1)-(1-ehtyl-propy1)-amine 15 (2.76g, 8.7 mmol)
in anhydrleygr;)lMF Fﬁg{pa)%@gsﬁggsd 8 mol % of Pd(OAc)2 (156mg, 0.69 mmol) and 8 mol% of PPh3
(182mg, 069 mmol) an ylamine (2.4 ml, 17.3 mmol) a The reaction is stirred at 100 C overnight.
The reaction miﬁhed%m‘&mlmlwﬁéhﬁﬁlwmaﬁéﬂ tsribel eUNEIRBESSas @concentrated in

vacua Pugifigation yif EP&“‘&‘% ?&fﬂ&%@b@&&a@eﬁ‘@&%ﬂeé‘%”ﬁ)e%fﬁ%ﬂ@%aﬁ%%ed product.
20 MS (ESI) tn/z 238 2 Example 1271 -(4- {4-[7-(1-Ethyl-propy1)-5-methy1-7H-pyrrolo [2,3 _

-d]pynm|mwmm]q9ﬁéﬁwatmm9ﬁ§temmh@% -agrociated dlsorder and/or a
20OFé140&%@?9&/%Aﬁ&%ﬁ%&h@%&%@rem IR%ARRARIE hecPRERdUnRs R HThe ddmpsamPle 102,

using 2-Chloro-7-(1-ethylpropy1)-5-methyl-7H-pyrrolo[ 3 d]pyrimidine as a starting material, the
desired pPédicinEenbnmindie MOYRSH q@i%@@aamelrz inase-associated disorder in a

(2- Ch'”°s§'bé¥!&9‘i¢h¥é%ﬂfé&ﬂ@%ﬂn¥é&r@ éﬂ&%ﬂébﬂ@ﬂ&?ﬂl@tors ad ASBICHAW }ﬁ'laéffs added a
solution of (5-Bromo-2-chloro-pyrimidin-4 fofil ethyl-propyl)-amine (0.5g, 1.80 mmol) in anhydrous

toluene (Rmirpiesbibsiyporbplngss)-antheprriichlancernpdi At dhs invrmwsion pEpppReyRles ths mg,

0.036 mmgbidderigiadéprpisulg Vet intehtfod Qat iy CMRIOYIMSHRIONET LR BRIAN MiXture is
diluted with EtOAc, washed with sat. NaHCO3 a@ueous solution and water, dried over Na2S04, and

conéentrdt88 ﬁQ&BBWﬁ&FHl&%MlWE@LFﬁH ﬁﬂ??niaglﬁjt@ﬂ@}}-@@a??és(ﬁlves 0.32

g of the dgiiRfeRiaaNEénIMI TV LIS atmsan B'ﬁtﬂ@&)mpounds of the invention without

2-Chloro-7- (1 ethyl- propylz -6-methyl-7H- pyrrolo[2 3-d]pyrim dine
undue expenmenta 101n.

- The regimen of administration can affect what constltutes an effectwe amount. The
compound of the invention can be administered to the subject e1ther prior to or after the onset
20 | ofa proteln kinase-associated disorder. Further, several divided dosages, as well as staggered
dosages, can be administered da11y or sequentially, or the dose can be contlnuously infused,
or can be a bolus injection. Further, the dosages of the compound(s) of the invention can be
proportionally increased or decreased as indicatéd by the exigencies of the therapeutic or |
prophylactic situation. _ |
25 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 diseases, or pharmaceutical preparations having compounds of the
present invention for the treatment of these diseases.

30 The language ‘pharmaceutical composition” 1nc1udes preparations sultable 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 compositibn containing, for example, 0.1 to 99.5% (more préferably, 0.5 to

90%) of active ingredient in combination with a pharmaceutically acceptable carrier.
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CIN 5 In a microwave vial is added (2-Chloro-5-prop-1-ynyl-pyrimidin-4-y1)-(1-ethyl- propyl)-amine
(0.22 g, 0.92 mmol), anhydrous DMF (3m1), and Cul (53 mg, 0.27 mmol). The reaction is heated at
160 C for |h ing microwave. The reaction mixture is diluted with ioié(fjﬁ ith sat.
NaHCO3 aq%%o%@zgﬁgt%n and water, dried over 10 Na2S04, and concent-'?ate Fn%ﬁjc):at%% S\Ifa’lurification
with column chromatography (Si02, 1:4 EtOAC/Hexane) gives 43 mg of the desired product. MS
(ESlm/z 238.2. EheaphpiecI 3harbiaqentidally @ceepighlprapyerbisnetngogzegradoincludes a -
[2,3-d]py 'migm- -yiamioql.- = pinerazin-l-y1)- QRGN By SREaANG e Procedures
described In exa‘%”ll)g%g}ig%l: Sgpr%%%6%%?@7%-(3}%};@&%&1%&rﬁl\é{{t}#ﬁ%-‘%1;i-pyrrolo[£,3§d]pyrimidine
as a starthegnpratediodfithe preseutipreation fo oramels. NiBe(Estieryinehudg ligral or solid filler, -
2007114083302 THURRARTIONEREG: ExGIRI ) dfutisk ihoNemt sEmeluelbbpuiilone
[2,3-d]pyrimidin-2-y1]-(4-piperazin-1 -yl-pheny1])- amine 5By repeating the procedures described in
exaniple $UBseisaen fCmoPoc (a8 ey IPRRAYY of- Bnhedyy tomaqiherstegans anpyrintitidhedaditarting
material, e fesired RRAYet R ofianRe iMhe SealioEviing LAATatBONAL AR other inér_edients
[2-Chloro-5-(3,3-diethoxy-pro -1-ynyl)-pyr|mld|n-4-.y1]-%r-’%thyl-propyl)-amlne_ OEtOEtClI  Toa
mixture on@B@WWMWOWP)ﬂQPEQH?% e prampley o materialswhislhaand

propiolaldghydesdigthyhacsialiy32 dbbtaBl 2 BRI B RMF (Bar L isAdidaskd Rallcd &6 RH3)2(105
mg, 0.15 mmol) and Cul(28 mg, 0.15 mmol), followed by Et3 (IO.42 mL, 3 mmol). The mixture is -
degassed¥iashetimehss such psreoesiarRbARA SRiR A el o ARAES BERY NS FBENRS diluted
WithlEto%ﬂ%%&w&ﬂf@ﬂ@m@%&h%&I%@&W%llﬁl@lé@ﬁ’c%?@%eﬂ@fﬂé@&ﬂth; |

uc

concentrated under reduced pressure. The crude product is purified by column chromatography (Si02,
Et0AC: HePrtheetntn: {31208 eipisniivaueB 255998 BB ANASEBROSERRIMEAX SS1igHE RS MS

(ESI)rg/z BESMVGIT L ESRIBRI D1 3A BTGNP 61 SseHERROSN MY 811! Yok 8i NP seRBdan/diLpyrrolo [2,3-d]
rimidine 103 : ' ' . _ '
by glycols, such as propylene glycol; polyols, such as glycerin, sorbitol, mannitol and

polyethylene glycol; esters, such as ethyl oleate and ethyl laurate; agar; buffering agents, such
15  as magnesium hydfoxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic

Saline; Ringer's solution; ethyl alcohol; phosphate buffer solutions; and other non-toxié |

compaﬁble substances employed in pharmaceutical formulations. _ .

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and
magnesium stearate, a§ well as coloring agents, release agents, coating agents, sweetening,

20  flavoring and perfuming agents, preservatives and antioxidants can also be .preserllt in the
compositions. ‘

Examples of pharmaceutically acceptable antioxidants include: water soluble
antioxidants, sﬁch as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabi_sulﬁte, sodium sulfite and the liké; .oil—soluble antioxidants, such as ascorbyl palmitate,

25  butylated hydroxyaﬁisole_-(BHA), buty1ated hydroxytoluene (BHT), lecithin, propyl gallate, |
a-tocopherol, and the like; and metal chelating agents, such as citric acid, ethyle_nediamine
tetraacetic acid (EDTA_), sorbitol, tartaric acid, phosphoric acid, and the like. N
F_ormulations of the present invention include those suitable for oral, nasal, topical,
buccal, sublingual, rectal, vaginal and/or parenteral administration. The formulaﬁons may
30  conveniently be presented in unit dosage form and may be prepafed 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 ninety-nine percent of active ingrédient,'
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OEt ( OEt To a solution of
[2-Chloro-5-(3,3-diethoxy-prop-1-yny1)-pyrimidin-4-y1]-(1-ethylpropyl)-amine(326 mg, 1 rnmol) in THF
2mlis adq,gg %Wﬂﬂ?ﬁ of 1M TBAF in THF(5 mL, 5 rnmol) at ambient terpperadys6, Qg eaction

mixture is heated at 68 C for.2 hours. 5 After cooling down, the mixture is concentrated in vacuo. The
crude product is purified by column chromatography (Si02, EtOAc:Heptane=5:95 to 40:60) to give 307
mg of thepuetereblfoemdbenh Tpestesttoibms (B 8erapni Peost/prefrebiofrowa ahstat 19 per cent

1-(4-{446fp£%%19m%1_7-(1-ethyl-propyl)-‘?H-pyrrolo[Z,3-d]pyrimidin-2-yl’amino]-
phenyl}-piperazin-1-y1)-ethanone OEt A\ HNNOEt C) By repeating the procedures described in

example 102, udtethasisiof pepasagthrsgyiermplatins neeapmanepgos inciyle dhe[stap efipgiate as a
starting matg ra{@éoyﬁﬁigﬁ_sa! r&ﬁiﬂf)@gﬂc&f %h%ti}féghﬁ{? iMention QAMAmOCHHYEF 'éﬁc%éégmgll]y:,ggne or

202-[4-(4-Acetyl-piperazin-I-y1)-phenylamino]-7-(1-ethyl-propyl)-7H-pyrrolo [2,:
d]pyrimidmere assasanie inersdisnts Jocenerab shplormuls mos Aroguspaed bauseiommly and

1(4'{4'1@n@fﬁ§i\9§3ﬁﬂﬁgﬂéiﬁt@ﬁ%&hﬂf)ﬁ&y&ﬂ%ﬁiﬁ@%% fesent invention with liquid_éarriefs,
d]pyrimidin-2-ylarminof-phenyll-piperazin-1-y1)-ethanone (178 mg, 0.35 mrnal) in 1,4 dioxane (2.8 mL)
is added ordinalylividedesnliskearines: ok keHbiard therpHrBecresarneshapioheniaduste is stirred at -

ambient temperaige {or RN Nhe FReHSHAGIBIIE HiF Az e AR iR Rk, BUReHS fealten and

saturated NaHCO3 agueous solution, extracted with EtOAc. The organic layer is washed with brine,

dried Na23esilesn gacBisenttatdeblritidorerarsdysine stiruaesdivasicepsh HrseotRIaCARIUAE as a

yellqy solighoMenthS pondeA3 MY or B9 F3GIMRIE d3PsipBhsivifiRbn aqueous or non-aqueous
2-[4-(4-Acetyl-piperazin-1-y1)-phenylamino]-7-(1-ethyl-propyl)-7H- . - :
15pyr'ro|ot21,31-<§]ﬁpm%z@:mamewwé-mlmgaw IR T AR BROSF O R I oride (20
mg, 0.22 painl i ai GnktOolst el it tih Bid d5ystifigbAbdTiie MhdeIRReMpEAED IPaHN. The
mixture is quenched with saturated NaHCO3 aqueous solution, extracted with CH2C12. The organic
layer i s WHQULR, \Xﬁﬂ}i‘%ﬂ’?@, the é&%@pmpg a predetermined amount of a compound of the
present invention as an active ingredient. A compound of the present invention may also be
15  administered as a bolus, electuary or paste.
Iﬁ solid dosage forms of the invention for oral administration (capsulés, tablets, pills,
dragees, powders, granules and the like), the active ingredient is mixed with one or more
' pharmaceutically acceptable carriers, such as sodium citrate dr dicalcium phosphate, and/or
any of the following: fillers or extenders, such as Starches, lactose, sucrose, glucose,
20 | mannitol, and/or silicic acid; binders, such as, for example, carboxymethylcellulose,
alginates, gelatin, polyvinyl pyfrolidone, sucrose and/or acacia; hume'cténts, such as glycerol; '
disintegrating agehts, such as agar-agar, calcium carbonate, potatd or tapioca starch, alginic
acid, ;:ertéin silicates, and sddium carbonate; solﬁtion retarding agents, such as paraffin;
absorptiOn accelerators, such as quaternary ammonium compounds; wettihg agents, such as,
25  for examiple, cetyl alcohol and glycerol monostearate; absorbents, such as kaolin and
bentohite clay; Iubricants, such a talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof; and coloring agenté. In the
case of capsules, tablets and pills, the pharmaceutical cpmpoSitions may also comprise
‘buffering agents. Solid compdsitions of a similar type may also be employed 'as_ fillers in soft
' .30 and hardfﬁlled gelatin capsuleé using such excipients as laciosé or milk sugars, as well as
~ high molecular weight polyethylene glycols and f_he like. _
A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Cdmpressed tablets may be prepared using binder (fof example,

gelatin or hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative, disintegrant
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WO 2007/140222PCT/11S2007/069595 and concentrated under reduced pressure to give the crude
product. The crude product is purified by prep-HPLC to give 12 mg of the title compound as a bright
yellow solid f@l é 464 (M+H)+. 5 Example 137 o=
7-(1-Ethy|-p}§%§2 - IA§Q éoro-4-(4-methyl-piperazin-l-yl)-phenylainino]-5,7?((i}ﬁ/3}1dsr2c§)p037//r%68 3f2,3-d]pyri
midin-6-one ATX \r N..% NNN To a solution of 5-bromo-2,4-dichloropyrimidine (4.56 g, 20 mmol) in
ethanol (Yferiexaniieadodivm-senghpghpplatined@B-hinke@xedingtcarhd xymethigomibpipisthylamine (7

L, 40 t ambient , ' ' iS S ' for 16 h
and conom B R S T IR e 3.07
to 30:70) maghiee(s ivhws-of thtapoyydeiedigrmpaund meitighest ot pndnendiqadEheso (M-FH)1L
ISNMR (COCL3AOAMIEGE doker 1l SRSk of e Ghabble BB (oS B3 RLD. To 2
solution of tributyk(Z)-2-ethoxy-vinyl)-stannané (4.25 g, 8 8 mrnol) in CH3CN (10 mL) is added
(5-brémoxzeshsiaveptiendiuch-ps irageenytanpaiiea pelnan @rasigs anaymenficeaibe (408308 mrmol)
and Pd(PB’Ja?Q?éﬁ%%ﬁ%éQamggsoaﬂd@ﬁ%ﬂL), haRIeNEA0 éSHﬁ%ﬁE%&%tﬁél%ﬁﬁﬁE? PG ASiRuUrged

with N2, sealed in a microwave reactor and heated at 100 C for 20 min. After cooling to room

temperatiihe nhsmaseutcat tonndatingsetid hex manalserhe fesmnlatpsd 50 850 RrpYidsisleRyofatography

(5i02, Et0AHhenanfRRR it AR 6o @¥Rdient therein using, for example, I'B’dl‘_OX}éprop Imethyl
[2-Chloro-54(Z)-2-ethoxy-viny1)-pyrimidin-4-y1]-(1-ethyl-propyl)-amine LCMS: 270 ({/I+H) 25NMR

(CDC13, 9bipseAn B/ @ropemjosste paovidy thedssiged, ??%@10@951(1@)2@&]6’?(@1—0, 3.99 (g, 2H),

1-601'@-69&'3&@@'1%&%‘ evahl ol crbsthétes HineP gy (belibkiiTR AR Wik ahple, filtration
[2-chloro-54(Z)-2-ethoxy-vinyl)-pyrimidin-4-y1]-(1-ethylpropyl)- amine (1.1 g, 4.07 mmal) in EtOH (8
mL) is adEauetrBattstiagreieining ﬁilfﬁﬁ)oa%ammwm&mm@wmmé%% -
temperatyidIORHRAGHORs MR e aER A M RISTRVAUE: RSIhABmAauakahEBRIKfOr 10 mm.
After cooling to room temperature, the mixture is concentrated in vacuo to Prowde R

2-chloro- FARARRYIBRSAIRLSLY hefirs SR s psPmpationsaay atse prognathccatinerisdynte crude
product capehes Rnaes, b Bash shiusiaaomRRkdSINRa St BRAER NG rddiohtlsE OB, 924 (M-E1-1)
NMR (CDC13, 400 MHz). 6 8.87 (s, 1H), 7.%% (d, 1H), 6.69 (d, 1H), 4,.699(&1,_1H) 1.77-1.99 (m, 4H),
0.77 %, eyeleraial it ecsteandmpioref e dsitmaT s oAl igadtiedcrude, - 4.07
mmol) in xRk Fkaniplvad aniBeddingboai fddlichambient terunsy aiuleddponMNBF 10y, 12.8

mmol) was gdded to_the orange colgr solutiop. The mixture is stirred 0 C for 2.5 h, .then is
concentrefte \g{%e?aﬂlgﬁ BLve é?ﬁW‘ﬁE@EéEPé{ %E%?sh%&‘\ﬁﬂﬁrﬂrﬁ%ﬁg?%ﬁaﬂt«féﬁg’é RRRSAPLRE: Bﬂﬂé. The

organic peHist wetded wishbéa2 IO ribkaredpichtoncentrated to provide

e e R e LRI B o o
5,5-gibrorieidde phaonaddnetayiyreryiyble eelilyidis;puicedeRulsiochpysohiding-anpeasioge, - 5.3 mmol)
in acetic acid (6 mcli,) nd Ti—lF&é.erztis%%ddeg Zn dus&.@l.B? 121.@1&:09 at0 C. The mix%ure is stirred
at0C forszv_ru i then warmed upch?rOS ear%b‘éeré?glfee,lsffﬁé fOR30 AFFETHe Ml 1€ ed -
through aiped dil etiteminsely 26edith ththyttanetates, Tdretiigite isvatmeentiaiesbineracuo and the

residue is purified by flash chromatpgraph i02, EtQAc/hexane 5:95 to 40:60) to give
> chioro. 7L 4825l B SRR Ml o e R B R i ot
NIVIR (CROEBcttd benyyb Bedlidk bendykbeozimte 1pipryI66e(glyrsl), R3butyleat-glyed4dih (in, 2H),
0.84,&, 6H). .. ixture of 2-chloro-7-(1-ethyl- 1)-5.7-dihydro-pyre -dlpyrimidin-6- one
(15 2. osicutd OIUIIR e RURIE i Gl B S R R e
methylpiptetsatipdioiitial@delnglyethyRBaghyotlsand BiFaidxsters phserbitienandmpenatse. The
reaction W&é%(%? is sealed in'a microwave reactor and heated at 140 C for 30 30 min. The mixture is

t

diluted with EtOAc, washed with NaHCO3 aqueous solution and brine. The organics is dried over
Na2S04, filterecBenidesomesidibtents;Tthe eraldoppeditisins qaarifleel ibglpde pdiavarts-$RLiCato give 27 mg
of . op s . . . L

tt ts, Isify d d ts, t ) ) .
7-(1-ethyI%?o%ﬁ%gfﬂg—fﬁ?cl)l}os-l4}-’_tﬂgrfa1%thsﬁs |Sgré1r§%na- %I)}g_sp]\’é’«ﬁy %lr%%no -‘5’?“—%%?/0 |r(())r-18§rrolo[2,3-d]pyrlm|
din-8onenesfunmag\and pheserGitig: agedteM+H). WO 2007/140222PCT/US2007/069595 1H NMR

(DMSO, 400 M F@sﬁeﬁsﬁé?i%iﬁoqptéﬁhé’ 'a_lic)._tizezgnggpoju'ﬂ&s,? n‘?’a@ %;&Jﬁ'ﬂ s%s%gr{&ing agents as,
- for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,
‘microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth,

and mixtures thereof.



1H), 4.08 (m, 1H), 3.60 (s, 2H), 3.32 (m, 4H), 2.96 (m, 4H), 2.25 (s, 3H), 2.11 (m, 2H), 1.78 (m, 2H),
0.79 (t, 6H). 5 Examples 138-199 By repeating the procedures described in example 137, using

appropriate gfgring,ggsyials, the following compounds are obtained. Exanp@e/%%g%&l\éls found
(M+1) 138 395 HNAL>0 4k ..N, 1 139 382 He.ll:X --"---. "-0--

_ Formulatlons of the_ pharmaceutical compositions of the invention for rectal or Vaginal '
- administration may be presented as a suppository, yvhich may be prepared' by mixing one or

more compounds of the invention with one or more suitable nonirritating excipients ot
carriers comprising, for example, cocoa butter, polyethylene glycol, a suppository wax or a

5 salicylate, and which is solid at room temperature, but liquid at body temperature and,.
therefore, will melt in the rectum or vaginal cavity and release the active compound. |

Formulations of the present invention which are suitable for vaginal administration

also include pessaries, tampons, creams gels, pastes, foams or spray formulations containing
such carriers as are known in the art to be appropr1ate |

10 Dosage forms for the topical or transdermal administration of a compound of this
invention include powders sprays, orntments pastes, creams, lotions, gels, solutions, patches
and inhalants. The active compound may be mixed under sterile conditions with a -
pharmaceutlcally acceptable carrier, and with any preservatives, buffers, or propellants that
may be required. _

15 The ointments, pastes creams and gels may contain, in add1tron to an active
compound of this 1nventlon, exc1p1ents, such as animal and vegetable fats, oils, waxes,
parafﬁns,' starch,‘tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites,

 silicic acid, talc and zinc oxide, or mixtures thereof. |
Powders and sprays can contain, in addition to a compound of this invention,

20  excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and
polyamide powder, or mixtures of these substances. Sprays can additionally contain 3
customary propellants, such as chlorofluorohydrocarbons and volatile unsubstituted
hydrocarbons, such as butane and propane.

~ Transdermal patches have the added advantage of providing controlled delivery of a

25 compound of the present invention to the body Such dosage forms can be made by
drssolvmg or dispersing the compound in the proper medium. Absorption enhancers can also |
be used to increase the flux of the compound across the skin. The rate of such flux can be
controlled by either providing a rate controlling membrane or dispersing the active compound
in a polymer matrix or gel. -

30 _ : Ophthalmic formulations, eye ointments, powders, solutions and the like, are also
contemplated as being within the scope of this invention. .

Pharmaceutical compositions of this invention suitable for parenteral administration
comprise one or more compounds of the invention in combination with one or more

pharmaceutically acceptable sterile isotonic aqueous or nonaqueous solutions, dispersions,
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suspensions or emulsions, or sterile powders wlii'ch may be reconstituted into sterile
injectable solutions or dispéision’s just prior to use, which may contain antioxidants, buffers
bacteriostats, solutes which render the formulation isotonic W1th the blood of the 1ntended
recipient or suspending or thickenlng agents. |
Examples of suitable aqueous and nonaqueous carriers that may be employed in the
pharmaceutical compositions of the invention include water, ethanol, polyols (such as
glycerol, propylene glycol polyethylene glycol, and the like), and suitable mixtures thereof,
vegetable oils, such as olive 011 and injectable organic esters, such as ethyl oleate Proper
fluidity can be maintained for example, by the use of coating materials, such as lecithin by .
the maintenance of the required particle size in the case of dispersions, and by the use of |
surfactants. . _
These compositions may also contain adjuvants such as preservatives, wetting agents,
emulsifying agents and disnersing agents. Prevention of the action of microorganisms may
be ensured by the inclusion of various antibacterial and antifungal agents, for-example, =
paraben, chlorol)utanol, phenol sorbic acid, and the like. It may also be desirable to include
isotonic agents, such as sugérs, sodium chloride, and the like into the cornpositions. In
additi.on, prolonged absorption of the injectable pharmaceutical form may be brought-about
by the inclusion of agents that delay absorption such as aluminum monostearate and gelatin. :
In some cases, in order to prolong the effect of a drug, it is desirable to slow the
absorption of the drug from subcutaneous or intramuscular injection. This may b.e
accomplished by the use of a liquid suspension of crystalline or amorphous material having
poor water solubility. The rate of absorption of the drug then depends upon its rate of
dissolution which, -in tui'n, may depend upon crystal size and crystalline fornl. 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 polyrners include =
poly(orthoesters) and poly(anhydrides). Depot injectable formul'ations are also prepared by
entrapping the drug in liposomes or microemulsions that are compatible with body tissue.

The preparations of the present invention may be given orally, parenterally, topically,

or rectally. They are of course given by forms suitable for each administration route. For

“example, they are administered in tablets ‘or capsule form, by injection, inhalation, eye lotion,
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ointment, suppository, efc., administration by injection infusion or inhalation; tepical by
lotlon or ointment; and rectal by suppositories. Oral and/or IV admlnlstratlon is preferred
The phrases “parenteral administration” and “administered parenterally” as used
herein means modes of administration other than enteral and topieal administration, usually
5 by injecfion, and ineludes, without limitation, intravenous, intramuscular, intraarterial,
intrathecal, intracapsular intraorbital, intracardiac, intradermal, intraperitoneal, transfracheal,_ |
subcutaneous, subcuticular, intraarticular, subcapsular, subarachn01d 1ntrasp1nal and

' 1ntrastema1 injection and infusion.

bR 29 ¢,

" The phrases “systemic administration,” “administered systemically, peripheral
10 administration” and “administered peripherally” as ﬁsed herein mean the administration of a
compound, drug or other material ether than directly into the central nervous system, sueh '
that it enters the patient's system. and, thus, is subject to metabolism and other like processes,
for example, subcutaneous administration.
- These compounds may be administered to. humans and other animals for therapy by
15 any suitable route of administration, includihg orally, nasally, as by, for example, a spray,
rectally, intravaginally, parenterally, intracisternally and toplcally, as by powders, ointments
or drops, including buccally and sublingually.
- Regardless of the route of administration selected, the compounds of the present
invention, which may be used in a suitable hydrated form, and/or the pharmaceutical
20 | compositions of the present invention, are formulated into pharrhaceutically acceptable
dosage forms by conventional methods known to those of skill in the art. |
Actual dosage levels of the active i_ngredients in the pharniaceutical compositions of
this invention may be varied so as to obtain an ain_ount of the active ingredient which is
effective to achieve the desired therapeutic resp_onse for a particular patienf, composition, ahd
25  mode of administration, without being toxic to the patient. | _ |
| The selected dosage level will depend ﬁpon a variety of factors including the activity
of the particular compound of the present invention employed, or the ester, salt or arnide
thereof, the route of administration, the time of adminisﬁation, the rate of excretion of the
particular compound being employed, the duration of the treatment, other drugs, compounds
30 and/or materiéls used in combination with the pé.rticular compound employed, the age; sex,
weight, condition, general health and prior medical history of the patient being treated, and
like factors well known in the medical arts. _ | _
A physician or veterinarian having ordinary skill in the art can readily determine and

prescr_ibe the effective amount of the pharmaceutical composition required. For example, the
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physician or veterinarian could start doses of the Compounds of the invention employed in the
pharmaceutical composition" at levels lower than that required in order to achieve the desired
therapeutic effect and gradually increase the dosage until the desired effect is achieved.

In general, a suitable daily dose of a compound of the 1nventlon will be that amount of
the compound that is the lowest dose effective to produce a therapeutic effect. Such an
effective dose will generally depend upon the factors described above. Generally, intraven_ous
and subcutaneous doses of the compounds of this invention for a patient, when used for the
indicated analgesic effects, will range from about 0.0001 to about 100 mg per kilogram of
body weight per day, more preferably from about 0.01 to about 50 mg per kg pei day, and
still mor'e preferably from ahout 1.0 to about 100 mg per kg per day. An effective amount is

that amount treats a protein kinase-associated disorder.

If desired, the effective.daily dose of the active compound may be administered as
two, three, four, five, six or more sub-doses administered separately at apptopriate intervals .
throughout the day, optionally, in unit dosage forms.

While it is possible for a compound of the present invention to be admm1stered alone

it is preferable to administer the compound as a pharmaceutical compos1tion.

Synthetic Procedure

Compounds of the present invention are prepared from commonly available
compounds .using procedures known to those skilled in the art, including any one or more of
the following conditions without limitation:

Within the scope of this text, only a readily removable group that is not a constituent
of the particular desired end product of the compounds of the present invention is designated
a “protecting group,” unless the context indicates otherwise. The protection of functional
groups by such protecting groups, the protecting groups themselves, and their cleavage
reactions are described for example in standard reference works, such as e. g., Science of
Synthesis: Houben-Weyl Methods of Molecular Transformation. Georg Thieme Verlag,.
Stuttgart, Germany. 2005.-41627 pp. (URL: http://www.science-of-synthesis.com V(Electronic
Version; 48 Volumes)); J. F. W. McOmie, "Protective Groups in Organic Chemistry", _
Plenum Press, London and New York 1973, in T. W. Greene and P. G. M. Wuts, "Protective
Groups in Organic Synthesis", Third edition, Wiley, New York 1999, in "The Peptides";
Volume 3 (editors: E. Gross and J. Meienhofer), Academic Press, London and New York

1981, in "Methoden der organischen Chemie" (Methods of Organic Chemistry), Houben

Weyl, 4th edition, Volu_me 15/1, Georg Thieme Verlag, Stuttgart 1974, in H.-D. Jakubke and -
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H. Jeschkeit, "Aminosduren, Peptide Proteine" (Ammo acids, Peptides, Proteins), Verlag |
Chemie, Weinheim, Deerfield Beach, and Basel 1982, and in Jochen Lehmann, "Chemie der
Kohlenhydrate: Monosaccharide und Derivate" (Chemistry of Carbohydrates: Monosaccha-
rides and Derivatives), Georg Thieme Verlag, Stuttgart 1974. A characteristic of protecting
5 _' groups is that they can be removed readily (i.e., without the occurrence of undesired secon-
dary reactions) for example by solvolysis, reduction, photolysis or alternatively'under physio- |
. logical conditions (e.g., by enzymatic cleavage). _ '
Salts of compounds of the present invention having at least one salt-forming group
may be prepared in a manner known per se. For example, salts of compounds of the present
10  invention having acid groups may be formed, for example, by treating the compounds with
metal compounds, such as alkali metal salts of suitable organic carboxylic acids, e.g., the |
sodium salt of 2-ethylhexanoic acid, with organic alkali'metal or alkaline earth metal
compounds, s.uch as the corresponding hydroxides, carbonates or hydrogen carbonates, such
as sodium or potassium hydroxide, carbonate or hydrogen carbonate, with corresponding
15 calcium compounds or with ammonia or a suitable organic amine, stoichiometric amounts or
only a smal.l excess of the salt-forming agent preferably being used. Acid addition salts of
compounds of the present invention are obtained in customary mannef, e.g., by treating the
' compounds with an acid or a suitable anion exchange reagent. Internal salts of compounds of
the present invention containing acid and basic salt-forming groups, e.g., a free carboxy
20  group and a free amino group, may be formed, e.g., by the neutralisation of salts, such as acid
addition salts, to the 'isoelectric. point, e.g., with weak bases, or by treatment with ion'.
exchangers. | | '.
Salts can be converted in customary manner into the free compounds; metal and
ammonium salts can be converted, for example, by treatment with suitable acids, and acid
25  addition salts, for example, by treatment with a suitable basic agent.
Mixtures of isomers obtainable according to the invention can be separated in a
manner known per se into the individual isomers; diastereoisomers can be separated, for .
example, by partitioning between polyphasic solvent mrxtures, recrystallisation and/or
chromatographic separation, for example over silica gel or by, e.g., medium pressure liquid
30  chromatography over a reversed phase column, and racemates can be separated, for ex'ample,
by the formation of salts with optically pure salt-forming reagents and separation of the
mixture of diastereoisomers so obtainable, for example by means of fractlonal crystalhsatron
or by chromatography over optlcally active column materials.

Intermediates and final products can be worked up and/or purified according to
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standard methods, e.g., using chromatographic methods, distribution methods, (re-)

crystallization, and the like.

General process conditions

5 The following applies in general to all processes mentioned throughout this
| disclosure. |
The process steps to synthesize the compounds of the invention can be catried out
under reaction conditions that are known per se, including those mentioned specifically, in
the absence or, cusiomarily, in the presence of solvents or diluents, including, for example, |

10  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" Iforrh, depending on the nature of the reaction and/or R
of the reactants at reduced, normal or elevated temperature, for example in a temperature
range of from about -100 °C to about 190°C, including, for example, from 'approxiniately -

15  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 temperatufe, under atmospheric pressure or in a closed vessel, where
apprdpriate under pressure, and/or in an inert atmosphere, for example under an argon 'o.r
nitrogen atmosphere. _ _

Atall stages of the reactions, mixtures o.f isomers that are formed can be separated

20  into the individual isomers, for example diastereoisomers or enantiomers, or into any desired
mixtures of isomers, for example racemates or mixtures of diastereoisomers, for example
analogously to the methods described in Science .of Synthesis: Houben-Weyl Methods of
Molecular Tra.nsformati.on. Georg Thieme Verlag, Stuttgart, Germany. 2005.

' The solvents from which those solvents that are suitable for any particular reaction

25 may be selected inc.lude thdse_mentioried specifically or, for example, water, esters, such as
lower alkyl-lower alkanoates, for example ethyl acetate, ethers, such as ali'phatig: ethers, for
example diethyl ether, or cyclic ethers, for eXample tetrahydrofuran or dioxane, liquid
aromatic hydrocarbons, such as benzene or toluene, alcohols, such as methanol, ethanol or 1-
or 2-propanol, nitriles, such as acetonitrile, halogenated hydrocarbons, such as fnethylene |

30  chloride or chloroform, acid amides, such as dimethylformamidvé or dimethyl acetamide,
bases, such as heterocyclic nitrogen bases, for example pyridine or N-methylpyrrolidin-2-
one, carboxylic acid anhydrides, such as lower alkanoic acid anhydrides, for example acetic
-anhydride, cyclic, linear or branche_d_v hydrocarbons, such as cyclohexane, hexane or

isopentane, or mixtures of those solvents, for example aqueous solutions, unless otherwise
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indicated in the description of the prbcesses. Such solvent mixtures may also be used in
working up, for example by chromatography or parfitioning_. |

The compounds, including their salts, may also be obtained in the form of hydrates, or
their crystals may, for example, include the solvent used for crYstéllization. Different
crystalline forms may be presént.

The invention relates also to those forms of the process in which a compound

- obtainable as an intermediate at any stage of the process is used as starting material and the
* remaining process steps are carried out, or in which a s'tarting'mat_erial is formed under the

_reaction conditions or is used in the form of a derivative, for example in a protected form or

in the form of a salt, or a compound obtainable by the process according to the invention is

produced under the process conditions and processed further in situ.

Prodrugs

_ ~ This invention also encompasses pharmaceutical compositions containing, and _
rhéthods of treating protein kinase-associated di.s()rders through administering,
pharmaceutically acceptable prodrugs of éompounds of thé 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, ora 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 compdunds of the invention. The amino acid residues include but are not limited to
the 20 naturally 'oécurring amino acids commonly designated by three letter symbols and also
includes 4-hydroxyproline, ﬁydroxylysine, demosine, isodemosine, 3-methylhistidine,
norValih, beta-alanine, gamma-aminobutyric acid, citrulline h.omocysteine,v homoserine,
omnithine and methionine sulfone. Additional types of prodrugs are.also encorhpassed. For
instance, free carboxyl groups can be derivatized as amides or alkyl esters. Free hydroxy
groups may be derivatized using groups including but not limited to hemisuccinates,
phosphate esters, dimethylaminoacetates, and phosphoryloxymethyloxycarbonyls, as outlined -
in Advanced Drug Delivery Réyiews, 1996, 19, 115. Carbamate prodrugs of hydroxy and
amino groups are also included, as are carbonatev prodrugs, sulfonate esters and sulfate esters
of hydroxy groups. Derivatization of hydroxy groups as (abyloxy)meth_yl and (acyloxy)ethyl
ethers wherein the acyl group may be an alkyl ester, optionally substituted with groﬁps
including but not limited to ether, amine and carboxylic acid functionalities,.or where the acyl

grOup_is an amino acid ester as described above, are also encompassed. Prodrugs of this type
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” are described in J. Med. Chem. 1996, 39, 10. Frée amines can aiso be derivatized as amides,

sulfonamides or phosphonamides'.. All of these prodrug moieties may incorporate groups
including but not limited to ether, amine and carboxylic acid functionalities. |

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 w1th other :
agents, e.g., an additional protein kinase inhibitor that is or is not a compound of the |
invention, for treatment of a proteln kinase- assoc1ated disorder in a subject. _

By the term ¢ ‘combination” is meant e1ther 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 combmatlon partner may be administered independently at the same tlme or
separately within tlme intervals that especially allow that the combination partners show a
cooperatlve e.g., synergistic, effect, or any combination thereof. |
_ The compounds of the invention may be administered, 51multaneously_or'sequentially,
with an antiinﬂ'ammatory, antiproliferative, chemotherapeutic agent, immunosuppressant,
anti-cancer, cytotoxic ogent or kinase inhibitor other than a compound of the Formula I or salt
thereof. Further examples of agents that may be administered in combination with the
compounds of the invention include, but are not limited to, a PTK inhibitor, cyclosporin A,
CTLA4-Ig, anti.bodies selected from anti-ICAM-3, anti-IL-2 receptor, anti-CD45RB, anti-
CD2, anti-CD3, anti-CD4, anti-CD80, anti-CD86, and monoclonal antibody OKT3, agents
blocking the interaction between CD40 and gp39, fusion proteins constructed from CD40 and
gp39, inhibitors of NF-kappa B function, non-steroidal antiinflammatory drugs, steroids, gold
compounds,.antiproliferative agents, FK506, mycophenolate mofetil, cytotoxic drugs, TNF-a
inhibitors, anti-TNF antibodies or soluble TNF receptor, rapamycin, leflunimide, _
cyclooxygenase-2 inhibitors, paclitaxel, cisplatin, carboplatin, doxorubicin, carminomycin,
daunorubicin, aminopterin, methotrexate, methopterin, mitomyc'i'n C, eCteinascidin 743,
porfiromycin, 5-fluorouracil, 6-mercaptopurine, gemcitabine, cytosine arabinoside,
podophyllotoxin, etoposide, etoposide phosphate, teniposide, melphalan, vinblastine,
vincristine, leurosidine, .epothilone, vindesine, leurosine, or derivatives thereof.

The compound of the invention and any additional agent may be formulated in .

“separate dosage forms. Alternatively, to decrease the number of dosage forms administered
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to a patient, the compound of the invention and any additional agent may be formulated

- together in any combination; For example, the cornpound of the »inventitorr 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

5  different times. |
Alternatlvely, a compos1t10n of thls invention comprlses an additional agent as
 described herein. Each component may be present in individual composmons, combination -
: compositions, or in a single compositicn’ . |
Exemphf cation of the Invention .
10 The invention is further 1llustrated by the followmg examples, wh1ch should not be

construed as further hmltmg. The practlce of the present invention will employ, unless
otherwise indicated, conventional techniques of cell biology, cell culture, molecular biology,

transgenic biology, microbiology and,inimunology, which are within the skill of the art.

15 - - GENERAL SYNTHESIS METHODS
| All startmg matenals building blocks reagents, ac1ds bases, dehydrating agents
solvents, and catalysts utilized to synthesis the compounds of the present invention are either |
- commercially available or can be produced by organic synthesis methods known to one of
ordinary skill, in the art (Houben-Weyl 4th Ed. 1952, Methods of Organic Synthesis, Thieme,
20 | Volume 21). Further, the compounds Qf the present invention can be produced by organic

synthesis methods known to one of ordinary skill in the art as shown in the following

examples.

LIST OF ABBREVIATONS

BINAP (%)-(1,1’-binaphthalene-2 2 d1y1)b1s(d1phenylphosph1ne)
25 DIEA D1ethylam1ne

DIPEA Dusoproylethylamine

- DMF ‘Dimethylformamide

HPLC High pressure liquid chromatography

'HRMS - High resolution mass spectrometry
30 HBTU o O-Benzotriazol-1-yl-N,N,N' N'-tetramethyluromum hexaﬂuorophosphate
© HOBt 1-Hydroxy-1H-benzotriazol |

LC/MS Liquid chromatography / mass spectrometry

NMM N-methylmorpholine

NMP | N-methylpyrrolidine

74



0\ 426 WO 2007/140222PCT/US2007/069595 177 HNIN-NIQ 0 N/ %/ 417 178 0 ol. 455. 179
Hpili:N--X\)= 00 \-_/- 407 180 HNII, 439 181 HN 0 412 182 ii-\r HNNe---N L_--/ 407

10

15

20

25

WO 2007/140222 PCT/US2007/069595
RT ' ' room temperature
THF Tetrahydrofdran ’
Et Ethyl
NBS N-Bromosuccmlmlde
- DIAD Dnsopropyl azo dlcarboxylate
Ts Tosyl ,
TBAF Tetra-n-butylammonium fluoride
Example 1

(5-Bromo-2-chloro-pyrimidin-4;yl)-( 1 -ethyl-propyl)-arhine

il

Cl N NH

» To a solutlon of 5-Bromo-2,4- d1chloropyr1m1d1ne(4 56 g, 20 mmol) in Ethanol (¢ mL)
is added 1 Ethylpropylamme (2.6 mL, 22 mmol) and DIEA (7 mL, 40 mmol) at ambient
temperature. The reaction mixture is stirred at ambient temperature for 16 hrs, then is
concentrated in vacuo and the res1due is purified by flash chromatography (silica gel, ethyl }
acetate: hexane=3:97 to 30:70) to give (5-Bromo-2-chloro-pyrimidin-4-yl)- (l-ethyl-propyl)
amine. MS (ESDm/z 280 (M+H)". 'H NMR (CDCls, 400 MHz) 8 8.1(s, 1H), 5. 24(d 1H),
4.1(m, 1H) 1 58(m 4H), 0. 93(t 6H)

Example 2 _ ,
Tributyl-((Z)-2-ethoxy-vinyl)-stannane

Bu
\ = .
Bu—sn 0

Bu .
To a solution of Ethyl ethynyl ether (2.26 mL, 50% in hexane, 15 mmol) in toluene
(40 mL) is added Tri-n-butyl hydride (2.7 mL, 10 mmol) and AIBN (81 mg, 0.5 mmol) at
ambient temperature. The reaction mixture is heated at 100 °C for 16 hrs. After cdoling

down, the mixture is concentrated in vacuo to give tnbutyl ((Z2)- 2-ethoxy-v1nyl) stannane.

The crude product is used as is.
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Example 3 _ .
[2-Chlo_ro-5-((Z)-2-ethoxy-vinyl)-pyrimidin-4-yl]-( 1 -ethyl-pr'opyl)—aminé

ST
2

- To a solution of crude compound from example 2 (4.25g, ~75%, 8.8 mmol) in CH- -
3CN (10 mL) is added (5-Bfomo-2-chloro-pyrimidin-4-yl)-(1-ethyl-propyl)-amine 225¢,8
mmol), EtNC1 (1.33g, 8 mmol) and Pd(PPh3),Cl, (280 mg, 0.4 mmol) at ambient
.temperature. The reaction mixture is purged with N, sealed in a microwave reactor and
heated at 100 °C for 17 mins. After cooling down the mixture is concentrated in vacuo and
the residue is purified by flash chromatography (silica gel, ethyl acetate : hexane=5:95 to
40:60) to give [2-Chloro-5-((Z)-2-ethoxy-vinyl)-pyrimidin—4-yl]-(1-ethyl-propyl)-amine. MS
(ESI)m/z 270 (M+H)". lH NMR (CDCl3, 400 MHz).  8.02(s, 1H), 6. 26(& 1H), 5.46(d, 1H),
4.91(d, 1H), 4.16(m, 1H) 3.99(q, 2H), 1.60-1.69(m, 2H), 1.43-1.52(m, 2H), 1.32(t, 3H),
0.92(t, 6H).

Example 7
2-Chloro-7-(1-ethyl-propyl)-7H-pyrrolo[2,3-d]pyrimidine

2

Cl N

To a solution of [2-Chl_dro-5.-((Z)-2-ethoxy-vinyl)-pyrimidin-.4-yl]-(1 -ethylpropyl)-

~ amine(1.1g, 4.07 mmol) in EtOH (8' mL) is added concentrated HCI (0.1 mL) at ambient

temperature. The reaction mixture is sealed in a microwave reactor and heated at 100 °C for |
10 mins. After cooling down the mixture is concentrated in vacuo to provide _2-Chloro—7-(1 -
ethyl-propyl)-7H-pyrrolo[2,3-d]pyrimidine. The crude product is used asitis. The material
can be purified by flash chromatography (SiO2, EtOAc : Hexane = 1: 5) _ '
MS (ESDm/z 224 (M+H)+ 'HNMR (CDCls, 400 MHz). 5 8.87(s, 1H) 7.30(d, 1H), 6.69(d,
1H), 4.69(m, 1H), 1.77-1 99(m 4H), 0.77(t, 6H)

Example 8
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5 ,5-Dibromo-2-chloro-7-(1-ethyl-propyl)-5 ,7-dihydro-pyrrolo [2,3-d]pyrimidin-6-one

To a mixture of 2-Chloro-7-(1-éthyl_-propyl)-7H-pyrrolo[2,3-d]pyrimidine (crude, ~
4.07 mmol) in t-BuOH (7 mL) is added 2 mL of H,O at ambient temperature, then NBS (2.28
g, 12.8 mmol) is added to the orange color solution. The mixture is stirred at 28 - 30 °C for
2.5 hrs, then is concentrated and taken up in ethyl 'acet_ate, washed with NaHCO; aquéoué

solution, and brine. The organics are dried with Na,SO4, filtered and concentrated to providé N

5,5-Dibromo-2-chloro-7- (l-ethyl-propyl) 5,7- d1hydro-pyrrolo[2 3- d]pyr1m1d1n-6 -one. The -

crude product is used as it is.

MS (ESDm/z 398 (M+H)".

Example 9
2-Chloro-7- -(1- ethyl-propyl) -5,7- d1hydro—pyrrolo[2 3-d]pyrimidin-6-one

0=
ci N %

To a solution of 5,5-Dibromo-2-¢hlord-7-(l-ethyl-propyl)-S,7'-dihydro-pyrrolo[2,3-
d.]pyrimidin-6;one (crude, ~ 5.3 mmol) in ac}eti‘c acid (6 mL) and THF (4 mL) is added Zn
dust (1.37 g, 21 mmol) at 0 °C.. The mixture is stirred at 0 °C for 2 mins then heated to room
temperature, stirring for 30 mins. The mixture is filtered through celite, rinséd with ethyl |
acetate. The filtrate is concentrated in vacuo and the residue is purified by flash
chromatography (ethyl acetate : hexane=5:95 to 40: 60) to give 2-Chloro-7- (l-ethyl-propyl)
5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one.

MS (ESDm/z 240 (M+H)". 'H NMR (CDCl, 400 MHz). 3 8.17(s, 1H), 4.20(m, 1), 3.58(s,
2H), 2.10(m, 2H), 1.84(m, 2H), 0.84(t, 6H). | L

Examples 10-13 »
By repeating the procedures described in example 6-9, using appropriate starting

materials, the following compounds' are obtained.
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Structure : MS(m/z) (M+1)
N
PPN °
: o N .
cl N A 210
_ N. N
P ° o
cl N/- N 252

N '
o Z N 238
NT R :
ML
N _ : 288

Example 14.
@3 ~Amino-phenyl) -(4-1hethy1-piperazin- | -yl);methanone
~y
N
s 0 |
~ A solution of 3-aminobenzoic acid(1.51 g, 11 mmol), l-methylpiperazine(i.l mL, 10 |
mmol), EDCIHCI(2.87 g, 15 mmol) and Et;N (2.8 mL, 20 mmol) in CH,Cl,(10 mL) is
stirred at room temperature for 20 hours. Then saturated NaHCOj3 aqueous solution is added.
The aqueous layer was extracted with CH,Cl,, and the organié extracts were dried over
10 Na2304, ﬁltered_and concentrated under reduced pressure. The crude produét is purified by
column chromatography (SiOz, MeOH: CH,Cl; =0.7:99.3 to 6:93) to give_ 1.75 g of the title

compound as a yellow solid.
MS (ESDm/z 220 (M+H)"
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Liz ¢)"--- 199 11---)-0 H,Ne----N 0 422 Example 200 2-[4-(4-Acetyl-piperazin-1-y1)-phenylamino]-7-( |
-ethyl-propy1)-5,5-dimethy1-5,7-dihydropyrrolo[2,3-d]pyrimidin-6-one WO
2007/140229RS0 5900151 7/1169595 To a solution of PCT/US2007/069595
2-chloro-7-(1-ethyl-propy1)-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-one (40 mg, 0.17 mmol) in THF (1.5
rnL) is added NaH (60 % dispersion in mineral oil, 20 mg, 0.42 mmol) at 0 C. The reaction mixture is
stirred for 30 min and then cooled to O C. After the 5 addition of iodomethane (0.023 mL, 0.37 mmol)
at 0 C, thg paviplé igsstiored for 3 hr. The reaction mixture is quenched with aqueous ammonium
chloride solution_ and extract d with ethyl acetat ghe or Washed with- aquous sodium
carbonate soluti Q?Rﬁ} r 80868¥ §ﬁ ﬁ%ﬂpl téls’é\ga??@rrgl@aafﬁ YAERE The residue
is purifiecniytdtagh) ﬁky@matogr@pb}m}ﬁ&lﬁas Eié)ebadﬁae@,ne 1:10) to give 20 mg of
2-chloro-7-(1- etlr}/ ‘nggyl) 105,5-dimethyl:n. /- QW{O pyrrolo [2,3-d] pyrimidin-6-one. 11-1 NMR
(CDC13, 400 M 11 (s, 114), 4.18 (m, 1i1) 14 (m, 2H), 1.80 (m, 211), 1.42 (s, 611), 0.82 (t,
611). Toa solﬂon of 2-chloro-7-(1-ethyl-propy1)-5,5-dimethyl-5,7-dihydro-pyrrolo[2,3-
d]pyrlmldln/ﬁJ ’ g@lg mmol) in 1,4-dioxane (1 mL) and DMF (0 2 mL) are added 15
razip-1-ylkethanone2f24.5 mg, 0 11 mmol) and p-toluenesulfonic acid (17
mg, 0.089 mmo iorf mixture is sealed in a microwave reactor and heated at 140 C for 30
min. The mlxture |§ diluied with EtOAc and washed with 1N NaOH solution. The organics is dried over
Na2S04, filtered, & rfd concentrated. The residue is purified by prep -HPLC to give 30 mg of .
244-(4- acety? Nperagin-1 nylaminol-7-(1 -
20ethyl-propy1)t5, 5.dime y ,7-dihydro-pyrrof8}2,3-d]pyrimidin-6-one as a pale yellow solid. LCMS:
451 (M+H)- 11°YN f (C C13, 400 MHz). 67.95 (s, 111), 7.49 (d, 2H), 6.93 (d, 211), 6.91 (br s,
111), 4.15 (m, 1H), 3.78 (t, 2H), 3.63 (t, 2H), 3.13 (m, 4H), 2.19 (m, 2H), 2.14 (s, 3H), 1.77 (m, 2H),
251.38 (s, 611), 0)83 (t, 311). Example 201 WO 21017/140222PCTIUS2007/069595
1-(1-{447-(1'& opyl gyrrolo[2,3- -d]pyriasidin-2- -ylarnino]- phenyII piperidin-4-y1)- ethanone

To a mixture of 4-amjino-pheny1)-piperazin-1-ylkethanone (70.5 mg, 0.32 mmol) and sodlum
tert-butoxide (38 #Mg)p4 ol) in 1,4-dioxane. (0.3 mL) are added a solution of - -

2-chloro-7-(1- ethyh,pro 1)-7H-pyrrolo[2,3-d]pyrimidine (60 mg, 0.26 nunol) in 1,4-dioxane (0.6 mL),
Pd2(dba)3 (12.2 g, 0.013 mmol) and BINAP (16.6 mg, 0.026 mmol). The mixture is degassed, and
heated at 10 3 h. The ureis cooledt joom temperature, diluted with EtOAc, and filtered
through a pad ot Celite. TRe filprate is 10 concen%rated under reduced pressure. The crude product is
purified by preparative fiPLC to give 84.9 mg of
1-(1-{4-[7-(1-ethyl-prop91)-7H-pyrrolo[2,3-d]pyrimidin-2-ylaminolpheny1)- plperldln -4-yl)-ethanone as a
pale white solid. LEMS: 407.3 (M+H)+  11-1 NMR (CDC13, 400 MHz). 88.59 (s, 1H), 7.66 (d, 2H),
7.25 (br s, 1H), (d, 2 6 15(d 1H), 6.44 (d, 1H), 4.50 (m, 1H), 3.81 (t, 21-1), 3.65 (t 2H),
3.14 (m, 4H), 2. 3H)

o
O N

207

220

Example 21
N-(4-Methoxy-3-nitro-phenyl)-isonicotinamide

o ' Z N

r'd’ N ™ )
o)

o
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(m, 4H), 0.82 (t, 6H). Example 202 [7-(1-Ethyl-propy1)-7H-pyrrolo[2,3-dlpyrimidin-2-y1]-(4-piperazin- 1
-yl-phenyl)-amine 20 To a mixture of 4-(4-amino-phenyl)-piperazine-1 -carboxylic acid tert-buty!l

ester (133 MEp @S 1ere)) and sodium tert-butoxide (57.6 mg, 0.6 mmol) inplfrioxnRdéds mL) is
WO 20071140222PCT/US2007/069595 added a solution of 2-chloro-7-(1

-ethyl-propy1)-7H-pyrrolo[2,3-d]pyrimidjne (90 mg, 0.4 mmol) in 1,4-dioxane. (1,0 mL), Pd2(dba)3 (18.3
0. 0,05 ooy RIEIREAS 1250 G RO A8 e, S o MR BRI @ for 3
The mixttyelisgenalbldiilé paraure] SimiadMihpidie(nelflie wedlddraugmasbieavihe filtrate
is concentsrgteﬁn er rea(lf?;ﬁ]ﬁ%nssu e. The residtﬁlﬁ'? urified_b .flasg_ hrqrﬂ%o%ﬁpkazéSiOZ, EtOAC
Hexancr 0T R By (LD o SROES P SORYE SRR o Sy o B TN NAOH aedots

d]pyrimidiolatigkaisimddadeniié reipioazinefcarfonsitraaidaiasdmtvhgsienas fopatsarallow solid.
LCMS: 465.5 (M+H) 10To a sqlution.of 44447-(1 -ethyl-pro -/H-pyrrolo[2,3-dipyrimidin-2-ylamino]-
pher 1 TS 4 T R e 1 LS SETES Hah Bk SR THeA RS e (3 mUy i
added tridficioaitketimagiduiidrd ). yeliewesadiion mixture is stirred for 1 h and concentrated in vacuo.
The resi is-diluted with dichloromethane, washed with NaHCO3 solution, dried over Na2S04, and
concent’%‘f@d&n bﬁ&oﬁé&rﬁga on by preparative 15HPLC afforded 130 mg of ' '
[7-(1-ethyl-propy1)-7H-pyrrolo[2,3-d]pyrimidin-2-y1]-(4- piperazin-l-yl-phenye-amine as a yellowish
solid. LC S:n?{GFéaéM+l4) Examples 203 - 262 20 By repeating the procedures described in example

201 and -,_J%lng appropriate starting materials, the following compounds are obtained. Example
Stru&ureNAG-fdlonat I td)- gl y1)-Isddiotsitumi8s.2 204 --. NN 1li -\ _ No 394 WO

2007/140222_PCT/U32110z 069595
o) N
,r.f N \I .
0~ _ .
oYY
F

The same procedure is repeated as described in examplé 21 to give the title compound
as a pink solid. '
15  MS (ESDm/z 262 (M+H)".

Example 23 :
N-(3-Amino-4-floro-phenyl)-isonicotinamide

Z N )
H |
HN N ™
ISR Oa
F.

20 A mixture of 4-ﬂoro-3-nifroaniline (100 mg, 0.38 mmol) and Tin chloride(180
mg,0.95 mmol) in EtOH(1 mL) with 4 drops of concentrated HCl is heated at 80 °C for 4
hour. Then saturated NaHCO3 aqueous solution is added. The aqueous layer was extracted -
with EtOAc, and the organic extracts are washed with brine, dried over Na;SOy, filtered and
concentrated under reduced pressure. The crude product is purified by column

25  chromatography (Si02, MeOH:CH,Cl=1:99 to 10:90) to give 55.5 mg of the title compound
as ye_llow solid. | '

MS (ESDm/z 232 (M+H)"

Example 24
30 N-(3-Amino-4-methoxy-phenyl)-isonicotinamide
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The same procedure can be repeated as described in example 23 to give the title.

. compound as a pink solid.

MS (ESDm/z 244 (M+H)".

Example 25
1-(4-Nitro- phenyl)-p1per1d1n-4 -one

To a solution of 1-(4-Nitro-phenyl)-piperidin-4¥ol (100 mg, 0;45 mmol) in CH2C12(2
mL) is added Dess-Martin periodinane(286 mg, 0.675 mmol) at for 2.5 hours. The reaction is
quenched with 1N NaOH aqueous solution. The aqueous layer is extracted with CH,Cl,, and
the organic extracts are dried over NaSOq, ﬁltered and concentrated under reduced pressure
The crude product is purified by column chromatography (SlOZ EtOAc: Hexane—12 88 to
100:0) to give 84 mg of the title compound as a white solid.
MS (ESDm/z 221 (M+H)"

Example 26
1-Methyl-4-[1-(4-nitro-phenyl)-piperidin-4-yl]piperazine

O\_"Q <:>- \_/I .
o -

A mixture of 1-(4-Nitro-phenyl)-piperidin;4-one(84 mg, 0.38 mmol) and 1-
methylpiperazine(0.085 mL, 0.76 mmol) in MeOH(2 mL) is stirred at room temperature for 5
hours. Then to the reaction mixture is added 0.2 mL of HOAc, followed by NaCNBHj; (72
mg, 1.14 mmol). The mixture is stirred at Toom temperature for 0.5 hour, then concentrated.
The residue is taken up in EtOAc, washed with saturated NaHCO3 aqueous solution and
brine, dried over Na,SOy, filtered and concentrated under reduced pressure. The crude
product is puriﬁed by column chromatography (SiO2, 2N NH3 in MeOH:CH,ClL,=1:99 to
10:90) to glve 46 mg of the title compound as a yellow solid.

© MS (ESDm/z 305 (M+H)"

Example 27
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4-[4-(4-Methyl-piperazin-1-yl)-piperidin-1-yl]-phenylamine -

OO

A suspension of 1-Methyl-4-[1-(4-nitro-phenyl)-piperidin-4-yl]-piperazine (46 mg,

015 mmol) and Pd/C(10%, 8 mg) in MeOH (2 mL) is stirred at room temperathre under H-

2(balloon pressure) for 16 hours, the_n filtered through celite, washed with EtOAc,
concentrated under reduced pressure to give 42 mg of the title compound as a 1ight grey solid.

MS (ESDm/z 275 (M+H)" -

Example 28

Benzoic acid 1-(4-amino-phenyl)-piperidin-4-yl ester

RaTesve
(o]
The same procedure is repeated as described in example 23 to give the title compound

as a pink solid. -

-~ MS (ESDm/z 297(M+H)".

Examplé 29 _
3-(2-Pyrrolidin-1-yl-ethoxy)-phenylamine

NH,

QD

To a mixture of PPh; (866 mg, 3.3 mmol) in THF(6 mL) is added DIAD (0.65 mL,
3.3 mmol) at 0 °C. The suspension was stirred for 10 mihutes, then heated to room
temperature. To the mixture, 4-nitrophenol(460 mg, 3.3 mmol) and 1-(2-hydroxyethyl)-
pyrrolidine(0.26 mL,2.2 mmol) is added, and the mixture is stirred at room temperature for
16 hours, then concentrated. The residue is taken up in EtOAc, washed with 1IN NaOH
aqueous solution and brine, dried over Na2304, filtered and concentrated under reduced

pressure. The crude product is purified by column chromatography (SiO2,
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MeOH: CH2C12—1 :99 to 10: 90) to give 277mg of 1- [2- (4-N1tro-phenoxy)-ethyl]-pyrrolldlne as

a white solid.
MS (ESDmv/z 237 (M+H)"

The same procedure is repeated as described in example 27 by using 1-[2-(4-Nitro-

phenoxy)-ethyl]-pyrrolidine as a starting material to give the title compound as a yellow oil.

MS (ESDm/z 207(M+H)".

Example 30-33

By repeating the procedures described in example 29, using appropriate startirig

materials, the following compounds are obtained.

Strqcture MS(m/z) (M+1)

NH,

QL o

o AN D

SO -
o/\/

209

o/\/N\/

Example 34

(3-Nitro-phenyl)-(2-pyrrolidin-1-yl-ethyl)-amine

0. ,.07
N

QgNNO

@N@“ -
@ |

p
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» The mixture of 1-ﬂuoro-3-nitrobenzene(420 mg, 3 mmol) in DMF(1.5 mL), N-(2- _
aminoethyl)-pyrrolidine(514 mg,4.5 mmol) and Cs,CO3(977 mg, 3 mmol) is heated at 100°C
under microwave radiation for 2.5 hours, then concentrated. The mixture is diluted with =~

EtOAc, washed with saturated NaHCO; aqueous solution and brihe, dried over Na,SOy,

| ﬁl_teréd énd'concentrated under reduced pressure. The crude product is purified by column

chromatography (SiO2, MeOH:CH,Cl,=1:99 to 10:90) to givé 130 mg of the title compound .

- as a light brown oil. _
' MS (ESDm/z 236 (M+H)" -

Example 35 .
[2-(4-Methyl-piperazin-1-yl)-ethyl]-(3 -nitro-phenyl)-amihe

Os 4.0
N

oL

_ _ N/\/N\)
H .

The same prdcedure is repeated as described in example 34 to give the title cbmpound

as a yellow oil.
MS (ESDm/z 265(M+H_)+.

- Example 36

N-(2-Pyrrolidin-1 -yl-ethyl)-benzene-l ,3-diamine

NH,

Q0

The same procedure is repeated as described in example 27 to give the title compouhd
as a light brown oil.
MS (ESDm/z 206(M-+H)".

Example 37 _
N-[2-(4-Methyl-piperazin-1-yl)-ethyl]-benzene-1,3-diamine
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The same procedure is repeated as described in example 27 to give the title compound
as a light brown oil.
MS (ESDm/z 235(M+H)".

5 Example 38
1-Methyl-4-(6-nitro-pyridin-3-yl)-piperazine

A mixfure of 5-bromo-2-nifropyridine(500 mg, 2.46mmol) and 1-methylpiperazine(1
'mL) is heated at 80 °C for 2 hour. Then water is added. The aqueous layer is extracted with-
10 EtOAc, and the organic extracts were washed with brihe, dried over Na2S04, filtered and
concentrated under reduced pre_ssure. The crude product is purified by column
chromatography (Si02, MeOH:CH,C1,=0.7:99.3 to 6:93) to give 520 mg of the title
compound as yellow solid. | o |
MS (ESDm/z 223 (M+H)"
15
Example 39
1-[4-(6-Nitro-pyridin-3-yl)-piperazin-1-yl]-ethanone

Z
O .
Y
To a mixture of 5-bromo-2-nitropyridine(406 mg, 2 mmol) and 1-

20  acetylpiperazine(256 mg, 2 mmol) in toluene(5 mL) is added CsyCO3, then Pd2(dba)3(74 mg,
0.08 mmol) and BINAP(100 mg, 0.16 mmol) are added. The mixture is degassed, and heated
at 100 °C for 16 hours. Then the mixture is cooled down to room temperature, diluted with
EtOAc, and filtered through celite. The filtrate is concentratéd under reduced pressure. Thé '
crude product is p'uriﬁed by column chr._omatography (Si02, MeOH:CH,Cl,=0.7:99.3 to 6:93)

25  to give 270 mg of the title compound as yellow solid.
MS (ESDm/z 251 (M+H)"
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Example 40
5-(4-Methyl-piperazin-1-yl)-pyridin-2-ylamine

HN N
2 A

R

.230 -351.2 * Nil 2311iT -423.2 232 391.2 HNjIIN (11 ',..,"/ H 233 380.3 0

PCT/US2007/069595

The same procedure is repeated as described in example 27 to give the title compound

‘asa light brown solid.
" MS (ESDmv/z 193(M+H)".

Example 41 |

1-[4-(6-Amino-pyridin-3-yl)-piperazin-1-yl]-ethanone

HN_ _N

Y
K/"\“/

(o]

The same procedure is repeated as described in example 27 to give the title compound

as a brown solid.
- MS (ESDm/z 221(M+H)".

Example 42
1-[4-(4-Nitro-phenyl)-piperidin-1-yl]-ethanone

o ' 0
\ + .
OO
(0] .

To a solution of 4- (4-N1tro phenyl)-piperidin (206 mg, 1 mmol) in CH,Cl,(3 mL) is
added AcCl(O 106 mL, 1. Smmol) at 0 °C. Then Et;N(0.253 mL, 1.8 mmol) is added slowly. .

The mixture is stirred at 0 °C for 10 minutes. Then saturated NaHCO3 aqueous solution i is

added. The aqueous layer is extracted with CH,Cl,, and the organic extracts are dried over

Na,SO;, filtered and concentrét_ed under reduced pressure. The crude product is purified by
column chromatography (SiO,, MeOH:CH,Cl,=0.7:99.3 to 6:93) to give 273 mg of the title

| compound as yellow solid.
MS (ESDm/z 249 (M+H)"

Example 43
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1 -[4-(4-Amino-phenyl)-piperidin-1-yl]-ethanone

OO

The same procedure is repeated as described in example 27 to give the title compound

‘as a yellow solid.

MS (ESDm/z 219(M+H)".

Example 44 _
7-(1-Ethyl-propyl)-2-[3- ﬂuoro-4 -(4-methyl-piperazin-1 yl)—phenylammo]
-5,7-dihydro-pyrrolo[2,3 d]pyr1m1d1n-6 one.

To a mixture of 2-Chloro-7-(1-ethy1-propy1)-5,7-dihydr0-pyrr010[2,3-d.]pyrimidin—6- |
one (18 mg, 0.075 mmol) and TsOH (1.12 ml, 0.2 M in 1,4 dioxane) is added 3-Fluoro-4-(4-
methylpiperazinn)aniline (23.5 mg, 0.1125 mmol), and DMF (0.25 mL) at ambient |
temperature. The reaction mixture is sealed in a microwave reactor and heated at 140 °C for -
30 mins. The mixture is diluted with EtOAc washed with NaHCO; aqueous solution and
brine, dried (Na;SO4), filtered and concentrated The crude product is purified by prep-
HPLC to give 27 mg of the title compound as a brown solid.

MS (ESDm/z 413 (M+H)".

'H NMR (DMSO 400 MHz). § 9.48(s, lH) 8.09(s, 1H), 7.72(d, 1H), 7. 34(d 1H), 6. 96(t
1H), 4.08(m, 1H), 3.60(s, 2H), 2.96(s, 4H), 2.51(s, 2H), 2.10(m, 2H), 1.78(m, 2H), 0.79(t,
6H).

Examples 45-90

By rep'eating the procedures described in example 44, using appropriate starting

materials, the following compou’nds' are obtained.
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Examples 91-93
By repeating the procedures described in example 44, using appropriate starting

materials, the following compounds are obtained.
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FiN1,---Ni\ *a ..., 322.20 Example 263
1-(4-{4-[7-(3nFghulrpi9ipd)-5-methy1-7H-pyrrolo[2,3-d]pyrimidin-2-ylamincdpphemyiippinaazin-1-yl)-eth
anone WO 20071140222PCT1US2007/069595 To a solution of 3-pentanone (1g, 11.6 mmol) in
anhydrous 1,2-dichloroethane (45 mL) is added allylamine (0.872 mL, 11.6 mmol) followed by
NaBH(OAc)3 (3.44 g, 16.3 mmol) at ambienm ature. The reaction mixture is stirred at room
temperature overnight. The reaction mixture j§ queac Rith 1N NaOH and extracted with
dichloromethane. The extract is dried ovea2¥04 gnd concentrated in vacuo to give 1.27g of
allyl-(1-ethylpropyl)-amine. The crude prdduct is ys i
aIIyl (1- ethyl propyl) amine (1.27 g, 10 mmol) is

is purified with column chf%matography (Si02} EtO exane 1:5) to give 2.76 g of _
ally1-(54bromo-2-chloropyrimidin-4-y1)-(1-ehtyl- pl’Op}(l\)I-ﬁH)lne 15 LCMS: 320.0 (M+H)4. Toa
solutlodcf aty-(5 brcmc 2-chiere gyr.m.d... -y - Cég Hpropyd)-amine (2.76 g, 8 7 nunol) in

anhydrous DMF dd d(OAc)2 (156 mg, 069 mmol) apd PPh3 (182 mg, 0.69 nunol) and
triethylamine (2.4 mX-27.3 Merol) The reactign mixture is stlrred af 100C overnight. The reaction

mixture sty ' , i ef;

458
Oa |
_ | 407

Examples 94-97

By repeating the procedures described in example 44 using appropriate startlng

ambleni Lemperature Thereaction-mixtareisystie Mﬁ]ﬁ .uﬁau anchconcentrated in vacuo. The residue

5 matenals the following compounds are obtalned

Ar : MS Found
' M+H)
o 380
4\ _
N [o]
\_/
I\ 352
N o]
\_/
S\ 365
N . N—
\_/_
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20 dried over Na2S04, and concentrated in vacuo. Purification with column chromatography (Si02,
EtOAC/hexane 1:2) gives 0.95 g of 2-chloro-7-(1-ethyl-propy1)-5-methyl-714- pyrrolo[2 3-d]pyrimidine.

25propy

LCMS: 238.¢ M) Rpsspeating the procedures described in example 65, isingk 2564 HR6R94-(1- ethyl-

1)-5- methy??H -pyrrolo[2,3-d]pyrimidine as a starting material, 1-(4- {447 (1 -ethyl-

propy1)

obtained. WO 2007/142%ﬂ¢1352007/oe 9595 LCRAS: 421.2 (N
g the procedueed described in example 115, using appropr
nds are o .@’ Example Structure [MS found (M-F1) 264

repeatin
compoy

419.26 266 HN 40 N 14

5 mc\fh\/1 Z71-1 nyrrnlnf’) 3 rﬂn\/nmu'h

_Th 377.24 267 HN

2-ylaminokphenyl-piperazin-1-y1)-ethanone is

N+H) Examples 264 - 319 By
iate starting materials, the following
1110 N --.. 393.3 2651 HN 140 N

10

Example 98-99

By repeating the procedures described in example 44, using appropriate starting

materials, the following compounds are obtained.

MS Found

OO

. Ar
. 7\ 380
é—< >—N o
N/
393

Examples 100-101

By repeating the procedurés -described in example 44, 'using appropriate starting

materials, the following compounds are obtained.

MS Found
(M+H)

407
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Example 102 ‘ . . _
1-(1-{4-[ 7-(1-Ethyl-propyl)-7H-pyrrolo|2,3-d]pyrimidin-2-ylamino]-phenyl} -piperidin-4-yl)-

5  ethanone

: N
e
A
To a mixture of 1;[4-(4'-Amino-phehyl)-piperazin—1-yl]-ethanone (70.5 mg, 0.32
mmol) and NaOtBu(38.4 mg, 0.4 mmol) in 1,4-dioxane(0.3 mL) is added a solution of 2-
Chloro¥7-(1-ethyl-propyl)-?H-pyrrolo[2,3-d]pyrimidine(60 mg, 026 mmol) in 14-
10  dioxane(0.6 mL) and a suspention of sz(dba)3(12;2 mg, 0.013 mmol) and BINAP (16:6 mg,
0.026 mmol). The mixture is degassed, and heated at 100 °C fof 3 hours. Then fhe mixture is.
cooled down to room temperature, diluted with EtOAc, and ﬁ_lteréd ‘through celite. The
filtrate is concehfrated und_er reduced pressure. The crude produét is pﬁriﬁed prep-HPLC to
_ give 84.9 mg of the title compound as pale white solid.
15 MS (ESDm/z 407 (M+H)" |

Example 103-117 _ _
By repeating the procedures described in example 102, using appropriate starting:
materials, the following compounds are obtained.
20 | |
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Example 118 _ .
(2-Chloro-5-nitro-pyrimidin-4-yl)-(1-ethyl-propyl)-amine

'c,)N'\A;[N\O_'

N NH

‘To a-solution of 2,4-dichloro-5—nitro-pyrirhidine (2g, 10.31fnmol) in anhydrous EtOH

(20ml) is added 1-ethylpropylamine (1.322ml, 11.341mmol) at 0C (ice bath) under inert

10  atmosphere. To this is added neat DIPEA (2.694ml, 15.465mmol). The reaction is sfirred at
r.t. for 8hrs. The feaction mixture was concentrated in vacuo and the residue is dissoloved
with EtOAc. The organic layer is washed with sét. NaHCO; and brine, dried over Na;SO,,
and concentrated in vacuo. Purification with column chromatography (SiO2, 1:3
EtOAC/HeXane) 'gives the desired product. | |

15 MS (ESDm/z 245.1

Example 119
(2-Chloro-5 -amino-pyrimidin;él_ -yl)-(1-ethyl-propyl)-amine

NH, .
N 2
P

cl

N NH

20
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WO 2007/140222 PCT/US2007/069595

To a solution of (2-Chloro-5-nitro-pyrimidin-4-yl)-(1-ethyl-propyl)-amine (1g, _
4.087mmol) in anhydrous EtOH (50ml) is added Tin(II) chloride (2.324g, 12.2607mm_01) and
concentrated HCI (l.ml) at ambient temperature. The reaction is heated to 80 °C for 1h and B

5  quenched with IN NaOH at 0 °C. The mixture is extracted with EtOAc, washed with brine,
| dried over Na2S04, and concentrated in vacuo to give the crude product. The crude is used
as is.

MS(ESDm/z 2152 -

10  Example 120
2-Chloro-9-(1-ethyl-propyl)-7,9-dihydro-purin-8-one

15 To a microwave vial is added the crude (2-Chloro-S-amino-pyrimidin-4-y1)-(1-ethyl-
propyl)-amine (0.5g, 2.329mmol) and anhydrous DMF(15ml) followed by 1,1°-
carbonyldiimidazole (1.133g, 6.987mmol). Sealed vial and microwave heated at 100 °C for |
10 min. The reaction mixture is diluted with EtOAc, washed with water, dried over Na2$04,
and concentrated in vécuo. Puriﬁcétion with column chromatography (SiO2, 1:1

20 EtOAC/Hexane) gives the desired pfoduct.

MS(ESI) m/z 241.1

Example 121

2-[4-(4-Acetyl-piperazin-1-yl)-phenylamino]-9-(1-ethyl-propyl)-7,9-dihydro-purin-8-one
25 '
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By repeating the procedu_res described in example 44, using 2-Chloro-9-(1-ethyl-
propyl)-7,9—dihydro-purin-8-_one as a starting material, the desired product is obtained.
5 MS (ESD)4242

Example 122 » o
2-Chlero-9~( 1-ethyl jpropyl)-7-methyl-7,9-dihydr_o-purin-8-one

Peet
10 Hﬁ

- To a soldtioh of 2-Chlof0-9-(1-ethyl-propyl)-7,9-dihydro-purin—8-one (100nig, 041
mmol) in anhydrous DMF (2ml) is added methyl iodide (21 ul, 0.41 mmol) followed by NaH
(50%, 22mg, 0.4571mmol). The reaction is stirred under nitrogen for 1.5h. The reaction _
15 miXture is quenched with ice water and extracted with EtOAc. The extracts are dried over
' NaZSO4 and concentrated in vacuo to give the crude 2-Chloro-9- (l-ethyl-propyl) 7-methy1-
7.9-dihydro-purin-8-one. The crude product is used asis.
MS (ESDm/z 255.1 ’

20 Example 123

2-[4-(4-Acetyl-piperazin-1-yl) -phenylamino] -9-(1-ethyl-propyl)-7-methyl-7,9-dihydro-purin-

8-one

98
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By repeating the procedures described in example 44, using 2-Chloro-9-(1-ethyl-
5  propyl)-7-methyl-7,9- d1hydro-pur1n—8-one as a starting material, the desired product i is
obtained.
MS(ESDm/z 438.2

Exaniplé 124 _ _
10 Allyl-(1-ethyl-propyl)-amine

HN/\/

To a solution of 3—pentanone (1g, 11.61mmol) in anhydrous 1,2- dlchloroethane
15 (45ml) is added allylamme(O 872ml, 11.61mmol) followed by NaBH(OAc)3 (3.44g,

- 16.254mmol) at ambient temperature and under nitrogen. The reaction is stirred at room
temperature ovemighi The reaction mixture.is quenched with 1N NaOH and extracted with
dichloromethane. The extract is dried over Na,SO4 and concentrated in vaccuo to allyl-(1-
ethyl-propyl)- -amine

20
Example 125
Allyl- (5 bromo-2-chloro-pyrimidin-4- yl) -(1-ehtyl-propyl)-amine

99
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_ To }1 solution of allyl-(1-ethyl-propyl)-amine (10 mmol) is added anhydrous
isopropanol (50ml) and 5-bromo-2,4-dichloropyrimidine (2.979g, Smmol) followed by

- diisopropylethylamine (2.61ml, 15mmol) at ambient temperature. The reaction is stirred

overnight and concentrated in vacuo. The residue is puriﬁed with column chromatography
(Si02, 1:5 EtOAC/Hexane) to give the desired product.-
MS (ESDm/z 320.0

. Example 126

2-Chlbro-7-(1-ethyl-propyl)-S-m_ethyl-7H-pyrrolo[2,3-d]pyrimidine

M

To a solution of allyl-(S-bromo-2-chloro-pyriﬁ1_idiri—4-yl)-(1-ehtyl-propyl)-amine
(2.76g, 8.7 mmol) in anhydrous DMF (15ml) was added 8 mol % of Pd(OAc)2 (156mg, 0.69
mmol) and 8 mol% of PPh3 (182mg, 0.69 mmol) and triethylamine (2.4 ml, 17.3 mmol)a
The reaction is stirred at 100 °C ovemlght The reaction mixture is diluted with EtOAc,

washed with water, dried over Na2S04, and concentrated in vacuo. Purification with column

~ chromatography (SiO2, 1:2 EtOAC/Hexane) gives the desired product.

MS (ESI) m/z 238.2

‘Example 127
1-(4-{4- [7 (1-Ethyl-propyl)- 5-methy1 7H-pyrrolo[2,3- d]pyr1m1d1n-2-ylammo] phenyl}

piperazin-1-yl)-ethanone

100
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286.31 309 W 2007/140222 PCT/US2007/069595

O

By repeating the procedures described in example 102, using 2-Chloro-7-(1-ethyl-
- propyl)-5-methyl-7H-pyrrolo[2,3-d]pyrimidine as a starting material, the desired product is
5  obtained. _ |
~ MS (ESDm/z 421.2

Example 128 :
(2-Chloro-5-prop-1-ynyl-pyrimidin-4-yl)-(1-ethyl-propyl)-amine
10 |

To a microwave vial is added a solution of (5-Bromo-2-chloro-pyrimidin-4-yl)-(1-
ethyl-propyl)-amine (0.5g, 1.80 mmol) in anhydrous toluene (10ml), tributyl(1-propynyl)-tin
15 (1.1 ml, 3.6 mmol) and 2 mol% of Pd(PPh3)4 (41.5 mg, 0.036 mmol). The reaction is heated
at 120 °C for 1hr by employing microwave. The reaction mixture is diluted with EtOAc,
washed with sat. NaHCOj; aqueous solution and water, dried over Na;SOj, and concentrated
in vacuo. Purification with column chromatography (Si02, 1:5 EtOAC/Hexane) gives 0.32 g
of the desired product. '
20 MS(ESDm/z 238.2
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.1.", 308.03 310 HNN 364.2 HO 311 NHN)1,. 336.2312 N'N-"A..HN 0359.2 313 NNO
392.25

WO 2007/140222 PCT/US2007/069595

Example 129 _
2-Chloro-7-(1-ethyl-propyl)-6-methyl-7H-pyrrolo[2,3-d]pyrimidine

- In amicrowave vial is added (2-Chloro-5-prop-1-ynyl-pyrimidin-4-yl)-(1-ethyl-
propyl)-amine (0.22 g?'0,92 minol)_, anhydrous DMF (3ml), and Cul (53 mg, 0.27 mmol).
The reaction is heated at 160 °C for 1hr by employing microwave. The reaction mixture is v
diluted with EtOAc, washed with sat.. NaHCO3 aqueous solution and water, dried over
10 _' NaZSO4, and concentrated in'vacuo.. Purification with column chromatography (SiO,, 1:4
EtOAC/Hexane) gives 43 mg of the desired product. |
MS (ESDm/z 238.2.

Example 130 _ .
15  1-(4-{4- [7-_( 1-Ethyl-propyl)-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino]-phenyl } -

piperazin-1-yl)-ethanone

20 By repeating the procedures described in example 102, using 2-Chloro-7-(1-ethyl-
propyl)-6-methyl-7H-pyrrolo[2,3-d]pyrimidine as a starting niaterial,vthe desired product is
obtained. o
MS (ESDm/z 421.4
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WO 2007/140222PCT/1JS2007/069595 314 N"... HNN 1401 N 391.26 315 N ""e N OOH 408.24 316
N.N.. 5&M HN 407.26 317 N \il, ..., HNNN N I'LI t (---; HN......", 408.25 318 N | HN..e. N OH 0 409.23

319 WO 2007/140222 PCT/US2007/069595

| Example 131 _
[7-(1-Ethyl-propyl)-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-yl]-(4-piperazin-1-yl-phenyl)- .

amine

N.\'\'

5 By repeating the procedures described in example 102, using 2-Chlor(_)-7-_(1-ethyl- ._
propyl)-6-methyl-7H-pyrrolo[2,3-d|pyrimidine as a starting material, .the desired prod_uét is
obtained. o ' ' |
MS (ESDm/z 379.1

10 Example 132 _ . _
[2-Chloro-5-(3,3-diethoxy-prop-1-ynyl)-pyrimidin-4-yl]-( 1-ethyl-propyl)-amine
- OFEt : . '

4 OEt

To a mixture of (5-Bromo-2-chloro-pyrimidin-4-yl)-(1-ethyl-propyl)-amine (420 mg,

1.5 mmol) and propiolaldehyde diethyl acetal(0.32 mL, 2.25 mmol) in DMF (6 mL) is added
15  PdCI(PPh;3),(105 mg, 0.15 mi_nol) and Cul(28 mg, 0.15 mmol), followed by Et3N(0.42 mL, 3

mmol). The mixture is degassed and heated at 55 °C for 16 h. Then the miXture is cooled

down to room temperature, diluted with EtOAc, washéd with water and brine. The organic

layer is dried (N a;S0y), filtered and concentrated under reduced pressure. The crude product

is purified by columh chiomatography (Si02, EtOAc:Heptane=5:95 to 40:60) to give 182 mg
20  of the title compound as a light brown oil.

MS (ESDmv/z 326 (M+H)" |

: Example 133 ‘
2-Chlor0-6-diethoxymethyl-7-(1-ethyl-propyl)-?H-pyrrolo[2,3-d]pyrimidine

103



NI ----L--y-Di) 0....'"N 14 406.3 Example 320 WO 2007/140222PCTRIS211117/1169595
(5-Methyl-7-pyridin-2-y1-7H-pyrrolo [2,3-d]pyrimidin-2-y1)-(5-piperazin-l-yl-pyridin-2-y1)- amine A
solution of {glyameraddichloropyrimidine (5.0 g, 22 mmol), allylamine (1.9&#ksZfAopaxal), and
diisopropylethylamine (5.6 inl." 33 0 mtnol) are stirred in ethanol (100 mL) at 50 C overnight. The
solvent is removed in vacuo and the residue is partitioned between ethyl acetate and saturated
agueous amgTomns hlorjd& solution. The organic layer is washed with brine, dried over anhydrous
sodium sulfale api_evaporgted to provide Allyl-(5-brorno-2- 10chloro-pyrimidin-4-y1)-amine as a
white cryStallin®’solid (89%), which is used without further purification. A mixture of '
Ally1-(5-bromo-2- -pyrimidin-4-y1)-amine (1 g, 4 nunol), palladium(ll).acetate, (90 mg, 0.40
mtnol), triphenylphosphjne (211 mg, 0.80 mmol) and triethylamine (1.1 mL, 8.0 mmol) in DMF (10 mL)
is heated at 100 C overnight. After 15cooling to room temperature the reaction mixture is diluted with
ethyl acetate anbovaasihatdbwiohi [2-GbloforS @BoirdiethtrapeispdiiguyhrpwrirodsMad$H(49thyld the solvent
is evaporated.. The .cr rodyct is gurifi ?y lagh chr tography ( [ lutio
OGRS e SR P S BT P S e s

a white suoild @m%pl_)zmmbictmeenmr@tmeromermbny‘dnmmywdmmdﬂpwr?ﬁoﬁnez(aolmg, 048
e ZANETORIAINS 1R nol, RORRSH 0B (2 Q08 MDY (2020

23.84 nunol), and tr; aminocyclohexane mg, 0.48 mmo ) is stirred
at 90 C fephusmebrovftatograpihyy 50023 oQéopiaptane=theréadlisd ntixgive 39 digaef thithtitdthyl acetate
and Was'l%ﬂqe’éﬁh@ﬁ?%-cli{b? ggggﬁic phase is dried (anhydrous 25Na2S04) and the solvent is
evaporated. The crude prodluct IS purified by flash chromatography (gradient elution ethyl -
acetate: MSGBS DY 23264MbiHBilicagel to afford 2- Chloro-5-methy1-7-pyridin-2-y1-711
-pyrrolo[2,3-d]pyrimidine as a white solid (55%). WO 2007/140222PCT/1JS2007/069595 A
mixture of 2-Chloro-5-methyl-7-pyridin-2-y1-7H-pyrrolo[2,3-d]pyrimidine (15 mg, 0.06 nunol),
4-(@mikxpppdert 3y 1)-piperazine-1 -carboxylic acid tert-butyl ester (20.5 mg, 0.075mmol),
Pd2(dba) _(I._ Nd.19; },_I_ A . 0;0( A ' Hhuigxide {8.84 mg,
0002 o) ol ) ey BBt & Parn o B R < Too
for 2.5 h.phfeylddipgegeanrdomh-gthapensture the reaction mixture is diluted with ethyl acetate and
washed with Q iQe. The @xganic phase is dried (anhydrous Na2S04) and the solvent is evaporated.
The crude pg@u t it gglved in'DCM (2 mL) and TFA (0.5 ml was added). The solution is stirred at
room temp#ratiire. [The reaction mixture is diluted with ethyl acetate and washed with brine. The
organic p is @riey (anhydrous 10 Na2S04) and the solvent is evaporated. The crude product is
purified b c to afford (5- Methyl-7-pyridin-2 -y1-7H-pyrro lo [2,3-d]pyrimidin-2 o
-y1)-(5-pipatazin-l-yl-pyridin-2-y1)- amine as a pale yellow solid (27%, two steps),IHNMR (400 MHz,
DM50-d6§§0-8.81 (m, 211), 8.51 (s, 1H), 8.12 (d, J= 5.0 Hz, 111), 8.0-8.11(m, 1H), 8.0 (d, J=2.9
Hz, 111), 7°90 (s, 1H), 7:49 (d, J = 2.4 Hz, 111), 7.32 (d, J = 2.4 Hz, 1H), 3.04-3.06 (m, 411),
(2.86-2.8 , 15411), 2.32 (s, 311). MS (ESI) m/z 387.09 [M+H]t.

By repeating the procedures described in example 102, using -Chloro-6-
15  diethoxymethyl-7-(1-ethyl-propyl)-7H-pyrrolo[2,3-d]pyrimidine as a starting material, the
desired product is obtained. |
MS (ESDm/z 509_(M+H)+

Example 135

20 2-[4-(4-Acetyl-piperazin-1-yl)-phenylamino]-7-(1-ethyl-propyl)-7H-pyrrolo[2,3-
d]pyrimidine-6-carbaldehyde '
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Examples 321 - 325 By repeating the procedure described in example 320, using
2-Chloro-5-methyl1-7Hpyrrolo[2,3-d] pyrimidine and appropriate starting materials, the following
compoundsgsAerayed. Example Structure MS found (M+1) 321 HN ANNyNd70gess3 LN\;,,.C]
EN) N H 393.16 322 A 140 386.11 WO 2007/140222PCT/USZOO7/069595 323N"-.ITHN1INONH
393.03 324 376.04 FINNN

Beasd
M

(o}

.To a solution 1-(44{4-[6-Diethoxy1i1ethyl-7.-(1-ethyl-ptopyl)-? H-pyrrolo[2,3- .

d]pyrimidin-2-ylamino]-phenyl}-piperazin-1-yl)-ethanone (178 mg, 0.35 ‘mmol) in 1,4

“dioxane (2.8 mL) is added 08 mL of concerlltrated' HCI at ambient temperature. The rea’cfiori

5  mixture is stirred at ambient temperature for 30 mins. The mixture i_s. neutralized wifh IN

NaOH aqueous so'lution' and sa_turated.NaHCO3 aqueous solution, extracted with EtOAc. The
organic layer is washed with brine, dried Na,SO,, and concentrated under reduced pressﬁre to
give 160 mg of the title compound asa y¢110w solid. .

MS (ESDm/z 435 (M+H)", | |

10

Example 136 -
N,.mOMe

B
N

y

A mixture of 2-[4-(4-A¢etyl-piperazin-1-yl)-phenylamino]-7-(1-ethyl-propyl)—?H-
15  pyrrolo[2,3-d]pyrimidine-6-carbaldehyde (25 mg, 0.057 mmol), methoxylamine |
hydrochloride (20 mg, 0.22 mmol) and 6N HCI (0.03 mL) in EtOH(1 mL) is stirred at
ambient temperature for 6h. The mixture is quenched with saturated NaHCO; aqueous

_solution, extracted with CH,Cl,. The organic layer is washed with brine, dried over Na;SQOyq,



NN 325 366 NIXp--- r.NN N:511")---tiH.,..Ncj C")1 Example 326
1-[7-cyclopentyl-2-(4-piperazin-1-yl-phenylamino)-71-1-pyrrolo[2,3-d]pyrimidin-5-y1]- ethanone 5

2-chloro-7- % en NH 57H-pyrrolo[2,3-d]pyrimidine is prepared from cyclgreniid aipine ar’d
5-bromo-2, ropyrlmldlne using a method similar to that for the preparation of 2-

chloro-7-(1-ethyl-propy1)-7H-pyrrolo[2,3-d]pyrimidin 1ﬁ%\)/en in example 1. To a saolution of

aluminiufRE RSISABUAEE PRYSLIE4 A5 BIF S dedtyiccth AES PIadhcts 016 FAdsIPTRMES romethane

(2 mL) ispasidied BycsHepHPICYalopiRaty2 i bPiHelaRcdm pydmiciner g lyengwlselrainol) in
dichloromethane (5 fiﬁ) a\%p ise. After 20 minutes saturated aqueous sodium bicarbonate is added
to pH9- 154%%%(@% 1) tracted with dichloromethane. The organic phase is dried, anhydrous
Na2S04 and concentrated to obtain

1-(2- Chlo%§ 0-7- c% gg enty1l-7H-pyrrolo[2,3- d]pyrlmldln -5-y1)- -ethanone (255mg, 97%) as an off-white
am ph %). 1H-NMR and LCMS .

147- cycloqenmyi’-ﬁﬂypym)enagsrﬂildrbmwyﬂammqﬁﬂdrhmmmm@mﬂmd]ms' &ikﬁdb@none is
preapared froglg 2-Chlorq-7-c §clo enty1-711-pyrrolo[2,3-d]pyrimidin-5-y1)- ethanone and
4-(4-AtniROPh HarHe-9- & hoxylic acid tert-buty! ester using a method similar to that for the

preparation of 202. [M+H+] 405.2.
AL,
: HN” N N .

Jela
N
ETJ
To a solution of 5-bromo-2,4-dichloropyrimidine (4.56 g, 20 mmol) in ethanol (9 th) is
‘10~ added l-ethylpropylamine (2.6 mL, 22 mmol) and N,N-diisopropylethylamine (7'mL, 40
mmol) at ambient tefnperature. The reaction mixture is stirred at ambient temperature for 1’6
" h and concentrated in vacuo. The residue is purified by flash chromatography (SiO,,
EtOAc/hexane 3:97 to 30:70) to give (5-bromo-2-chloro-pyrimidin-4-yl)-(1-ethyl-propyl)-
~ amine. LCMS: 280 (M+H)" | |
15 'H NMR (CDCl;, 400 MHz) 8 8.1 (s 1H), 5.24 (d, 1H), 4.1 (m, 1H), 1.58 (m 4H) 0.93 (t,
B 6H). v _
To a solution of tributyl.-((Z)-Z-ethoxy-vinyl)-stannane (4.25 g, 8.8 mmol) in CH;CN .
(10 mL) is added (5-bromo-2-chloro-pyrimidin-4-yl)-(1-ethyl-propyl)-amine (2.25 g, 8
mmol), Et;NCI (1.33g, 8 ml.nol). and Pd(P'Ph3)2C12 (280 mg, 0.4 mmol) at ambient
20  temperature. The reaction mixture is purged with Nj, sealed in a microwave reacfor and
heated at 100 °C for 20 min. After cooling to room temperature, the mixture is concentrated
in vacuo and the residue is purified by flash chromatography (SiO,, EtOAc/hexane 5:95 to
40:60) to give [2-Chloro-5-((Z)-2-ethoxy-vinyl)-pyrimidin-4-yl]-(1-ethyl-propyl)-amine.
LCMS: 270 (M+H) - | | |
25  'HNMR (CDCl;, 400 MHz). 5 8.02 (s, 1H), 6.26 (d, 1H), 5.46 (d, 1H), 4.91 (d, 1H), 4.16 (m,
1H), 3.99 (q, 2H), 1.60-1.69 (m, 2H), 1.43-1.52 (m, 2H), 1.32 (t, 3H), 0.92 (t, 6H)

To a solution of [2-chloro-5- -((Z)- 2-ethoxy-v1nyl) pyrimidin-4-yl]-(1- ethylpropyl)-'
amine (1.1 g, 4.07 mmol) in EtOH (8 mL) is added concentrated HCI (0.1 mL) at ambient
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10 Example 327 (7-Cyclopenty1-5-isopropyl-7H-pyrrolo [2,3 -d]pyritnidin-2-y1)-(5 -piperazin-1 -yl-pyri
din-2- yl1)-amine 15 2-Chloro-7-cyclopentyl-5-isopropyl-7H-pyrrolo[2,3-d]pyrimidine is prepared from

2-chloro7-(Gye) o6 Me24H-pyrrolo[2,3-d]pyrimidine and 2-chloropropane UgiRgh#higihgsksimilar to
that for the preparation of 1-(2-Chloro-7-cyclopenty1-7H-pyrrolo[2,3-d]pyrimidin-5-y1)- 20 ethanone
given-in Example 325, . . . L. o ,
(7-CyclofERpaasUSopldisyeastiopy RS i aflrthimmsre ey soipriesiAnd. Doyl -5001 Faltfine is
prepared foomir- GO dofiyZ 25 @06 RrifRpAaRY L InfysiRiof2 comdipyaeitineaiie to provide
4-(6-Amino-pyridin-3-y1)-piperazine-1-carboxylic acid tert-hutyl ester using a method similar to that for
the prepataBATBT ENAFRLBIOPY Haf-PYOB! ok So B NN RG & ide RERdtel i vegd agubys:
20?\7/'1402885’162[&;;}?&’&1%&9&959;&{?%8 %3]%@5 %hr&iﬁﬁfﬁ]gi(@pﬁ?QS[m,lEltOfAcr/]Hexar;e 1:5).
-Ethyl-propy1)-6-methy1-7H-pyrrolo [2,3-d]pyrimidin-2-y1]-(4-piperazin-l-yl-pheny1)- amine A HNNN
To a%icrﬁg\‘/ﬁ% ot fM’fdﬂ%d a solution of (5-bromo-2-chloro-pyrimidin-4-y1)-(1- ethyl-propyl)-amine

(0.5 g, 1.8 mmR)(OBORYdvRUSIIPYER 8 E7X i Kraty dd 1 1pIRRB/6Y L, M) 1 4.69lan3. B0 Bl
Pd(PPh3)4 (41.5 mg, 0 036 nunol). The reaction mixture is heated at 120 C for 1 h by employing
microwave 2B 8ERiB i@k is diluted with EtOAc, 10 washed with NaHCO3 aqueous solution and

water, dried overrbla2zfdurhecongestisatad anagiepirricayenwith ralpmadisnaadapby (Sioz,
EtOAC/hexane 1:5) gave 0.32 g of (2-chloro-5-prop-1 -ynyl -pyrimidin-4-y1)-(1 -ethyl-propyl)-amine
LOMS: 2353 () ¥o oBHFb HaRA A e A - BRSPS TR ASPINBS ethy -
15 prepylzersige 198 2hendl)A<ainaddbd 36 iyl iabisge WiTor3sokuti e d Thiel it ing iPsd fredraoko Toe

reaction is heated at 16Q C for 1 h by employing microwave. The reaction mixture is diluted with

EtoAc, waShéd Wit IRHRconcspiast 2ud itish Undnsiist agriatrovashed e NaHE Oa AGBRMES ed in
vacuo. PudfigadionandtbreednThe brgmadasiriviy i6Sifed B S dikds Dues dbhdsateled to

2T Y s T P kR Iy S IR, -pyrrolof2,3-dpyrimidin-6-one.
The crude product is uséd as it is. : " . '
15 LCMS: 398 (M+H)".

TQ a solution of 5,5-dibr0mo-2-chloro-7-(1—ethyl-propyl)-S,7-dihydr6-pYn616[2,3-
d]pyrimidin-6-one (crud_e, ~ 5.3 mmol) in acetic acid (6 fnL) and THF (4 mL) is addé_d Zn
dust (1.37 g, 21 mmol) at 0 °C. The mixture is stirred at 0 °Cfor 2 min then warmed up to
room temperature, stirred for 30 min. The mixture is filtered through a pad of Celite, rinsed

20  with ethyl acetate. The filtrate is concentrated in vacuo and the residue is purified by flash
chromatography (SiO,, EtOAc/hexane 5:95 to 40:60) to give 2-chloro-7-(1-ethyl-propyl)-5,7-
dihydrofpyrrol_o [2,3-d]pyrimidin-6-one. ' |
LCMS: 240 (M+H)" o | |
'H NMR (CDCl;, 400 MHz). 6 8.17 (s, 1H), 4.20 (m, 1H), 3.58 (s, 2H), 2.10 (m, 2H), 1.84

25 (m,2H),0.84 (t, 6H). o |

To a mixture of 2-chloro-7-(1-ethyl-propyl)-5,7-dihydro-pyrrolo[2,3-d]pyrimidin-6-
one (18 mg,.0.075 mmol) and TsOH (1.12 rrﬂ, 0.2 M in 1,4 dioxane) is added 3-ﬂuoro-44(4-
methylpi_pérazine)aniline (23.5 mg, 0.1125 mm(_)vl), and DMF (025 mL) at ambient -
temperature. The reaction mixture is sealed in a microwave reactor and heated at 140 °C for

30 30 min. The mixture fs diluted with EtOAc, washed with NaHCO; aqueous solution- and
brine. The organics is dried over Na,SO,, filtered and concentrated. The crude product is
purified by preparative HPLC to give 27 mg of 7-(1-ethyl-propyl)-2-[3-fluoro-4-(4-methyl-
piperazin-1-yl)-phenylamino]-S,7-dihydro-pyrrolo[2,3 -d]pyrimidin-6-one as a brown solid.
LCMS: 413 (M+H)". | | |
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20 LCMS: 238.2 (M+H)+ By repeating the procedures described in example 202, using
2-chloro-7-(1-ethylpropy1)-6-methy1-7H-pyrrolo[2,3-d]pyrimidine as a starting material,
[7-(1-ethyl-RiRpPyfirPidnsthyl-7H-pyrrolo[2,3-d]pyrimidin-2-y 1]-(4-piperazin-lp¢-plgsyk)oghgiie is
obtained. WO 2007/140222PCT/US2007/069595 LCMS: 379.1 (M+H)' Examples 330 - 332 By
repeating the procedures described in example 329, using appropriate startin mgterials the
following EbRHlARMEE: %Mﬁ?)&%ﬁ&@sﬂ%&&;@m‘ﬂeﬁr% 81 B30/ kA {4 Nt Brffa 421.4
331 Hick{liy, 4.0B iih) #05.3.86 22 RINNG 300 341 2. e x@nplg) 3335 (s, 3H), 2.11 (m, 2H), 1.78
147-Cyclopenty1-6-methyl1-2-(4-piperazin-l-yl-phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-5- 10
ylkethanéHe 2 9 365 AH0222PCTIUS2007/069505 o N
2-Chloro-7-cyclopenty1-6-methyl-7H-pyrrolo[2,3-d]pyrimidine is prepared from cyclopentyl amine and
5-bramo-2,4-dichloropyrimidine using a method similar to that for the preparation of '
2-chibro-7Xat |_13 ﬁ%)-G-m_éthyl-?H-pyrrolo [2,3-d]pyrimidine. given in example 328. .
1-(2-Chlopy-fepystivipethey procetkifey lddoribed alo Bxanhliey 1BTidisiiz Vipsibyanaestifiting materials,

- the following compounds are obtained.

. Example - Structure SR MS found
o _ : “(M+1)
138 . o : 395

RN N

.

139 ' ' 382

140 ' _ _ ' : 380

141 o~ - 423
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prepared from 2-Chloro-7-cyclopenty1-6-methyl-71-1-pyrrolo[2,3-d]pyrimidine and acetyl chloride
using a method similar to that for the preparation of 1-(2-Chloro-7-cyclopenty1-71-1-

PCT/US2007/069595

pyrrolo[

117-Cyclopent

d]pyrimié

235{]8

AR

/g 5 -y1) -ethanone given in Example 325.
met y1 -2-(4-piperazin-1-yl-phenylamino)-71-1-pyrrolo [2,3 - 10

rlln 5 \III/afhgnnna |c prapgrad 'Frnm 1 /’) f‘hlnrn 7_nyr~|npt:\n'hl1 7I—I_Ieyrrn|nr’) 2
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WO 2007/140222PCT/US20117/1169595 concentrated in vacuo to give 54 mg of 2-chloro-7-(1
-ethyl-propy1)-7H-pyrrolo[2,3- d]pyrimidine-6-carbaldehyde as a yellow solid. The crude product is

used as it igybGMP14R%(M+H)+.

To a mixture of

PCT/US2007/06959

5

2-chloro-7-(1-ethyl-propy1)-7H-pyrrolo[2,3-d]pyrimidine-6- carbaldehyde (283 mg, 1.11 rnmol) in DMF

20 mg 1

iura i ctirrad
HxH-e- HHeG

room

(3 mL) is-added-oxon
temperature for'5 h and
the reag
dichlorgmethane, dried

acetonitrile, 10 and drie(
d]pyrim{dine-6-carboxyli
2-chlorg-7-(1 -ethyl-prog
(159 mg, 0.36 mmol) an
added 0.164 mL of 2 N

addad nvnhe (

i 0% S203 aqueous soluti
tion mixture is acidified with IN HCJ, us solution (pH = 5).

pver Na2S04 and

22 mmal) at raom tamnaratiira Tha
So-HHeHatecitemperatte—ne

y L+

is quenched with 2

centxated in vacuo. The s
I under vacuum t e 130 mg of 2-chloro-7-(I
C acid as a pale brown solid. LCMS: 268 (M+H)
y1)-71-1-pyrrolo[2,3-d]pyrimidine-6- carboxylic
N,N- 15 diisoproplylethylamine (0.078 mL, 0.4
imethylamine in THF solution at room tempera

pn. Aftef %Stirring_ fo
The mixture is extr
plid is filtered, was
ethyl-propy1)-7H-f
+.  To a solution
acid (80 mg, 0.30 n
5 mmol) in DMF(3

ure. The mixtur

id

room temperatii® for 3

organic|extracts are was
pressurg. The crude pro
give 64 |mg of 2-chloro-7

N, quenched with 1N, agueous solution, a|
shed with brine, dr,j,eé\ ¥Na2S04, filtered, and

duct is purified b olumnkhromatography (Sio
-(1-ethyl-propy1l -pyryetg[2,3- d]pyrimidine-G

nd extratted with B
1 concentrated und
P, 5% 20MeOH in (
-carboxylic acid

r 10 min,
acted with
ned with
pyrrolo [2,3-
of
nmol), BOP
mL) is
stirred at
FtOAC. The
er reduced
£112C12) to

le 202,

dimethyflamide. LCMS: 295.1 (M+H)+. y repeatifig the procedures described in examp
using 2-r‘h|nrn-7-(1 -pfhy propy] )-7I—|-pyrrn|n[?,Q-d]Inyrimidinp-ﬁ-r‘arhnyyl cacid dimethvyl de as a
starting materiéf,1257-(1-ethyl-propyl)-24(4-p_i i0- | -yl-phenylamino -7H-pyn‘%§o ' '_
[2,3-d]pyrimidine-6- carhoxylic acid dimethy,jnm%tained. LCMS: 436.3 (M+H)+. Examples 336 -
359 30By repeating the procedures desatibgd in g@a‘jﬂple 335, using appropriate starting materials,
the following compounds are .obtained. Ex le Structure MS found (M+1) WO '
2007/140222PCTT11S2007/069595 336 ja>4Ele 464.3 337 N\ L...",
152 _ 410
X
153 _ 352
. N =
154 380 -
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433.27 WO 2007/140222PCT/US2007/069595 342 NO |< 450.30 A HNN/ON 343 0478.3 kO
344 ,,,,,476.334500484.3346 --.... (422.2.
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HNNNti4- Cm "..( 347 JOC>4.Ht[HrarCDJ[[ ¢,ND 514.3 348 ,.,kx>c(, ic HI 498.3 WO
2007/140222PCT/Li S21111711169595 349 H)CU--1(r-(7)-- I 540.3 350 FF rt-,111 0 552.3 351

(X)H-KrO0 agith-boHAGH 352 c*) 485.3 353 ™ ,,I,,_r-C> 11 485.3 PCT/US2007/069595
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354 1. Th._.._-0-\10H0596.4 355 r----i 502.4 356 .-CL--)--cc- -N,.... ..r.- 474.2 WO

2007/140222PCT/US2007/069595 357 502.3

WO 2007/140222

358 540.3 :0E)4, ;S
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TH 359 552.3 -CO-Ca*:

"h CND Example 360 1-(4-

(446-Diethoxymethyl1-7-(1-ethyl-propyl)-7H-pyrrolo [2,3-d]pyrimidin-2-ylamino phenyl}

-piperazin-ly ) RHanens

materiak,

1444416- dieth

5 OEt (LNOEt CN) By repeating the procedures gesgarfasshinggsample 201,
using 2-chloro-6- dlethoxymethyl -7- (1-ethyl-propyl)-7H-pyrrolo [2,3-d]pyrimidine as a starting

fa) vymnfh\n =7 (1 _nfh\/l nrnn\/1\ ZH- nynnln r') .

rl'ln\J/rlmlrhrL’)
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10 LCMS: 435 (M+H)4. Example 362
1-(4-1417-(1-Ethyl-propy1)-6-hydroxymethy1-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino
phenyl}-pipgraznsingdigthanone HNNNOH 15 0J, To a solution of 214-(4paagtd2ipe@si3- 1

-y1) phenylamlno] -7-(1- ethyl propyl)-7Hpyrrolo[2,3- d]pyrlmldlne -6- carbaldehyde (20 mg, 0.046 mmol)

concenfrated |ﬁ vacuo T
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ethano
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HNNN To a solution of 244-(4-acetyl-piperazin-I-y1)-phenylaminol-7-(I-ethyl-propyl)-7H-
pyrrolo[2,3-d]pyrimidine-6-carbaldehyde (30 mg, 0.07 mmol) in THF (1 mL) is added furfurylamine

(0.03 mL, 035 samAkeNRBH(OAC)3 (45 mg, 021 rnmol), and acetic acid (1pkay/psanobgo@action
mixture is stirred for 16 h and concentrated in vacuo. The residue is purified by preparative HPLC to

ma nf 1 I'/I/I/I 17

(1 athhvd nroanv1). 6 [[(firan 2

give 20 mg-of -
ylmethyp)- amlnoﬁ -methyl
a pale yellow solid. LCM
describgd in example 36
Example Structure MS f
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C:4D ,,..... 504.3 371 HNXITt, Th_c-. g 0).. 503.3 372 HNITX1,M,- di)rH H-CC 0 516.6 WO
2007/140222PCT/US2111170169595 Example 373

214-(4-Aceg(,l(-pig &Z&Qi}-yl)-phenylamino]-7-(1-ethyl-propyl)-7H-pyrrolo[ZP%r/U52007/069595
d]pyrimidine-6-carboxylic acid methyl ester AN HN N NO- 5 To a solution of
2-chlore-7-(1-ethyl-propy1)-71 1-pyrrnln[?,Q-rl]pyrimiriinp-&c_arhr_'\yylif-_nr*id (13 mg, 0.049 m0|)’ in
MeOH (P.5 ij?g'addec (trimethylsilypdiaz ne (0.07 mLofa2.0Min hex@ﬁes)'. The reaction
mixturelis stirred for 2 hland concentrated,J to give 13 mg of - o '
2-chloro-7-(1-ethyl-propyl)-7H-pyrrolo[2 pyrimidine-6-carboxylic acifd methyl 10ester. The crude
productfis used as it is: LCMS: 282.2 (M . T'o a'solution of _ _
144-(4-amino-phenyl)-piperazin-1-ylkethanong (t2.+rg, 0.055 mmol) in 1,4-dioxane (0.5 ML) is’
added a solution of 2-c loro-7-(1-ethyl-propy1)-7H-pyfrolo[2,3- 15 d]pyrimidine-6-carboxylic acid

methyl ¢ster-{3-3-mg-0-846-mmeb-in-1-4-dioxane{0-6-mPd2{dba)32-2-mg—8-5023
AR 7 ] - 1\ L ]

Xantphos (2.7 mg, 0.046 mmol) and Cs2CO3 mg, 0.069 rmnol) The mixturé is degagsed, and
heated at 100 C for 3 h.|The mixture is coolef‘)kt om temperature, dilyted with EtOAc, and filtered
through|a pad of Celite. [The filtrate is congegtrat nder reduced pressure. The crude product is
purified|by preparative HPLC to 20give 8.6 g of 2-[4-(4-acetyl-piperazin-1-y1)-phenylamino]-7-( 1
-ethyl-pfopy1)-7H- pyrrolo[2,3-d]pyrimidine~6-carboxylic acid methyl ester as a pale white golid. LCMS:
465.4 (M+H)+. Example|374 252 -[4-(4-Au£at l-piperazin-1 -y1)-phenylamino]-ethyl-propy1)-7H-pyrrolo
[2,3 - d]pyrimidine-6-carpoxylic acid WO 2007/140222PCT/US211117/1169595 ' '

1 UL\\AMM}\J \ -.LTFIH, um_ mll OI),

198 _ B !

199 — - T 422

Examplé 200 _ _
2-[4-(4-Acetyl-piperazin-1-yl)-phenylamino]-7-(1-ethyl-propyl)-5,5-dimethyl-5,7-dihydro-
pyrrolo[2,3-d]pyrimidin-6-one ' '

118



To a solution of 2-[4-(4-acetyl-piperazin-I-y1)-phenylamino]-7-(1-ethyl-propy1)-71-1-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid methyl ester (19 mg, 0.041 mmol) in MeOH (1.5 mL) is
added 2 N {@Haeuanys solution (0.5 mL). The reaction mixture is stirred pgefoihibHogsds
concentrated in vacuo. The residue is purified by preparative HPLC to give 13.6 mg of
244(4-Acetyl-piperazin- 1 -y1)-phenylamino]-ethyl-propy1)-711-pyrrolo. [2,3- d]pyrimidine-6-carboxylic
acid. LCMS: 45 4( H)+. 10 Example 375 7-(1-Ethyl-propy1)-2-(4-piperazin-

hyl-phenylam |o) H-pusolo[2,3-d]pyrimidine-6- carboxylic acid 15To a solution of

2-[4-(4-acatytp Em -1-y1)-phenylamino]-7-(1-ethyl-propyl)-7H-

pyrrolo[2,3-d]pyrimid -carboxylic acid methyl ester (16 mg, 0.034 mmol) in THE (1.5 mL) is added
2 N LiOH gous splution (1 inL). The reaction mixture is stirred for 36 h and concentrated in vacuo.
The residug4s purified by preparative HPLC to give 9.4 mg of 7-(1-
ethyl-propyh)-2-(4-piperazin-1-yl-phenylamino)-71-1-pyrrolo[2,3-d]pyrimidine-6-carboxylic 20acid.
LCMS: 4Q9. A)ng+H) Example 376 WO 20071140222PCT/US2007/069595 '
1-(4-{4-[7-{¥Ethyl-propy1)-6-(1-hydroxy-ethyl)-7H-pyrrolo[2,3-d]pyrimidin-2-ylaminok phenyl }
-plperazm- )-ethanone \ OH HN To a mixture of

(5-bromo- %-chloro- -pyrimidin-4-y1)-(1-ethyl-propy1)-amine (0.44 g, 1.58 5 mmol), Pd(Ph3P)2C12 (0.11
g, 0.16 mhood) sahdiGulof0206hinr0-76 hretinl)-prdpid)-3 T4dihiflis- pyiotelh [2-Bedypymidin-6%n_ (4137

mmol) and tri 0. , mm tipnymixture is _stirred for diluted
with CH2E%2 8@1%:1& qﬁréu%éd%]ﬁ&eIatgé)%in’g%éﬁggrﬁratle%p iR vacuo. Lem caﬁt’ 56 B fllgs
chromatagmtpihyn(sm Et&qtﬂdeﬁammmlﬁﬁ gav@rﬂréﬁog 3 min and then cooled to 0 °C. After the
442- hlor I d n llowy L (M+H).
To agsolu':?ig)(f;i]tofn 4%5 ch 8%%51%@ ﬁ‘g%y amino ‘giér?&n?g%st yelkIBut %S/r‘lg {%J??% I%égmggﬁr%mol) in
THF (0. Smpylmadd@ute_m ?IIMFhéd. 3vith pdlikeuscamiiconinintohdordecsthtion pafusxivactgiwidliuted

with watefy L PARASTS Sacta A ALFS A UL NRR R AT BRI oot

The resi ue |s pun ed romatograp Hexan to provide 0.12 g o
142-chlo@n- (@bﬁ@bmomdlﬂkﬁs&fatﬂo[@apd}pmm|N?@15¢1ketﬁhﬁmes_®mss 268ifivd- 1y, Mpeatlng

the proce B Q%?%Tygs z,x % Q }OBZtS RIQ 'io(fln Q?’ b- lhl:](?rz)4 L Xl et?i'l e?ﬂﬁyl)

20propyl)-7/H-pyrro pyrimidi anol starting aterla
propQ1)- M@MX&%%?&W%WMQ QJa}psynmmﬁ -onglaminokphenyl) -piperazin-ly1)-ethanone

b 4
I15[02 EZI?A? % %ﬁgﬁzmﬁ Ngﬂ pheny err‘g%b]ﬁ% (14e1t?1§rlbrop§/ﬁ ]7‘t-|( yrrl-%[& %0 (m, 2H), 1.42

d]pyrimid{s-6H)ke®toAH) WO 2007/140222PCT1US2007/069595
To a solution of 2-chloro-7-(1-ethyl-propyl)-5,5-dimethyl-5,7-dihydro-pyrrolo[2,3-
d]pyrimidin-6-one (20 mg, 0.075 mmol) in 1,4-dioxane (1 mL) and DMF (0.2 mL) are added
15 1—[4-(4-amino-phenyl)-pipérazin-1-yl]-ethanone (24.5 mg, 0.11 mmol) and p-toluenesulfonic
acid (17 mg, 0.089 mmol). The reaction mixture is sealed in a microwave reactor and heated
at-140 °C for 30 min. The mixture is diluted with EtOAc and washed with IN NaOH
solution. The organics is dried over Na,SO,, filtered, and concenfrated. The residue is
purified by prep-HPLC to give 30 mg of 2-[4-(4-acetyl-piperazin-1-yl)-phenylamino]-7-(1-
20 ethyl-propyl) -5, 5 dlmethyl 5,7- d1hydro-pyrrolo[2 3-dJpyrimidin-6-one as a palé yellow
solid.
LCMS: 451 (M+H)" _
'H NMR (CDCls, 400 MHz). 8 7.95 (s, 1H), 7.49 (d, 2H), 6.93'(d, 2H), 6.91 (br s, 1H), 4.15
(m, 1H), 3.78 (t, 2H), 3.63 (t, 2H), 3.13 (m, 4H), 2.19 (m, 2H), 2.14 (s, 3H), 1.77 (m, 2H)
25 138 (s 6H), 0.83 (t, 3H).

. Example 201

119



HNN yrt$< 0 To a solution of 142-chloro-7-(1-ethyl-propy1)-7H-pyrrolo[2,3-d]pyrimidin-6-ylkethanol
(61 mg, 0.2 mmol) in CH2C12 (2 mL) is added Dess-Martin periodinane (242 mg, 0.5 mmol). The

reaction mix{iggdsatiged for 1 h, quenched with 10 % NaS203: saturated NMehlgSdoladdsagueous
solution, and extracted with CH2C12. The extracts are washed with water and brine, dried over

NSO gﬂﬁ”ﬁ;ﬁ%@gﬂﬁ%ﬁ?ﬁ&ﬁ?Eedjpﬁﬂﬂihelﬁ' R SN MR L AR S
112-chloethanthethylpropy0-7H-pyrrolo[2,3-d]pyrimidin-6-ylkethanone. LCMS: 266 (M+H)t 1OBy
repeating the procedures described in example 201, using 142-chloro-7-(1-ethyl- : _
propyl)-7H-p fro -d]pyrimidin-6-y1]-ethanone as a starting material, 1424444- acetylplperazm 1
-y1)-phenylaa 1-ethyl-propy1)-711-pyrrolo [2,3-d]pyrimidin-6-yI] -ethanone is obtalned LCMS:
449.4 (M+H), 15 Example 378
Hpy1)-6-(1-methoxy-ethyl)-7H-pyrrolo[2,3- cflpynmldln -2-y1]-(4-piperazin-1-ylphenyl)-amin

NM 20Toa solutionof144-0.47-(1 -ethyl-propy1)-6-(1-hydroxy-ethyl)-7H-pyrrolo[2,3-
cflpyrlmldlnNZ ylaminol-phenyll-piperazin-l-y1)-ethanone (19 mg, 0.042 mmol) in MeOH (1 mL) is added
4N HC1 nE:l ane (1 mL) The reaction mixture is stirred at 60 C for 2h. The mixture is loaded on
Solid Pha xtraction column (Sorbent: benzensulfonic acid), washed 162 WO
2007/140 PCT/USZOO7/069595 with MeOH, eluted with EtOAc:MeOH:Et3N (1:1:0.05), concentrated
in vacuo. °I'he residue is purified by preparative HPLC to give 10 mg of [7-(1 -

-ethyl propy1)-6Fl.-mattioxyectly - A-(prmotnipidaitypimitini2-1-4 ) 4thipenazi(70:5-phenyB2amine.
:423.4 Sa +H)+ Exa %?é s3 tﬁh ures d rlbngpm ex Ie 378,
usin apf)%npr ?él%tar?ng rg] (Str)lat%mﬁree(?%mwﬁg cfn%% dsgdJ B’tameg&é ure MS
found (Msdlyt3o1® of\Aeshldw@-Y-(1-ethyl-propyl)-7H-pyrrolo[2,3-d]pyrimidine (60 mg, 0.26 mmol) in :
1,4-dioxane (0.6 mL), Pdx(dba); (12.2 mg, 0.013 mmol) and BINAP (16.6 mg, 0.026 mmol).
The mixture is degassed, and heated at 100 °C for 3 h. The mixture is cooled to room

temperature, diluted with EtOAc, and filtered through a pad of Celite. The filtrate is
10 concentrated under reduced pressure The crude product is purified by preparatwe HPLC to
give 849 mg of 1-(1-{4-[7-(1-ethyl-propyl)- 7H-pyrrolo[2 3-d]pyrimidin-2- ylamlno]
phenyl}-p1per1d1n—4 yl)-ethanone as a pale white solid.
LCMS: 407.3 (M+H)"
'H NMR (CDC13, 400 MHz). 6 8.59 (s, 1H), 7.66 (d, .2H) 7.25 (br s, 1H), 6.97 (d, 2H), 6.96
15 (d, 1H), 6.44 (d, 1H), 4.50 (m, 1H), 3.81 (t, 2H), 3.65 (t, 2H), 3.14 (m, 4H), 2.17 (s, 3H), 1.90
(m, 4H), 0. 82 (t, 6H)

Example 202
[7- (1 Ethyl-propyl) 7H-pyrrolo[2,3- d]pynmrdrn- -yl]- (4-p1perazrn-1-yl-pheny1)-am1ne

N\\

xz

20
To a mixture of 4-(4-amino-phenyl)-piperazine-1-carboxylic acid tert-butyl ester (133

mg, 0.48 mmol) and sodium tert-butoxide (57.6 mg, 0.6 mmol) in 1,4-dioxane (0.5 mL) is
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0"N...),....451.3 380 |iTh\0436.3 381 .AHr-Irima\ Crlrki 509.4 382 H.\ ..---.... --.....-- 409.3 WO
2007/140222PCT/US2007/069595 Example 383

(7-CycloperpylsgaispRpeny1l-5-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-y1)-(4-eHg&asinkysReny 1)-ami
ne (5-Bromo-2-chloro-pyrimidin-4- yl)cyclopentylamine is prepared from cyclopentyl amine and -

5-bromo-2.4- dlchloropyrlml |ne |ng t od similar to that for eparatlon of (5-

S el S e B B R e

(5- B;Oglegﬁn@UQfDiWIdliﬁbﬁhﬂény()CmpBﬂiﬁd??jzr(@K3%m@QE 616mmog)aﬁda?ge¢tl_mt$ﬁnmhlome (153.7
mg, m otasswm acetat g, n m es tion is
et e e Rl N AT R R

solution lﬁodﬁgasﬁqﬁ@add)adﬂdt&ad Wi rEh@gen thidefliroed Ehp@nghn&iwe(l OThé., ﬁﬁrBténliSOD is

added and the reaitia qut eated at ZOCt rs hours L M%éahg% is indica absence
of st3rtin§CMS THERLHHY ‘Hfﬁ ﬁ?.)%a SlFe(ﬂ ‘é"ngJi’é’& &1 ORIPLOLEB ?ﬁ ?00m

temperatEx@Abe: nhixueaeisfillered )hr@ugheceﬁveJﬁ@uwdwm[Ml%tm@mﬂmmmm[MBacetate
EtOAC thr e time T? f) anlj: iare comblned ashed with b“nlf d dried over anrpl(?rous
sochim ST TE-2cH TR AT TA B S e SR et BTEM L Sifen BoPe
chromatogrld@hw@io ethyl acetate /70% hexanes to give 1-(2-

20Chloro:7s¢cyglo Yy thy1-7H-pyrrolo[2,3-d]pyrimidin-6-y1)- ethanol as a pale powder (150mg,
14.8%). [{vﬁgﬁ é’%g%fhiﬂe

1-(2Lhloro-7- c;?fxbo;aersqlﬂltﬁxmeihy4]:{ZH?pynetikn{rB-Iﬁoﬂp&rﬁHQJylrﬁ)ly@eihﬂpynml&pfépdmﬂrb)}
Dess-Martin 9oe§/od|nane o idation

1-(2-Chldvoc 7% M5 TRe °x¥ “/‘Hp?/crlrglo[tf% l%ﬂﬁ’yrirrﬁs o 608 thD% L2 usmg a procedure similar
to that dedictibgdniethbd@(3 mL) _1s_added trifluoroacetic acid (1 mL). The reaction mixture is stirred -

for 1 h and concentrated in vacuo. The residue is diluted with dichloromethane, washed with
NaHCO; solution, dried over Na,SO,, and concentrated in vacuo. Purification by preparative

15 HPLC afforded 130 mg of [7-(1-ethyl-propyl)-7H-pyrrolo [2,3-d]pyrirﬁidih—2-y].]-(4--
piperazin-1-yl-phenyl)-amine as a yellowish solid. | -
LCMS: 365.2 (M+H)'

Examples 203 - 262 o
20 By repeating the procedures described in example 201 and 202, using appropriate starting

materials, the following compeunds are obtained.

Example - Structure - MS found
- (M+1)
203 : 455.2
. . . X A .
P

204 - : _ 394

121



25chloro-7-(1-ethyl-propy1)-71-1-pyrrolo[2,3-d]pyrimidin-6-ylkethanone in the synthesis of Example

376. [M+Hr=278.03.

A solution of

1-(2- Chlorovz(py‘yd%gﬁ%l -5-methy1-7H-pyrrolo[2,3-d]pyrimidin-6-y1)- ethapefgé46hMm@oesHd44 nunol),
114-(4-Amino- phenye piperazin-1-ylkethanone (37.9 mg, 0.172 mmol), Pd2(dba)3 (6.7 mg, 0.007

rmnol),

degass;{
After co
reactior
with bril
is purifi€
1-{244-
pyrrolof
1-{244-

nl\ mnia rllnvan

ﬂ ﬂ‘l 4 mmnl\ ﬁnrl I\Iahﬂ:ln Qﬂ {')n lmg N 216

od and 2back'—fi||e with nitrogen three ti
oling to. room WO 20117/140222PGNT/}LU
mixture is extracted with ethyl acetate th
ne and dried over anhydrous sodiur sulfate.
bd by preparative HPLC t o provide -+
4-Acetyl-piperazin-1-y1)-phenylami n& 7- cyclopentyl 5methyl -7
P, 3-d]pyrimidin-g-yll-ethanone (16mg 24%). [M+Hr=461.13.
4-Acetyl-piperazin-1 -y1)-phenylaming]-7- cvclooentvl-

\The reaction mixturg
07/1169595 temper|
times. The organic
he solvent is evap

AL ~T A 4NN LA

IS heateé to 80 C
ature water is addd
layers are combing
orated and the cru

H- 5
To a solution of

5methy
HC1 (2
evapors
10Cyclq
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7-Cyclo
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nd haecle fillad fillad wath nlfrnnnn thy 'l-:_rrnr

s
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r 2 h. The solvent
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384
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athvl 2 _h
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2 (4 mL) is
for 2 hours.
d and the
bd, washed
de material
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S

g, 28.9
nmol) in

date(8.5 mL,
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of two r¢gioisomers and
is filtered through Celite
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80%heX
methy! ¢
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ester (1
(114.66
cesium

three tin
extracte
dried over anhydrous so

a small

215-(4-t
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acid me
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245-(4-1

cyclope
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Solvent is evaporated and the crude mogde\riiﬁs purified by prepa
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salt of
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prepared_using the proc
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ed and the reaction solution is
no starting materig|, g. After cooling to
diluted with water and extracted with ethyl acet
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e product is purified using silica gel chromatogr
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room temperature
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40222PCTRIS200
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e formation
he solution
e organic
solvent is
cetate /
ylic acid
7/069595
d methyl
yl ester

'If\ mn f\Q7/I aa¥aalal 4
mg, 0. ﬁqu mmo), Pd2(dba)3(17 144 mgxp-Q2 mmol), Xantphog
«(5 mL) is degassed

carbonate (183 g, 0.562 mmol) in di

hes. The reaction mixture is heated Oof‘lﬁvr 4 h. Water is ad(
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'&r cipitates out and filters t
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acetate. White soli
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amount of ethyl
ert-Butoxycarbo

(21.67?%%7? 0.037 1
and back- filled wi
jed and the solutio

nmol) and
h nitrogen
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2d, washed with bri
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2,3-d]pyrimidine-6

crude productiis di

e and
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- carboxylic

thyl es@ as a white solid (35mg, 17%)hich was carried onto
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ert-Butoxycarbohyl-piperazin-1-y1)#45yritfin-2-ylamino]-7-
nty1-5-methyl-7H-pyrrolo[2,3-d]pyrmiginef6-Carboxylic acid met
n DCM (8 mL) isjadded TFA (2 mL ise. The solution is sti

ey ejEr asy [IVI+I‘IJ.J. =£36.245820]

sttow sotit (32, 74%)
enty1-6-methy

-2-(5-piperazin-1

-yI- ri |n 2-ylamino)-71-1-py
C acid methyl ester "25 ™
5-methy1-7H-pyrr ,3- qi])pmrlmldme 5- carboxyllc acid methyl-estq

he next $tép withol

nyl ester (35 mg, 1
red at room tempe
rative HPLC to giv4
lo[2,3-d]pyrimidine

rrolo [2,3-

pdure shown for thé preparation of its reqgio-isomer 2-chloro-7-

ut further

5 0.065
rature for 2
2 the _TFA

-6-carboxyli

Bris -

cyclopentyl-5-methy1-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid methyl ester given in the
procedure for the synthesis of Example 384.
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7-Cyclopenty1-6-methy1-2-(5-piperazin-I-yl-pyridin-2-ylamino)-71-1-pyrrolo[2,3-
d]pyrimidinggySaghexWis acid methyl ester is prepared from 2-chloro-7-cyclepentsde®neosos

methyl -7H-pyrrolo[2,3-cl]pyrimidine-6-carboxylic acid methyl ester using a procedure similar to that

'hnn nf 7 (‘\lr‘lnnnnhm 5 mnfh\l1 ’) {l-'\ nlnnr:\-nn | \/I
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[7-Cyclopenty1-5-methyl- 6.,&%«
rimidin-2- 10y1]i(5-piperazin-1-yl-pykidin-
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\ 388 NAIANNC)NH "436 N)Th17----NO WO 2007/140222PCT/US20071069595 389 ,..IHN
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le-L-  1..,,...r C> 408 435.25 HN 40 Example 409
214-(4-Acetyl-piperazin-1-y1)-phenylamino]-9-(1 -ethyl-propy1)-7,9-dihydro-purin-8-one To a solution
of 2,4-dichlageyByyHipysmidine (2 g, 10.3 mmol) in anhydrous EtOH (20 per/is2007/069595

257 . m 319.16
N

o _
_ HN N N
: " HN
\ .
SN

T} 346.17
A

258

HN

259 ' T N 294.17

260 X ._ 20317

261 ' RN - 35023
A
10

- 262 N 322.20

Example 263 _
1-(4-{4-[7-(1-Ethyl-propyl)-5-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino}-phenyl}-

5  piperazin-1-yl)-ethanone
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mL) is added 1-ethylpropylamine (1.3 mL, 11.3 mmol) and N,N-diisopropylethylamine (2.7 10 mL, 15.5
mmol) at O C. The reaction mixture is stirred for 8 h and concentrated in vacuo. The residue is
dissoloved i fldAse¥2shed with saturated NaHCO3 and brine, dried ovgp. 0d
concentrated in vacuo. Purification with column chromatography (Si02, EtOAC/Hexarie 1:3) gives 1.5
g of (2-chloro-5-nitro-pyrimidin-4-y1)-(1-ethyl-propyl)-amine. LCMS: 245.1 (M+H)+ WO _
2007/140222P /U 007/069595  To a solution of

(2-chloro-5-nitjjo- p rinpidin-4-y1)-(1-ethyl-propyl)-amine (1 g, 4.1 mmol) in anhydrous EtOH (50mL) IS

added Tm(h Chidi i (2.3 g, 12.3 mmol) and concentrated HC1 (1mL) at ambient temperature. The

C for 1 h and quenched with IN NaOH at 0 C. The mixture is extracted with

i with brine, dried over Na2S04, and concentrated in vacuo to give 0.5 g of
(2-chloro-5-gmino-pyrimidin4-y1)-(1-ethyl-propyl)-amine. The crude is used as is. LCMS: 215.2 (M+H)
To a micrg e vial is added the crude (2-chloro-5-amino-pyrimidin-4-y1)-(1-ethylpropy1)-amine (0.5
g,2.3 mnmnd anhydrous DMF (15mL) followed by 1,1'- 10 carbonyldiimidazole (1.1 g, 7.0 mmol).
Sealed vial find microwave are heated at 100 C for 10 min. The reaction mixture is diluted with EtOAc,
washed v ater, dried over Na2S04, and concentrated in vacuo. Purification with column
chromatography (Si02, EtOAC/Hexane 1:1) gives 0.3 g of

2-ch|oro- -0-ethyl-propy0-7,9-dih dro -one. CMS 2 H mixtur,

2-ch|oro- - esf?{‘ffp pf'étadt uﬁn "Yhe dg Slﬁurétlj\{rlfgl)&a:n % %4 I[_nIO?éSM in
1,4-dioxaindeidh aDllylEn(ﬁhE&(n&?)zlsxﬂdddobhﬁmwdoﬂmpdéxyym)}hmmnﬁwmaﬁdnm(mm ang, 0.5
mmo%) The t|on mlftgre is.sealed |p a microwave eactor, and heated at 140C fo fm_%g mqahThe

mixture |sad1 ?ed wlﬂ?% can ?N%\esc nt]hxbnfr?-l aqu%tord)so S0 e?ld)r?rgnlg fne. the organic layer
is dried overch@a? SOMpRO fltqnedched edttcdiNrale@Hr Iaad:mdmgtmijuathsdjchlbe&drbﬂpmpar"&h@/e HPLC

to give 52 f21 et I zin-;1 I
-ethyl- prop&?‘%‘g it%{rg)c‘pu{ln-ﬁ% é\}édacgrrqcz}\/eﬁlgs%M(’.31 coﬁ%%%i‘%’ﬁvﬁwlﬁ?%s"f&% (Ilesetﬂo 418
By repeatimpiigniesdiihes delsopiiodddhiensed pleitds.using appropriate starting materials, the

following compoy qass%iﬁ t%f"ﬁ%yFﬂ?Eﬁ@FI§%}5’)¢l¥£ﬁ1M§(ff)§?dg(md'HmolX\{9added anh drous

2007/140222PCT/US2007/069595410. "J.. e~ "1 I-1, ... .....%. 11"----1 38 412
timi&®:LNisppropanol (50 mL) and 5-bromo-2,4-dichloropyrimidine (3.0 g 5 mmol) ‘and

diisopropylethylamine (2.61 mL, 15 mmol) at ambient temperature. The reaction mixture is
stirred - overnight an_d concentrated in vacuo. The residue is puriﬁed with column
~ chromatography (SiOé, EtOAC/hexane 1:5) to give 2.76 g of allyl-(5-bromo-2-chloro-
| pyrimidirl-4-yl)-(1-ehtyl-propyl)-amine. |
15 LCMS: 320.0 (M+H)" |
To a solution of alIyl-(S-bromo-2-chloro-pyrimidin-4-yl)-('1 -chtyl-propyl)-amine
(2.76 g, 8.7 mmol) in anhydrous DMF (15mL) is added Pd(OAc), (156 mg, 0.69 mmol) and
PPh; (1'82 mg, 0.69 mmol) and triethylamine (2.4 mL, 17.3 mmol). The reaction mixture is.
stirred at 100 °C ovemight The reaction mixture is diluted with EtOAc, washed with water,
20  dried over Na;SO;, and concentrated in vacuo. Purification with column chromatography
| (SiO2, EtOAC/hexane 1:2) gives 0. 95 g of 2-chloro 7-(1-ethyl- propyl) 5-methyl-7H-
pyrrolo[2,3-d]pyrimidine. .
LCMS: 238 2 (M+H) ‘
By repeating the procedures described in example 65, using 2-chloro-7- (1 -ethyl-
25 propyl)-S-methyl-7H-pyrrolo[2,3-d]pyr1m1d1ne_ as a starting material, 1-(4-{4-[7-(1-ethyl-
propyl)-5-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino]-phenyl} -piperazin- 1-yl)-ethanone

is obtained.
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" LCMS: 421.2 (M+H)"

Examples 264 - 319 _
By repeating the procedures described in example 115, using appropriate starting.mat_erials,

5 the following compounds are obtained.

‘Example . Structure ’ : MS found
. _ C(M+1) -
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. A
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_ A v |
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5 and extracted with EtOAc. The extracts are dried over Na2S04 and concentrated in vacuo.
Purification by flash chromatography (Si02, EtOAC/Hexane 1:3) gives 0.39 g of 2-chloro-9-
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(5-Methyl-7-pyridin-2-yl-7H-pyrrolo [2,3-d]pyrimidin-2-yl)-(5-piperazin-1-yl-pyridin-2-yl)-

amine

N X N\
0

N./| N/\

SN

HN

—

A solution of 5-bromo-2,4-dichloropyrimidine (5.0 g, 22 mmol), allylar.nine. (1.98mL, 26.4
mmol), and diisopropylethylamine (5.6:mL, 33.0 mmol) are stirred in ethanol (100 mL)'at 50 _
°C overnight. The solvent is rembved in vacuo and the residue is partitioned between ethyl
acetate and saturated aqueous ammonium chloride solution. The organic layer is washed with
brine, dried over anhydrous sodium sulfate and evaporated to provide Allyl-(5-bron’10-2_—
chloro-pyrimidin-4-yl)-amine as a white crysfalline solid (89%), which is used without -
further purification. ' | |
. A mixture of Allyl-(5-bromo-2-chloro-pyrimidin-4-yl)-amine (1 g, 4 mmol),

palladium(II) acetate, (90 mg, 0.40 mmol), triphenylphosphiné (21 1 mg, 0.80 mmol) and
triethylamine (1.1 mL, 8.0 mmol) in DMF (10 mL) is heated at 100 °C overnight. After
cooling to room temperature the reaction mixture is diluted with ethyl acetate and waéhed
with brine. The organic phase is dried (anhydrous Na,SO,) and the solvént is evaporated.
The crude producf is purified by flash chromatography (gradient elution EtOAC:Heptanes 0:0
to 1:1) on silicagel to afford 2-Chloro-5-methyl-7H-pyrrolo[2,3-d] pyrimidine as a white
solid (40%). | |

A mixture of 2-Chloro-5-methyl-7H-pyrrolo[2,3-d]pyfimidihe (80 mg,. 0.48 mmol), 2-
bromopyridine (113 mg, 0.72 mmol), copper(]) iodide (9.1 mg, 0.48 mmol), K;PO,(2.02 g, |
23.84 mmol), and trans-1,2-diaminocyclohexane (5.44 mg, 0.48 mmol) in 1,4-dioxane (7
mL) is stirred at 90 °C for 1.5 hrs. After cooling to room temperature the reaction mixture is
diluted with ethyl acetate and washed with brine. The organic phase is dried (anhydrous
Na,SOy) and the solvent is evaporated. The crude product is purified by flash |
chromatography (gradient elution ethyl acetate:hetanes 0:1 to 1:4) on silicégel to afford 2-
Chloro-5-methyl-7-pyridin-2-yl-7H o
-pyrrolo[2,3-d]pyrimidine as a white solid (55%).
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A mixture of 2-Chlor0-5-methyl-7-pyridin—2-yl—7H-pyrroio['2,3-d]pyrimidine (15 mg,
0.06 mmol), 4-(6-Amin0-pyfidin43-yl)-piperazine-1-carboxylic acid tert-butyl ester (20:.5 mg,
0.075mmoi), Pd,(dba); (2.8 mg, 0.003 1mmol), BINAP (3.82 mg, 0.0061 mmol), sodium tert-
butoxide (8.84 mg, 0.092 mmol), and 1,4-dioxane (4 mL) under nitrogen is heated in a sealed

tube apparatus at 100 °C for 2.5 h. - After cooling to room temperature the reaction mlxture is

diluted with ethyl acetate and washed with brine. The organic phase is dried (anhydrous
Na,S04) and the solvent is evaporated. The crude product is dissolved in DCM (2 mL) and
TFA (0.5 ml was added).  The solution is stirred at room temperature. The reactibn mixture
is diluted with ethyl acetate and washed with brine. The organic phase is dried (anhydrous
Na,;S04) and the solvent is evaporated. The crude product is purified by hplc to éfford (5-
Methyl-7-pyridin—2-yl-7H-pyrrolot2,3-d]pyrimidin-2-yl)-(5 -piperazin-1-yl-pyridin-2-yl)-

“amine as a pale yellow solid (27%, two steps).' HNMR (400 MHz, DMSO-d6) 8.80-8.81 (m,

2H), 8.51 (s, 1H), 8.12(d, J = 5.0 Hz, 1H), 8.0-8.11(m, 1H), 8.0 (d, J = 2.9 Hz, 1H), 7.90 s,
1H), 7.49 (d, J = 2.4 Hz, 1H), 7.32 (d, J = 2.4 Hz, 1H), 3.04-3.06 (m, 4H), (286289(m
4H), 232 (s, 3H). MS (EST) m/z 387.09 [M+H]

Examples 321 — 325
By repeating the procedure described in example 320, using 2-Chloro- 5-methyl TH-

yrrolo[2 3-d] pyrimidine and appropriate starting materials, the following compounds are

prepared.
Example Structure MS found
(M+1)
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Ekample 326
1-[7-cyclopentyl-2-(4-piperazin-1-yl-phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl1]-

ethanone

0

N A\
HNJI\N/

&

O

2- chloro 7- (cyclopentyl) 7H-pyrrolo[2,3-d]pyrimidine is prepared from cyclopentyl amine
and 5 bromo-2,4-dichloropyrimidine using a method similar to that for the preparation of 2-
chloro-7-(1-ethyl-propyl)-7H-pyrrolo[2,3-d]pyrimidine given in example 1.
To a solution of aluminium chloride (400 mg, 2.99 mmol) and acetyl chloridé (711uL, -
10 10 mmol) in dichloromethane (2 mL) is added 2-chloro-7-(cyclopentyl)-7H-pyrrolo{2,3-
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d]pyrimidine (221 mg, 1.0 mmol) in dichloromethane (5 mL), dropwise. After 20 minutes _
saturated aqueous sodium bicarbonate is added to pH9-10 and the solution is extracted §vith
dichloromethane. The organic phase is dried, anhydrous Na2804 and concentrated to obtaln
1-(2-Chloro-7- cyclopentyl 7H-pyrrolo[2 3-d]pyrimidin-5-yl)-ethanone (255mg, 97%) as an
off-white amorphous solid (97%). "H-NMR and LCMS .

1 -[7-cyclopenfyl-2-(4-piperazin- 1-yl-phenylamino)-7H-pyrrolo[2,3-d] pyr_imidin-.S -
yl]-ethanone is preapared from 1-(2-Chloro-7-cyclopentyl-7H-pyrrolo [2,3-d]pyrimidin-5-yl)-
ethanone and 4-(4-Aminophehyl)-piperazine-'1 -carboxylic acid tert-butyl ester using a
method similar to that for the preparation of Example 202. [M+H"] 405.2.

Example 327
(7-Cyclopentyl-5- 1sopropyl 7H pyrrolo[2,3- d]pyr1m1d1n- -yl) (5-p1pera21n-1-yl-pyr1d1n 2-

yl)-amine

2-Chloro-7-cyclopentyl-5-isopropyl-7H-pyrrolo[2,3-d]pyrimidine is prepared from 2-chloro-
7-(cyclopentyl)-7H-pyrrolo[2,3- d]pyrimidine and 2-chloropropane using a method similar to
that for the preparation of - 1-(2-Chloro-7- cyclopentyl 7H-pyrrolo[2 3- d]pyr1m1d1n 5-yl)--
ethanone given in Example 325. ,

(7-Cyclopentyl-5- 1sopropyl 7H-pyrrolo[2 3- d]pyrlmldln- -y1)-(5-piperazin-1-yl-
pyridin-2-yl)-amine is prepared from 2-Chloro-7-cyclopentyl-5-1sopropy1-7H-pyrrolo[2,3-
d]pyrimidiné and 4-(6-Amino-pyridin-3-yl)-piperazine-1-carboxylic acid tert-butyl ester
using a method similar to that for the preparation of Example 202. [MH+] 406.21

Example . Structure MS found
(M+1)
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 Example 329
[7- (l-Ethyl-propyl) 6- methyl 7H-pyrrolo[2 3 d]pyr1m1d1n-2-yl] (4-piperazin-1-yl-phenyl)-

amlne

Iz

- To a microwave vial is added a solution of (5-bromo-2-chloro-pyrimidin-4-yl)-(1-.

| ethyl_-propyl)-amine (0.5 g, 1.80 mmol) in anhydrous toluene (10 mlL), tributyl(1-propynyl)-

tin (1.1 mL, 3.6 mmol) and Pd(PPh3)4 (41.5 mg, 0.036 mmol). The reaction mixture is heated
at 120 °C for 1h by employing microwave. The reaction mixture is diluted with_ EtOAc,

 washed with NaHCO; aqueous solution and water, dried over Na,SOq4, and concentrated in

vacuo. Purification with column chromatography (SiO,, EtOAC/hexane 1:5) gave 0.32 g of
(2- chloro -5-prop-1-ynyl-pyrimidin-4-yl)- (l-ethyl propyl)-amine
LCMS: 238.2 (M+H)" _ _

- To a microwave vial are added (2-chloro-5_-prop—1-yny1—'pyrirr_1idih-4—yl)—(1-ethyl- .
propyl)-amine (0.22 g, 0.92 mmol), anhydrous DMF (3mL), and Cul (53 mg, 0.27 mmol).

The reaction is heated at 160 °C for 1h by employing microwave. The reaction mixture is

. dilutod with EtOAc, washed with NaHCO; aqueous solution and water, dried over Na,SQOy,

and conCentrated in vacuo. P.uriﬁcation with column chromatography (Si0,, EtOAC/hexane
1:4) gives 43 mg of 2-chloro-7-(1 ethyl-propyl) 6-methyl- 7H-pyrrolo[2 3- d]pyrlmldlne
LCMS: 238.2 (M+H)". _

By repeating the procedures described in example 202, usiog 2-chloro-7-(1-ethyl-
propyl)-6-methyl-7H-pyrrolo[2,3-d]pyrimidine as a starting mater1a1 [7-(1- ethyl-propyl) -6-
methyl 7H- pyrrolo[2 3- d]pyrlmxdxn-2 yl]-(4-piperazin-1 -yl-phenyl) -amine is obtained.
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 LCMS: 379.1 (M+H)"

Examples 330 - 332

By repeating the procedures described in example 329, using appropriate starting materials,

5 - the following compounds are obtained.

Example _ Structure ' MS found -
E » (M+1) -
330 4214
N \ .
Hu)i\u/ N

31 - e - T 4063
. : )'\N/ N C

332 . _ . Nm 3771
1 -

Example 333

1-[7-Cyclopentyl-6-methyl-2-(4-piperazin-1 -yl-phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-
10  yl]-ethanone ' '
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2-Chloro-7-cyclopentyl-6-methyl-7H-pyrrolo[2 3-d]pyrimidine is prepared from cyclopeﬁtyl o
amine and 5-bromo-2,4-dichloropyrimidine using a method similar to that for the preparatlon
of 2-chloro-7- (l-ethyl-propyl) 6-methyl-7H-pyrrolo[2,3 d]pynmldme _ '
given in example 328. |
5 1-(2-ChloroQ7-cyclopentyl-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-S-yl)-ethanone is
prepared from 2-Chloro-7-cyclopentyl-6-methyl-7H-pyrrolo[2,3-d]pyrimidine and acétyl | _
. chloride using a method similar to that for the preparation of 1-(2-Chloro-7-cyclopentyl-7H- -
’ pyrrolo[2 3-d]pyrimidin-5-yl)-ethanone given in Example 325.
1-[7-Cyclopentyl-6-methyl-2-(4-piperazin-1- yl-phenylammo) 7H-pyrrolo[2 3-
10  d]pyrimidin-5-yl]-ethanone is prepared from 1-(2-Chloro-7-cyclopentyl-7H-pyrrolo[2,3-
d]pyrimidin-S-yi)-ethanon'e and 4-(4-aminophenyl)pipérazine-1-carboXy1ic acid tert-butyl
ester using é method similar to that given for the preparation of Examplé 202. (MH+) 419.2

15 Example 334
(5-chloro-7-cyclopentyl-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-yl)-(4-piperazin-1-yl-

phenyl)-amine

Cl

\\

@@

ﬁ .

20  To a solution of 2-Chloro-7-cyclopentyl-6-methy1-7H-pyrrolo [2,3-d]pyrimidine (164 mg,
0.70 rhmol) in dichlorométhane (3-mL) is added N-chlorosuccinimide (0.4M in DCM, 1.1
eq) over 1h.. The reaction mixture is allowed to stir for 3 days at room temperature. The.
reaction mixture is diluted with dichloromethane and washed with saturated aqueous sodium
biéafbonate followed by brine. _-Thé organic phase is concentrated and the crude product is

25  purified by normal phase chrorhato graphy (SiOz, EtOAc/heptane) to obtain 2,5-Dichldro-7-
cyclopentyl-6-methyl-7H-pyrrolo[2,3-d]pyrimidine (158mg, 84%). | _

(5-chloro-7-cyclopentyl-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-yl)~(4-piperazin-1-
yl-phenyl)-amine is prepafed from 2,5-Dichloro-7-cyclopentyl-6-methyl-7H-pyrrolo[2,3-d]
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M and an_d’4-(6-’Amino-pyridin-3-yl)-piperazine-l-earboxylic acid tert-butyl ester usinga

method similar to that for the preparation of Example 202. (MH+) 412.2

Example 335 . _ .
7-(1 -ethyl-propyl)-2-(4-piperazin-1 -yl-phehylamino)-7H-pyrrolo [2,3-d]pyrimidine-6-

carboxylic acid dimethyl amide
o
0
N SN é\\ /N—

e

To a mixture of (5- -bromo- 2-ch10r0 pynm1d1n-4-yl) (1 ethyl-propyl) -amine (420 mg, 1.5
mmol) and propargylaldehyde diethyl acetal (0. 32 mL, 2.25 mmol) in DMF (6 mL) is added
PdClz(PPh3)2 (105 mg, 0. 15 mmol) and CuI (28 mg, 0.15 mmol), followed by Et3N (0. 42 mL, |
3 mmol). The mixture is degassed, and heated at 55 °C for 16 h. After coo_hng to-room
temperature, the feaction mixture is diluted With'EtOAc, washed with water and bﬁne; : The
organic layer }i’s dried over Na,SOs, ﬁltered and concentrated under reduced pressure. The
crude product is purified by columﬁ chromatography (SiOz; EtOAc/heptane 5:95 to 40:60) to
give 182 mg of [2-chloro-5- (3 3- dlethoxy-prop l-ynyl)-pynmldln 4-yl] (l-ethyl-propyl) '
amine as a light brown 011

LCMS: 326 (M+H)

To a solution of [2 chloro-5- (3 3- d1ethoxy-pr0p 1-ynyl)- pynm1d1n-4-yl] (l-ethyl-
propyl)-amine (326 mg, 1 mmol) in THF (2 mL) is added IN TBAF in THF (bmL, 5 mmol),
at ambient temperature. The reaction mixture is heated at 70.°C for 2 h. After cooling down,
the mixture is concentrated in vaeuo and purified by BIOTAGE celumn (EtOAc/heptane 5:5
to 40:60) to glve 307 mg of 2- chloro 6- d1ethoxymethy1 7- (l—ethyl propyl) TH-pyrrolof2,3-
d]pyrimidine as a hght yellow oil.

LCMS: 326 (M+H) |

To a solution of 2-chloro- 6 -diethoxymethyl-7-(1-ethyl-propyl)- 7H-pyrrolo[2 3--

| d.]pynmldme (67 mg, 0.2 mmol) in 1,4-d10xane (0.7 mL) is added conc. HCI1 (0.2 mL) at

ambient temperature. The reaction mixture is stirred for 30 min, then neutralized with 2N

bNaOH aqueous solution- and saturated NaHCO; aqueous solution. The mixture is extracted

with EtOAc. The extracts are washed with brine, .dried over Na2'S04,> filtered and
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concentrated in vacuo to give 54 mg of 2-chloro-7-(1-ethyl-propyl)- 7H-pyrrolo[2 3--

- d]pyrimidine-6-carbaldehyde as a yellow solid. The crude product is used as it is.

LCMS: 252 (M_+H) .
To a mixture of 2-chloro-7- (l-ethyl-propyl) 7H-pyrrolo[2 3 d]pyr1m1d1ne -6-
carbaldehyde (283 mg, 1.11 mmol) in DMF (3 mL) is added oxone (820 mg, 1.33 mmol) at

room temperature. The ‘mixture is stirred at room temperatu_re for 5 h and is quenched with

. 20% Na,S,0; aqueous solution. After stirring for 10 min, the reaction mixture is acidified

with IN HCI aqueous solution (pH = 5). The mixture is extracted with dichloromethane,
dried over Na,SO, and concentrated in vacuo. The Solid is filtered, washed with acetonitrile, .
and dried under vacuum to g1ve 130 mg of 2- chloro 7-(1-ethyl-propyl)- 7H-pyrrolo[2 3-
d]pyrimidine-6-carboxylic acid as a pale brown solid. '
LCMS: 268 (M+H)". _ _
"To a solution of 2'-chloro-7-(1-ethyl-propyl)-7H-pyrrolo[2,3-d]pyrimidiné-6-
carboxylic acid (80 mg, 0.30 mmol), BOP (159 nig, 0.36 mmol) . and N,N-
diisopropylethylamine (0.078 mL, 0.45 mrhol) in DMF(3 mL) is added 0.164 mL of 2 N
dimethylamine in THF solution at room temperature. The f_nixture is stirred at room

temperature for 3 h, quenched with IN NaOH aqueous solution, and extracted with EtOAc.

- The organic extracts are washed with brine, dried over Na;SOy, filtered, and concentrated

under reduced pressure. The crude product is purified by column chromatography (SiO2, 5%

MeOH in CH,Cl;) to give 64 mg of 2-chloro-7-(1Qethyl-propyl)-7H-pyrrolo[2,3.-_
d]pyrimidine-6-carboxylic acid dimethylamide. | '
LCMS: 295.1 (M+H)". |

| By repeating the proéedures desc_ri_bed in example 202, using 2-chloro-7-(1-ethyl-
propyl)-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid dimethylamide asa starting material,
7-(1-ethyl-propyl)-2- (4-p1perazm-1-yl-phenylammo) 7H-pyrrolo[2,3-d]pyrimidine-6-
carboxylic acid dimethyl amide is obtained.
LCMS: 436.3 (M+H)".

'Examples 336 — 359

By repeating the procedures descrlbed in example 335 using approprlate startmg materlals

the following compounds are obtained.

Example , Structure MS found
(M+1)
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441 BIOLOGICAL ACTIVITY Binding of cytokines and certain growth factors to their respective
receptors trigger 5 activation of Janus ldnases, which phosphorylate members of the STAT family.

PhosphorylgigehshAlomelecules dimerize and migrate to the nucleus whergpgysRipgiNA and
initiate transcrlptlon of responswe genes. Inhlbltors of pathways downstream of cytokine/growth factor

receptogs e therapel Jc_assax_tgLJAK_&and JAK-2
has been deve%?)ed to | constrd®{e of the Kinase
domaing of both enzymes are used and & bibtii yla’t/?j,/gyrosme containing peptide serves as
substrate. Phosphorylatjon of this peptid by thel respective kinase is quantified with an =
europium-labeled anti-phosphotyrosine ghtibody (Eu-PT66) as energy donor and a _
streptavidin-allophycocyanine conjugatg @AAPC) as energy acceptor. The assay has been
established in a 384 well format. 15In th& JAK LANCETM assay, a biotinylated peptide is incubated
togethe[ With cggmpounds and ATP In buffer, The phosphorylation reactipn stargsager addition of JAK
kinase. |After incubation jat RT the reactlon/’i@;@Md with EDTA and the product detected|by addition
Streptayidin-Allophycocyanin and Europitim*fabé&led @iphosphotyrosine antibody. The signal is
measurgd using an EnVision Reader. 320nm|, Em, Donor: 20 615nm and Em, Acceptpr: 665nm
in time resolved fashion|with a delay of and a window of 100s. [bata acquired for the
compoynds of the invention using thes says are shown in Tables A and B. WO
20117/140222PCT/US2[1107/069595 G‘[ﬁ order to test the CDK4 activity of the compour{ds of the
invention, an ELISA based assay can be utilized, Where the enzyme is a purified active _
CDK4/CQyclin-D3*%inase |complex and the s purified Retinobjastoma3(RB) protejn. The
active GDK4/Cyclin-D1 kinase complex Ty he Rb substrate at Serine780 residue, and
then the 5 phosphorylatéd Rb/S780 is de cted Vi Iantibody specific|to the phosphorylgted site.
The compounds that inhjibit the CDK4 ke acti ould inhibit the signal output of the assay. Data
acquired for the compounds of the invention using this assay are showr| in Table C. = " In jorder to test
the CDK2 activity of the compounds of t&txvention, the CDK2 assay ig a flourescence polarization
assay, \Where the enzyme'is a purified a CDIC2/CycIin -A 10 kinase co_mplex and the substrate is a
synthesfzedpeggtjdederjved-from Histore- r|| ||| d.bb@ly utitizes thetviaP t_cuiugbﬁgy from Molecular
Devices. The active CDK2/Cyclin-A comple p 0S rylates the peptide substrate, which is
conjugated with the TAMRA tag. The p sphbryl “t‘e is then recognized by a metal containing
molecule that interacts with the TAMR to |nd a high flourescence polarization. The
compounds that inhibit the 15CDK2 ki activity Would inhibit the floufescence output of|the assay.
Data acqguired for the compounds of the kavention using this assay are ghown in Table C. p-pRb/S780
ELISA Cellular Assay 20 Maxisorp plate I:ll)mc 442404) are coated with 50ul of lug/mL total -
phospholated Retinoblast Protein (pr)Er;! ody (4H1 Cell Signaling 9309L) diluted in DPBS

(Phosp |n::\\ n\larn|nhf at )f(‘ Tha nmvg rl:-y nlafcc are b Vvll\erl \Anfh (' |per Iock in
TBST (Rierce one hour to overni ht o ing block once d{iring that time. Cells are plated
at 50-6 a 96 well plate (€0 i g sep-m 100uL complete 25 media (medip containing
fetal boyine serum (Gibgo 1600-044), 2pM, L-Glutamijne (Gibco 25030),/and 1% . :
Penicillipn/Streptomycin (Gibco 15140-1 and grown overnight in a hurnidified chamber at 37C and
5% CO2. Compounds (in DMSO) are diluted in media to create a 7 point dilution series of compound

with corncentrations rang

cells, with final concentr

ing from 11_0uME .027uM. 10ul of the diluted
ations on 30 cell ging from 10uM to 0.002ul|

M. Cells are treated

compounds are added to the

for 24 hrs

in a hunidified3amamber

40uL/well lysis buffer (5(

V4221)| 1mM EDTA (Gi
R02771). Plates are pla

cells. After lysis, 1 Oul o
37535) |s added to each

temperature for.2 hours

at 3/C and 5% CO%: wjpag compound incu
DmM Tris-HCL pI—,jN}.HéN ftrogen 15567-027), 1
bco 15575-038), 4mmM EGFA (Fisher 02783-100

ced on Titerplat aker (Dabline model 4625) f
cell lysate and 50ul | xPBS/10% Superblock (
well of the precpated and blocked Maxisorp pla

bation 4gelts are ly{
20mM NaC1 (Pron
), 1% Nonidet P40
or 5 minutes at 4C
Gibco 10010 and H
ite and allowed to |

on Oribtron Rotatbr il (Boekel Industries Model

sed with
nega
(Fluka

to lyse
ierce

pind at room

260250). Plates ar

e then

washed 3x with:Ix TBST (Telcnova T9201) using Biotek platewasher equipped with a Biostack. The
final wash is not aspirated. The final wash is removed by flicking off and tapping plate on paper towels.
ppRbS780 antibody (Cell Signaling 9307L) is diluted 1:1000 in 1xPBS/10% Superblock (Gibco 10010
and Pierce 37535) and 50ul is added to each well. Plates are then incubated 1 hour on Oribtron
Rotator Il (Boekel Industries Model 260250) Plates are then washed as previously described. Goat 10
anti-rabbit HRP (Promega W401 B) is diluted 1:2500 1xPBS/10% Superblock (Gibco 10010 and
Pierce 37535) and 50ul is added to each well. Plates are then incubated 30 minutes on
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Oribtron Rotator Il. Plates are then washed as previously described. 50uL Ultra TMB ELISA (Pierce
34028) is then added to each well Plates are incubated 5-20 minutes until blue color develops. 50ul
2M Sulfuric geid§Mallinskrodt 2468-46) is then added to each 15 well to stopthggsapliRvsepsorbance

at 450nm for each plate is read on Spectramax Plus (Molecular Devices). The results of this assay are
summayizee-in_Table-E- BrdU-assay-20-Gell Proliferation-ELISA-BrdU-{colerimetrie)-kit-from Roche

Diagnostic (Ca3t‘.l - 11647229001, 9115 Hajue Indianapolis, IN 5p414) is u'sgd for this assay.
% CO)ﬂﬂtJency in RMPI 1640 media. The next day,

Briefly, gells are plated in 96 well plates @ /
cells ar¢ treated with compounds at a dgsited-co tration range and then incubated for 24 hrsin a

humidified chamber at 3[7C and 5% C ollowing the protocol provided by the 25kit, cells are
labeled with BrdU labeling agent for 2 hrg§, and then fixed with 200uL of [FixDenat for 30 min at room
temperature. 100uL of anti-BrdU antibody~eadded to the cells and incupated for 2 hrs at room
temperature. The cells dre then washed thrle@/tmes with 200uL/well of PBS, and then 1004L of color
developing solgdmn 1S adided per well. After 5- 10 mm Incubation, the absorbanagesis read 370nM
using Spectramax Plus (Molecular 30 De\&eé . results of this assay are summarized |n Table E.
TABLE E Example Numper CDK4 ELISAassay IC50fymol I CDK4 HTRF / 1C50 [umol I-1] CDK2cyA
IMAP / IC50 [umol I-1] hiCDK1/B / IC504 oI_Iﬁ-J]\qZ 4 <10 201A <1p <1 205

o
57T
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345 . | | WJ:D—/Z”
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Example 360
1-(4-{4-[6- Dlethoxymethyl -7- (l-ethyl-propyl) 7H-pyrrolo[2,3- d]pynm1d1n—2-ylam1no]
phenyl}-plperazm-l yl)-ethanone

N
()
° : . .
By repeating the procedures described in example 201, using 2-chloro-6-diethoxyniethyl-7-
(1-ethyl-propyl)-7H-pyrrolo[2,3-d]pyrimidine as a - starting material, - 1-(4-{4-[6-
diethoxymethyl-7-(1-ethyl-propyl)-7H-pyrrolo[2,3- d]pyr1m1d1n-2-ylam1no]-phenyl}

piperazin-1-yl)- ethanone is obtained.

~ LCMS: 509 (M+H)*

Example 361
2-[4-(4-Acetyl-piperazin-1-yl)-phenylamino]-7-(1-ethyl-propyl)-7H-pyrrolo[2,3-
d]pyrimidine-6-carbal dehyde
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To a solution 1-(4-{4-[6-diethoxymethyl-7-(1-ethyl-propyl)-7H-pyrrolo[2,3-d]pyrimidin-2-
ylamino]-phenyl}-piperazin-1-yl)-ethanone (0.178 g, 0.35 mmol) in 1,4 dioxane (2.8 mL) is
added 0.8 mL of concentrated HCI at ambient terhperature. The reaction mixture is stirred at
ambient temperature for 30 min. The mixture is neutralized with 1 N NaOH aqueous solution |
and saturated NaHCO3' aqueous solution, extracted with CH,Cl,. Th_e extracts are washed
with brine, dried over Na2304, and concentrated under reduced pressure to give 160 mg of 2-
[4-(4-acetyl-piperazin-1-yl)-phenylamino]-7-(1-ethyl- propyl) 7H-pyrrolo[2,3- d]pynmldlne-
6- carbaldehyde as a yellow solid. '

LCMS: 435 (M+H) .

Example 362
1-(4-{4-[7-(1-Ethyl-propyl)-6-hydroxymethyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino]-
phenyl}-piperazin-1-yl)-ethanone | '

AT '
0
HNT N é\\ OH -
. N
[Nﬁ
To a solution of 2- [4-(4-acetyl- plperazm- 1-yl)- phenylammo] 7- (1-ethyl propyl)-7H-
pyrrolo[2,3-d]pyrimidine-6- carbaldehyde (20 mg, 0.046 mmol) in MeOH (1 mL) is added
NaBH4 (3.5 mg, 0.092 mmol). The reactlon mixture is stirred for 1 h and concentrated in
vacuo. The residue is purified by preparative HPLC to give 15 mg of 1-(4-{4-[7-(1-ethyl-

propyl)-6-hydroxymethyl-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino]-phenyl } -piperazin-1-yl)-

ethanone.

'LCMS: 437.3 (M+H)".
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Example 363 - ' _
1-(4-{4-[7-(1 -Ethyl-propyl)—G-oxazol-S-y1_-7H-pyrrolo [2,3-d]pyrimidin-Z-Ylamino]-phenyl }-

piperazin-1-yl)-ethanone

IO

570

N
J
°)\ R . .
To a solution of 2-[4-(4-acet_yl-piperazin-l-yl)-phenylamino]—7-(l-ethyl-propyl)-7H;
pyrrolo[2,3-d]pyrimidine-6-carbaldehyde (30 mg, 0.07 mmol) in MeOH (1 mL) are added p-
toluenesulfonyl isocyanide (16 mg, 0.08 mmol) and K,CO; (29 mg, 0.21 mmol). The
10 - reaction mixture is hcatéd at reflux for 1.5 h and concentrated in vacuo. The residue is
purified by preparative HPLC to give 21 mg of 1-(4-{4-[7-(1-ethyl-propyl)-6-oxazol-5-yl-
' 7H-pyrrolo[2,3-d]pyrimidin-2-ylamino]-phenyl}-piperazin-lle)-ethanone as a pale brown
solid. | | |
LCMS: 474.2 (M+H)".
15
Example 364 .
1-{4-[4-(7-(1-Ethyl-propyl)-6-{1 -methokyimino-ethyl }-7TH-pyrrolo[2,3-d]pyrimidin-2-
ylarhino)-phenyl]-piperazin-l'-y_l}-ethanbne |

. N..r‘OMe
“HN N/% H
ol
\ R
_ o)\ .
20 A mixture of 2-[4-(4-acety1-piperazin-1-yl)-phenylamino]-7-(l-ethyl_-propyl)-7H-pyrrolo[2,3-
d]pyrimidine-6-carbaldehyde (25 mg, 0.057 mmol), methoxylamine hydrochloride (20 mg,.

0.22 mmol) and 6N HCI (0.03 mL) in EtOH(1 mL) is stirred at ambient temperature for 6h.
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The mixture was quenched with saturated NaHC03 aqueous solution, extracted with CHCl.
The extracts were washed with brine, dried over Na2804, and concentrated under r_éduced
pressure to give the crude product. The cmde product is purified by prebarative HPLC to
give 12 fng of 1-{4-[4-(7-(1-ethyl-propyl)-6-{1-methoXyimin’o-ethyl}-7H-pyrrolo[2,3-

d.]pyri_midin-2-ylamino)-pheny].]-piperazinQ1-yl}-ethanone as a bright yellow solid.

LCMS: 464 (M+H)".

Example 365 _ _ o
1-{4-[4-(7-(1¥Ethyl-propy1)-6-{[(furan-2-y1methyl)-amino] -methyl}-7H-pyrrolo[2,3-
d] pyrimidin-2-ylamino)-phenyl]-piperazin- 1-yl}-ethanone

0y
o
A

To a solu_tioﬁ of 2-[4-(4-acetyl-pi_per_azin-1-yl)-phenylamino]-7-(1-ethyl-propyl)-7H.-
pyrrolo[2,3-d]pyrimidine-6-carbaldehyde (30 mg, 0.07 mmol) in THF ( | mL) is added
furfurylamine (0.03 mL, 0.35 mmol), NaBH(OAc)3 (45 mg, 0.21 mmol), and acetic acid .(1
mL). The reaction mixture is stirred for 16 h and concentrafed in vacuo. The residue is
purified by preparative HPLC to give 20 mg of 1-{4-[4-(7-(14ethyl-propyl)-6¥{[(furan-2-
ylmethyl)-amino]-methyl}-7H-pyrrolo[2,3-d]pyrimidin-2-ylamino)-phenyl] -piperazin-1 -yl}-
ethanone as a pale yellow solid. | |

LCMS: 516.3 (M+H)".

Examples 366 - 372
By repeating the procedures described'in example 365, using appropriate starting materials,

the following compounds are obtained.

Example Structure , MS found

(M+1)
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Example 373
2-[4-(4- Acetyl-plperazm- -yl)-phenylammo] 7- (1-ethyl-propyl) 7H-pyrrolo[2 3-

d]pyrimidine-6- carboxyllc acid methyl ester
o<

N SNT é\\ o—

o

XL
To a solution of 2-ch16ro-7-(1-ethyl-prdpyl)-?H-pyrrolo[2,3-d.]pyrimidine-6-carboxylic acid
(13 mg, 0.049 mmol) in MeOH (0.5 mL) is added (trimethylsilyl)diazomethane (0.07 mL of a
2.0 M in hexanes). The reaCtion mixture is stirred for 2 h and concentrated in vacuo to give
13 mg of 2-chloro-7-(1- ethyl-propyl) -7TH-pyrrolo[2,3- d]pynmldme 6- carboxyhc acid methyl_

ester. The crude product is used as it is.

LCMS: 282.2 (M+H)".

To a solution of 1-[44(4-amino-phenyl)-piperazin-1-yl]-etharione' (12.1 mg, 0.055 mmol) in
1,4-dioxane (0.5 mL) is added a solution of 2-chloro-7-(1-ethyl-propyl)-?H-pyrrblo[2,3-
d]pyrimidine-6-carboxylic acid methyl ester (13 mg, 0.046 mmol) in 1,4-dioxane (0.6 mL),I
Pdy(dba); (2.2 mg, 0.0023 mmol), Xantphos (2.7 mg, 0.046 mmol) and CsCO; (22.5 ing,
0.069 mmol). .The mixture is degassed, and heated at 100 °C for 3 h. 'The mixture is cooled
to room temperature, diluted with EtOAc, and filtered through a pad of Celite. The filtrate is
concentrated under reduced pressure. The crude product is puriﬁed by preparative HPLC to
give 86 mg of 2- [4 ~(4-acetyl-piperazin-1 -yl)-phenylamlno] 7- (1-ethyl-propyl) 7H-
pyrrolo[2,3-d]pyrimidine-6- carboxyhc ac1d methyl ester as a pale wh1te solid.

LCMS: 465.4 (M+H)".

Example 374

2- [4-(4-Acetyl-piperazin- 1-yl)-phenylamino]-7-(1-ethyl-propyl)-7H-pyrrolo[2,3-

d]pyrimidine-6-carboxylic acid
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- To a solution of 2-_[4-(4-acetyl-piperazin-1-yl)-phenylamiho]-7-(1-ethyl-propyl)-7H-

pyrrolo[2,3-d]pyrimidine-6-carboxylic acid methyl ester (19 mg, 0.041 mmol) in MeOH (1.5~
mL) is added 2 N LiOH aqueous solution (0.5 mL). The reaction mixture is stirred overnight
and concentrated in Qacuo. The residue is puriﬁed by preparative HPLC to give 13.6 mg df
2-[4-(4-Acetyl-piperazin-1-yl)-phenylamino]-7-(1 -ethyl-propyl)-7H-pyrrolb[2,3 -
d]pyrimidine-6-carboxylic acid. L

LCMS: 451.4 (M+H)". |

Example 375 _ .
7-(1-Ethyl-propyl)-2-(4-piperazin-1-yl-phenylamino)-7H-pyrrolo[2,3-d]pyrimidine-6-

- carboxylic acid

N - )
® .
To a solution of 2- [4-(4-acetyl-piperazin-1-yl)-phenylamino] -7-( 1 -ethyl-pro_pyl)-7H-'

pyerlo[2,3.-d]pyrimidine-6-carboxylic acid methyl ester (16 mg, 0.034 mmol) in THF (1.5
mL) is added 2 N LiOH aqueous solution (1 mL). The reaction mixture is stirred for 36 h and

‘concentrated in vacuo. The residue is purified by preparative HPLC to give 9.4 mg of 7-(1-

ethyl-propyl)-2-(4-piperazin-1 -yl-phenylamino)-7H-pyrrolo[2,3-d] pyrimidine-6-carboxylic |
acid. '

LCMS: 409.4 (M+H)".

Example 376
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1-(4-{4-[7-(1-Ethyl-propyl)-6-(1 -hydroxy-ethyl)-7H-pynolo [2,3-d]pyrimidin-Z-ylamino]-
phenyl}-piperazin-1 fyl)-ethanone
S OH
I"lN/Nu\/N:EN;;—\< .
N
()
A~ | | |
To a mixture of (5-bromd-2-chloro-pyrimidin—4-yl)-_(1-éthyl-propyl)-amine (044 g, 1.58
5 mmol), .Pd(Ph_jP)2C12 0.11 g,' 0.16 mmol), and Cul (0.03 g, 0.16 mmol) in DMF (14 mL) is
added 3-butyn-2-ol (0.19 mL, 2.37 mmol) and triethylamine (0.44 mL, 3.16 mmol). The
reaction mixture_is stirred _'at 55 °C for 16 h, diluted 'with CH,Cl,, filtered through a pad of
Celite, and concentrated in vacuo. Puriﬁcatidn by flash chromatography (SiO,,
EtOAc/Hexane 1:3) gave 0.23 g of 4-[2-chloro-4-(1-ethyI-propylamino)-pyrimidin-S-yl']-but-
10 3-yn-2;ol as yellowish oil.: - ‘
LCMS: 268 (M+H)". . | | |
To a solution of 4-[2-chloro-4-(1-ethyl-propylamino)-pyrimidin-5-yl]-but-3-yn-2-ol
(0.23 g, 0.85 mmol) in THF (0.5 mL) is added 1M TBAF (4.3 mL). The reaction mixture is
heated at reflux for 16 h, diluted with water, extracted with EtOAc. The extracts are dried
15  over Na,SO; and concentrated in vacuo. The residue is purified by flash chromatography'
| (Si0;, EtOAc/Hexane 1:3) to provide 0.12 g of 1-[2-ch10rd-7-(1-ethyl-propyl)—7H¥
pyrrolo[2,3-d]pyrimidin-6-yl]-ethanol.
LCMS: 268 (M+H)". - | | | o
By repeating the procedurés'described in example 65, using 1-[2-chloro;7-(1-ethyl-
20  propyl)-7H-pyrrolo[2,3-d]pyrimidin-6-yl]-ethanol as a starting material, 1-(4-{4-[7-(1-ethyl-
propyl)-6-( 1 -hydroxy-ethyl)-7H-pynolo [2,3-d] pyrimidin-Z-ylamino]-phenyl } -piperazin— 1-
yl)-ethanone is obtained. | - |
LCMS: 451.4 (M+H)".

25  Example 377

1-[2-[4-(4-Acetyl-piperazin-1-yl)-phenylamino]-7-(1-ethyl-propyl)-7H-pyrrolo[2,3-
d]pyrimidin-6-yl]-ethanone
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- To a solution of 1-[2-chloro-7-(1-ethyl-propyl)-?H-pyrrolo[2,3-d]pyrimidin-6-yl]-ethanol (61

mg, 0.2 mmol) in CH,Cl, (2 mL) is added Dess-Maﬂin'periodihane (242 mg, 0.5 mmol).
The reaction mixture is stirred for 1 h, quenched with 10 % NaS,0;: saturated NaHCO; (1:1)
aqueous solution, and extracted with C.H2C12. The extracts are washed with water and.brine',
dried over Naz'SO4, and conéentrated in vacuo. The residue is purified by flash
chromatography (SiOy, EtOAc/Hexane 1 3) to afford 58 mg of 1-[2-chloro-7- (l-ethyl-
propyl) 7H-pyrrolo[2,3-d]pyrimidin-6-yl]-ethanone.

LCMS: 266 (M+H)". _

By repeating the procedures described in example 201, using 1-[2-chloro-7-(1-ethyl-
propyl)-7H-pyrrolo[2,3-d]pyrimidin-6-yl]-ethanone as a stamng material, 1- [2 [4-(4-acetyl-
piperazin-1-yl)-phenylamino]-7- (l-ethyl-propyl) 7H-pyrrolo[2,3- d]pynmldm 6-yl]-ethanone
is obtamed '

LCMS: 449.4 (M+H)"

Example 378
[7-(1 Ethyl-propyl) 6- (l-methoxy-ethyl) 7H-pyrrolo[2 3-d]pyrimidin-2-yl]-(4-piperazin-1-yl- -

phenyl)-amine
AN o
| |/I\>—<
HN)\N/ _ é\\

o
e _
To a solution of  1-(4-{4-[7-(1-ethyl-propyl)-6-(1-hydroxy-ethyl)-7H-pyrrolo[2,3-
d]pyrimidin-2-ylamino]-phenyl}-piperazin-1-yl)-ethanone (19 mg, O..O42 mmol) in MeOH (1
mL) is added 4N HCI in dioxane (1 mL). The reaction mixture is stirred at 60 °C for 2h. The

mixture is loaded on Solid Phase Extraction column (Sorbent: benzensulfonic acid), washed
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is purified by preparative HPLC to give 10 mg of [7-(1-ethyl-propyl)-6-(1-methoxy-ethyl)-
7H-pyrrolo[2,3 -d]pyrimidin-2-yl]-(4-piperazin-1 -yl-phenyl)-amine.
LCMS: 423.4 (M+H)". |

Examples 379 - 382

By repeating the procedures described in example 378, using appropriate starting materials,

the following comp_oﬁnds are obtained.

PCT/US2007/069595

” with MeOH, eluted with EtOAc:MeOH:Et3N (1 3| :0.05), concentrated in vacuo. The residue

Example Structure . MS foﬁnd gy
(M+1)
379 451.3
NN o
HN)|\N/ N .
380 436.3
N \
HN)LN/ N o
381 ' . 509.4
el
0/&0
382 409.3
HN/kN/ N °\
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Example 383
(7-Cyclopentyl-6-isopropenyl-5-methyl- 7H—pyrrolo[2 3-d]pyrimidin-2-yl)-(4- plperazm- 1-yl-
phenyl)-amme

5

HN

e}

(5-Bromo-2-chloro-pyrimidin-4-yl)cyclopentjlamine is prepafed from cyclopentyl amine and
5-bromo-2,4-dichloropyrimidine using a method similar to that for the preparation of (5-
Bromo-2-chloro-pyrimidin-4-yl)-(1-ethylpropyl)amine given in Example 137.

To a solution of (5-Br_omo-2-chloro-pyrimidin-4-yl)cyclopentylamine (1g,
3.616mmol) is added l.ithium chloride (153.7 mg, 3.616 mmol) and potassium acetate (887.12
mg, 9.03 mmol) in DMF (50 mL). The solution is degassed and back-filled with N».
Palladium(II) acetate (40.6 mg, 0.18 mmol) is added and the solution is degassed and back-
filled with nitrogen three times. 3-pentyn-2-ol (1.0 mL, 10.8 mmol) is added and the reaction

 solution is heated at 120°C for 5 hours. LC-MS analysis indicated the absence of starting

material and the formation of a pair of regio-isomeric products. After cooling to room
temperature, the mixture is filtered through Celite, diluted with water, and extracted with
ethyl acetate EtOAc thiee times. The organic layers are combined, washed with brine and
dried over anhydrous sodium sulfate. The solvent .is evapofated and the crude materiél is
purified using silica gel chromatography(30% ethyl acetate / 70% hexanes to give 1-_(2-
Chloro-7-cyclopentyl-5-methyl-7H-pyrrolo[2,3-d]pyrimidin-6-yl)-ethanol as a pale powder
(150mg, 14.8%). [M+H]"=280.07.

: 1-(2-Chloro-7-cycloperity1'—5-methyl-7H-pyrrolo[2,3-d]pyrimidin-6-yl)-ethanone is
pfepared by Dess-Martin periodinane oxidation of 1-(2-Chloro-7-cyclopentyl-5-methyl-7H- .
pyrrdlo[2,3-d]pyrimidin-6-yl)-ethanol using a procedure similar to that described for 1-[2-
chloro-7-(1-ethyl-propyl)- 7H-pyrrolo[2,3-d]pyrimidin-6-y].]-ethanone in the sy_nthesis of
Example 376. [M+H]" —278 03.

A solution of 1- (2 -Chloro-7-cyclopentyl-5-methyl- 7H-pyrrolo[2 3 d]pynm1d1n—6 yl)-
ethanone (40 mg, 0.144 mmol), 1-[4-(4-Amino-phenyl)-piperazin-1-yl]-ethanone (37.9 mg,
0.172 mmol), Pd,(dba); (6.7 mg, 0.007 mmol), BINAP (9.15 mg, 0.014 mmol) and NaOtBu
(20.7mg, 0.216mmol) in 1,4-dioxane (4 mL) is degassed and back-filled with nitrogen three
times. The reaction mixture is heated to 80 °C for 2 hours. After cooling to room
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temperatilre water is added and the reaction mixture is extracted with ethyl acetate three -
times. The organic layers are combined, washed with brine and dried over anhydrous sodium
sulfate. The solvent is evaporated and the crude material is purified by preparative HPLC t o

provide 1-{2- [4-(4-A_cetyl-piperazin-1 -yl)-phenylamino]-7-cyclopentyl-5Smethyl-7H-

pyrrolo[2,3-d]pyrimidin-6-yl}-ethanone (16mg, 24%). [M;I-H]+=461.13.

To a solution of 1-{2-[4-(4-Acetyl-piperazin—1-yl)-phenylamiho]_-7-'cyclopentyl- o
Smethyl-7H-pyrrolo[2,3-d]pyrimidin-6-yl}-ethanone (12 mg, 0.026 mmol) in ‘methanol (3
mL) is added HC1 (2 mL, 2M in dioxane), dropwise. The solution is heated to reflux for 2 h.
The solvent is evaporated and the crude product is purified on HPLC to give a TFA salt of (7-
Cyclop.entyl-6-isopropenyl-5-fnethyl-7H-pyrrolo[2,3-d]pyrimidin-2-yl)-(4-piperazin—1.-yl-
phenyl)-amine as a yellow solid (7 mg, 42%). [M+H]"=419.17.

Example 384 _
7-Cyclopentyl-5-methyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-

d]pyrimidine-6-carboxylic acid methyl ester

A solution of (S-Bromo-2-chlbro-pyrimidin-4-yl)cycl_opentylamine (8g, 28.93mmoi), lithium
chloride (1.23 g, 28.9 mmol), pétaSsium carbonate (10 g, 72 rhmol) and palladium acetate
(324.68 mg, 1.45 mmol) in DMF (300 mL) is degassed and back-filled filled with nitrogén
three times. Methyl-2-butynoate(8.5 mL, 87 mmol) is added and the reaction solution is
heated at 120 °C for 5 h. LC-MS indicated the formation of two regioisomers and no 's'tarting
material remaining. After cooling to room temperature the solution is filtered through Celite,
diluted with water and extracted with ethyl acetate three times. The organic layers are
cdmbin_éd, washed with brine and dried over anhydrous sodium sulféte. The solveht is
evaporated and the crude product is puriﬁed using silica gel chromatography (~20% ethyl
acetéte / 80%hexane) to give 2_-éhloro-7-cyclopentyl-5-méthyl-7H;pyrrolo[2,3-d]pyrimidine- -
6-carboxylic acid methyl ester as a yéllow solid (2.11g, 25%). [M+H]"=294.04. | |

165



10 430 <1 <1 <1 326>10 10 333 <10 10 10 219 <10 <10 <10 220

10

15

20

25

WO 2007/140222 PCT/US2007/069595

A mixture of 2-chloro-7-cyclopentyl-5-methyl-7H-pyrrolo[2,3-d]pyrimidine-6- '
carboxylic acid methyl ester (110 mg, 0.374 mmol), 4-(6-Am_ino‘-pyridin-3le)-piperaéinc-1-
carboxylic acid tert-butyl ester (114.66 mg, 0.412 mmol), sz(dba)3(17.144 mg, 0.02 mmol), |
Xantphos (21.67mg, 0.037 mmol) and cesium carbohate (183 rhg; 0.562 mmol) in dioxane (5

' mL) is degassed and back- filled with nitrogen three times. The reaction mixture is heated to

100°C for 4 h. Water is added and the solution is extracted with ethyl acetate three times.

. The organic layers are combined, washed with brine and dried over _anhydrous sodium

sulfate. The solvent is evaporated and the crude produét is dissolved in a small amount of
ethyl acetate. White solid precipitates out and filters to give 2-[5-(4-tert-Butoxycarbonyl-
piperazin-1 -yl)-pyridin-2-ylamino]-7-cyclopentyl-5-methyl-7H-pyrrolo.[2 3-d]pyrimidine-6-
carboxylic acid ‘methyl ester as a white solid (35mg, 17%) which was carrled onto the next
step without further purification. [M+H] =536.35. _

~ To a solution of 2-[5-(4-tert-Butoxycarbonyl-piperazin- -yl)-pyrldln 2-ylamino]-7-
cyclopentyl-S-methyl-7H-pyrrolo[2,3-d]pyr1rmd1ne-6-carboxy11c acid methyl ester (35 mg,
0.065 mmol) in DCM (8 mL) is added TFA (2 mL) dropwise. The solution is stirréd at
room température for 2 hours. Solvent is evaporated and the c_mde material is purified by

preparative HPLC to give the TFA salt of 7- -Cyclopentyl- 5-methyl 2-(5-piperazin-1- yl-

' pynd1n-2-ylam1no) 7H-pyrrolo[2 3- d]pynmldlne 6-carboxylic ac1d methyl ester as yellow
solid (32mg, 74%). [M+H]"=436.2458. '

Example 385: - _
7-Cyclopentyl-6-methyl-2-(5-piperazin-1 -yl-pyridin-2-ylamino)-7H-pyrrolo[2,3-

d,]p'yrimidine-5-'carboxylic acid methyl ester

e

2-chloro-7-cyclOpentyl-6_-methyl-7H-pyrrolo[2,3-d]pyrimidine-S-carboxylic acid methyl ester
is prepared using the procedure shown for the preparation of its regio-isomer 2-chloro-7-
cyclopentyl-5-methyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid methyl ester given in
the procédure for the synthesis of Example 384.
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7-Cyclopentyl-6-methyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-7H-pyrrolo[2,3--
d]pyrimidine-5-carboxylic a_éid methyl ester is prepared from 2-chloro-7-cyclopentyl-5_;
methyl-7H-pyrrolo [2,3-d]pyrimidine-6-carboxylicvacid methyl ester'ﬁsing a prdcédure similar
to that given for the.preparati'on of 7-Cyclo.pentyl-S-methyl-2-(S-piperazin-1-yl-pyridin-2- |
5 ylamino)-7H-pyrrolo[2,3-d]pyrimidihe-6-carboxylic acid methyl ester, Example 384.
[M+H]'=436.25. =

Example 386
[7-Cyclopentyl-5-methyl-6-(5-methyl-[1,3;4]oxadiazol-2-yl)-7H-pyrrolo[2,3d]pyrimidin-2-
10 yl]-(S-piperazin— 1 -yl-pyridin-2-yl)-aniine

BosTet

N/N

N~

/

0)

. To a suspension of 2-[5-(4-tert-Bufoxycarbonyl-piperazin-1 -yl)-pyridin-2-ylamino]-7-
cYclopentyléS-methyl-7H-pyrrolo [2,3-d]pyrimidine-6-carboxylic acid methyl ester (250 mg,
15 0.467 mmol) (prepared as described in fhe procedure for the synthesis of Example.384), in |
MeOH/HéO/DCM (70 mL) is added a solution of lithium hydroxide (39.2 mg, 0.93 mmo_l) in
water (15 mL)'; The reaction mixture is heated to reflux for 4 hours. The reaction mixture is
allowed to cool to room temperature and concentrated in vacuo. The resulting so_lufion is
acidified to pH~3 using saturated aqueous citric acid solution. The sofution_ is evaporated and
20  the residue is purified by prepérative HPLC to give 2-[5-(4-tert-Butoxycarbonyl-piperazin-1-
yl)- pyr1d1n-2 ylamino]-7-cyclopentyl-5-methyl-7H- pyrrolo[2 3- d]pyr1m1d1ne-6 carboxyhc
acidas a yellow solid (105 mg, 53%). [M+H]'=522.3 .
To a solution of 12 2-[5-(4-tert-Butoxycarbonyl-piperazin-1-yl)-pyridin-2-ylamino]-
7-cyclopentyl-5-methyl-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid (120 mg, 0.23
25  mmol), HBTU (130.9 mg, 0.345 mmol) and HOAt (46.97 mg, 0.345 mmol) in dry. DMF (15
mL) is added a solution of acetic hydrazide (34.09 mg, 0.46 mmol) and
diisdpropylethylamine (121ul, 0.693 mmol) in dry DMF tS mL). .The reaction mixtur_e is

stirred at room temperature overnight. The reaction mixture is diluted with water and
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extracted with ethyl acetate three times. The organic layers are combined, washed with brine
and dried over anhydrous sodium sulfate. The solvént is evaporated and the crude product is
purified by preparativé HPLC to give 4-{6-[6-(N '-Acetyl-hydrazinocarb_onyl)-7-cycldpentyl-
5-me_thyl-7H-pyrrolo[2,3-d] pyrimidin-2-ylamino]-pyridin-3-yl }_-piperazine- 1-carboxylic acid
tert-butyl ester as a yellow solid (120mg, 75.4%). [M+H]"=578.32.

A mixture of 4-{6-[6-(N '-Acetyl;hydrazinocarbonyl)-7-cyclopentyl-S -methyl-7H-
pyrrdlo[2,3-d]pyrimidin-Z-ylamino]-pyridin-3-yl}-piperazine-l-carboxylic acid tert-butyl
ester (.80_mg, 0.139mmol) and polyphosphoric acid (20'mL) os heated to 120°C for 1 h. The
reaction mixture is diluted with cold water in an ice-water bath and. neutralized to pH~8 with
6 N sodium hydroxide solution. The aqueous solution is extracted with ethyl acetate three
times. The organic layers are combinéd, washed with brine and dried over anhydrous sodium
sulfate. The solvent is evaporated and the crude product is washed with MeOH to give [7-
Cyclopentyl-5-methyl-6-(5-methyl-[1,3,4]oxadiazol-2-yl)-7H-pyrrolo[2,3d] pyrimidin-2-yl] -
(5-piperazin-1-yl-pyridin-2-yl)-amine as a yel_low solid (28 mg). The methanolic solution is
purified by preparative HPLC to give a TFA salt of [7-Cyclopentyl—5-methyl-6-(5-méthyl-
[1,3,4]oxadiazol-2-yl)-7H-pyrrolo[2,3d]pyrimidin-2-y1]-(5-piperazin-1-yl-pyridin-2-y1)-

amine as a yellow solid (20 mg). [M+H]"=460.2572.

Examples 387 — 408 are prepared using methods similar to those described in the

syntheses of Examples 383-386 and standard synthetic methodology used in the synthesis of

azole heterocycles with appropriate choice of starting materials.

Example : : Structure - MS found
(M+1)
387 - : ' ' 420.25
N7 N\ 4 :
AL, -

388 _ ' 436
N7~ .
A |
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Example 409

10

2-[4-(4-Acetyl-piperazin-1-yl)- phenylammo] 9-(1- ethyl propyl)-7,9- d1hydro-pur1n-8 -one

Bess
s

®

P

To a solution of 2,4-dichloro-5-nitro-pyrimidine (2 g, 10.3 mmol) in anhydrous EtOH (20

mL) is added 1-ethylpr0pylami_ne (1.3 mL, 11.3 mmol) and.N,N-diisopropylé_thylamine 2.7

mL, 15.5 mmol) at 0 °C. The reaction mixture is stirred for 8 h and concentrated in vacuo.

The residue is dissoloved with EtOAc, Washed with saturéted NaHCO; and brine, dried over

Na,SO,4, and concentrated in vacuo.

Purification with column chromatography (SiO,,

EtOAC/Hexane 1:3) gives 1.5 g of (2-chloro-5-nitro-pyrimidin-4-yl)-(1-ethyl-propyl)-amine.

LCMS: 245.1 (M+H)*
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To a solution of (2-chloro-5-nitro-pyrimidin-4-yl)-(1-ethyl-propyl)-amine (1 g, 4.1
mmol) in anhydrous EtOH (50mL) is added Tin(Il) chloride (2.3 g, 12.3 mmol) and

concentrated HCI (lmL) at ambient temperature. The reactlon is heated to 80 °C for 1 h and

quenched with IN NaOH at 0 °C. The mixture is extracted with EtOAc, washed w1th bnne

dried over Na,SO;, and concentrated in vacuo to give 0.5 g of (2-chloro-5-amino-pyrimidin- -

4-yl)-(1-ethyl-propyl)-amine. The crude is used as is.
LCMS: 215.2 (M+H)"

To a microwave vial is added the crude (2-chloro-_5-amino-pyrimidin-4;yl)-(1-ethyl-
propyl)-amine (0.5 g, 2.3 mmol) and anhydrous DMF (15mL) followed by 1,1’-
carbonyldiimidazole (1.1 g, 70 mmol). Sealed vial and rtlicrowave are heated at 100 °C for
10 min.. The reaction mixture is 'diluted with EtOAc, washed with water, dried over NaZSOA,
and concentrated in vacuo. Purification with column chromatography (Si0,, EtOAC/Hexane °
1:1) glves 0.3 g of 2 chloro 9-(1-ethyl-propyl)-7,9- d1hydro-pur1n 8-one. LCMS_: 241.1
M+H)"

To a mixture of 2-chloro-9-(1-ethyl-propyl)-7,9- d1hydr0-pur1n-8 -one (95 mg, 0. 4
inmol) and TsOH (1.6 mL, 02Min 1,4-dioxane) in DMF (0.25 mL) is added 1-[4-(4-am1no-
phenyl)-piperazin-1-yl]-ethanone (105 mg, 0.5 mmol). The reaction mixture is sealedina -
microwave reactor and heated at 140 °C for 30 min. The mixture is diluted with EtOAc and
washed with NaHCO; aqueous solution and brine. The organic .layer is dried over Na;SO,,
filtered and concentrated. The crude product is purified by preparative HPLC to give 52 mg
of 2-[4-(4-acetyl-piperazin-1 -yl)-phenylammo] 9-(1-ethyl-propyl)-7,9- d1hydro-pur1n 8-one
as a brown solid.

LCMS: 424.2 (M+H)"

Examples 410 - 418 _
By repeating the procedures described in example x1, using appropriate starting materials, the

following cempounds are obtained.

Example : Structure _ . MS found
' : (M=+1)
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Example 419
2-[4-(4-Acetyl-piperazin-1-yl)-phenylamino]-9-(1-ethyl-propyl)-7-methyl-7,9-dihydro-purin-
8-one : _ : :
5
_ N /
N
o
HN)\N/ ">=

g

To a solution of 2-chloro-9-(1-ethyl-propyl)-7,9-dihydro-purin-8-one (100.mg, 0.41 mmol) in
anhydrous DMF (2 mL) is added methyl iodide (21 uL, 0.41 mmol) and NaH (50% |
10  dispersion in mineral oil, 22 mg, 0.46 mmol). The reaction is stirred for 1.5 h. The reaction
mixture is quenched with ice water and extracted with EtOAc. The extracts are dried over
Na;SO4 and concentrated in vacuo to give 104 mg of 2-chloro-9-(1-ethyl-propyl)-7-methyl-
7,9-dihydro-purin-8-one. The crude product is used as is. | |
'LCMS: 255.1 (M+H)" ”
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~ To a mixture of 2-chloro-9-(1-ethyl-propyl)_-7-methyl'-7,9-dihydro-purin.-8-one (102
mg, 0.4 mmol) and TsOH (1.6 mL, 0.2 M in 1,4-dioxane) in DMF (0.25 mL) is added 1-[4-
(4-amino-phenyl)-pipe.razin'-'l-yl]-ethandn_e (105 mg, 0.5 mmol). The reaction mixture is
sealed in a microwave reactor and heated at 140 °C for 30 min. The mixture is diluted with
EtOAc and washed With NaHCO; aqueous solution and brine. The organics are dﬁed over

Na,SOq, filtered and cohcentrat_ed. The crude product is purified by preparative HPLC to

give 50 mg of 2-[4-(4-acetyl-piperazin-1-yl)-phenylamino]-9-(1-ethyl-propyl)-7,9-dihydro-

purin-8-one.

LCMS: 437.6 M+H)"

Example 420 _
9-(1-Ethyl-propyl)-7-methyl-2-[4-(4-methyl-piperazin- 1 -yl)-phenylamino]-7,9-dihydro-

purin-8-one

| !
| HN)Nl\/NtE'):o

O

By repeating the procedures déscribed in example x11, using appropriate _starting'materials,

, 9-(1-ethyl-propyl)-7-methyl-2-[4-(4-methyl-piperazin-1-yl)-phenylamino]-7,9-dihydro-purin-

8-one is obtained.

LCMS: 409.5 (M+H)"

Example 421 |
1-(4-{4-[9-(1 -Ethyl-propyl)-9H-purin—2 -ylamino]-phenyl}-piperazin-1-yl)-ethanone
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To a solution of 2-chloro-9-(1-ethyl-propyl)-7,9-dihydro-purin-8-one (0.5 g, 2.3: mmol) in
DMF (5 mL) is added triethyl orthoformate (3.8 mL, 23 mmol) and TsOH (0.88 g, 2.6

mmol). The reaction is stirred overnight. The reaction mixture is quenched with ice water ) _

and extracted with FtOAc. The eXtracts are dried over Na,SO4 and concentrated in vacuo.

Purification by flash chromatography (8102, EtOAC/Hexane 1:3) gives 0. 39 g of 2-chloro-9-

1 -ethyl-propyl) 9H-pur1ne
LCMS: 225.1 (M+H) _

To a mixture of 2-chloro-9- (l-ethyl-propyl) 9H-purine (90 mg, 0.4 mmol) and TsOH
(1 6 mL, 02Min 1,4- dloxane) in DMF (0.25 mL) is added 1- [4 (4 -amino- phenyl)-plperazm-

1-yl]-ethanone (105 mg, 0.5 mmol). The reaction mixture is sealed in a microwave react_or

and heated at 140 °C for 30 min. The mixture is diluted with EtOAc and washed with
NaHCO; aqueous solution and brine. The organics are dried over Na,SOs, filtered and
concentrated. The crude product is purified by preparative HPLC to give 40 mg of 1-(4-{4-
[9-(1-ethyl-propyl)- 9H-pur1n-2-ylam1no]-phenyl}-p1perazm- -yl)-ethanone. '
LCMS: 407.5 (M+H)

Example 422
[9-(1-Ethyl-propyl)- 9H-pur1n-2 -yl]-[4- (4-methyl-p1perazm— -yl)-phenyl]-amme

00

@h
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By repeating the procedures described in example x13, using appropriate starting
materials,[9-(1 -ethyl-propyl)—9H-purin-2—yl]- [4-(4-methyl-piperazin-1 -yl)-phenyl] -amine  is
obtained. | ' ' | ' | -
LCMS: 379.5 (M+H)"

5 ' The folloWih_g examples of compounds were also produced using the materials and

methods as described above.

Structure ' Example MS
' Number .
423 464
o
HN N/ _N
A Q
« |

424 ' 364
N
HN N N
N C
\ .
(Nj
N
|
H
425 492.3075
N X N\
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430 ' 377.1.

431 478.2925

432 442.1345
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X
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_ 441
- BIOLOGICAL ACTIVITY

Binding of cytokines and certain growth factors to their respective recéptors trigger
activation of Janus kinases, which phosphorylate members of the STAT family. -
Phosphorylated STAT molecules dimerize and migrafe to the nucleus where they bind to
DNA and initiate trénscription of responsi\}e genes. Inhibitors of pathways doWnstream of
cytokine/growth factor receptors have therapeutic potential for several indications. An
enzymatic assay for JAK-3 and JAK-2 has been developed to identify T-céll selective
inhibitors. GST fusion constructs of the kinase domains of both enzymes are usedanda ..
biotinylated, tyrosine containing peptide serves as substrate. Phosphorylation of this peptide '
by the respec_:tiVe kinase is quantified with an europium-labeled anti-phosphotyrosine |
antibody (Eu-PT66) as energy donor and a streptavidin-allophycocyanine conjugaté (SA- |
APC) as energy acceptor. The assay has been established in a 384 well format.

In the JAK LANCE™ assay, a biotinylated peptide is incubated together with
compounds and ATP in buffer. The phosphorylation reéction starts after additidn of .JAK
kinase. After incubation at RT the reaction is stopped with EDTA. and the product detected
by addition Streptav_idin-Allophycocyanin and Europium-labeled antiphosphotyrosine
antibody. The signal is measured using an EnVision Reader. Exc: 320nm, Em, Donor:
615nm and Em, Acceptor: 665nm in time resolved fashion with a delay of 60s and a window
of 100s.

Data acquired for the compounds of the invention using these assays are shown in

_Tables A and B.
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In order to test the CDK4 activity of the compounds of the invention, an ELISA based _
assay can be utilized, where the enzyme'is a puriﬁed active _CDK4/Cyc1in-D1 kinase cdmplex
and the substrate isa purified Retinoblastoma (Rb) protein. The active CDK4/Cyclin-D1 -
kinase complex phosphorylates the RB substrate at Serine780 residue, and then the

- phosphorylated Rb/S780 is detected via an antibody specific to the phosphorylated site. The

compounds that inhibit the CDK4 kinase activity would inhib_it the signal output of the assay.

- Data acquired for the compounds of the invention using this assay are shown in Table C. -

-In order to test the CDK2 activity of the compounds of the invention, the CDK2 assay
is 'ci_ﬂourescence polarization assay, where the enzyme is a purified active CDK2/Cyclin-A
kinase complex and the substrate is a synthesized peptide derived from Histone H1. This
as.say utilizes the IMAP technology frem'Molecular Devices. The active CDK2/Cyclin-A
complex phospherylates the pepfide substrate, which is conjugated with the TAMRA tag.
The phosphorylated site is then recognized by a metal containing molecule that interac_ts with
t_he TAMRA tag to induce a high flourescence polarization. The compounds that inhibit the
CDK2 kirlase activity would inhibit the flourescence output of the assay. Data acquired for

the compounds of the invention using this assay are shown in Table C.

p-p Rb/S780 ELISA Cellular Assay

Maxisorp plates (Nunc 442404) are coated with 50ul of lug/mL total phospholated _
Retinoblast Protein (pRb) antibody (4H1 Cell Signaling 9309L) diluted in DPBS (Phosphate

* Buffered Saline) overnight at 4°C. The next day plates are blocked with Superblock in

TBST (Pierce 37535) for one hour to over_night — changing block once during that time.

Cells are plated at 50-60% confluency in a 96 well plate (Corning 3585) in 100uL. complete _.
media (media coritaining fetal bovine serum (Gibco 1600-044), 2mM-L5Glutarnine (Gibco
25030), and l%IPerlicillin/ Streptomycin (Gibco 15140-122) and grown lovernight ina
humidified chamber at 37°C and 5% CO,. Compounds (in DMSO) are diluted in r_nedia to
create a 7 point dilution series of compound virith concentrations ranging from 110uM to
0.027uM. __10u1 of the diluted compounds are added to the cells, with final concentrations on
cells ranging from 10uM to 0.002uM. Cells are treated for 24 hrs in a humidified chamber at
37°C and 5% CO,. Following compound incubation, cells are lysed with 4.0uL/well lysis
buffer (SOmM Tris-HCL pH 7.5 (Invitrogen 15567-027), 120mM NaCl (Promega V4221),
ImM EDTA (Gibeo 15575-038), 6mM EGTA (Fisher 02783-100 ), 1% Nonidet P40 (Fluka
R0O2771). Piates are placed on Titerplate shaker (Labline model 4625) for 5 minutes at 4°C to
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“ lyse cells. After lysis, 10ul of cell lysate: and '501'11 1xPBS/ 10%_Superblock (Gibco 10010

and Pierce 37535) is added 't_o each well of the precoated and blocked Maxisorp plate and
allowed to bind at room temperature for 2 hours on Oribtron Rotator II (Boekel ‘Ihdustr_ies

Model 260250). Plates are then washed 3x with 1x TBST (Teknova T9201) using Biotck ’

- platewasher equipped with a Biostack. The final wash is not aspirated. The final wash is

removed by flicking off and tapping plate on paper towels. ppRbS780 antibody (Cell
Signaling 9307L) is diluted 1:1000 in 1xPBS/10% Superblock (Gibco 10010 and Pierce
37535) and 50ul is added to each well. Plates are then incubated 1 hour on Oribtron Rotator
11 (Boekel Industries Model 260250). Plates are then washed as previously described. Goat |
anti-rabbit HRP (Promega w401B) is diluted 1:2500 1xPBS/10% Superblock (Gibco 10010

and Pierce 37535) and 50ul is added to each well. Plates are then incubated 30 minutes on

‘Oribtron Rotator II. Plates are then washed as previously described. 50uL Ultra TMB

ELISA (Pierce 34028) is then added to each well. Plates are incubated 5-20 minutes until
blue color develops. 50ul 2M Sulfuric acid (Mallinckrodt 2468-46) is then added to each
well to stop the reaction. Absorbance at 450nm for each plate is read on Spectramax Plus

(Molecular Devices). The results of this assay are summarized in Table E.

BrdU assay

Cell Proliferation ELISA BrdU (colorimetric) kit from Roche Diagnostic (Cat. #:
11647229001, 9115 Hague Road, Indianapolis, IN 50414) is used for this assay. Briefly,
cells are plated in 96 well plate‘s at 50-60% cohﬂuency in RMPI 1640 media. The next day,
cells are treated with cofnpounds at a desired concentration range and then ihcubate_d for 24
hrs in a humidified chamber at 37OC and 5% CO,. Following the protocol provided by the
kit, cells ére labeled with BrdU labeling agent for 2 hrs, and then fixed with 200ul. of
FixDenat for 30 min at room temperature. 100uL of anti-BrdU antibody is added to the cells
and incubated for 2 hrs at room temperature. The cells are then washed three times with‘
200uL/well of PBS, and then 100uL of color developing solution is added per well. After 5-
10 min incubation, the absorbance is read at 370nM using Spectramax Plus (Moleéular

Devices). The results of this assay are summarized in Table E.
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Example Number CDK4 CDK4
' ELISA | HTRF/IC50 | CDK2cyA :
assay [umol I-1] IMAP / hCDK1/B /
IC50 IC50 IC50 [umol
. ' [umol |-] [umol 1] | 1]

201 . <10

201A - <10 <1

205 . <10 <10

206 . >10 ‘ >10

207 <10 1>10

208 <10 <10 |

209 <10 | - . <10

210 >10

211 : <10 <10

212 ' <10 <1

213 : <10 <1

214 <10 >10

215 . >10

216 - <10 <10

265 <10 <10

266 | | <1 <10 <10

266A <1 [ <1 <10 <10

267 <10 <10 | > 10 >10

217 =10

218 : >10

263 . >10 - >10

269 _ <10 >10

264 _ >10 1 >10

423 >10 '

424 >10 o<1 >10

252 . >10 » >10

253 <10 : <10

254 ' >10 <1

330 >10 <1

255 >10 <10 | > 10

269 . - >10-

319 > 10

360 >10 . > 10

361 o <1 <1 <1

362 >10 <1

274 > 10

270 ' >10

271 <10 |>10

331 >10 <1

329 >10 <1

426 <10 <1]>10
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333 - <10 10 10
219 <10 <10 <10
220 >10 >10
221 <10 <10 <10
222 <10 <10 <10
223 <10 | . <10 | > 10
224 >10 >10
225 <1 <1 <10
226 <10 <10] > 10
227 <10 <10
228 <10 <10
229 <10
230 <1 <10
231 <1]510
232 <1 <1
376 <1 <10
377 <1 <1
398 . <1 <1 <1
234 <10 | > 10
235 <10 | > 10
399 <1 <10
399A <1 <10 <10
399C <1|s15 <10
432 >10 _ >10
433 . <1]s10
283 <10 > 10
285 <10 <10
258 >10 <10
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384 <1|>10

239 <1 <10 <1

440 <10 | > 10

320 <10 >10

240 <1 <10

241 <10 <10

242 <1 <10

388 <10 | > 10

246 <1 <1

321 <10 [ > 10

287 10| > 10

404 <1]s10

405 <10 | > 10

243 <1 U<

244 <1 <1

245 <1 <1

378 <1 <10

441 10|10

336 <10 | > 10

337 <10 | > 10

442 10 <10

443 10 >10

363 <1 <1

247 <1 <1 <1

335 <1 <10

343 <10 | > 10

344 <10 | > 10

444 <1 >10

446 10 <10

286 <10 <10

447 10> 10

345 <1 <10

345A <1 <10 <1

288 <10 <1
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-Equivalents
Those skilled in the art will recognize, or be able to ascertain using no more thah
routine experimentation, many equivalents to the speciﬁc embodiments and methods
described herein. Such equivalents are intended to be encompassed by the scope of the

5  following claims.
Incorporation by Reference

The entire contents of all patents, published patent applications and other references

cited herein are hereby expressly incorporated herein in their entireties by reference.
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CLAIMS

1. A compound of Formula I:

Q)

or a pharmaceutically acceptable salt or solvateethf, wherein:

the dashed line indicates a double bond;

Ais N;

R? and R are each, independently, selected from the groupisting of hydrogen,
hydroxyl, G-Cs-alkyl, Cs-Cg-cycloalkyl, heterocyclyl, aryl, heteroaryl, sulbsted G-Cs-
alkyl, substituted Cs-cycloalkyl, substituted heterocyclyl, substitusegl and substituted
heteroaryl,

R*is selected from the group consisting of hydrogarCs-alkyl, substituted GCsg-
alkyl, Cs-Cg-cycloalkyl, substituted £Cg-cycloalkyl, aryl, substituted aryl, heteroaryl and
substituted heteroaryl;

X is CR", and Y is CR

R is hydrogen or €Cs-alkyl and

R'?is -BC(O)NR*R* wherein B is a bond, {&Cs-alkyl or branched GCs-alkyl;
wherein R® and R* are each, independently, selected from the gronpisting of hydrogen,
C,-Cs-alkyl, Cs-Cg-cycloalkyl, heterocyclyl, aryl, heteroaryl, sulbsted alkyl, substituted
cycloalkyl, substituted heterocyclyl, substituteyl aand substituted heteroaryl.

2. The compound of claim 1, whereifi B branched or linear;@&s-alkyl, wherein the
branched & Cs-alkyl group may be interrupted by one or more tugttoms, and/or
substituted with one or more heteroatoms, halogen€g cycloalkyl groups, substituted;C
Cs cycloalkyl groups, &Cs hetrocyclyl groups, aryl groups, heteroaryl grqugubstituted
aryl groups, or substituted heteroaryl groups.

3. The compound of claim 1, whereifi B selected from the group consisting of
hydrogen, GCg-alkyl, Cs-Cg-cycloalkyl, G-Cg-substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, and substituted heteroaryl.
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4, The compound of claim 3, whereifi B branched or linear;&s-alkyl, wherein the
branched & Cs-alkyl group may be interrupted by one or more twgttoms, and/or
substituted with one or more heteroatoms, halogen€g cycloalkyl groups, substituted;C
Cs cycloalkyl groups, &Cs hetrocyclyl groups, aryl groups, heteroaryl grqugubstituted
aryl groups, or substituted heteroaryl groups.

5. The compound of claim 1, whereifi B selected from the group consisting of
hydrogen, branched;&s-alkyl, branched ¢Cs-alkyl substituted by phenyl anc-Cs-
cycloalkyl.

6. The compound of claim 1, whereifi B C(H)(CHCHs),, C(H)(CH,CHs)Ph,
CH.CHga, cyclopropyl, cyclopentyl or cyclohexyl.

7. The compound of claim 1, whereifi B H.

8. The compound of claim 1, whereifi B an aryl group, which is further independently
substituted one or more times by halogep(@alkoxy, R*-amine, R>-heterocycle, or R-
heteroaryl, wherein Ris a bond, C(O), N(H)C(O), N(H)S{DC(O) or (CH)1.4, Wherein

the (CH)1-4 group may be interrupted by O, N(gtbr N(H).

9. The compound of claim 8, wherein the aryl grauphenyl.

10.  The compound of claim 11, wherein the phengugris independently substituted
one or more times with fluoro, methoxy, diethylamiiR°-piperazinyl, R>-morpholinyl,
R™-piperidinyl, R>-triazolyl, R*-phenyl, R>-pyridinyl, R*®-piperazinyl, R>indazolyl, R*-
pyrrolidinyl or R™-imidazolyl, wherein the piperazinyl, morpholinpiperidinyl, triazolyl,
phenyl, pyridinyl, piperazinyl, indazolyl, pyrroiidyl or imidazolyl groups may be further
substituted with &Cy-alkyl, C(O)G-C;s-alkyl, S(O)}Cy-Cy-alkyl, OH, C(O)(CH)1-3CN or
N(H)C(O)G-Cs-alkyl.

11.  The compound of claim 9, wherein the phenylgris substituted by N(H)C(O)aryl,
C(O)N(H)G-Cy-alkyl, C(O)N(G-Cy-alkyl), or C(O)N(H)G-Cs-cycloalkyl.

12.  The compound of claim 1, wherein the composrgklected from the group
consisting of
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<1396 <1 <1 <1 Equivalents Those skilled in the art will recognize, or be able to ascertain
using no more than routine experimentation, man uivalents to the specific embodiments and
methods described herein. Such equivalents are i ded to be encompassed by the scope of the

following claims.ﬁz/f;ré%on by Reference | \enti contents of all patents, published patent

applications an 6ther ed herein/@reﬁh;;bygxpressly incorporated herein in their
e%r {199y @» 1

entireties by . A tompwbund of Formula I: R2 NJA R3R4 (I) or a
pharmaceutically a%f;ejplible salt or solvateth reofg%h\irein: the dashed line indicates a double bond;
Ais N; nd R3 are each, independ

, selected from the group consisting of hydrogen,
hydroxyl, C -alkyl, C3-C8-cycloalkyl, heterocyclyl, aryl, heteroaryl, substituted C1-C3- alkyl,

substituted é -C8-cycloalkyl, substitutedcr;f
fh

rocyclyl, substituted aryl and substituted heteroaryl,
R4 is selected from the group consisting ;irogen, Cl-Cs-alkyl, substituted C1-C8alkyl,
C3-C8-cycloatkyl, substituted C3-C8-cycloalkyl, aryl, substituted aryl, heteroaryl and substituted
heteroaryl; Xis CR11, and Y is CR12; -11 is hydrogen or C1-C3-alkyl and R12is

-BC(0)NRI3R14; wherein B is a bond, C1-C3-alkyl or branched C1-C3-alkyl; wherein R13 and R14 are
each, independ)@ﬂy se df hé group consisting' oge 1-C3-alkyl, C3-C8-cycloalkyl,

heterocyclyl, ‘aryl, hetefoaryl; substituted alkyl, su ycloa tituted heterocyclyl,
substituted apyl, andsubstituted heteroaryl. 2. The com of claim 1, wherein R4 is branched or
linear C1-04 [, wherein the branched C1-05-

substituted C3-.C8 cycloalkyl groups, C3-C8 hetroeyclyl groups, aryl groups, heteroaryl groups,
substituted aryl groups, or substituted heteroaryl groups. 3. The compound of claim 1, wherein R4 is
selected fromithe group consisting of hydrogen, C1-C8-alkyl, C3-C8-cycloalkyl, C3-C8-substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, and substituted heteroaryl. 200 4. The compound of claim

3, wherein R4 is \ranched or linear C1-05-alkyl, wherein the brariched C1-05-alkyl group may be
interrupted by Nne/ r heteroatoms, and/orﬁ(j%@ﬁ@ with-gne or more heteroatoms, halogens,
C3-C8 cycloalky ;ﬁ%s, s”uief C3- C8 cy igrom -C8 hetrocyclyl groups, aryl groups,

heteroaryl S, substituted aryl groups, or stit heteroaryl groups.



5. The compound of claim 1, wherein R4 is selected from the group consisting of hydrogen, branched
C1-05-alkyl, branched C1-05-alkyl substituted by nyl and C3-C6- cycloalkyl. 6. The compound of
claim 1, wherein R4 is C(H)(CH2CH3)2, C(H)(CH 3)Ph CH2CHa3, cyclopropyl, cyclopentyl or
cyclohexyl. 7. The compound of claim 1, wherein [ 8. The compound of claim 1, wherein R3 is

an aryl group, urtrj’er independently sub}u\#te o} more times by halogen, C1-C4-alkoxy,
R15-amine, lekh yC - heteroary fein'R15 b , C(0), N(H)C(0), N(H)S02,
OC(0) or (CH2)1 4, whereln 'the 2)1 4 group'may bervnﬁrrrupted y O N(CH3) or N(H). 9. The
compound im 8, wherein the aryl group i enyl. | 10. The compound of claim 11, wherein the

phenyl gro mdependently substituted one ore times with fluoro, methoxy, diethylamine,
R15-piperazi NyI R15-morpholinyl, R15-piperidinyl, R15-triazolyl, R15-phenyl, R15-pyridinyl,
R15-piperazinyl, R15-indazolyl, R15- pyrrolidifyl or R15-imidazolyl, wherein the piperazinyl,
morpholinyl; ridinyl, triazolyl, phenyl, pyridinyk piperazinyl, indazolyl, pyrrolidinyl or imidazolyl
groups may be further substituted with C1-C4-alkyl, C(0)Ci-C4-alkyl, S(0)2C1-C4-alkyl, OH,
C(0)(CH2)1 3CN or N(H)C(0)Ci-C4-alkyl. 11. The compound of claim 9, wherein the phenyl group is
substituted by N(H)C(0)aryl, C(0)N(H)Ci-C4-alkyl, C(0)N(Ci-C4-alkyl)2 or C(0)N(H)C3-C6-cycloalkyl.

12. The compo |m , Wherein the compound is selected from the group consisting of 201
202 N203 oo 20 - \ /
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205 13. A compound according to any one of claims 1 to 12 for use in the treatment of an
autoimmune, transplant rejection or cancer disordzh 14. A compound for use according to claim 13,
wherein the autoimmune disease is selected from é group consisting of autoimmune hemolytic
anemia, autoimmune neonatal thpombocytopenia, idiopathic thrombocytopenia purpura,

autoimmunocytopef‘ﬁia,\h i¢ anerpiar- antiphospholipid syndrome, dermatitis, allergic
encephalomyelijtj§ y( is, reHlapﬁing polychondyitis; matic heart disease, glomerulonephritis,
multiple sclerosis, neuritis, uyeitis ophthalmia, poly pathjes, purpura, Reiter's Disease,
Stiff-Man Syndlr , autoi e pulmonary inflammation, jautiém, Guillain-Barre Syndrome, insulin
dependent diaketes mellitis,\autoimmune inflammatory eytoimmune thyroiditis, hypothyroidism,
systemic lupus erhythematosus, Goodpasture' rome, Pemphigus, Receptor autoimmunities,

e
sease, polymyositis/dermat m sitis, pernicious anemia, idiopathic Addison's

disease, infertility,-glomerulonephritis, bullous pemphigoid, Sjogren' s syndrome, diabetes millitus,
adrenergic drug fesistance, chronic active hepatifis, primary biliary cirrhosis, vitiligo, vasculitis, post-MI,
cardiotomy syndrorne, urticaria, atopic dermatitis; asthma, inflammatory myopathies, chronic active
hepatitis, pri;n%{y biliary cirrhosis and T-cell megdiated hypersensitivity diseases. 15. A compound for
use accordinglto claim 13, wherein the transplant rejection is selected from the group consisting of
graft versus host disease, rejection related to xeno transplantation, rejection related to organ
transplant, rejection related to acute transplant, heterograft or homograft rejection and ischemic or
reperfusion injury incurred during organ transplantation. 16. A compound for use according to claim
13, wherein the cancer is selected from the gro isti og of bladder, head and neck, breast,

stomach, ovary, colon, lung, Rrain, larynx, lymaphatic system, genitourinary tract, gastrointestinal,
ovarian, prostat Msmaﬂ-c Tung" glioma, coI%@ctal and pancreatic cancer. 206 17. A
pharmaceutjg ition prising.a.compound according to any one of claims 1 to 12 together
with a pharmbceutically acceptable ca nd optio ther therapeutic ingredients. 18. A
pharmace COMpOS! comprisingsa€ompound according to any one of claims 1 to 12 adapted
for simulta or sequential administration with an antiinflammatory, antiproliferative,
chemotherapeutic agent, immunosuppressant, anti-cancer, cytotoxic agent or kinase inhibitor other
than a compdurd according to any one ﬁcla’ms 1to 12 or salt thereof. 19. The pharmaceutical
compositirc?gof laim 18, wherein said c und according to any one of claims 1 to 12 or salt thereof
IS administem simultaneously or sequentjally, with one or more of a PTK inhibitor, cyclosporin A,
CTLA4-Ig, a gdies selected from anti 3, anti-1L-2 receptor, anti-CD45RB, anti-CD2, anti-CD3,
anti-CD4, anti-CD80, antiCD86, and monoclonal antibody OKT3, agents blocking the interaction
between and gp39, fusion prote&r%\constructed from CD40 and gp39, inhibitors of NF-kappa B
function, non-steroidal antiinflammatory drugs, steroids, gold compounds, antiproliferative agents,
FK506, mycophenolate mofetil, cytotoxic drugs, TNF-a inhibitors, anti-TNF antibodies or soluble TNF
receptor, rapamycin, leflunimide, cyclooxygenase-2 inhibitors, paclitaxel, cisplatin, carboplatin,
doxorubicin, carminomycin, daunorubicin, aminopterin, methotrexate, methopterin, mitomycin C,
ecteinascidin 743, parfiromycin, 3-fluorouracil, 6- mercaptopurine, gemcitabine, cytosine arabinoside,
podophyllotoxin, étoposide) oside phosphate, teniposide, melphalan, vinblastine, vincristine,
leurosidine, epothtone; indesing, leurosine, or derivatives thereof. 20. A package comprising a
compound according to ag\‘onef of claims 1 to 12, packaged with instructions for use in the treatment

autoinunune h lytic anemia, autoimmune thrombocytopenic purpura, rheumatoid arthritis, mixed
connective tisﬁe'N Qij
ility,

of an autoim , transplantTejection or cancer disorder.

™
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13. A compound according to any one of claims 1Zdor use in the treatment of an
autoimmune, transplant rejection or cancer disorder

14. A compound for use according to claim 13, wimetiee autoimmune disease is
selected from the group consisting of autoimmuradigtic anemia, autoimmune neonatal
thrombocytopenia, idiopathic thrombocytopenia puapautoimmunocytopenia, hemolytic
anemia, antiphospholipid syndrome, dermatitis rgiteencephalomyelitis, myocarditis,
relapsing polychondritis, rheumatic heart disegi®nerulonephritis, multiple sclerosis,
neuritis, uveitis ophthalmia, polyendocrinopathigs;pura, Reiter’'s Disease, Stiff-Man
Syndrome, autoimmune pulmonary inflammation, auti@millain-Barre Syndrome, insulin
dependent diabetes mellitis, autoimmune inflamnyagge, autoimmune thyroiditis,
hypothyroidism, systemic lupus erhythematosus, @astilire’s syndrome, Pemphigus,
Receptor autoimmunities, autoinunune hemolytic aagautoimmune thrombocytopenic
purpura, rheumatoid arthritis, mixed connectiveuesdisease,
polymyositis/dermatomyaositis, pernicious anemi&gpdthic Addison’s disease, infertility,
glomerulonephritis, bullous pemphigoid, Sjogreryadrome, diabetes millitus, adrenergic
drug resistance, chronic active hepatitis, primaligry cirrhosis, vitiligo, vasculitis, post-
MI, cardiotomy syndrome, urticaria, atopic dermagtiasthma, inflammatory myopathies,
chronic active hepatitis, primary biliary cirrhosisd T-cell mediated hypersensitivity
diseases.

15. A compound for use according to claim 13, wimetiee transplant rejection is
selected from the group consisting of graft velsost disease, rejection related to xeno
transplantation, rejection related to organ traasiplrejection related to acute transplant,
heterograft or homograft rejection and ischemiceperfusion injury incurred during organ
transplantation.

16. A compound for use according to claim 13, wimetiee cancer is selected from the
group consisting of bladder, head and neck, breashach, ovary, colon, lung, brain, larynx,
lymphatic system, genitourinary tract, gastrointest ovarian, prostate, gastric, bone, small-
cell lung, glioma, colorectal and pancreatic cancer
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17. A pharmaceutical composition comprising a conmgbaccording to any one of
claims 1 to 12 together with a pharmaceuticallyeptable carrier and optionally other
therapeutic ingredients.

18. A pharmaceutical composition comprising a conmgbaccording to any one of

claims 1 to 12 adapted for simultaneous or seqalesudiministration with an

antiinflammatory, antiproliferative, chemotherapewigent, immunosuppressant, anti-cancer,
cytotoxic agent or kinase inhibitor other than enpound according to any one of claims 1 to
12 or salt thereof.

19. The pharmaceutical composition of claim 18erein said compound according to
any one of claims 1 to 12 or salt thereof is adstéred, simultaneously or sequentially, with
one or more of a PTK inhibitor, cyclosporin A, CT&4Ag, antibodies selected from anti-
ICAM-3, anti-IL-2 receptor, anti-CD45RB, anti-CDanti-CD3, anti-CD4, anti-CD80, anti-
CD86, and monoclonal antibody OKT3, agents blockireginteraction between CD40 and
gp39, fusion proteins constructed from CD40 andgpdhibitors of NF-kappa B function,
non-steroidal antiinflammatory drugs, steroidsdgmdmpounds, antiproliferative agents,
FK506, mycophenolate mofetil, cytotoxic drugs, Tkzhibitors, anti-TNF antibodies or
soluble TNF receptor, rapamycin, leflunimide, cyplggenase-2 inhibitors, paclitaxel,
cisplatin, carboplatin, doxorubicin, carminomyaii@unorubicin, aminopterin, methotrexate,
methopterin, mitomycin C, ecteinascidin 743, porfigycin, 5-fluorouracil, 6-
mercaptopurine, gemcitabine, cytosine arabinogiddophyllotoxin, etoposide, etoposide
phosphate, teniposide, melphalan, vinblastine rigtice, leurosidine, epothilone, vindesine,
leurosine, or derivatives thereof.

20. A package comprising a compound according yoose of claims 1 to 12, packaged
with instructions for use in the treatment of atoaamune, transplant rejection or cancer
disorder.
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