9- (PYRAZOL- 3 -YL) - 9H- PURINE-2 -AMINE AND 3- (PYRAZOL-3-YL) -3H-IMIDAZO [4, 5-B]
PYRIDIN-5-AMINE DERIVATIVES AND THEIR USE FOR THE TREATMENT OF CANCER Field of
the InventioW OrH¥$8Z8At invention relates to a novel compound, its pharnf4ce #2498 #dsitions
and methods of use. In addition, the present invention relates to therapeutic methods for the treatment
and prevention of cancers and to the use of this compound in the manufacture of medicaments for use

in the _treatment agd (pwaxzig_n.o:f, mqownupmmgmNangmem of thg
Invention Receptor I%Wﬁlﬁﬂjﬂ%ﬁ%? g@@ﬁﬁlﬁiﬁ%ﬁﬂ@ﬁ%%@%ﬁ??ﬁ y a critical role

in cell signalling and are involved'in a variety of cancer rocesses Including cell proliferation,
survival, angiogenesis and meta§{§§sf%rﬂ1ﬁ'lq %%Tmféreﬁwgincluding
tropomyosin-related kinases (Trk's) have been identified. Trk's are the high affinity receptors activated
by a groug.Qf $al4RlE I factors called neurotrophins (NT). The Trk receptor family has three
members = ; C. Among the NTs there are (i) nerve growth factor (NGF) which
activates TheADTEsp I HiFcaBeN aelaieo it e cBDNEa e M aytich eenpetsl gk BndraethndN T3
which actiyatgs TG, daReh Tiite 'ERBIOARNAIS AR XIS InladonaR Wigan hoipdiRgnR and

trans-membrane region and an intra-cellular domain (including kinasc domain). Upon binding of the
ligand, th@I&ﬁ%@&é{%ﬁ?&%rwé-mgmﬁwﬁ@ﬁw&mﬂwﬂ@g%ﬁg%@aﬂ%ﬁfé%%ﬁ I¢ARRaLIR KOt
pathways i tkcstRERvisteldexereaaen #f Moblksalifisatecdisingdis Aavalarment where Trk's are critical
for the maintenance and survival of these cells. A post-embryonic role for the Trk/neurotrophin axis (or
pathway), however, remains in question. There are reports showing that Trk's play important role in
both develpakerhaiidofunetion @itibe nervous system (Patapoutian, A. et al Current Opinion in
Neurobiol 001, 11, 272-280) past d e,.a considerahle number of literatur .
ocumen G o AL i EaACSP UL D SORSHAT o7 Sr OB i R dfen
expressecdt loigrleNslg autbidesthievolved in a variety of cancer related processes including cell

proliferation, survival, angiogenesis and metastasis. Currently up to 100 different RTK’s

including tropomyosin-related kinases (Trk’s) have been identified.

Trk's are the high affinity receptors activated by a group of soluble growth factors called
neurotrophins (NT). The Trk receptor family has three members - TrkA, TrkB and TrkC. Among
the NTs there are (i) nerve growth factor (NGF) which activates TrkA, (ii) brain-derived growth
factor (BDNF) and NT-4/5 which activate TrkB and (iii) NT3 which activates TrkC. Each Trk
receptor contains an extra-cellular domain (ligand binding), a trans-membrane region and an
intra-cellular domain (including kinase domain). Upon binding of the ligand, the kinase

catalyzes auto-phosphorylation and triggers downstream signal transduction pathways.

Trk’s are widely expressed in neuronal tissue during its development where Trk’s are critical for
the maintenance and survival of these cells. A post-embryonic role for the Trk/neurotrophin axis
(or pathway), however, remains in question. There are reports showing that Trk’s play important
role in both development and function of the nervous system (Patapoutian, A. et al Current

Opinion in Neurobiology, 2001, 11, 272-280).

In the past decade, a considerable number of literature documentations linking Trk signalling
with cancer have published. For example, while Trk's are expressed at low levels outside the

nervous system in the adult, Trk expression is increased in late stage prostate cancers. Both



nervous system in the adult, Trk expression is increased in late stage prostate cancers. Both normal
prostate tissue and androgen- dependent prostate tumors express low levels of Trk A and
undetectabl¥ M8/ BISTR B and C. However, all isoforms of Trk receptors 6 WEBHYINEN3Ebgnate
ligands are up-regulated in late stage, androgen- independent prostate cancer. There is additional
evidence that these late stage prostate cancer cells become dependent on the Trk/neurotrophin axis
for their survival. Therefore, Trk inhibitors may yield a class of apoptosis-inducing agents specific for
androgen- independent prostate cancer (Weeraratna, A. T. et al The Prostate, 2000, 45, 140-148).
Furthermare, the literature also shows that qver-expression, activation, amplification /or,mutation
o1 Trice B e o e e oS RN oy B S S e i
cancer (Bandeftictatdt Seielsce| 20033 300, ©O4Box)candloisaftamsari cErk( DavitsonaB wetlad<Clhwical
Cancer RESERI AR . BRI, RIRE G18.C [MdERO R AhSRIGE YA G 11HaRc
inhibitors. Cephalon described CEP-751, CEP-701 (George, D. et'al Cancer Research, 1999, 59,
2395-234 yiditignalh e igkisio b atrehs aatflogfaes (ot 43809rascilk hekibi®rdcpendedisisawiehat
CEP-701 apdieh fofbpird whenrgompiredwithsuigicaliy-or ehenmigabydrducad ?{&%ogea@%elaépn,
offered better efficacy compared with mono-therapy alone. GlaxoSmithKline disclosed certain oxindole
compound@Ropiic RARHNSREENT tReBiodardingsvondsrsstsnisedats canesah A répdrted
pyrazolyl cpROERsLEhsYEHC20001A8UNESI48) Trk inhibitors (JP2003231687A). Pfizer also recently
published certain isothiazole Trk A inhibitors (Bioorg. Med. Chem. Lett. 2006, 16, 3444-3448). In
addition to the above, Vertex Pharmaceuticals have described pyrazole compounds as inhibitors of
GSK3, Aurarghegiitorie) \MO0RREAGR, MA0Z6RVE M 002X pickstnrd WH2004A3 78hglifndidstiadeneca
have reporte razple.compounds as inhibitors against IGF-1 receptor kinase %W(@ 48 %)
Aotrazendi R HATb Blsd TopoNed TR i G R SH ST B DA s ShOs At wro
2005/103020; 3k, 20064082 392 ¢4/ (BARREI0&7 530 @nd\WAD020 06 8TBB 4 Anothervsueh feamikyr of
RTK's is t_}%ﬁ aJstjg Jlgirﬁil)ét Thei Rk, a}qygr?%?gacrigﬁ’egob&eb?%?%[@zg&i‘ig_nal transducers and activators
or transcription) sighalling patﬁway IS Involved In a variety of hyperproliferative and cancer related
processes including cell-cycle progression, apoptosis, angiogenesis invasion, metastasis and evasion

of the immyype.Syste M lIamae L RkcRaivEerlifRl i REHEE RREARFYCEHRor (Ricibeadadh-Ysna et

al., Cancer and Metastasis Reviews, 2003, 22, 423-434§ The JAK family consists of four non-receptor
tyrosine kinBBeTykizongek P. FARD Catigen Aesafntich Py 3 cAtita2Adb) iandy toksn dodlecgrogecractor

mediated gigNihEanSaueTions Oy aking anplintoar owth daciRihindingiorcel isurince cegeBRr (fen

promotes receptor dimerization and facilitates activation of receptor-associated JAK b
autophosRBIAREHRY IR fvseiea lin e RBEBHaHatedtRd rediossn alatiy RS&sth E?ﬂg%r f6FSRpY
domain-ceiajiing sighalling preiepysalthpadicksnthex$ihd Tifamibd ekpioiedrs IbADhpdudd4ada, 5b

and 6). Receptor-bqund ST r msel orylated by JAKs, promoting their dissogiation
from the raEBEA PP LSS e TS AT e S TP e IS T e R,
the STATsdidehf2N Ayahid cooparade withrbtindiHitarsCiRAH0A2{RIcI8T A\ )0 I Bger ateoaxpeedgipnbbkbedumber
of genes including, but notlimited o, .genes.encodi optosis, inhibitars (g, 2L, Mel-1) and
cell cycle Fgaﬁjgﬁﬁgtlg?ggtgz.agégg% Bﬁ%%),rsc@ﬁgﬁlﬂ%gra%g}eg? .?%Sétt?ralegéﬁn%’c%% 4r_a§é?ﬁlc ' Oncology, 2005,
2(6), 315-324; \_/erna et al., Cancer a_nd I\_/I_etqstasis Re_vie_ws, 2003_, 2_2, 423-434). Over the past
decade, aygopgiderable amoyns &f scisrificlisraluce iakingcensituive I AL ATAT.sEnaling

with hyperproliferative disorders and cancer has been published. Constitutive activation of the STAT

family, in paithiger STATESRY SPATSLhagheeth detEREF M@ widk PARGE78P CHRESHE AN and
hYIOerpm'iW@éW@S’“@q&Q%@(Nﬁ%@eﬁ&@i-hﬂ@%fx%ﬁ] PO RAGRIINRI A9 #BAGrs2Eind R R2F)-

Furthermore, aberrant activation of the JAK1S gat way provides an important proliferative and/or
anti-apoptSHERiPR & BRI @AM DParys kifase3 &3y orales, psitRy W& diinstitiitilel Heatamn
have beemipppligatad askeyeliyessin, averizty Hicaneersvand jnmegpsotifevativeodisortenss (hikes et
al., Annu Rey Phar/'nacol Toxicol 2550, 45, 357-384; Choudhary et al., International Journal of
Hematolody 26827832y 293-99; Sordella et al., Science 2004, 305, 1163-1167). In addition,
impairment of negative regulatory proteins, such as the suppressors of cytokine signalling (SOCS)
proteins, can also influence th qﬁl% ation sta the JAKISTAT signalling pathway.in di Jc
Tan and Rg%(ﬁhe]hs,%léi% rﬁlg Iﬁegp s Sgl}? tlsqe %ﬁ(o{Dam?ly. %e ﬁ&( @anus agsgcla eda 1nasel)§§?§xef
(signal transducers and activators or transcription) signalling pathway is involved in a variety of



2005, 20, 567-575). Several mutated forms of JAK2 have been identified in a variety of disease
settings. For example, translocations resulting in the fusion of the JAK2 kinase domain with an
oligomerizalid WOMBRSTEL-JAK2, Ber-JAK2 and PCM1-JAK2, have beenBfbifid 98/
pathogenesis of various hematologic malignancies (SD Turner and Alesander DR, Leukemia, 2006,
20, 572-582). More recently, a unique acquired mutation encoding a valine-to-phenylalanine (V61 7F)
substitution in JAK2 was detected in a significant number of polycythemia vera, essential
thrombocythemia and idiopathic myelofibrosis patients and to a lesser extent in several other

diseases. e mufant, K2 protein [ abis e acthate dawnsyream siangiing I e, apsence of
cytokinc s%%}?ufgflon, resueiting in autonomous Srow andlor ny ersengtlvnﬁoggy%o'klrfcs%r% IS

believed tongiagaeiticalvaionn uhitdstgsihesel disenseo{Mh aroywmadsisedviulifame, ddernatdogical
Oncology éﬁ%%a?ﬁ@éée ?ﬂﬁ?o%ég/é*ﬁ%@,”z?@i tigag JAK2)play an mpertant PRlogcAlI des;ty the

immunosuppressive field and théré are reports of using JAK kinasc inhibitors as tools to prevent organ
transplantZ&jaciidrifctidngelian, P.S. et al, Science, 2003, 302, 875-878). Merck (Thompson. J. E. et
al Bioorg. Med. Chem. Lett. 2002, 12, 1219-1223) and Incyte (W02005/105814) reported imidazolc
based JAK2/3 inhibitors with enzyme potency at single nM levels. Recent Vertex PCT publications

have deschitedl 8z diteibeccag SnRTifMIbROPTdPOBBOBTON RO &Y NS d2KAetAhhs plilisHsd AKS.

g Lrj1 i n_oline-adgar}qs%@\mi@m&@srd&iiﬁ stlﬂlilaim%/@?a&%/ %ﬁ%éaa}g&é Hsi%thrmﬁ@bﬁyﬁ, Gzl 2
almaccuticals has describe .pyrazoic compounas as inni Itors o , AUrora, etc. In

wozooz/sf’é’écé‘%, %ﬁ%o%%%gw 2%%?&%‘1%%5%?%‘2‘62}4?%&%?&%%@& Eé%flﬂﬁsa?élported

pyrazole dasipatedads anbibitef sragainstatideidtcdcapior biynaseophRgRE31463:33 Aaivhiel ITAK

W02005/0 903&% V\{OZOOE/lO?;OlQ W02006/0 231?2. Sslftmsmfrryg e Invention gn accordanﬁte with

the preseRt INVASHOA  the SpPICANES Have Rerély discovsred novel compatnds 6f Formum (1) e

Formula (BroteptsaimaeoutidatiyhactEpibitensaltsithareofs (STATI, 2, 3, 4, 5a, 5b and 6). Receptor-
bound STATs are themselves phosphorylated by JAKs, promoting their dissociation from the
receptor, and subsequent dimerization and translocation to the nucleus. Once in the nucleus, the
STATs bind DNA and cooperate with other transcription factors to regulate expression of a
number of genes including, but not limited to, genes encoding apoptosis inhibitors (e.g. Bel-XL,
Mcl-1) and cell cycle regulators (e.g. Cyclin D1/D2, c-myc) (Haura et al., Nature Clinical
Practice Oncology, 2005, 2(6), 315-324; Verna ct al., Cancer and Metastasis Reviews, 2003, 22,
423-434).

Over the past decade, a considerable amount of scientific literature linking constitutive JAK
and/or STAT signalling with hyperproliferative disorders and cancer has been published.
Constitutive activation of the STAT family, in particular STAT3 and STATS, has been detected
in a wide range of cancers and hyperproliferative disorders (Haura et al., Nature Clinical Practice
Oncology, 2005, 2(6), 315-324). Furthermore, aberrant activation of the JAK/STAT pathway
provides an important proliferative and/or anti-apoptotic drive downstream of many kinases (e.g.
Fl1t3, EGFR) whose constitutive activation have been implicated as key drivers in a variety of
cancers and hyperproliferative disorders (Tibes et al., Annu Rev Pharmacol Toxicol 2550, 45,
357-384; Choudhary et al., International Journal of Hematology 2005, 82(2), 93-99; Sordella et
al., Science 2004, 305, 1163-1167). In addition, impairment of negative regulatory proteins, such
as the suppressors of cytokine signalling (SOCS) proteins, can also influence the activation status

of the JAK/STAT signalling pathway in disease (JC Tan and Rabkin R, Pediatric Nephrology



It is believed that the compounds of Formula (1), or pharmaceutically acceptable salts thereof, possess
beneficial efficacious, metabolic, and/or phatmacodynamic properties. The compounds of Formula (1),
or pharmac®Reafy/ Beé&ptable salts thereof, arc believed to possess Trk kRfaBERAMMENA Hetivity and
are accordingly useful for their anti-proliferation and/or proapoptotic (such as anti-cancer) activity and
in methods of treatment of the human or animal body. The invention also relates to processes for the
manufacture of said compounds, or pharmaceutically acceptable salts thereof, to pharmaceutical
compositions containing them and to their use in the manufacture of medicaments for use in the
productlorbé)(géal}&rgtépé))geeration and/or proapoptotic effect in warm-blooded animals such as man.
Also in accordance with the present invention the applicants provide methods of using such

compounds:verap hariaiad éurticatly J2ds e pralslbsaliddhishedfinin g dreafrieeasofsctimgsr Fohexpnaperties of
(he comPOHAIRANTAITI ) BT R AIMASA I AGERRIENIG SRS e oh 21 SIARGIPG, A BF. o

value in the treatment of se states associated with cell proliferation sucly as cancers (solid tumors

and leukerid)yJfidrdpRniréfdtvenh & diférénbidivadidmde snhsaivdsis, tHeepriwestacart Hitiskcaposi's
sarcoma, hagRmABGIOMati A& BhraRieNeRNRAIESDRNELAMiAHeRSeIg 89i8 saste Mabre

restenosis, autoimmune diseases, acute and chronic mflammatlon bone diseases and ocular

diseases WAERHEKiMa HSRSEISHBIE AT GRASYI RS IS SO HIH R cbpstifution in
pharmaceyiically acgapiailensalisiirierh aid@dra Bt agiohvalua dentne theatpedyiimprophylaxis

of cancers selected from ¢congenital fibrosa coma mesoblastic nephroma, mesothelioma, acute
myeloblasfitoRARETYC rEPéctPc@%mBﬁ%%% B UReHnlEsSh itSE dhvisemmtt élgﬁ‘é?ﬁeé %h%d’ﬁ%%@teal
cancer, myAKanpaotbepatabelIwadcmmaﬁmmﬁnleagmwﬁnﬁmn@seaaécom@zwl@wobkaaloma
Kaposi sarcoma, ovarla%gnc%\é:esr breast cancer mcludln,gvs1 cretc%%&greast gance 1%ol%rc?ct cancer,
prostate cancer %c?ualng OrmoNe re acl%ory p tate canc ercancer. me anoma, Pur?f; cancer
- non smadzlrrto‘ldtllun@ canberifl ICkCHlismasksridll CeticungdddnBCME), Iastric canadef)edgzand
neck cancgy, ke 3(:@1@@ mphoma thyroid cancer including papillary thyroid cancer, mesothelioma
and Ieukaemla particularly ovarian cancer, breast cancer, colorectal cancer, prostate cancer and lung
cancer - NSCLC and SCLC; more particularly prostate cancer; and more particularly hormone

refractory pURatRie ARGREr TAR SBRPANASLERNBWIB Mgt ROGHMACRIGALY ARReBiable: el

thereof, are further believed to be of value in the treatment or prophylaxis of inflammatory disorders,

including S8R ABNERRDHS Asusinargids kinavrinhibiteryrs NemltisdsHTERS CERIR ATPIEEY ERiFCHARhives,

angI0eder(@ﬁg@i&ﬂ?f%ﬂﬂﬁ)sé%@@ﬁ@&leﬁm rglg;fgll@)g !@&réﬁ%@%ﬁﬂ%&i ef,rang dﬂﬁ%@l’g@’ﬂéd
disorders such as mast&aitoss asthma; Arthritis, includin (3 osteoarthritis, rheumatoid arthrltls and

spondylodrtiiBpdtftes? Kioitmile é&gatloﬁ% Iﬂ?ﬂfﬁjl%] %99&6%%%&%?9%5{@% based
dennatomygKitis, RONYIRYIESHish lBﬁ@ﬂi@@&é}ﬂ@ewmﬂ@ﬂalQM(BMHBITRBaéﬁ@,WéﬂamB@IOprhcations
polyneuro athl rohn's d| se, ul tive colitis, lit] ener's granulomatos
Polyartert i YbEAL] PHA AT B CHIE BEty S It s e TPt MrePH Lishrens
syndromeqﬂlﬁehheﬁscdtbem;c(éhusgﬁ(rﬁuﬁsbsmd(@mmoawmayasu's arteritis; cardiovascular
inflammation; gastrointestinal inflammation; infection and immunity; leukocyte biology and
immunology; neuroinflarnmatory disorders; and transplantation. Additionally, the compounds of
Formula (1), addtleartn see aticallyWVaccagthvlmsshs thle feosfdereibp egtetdto b&@bvaﬂsﬂriﬂh@ﬂmatment
or prophygiisgéigersisiphpain.aiatay, Inglding ReyEapatiepaln @ Paassaeiaie 1 ang

inflammation. The compounds of Formula (1), or pharmaceutically acceptable salts thereof are also

believed tOVs&E5M<375AK Rnﬁiaéétrﬁ%ﬁaﬂwylaﬂmﬁw%@émmgd@sﬁfmff&ﬁmémw%ﬁérauon
and/or DTC}&@%EO“%%%%VW aneypoaifRRads of tregiment of thewynngs ol RRiMakboedyoI hgIpmention
also relates to processes for the manufacture of said compound, or pharmaceutlcally acceptable salts
thereof, to 93{ gtital compositions containing it and to its use in the manufacture of
medicaments for use in the production of an anti-proliferation and/or proapoptotic effect in
warm-blooded animals such as man. Also in accordance with the present invention the applicants
provide m&%@@@f—@é‘hﬁ%ﬁﬂg%pound, or pharmaceutically acceptable salts thereof, in the
treatmentlof myelclprobifcrdtlvetitisprdens, rmyelodysplastiaplivdnsnéaandicaciser dikbevprapeitied of the
compounds of Formul 1 garmaceutlcally acceptable salts thereof, are expected to be of value
in the treafment ojfd myc pro‘?l%? tive disorders, myelodysplastic syndrome, and cancer by inhibiting
the tyrosine kinases, particularly the JAK family and more particularly JAK2. Methods of treatment
target tyrosine kinasc activity, particularly the JAK family activity and more particularly JAK2 activity,
which is involved in a variety of myeloproliferativc disprders, myelodysplastic syndrome and cancer
related processes. Thus, inhibitors of tyrosine kinases, particularly the JAK family and more
particularly JAK2, arc expected to be active against myeloproliferative disorders such as chronic
myeloid leukemia, polycythemia vera, essential thrombocythemia, myeloid metaplasia with
myelofibrosis, idiopathic myelofibrosis, chronic myelomonocytic leukemia and hypercosinophilic
syndrome, myelodysplastic syndromes and ncoplastic disease such as carcinoma of the breast, ovary,

Liimen Anlarnm mAractata Ar Athar fiectiacs Aaes wainall ac Iaiibarmiacs reavralarmacs AarmAdA himamnhAarmasaes fF1ivasare ~fF A




expected to be of value in the treatment or prophylaxis of against myeloproliferative disorders selected
from chronic myeloid leukemia, polycythemia Vera, essential thrombocythemia, myeloid metaplasia
with myelofi}@3¥8dRH¥thic myelofibrosis, chronic myelomonocytic leukerRaTAAB249%38dinophilic
syndrome, myelodysplastic syndromes and cancers selected from oesophageal cancer, myeloma,
hepatocellular, pancreatic, cervical cancer, Ewings sarcoma, neuroblastoma, Kaposi's sarcoma,
ovarian cancer, breast cancer, colorectal cancer, prostate cancer, bladder cancer, melanoma, lung
cancer - non small cell lung cancer (NSCLC), and small cell lung cancer (SCLC), gastric cancer, head
and neck cancer, mesothelioma, renal cancer, Iym oma and leukaemia; particularly myeloma,

leukemia, ovarian cancer, breast cancer angd pro tat \ganck(. Detailed Description The present
invention provides compounds of FormuIaR(I R5Yor tla (1) or phanuaceutically acceptable
salts thereof, wherein Q may be selected from\N aq@l C(R3)T may be selected from N and CH; RI

may be selected from-CN, Cl_ ()alkyl, C2_6alke I C2 6a|kyRyI 3- to 5-membered carbocyclyl,
5-membered heterocyclyl,-N(R)2, -N(R.1)C(0) -NRRIIN(R1)2,

D7 IN
%)
R5

Formula (I)

or pharmaceutically acceptable salts thereof.

It is believed that the compounds of Formula (I), or pharmaceutically acceptable salts thereof,

possess beneficial efficacious, metabolic, and/or pharmacodynamic properties.

The compounds of Formula (I), or pharmaceutically acceptable salts thereof, are believed to
possess Trk kinase inhibitory activity and are accordingly useful for their anti-proliferation and/or
proapoptotic (such as anti-cancer) activity and in methods of treatment of the human or animal
body. The invention also relates to processes for the manufacture of said compounds, or
pharmaceutically acceptable salts thereof, to pharmaceutical compositions containing them and to
their use in the manufacture of medicaments for use in the production of an anti-proliferation

and/or proapoptotic effect in warm-blooded animals such as man.

Also in accordance with the present invention the applicants provide methods of using such

compounds, or pharmaceutically acceptable salts thereof, in the treatment of cancer.

The properties of the compounds of Formula (I), or pharmaceutically acceptable salts thereof, are
expected to be of value in the treatment of disease states associated with cell proliferation such as
cancers (solid tumors and leukemia), fibroproliferative and differentiative disorders, psoriasis,
rheumatoid arthritis, Kaposi’s sarcoma, haemangioma, acute and chronic nephropathies,
atheroma, atherosclerosis, arterial restenosis, autoimmune diseases, acute and chronic

inflammation, bone diseases and ocular diseases with retinal vessel proliferation.



NO2, -C(0)H, -C(0)1e, _C(0)2R", -C(O)N(R 112, -0C(0)N(R112, -N(R)C(0)2R 1 a, N(R11C(O)N(R I
a).2 _0C(0O)R', _S(0)R', _S(0)2R1b, -S(0)2MR I-N(RI)S(0)2R Ib, -C(R1)=N(Ri5, and -C(R11=N(OR1a),
wherein saidVOi2@8Ik3F7852_6alkenyl, C2-6alkynyl, 3- to 5- membered carbd&yBIGBENE BB dmbered
hcterocyclyl may be optionally substituted with one or more Ria in each occurrence may be
independently selected from 11 and C1_6alkyl, 3- to 5-membered carbocyclyl, and 5-membered
heterocyclyl, wherein said Ci_6alkyl, 3- to 5-membered carbocyclyl, and 5-membered heterocyclyl in
each occurrence may be optionally and independently substituted with one or more RID; Rib in each
occurrence may be independently selected from Cl_6alkyl, C2_6alkenyl, C2_6alkynyl, 3 - to
5-membered carbocyclyl, and 5-membered heterocyclyl, wherein said Ci_olkyl, C2_6alkenyl,
C2_6alkyryrtBertodBentdmbergmwath of iodyinalad B- me plvensg dwtiaibc yolydntldachlocthumarcemay be

optionally ngndenenden . A iEd Ui anc PrmAReIRYRE e slerlgfiam haif N

C1_6alkyl, C2_6alkenyl, C2_6balkynyl, carbocyclyl, ocyclyl, oR2,-SR2a, -N :

-N(R2a) C{0yRSH cORMR 21RRFLBHC - NG om®) HneethyROB 2, CIOYER 2nyybiiiR 2 ipkegao) MR ) 2,
-N (R24)C(§>@§36ytﬂ:\l (R&l&&f@!\l (Bl%‘ﬂt}g}e'ogl(}%&%g’ %Ql)a%gﬁla;S@%ﬁﬁ%e‘ﬁ(oé%ll\é@zugye loma,
-N(R2")S(0)2R2b, -C(R2")=N(R24), and -C(R2“):N(QR2a), wherein said ClI_6alkyl, C2_6alkenyl,
C2_6alkyh§RAesBibb eI ABTHE F TR FHREST DEVOREDRATRP Sl StUARI At Bn K- 41O ol )RDYR 24 in

each occusianas MR einde pandenbnrpigcdeddam -G cAalky corrbory ehicangrbateseayeh!,
wherein saidR%T]ozilkyl, carbocyclyl, and heterocyclg{?in each occurrence may be optionally and

independeniiy} Stk BSWRHASHOPTREHE REERIBIAE SEREL O ENB M) HEitdEp B SN
selected freth Ghgoadkytr QNSQaKENyhdGihablabeyiningarineycSGIany paterocyabds, ilbaieindsaidk
Ci_o6alkyl, C2_6alkenyl, C2 6alkynyl, carbocyclyl, and heterocyclyl in each.gccurrence be
optionaly SHEPASHRARATy COBCHULeL WA GALE IR P oty E350 0 S e 8o
and leukaemia; particularly ovarian cancer, breast cancer, colorectal cancer, prostate cancer and
lung cancer - NSCLC and SCLC; more particularly prostate cancer; and more particularly

hormone refractory prostate cancer.

The compounds of Formula (I), or pharmaceutically acceptable salts thereof, are further believed
to be of value in the treatment or prophylaxis of inflammatory disorders, including such
conditions as: allergies, including allergic rhinitis/sinusitis, skin allergies (urticaria/hives,
angioedema, atopic dermatitis), food allergies, drug allergies, insect allergies, and rare allergic
disorders such as mastocytosis; asthma; Arthritis, including osteoarthritis, rheumatoid arthritis,
and spondyloarthropathies; Autoimmune conditions, including systemic lupus erythematosus,
dermatomyositis, polymyositis, inflammatory neuropathies (Guillain Barr¢, inflammatory
polyneuropathies), Crohn’s disease, ulcerative colitis, vasculitis (Wegener's granulomatosus,
polyarteritis nodosa), and rare disorders such as polymyalgia rheumatica, temporal arteritis,
Sjogren's syndrome, Bechet's disease, Churg-Strauss syndrome, and Takayasu's arteritis;
cardiovascular inflammation; gastrointestinal inflammation; infection and immunity; leukocyte
biology and immunology; neuroinflammatory disorders; and transplantation. Additionally, the
compounds of Formula (I), or pharmaceutically acceptable salts thereof, are expected to be of
value in the treatment or prophylaxis of persistent pain states, including neuropathic pain, and

pain associated with inflammation.



R3 may be selected from H, halo, -CN, Ci_oalkyl, C2_6alkenyl, C2_6alkynyl, carbocyclyl, heterocyclyl,
OR3a,-Se, -N(102, -N(e)C(0)e, -N(ION(102, -NO2, -C(0)H, -C(0)e, -C(0)2e, -C(0)N(102, -0C(0)N(102,
-N(10C(0)2 V0 280N (102, -0C(0)e, -S(0)e, -S(0)2e, -S(0)2N(e)2, -N(RS(GB209815082410-N(10,
and -C(e)=N(010, wherein said Chalkyl, C2_6alkenyl, C2_6alkynyl, carbocyclyl, and heterocyclyl may
be optionally substituted with one or more R30; 1(3. in each occurrence may be independently
selected from 11, Chalkyl, carbocyclyl, and heterocyclyl, wherein said Ci_6alkyl, carbocyclyl, and
heterocyclyl in each occurrence may be optionally and independently substituted with one or more R3;

R3bin ea Sceurrenc b dentl I t f Ik I 6al l,
carbocycl)‘j‘fq ano %ergcgcﬁgf) el § 2en E‘ %E[X ck C g%crgllﬁeny Ek'?% ga%ﬁﬁ%ggfrgocﬁahﬁ%
heterocychﬂswgaéhlédoumnnélmmg@mhaw artd dndepegte ntysubstithted witkporidantmore
R3b; R4 ”&ﬁ‘éf/&eg‘é'ﬁgb‘g% [kl Igf&hﬂ& Q@ﬂﬁé!hs%%é&%él}{"o?%eGﬁlll)?XQé{'oP%m%‘éY%%ﬁ The
I 4 CON(RA

heterocyclyl, )R4Db, -N(R4a)N(R4,1'2, )NO2, -C(0)H, -C(0)R4b, -C(0)2R4" (R4M2,
OC(O)N(RWU-N)(R]#(F(@}QW@ RI¢FResE0E (ONTRmanyfacy @Rsels] SpopRulsl, S (ohrRascutically
S(0)2N(R48)& MR HR(OIZRAP, 1& GRATNERAA %eﬁp%ﬂénl‘w@ﬁﬂ » Whtein sidifsd_glkile

C2_6alkenyl, C2_6alkynyl, carbocyc yI and heterocyclyl may be optionally substituted with one or
more R4aTHEERFGECRFracRRER Be R dhRyPSRINEHAP i 205 TRIkraraBgay) Pt

heterocychopbeseirrsaithGieH8 iR axEisand nete sy CiNldp sRaB-oRfNTERGENMRY PewRRtionally
and independently sgbstltuged with one or more R4,
invention the applicants provide methods of using said compound, or pharmaceutically
acceptable salts thereof, in the treatment of myeloproliferative disorders, myelodysplastic

syndrome and cancer.

The properties of the compounds of Formula (I), or pharmaceutically acceptable salts thereof, are
expected to be of value in the treatment of myeloproliferative disorders, myelodysplastic
syndrome, and cancer by inhibiting the tyrosine kinases, particularly the JAK family and more
particularly JAK2. Methods of treatment target tyrosine kinase activity, particularly the JAK
family activity and more particularly JAK2 activity, which is involved in a variety of
myeloproliferative disorders, myelodysplastic syndrome and cancer related processes. Thus,
inhibitors of tyrosine kinases, particularly the JAK family and more particularly JAK2, are
expected to be active against myeloproliferative disorders such as chronic myeloid leukemia,
polycythemia vera, essential thrombocythemia, myeloid metaplasia with myelofibrosis,
idiopathic myelofibrosis, chronic myelomonocytic leukemia and hypereosinophilic syndrome,
myelodysplastic syndromes and neoplastic disease such as carcinoma of the breast, ovary, lung,
colon, prostate or other tissues, as well as leukemias, myelomas and lymphomas, tumors of the
central and peripheral nervous system, and other tumor types such as melanoma, fibrosarcoma
and osteosarcoma. Tyrosine kinase inhibitors, particularly the JAK family inhibitors and more
particularly JAK?2 inhibitors are also expected to be useful for the treatment other proliferative
diseases including but not limited to autoimmune, inflammatory, neurological, and

cardiovascular diseases.

Furthermore, the compounds of Formula (I), or pharmaceutically acceptable salts thereof, are

expected to be of value in the treatment or prophylaxis of against myeloproliferative disorders



R4b in each occurrence may be independently selected from C1_6alkyl, C2_6alkenyl, C2_6alkynyl,
carbocyclyl, and heterocyclyl, wherein said Ci_oalkyl, C2_6alkenyl, C2_6alkynyl, carbocyclyl, and
heterocyclyMi®248#H188&rrence may be optionally and independently substitGIEeRIBEABH more
R4b; R5 may be independently selected from halo, -CN, Ci_oalkyl, C2_6alkenyl, C2_6alkynyl,
carbocyclyl, heterocyclyl, -0e,-N(R5")2, -N(r)c(0)R5". -N(R5a)N(102, -NO2,
-C(0)11,-C(0)R5',-C(0)2R5",-C (O)N (R5a)2,-0C (0)N (R5a)2,-N (R5a)C (0)2R5a, -N (R6a)C (0)N
(R5a)2, -0C(0)R5' -S(0)R51' -S(0)2R51", -S (0)2N (R5a)2,-N (R5a)S(0)2R5h, -C(R5a)=N (R5a), and
-C(R5a)=N(QR5a); R5".in each occyrrence may be independently selected from H, Ci. oalkyl, .
cathocy ot ST e S e T e ep Tty B By,
C26alkenyhc@plasal kyitly nyatbbeseshyl, idnopdtbie mogykifibiRiisn dachioocyri@nceonyay hekedependently
selected f -CN: Chalkyl I r - - i52, -N
(Riba)C(0) PR e B e RS T S
N(R1")C(Cy2ReMh My PR ) aRatocellular, pancreatic, cervical cancer, Ewings sarcoma, neuroblastoma,

Kaposi’s sarcoma, ovarian cancer, breast cancer, colorectal cancer, prostate cancer, bladder
cancer, melanoma, lung cancer - non small cell lung cancer (NSCLC), and small cell lung cancer
(SCLC), gastric cancer, head and neck cancer, mesothelioma, renal cancer, lymphoma and

leukaemia; particularly myeloma, leukemia, ovarian cancer, breast cancer and prostate cancer.

Detailed Description

The present invention provides compounds of Formula (I):

N==
RX /\N A
| S NH
DO
H

N. _R*

D% IN
KH
R5
Formula (I)

or pharmaceutically acceptable salts thereof, wherein

Q may be selected from N and C(R?);

D may be selected from N and CH;

R' may be sclected from H, -CN, Cpealkyl, Caealkenyl, Csealkynyl, 3- to S5-membered
carbocyclyl, 5-membered heterocyclyl, -OR™, -SR', -N(R'®),, -N(R"*)C(O)R'®, -N(R"*)N(R'*),,
-NO,, -C(OH, -C(OR", -CORR™ -COONR™: -OCONR™ ., -NR™CO:R",
NR™MCONR™),, -OCO)R™, -S(OR™, -S(O)R™, -S(O)NR™),, -NR™S(O)R™,
-C(R"™=N(R'), and -C(R'"*)=N(OR'), wherein said Cy.¢alkyl, Cs.¢alkenyl, Cs.¢alkynyl, 3- to 5-
membered carbocyclyl, and S-membered heterocyclyl may be optionally substituted with one or

more RIO;



)JOC(G)RIib, -S(0)Ripb, -S(G)2R nth, -S(0)2N(Riu")2, N(R 1)S(0)2R Ib b, -C(R 1)= RI"in each
occurrence may be independently selected from 11, Ci_6alkyl, carbocyclyl, and heterocyclyl; Ri" in
each occurr®it&piayBeSindependently selected from Ci_6alkyl, C2_6alkeRf TEB2888EM$11
carbocyclyl, and heterocyclyl; R2 in each occurrence may be independently selected from halo, -CN,
Cholkyl, C2_6alkenyl, C2_6alkynyl , carbocycl yl, heterocycl yl, -0R20a, -SR20", -N(R2")2,
-N(R20a)C(0)R20b , , mR20a)-N-(R20a., )NO2, -C(0)11, -C(0)R20b, -C(0)2R2", -C(0)N(R20a)2,
-0C(0)N(R20")2, mR20a)c(0)2R204a, -N-(R20,w(0)N(R20a)2,

R'" in each occurrence may be independently selected from H and Cjealkyl, 3- to S-membered
carbocyclyl, and S5-membered heterocyclyl, wherein said Ciealkyl, 3- to S5-membered
carbocyclyl, and S5-membered heterocyclyl in each occurrence may be optionally and
independently substituted with one or more R';

R'™ in each occurrence may be independently selected from Cy_galkyl, Cs.alkenyl, Cs.salkynyl, 3-
to S-membered carbocyclyl, and S-membered heterocyclyl, wherein said Ci.salkyl, C,.¢alkenyl,
Cyealkynyl, 3- to S-membered carbocyclyl, and 5-membered heterocyclyl in each occurrence
may be optionally and independently substituted with one or more R

R? may be sclected from H, halo, -CN, Cjiealkyl, Cyealkenyl, C,ealkynyl, carbocyclyl,
heterocyclyl, -OR?, -SR*, -N(R*),, -N(R*)C(O)R?™, -N(R*)N(R**),, -NO,, -C(O)H, -C(O)R?,
-C(0)2R™, -C(ON(R™),, -OC(O)N(R™)z, -N(R*)C(O1:R™, -N(R*)C(O)N(R™),, -OC(O)R™,
-S(O)R™, -S(0):R?, -S(0),N(R*™),, -N(R*)S(0),R”™, -C(R*=N(R*), and -C(R**)=N(OR*),
wherein said C;_galkyl, C,¢alkenyl, C, salkynyl, carbocyclyl, and heterocyclyl may be optionally
substituted with one or more R*;

R* in each occurrence may be independently selected from H, Cpealkyl, carbocyclyl, and
heterocyclyl, wherein said C;.alkyl, carbocyclyl, and heterocyclyl in each occurrence may be
optionally and independently substituted with one or more R*’;

R in each occurrence may be independently selected from Ci.galkyl, Cs.alkenyl, Cs.alkynyl,
carbocyclyl, and heterocyclyl, wherein said C;.¢alkyl, C;.¢alkenyl, C,.salkynyl, carbocyclyl, and
heterocyclyl in each occurrence may be optionally and independently substituted with one or
more Rzo;

R’ may be selected from H, halo, -CN, Ciealkyl, Cyealkenyl, C,ealkynyl, carbocyclyl,
heterocyclyl, -OR™, -SR*, -N(R*),, -N(R*™*)C(O)R?®, -N(R*N(R*),, -NO,, -C(O)H, -C(O)R*®,
-C(0)2R™, -C(ON(R™),, -OC(O)N(R™)z, -N(R™)C(O1R™, -N(R™)C(O)N(R™),, -OC(O)R™,
-S(O)R™®, -S(0):R?®, -S(0),N(R*),, -N(R*)S(0),R*®, -C(R**)=N(R™), and -C(R**)=N(OR**),
wherein said C;_ealkyl, Cyealkenyl, C,.salkynyl, carbocyclyl, and heterocyclyl may be optionally
substituted with one or more R*’;

R* in each occurrence may be independently selected from H, Ciealkyl, carbocyclyl, and
heterocyclyl, wherein said C;galkyl, carbocyclyl, and heterocyclyl in each occurrence may be
optionally and independently substituted with one or more R*’;

R™ in each occurrence may be independently selected from Cjgalkyl, Cs.galkenyl, Csalkynyl,



_N(t20a)s(0),,R20b. _c(R20,1) N(R20a,, ) and -C(R2")=N(OR2"); R2" in each occurrence may be
independently selected from H. Ci_oalkyl, carbocyclyl, and heterocyclyl; R2" in each occurrence may
be independ¥ERRIEEIETREY from C1_6alkyl, C2_6alkenyl, C2_6alkynyl, carbBeYB24¥PH3edrocyclyl;
R3 in each occurrence may be independently selected from halo. -CN, Ci_oalkyl, C2.6alkenyl,
C2.6alkynyl, carbocyclyl, heterocyclyl. -OR30', -SR30a, -N(R352, -N(R3)C(0)eb, -N(R3)N(le")2, -NO2.
-C(0)1-1. -C(0)R3', -C(0)21e", -C(0)N(R30a)2. -0C(0)N(R30"2, -N(e5C(0)2R1", -N(Rma)C(0)N(e)2.
-0C(0)el’, -S(0)R10b, -S(0)2R30b. -S(0)2N(lea)2, -Me5S(0)2eb. -C(R10a)=N(R2"), and -C(r)=N(Olea);
R3" in each occurrence may be independently selected from 11, Ci kyl,.carbocyclyl, a
eterooy OOt At e Bt L e ey Sef et R S ang.
C2.6alkyniyttaaryolyolyl carhd dveteronycipiy R4 rptactlycoulredcpemiythe inbejtendenitly sekeoted
from halo. .CN@i_oalkyl, C2.6alkenyl, C2_6alkynyl, carbocyclyl, heterocyclyl. -01t4", -Sea,
-N(R4Oa)2,4—N(R4")C(O)eb, -N(R40a)N(R40a)2, -NO2. -C(0)11. -C(0)el'. -C(0)2R4", -C(0)N(R40a)2.
-0C(0)N(el®, mNyrsOjetey2iRam [N (R0 CdivR40a)xnpClo)RI0Y . S(oirac!ysteieracyl,
“SO2NRAGRIZCNRISORERKIR): NS, (61 caghogonrensepRy.e.iisprisnty
selected from 11, Ci 4&6aikyl, carbocyclyl, and heterocyclyl; and R4" in eagh occurrepce may be,
independefly QNS oM R LIGHYIRG?. caReniN @2 (BakynyDCAMBEycls @R heterdOydhi: n this

_specificz;t@(g(}@)gqm{ég% Cmﬁgfggg{m,t?m?uph[{ds Gxdyaiytgad (tbR“ﬁKQ?]J(N&P@ﬁes%i?@-yd&rﬁ, |
integers) indicates the numerical range of carbon atoms that are present jn the group; for example,
1 Blky S GOLETE kg Ty Y Gt ORGPy PaREr GBSO AR AR oy, 1

-methylpremyte R*faethylpropyl, and t-butyl).
R* in each occurrence may be independently selected from H, Ciealkyl, carbocyclyl, and
heterocyclyl, wherein said Cjalkyl, carbocyclyl, and heterocyclyl in each occurrence may be
optionally and independently substituted with one or more R*;
R* in each occurrence may be independently selected from Cygalkyl, Cyealkenyl, C, ¢alkynyl,
carbocyclyl, and heterocyclyl, wherein said C;.¢alkyl, C,.¢alkenyl, C,.salkynyl, carbocyclyl, and
heterocyclyl in each occurrence may be optionally and independently substituted with one or
more R4O;
R’ may be independently selected from halo, -CN, Cpealkyl, Csealkenyl, C,galkynyl,
carbocyclyl, heterocyclyl, -OR™, -SR™ -N(R™), -N(R™C(O)R”®, -NR™*N(R™),, -NO,,
-COH,  -COR™,  -C(OpR, -CONR™,,  -OCONR™.,  -NR™C(O:R™,
NR®C(ONR™),, -OC(O)R™, -S(O)R™®, -S(0)LR™®, -S(0)NR™),,  -NR**S(0):R*,
-C(R**=N(R), and -C(R**)=N(OR’);
R™ in each occurrence may be independently selected from H, Cpealkyl, carbocyclyl, and
heterocyclyl;
R in each occurrence may be independently selected from Cjealkyl, Cs.salkenyl, C,.alkynyl,
carbocyclyl, and heterocyclyl;
R! in each occurrence may be independently selected from halo, -CN, C;salkyl, C,¢alkenyl,
Carealkynyl, carbocyclyl, heterocyclyl, -OR'™, -SR'® -NR'™), -NR"™CO)R"™,
NR™N(R'"™),, -NO,, -C(O)H, -C(OR'™®, -C(0%LR'™, -C(ONR'™),, -OC(ONR'™),,
NR®)COLR™, NR™)CONR™),, -OCOIR™, -S(O)R'®, -S(0)R™™, -S(O)NR'™),,
N(RS(0),R!®, -C(R'%)=N(R'), and -C(R'**)=N(OR'**);
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Alkyl - As used herein the term "alkyl" refers to both straight and branched chain saturated
hydrocarbon radicals having the specified number of carbon atoms. References to individual alkyl
groups suc4& 2 BA™arc specific for the straight chain version only and R$&rEReS#5MeRvidual
branched chain alkyl groups such as 'isopropyl’ are specific for the branched chain version only.
Alkenyl - As used herein, the term "alkenyl!" refers to both straight and branched chain hydrocarbon
radicals having the specified number of carbon atoms and containing at least one carbon-carbon
double bond. For example. "C2.6alkenyl" includes, but is not limited to, groups such as C2.6alkenyl.
C2.4alkenykpethenyl. 2-propenyl, 2-methyl-2-propenyl, 3-butenyl, 4-pentenyl, and 5-hexenyl. Alkynyl -
Ao usect e NG s Ao o S A AT S oG
having théhsipasifiddtinumber of carbon atoms and containing at least one carbon-carbon triple bond.
For exempen' G2 GG INGIER: B SRLIDGILIO.OIHPS SURDASC2 Rl G galkyv.
ethynyl, 2-pr06ynyl, 2-methyrll-2-propyﬁyl, f—%utyn;%? 4-penetynf3%, and’%-heiynzyfi. Hélﬁ}jll - Aéé6us herein,
the term "pallercsatetsasdtheit ashidrd, bromo and iodo. In one aspect, "halo" may be fluor, chloro, and
bromo. In progher, aspectr R0 AN benllERt R GhIRIG LCAIRACYEN, - AxUssdNerein, thadtarm

“carbocyclyl” refers to a saturated, partially saturated, gr unsatyrated, mgno or bicagdg: carbon, ring
that contalrisB8h rifGRR¥RYbf WHIEESHEBr mdr&-GT-hSBroups &y bl optidHally répidced with
a COITespORERIE ML, 0-N{D)- gravps. ILORUAIVE exapirSOf “catbpayciyl, indageautang not
limited to, adamantyl, cyglopropyl,. cyclobutyl, cyclopentyl,cyclopentenyl, cyclohexyl, cyclohgxenyl,
indanyl, né%ﬁﬂ%hy chb clorigﬁp@/ﬁl. ic\éQE%@‘an g pﬂ@@%nd féﬁ(g}%yl.’ Iﬁgéﬁi‘%speé.(o éﬁg%cykl’yl"
may be cydoRIUIIOBRG 5-Metiheredk E3rhasyClgr* yanpaR#¥pect, "carbocyclyl" may be "3- to
5-memberegd.carbocyclyl." The term "3- ta 5:membered carbogcyclyl” refers saturated or partially
caturated RoonGuy et CKHBER g Bh I B0 S T SO, SP R GHEY It ias: dibips
may be optetmradiyctgblaced with a corresponding number of -C(0)- groups. lllustrative examples of "3-

to 5-memlﬁaneqnc 0 gl¥;l€ j CIJH %I D | G Iq I,fF I%I egﬁyll ocyglope I 1
cyclopentenyl. In%rn&e %é;pectl?g%- tc &%e%ggrgédﬁ }:gr%eo%/{c yl"(ymg/? Be 83//(36 5’p6rop%:y%’.r¢¥é?m{/élyl- As
used heregartpey edyhmandeieraeyrtyil; refers to a saturated, partially saturated, or unsaturated, mono or

bicyclic ringeqnialning.fio-t e gy AMRMs @b AGESE PR RNGAOT 1S, %!%&(g@;q,f@i’gﬂaﬂ&ﬁ%g?n’

sulfur, and oxygen, and which may, unless otherwise specified, be carbon or nltra{\f( ed, and of

|
which a -G s2Be0h carrBissrily becteinaxddlby PRE(0)-. F@% ‘sulfdN@tons m %g‘)%ﬁ@ﬁ&uys

oxidized tonper¥efiiaides. B Nitogsmatanemay beosiprally odIRAOfMACRIARR ™),
lllustrative ex les of the term ;theterocyclyl" include, byt are not.limited to 1 3-benzodioxgly!.
3.5-dioxop RNy TGS S bl ot SiHealy Ry SOOI,
2-oxa-5-azripcYoly3) R1Thepud™y)-oxR28ly bt ax apytreNdy! hiperazinyl, piperidyl, 211-pyranyl,
pyrazolyl, pyidinyl, pyrrolyl, pyrrolidinyl, pyrrolidinyl, pyrimidinyl, pyrazinyl, pyrazolyl, pyrigazinyl
ks iy RO RN A R e Gt
thiomorphidamcuiyphenyl, pyridinyl-N-oxidyl and quinolinyl-N-oxidyl. 5- or 6-Membered lleterocyclvl -
In another aspect, "heterocyclyr may,he "5- or 6-memher eterocyclyl,' which refers.to a satyrated,
partally St e e RSB o
ring atom ésrbelaelat frohhatitresyehysulfur, and oxygen, and of which a -CH1- group may be optionally

lces O SR RS ERSr oo o o
sulfur atorhseHkymyb  carbocyclyl,  heterocyclyl, -OR*™, _SR™ 7 .N(R™),, -NR*™C(O)R™,
NER™NRY™),, -NO,, -C(OH, -C(O)R*®, -C(O)RR*™ -C(ONR"),, -OC(ON(R?),,
NR*C(0),R™, -NR)C(OINR*™),, -OC(O)R™, -S(O)R*™, -S(0),R*™, -S(0):N(R*"?),,
NRODS(0),R*®, -CRO)=N(R™™), and -C(R**)=N(OR*™);
R* in each occurrence may be independently selected from H, Cjalkyl, carbocyclyl, and
heterocyclyl; and
R* in each occurrence may be independently selected from C_salkyl, C,.galkenyl, Cs ¢alkynyl,

carbocyclyl, and heterocyclyl.
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optionally oxidized to form S-oxides. Illustrative examples of "5- or 6-membered heterocyclyr include,
but are not limited to 3 5-dioxopiperidinyl, furanyl, imidazolyl, isothiazolyl, isoxazolyl, morpholino,
oxazolyl, 2-8%3WPoIRSIT#yI, 2-oxo-1,3-thiazolidinyl, piperazinyl, piperidyl, 21 P6Jr&BiL08A8381y I,
pyridinyl, pyn-olyl, pyrrolidinyl, pyn-olidinyl, pyrimidinyl, pyrazinyl, pyrazolyl, pyridazinyl, 4-pyridonyl,
tetrahydrofuranyl, tetrahydropyranyl, thiazolyl, thiadiazolyl, thiazolidinyl, thiomorpholino, thiophenyl,
pyridine-N-oxidyl. 6-Membered 1-Teterocyclyl - In still another aspect, "heterocyclyl” and "5- or
6-membered heterocyclyl"” may be "6-membered heterocyclyl,” which refers to a saturated, partially
saturated, or unsaturated, monocyclic ring containing 6 ring atoms, of which at least one ring atom is
selected from nitrogen, sulfur, and oxygen, and of which a -CH,- group may be optionally replaced by
a -C(0)- gi{oubisumeii's:aiﬁhenlv@sy@fbeﬁﬁed$ tBerhentbere duabter 6cyeliry! grdtpslikamercarbod vr
nrogen et R0 pasA AR Ak he AROBA PRSI e g g g atoms

may be optional dized to form S-oxides. lllustrative examples of "6-m ered het Cly1"

include, bexar@laotlinatted tecledssdioxbpldarin),; ﬁz@]bﬂcﬂﬁﬂ@’lb perbzih(Irqnperisiigpompy Aady|,
pyrazinyl, i IPYHbM VimIGiRY %@@@g&]ﬂeterocyclyl In a further aspect,
heterocyclylﬂg}?n - or 6%@&%& hetelr%cﬂ;/r(%/%may b membered heterocyclyl,” which refers
to a saturated, partially saturated, or unsaturated, monocyclic ring containing 5 ring atoms, of which at

least one pr u]@atomslsl&%iq@@%frmm BRI g8Ry Bulitramsl @é’ﬂﬁgﬁfhlglﬁldaﬁﬁvﬂﬁﬁlalﬁthhnﬁégwpafB@y be
optionally re%ace by a -C(0)- group. Unless otherwise sp (:|f| 5membeé&q heterocy Jy;L roups

may be c4PSORGF I SHEANH RS MBIARF iRt R RYmRcmaY $8 é’ﬁtlﬁtﬂgfﬁl SAtHraED ot Sidkbxide.
Ring sulfusljomeupayiat aptipraiyl’ oxrdlzpa:tltﬁ)cfﬁoml&@migm thagiratiseexanypled effeédentesnoered
heterocycl nin but.ar not li to, furan |m|dazo sothlazol Z0 I oxazol
pyrazolyl, éyrr(ﬁurgg%/rro(flc? i ?er%r giit‘%{pur%nyll1 |azofyl'pr thlopf‘})eng/ﬂ \the%le a{t}/ par célaﬁr{%ngroup
(e.g. Rh, Rthsietoonlsg.present in a compound of Formula (T) more than once, it is intended that each
selection for that R group is independent at each occurrence of any selection at any other occurrence.
For example, the -N(R)2 group is intended to encompass: 1) those -N(R)) groups in which both R

substituentdkgrythe dentscduberas. thlssddamwhidiendth Rfstbititbettsstiregibrasabipiehdhaims and
2) those - Mﬁ%ﬂ%ﬁ%&fk&‘f@'ﬁ&ﬁ%ﬁﬁ@ ?Ha%féfdiﬁﬁhiﬁeg'UPE%FEOI'%%&@SSM%SA{MB E\t%ﬁsﬁone
n 0}

substituent’is, for example, 11, and the other R substituent is, for example, carbocyclyl. Unless
specificall§abenseann slonblndardnt of SxgrBRls may Blkemy sinchilesatsth ismelabigitdpiorneesample,
propyl incliydes pEorel Mlienadipram: Zgw&rﬁtfec‘émsn&rnoguis&op%ﬁ sed_hrigi.theopbrase “eHgectiye
amount" means an amount of a compound or composition WhICh is sufficient enough to significantly
and positial gl ie Lms and/or conditions to be treated (e.g., provide a positive clinical
response). The effective amount of an active ingredient for use in a pharmaceutical composition will

ith th I itjon b treated, fth dition, th ti .
reatment AR ML B ReU SR 5y v RATRELIED ot HOPeISVRLY) B Byl he

particular bymnmbemtraditwadwptghl& epeqnfeﬂt@s)fnbmef(samnhzﬁdnmmdldi kevfigedtang withirsthac
knowledge d expe rtl e of the ndin sigian,In t| an effectiv. nt of a compound
of Formula a?%r tse in t]ﬁ% t%ea mlfnt 0119“2?%/&&?56% ar%%run ?fs E:lﬂeur?t 0 %g/l‘ren gf%?atl (ﬂi})reslle\ge ina
warm-bloeded-anlikyay suchsakynah, tHymyimptomisyos cahoestlayle? myaippy blifebativey Hidepawgnyd slow
the progreﬁﬁignhg§§g¥rlcer and myeloproliferative diseases, or to reduce in patients with symptoms of
cancer and myeloproliferative diseases the risk of getting worse.

Halo — As used herein, the term “halo” refers to fluoro, chloro, bromo and iodo. In one aspect,

“halo” may be fluoro, chloro, and bromo. In another aspect, “halo” may be fluoro and chloro.

Carbocyclyl — As used herein, the term “carbocyclyl” refers to a saturated, partially saturated, or
unsaturated, mono or bicyclic carbon ring that contains 3 to 12 ring atoms, of which one or more
-CH,- groups may be optionally replaced with a corresponding number of -C(O)- groups.

[lustrative examples of “carbocyclyl” include, but are not limited to, adamantyl, cyclopropyl,
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Leaving Group - As used herein, the phrase 'leaving group" is intended to refer to groups readily
displaceable by a nucleophile such as an amine nucleophile, and alcohol nucleophile, or a thiol
nucleophile VXSS 8F suitable leaving groups include halo, such as chidteTdaH29P8H#RI3Ehd
sulfonyloxy groups, such as methanesulfonyloxy and toluene-4-sulfonyloxy. Optionally substituted - As
used herein, the phrase "optionally substituted,” indicates that substitution is optional and therefore it
is possible for the designated group to be either substituted or unsubstituted. In the event a
substitution is desired, any number of hydrogens on the designated group may be replaced with a
selection from the indicated substituents, provided that the normal valency of the atoms on rticular
SNt A s TR bl

substituen ics ?Kyt

one aspectxeehelopattiduteogrdaunylis desighatet eedeinh optionslpspebstitatgebowithytdneayr beore”
substitue%dglfo%?ﬂicular may be unsubstituted. In another aspect, the particular group may bear one
substituent. In another aspect, the particular substituent may bear two substituents. In still another
aspect, the particular group may bear three substituents. In yet another aspect, the particular group

may bear foup, subsitifents: B.aiigbel asaedndhapaitio AU IMaYDeRs o8e ff BuasHRSHHents.

In still a further aspect, the particular group may be unsubstituted, or may bear one ortwo
substituerftabe ébeJﬁ]éamc‘&%pfabﬁem%ﬁﬁyéb FEPORY HHE &S plamubdatichify R%diEble”
refers to thASeGAMPOMRYS]i IR i kO PRASIHPRS; apd afitosaass farmshdndhars: wishin thg, scope
of sound medical judgment, sujtable for use in contact with the tissues of human beings and animals
without exZeuBR B iSSP RATO AR i?é/‘rtgs%ﬁ"sr%s,pd’ﬂ“ﬂ‘rﬂ%r‘“ﬁ Al or CompiRtfon lustrative
commensuxatepleithodl reasonabie:hdosaiit/ dskboatiolyPrdtediidyg Gtderophl uselbheareingtblepeiyl,
"protecting group is intended to refer to those groups used.tp preyent selected reactive groups (such
s carbor St ol Ao THENo o) RO o BN Bt e o Hadve
examples ofckitapje protecting groups for a hydroxy group include, but are not limited to, an acyl
group; alkanoyl groups such as acetyl; aroyl groups, such as benzoyl; silyl groups, such as
trimethylsilyl; and arylmethyl groups, such as benzyl. The deprotection conditions for the above

hydroxy pHstzeexsiytoups vitHhseasstdlyevaryhgirotyelghoifers tprowiotmedgrotiplivsasirisedexample,
an acyl grﬁwﬁ%é%ﬂﬂ%%é%&ft ﬁf%%f&%h&'iﬂga A2 2] %%%F}@H@Qf {Priexamels: Hycygralysis with
a ell

a suitable base such as an alkali metal hydroxide, for examp ium or sodium hydroxide.
Alternativétyssleshgrghom Bitagds RhEhnsigRmEs) b devRdniyr BRissORIGY B ogelbedaybe
aqueous gaidoRTAMAYSIEIINAIAMR SUGAS @ beNZyLEsayRMABIRERNBYEhIIRES¥FMRIEB)Y.

hydrogenation in the presence of a catalyst such as ' ' ,
Ring sulfur atoms may be optionally oxidized to form S-oxides. Ring nitrogen atoms may be

optionally oxidized to form N-oxides. Illustrative examples of the term “heterocyclyl” include,
but are not limited to, 1,3-benzodioxolyl, 3,5-dioxopiperidinyl, furanyl, imidazolyl, indolyl,
isoquinolinyl, isothiazolyl, isoxazolyl, morpholino, 2-oxa-5-azabicyclo[2.2.1]hept-5-yl, oxazolyl,
2-oxopyrrolidinyl, 2-oxo-1,3-thiazolidinyl, piperazinyl, piperidyl, 2H-pyranyl, pyrazolyl,
pyridinyl, pyrrolyl, pyrrolidinyl, pyrrolidinyl, pyrimidinyl, pyrazinyl, pyrazolyl, pyridazinyl,
4-pyridonyl, quinolyl, tetrahydrofuranyl, tetrahydropyranyl, thiazolyl, thiadiazolyl, thiazolidinyl,
thiomorpholino, thiophenyl, pyridinyl-NV-oxidyl and quinolinyl-N-oxidyl.

5- or 6-Membered Heterocyclyl - In another aspect, “heterocyclyl” may be “5- or 6-membered

heterocyclyl,” which refers to a saturated, partially saturated, or unsaturated, monocyclic ring
containing 5 or 6 ring atoms, of which at least one ring atom is selected from nitrogen, sulfur, and
oxygen, and of which a -CH,- group may be optionally replaced by a -C(O)- group. Unless
otherwise specified, “5S- or 6-membered heterocyclyl” groups may be carbon or nitrogen linked.

Ring nitrogen atoms may be optionally oxidized to form an N-oxide. Ring sulfur atoms may be
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palladium-on-carbon. lllustrative examples of suitable protecting groups for an amino group include,
but are not limited to, acyl groups; alkanoyl groups such as acetyl; alkoxycarbonyl groups, such as
methoxycarBhi#0&d3d58carbonyl, and t-butoxycarbonyl; arylmethoxycarboRGIr&aHS/ S0kl as
benzyloxycarbonyl; and aroyl groups, such benzoyl. The deprotection conditions for the above amino
protecting groups necessarily vary with the choice of protecting group. Thus, for example, an acyl
group such as an alkanoyl or alkoxycarbonyl group or an aroyl group may be removed for example, by
hydrolysis with a suitable base such as an alkali metal hydroxide, for example lithium or sodium

hydroxide. Alternatively.an.acyl group such as,a {-butoxycarbonyl group may be removed, for, ..,
example. B AR T S e R e B B R e
acid and ancargtmisthaneyestr bonigdgio B stiokapsparisimyly ibxgealkbongdgriyl psethiaixeyle moxad)]br
example, enajl ek s Ralladium-on- on; : ith, & Lewis
acid, for e%) p%%%’ro%t%%ﬁ%r%?f%@gﬁgﬁl QI%r%Qgié‘g %ﬁé&‘rﬁ%ro%B%%%@%%@?f gyrr!’ir%ggroup
is, for exampiayh phtrradyl.givipdintichyiaybe perdidayby meaehdny withyamadiiydmmeaziowy .
example GinelGyAHRRREARNIAMIDR R 2RIV AINe- ahyIb VSl Az e, ARathrauiahle
protecting group for an amine is, for example, a cyclic ether such as tetrahydrofuran, which may be
removed BYidrelthiehtiRmarabfiing cthicehstidh Ridiginerdiexidtlc acid. The protecting groups may be

remoyed at any convenient stage in the synthesis using cpnventional techniques well known in the

s AT T e e

meaningsh&taodi(R T anzyRi “bimOnBikrediRiBICONRT hiBiadcRizo-N{Ria)e(D P (Rid)2stiiukdtdRia
or unsaturated, monocyclic ring containing 6 ring atoms, of which at least one ring atom is
selected from nitrogen, sulfur, and oxygen, and of which a -CH,- group may be optionally
replaced by a -C(O)- group. Unless otherwise specified, “6-membered heterocyclyl” groups may
be carbon or nitrogen linked. Ring nitrogen atoms may be optionally oxidized to form an
N-oxide. Ring sulfur atoms may be optionally oxidized to form S-oxides. Illustrative examples
of “6-membered heterocyclyl” include, but are not limited to, 3,5-dioxopiperidinyl, morpholino,

piperazinyl, piperidinyl, 2H-pyranyl, pyrazinyl, pyridazinyl, pyridinyl, and pyrimidinyl.

S-Membered Heterocyclyl - In a further aspect, “heterocyclyl” and “5- or 6-membered

heterocyclyl” may be “5-membered heterocyclyl,” which refers to a saturated, partially saturated,
or unsaturated, monocyclic ring containing 5 ring atoms, of which at least one ring atom is
selected from nitrogen, sulfur, and oxygen, and of which a -CH,- group may be optionally
replaced by a -C(O)- group. Unless otherwise specified, “S-membered heterocyclyl” groups may
be carbon or nitrogen linked. Ring nitrogen atoms may be optionally oxidized to form an
N-oxide. Ring sulfur atoms may be optionally oxidized to form S-oxides. Illustrative examples
of “5-membered heterocyclyl” include, but are not limited to, furanyl, imidazolyl, isothiazolyl,
isoxazolyl, oxazolyl, pyrazolyl, pyrrolyl, pyrrolidinyl, tetrahydrofuranyl, thiazolyl, and
thiophenyl.

Where a particular R group (e.g. R' R, etc.) is present in a compound of Formula (I) more than
once, it is intended that each selection for that R group is independent at each occurrence of any

selection at any other occurrence. For example, the -N(R), group is intended to encompass: 1)
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= 0 -N(Ria)c(0)2Ria=rtiRjLia ORM Ria 0 -N(R1a)S(0)2R1b=Fil\i-J1-Rib o Ria Ria
-N(Ria)N(Ria)2=}-11,,-INJ-Ria 0 -C(0)R1 b=11LFeb O
WO 2008/135785 PCT/GB2008/050321

those -N(R), groups in which both R substituents are the same, such as those in which both R
substituents are, for example, Ci_alkyl; and 2) those -N(R), groups in which each R substituent is
different, such as those in which one R substituent is, for example, H, and the other R substituent

is, for example, carbocyclyl.

Unless specifically stated, the bonding atom of a group may be any suitable atom of that group;

for example, propyl includes prop-1-yl and prop-2-yl.

Effective Amount — As used herein, the phrase "effective amount” means an amount of a

compound or composition which is sufficient enough to significantly and positively modify the
symptoms and/or conditions to be treated (e.g., provide a positive clinical response). The
effective amount of an active ingredient for use in a pharmaceutical composition will vary with
the particular condition being treated, the severity of the condition, the duration of the treatment,
the nature of concurrent therapy, the particular active ingredient(s) being employed, the particular
pharmaceutically-acceptable excipient(s)/carrier(s) utilized, and like factors within the knowledge

and expertise of the attending physician.

In particular, an effective amount of a compound of Formula (I) for use in the treatment of cancer
is an amount sufficient to symptomatically relieve in a warm-blooded animal such as man, the
symptoms of cancer and myeloproliferative diseases, to slow the progression of cancer and
myeloproliferative diseases, or to reduce in patients with symptoms of cancer and

myeloproliferative diseases the risk of getting worse.

Leaving Group — As used herein, the phrase “leaving group” is intended to refer to groups readily
displaceable by a nucleophile such as an amine nucleophile, and alcohol nucleophile, or a thiol
nucleophile. Examples of suitable leaving groups include halo, such as chloro and bromo; and

sulfonyloxy groups, such as methanesulfonyloxy and toluene-4-sulfonyloxy.

Optionally substituted — As used herein, the phrase "optionally substituted," indicates that

substitution is optional and therefore it is possible for the designated group to be either

substituted or unsubstituted. In the event a substitution is desired, any number of hydrogens on
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WO 2008/135785 PCT/GB2008/050321

the designated group may be replaced with a selection from the indicated substituents, provided
that the normal valency of the atoms on a particular substituent is not exceeded, and that the

substitution results in a stable compound.

One or More - In one aspect, when a particular group is designated as being optionally
substituted with “one or more” substituents, the particular may be unsubstituted. In another
aspect, the particular group may bear one substituent. In another aspect, the particular substituent
may bear two substituents. In still another aspect, the particular group may bear three
substituents. In yet another aspect, the particular group may bear four substituents. In a further
aspect, the particular group may bear one or two substituents. In still a further aspect, the

particular group may be unsubstituted, or may bear one or two substituents.

Pharmaceutically Acceptable - As used herein, the term "pharmaceutically acceptable" refers to

those compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or other problem or complication,

commensurate with a reasonable benefit/risk ratio.

Protecting Group — As used herein, the term “protecting group” is intended to refer to those

groups used to prevent selected reactive groups (such as carboxy, amino, hydroxy, and mercapto

groups) from undergoing undesired reactions.

[lustrative examples of suitable protecting groups for a hydroxy group include, but are not
limited to, an acyl group; alkanoyl groups such as acetyl; aroyl groups, such as benzoyl; silyl
groups, such as trimethylsilyl; and arylmethyl groups, such as benzyl. The deprotection
conditions for the above hydroxy protecting groups will necessarily vary with the choice of
protecting group. Thus, for example, an acyl group such as an alkanoyl or an aroyl group may be
removed, for example, by hydrolysis with a suitable base such as an alkali metal hydroxide, for
example lithium or sodium hydroxide. Alternatively a silyl group such as trimethylsilyl may be
removed, for example, by fluoride or by aqueous acid; or an arylmethyl group such as a benzyl

group may be removed, for example, by hydrogenation in the presence of a catalyst such as
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palladium-on-carbon.

INlustrative examples of suitable protecting groups for an amino group include, but are not limited
to, acyl groups; alkanoyl groups such as acetyl; alkoxycarbonyl groups, such as
methoxycarbonyl, ethoxycarbonyl, and 7-butoxycarbonyl; arylmethoxycarbonyl groups, such as
benzyloxycarbonyl; and aroyl groups, such benzoyl. The deprotection conditions for the above
amino protecting groups necessarily vary with the choice of protecting group. Thus, for example,
an acyl group such as an alkanoyl or alkoxycarbonyl group or an aroyl group may be removed for
example, by hydrolysis with a suitable base such as an alkali metal hydroxide, for example
lithium or sodium hydroxide. Alternatively an acyl group such as a 7-butoxycarbonyl group may
be removed, for example, by treatment with a suitable acid as hydrochloric, sulfuric, phosphoric
acid or trifluoroacetic acid and an arylmethoxycarbonyl group such as a benzyloxycarbonyl
group may be removed, for example, by hydrogenation over a catalyst such as
palladium-on-carbon, or by treatment with a Lewis acid, for example boron trichloride). A
suitable alternative protecting group for a primary amino group is, for example, a phthaloyl
group, which may be removed by treatment with an alkylamine, for example
dimethylaminopropylamine or 2-hydroxyethylamine, or with hydrazine. Another suitable
protecting group for an amine is, for example, a cyclic ether such as tetrahydrofuran, which may

be removed by treatment with a suitable acid such as trifluoroacetic acid.

The protecting groups may be removed at any convenient stage in the synthesis using
conventional techniques well known in the chemical art, or they may be removed during a later

reaction step or work-up.

With reference to substituent R' for illustrative purposes, the following substituent definitions
have the indicated meanings:

R1a

I
-N(R1a), = \/N\ a
R
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The compounds discussed herein in many instances were named and/or checked with ACD/Name by
ACD/Labst. Compounds of Fommla (1) may form stable pharmaceutically acceptable acid or base
salts, and inéQ@A08d3EBadministration of a compound as a salt may be apBfobfrBRIB ¥ les of acid
addition salts include acetate, adipatc, ascorbate, benzoate, benzenesulfonate, bicarbonate, bisulfate,
butyrate, camphorate, camphorsulfonatc, cholinc, citrate, cyclohcxyl sulfamatc, diethylenediamine,
ethanesulfonate, fumarate, glutamate, glycolatc, hemisulfate, 2-hydroxyethylsulfonate, heptanoate,
hexanoatc, hydrochloride, hydrobromide, hydroiodide, hydroxymaleate, lactate, malate, malcate,
methancsulfonate, meglumine, 2-naphthalenesulfonate, nitrate, gxalate, pamoatc, persulfate,
phenylacetate, phosphate, diphosphate, picrate, pivalatc, ptopighatg, quinatc, salicylate, stcarate,
succinatc, sulfamate, sulfanilatc,-bBifRatC (erikite, tosylatc (R- I?ébnate), trifluoroacetate, and
undecanoate. Examples of base salts include ammonium salts; alkali metal salts such as sodium,
lithium and potassium salts; alkaline earth metal salts such as gungnugt: calcium and magnesium
salts; salts with organic bases f? %] hexylamine alts hnq|N-|1neth}gI-D-qucamine; and salts
with amino acids such as argfﬁtgﬁﬁ éﬁé %P?ine, and soforth. A so,'\{ﬁﬁc nitrogen-containing
groups may be quatemized with such agents as: lower alkyl halides, such as methyl, ethyl, propyl, and
butyl halides; dialkyl sulfates such as dimethyl, diethyl, dibutyl; iarfyl sulfates; long chain halides
such as decyl, lauryl, myristyl angigqt@ quji@es; arylalkyl ?ﬂ ' p@s benzyl bromide and others.
Non-toxic physiologically-acceptable Salts are preferred, although other salts may be useful, such as
in isolating or purifying the product. The salts may be formed by ¢conventional means, such as by
reacting the free base form of the product with one or more qdﬁlalﬁnts of the appropriate acid in a
solvent or medium in which the sa{(R'aSE)bRILor in=a solv';%sluelsaﬂ}{?ater, which is removed in
vacuo or by freeze drying or by exchanging the anions of a existir% salt for another anion on a
suitable ion-exchange resin. Some compounds of Formula (I) may have chiral centres andlor
geometric isomeric centres (E-and Z- isomers), and it is to be witl&'$tood that the invention
encompasses all such optical, dia ?Fﬁe%ﬁ rs and geo t_rici!lis_q\lh”ngg.aThe invention further relates
to any and all tautomeric forms of the c m%Qg Rds of Formla (1). It is also to be understood that
certain compounds of Formula (1) can exist in solvated as well as unsolvated forms such as, for
example, hydrated forms. It is to be understood that the inyentjpn encompasses all such solvated
forms. Additional embodiments of the-?ti§&MRi8n are™as foll . Se additional embodiments relate to
compounds of Formula (1) and pharmaceutically acceptable salts thereof. Such specific substituents
may be used, where appropriate, with any of the definitions, clkaims or embodiments defined
hereinbefore or hereinafter. 2 In one_é%%q;ﬁ,@ may:be se%ectéb frBEﬁaN and C(R3); and R1 may be
selected from 11 and halo.

0 R'Ia

-C(O)N(R'3), = E—H—IL—R“”

O T’Ia
OC(ON(R'?), = E—OJJ—N—R””
O
LOC(O)R"™a = %—OJJ—R”"

i
S(OR® = E—S—R“’

i
-S(O)2R1b — %_ﬁ_Rm

O

18



In another aspect, Q may be N. In still another aspect, Q may be C(R3); and R3 may be selected from
H and halo. In still another aspect. Q may be C(R3); and it may be halo. In still another aspect, Q may
be C(R3); aMPRY#BY @ selected from H, fluoro, and chloro. In still anothd¥(@éEBeY0HE1 be C(R3)
and R3 may be H. In still another aspect, Q may be C(R3); and R3 may be fluoro. In yet another
aspect, Q may be C(R3); and R3 may be chloro. In one aspect, D may be selected from N. In another
aspect, D may be selected from CIl. Rl may be selected from H, -CN, Ci_oalkyl, C2_6alkenyl,
C2_6alkynyl, 3- to 5-membered carbocyclyl, 5-membered heterocyclyl, -N(le)2, -N(R1a)C(0)R1b,
-N(R1a)N(Ria)2, -NO2. -C(0)11, -C(0)Rib, -C(0)2R, -C(0)N(R1)2. -QC(0)N(Ria)2, -N(Ria)C(0)2123a,
-N(10C(0)N(RIa)2. -0C(0)Rib, -S(0)Rib, -S(0)2R1h, -S(0)2N(R)2, I?N(1ga3a)S(0)212:~3b, -C(Ria)=N(Ria),

and -C(1e)=N(ORla); SONR?), = {—F—N—R
O
R’Ia HJ‘ORH
-C(R12)=N(OR'a) = \l.?:N
1a R1a

R -
-C(R3)=N(R2) — ‘L?:N

The compounds discussed herein in many instances were named and/or checked with ACD/Name

by ACD/Labs®.

Compounds of Formula (I) may form stable pharmaceutically acceptable acid or base salts, and
in such cases administration of a compound as a salt may be appropriate. Examples of acid
addition salts include acetate, adipate, ascorbate, benzoate, benzenesulfonate, bicarbonate,
bisulfate, butyrate, camphorate, camphorsulfonate, choline, citrate, cyclohexyl sulfamate,
diethylenediamine, ethanesulfonate, fumarate, glutamate, glycolate, hemisulfate, 2-hydroxyethyl-
sulfonate, heptanoate, hexanoate, hydrochloride, hydrobromide, hydroiodide, hydroxymaleate,
lactate, malate, maleate, methanesulfonate, meglumine, 2-naphthalenesulfonate, nitrate, oxalate,
pamoate, persulfate, phenylacetate, phosphate, diphosphate, picrate, pivalate, propionate, quinate,
salicylate, stearate, succinate, sulfamate, sulfanilate, sulfate, tartrate, tosylate
(p-toluenesulfonate), trifluoroacetate, and undecanoate. Examples of base salts include
ammonium salts; alkali metal salts such as sodium, lithium and potassium salts; alkaline earth
metal salts such as aluminum, calcium and magnesium salts; salts with organic bases such as
dicyclohexylamine salts and N-methyl-D-glucamine; and salts with amino acids such as arginine,
lysine, ornithine, and so forth. Also, basic nitrogen-containing groups may be quaternized with
such agents as: lower alkyl halides, such as methyl, ethyl, propyl, and butyl halides; dialkyl
sulfates such as dimethyl, diethyl, dibutyl; diamyl sulfates; long chain halides such as decyl,
lauryl, myristyl and stearyl halides; arylalkyl halides such as benzyl bromide and others.
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Ria in each occurrence may be independently selected from 11, C16alkyl. 3- to 5-membered
carbocyclyl, and 5-membered heterocyclyl; Rib in each occurrence may be independently selected
from Ci_oallyP W6&NEEHsy, Coalkynyl, 3- to 5-membered carbocyclyl, and 5Rh&fBPE8 1383 ocyclyl. In
one aspect, le may be selected from Chalkyl, 3- to 5-membered carbocyclyl, and -Ole; and Ria may be
Ci_o6alkyl. In another aspect, le may be C1_6alkyl. In still another aspect, R1 may be 3- to
5-membered carbocyclyl. In yet another aspect, RI may be -OR la; and Ria may be C1_6alkyl. In a
further aspect, le may be selected from methyl cyclopropyl, isopropoxy, and ethoxy. In still a further

aspect, lenay,bg me th Yol é{ﬁ'[i aJc“crethe ?t‘s’tar':é% D2 R LR RS ARG 51 M P
isopropoxy. In anot et asp C may
as in isolating or purifying the product

The salts may be formed by conventional means, such as by reacting the free base form of the
product with one or more equivalents of the appropriate acid in a solvent or medium in which the
salt is insoluble, or in a solvent such as water, which is removed in vacuo or by freeze drying or

by exchanging the anions of an existing salt for another anion on a suitable ion-exchange resin.

Some compounds of Formula (I) may have chiral centres and/or geometric isomeric centres (E-
and Z- isomers), and it is to be understood that the invention encompasses all such optical,
diastereoisomers and geometric isomers. The invention further relates to any and all tautomeric

forms of the compounds of Formula (I).

It is also to be understood that certain compounds of Formula (I) can exist in solvated as well as
unsolvated forms such as, for example, hydrated forms. It is to be understood that the invention

encompasses all such solvated forms.

Additional embodiments of the invention are as follows. These additional embodiments relate to
compounds of Formula (I) and pharmaceutically acceptable salts thereof. Such specific
substituents may be used, where appropriate, with any of the definitions, claims or embodiments

defined hereinbefore or hereinafter.

Q
In one aspect, Q may be selected from N and C(R?); and

R* may be selected from H and halo.
In another aspect, Q may be N.

In still another aspect, Q may be C(R?); and
R® may be selected from H and halo.
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122 In one aspect, R2 may be selected from H, halo, -CN, Ci_oalkyl, C2_6alkenyl, C2_6alkynyl,
carbocyclyl, heterocyclyl, -OR2a, -SR2a, -N(R2a)2, -N(10C(0)R2b, -N(R2a)N(R2a)2, -NO2,
-C(0)11,-C(BYR2008/1852824a,-C (0)N (R2a)2.- OC (0)N (R.212,-N (R2a)C (0¥Ld/GREABHEIIN(R2a)2.
-0C(0)R2', -S(0)R2', -S(0)2R21". -S(0)2N(R2a)2,-N(R2a)S(0)2R2b, -C(R2a)=N(R2a), and
-C(R2a)=N(ORZ2a); lea in each occurrence may be independently selected from 11, Chalkyl,
carbocyclyl, and heterocyclyl; and R2b in each occurrence may be independently selected from
Ci_olkyl, CZGalIceny C2_6alkynyl, carbocyclyl, and heterocyclyl. In one aspect, R2 may be selected

from H. heter y -0R2a )R2 R211 in each occurrence may be independently
selected feriomtoﬁ_ éaﬁk St d&n ?grocyc&?? R2b may be heterocyclyl.
R® may be halo.

In still another aspect, Q may be C(R’); and

R? may be selected from H, fluoro, and chloro.

In still another aspect, Q may be C(R?); and
R® may be H.

In still another aspect, Q may be C(R?); and

R® may be fluoro.

In yet another aspect, Q may be C(R’); and
R® may be chloro.

D

In one aspect, D may be selected from N.
In another aspect, D may be selected from CH.

RL

R' may be selected from H, -CN, Ciealkyl, Csealkenyl, Csealkynyl, 3- to 5-membered
carbocyclyl, 5-membered heterocyclyl, -OR™, -SR™, -N(R"®),, -N(R")C(O)R'®, -N(R™*)N(R'),,
-NO,, -C(O)H, -C(O)R'™, -C(O),R"™, -C(ONR'), -OCONR™, -NR™)CO)R",
NRC(ONR'™),, -OC(O)R™, -S(O)R™, -S(O)%R'™, -S(O)NR'™),, -NR™S(0):R",
-C(R'™=N(R'®), and -C(R'*)=N(OR'®);

R' in each occurrence may be independently selected from H, Ciealkyl, 3- to 5-membered
carbocyclyl, and S-membered heterocyclyl;

R'™ in each occurrence may be independently selected from Cy_galkyl, Cy.alkenyl, C, salkynyl, 3-

to S-membered carbocyclyl, and S-membered heterocyclyl.

21



In one aspect, R2 may be H. In another aspect, le may be heterocyclyl. In yet another aspect, R2 may
be -OR2a; and R2a may be selected from Ci_oalkyl. nt In yet another aspect, R2 may be -N(.12-Y),;
and R2a in ®42RM8EA8T7ENce may be independently selected from H and he¥&rbEJEAN8(#543RE another
aspect. R2 may be -C(0)R21"; and R2b may be heterocyclyl. In yet another aspect, R2 may be
selected from H, methoxy, morpholin-4-yl, 2-morpholin-4-y1-2- oxoethyl, and
tetrahydro-211-pyran-4-ylamino. In a further aspect, R2 may be methoxy.

In one aspect, R! may be selected from Cy_galkyl, 3- to S-membered carbocyclyl, and -OR'"™; and
R" may be C_alkyl.

In another aspect, R' may be Cy_galkyl.
In still another aspect, R' may be 3- to 5-membered carbocyclyl.

In yet another aspect, R' may be -OR'*; and
R may be Cy_alkyl.

In a further aspect, R may be selected from methyl, cyclopropyl, isopropoxy, and ethoxy.
In still a further aspect, R' may be methyl.

In yet a further aspect, R' may be cyclopropyl.

In one aspect, R' may be isopropoxy.

In another aspect, R' may be ethoxy.

R?

In one aspect, R’ may be selected from H, halo, -CN, Cjealkyl, C,ealkenyl, C,¢alkynyl,
carbocyclyl, heterocyclyl, -OR™, -SR™, -N(R**),, -N(R™)C(O)R*, -N(R*)N(R*™),, -NO,,
-COH,  -COR™,  -C(OpR™,  -CONR™),,  -OCONR™),,  -NR*C(ORR™,
NR™®)C(ON(R?™),, -OC(O)R?, -S(O)R™, -S(O)R™, -S(0):N(R*™),,  -N(R*)S(0):R”,
-C(R*™=N(R*), and -C(R*)=N(OR™);

R* in each occurrence may be independently selected from H, Ciealkyl, carbocyclyl, and
heterocyclyl; and

R in each occurrence may be independently selected from Cjgalkyl, Cyealkenyl, C, ¢alkynyl,

carbocyclyl, and heterocyclyl.
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In still a further aspect. R2 may be morpholin-4-yl. In yet a further aspect, R2 may be
2-morpholin-4-y1-2-oxoethyl. In one aspect, R2 may be tetrahydro-211-pyran-4-ylamino. 141 In one
aspect, R4 W2B84défdeled from Ci_6alkyl, C2_6alkenyl, C2_6alkynyl, wh&ieT 089568 ky|,
C2_6alkenyl, C2_6alkynyl may be optionally substituted with one or more R4. R4 in each occurrence
may be independently selected from halo, -CN, Chalkyl, C2_6alkenyl, C2_6alkynyl, carbocyclyl,
heterocyclyl,-N(R4052, -N(r)C(0)R40b , -N(R4")N (R43)2, -NO2,-C(0)R40b, -C(0)2R40a, -C(0)N
(R412, -0C(0)N(ea)2, N(R4")C(0)2R4", -N(R40a)corAR40a)2, OC(0)R4", -S(0)R4", -S(0)2R4",

“SIONRE IR NG S PR SHRAIDATTARA ey Y] -OHRIORTMORAD e
R* in each occurrence may be independently selected from H, Calkyl, and heterocyclyl; and
R* may be heterocyclyl.
In one aspect, R’ may be H.

In another aspect, R> may be heterocyclyl.

In yet another aspect, R* may be -OR*; and
R* may be selected from Cj_galkyl.

In yet another aspect, R* may be -N(R*),; and

R* in each occurrence may be independently selected from H and heterocyclyl.

In still another aspect, R? may be -C(O)R™; and
R* may be heterocyclyl.

In yet another aspect, R> may be selected from H, methoxy, morpholin-4-yl, 2-morpholin-4-yl-2-
oxoethyl, and tetrahydro-2H-pyran-4-ylamino.

In a further aspect, R> may be methoxy.

In still a further aspect, R* may be morpholin-4-yl.

In yet a further aspect, R may be 2-morpholin-4-yl-2-oxoethyl.
In one aspect, R may be tetrahydro-2H-pyran-4-ylamino.

Bﬁ

In one aspect, R* may be selected from Cy.galkyl, Cy.¢alkenyl, C,.galkynyl, wherein said Cy_galkyl,
Ca.salkenyl, C;_galkynyl may be optionally substituted with one or more R*’;
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R40" in each occurrence may be independently selected from H, C1_6alkyl, carbocyclyl, and
heterocyclyl; and R4" in each occurrence may be independently selected from C1_6alky1,
C2_6alkenyVVe20684R5/1#91, carbocyclyl, and heterocyclyl. In one aspect, RAAGEFB0SREERY from
C1_6alkyl, wherein said C1_6alkyl may be optionally substituted with one or more R4 may be -OR4";
and R40a may be H. In another aspect, R4 may be selected from methyl, ethyl, and hydroxymethyl. In
still another aspect, R4 may be methyl. In yet another aspect, R4 may be ethyl. In one aspect, R4 may
be hydroxymethyl. In one aspect, R5 may be halo. In another aspect, 1k5 may be fluoro.

R* in each occurrence may be independently selected from halo, -CN, Ciealkyl, C.ealkenyl,
Carealkynyl, carbocyclyl, heterocyclyl, -OR*™ -SR*® -NR™), -NR*™COR",
NER™NR™),, -NO,, -C(OH, -C(O)R™, -C(O)RR*™ -C(ONR™),, -OC(ONR?),,
NR*C(0),R™, -NR)C(OINR*),, -OC(O)R™, -S(O)R*™, -S(0),R*™, -S(0),N(R*?),,
N(R¥)S(0),R*®, -C(R*)=N(R*), and -C(R***)=N(OR**);

R* in each occurrence may be independently selected from H, Cjealkyl, carbocyclyl, and
heterocyclyl; and

R*™ in each occurrence may be independently selected from Cjgalkyl, Cyealkenyl, C, salkynyl,
carbocyclyl, and heterocyclyl.

In one aspect, R* may be selected from Cjgalkyl, wherein said Cjgalkyl may be optionally
substituted with one or more R*;

R* may be -OR*"; and

R*"* may be H.

In another aspect, R* may be selected from methyl, ethyl, and hydroxymethyl.

In still another aspect, R* may be methyl.

In yet another aspect, R* may be ethyl.

In one aspect, R may be hydroxymethyl.

R:

In one aspect, R® may be halo.

In another aspect, R® may be fluoro.

Q.D. R:, R% RY, and R?
In one aspect, Q may be selected from N and C(R?);
D may be selected from N and CH;
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0, D, Rijhati, and IS In one aspect, Q may be selected from N and C(R3); D may be selected from N
and CH; R2 may be selected from 11, halo, -CN, Chalky', C2_6alkenyl, C2alkynyl, carbocyclyl,
heterocyclyWQRPSSRISS -N(R24)2, -N(R2)C(0)R2b, -N(R24)N(R24)2, -NOPCIEBII8/0698R 2b,
-C(0)2R24, -C(0)N(R252, -0C(0)N(R252, -N(R24)C(0)2R24, -N(R25C(0)N(R2a)2, -0C(0)R2b,
-S(0)R2b, -S(0)2R2b, -S(0)2N(R2)2, -N(R2)S(0)2R2b, -C(R2)=N(R2), and -C(R2)=N(OR24); R2 in
each occurrence may be independently selected from 14, Chalky, carbocyclyl, and heterocyclyl; R2b
in each occurrence may be independently selected from Ch()alkyl C2h,alkenyl, C2_6alkynyl,

Choalon, Ko Rty 0 Wil i Sant L 5 “GAREI, RN e Beabnaly
substitutedeitbcyelslor ORSTe- &R in-HBA beeRAA MBRY bdﬁfﬁeﬁﬂrﬁémtlywedfé@)ﬁbﬁq@)& “CN,
R, SR SO o
“0C(0)N(R20Q)R.", MFADR)C(HERAIR N(F%ﬁﬁ%ffé%@hﬁioéé(lizacé&ﬁmm ds@{}%zabs@i ORA1"
‘S(O)ZN(Rﬂ?"z’m.rgﬁﬂoét)é&ggl%%yg@])nwﬁﬂgént@a&‘l’ec@(ﬁmﬁ% N(QR4Mky1, carbocyclyl, and
heterocyclyl,
R in each occurrence may be independently selected from Ci.galkyl, Cs.alkenyl, Caalkynyl,
carbocyclyl, and heterocyclyl;
R® may be selected from H and halo;
R* may be selected from Cygalkyl, Cs.salkenyl, C,.alkynyl, wherein said Cyealkyl, Cs.salkenyl,
Ca.salkynyl may be optionally substituted with one or more R*;
R* in each occurrence may be independently selected from halo, -CN, Ciealkyl, Cs.alkenyl,
Coealkynyl, carbocyclyl, heterocyclyl, -OR*  -SR*™ -N®R™), -NR*™CO)R™,
NR¥NR*),, -NO,, -C(O)H, -C(O)R™, -C(0)R*™, -C(O)NR*™),, -OC(O)N(R™),,
NR*C(0):R*, -NR*™C(O)N(R*™),, -OC(O)R*™, -S(0)R*®, -S(0),R**", -S(0),N(R™),,
-N(R4oa)S(O)2R4Ob, -C(R4oa)=N(R4oa), and _C(R4Oa):N(OR4Oa);
R*" in each occurrence may be independently selected from H, Cjalkyl, carbocyclyl, and
heterocyclyl,
R*" in each occurrence may be independently selected from Csalkyl, C,.galkenyl, Cs salkynyl,
carbocyclyl, and heterocyclyl; and
R’ may be halo.

In another aspect, Q may be selected from N and C(R?);

D may be selected from N and CH;

R' may be selected from C_salkyl, 3- to 5-membered carbocyclyl, and -OR'?;

R'™ may be Cy.galkyl;

R* may be selected from H, heterocyclyl, -OR®, -N(R*),, -C(O)R?;

R* in each occurrence may be independently selected from H, C,alkyl, and heterocyclyl;

R* may be heterocyclyl;

R® may be selected from H and halo;

R* may be C,_alkyl, wherein said C_salkyl may be optionally substituted with one or more R*;
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R40a in each occurrence may be independently selected from H, Chalkyl, carbocyclyl, and
heterocyclyl; 1440b in each occurrence may be independently selected from CI 6alkyl. C2 6alkenyl.
C2 6Galkyny™r98#¥8fy8Sand heterocyclyl; and t( may be halo. In another aBpE«BEIHAYBE! selected
from N and C(R3); 1) may be selected from N and C11; Ri may be selected from Chalky', 3- to
5-membered carbocyclyl, and -Oltia; RI' may be Ch6alkyl; R2 may be selected from IL heterocyclyl,
-0R2, -N(R24)2, -C(0)R2b; R2 in each occurrence may be independently selected from 11. Chalky"',
and heterocyclyl; R2b may be heterocyclyl, R3 may be selected from 14 and halo;

R’ may be halo;
R* may be -OR*"; and
R** may be H.

In still another aspect, Q may be selected from N and C(RY);

D may be selected from N and CH;

R' may be selected from methyl, cyclopropyl, isopropoxy, and ethoxy;

R’> may be selected from H, methoxy, morpholin-4-yl, 2-morpholin-4-yl-2-oxoethyl, and
tetrahydro-2H-pyran-4-ylamino;

R? may be selected from H, fluoro, and chloro;

R* may be selected from methyl, ethyl, and hydroxymethyl; and

R’ may be fluoro.
In yet another aspect the compound of Formula (I) may be a compound of Formula (Ia):

N—
R ’\N 2
N
R1

2
QlYN
N

4

T

Formula (Ia)

or a pharmaceutically acceptable salt thereof, wherein Q, D, Rl, RZ, R4, and R® are as defined

hereinabove.

In one aspect of the present invention, there is provided a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, as illustrated by the Examples, each of which provides a

further independent aspect of the invention.
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R4 may be CI alkyl, wherein said Chalky] may be optionally substituted with one or more R4, it may be
halo; 1440 may be -OW"; and R4" may be 11. In still another aspect, Q may be selected from N and
C(R3); D maYDH¥&EI&ET8Y from N and CH; RI may be selected from methyPEFSIRUSNS13Horopoxy,
and ethoxy; R2 may be selected from ft, methoxy, morpholin-4-yl, 2-morpholin-4-y1-2-oxoethyl, and
tetrahydro-2H-pyran-4-ylamino; R3 may be selected from H, fluoro, and chloro; R4 may be selected
from methyl, ethyl, and hydroxymethyl; and R5 may be fluor. In yet another aspect the compound of
Foimula (I) may be a compound of Formula (la):

Utility

JAK2

The compounds of Formula (I) have utility for the treatment of myeloproliferative disorders,
myelodysplastic syndrome and cancer by inhibiting the tyrosine kinases, particularly the JAK
family and more particularly JAK2. Methods of treatment target tyrosine kinase activity,
particularly the JAK family activity and more particularly JAK?2 activity, which is involved in a
variety of myeloproliferative disorders, myelodysplastic syndrome and cancer related processes.
Thus, inhibitors of tyrosine kinase, particularly the JAK family and more particularly JAK?2, are
expected to be active against myeloproliferative disorders such as chronic myeloid leukemia,
polycythemia vera, essential thrombocythemia, myeloid metaplasia with myelofibrosis,
idiopathic myelofibrosis, chronic myelomonocytic leukemia and hypereosinophilic syndrome,
myelodysplastic syndromes and neoplastic disease such as carcinoma of the breast, ovary, lung,
colon, prostate or other tissues, as well as leukemias, myelomas and lymphomas, tumors of the
central and peripheral nervous system, and other tumor types such as melanoma, fibrosarcoma
and osteosarcoma. Tyrosine kinase inhibitors, particularly the JAK family inhibitors and more
particularly JAK?2 inhibitors are also expected to be useful for the treatment other proliferative
diseases including but not limited to autoimmune, inflammatory, neurological, and

cardiovascular diseases.

The compounds of Formula (I) have been shown to inhibit tyrosine kinases, particularly the JAK

family and more particularly JAK2, as determined by the JAK2 Assay described herein.

The compounds of Formula (I) should also be useful as standards and reagents in determining the
ability of a potential pharmaceutical to inhibit tyrosine kinases, particularly the JAK family and
more particularly JAK2. These would be provided in commercial kits comprising a compound of

this invention.

JAK2 kinase activity was determined by measuring the kinase’s ability to phosphorylate
synthetic tyrosine residues within a generic polypeptide substrate using an Amplified

Luminescent Proximity Assay (Alphascreen) technology (PerkinElmer, 549 Albany Street,
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Formula (la) or a pharmaceutically acceptable salt thereof, wherein Q. D,R2, R4, and 145 are as
defined hereinabove. In one aspect of the present invention, there is provided a compound of Formula
(1), or a phaMAFOLUIRTMY acceptable salt thereof; as illustrated by the ExarRpE&E2EH893hich
provides a further independent aspect of the invention. Utility JAK2 The compounds of Formula (T)
have utility for the treatment of myeloproliferative disorders, myelodysplastic syndrome and cancer by
inhibiting the tyrosine kinases, particularly the JAK family and more particularly JAK2. Methods of
treatment target tyrosine kinase activity, particularly the JAK family activity and more particularly JAK2
activity, ng(():sq irsl. iM/ ved in a variety of myeloproliferative disorders, myelodysplastic syndrome and
cancer relatedop’roce ses. Thus, inhibitors of tyrosine kinasc, particularly the JAK family and more
particularly JAK2, arc expected to be active against mycloproliferative disorders such as chronic

myelod lop KRR OGRS RHNOMBRUBRIBu T MAITRIRSMR VD e

myelofibrosis, idiopathic myelofibrosis, ¢hronic myelormonocytic leukemia and hypéreosinophilic

syndromeStiy@R dyap bstic Syrardink Sl sadasespldstertiente upmab dateifidimg a¢itiedheasd. ovary,
lung, colopGRIRSIRIAREQURGT tisshiRs: RAWEH85IsukemiAs) NByclamasand mpbomag, tamprsof the

central and_per(/i\gheral nervous system, and other tumor types such as melanoma, fibrosarcoma and
ostcosarcBiRE TPl hadtihipithal ghrfchmbipire Witk Farip K st shstadsaritfarly
L])AKZ inlhi*ﬁiiﬂgﬁs@fﬁt@m'Wﬁﬁtsdlﬁﬂrhﬂe@&@%&ﬁrtﬁlﬂﬁ%ﬁ%}lfeﬁgkq{%ﬁ%m@%?@tgﬁﬁE@@@@ﬁéﬂcﬂyding
ut not limjted to. autoimmune, inflammatory, neurological, and cardigvascular diseases. The
com poundheo?‘*ggiﬂ?u‘?zg %Q)rﬁ%‘éﬂﬁ' S LRBWIT RS ROYE &ﬁ@gﬁ@ﬁ%s@? ﬁ&ﬁ%&?@tﬁ%?ﬂ&rﬁﬁqﬂy and
more partiguksdy WwaAKR) astitetepiiee andytHeerdAK2nAgsdy de seaibed dexeird Thizhcdimpddiids aff
Formula (1) should also be yseful as standards and reagents in.determining th ility of a potential
pharmacel A R Hre e g S S B o e s s
These wousthpehprowideainvbarabel dibit&kiRs adanpitsing aveonygho undetitisimventiompdAkRdkinase
activity was determined by measuring the kinase's ability to phosphorylate

Peptide substrate TYK2 (Tyr 1054/1055 biotinylated peptide) Cell Signalling
Technology #2200B. 402uM stock.

ATP Km 15 uM

Assay conditions 150pM JAK2 enzyme, 15uM ATP, 80nM Tyk2, 10mM MgCl,,
50mM Hepes buffer pH 7.5, ImM DTT, 0.025% DTT.

Incubation 60 minutes, room temperature

Termination/Detection | 6.3mM HEPES, 30 mM EDTA, 525 pug/ml BSA, 40 mM NaCl,

conditions 0.007%Triton® X-100, 12 ng/ml of Donor Beads, 12 ng/ml of
Acceptor Beads

Detection incubation | overnight, room temperature

Fluometer settings Excitation = 680 nm Emission = 570 nm Excitation Time = 180

ms Total Measurement Time=550 ms

Although the pharmacological properties of the compounds of Formula (I) vary with structural
change, it is believed that in general, activity possessed by compounds of Formula (I) may be

demonstrated at ICsy concentrations (concentrations to achieve 50% inhibition) or doses at a level

below 10 uM.
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synthetic tyrosine residues within a generic polypeptide substrate using an Amplified Luminescent
Proximity Assay (Alphascreen) technology (PerkinElmer, 549 Albany Street, WO
2008/135789PCH)#B2(198/050321 Boston, MA). To measure JAK2 kinase Belilii2®W%0ihtakrcially
available purified enzyme may be used. The enzyme may be a C-terminal His6-tagged, recombinant,
human JAK2, amino acids 808-end, (Genbank Accession number NM 004972) expressed by
baculovirus in Sf21 cells (Upstate Biotechnology MA). After incubation of the kinase with a biotinylated
substrate and adenosine triphosphate (ATP) for 60 minutes at room temperature, the kinase reaction
may be stopped by the addition of 30 mM ethylenediaminetetraacetic acid (EDTA). The reaction may
be performed in 384 well microtitre plates and the reaction products may be detected with the addition
of streptaWdinrcoatetiDtncbBeats aind phosoud sihebgpacifitiettibbte Sotoatag AcueptorBeads

using the E@é@&}g@%@@ﬁgl&ﬂ%@%mer after an overnight incubation at room temperature. Peptide

substrate TYKZ2 (Tyr 1054/1055 ioﬁoriylated peptide) Cell Signalling Technology #2200B. 4021iM

stock. ATP Km 15 RM Assay conditions
Ex ICso (nM)

17 0.003

TRK

The compounds of Formula (I) have utility for the treatment of cancer by inhibiting the tyrosine
kinases, particularly the Trks and more particularly Trk A and B. Methods of treatment target
tyrosine kinase activity, particularly the Trk activity and more particularly Trk A and B activity,
which is involved in a variety of cancer related processes. Thus, inhibitors of tyrosine kinase,
particularly the Trks and more particularly Trk A and B, are expected to be active against
neoplastic disease such as carcinoma of the breast, ovary, lung, colon, prostate or other tissues, as
well as leukemias and lymphomas, tumors of the central and peripheral nervous system, and
other tumor types such as melanoma, fibrosarcoma and osteosarcoma. Tyrosine kinase inhibitors,
particularly the Trk inhibitors and more particularly Trk A and B inhibitors are also expected to
be useful for the treatment other proliferative diseases including but not limited to autoimmune,

inflammatory, neurological, and cardiovascular diseases.

In addition, the compounds of the invention are expected to be of value in the treatment or
prophylaxis of cancers selected with up regulated of constitutively activated Trk kinases,
including but not limited to, oncogenic rearrangements leading to ETV6-TrkC fusions, TRP-
TrkA fusions proteins, AML-ETO (t8;21), autocrine or paracrine signalling leading to elevated
serum levels of NGF, BDNF, neurotropins or tumors with constitutively active Trk associated

with disease aggressiveness, tumor growth and proliferation or survival signalling.
Compounds of the present invention have been shown to inhibit tyrosine kinases, particularly the

Trks and more particularly Trk A and B, as determined by the Trk A Assay described herein.

Compounds provided by this invention should also be useful as standards and reagents in
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150pM JAK2 enzyme, 15uM ATP, 80nM Tyk2, 10mM MgC12, 50mM Hepes buffer pH 7.5, 1mM DTT,
0.025% DTT. Incubation 60 minutes, room temperature Termination/Detection conditions 6.3mM
HEPES, 30 WRPEBTIR$25 pg/ml BSA, 40 mMNaC1, 0.007%Tritonit X-10F AP @M@ Séhor Beads,
12 ng/ml of Acceptor Beads Detection incubation overnight, room temperature Fluometer settings
Excitation = 680 nm Emission = 570 nm Excitation Time = 180 ms Total Measurement Time=550 ms
Although the pharmacological properties of the compounds of Formula () vary with structural change,
it is believed that in general, activity possessed by compounds of Formula (I) may be demonstrated at

. : . o b
IC50 cancgnirations, (RRSANAIONS RAGISHE R0 IRtibiion A5 Agess 2t A RKE! BelRW AN Al
Trks and more particularly Trk A and B. These would be provided in commercial kits comprising

a compound of this invention.

Trk A kinase activity was determined by measuring the kinase’s ability to phosphorylate
synthetic tyrosine residues within a generic polypeptide substrate using an Amplified
Luminescent Proximity Assay (Alphascreen) technology (PerkinElmer, 549 Albany Street,
Boston, MA).

To measure Trk A kinase activity, the intracellular domain of a HIS-tagged human Trk A kinase
(amino acids 442-796 of Trk A, Swiss-Prot Primary Accession Number P04629) may be
expressed in SF9 cells and purified using standard nickel column chromatography. After
incubation of the kinase with a biotinylated substrate and adenosine triphosphate (ATP) for
20 minutes at room temperature, the kinase reaction may be stopped by the addition of 30 mM
ethylenediaminetetraacetic acid (EDTA). The reaction may be performed in 384 well microtitre
plates and the reaction products may be detected with the addition of strepavidin coated Donor
Beads and phosphotyrosine-specific antibodies coated Acceptor Beads using the EnVision

Multilabel Plate Reader after an overnight incubation at room temperature.

Peptide substrate PolyEY-biotin (PGT-bio.)

ATP Km 70 pM

Assay conditions 0.838 ng/ml Trk A, 9 mM HEPES, 45 pg/ml BSA, 10 mM
MnCl,, 5 nM PGT-bio, 0.01% Triton® X-100, 70 uM ATP

Incubation 20 minutes, room temperature

Termination/Detection | 6.3mM HEPES, 30 mM EDTA, 525 pug/ml BSA, 40 mM NaCl,

conditions 0.007%Triton® X-100, 12 ng/ml of Donor Beads, 12 ng/ml of
Acceptor Beads

Detection incubation | overnight, room temperature

Fluometer settings Excitation = 680 nm Emission = 570 nm Excitation Time = 180

ms Total Measurement Time=550 ms
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When tested in the above in-vitro assay the JAK inhibitory activity of the following example was

measured at the following 1050. Ex1c50 (gm) 170.003
WO 2008/135785 PCT/GB2008/050321

Although the pharmacological properties of the compounds of Formula (I) vary with structural
change, it is believed that in general, activity possessed by compounds of Formula (I), or
pharmaceutically acceptable salts thereof, may be demonstrated at ICsy concentrations

(concentrations to achieve 50% inhibition) or doses at a level below 10 uM.

When tested in an assay based on the in-vivo assay described above, the Trk inhibitory activity of

the following examples were measured at the following ICsps.

Ex ICsp (uM)
1 0.003
2 0.003
3 0.003
4 0.012
5 0.005
6 0.003
7 0.003
8 0.003
9 0.003
10 0.003
11 0.003
12 0.003
13 0.006
14 0.004
15 3.809
16 0.061
17 0.014
18 0311
19 7.250
20 0.475
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The compounds of Formula (1) have utility for the treatment of cancer by inhibiting the tyrosine
kinases, particularly the Trks and more particularly Irk A and B. Methods of treatment target tyrosine
kinase activi¥O pYRIE3IZ#Y the Irk activity and more particularly Trk A and BPAGHGEBZOM¥I2$2 involved
in a variety of cancer related processes. Thus, inhibitors of tyrosine kinase, particularly the Trks and
more particularly Trk A and B, are expected to be active against neoplastic disease such as carcinoma
of the breast, ovary, lung, colon, prostate or other tissues, as well as leukemias and lymphomas,
tumors of the central and peripheral nervous system, and other tumor types such as melanoma,
fiborosarcoma and osteosarcoma. Tygestre-ddrase— h-'rb'ﬁe&s—geaﬂ-ieu-arly the Trk inhibitors and more
particularly Trk A and B inhibitors arg also g pected to be L? gful for|the treatment other proliferative

diseases including but not limited to fautoimapune, inflammatpsy, nedrological, and cardiovascular

diseases. In addition, the compoun o be of value in the treatment or
prophylaxis of cancers selected withyup regZ}Iated of condti ely aftivated Trk kinases, including but
not limited to, oncogenic rearrangements leading to E I Vo6- 1TKC fusions, TRPTrkA fusions proteins,

AML-ETO (6;21), autocrine or paracrine signalling leading to elevated scrum levels of NGF. BDNF,
neurotropins or tumors with constitutively active Irk associated with disease aggressiveness, tumor
growth and ot raBe fEeshriivas SR CanipoRataorthEBPaYant innt o ARV B Dhown
to inhibit tytospieb kinakeserpaf it latyathenlddis anehmore particularly Trk A and B. as determined by
the Trk A Assay described herein. Compounds provided by this invention should also be useful as
standards and reagents in WO 2008/135785PCT/GB2008/050321 determining the ability of a
potential gdhammteeatipaltiohiorkibitptyradietikinaseas, pestiquianty dh EoFnkda (g nrorelpantiaudatiballyk A
and B. These Id be provided in commercijal kits comprisin 0 und of this invention. Trk A
inass acto e d B e B o PR L e
residues witytlvereehesiio o digpotid ensalystysipbastsirgyraionmplifié dangenine scentiPrrirday Mesay
(Alphascregq) techiology (PerkinElmer, 549 Albany Street, Boston, MA). To measure Trk A kinase
activity, the intracellular domain of a HIS-tagged human Trk A kinase (amino acids 442-796 of Trk A,
Swiss-Prot Primary Accession Number PO4629) may be expressed in SF9 cells and purified using
standard niekehicolHRchIgEatoga@ehy AfiRklogubRlieR.oking Kinask it arbigimated)sulstiate
and adenosine triphosphate (ATP) for 20 minutes at room temperature, the kinase reaction may be
stopped bYHHEACRHtGH S AL RIS oY s Becaptatiersqh LBt s el oB RGiGRRHRSD S
performedviopigdarielbmisyelipeonletes.and dhadeastinnoaragiets Madmdeiagteshvdih (haiadeigion of
strepavidin coated Donor Beads and phosphotyrosine-specific. antibodies coated Acceptor Beags
Using the ESRAGTERI NS P IRE PEUIREH e URFARGHETNELISLERCE roTH i HICHOIO Beptide
substrate RdiyilEY -biotpoRG Fabionpa, haemangioma, acute and chronic nephropathies, atheroma,

atherosclerosis, arterial restenosis, autoimmune diseases, acromegaly, acute and chronic
inflammation, bone diseases, and ocular diseases with retinal vessel proliferation, in a

warm-blooded animal such as man.

In yet another aspect, there is provided the use of a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating chronic
myeloid leukemia, polycythemia vera, essential thrombocythemia, myeloid metaplasia with
myelofibrosis, idiopathic  myelofibrosis, chronic = myelomonocytic  leukemia  and
hypereosinophilic syndrome, myelodysplastic syndromes and cancers selected from oesophageal
cancer, myeloma, hepatocellular, pancreatic, cervical cancer, Ewings sarcoma, neuroblastoma,
Kaposi’s sarcoma, ovarian cancer, breast cancer, colorectal cancer, prostate cancer, bladder
cancer, melanoma, lung cancer - non small cell lung cancer (NSCLC), and small cell lung cancer

(SCLC), gastric cancer, head and neck cancer, mesothelioma, renal cancer, lymphoma and

32



ATP Km 70 jaM Assay conditions 0.838 ng/ml Trk A, 9 mM HEPES, 45 Rg/ml BSA, 10 mM MnC12, 5
nM PGT-bio, 0.01% Triton(r) X-100, 70 RM ATP Incubation 20 minutes. room temperature
TerminationY522888(d#5&6nditions 6.3mM IIEPES, 30 mM EDTA, 525 jig/m| BSKGBROASIOSREAL |,
0.007%Tritont X-100, 12 nglml of Donor Beads, 12 nglml of Acceptor Beads Detection incubation
overnight, room temperature Fluometer settings

leukaemia, in a warm-blooded animal such as man.

In a further aspect, there is provided the use of a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for treating inflammatory disorders,
including such conditions as: allergies, including allergic rhinitis/sinusitis, skin allergies
(urticaria/hives, angioedema, atopic dermatitis), food allergies, drug allergies, insect allergies,
and rare allergic disorders such as mastocytosis; asthma; Arthritis, including osteoarthritis,
rheumatoid arthritis, and spondyloarthropathies; Autoimmune conditions, including systemic
lupus erythematosus, dermatomyositis, polymyositis, inflammatory neuropathies (Guillain Barr¢,
inflammatory polyneuropathies), Crohn’s disease, ulcerative colitis, vasculitis (Wegener's
granulomatosus, polyarteritis nodosa), and rare disorders such as polymyalgia rheumatica,
temporal arteritis, Sjogren's syndrome, Bechet's disease, Churg-Strauss syndrome, and
Takayasu's arteritis; cardiovascular inflammation; gastrointestinal inflammation; infection and
immunity; leukocyte biology and immunology; neuroinflammatory disorders; and

transplantation.

In a further aspect, there is provided the use of a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for treating persistent pain states,

including neuropathic pain, and pain associated with inflammation.

In a further aspect, there is provided the use of a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for the production of an

anti-proliferative effect, in a warm-blooded animal such as man.

In still a further aspect, there is provided the use of a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the production
of a JAK inhibitory effect.

In yet a further a further aspect, there is provided the use of a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the production

of a TRK inhibitory effect.
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Excitation = 680 nm Emission = 570 nm Excitation Time = 180 ms Total Measurement Time=550 ms
Although the phanuacological properties of the compounds of Formula (1) vary with structural change,
it is believe MR §¥¥i&Yal, activity possessed by compounds of Formula BT BE#PBaLtically
acceptable salts thereof, may be demonstrated at 1050 concentrations (concentrations to achieve
50% inhibition) or doses at a level below 10 p.M. When tested in an assay based on the in-vivo assay
described above, the Irk inhibitory activity of the following examples were measured at the following
1050s. Ex IC50 (u,M) 1 0.003 2 0.003

In one aspect, there is provided the use of a compound of Formula (I), or a pharmaceutically

acceptable salt thereof, in the manufacture of a medicament for the treatment of cancer.

In another aspect, there is provided a method of treating myeloproliferative disorders,
myelodysplastic syndrome, and cancer, in a warm-blooded animal such as man, said method
comprising administering to said animal an effective amount of a compound of Formula (I), or a

pharmaceutically acceptable salt thereof.

In still another aspect, there is provided a method of treating myeloproliferative disorders,
myelodysplastic syndrome, and cancers (solid and hematologic tumors), fibroproliferative and
differentiative disorders, psoriasis, rheumatoid arthritis, Kaposi’s sarcoma, haemangioma, acute
and chronic nephropathies, atheroma, atherosclerosis, arterial restenosis, autoimmune diseases,
acromegaly, acute and chronic inflammation, bone diseases, and ocular diseases with retinal
vessel proliferation, in a warm-blooded animal such as man, said method comprising
administering to said animal an effective amount of a compound of Formula (I), or a

pharmaceutically acceptable salt thereof.

In yet another aspect, there is provided a method of treating chronic myeloid leukemia,
polycythemia vera, essential thrombocythemia, myeloid metaplasia with myelofibrosis,
idiopathic myelofibrosis, chronic myelomonocytic leukemia and hypereosinophilic syndrome,
myelodysplastic syndromes and cancers selected from oesophageal cancer, myeloma,
hepatocellular, pancreatic, cervical cancer, Ewings sarcoma, neuroblastoma, Kaposi’s sarcoma,
ovarian cancer, breast cancer, colorectal cancer, prostate cancer, bladder cancer, melanoma, lung
cancer - non small cell lung cancer (NSCLC), and small cell lung cancer (SCLC), gastric cancer,
head and neck cancer, mesothelioma, renal cancer, lymphoma and leukaemia, in a warm-blooded
animal such as man, said method comprising administering to said animal an effective amount of

compound of Formula (I), or a pharmaceutically acceptable salt thereof.

In a further aspect, there is provided the a method of treating inflammatory disorders, including

such conditions as: allergies, including allergic rhinitis/sinusitis, skin allergies (urticaria/hives,
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angioedema, atopic dermatitis), food allergies, drug allergies, insect allergies, and rare allergic
disorders such as mastocytosis; asthma; Arthritis, including osteoarthritis, rheumatoid arthritis,
and spondyloarthropathies; Autoimmune conditions, including systemic lupus erythematosus,
dermatomyositis, polymyositis, inflammatory neuropathies (Guillain Barré, inflammatory
polyneuropathies), Crohn’s disease, ulcerative colitis, vasculitis (Wegener's granulomatosus,
polyarteritis nodosa), and rare disorders such as polymyalgia rheumatica, temporal arteritis,
Sjogren's syndrome, Bechet's disease, Churg-Strauss syndrome, and Takayasu's arteritis;
cardiovascular inflammation; gastrointestinal inflammation; infection and immunity; leukocyte
biology and immunology; neuroinflammatory disorders; and transplantation, in a warm-blooded
animal such as man, said method comprising administering to said animal an effective amount of

compound of Formula (I), or a pharmaceutically acceptable salt thereof.

In still a further aspect, there is provided the a method of treating persistent pain states, including
neuropathic pain, and pain associated with inflammation, said method comprising administering
to said animal an effective amount of compound of Formula (I), or a pharmaceutically acceptable

salt thereof.

In yet a further aspect, there is provided a method for producing an anti-proliferative effect in a
warm-blooded animal such as man, said method comprising administering to said animal an

effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt thereof.

In one aspect, there is provided a method for producing a JAK inhibitory effect in a warm-
blooded animal such as man, said method comprising administering to said animal an effective

amount of a compound of Formula (I), or a pharmaceutically acceptable salt thereof.

In another aspect, there is provided a method for producing a TRK inhibitory effect in a warm-
blooded animal such as man, said method comprising administering to said animal an effective

amount of a compound of Formula (I), or a pharmaceutically acceptable salt thereof.

In still another aspect, there is provided a method for treating cancer in a warm-blooded animal

such as man, said method comprising administering to said animal an effective amount of a
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compound of Formula (I), or a pharmaceutically acceptable salt thereof.

In yet another aspect, there is provided a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, for use in treating myeloproliferative disorders, myelodysplastic

syndrome, and cancer, in a warm-blooded animal such as man.

In a further aspect, there is provided a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, for use in treating myeloproliferative disorders, myelodysplastic
syndrome, and cancers (solid and hematologic tumors), fibroproliferative and differentiative
disorders, psoriasis, rtheumatoid arthritis, Kaposi’s sarcoma, haemangioma, acute and chronic
nephropathies, atheroma, atherosclerosis, arterial restenosis, autoimmune diseases, acromegaly,
acute and chronic inflammation, bone diseases, and ocular diseases with retinal vessel

proliferation, in a warm-blooded animal such as man.

In still a further aspect, there is provided a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, for use in the treating chronic myeloid leukemia, polycythemia vera,
essential thrombocythemia, myeloid metaplasia with myelofibrosis, idiopathic myelofibrosis,
chronic myelomonocytic leukemia and hypereosinophilic syndrome, myelodysplastic syndromes
and cancers selected from oesophageal cancer, myeloma, hepatocellular, pancreatic, cervical
cancer, Ewings sarcoma, neuroblastoma, Kaposi’s sarcoma, ovarian cancer, breast cancer,
colorectal cancer, prostate cancer, bladder cancer, melanoma, lung cancer - non small cell lung
cancer (NSCLC), and small cell lung cancer (SCLC), gastric cancer, head and neck cancer,

mesothelioma, renal cancer, lymphoma and leukaemia, in a warm-blooded animal such as man.

In yet a further aspect, there is provided a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, for use in the production of an anti-proliferative effect, in a warm-blooded

animal such as man.

In one aspect, there is provided a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, for use in the production of a JAK inhibitory effect in a warm-blooded animal such as

man.
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In another aspect, there is provided a compound of Formula (I), or a pharmaceutically acceptable
salt thereof, for use in the production of a TRK inhibitory effect in a warm-blooded animal such

as man.

In still another aspect, there is provided a compound of Formula (I), or a pharmaceutically

acceptable salt thereof, for use in the treatment of cancer in a warm-blooded animal such as man.

In yet another aspect, where reference is made to the Trk inhibitory effect, this may particularly

refer to a Trk A inhibitory effect.

In a further aspect, where reference is made to the Trk inhibitory effect, this may particularly

refer to a Trk B inhibitory effect.

In still a further aspect, where reference is made to the treatment (or prophylaxis) of cancer, it
may particularly refer to the treatment (or prophylaxis) of mesoblastic nephroma, mesothelioma,
acute myeloblastic leukemia, acute lymphocytic leukemia, multiple myeloma, oesophageal
cancer, myeloma, hepatocellular, pancreatic, cervical cancer, Ewings sarcoma, neuroblastoma,
Kaposi’s sarcoma, ovarian cancer, breast cancer including secretory breast cancer, colorectal
cancer, prostate cancer including hormone refractory prostate cancer, bladder cancer, melanoma,
lung cancer - non small cell lung cancer (NSCLC), and small cell lung cancer (SCLC), gastric
cancer, head and neck cancer, renal cancer, lymphoma, thyroid cancer including papillary thyroid
cancer, mesothelioma, leukaemia, tumors of the central and peripheral nervous system,
melanoma, fibrosarcoma including congenital fibrosarcoma and osteosarcoma. More particularly
it refers to prostate cancer. In addition, more particularly it refers to SCLC, NSCLC, colorectal
cancer, ovarian cancer and / or breast cancer. In a further aspect it may refer to hormone

refractory prostate cancer.

In yet a further aspect, there is provided a pharmaceutical composition comprising a compound
of Formula (I), or a pharmaceutically acceptable salt thereof, and at least one pharmaceutically

acceptable carrier, diluent, or excipient.
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The compositions of the invention may be in a form suitable for oral use (for example as tablets,
lozenges, hard or soft capsules, aqueous or oily suspensions, emulsions, dispersible powders or
granules, syrups or elixirs), for topical use (for example as creams, ointments, gels, or aqueous or
oily solutions or suspensions), for administration by inhalation (for example as a finely divided
powder or a liquid aerosol), for administration by insufflation (for example as a finely divided
powder) or for parenteral administration (for example as a sterile aqueous or oily solution for
intravenous, subcutaneous, intramuscular or intramuscular dosing or as a suppository for rectal

dosing).

The compositions of the invention may be obtained by conventional procedures using
conventional pharmaceutical excipients well known in the art. Thus, compositions intended for
oral use may contain, for example, one or more coloring, sweetening, flavoring and/or

preservative agents.

Suitable pharmaceutically acceptable excipients for a tablet formulation include, for example,
inert diluents such as lactose, sodium carbonate, calcium phosphate or calcium carbonate;
granulating and disintegrating agents such as corn starch or algenic acid; binding agents such as
starch; lubricating agents such as magnesium stearate, stearic acid or talc; preservative agents
such as ethyl or propyl p-hydroxybenzoate; and anti-oxidants, such as ascorbic acid. Tablet
formulations may be uncoated or coated either to modify their disintegration and the subsequent
absorption of the active ingredient within the gastrointestinal tract, or to improve their stability
and/or appearance, in either case, using conventional coating agents and procedures well known

in the art.

Compositions for oral use may be in the form of hard gelatin capsules in which the active
ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium
phosphate or kaolin, or as soft gelatin capsules in which the active ingredient is mixed with water

or an oil such as peanut oil, liquid paraffin, or olive oil.

Aqueous suspensions generally contain the active ingredient in finely powdered form or in the
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Thus, in one aspect, there is provided a compound of Formula (1), or a pharmaceutically acceptable
salt thereof for use as a medicament. In another aspect, there is provided the use of a compound of
Formula (1), P2 Bdat&eeutically acceptable salt thereof in the manufactuRCEf @BHEEEInt for the
treatment or prophylaxis of mycloproliferative disorders, myelodysplastic syndrome, and cancer, in a
warm-blooded animal such as man. In still another aspect, there is provided the use of a compound of
Formula (1), or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the
treatment or prophylaxis of myeloproliferative disorders, myelodysplastic syndrome and cancers (solid
and hemajoigaic-ymars). firaprollieraiive and differentiative disorders. peoriasis: iheymalold arthrits,
Kaposi's sarcoma, Fiaemangloma, aclie and chronic nephropathies, atheroma, §th§rosélerosis,

arterial resteliosis, Guboiryimithe difelases. asrbyleghiigsacuteydnopmamitiethaitnetation, bepdum
di | : : i | eration. | g ;
ISeases ﬁgﬁﬁiﬁé&ﬁﬁ%‘éﬁﬁb% "%ﬁlﬁ’%’% L REE! ﬁ{é‘g%ﬂa'gc@c‘(&?rélg)?}%ge SUMAL sHeh@s

man. In yetanot ere Is provided the use of a Compound of Formufa (1), or a

pharmacetitf®afly ketbptablewulenpeienpindidsmantrabiilenefoxidfetithrfd fetdydatgrenrdic
myeloid leyliepianPRICKBEMIA \Bray RSS! WQ%QQ@%W%WI@R@@M%&X&

ofibrosi s, idiopathic myelo fibrosis, chronic myel omonocytic leukemia and hypereosinophilic

syndrome? AR d§TERHE Sy AeRtiTRea A sATETS S R F prslsn bt ag g 4 starcRsyetitna,

hepatoceligiay, pangreatics CRNiICAl cancehtEWIBHS SACAMRKASL QLIRS My 3RS S RAKPHNB]
ovarian cancer, preast cancer, colorectal cancer, prostate cancey, bladder cancer, melanoma, lung
cancer - nOf ﬁtﬁeﬂrlﬁﬂbdéaﬁf”&mﬂ@%"@)?gﬁﬁl%lr‘?%loé‘éﬂeldﬂéﬂclgﬁéeﬁh@t‘f_l ,aﬁﬁﬁh%é@{ head
and neck esnapls, hesathelamnasienalceancty, dympllonatiancrialikacofiathiyl dsvatide: blobdedtanimal
such as man. In a further aspect, there is provided the use of a compound of Fornaula (1), or a
s S o it bt e e ki e it R o SR
inflammatooydiisertder privoietdinfesudhneonditionstiapasidrgiess idolvdihfaticigiy piditistidihasitid, skin

lergies (urticaria/h . ; <. food alleci e lorgies.
i rare Sl S e o
arthritis, apentpoRayIoare patktestiXetcimnmod mdinens ] irbivdivy byetesticduinesidaptisrsdtosus,
dermatomyositis,ROIYIMOIS AT ATUMALATY ARHEORANE S, il AN ekt A IRIBIRNALRTYs sucrose,

polyneuropathies), Crohn's disease, ulcerative colitis, vasculitis (Wegener's granulomatosus,
polyarteritfdGsoAbRa YT ApRRFEBSdisorders such as polymyalgia rheumatica, temporal arteritis, Sjogren's
syndrome, Bechet's disease, Churg-Strauss syndrome, and Takayasu's arteritis; cardiovascular
inflammation; gastrointestinal inflammation; infection and immupnity; Ieuk%}/te biology and .

immunoloGyYnatiRSTRIRMEOR; (EBIHRRS BhdURFhRenfiidrNn ARl pecetitle vl sHsbided

the use ofa3 g@EMROLIMLOLEONLda), 6il arRdasmacsLbCalY aseantaliewhltiejerl pidi. The
manufactur.(f of a medicament frEr treatinl? get sijitentgain state%, incll?zjdi&lg1 neFur pathi%; ain, and pain
associated Wit TRHAHRRISH. P8 foRkY séé" RS SSET AR RSV oPE L OB oFBrmula
(1), or a phiznnaicetticaliyiagcapiablaishlithbocokeinotiteaboanufadt five @ie medicamgnbdardthe to

production, of ap antipralferalive el 4 eID:eodd SNmALeUEN 4SRN R Sila yripey
aspect, thBre'is pl’(R/I ed the Lse df & corﬁpoung o1 Formula (f},}ér appﬁarmac&/ﬁlca y accep able salt
thereof, inatheaxnanufactbres of@rhiedicadment for the production of a JAK inhibitory effect.

Dispersible powders and granules suitable for preparation of an aqueous suspension by the
addition of water generally contain the active ingredient together with a dispersing or wetting
agent, suspending agent and one or more preservatives. Suitable dispersing or wetting agents and
suspending agents are exemplified by those already mentioned above. Additional excipients such

as sweetening, flavoring and coloring agents, may also be present.

The pharmaceutical compositions of the invention may also be in the form of oil-in-water

emulsions. The oily phase may be a vegetable oil, such as olive oil or arachis oil, or a mineral
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In yet a further a further aspect, there is provided the use of a compound of Formula (1), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the production of a
TRK inhibitOMPeHe¥L33Bdne aspect, there is provided the use of a compouRdTBEBYNR(IRITAY, or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the treatment of
cancer. In another aspect, there is provided a method of treating myeloproliferative disorders,
myelodysplastic syndrome, and cancer, in a warm-Hooded animal such as man, said method
comprising administering to said animal an effective amount of a compound of Formula (T), or a

pharmaceutlicallllé@laccef%tabplie sallé tﬁeredpf In %ig another. X%slpeeg% thergtj%rovi%edtaab[geth%gs : f.treating

mycloproll?leiasnve digor eers?nr%ﬁ/eloavlsp%lsrﬁc lsilnoér%r%lel, and Cancers (soeﬁa'ané1 ema gfogl Lrjlf%]ors),

fibroprolifexative any tiffévemtiatindcdisoraals; soriawsguhsumelicisl arthrivsriKaposie segomd),
haemang'Rmﬂa@-%%&%ﬂ%%%@g@&%ér&Pc%tleEOPgat%%ﬁ%mfécﬁﬂﬂEr%cé&%?@gr BE%E!P%E%%%‘&%&

autoimmune diseases, ac ly, acute and chronic mflamma'qon, bone diseases, and ocular
diseases With ré&thapvislsseld lsirephhoRy didesysion-Dlaoakd soifriar JunepoalepRnnshipdetsaidon

comprising,aapivisiering WQisrichanimalian slfectivgAmeupkat acemaeuRd G At (Jo@idn
pharmaceutically acceptable salt thereof In yet another aspect, there is provided a method of treating
chronic myBRY RAike 15 SHBNRESAR B RSB0 adETYRA ERHBE BBLTINEARS RS YR e@iEsia with
myelofibrosis, idiopathic myelofibrosis, chronic myelomonocytic leukemia and hypereosinophilic
syndrome, myclodysplastic syndromes and cancers selected from oesophageal cancer, mycloma,
hepatocelﬁﬁf%%ﬂﬂs%‘éffé,‘E%Y\REJPEEH@é?a BTN A AL TS FY @%&?TR%BBQ%‘%%@
ovarian caoeito hrepsattiearaar seaiakeciad eancekoprostdteacanael;dlagase saneer flnelangmal/tung
cancer - non small cell lung cancer (NSCLC), and small cell lung cancer (SCLC), gastric cancer, head
coloring agent. . . . .

and neck cancerg, n%esothelloma, renal cancer, lymphoma and leukaemia, in a warm-blooded animal
such as man, said method comprising administering to said animal an effective amount of compound
of Formula(1) tic It t n here.is provided the
2 method P R e At e Bl e e
rhinitis/sintrsitRasikin whelyiasy (hifemaligdsicemdiog de fmvatapie abematisiog fosdamestsiad, Heug

allergies, inseshalieraisse it e RIS AsordRt asthan ARG RARH RIDMB AtHoiRE uding

osteoarth eumatoid arthritis, and Spondyloarthropathies; Autoimmune conditions, including
systemic [0S -eryHEMaiBISGE R PRatEHIPBIRAY, PR yoSrIES ilmerakla ol HELPE PATPFESI(G Hifain
Ban-e, inflaiimatensrohbéranrapathissh &rahn srdinease sl errative, alilisiyasculsis QARaNer's
granulomatosus, polyarteritis nodosa), and rare disorders such as polymyalgia rheumatica, temporal
arteritis, Sjogren's syndrome, Bechet's disease, Churg-Strauss syndrome, and Takayasu's arteritis;
cardiovasClampiilesnsn@iiadngaistranoie siinahindlesnmaiar; infeetiomane iresmusityoleukeyie Rielogy
and immunoloﬁ% ; Neuroi Ilaaqmatory disogders; anécii tr?nst%?antation, in alwarrtn:bloo dlan'm;al%guch
as man, safl eHGH S iRg oA AR & Sk TR AL ALV SRiB S RS SEURE of
Formula (39]idr arphigrridaciuticadly aCteptaiienshlttheselofprostilhatiurther aspeciatierdlimpnawided the
& method pf freatingperSIR(GNL.RAIN.StalesnGluding nawropallic paln. and pain assediated Wiy
inflammatlaln, 34id matho ycomprls.lng acP’mlnis§er|ng o said animal an-effective amoun oPgompound
of Formuldigicica pregeredgeanidallyf acteptapiedsait thereof

For further information on formulation the reader is referred to Chapter 25.2 in Volume 5 of
Comprehensive Medicinal Chemistry (Corwin Hansch; Chairman of Editorial Board), Pergamon
Press 1990.

The amount of active ingredient that is combined with one or more excipients to produce a single
dosage form will necessarily vary depending upon the host treated and the particular route of
administration. For example, a formulation intended for oral administration to humans will

generally contain, for example, from 0.5 mg to 4 g of active agent compounded with an
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In yet a further aspect, there is provided a method for producing an anti-proliferative effect in a
warm-blooded animal such as man, said method comprising administering to said animal an effective
amount of aY¥8AII8UIAYT 8T Formula (1), or a pharmaceutically acceptable sdtGHERWOFHE aspect,
there is provided a method for producing a JAK inhibitory effect in a warm-blooded animal such as
man, said method comprising administering to said animal an effective amount of a compound of
Formula (1), or a pharmaceutically acceptable salt thereof. In another aspect, there is provided a
method for producing a IRK inhibitory effect in a warm-blooded animal such as man, said method
comprising administering to said animal an effective amount of a compound of Formula (1), or a
pharmaceutically acceptable salt thereof. In still another aspect, there is provided a method for treating
cancer in appanmattootkdaninahs wohoast mérxsaig e thodhcomyp nzinyg fadmidistérihgotalsait 2@himal
an effective. amoyyteliancoraronnd alhaueia (Bogt.a piemassuiralicRieRiRbls salhinereer In

yet another aspec is provided a compound of Formula (1), or a pharmaceutically acceptable

salt theredf, #bpuiself tretfn myiete pralitdianiye liis dveibes infgansdpsprasBewyn dfofbniatiredeiter, in

a warm-blgades iRl st agdeRddP R WIBRIARPEHaJIETSSIS REOViIGREhE SoprReMReRdIvRula
(T), or a pharmaceutically acceptable salt thereof; for use in treating myeloproliferative disorders,

myelodyspesiingidigrEnatcreaitBrassb ahatianpe ridtdisgiel traets) P ssropesifesil® &nd
differentiative disorders, psoriasis, rheumatoid arthritis, Kaposi's sarcoma, hacmangioma, acute and

chronic nephropathies, atheroma, atherosclerosis, arterial restenosis, autoimmunge diseases,
acromega{gg, el ﬁﬂ%ﬁ?ﬁ)ﬁfé%ﬁf&&?ﬁﬁﬁﬁ%ﬁ?%ﬁg &%Eéhgé@?%ﬁ&%‘&Lﬂéﬂ’&‘?ég}&'g"ég%ﬁ???@ﬁﬂ"aﬁ/ésse|

proliferatigmarticfawdisaaboaaedvailimelesuailyadenatici débeadinghar dspaoct: thereds provided ef

compound of £Qinuia, () of 2 phatmaseptialy. accepiable sallheredy, ot se,in he realing ghronic
myeloid leukemia, polyCythemia vcrd, essential throntbocythemia, myeloid metaplasia with

myelofibrdsi¥) idigkathic myplofistosis.cchrdingynytblomanooyticlieagemiayarbd higteroosihdphilics
Syndromep%'%ﬁl%ﬁ&i?&ﬂ%@éﬂ%%’ﬁﬁa@ﬁ Bar %%re%gelected from oesophageal cancer, myeloma,
u ca

hepatocelfular, pancreatic, cervi cer, Ewings sarcoma, neuroblastoma, Kaposi's sarcoma,
ovarian cancer, breast cancer, colorectal cancer. prostate cancer, bladder cancer, melanoma, lung

cancer - n@ﬂesmﬁlkgﬁélewgaﬁﬁéﬁe&&ﬂ@ﬁ:'119')3iﬁ1qga§rr?@|laﬁﬁﬂég'?@ GARRE RS r ABRMIRCANCSE head

and neck cancer, mesothelioma. renal cancer, lymphoma and leukaemia, in'a warm-blooded animal
such as nislitiAYefoa thrtheraBpE, lerthfs pRECIICE-a eOMPYinTE oFREHuIQ 1 jadiotherapy  or
pharmace@ﬁk@ﬁﬁmaﬁgﬁp@m sadnibaiaabyfanmsentl e predicliRnobamRNEIsRliiRralivaeffachn a

warm-blooded animal such as man.
anti-tumor agents:

(1) antiproliferative/antineoplastic drugs and combinations thereof, as used in medical
oncology, such as alkylating agents (for example, cis-platin, carboplatin,
cyclophosphamide, nitrogen mustard, melphalan, chlorambucil, busulphan and
nitrosoureas); antimetabolites (for example, antifolates such as fluoropyrimidines like
S-fluorouracil and tegafur, raltitrexed, methotrexate, cytosine arabinoside and
hydroxyurea); antitumor antibiotics (for example, anthracyclines like adriamycin,
bleomycin, doxorubicin, daunomycin, epirubicin, idarubicin, mitomycin-C,
dactinomycin and mithramycin); antimitotic agents (for example, vinca alkaloids like
vincristine, vinblastine, vindesine and vinorelbine and taxoids like taxol and taxotere);
and topoisomerase inhibitors (for example, epipodophyllotoxins like etoposide and
teniposide, amsacrine, topotecan and camptothecin); and proteosome inhibitors (for
example, bortezomib [Velcade®™]); and the agent anegrilide [Agrylin®]; and the agent

alpha-interferon;
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In one aspect, there is provided a compound of Formula (1), or a pharmaceutically acceptable salt
thereof, for use in the production of a JAK inhibitory effect in a warm-Hooded animal such as man. In
another asp¥& 2B 3¢%rovided a compound of Formula (1), or a pharma®&kiERRIWCEEBtAble salt
thereof, for use in the production of a TRK inhibitory effect in a warm-blooded animal such as man. In
still another aspect, there is provided a compound of Formula (1), or a pharmaceutically acceptable
salt thereof, for use in the treatment of cancer in a warm-blooded animal such as man. In yet another
aspect, where reference is made to the Trk inhibitory effect, this may particularly refer to a Trk A
inhibitory effect. In a further aspect, where reference is made to the Trk inhibitory effect, this may
particularly refer to a Trk B inhibitory effect. In still a further aspect, where reference is made to the

treatment(_@i))r praphma»tis)a@ﬁmarsqeh, :ittsmwmgmmﬁrmmmé_mntmmmymeoﬁ,
mesoblastic ”epHFS’mﬁféFﬂeeSQﬁﬁle'iEBH&}{?e%? 'HX&K}?E%S%%&% ?m&\xﬁlcultg%mg{'&lgO%Y&C l&%ﬁﬂg%%\’/ ings

multiple myeloma, oesophageal cancer, myeloma, hepatocellular, pancreatic, cervical cance

sarcoma, neurobidsestat K apssingdsagesm£osv ariipriandasabiamd GanbBrneudi vatidtopibreast
cancer, Colorect%%?&%n@r&%@{apmﬁ@ni%ﬁ%msm@mﬁﬁfr@g&gﬁwgﬁa&m@rg&laggﬁ,r
s

cancer, melanoma, lung cancer - non small cell lTung cancer (NSCLC), and small cell lung cancer

(SCLC), gastric ¢catterciiioaahiyssedisanteseseseicafteF X RRhomsEHirbitFeRtfoe PRSI

papillary thyroid gamsesd(RshalipR as BukashoR, biRREs0l the srRNAA KBthpeliRharl REIVRNS
system, melanoma, fibrosarcoma including congenital fibrosarcoma and osteosarcoma. More
particularly it refé\fsgfb‘ﬁfg%fé LS fiRsiErifiSon, more particularly it refers to SCLC. NSCLC,

colorectal gancergeNRriani EANASHARENCEF BIBaRl &AREETol A fkFIREh3aReptdtdmay.rafeibiRRaIRoNe
refractory prostate cancer. In yet a further aspect, there is provided a pharmaceutical composition
T G R

comprising a coPEIHS ef, AR ARTHRORP ACUXH IR SR B And at least one
pharmace_(jti):alIyﬂﬁbﬁ@tablég@awihrfadﬂueﬂmtﬁrcmxcf@ieﬁt‘amﬁtuewomprbsiiitmm otihé:inventiofaiay pe in
2 form suitable for Ehie (L BHAmRIe A aplels, besnaes herd onsplt sapsulos, aauagha gy ol
suspensions, emuISions. dispersiblé pow er<hor granu%s, sy(rups or elixirs), fornfoplca use k or
example as creamsiuzintraeitdcgeisindt hqudohs anoibyisolutioms dy siespensibr§)2261admimistyation
by inhalation (for, gg}gl finely divi iqui , lpiStrag y
insufflation (for e%émp e Es%} %ﬁé}gﬁ 'vib édg g(dﬁv%%e%?fg?g%%ép%};&gﬁ%i%ﬁgd%ﬁﬁfﬁ%@é% %%@)@é?ﬁ pf)?erz as a

sterile aqueous cKraiplsolnkibidoy irtihverrodernslbesite usoinfraividéonarxemple dpsiidt uizmdpsing

or as a suppositepy,fgr rectal dosing)y L& compositions;gfihg,jgvention may fgpbtained by 4
conventional procedures using conventional pharmaceutical excipients well known in the art. Thus,

compositions intShtisaherballierphegybbiathasy dkbirpRIPBAEBPIRIRFEY LBIBHAS Bedding,
flavoring and/or presghystive agents. AZD1839), N-(3-ethynylphenyl)-6,7-bis

(2-methoxyethoxy)quinazolin-4-amine (erlotinib, OSI-774) and
6-acrylamido-N-(3-chloro-4-fluorophenyl)-7-(3-morpholinopropoxy)quinazolin-4-amine
(CI 1033)), for example inhibitors of the platelet-derived growth factor family and for
example inhibitors of the hepatocyte growth factor family, for example inhibitors or
phosphotidylinositol 3-kinase (PI3K) and for example inhibitors of mitogen activated
protein kinase (MEK1/2) and for example inhibitors of protein kinase B (PKB/Akt), for
example inhibitors of Src tyrosine kinase family and/or Abelson (Abl) tyrosine kinase
family such as AZDO0530 and dasatinib (BMS-354825) and imatinib mesylate
(Gleevec™); and any agents that modify STAT signalling;

(v) antiangiogenic agents such as those which inhibit the effects of vascular endothelial
growth factor, (for example the anti-vascular endothelial cell growth factor antibody
bevacizumab [Avastin™], compounds such as those disclosed in International Patent

Applications WO 97/22596, WO 97/30035, WO 97/32856 and WO 98/13354) and
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Suitable pharmaceutically acceptable exciments for a tablet formulation include, for example, inert
diluents such as lactose, sodium carbonate, calcium phosphate or calcium carbonate: granulating and
disintegratinj @Qg¥1$435¢#h as corn starch or algenic acid: binding agents sIRGTASERE PR W Mricating
agents such as magnesium stearate, stearic acid or talc; preservative agents such as ethyl or propyl
p-hydroxybenzoate; and anti-oxidants, such as ascorbic acid. Tablet formulations may be uncoated or
coated either to modify their disintegration and the subsequent absorption of the active ingredient
within the gastrointestinal tract, or to improve their stability and/or appearance, in either case, using
conventional coating agents, and procedures well known in the art.. Compositions. for oral.use may be
i the form of negd S o B T e L S e
for example, calcivfi3 canbomatedcaigiostagpiosphate or kaolin, or as soft gelatin capsules in which the
active ingrﬁgientvigsgnifé?d dWriﬁQ water or tfémsgiclhsugh‘;a\os eanut grill, I'q,ruid a(r:%frgno or ﬁcs>li\(/¥1=sS S i(l).sé?qtijrtlaous
suspensio generaflly contairrthe actve ingredﬁlen n mefi/ powdered form oFin the form of nano or
micronized partidtésrtatethkrRaithtoNemdicatones sWEPEiing @gem, 8060 E0soidn0/41669, WO

carboxymethylcqu%4m@¥j§@m%§gn§y@{p&@@qglmethylceIIulose, sodium alginate,
g d M

polyvinyl-pyrrolidone, gum tragacanth and gum acacia; dispersing or wetting agents such as lecithin or

condensafigh prédtisesseftegiamieyidae risalothosahisbiasefoicetedriptbe uBfX&figderhosetiiehe), or

condensation prqgusis ofefhylens. exidawithylong chain aliphatic alcohols (for example,
heptadecaethyleneoxycetanol), or condensation products of ethylene oxide with partial esters derived

from fatty &ditls &5BCatheRRY| SRER5ESIoRASHNSy fOR S SBMBIH FRISANAIERTR, GPRSACNEARbEPIGducts
of ethylene oxidewithatoaseahainp3liphatisaleaheirfer erapmta heglagptagindancowretanaly, or

condensation products of ethylﬁne oxid%with artial esters derived, from fatty acids and. a hexitol such

as polyoxyethyleN8 SBIBitBFHIOHSRIRERSIES SHBHERTSH HRSITHRS 1BF RN A% diiaFesters
derived from fattyracida@aethhexitolcanbydeidasyiior axdmppeopbdketioyiateserpidanmaniaateate). The
agueous suspenci%r}lso{na also cgpot&}i]n one or,more preservatives such a? ethyl or propyl

c

p-hydroxybenzoate; an%c-"m%é)ﬁ 468 erggyass%%lr ?ct%lcﬂli ;r}:l%l{)ersllﬁga%ee%et%? %:\ga ?’ﬁg agents; and/or

sweeteningrkagentssunbttasapycappmashcehawiheliog dspantamae ORyvsus pedsiovsvmaybeadres utated
by suspending t tive,in lent in.a.; t i rachis oil, olive oil I
coconut oil or inqel? ?ﬁe%ée\érgl#%?lﬁzﬁcl%% fsa?%gd%ga%{}gﬁ? #’Eﬂggif%?é%s%%%]sﬁggg?}%%ﬁg Isic?%%%t il’(l) én(ég
thickening agentssaehsamtsdesivax, el peviarfiroo gremlogidono coneme ahensgaintsl sied fastanose

set out above, apgdfayaINYAARRE 0RO ARARM IBREAVIRES ARRAlaRe QfaliRISRRLANIR 1HPsE

compositions may be preserved by the addition 6f an anti-oxidant such as ascorbic acid. Dispersible

powders and graiYitsésuensfedise piepditieiofs bt afPBnaekss Wiap eydpkingy s faetartiShatresier
generally containife agtivednoadifet egethemitli s irPersing Aeyveling Agesticsidsnandingragent
and one or more_preservatives. Suitable dispersing or wetting agents and ,Slé;spending agents are
exemplified by tHHgauﬁf?@é’&Vl?ﬁ%Wtfgﬂﬁﬂtgﬂlﬂ%?ﬂﬂaﬁﬂoWBP]éSf"&?ﬂ%Eg%‘dgﬂlgs]sWQetening, flavoring
and coloring agestsrmay@isat be: giraseihchiEnghareRacethiisahcoppaaiions afttivedny qitiondmay also
be in the form of oil-in-water emulsions. The oily phase may pe g vegetable oil, suc .olive ojl or
avachis oil. o a ARFSTAIE S TEH SN0 Char e TUUTE pAf i B3 A EHREr oot AHY or HSE™ &able
emulsifying agems.ivéilyAeCépharaiv lmasaiuhalbiyeoc CLEAFLY umb SHER2a63guntidtdcia angiNGF
tragacanth, naturally-occurring.phosphatides such as soya bean, lecithin, an esters or partial esters
demved from fatt A B A IR B PR
products of the Sdidll pMiiB e stert-withZathydanel axib agitshnsisohpoxyathyteneidoiitgrembrgtieate.

The emulsions may. Al5R,6ORENA PURRIFANG ARYPIBMANGH BREVAING 3AER G apy.

Such conjoint treatment may be achieved by way of the simultaneous, sequential or separate
dosing of the individual components of the treatment. Such combination products employ the
compounds of this invention, or pharmaceutically acceptable salts thereof, within the dosage
range described hereinbefore and the other pharmaceutically-active agent within its approved

dosage range.
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Syrups and elixirs may be formulated with sweetening agents such as glycerol, propylene glycol,
sorbitol, aspartame or sucrose, and may also contain a demulcent, preservative, flavoring and/or
coloring ageMP T8/ plig$aceutical compositions may also be in the form JfGlstV#E Hble
aqueous or oily suspension, which may be formulated according to known procedures using one or
more of the appropriate dispersing or wetting agents and suspending agents, which have been
mentioned above. A sterile injectable preparation may also be a sterile injectable solution or
suspension in a non-toxic parenterally-acceptable diluent or solvent (for example, a solution in
1,3-butanediol). Compositions for administration by inhalation may be in the form of a conventional
pressurized aerosol arranged to dispense the active ingredient either as an aerosol containing finely
divided solidadidiiguida roplietsinCberapntion alakeosoicpropaitalste Shehradavd)atild fbanimatadically
TydrocarRRS ALUIVIACORS, T 1. arl AR D6 APIRGR! HSNe B s A EN SR AHAPASG,

g ? r r furt n formu

dispense a metered quantity of active ingredient. F er information ation the reader is
referred toCliapiiee 28D ih Wetuieié Syer0eiprisensiahoadiéifi clivasistyniabigin dhrs& in
Chairmangf EslipyiahBeadl. Rergamon Riessb90nThe Amaunt.f astive.ngirdientdhatisogmbined
with one or more excipients to produce a single dosage form will necessarily vary depending upon the
host treat@dBHF WA HEGMT route of administration. For example, a formulation intended for oral
administration to humans will generally contain, for example, from 0.5 mg to 4 g of active agent
compounded with an appropriate ang)ic’:onvenien,t amount of excipients which may varyi{rom about 5
to about 9% F&¥c8ht YGHE O QFEBH‘EB‘&%?%ﬁ?%%%%@@uﬁf?f’&?ﬁn%hogéﬁé?afﬁf AR about
1 mg to ahadthtumehaimn fastivesiogridiemtaboifusthendoyndtibe ehcRatdesnbbAdmamistition and
Dosage Rg imggnwe f‘%ﬁéjﬁ{ IS i%%ege%gr$ Hg&er S%.g ir] Volume 5 of Comprehensive Medicinal
Chemistry Srvin f—%nsch;%‘fﬁalrman of Editoria oaré’f, ?sergamon Press 1990. As stated above the
size of the dose required for the therapeutic or prophylactic treatment of a particular disease state will
necessari vari ir . ed,. inistrati 2rity of the
lincos el Ho L B B o, the
optimum dosage may be determined by the practitioner who is treating any particular patient. The
anti-cancegs yyeatment defined herein may be applied as a sole therapy or may involve, in addition to
the compaound of the invention, conventional surgery or radiotherapt)é or chemotherapy. Such

chemothelbp9t e ERiady chaibibiaotke JrgsesrN o & Aetssiitsior SiriniassorEsgene as those

(DantiprolifeativelpniierPRIaste AMESHNHRRMPIAIREE fieterbias tstimmmedisalancaiegyeguch
as alkylating agents %or example, cis-platin, carboplatin, cyclophosphamide, nitrogen mustard
b ﬁ%‘n‘éﬁ'}fé

ple, ¢ ]
melphalarCEHIBRAHbISERESaIFHAR A AR IS8R alS); B tiRbasbIts RSP Bk AP e tirs IR such
as fluoropysintidings, like dhaaieey achiandicgalilogtakittexad, Methsyexpieseiiesinmargbirasigde and
hydroxyurea); antitumar antibiotics (for example, anthracyclincs like adriamycin, bleomycin,
doxorubicﬁ% gé?&%o §Fé‘|’n, epirubicin, idantbicin, mitomycin-C, dactinomycin and mithramycin);
antimitotic agents (for example, vinca alkaloids like vincristine, vinblastine, vindesine and vinorelbine

and taxoigs kg ol and, aoler ) and ippalsamerase NDiblors (forexampla. epipodqpfiyloloxins
0]0) 5) Ibitors

. dlS Og l
like etoposide and teniposide, amsacrine, ecan and mpto hecin); an proteosome In

(for examplenertedbnaive|iiblcaddg)) vadd trepagedtimtagsilidetfighidiathrane thalddenmade from
alpha'integ(ﬁﬁ%rcially available compounds using adaptations of processes reported in the scientific
literature. The reader is further referred to Advanced Organic Chemistry, 5™ Edition, by Jerry
March and Michael Smith, published by John Wiley & Sons 2001, for general guidance on

reaction conditions and reagents.

It will also be appreciated that in some of the reactions mentioned herein it may be
necessary/desirable to protect any sensitive groups in compounds. The instances where protection
is necessary or desirable are known to those skilled in the art, as are suitable methods for such

protection. Conventional protecting groups may be used in accordance with standard practice (for
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WO 2008/135785PCT/GB2008/050321 (ii) cytostatic agents such as antioestrogens (for example,
tamoxifen, toremifene, raloxifene, droloxifene and iodoxyfene), oestrogen receptor down regulators
(for exampl@VQHEEEBYPS antiandrogens (for example, bicalutamide, flutanmf§e’ ARAEAFNHBHNd
cyproterone acetate), EHRH antagonists or LHRH agonists (for example, goserelin, leuprorelin and
buserelin), progestogens (for example, megestrol acetate), aromatase inhibitors (for example, as
anastrozole, letrozole, vorazole and exemestane) and inhibitors of 5a-reductase such as finasteride;
(iif) agents which inhibit cancer cell invasion (for example, metalloproteinase inhibitors like marimastat
and inhibitgrs of urokin I inogen activator recept thnctl v inhibit rsyqf with.factor
ftmction, fglr examplgeseﬁliﬁ)\ﬁ]ﬁ;S itors wfg ec évaromlf{’f’fagtgrgﬁ'ﬁlg ég&gré\ﬁﬁ facef.g egt:ce)% (r){r)'J at
antibodiesiibbexatfié)the anti-erbb2 antibody trastuzumab [HerceptinTM] and the anti-erbb 1
antibody cetuximab [C225]) farnesyl transferase inhibitors, tyrosine kinase inhibitors and
serine/threonine kinase inhibitors, for example inhibitors of the epideimal growth factor family (for

example EGPROEIAY by Tosekidaser HidipseaaisehBsaN ARty HIb rgaxstlubRe pIsEAYIEY- 7 EINESEES- (3

-morpholigRprep Ry iNAZeIR-4oaRingdashitinig AL d832hN «3agioymurbenyD:fvizbi) and
(2- methoxyetho%aqumazolln -4-amine (erlotini b, OS1-774) and 6- acrylamido-N -(3 -chloro-4- flu

oropheny eSSBS Yo i Bk athesi R fenmssﬁlf ‘f&F@S’éﬁH%Fé)lﬁ‘ﬁftﬁE%%f the

platelet-detiyed arowdhdfactonrRmilyrad i examppledahibiennef Hhehrpaiesytevutpwihgasganiamily,
for example inhibitors or phosphotldyllno itol 3 kinase (P13K).and for example inhibitors of mjtogen
activated SPOIETh KRGS TMERDISY Sha PSP EREMpIEIRFbiItsS BrshiRiR &%ﬁ%&%‘?ﬁ%@}&ﬁi‘tf&ls
example inhbeitaideadt&rd tyaogiaetkinase fandiyay kil Alkisan (AbhdyitdsinatoidgeHamolysialr as
AZDO0530 and d satinib %BMS,&M&C%S and u('@tlnlb mesy Iatet(thIee&/%cTM an anyat%E nts i]
modify S'II,&ﬁ'gagnaang vsyan anglogenlc agen 2SUER &S those whic mll?tgﬁefhea% ec va}scular

endothelialfgrethdfaftio préferiegahpletiyeents-va dtutanle it thdiial @dthgnn\alﬂuefamqnwmbwgph

wo o7/ S D S T e e R e
mechanishts (fsmdsdtagie limdiedde thakibiipsceshvegrin heIBo farsetiondbrhengiostatin); (vi) vascular

damaging agents such as Combretastatin A4 and compounds disclosed in International Patent

Applications WO 99/02166, WO 00/40529, WO 00/41669, WO 01/92224, WO 02/04434 and WO
02/08213:The skilled chemist will be able to use and adapt the information contained and referenced within

the above references, and accompanying examples therein and also the Examples, Procedures,
and Schemes herein, to obtain necessary starting materials and products.

In one aspect, compounds of Formula (I) may be prepared by:

1) Process A - reacting a compound of Formula (A):

NH,

R4 H N
P Z “NH
RO

;
R
HNIR4
D N

Formula (A);



(vii) antisense therapies, for example those which arc directed to the targets listed above, such as ISIS
2503, an anti-ras antisense; (viii) gene therapy approaches, including for example approaches to
replace abeY&RWEM&EY&uch as aberrant p53 or aberrant BRCAL or BRCAZCHGBPIS(B&Ldirected
enzyme pro-drug therapy) approaches such as those using cytosine deaminase, thymidine kinasc or a
bacterial nitroreductase enzyme and approaches to increase patient tolerance to chemotherapy or
radiotherapy such as multi-drug resistance gene therapy; (ix) immunotherapy approaches, including
for example cx-vivo and in-vivo approaches to increase the immunogenicity of patient tumor cells,
such as trzvalvqt?‘fe%t(i)on g\ﬂ;{] %@g%%ﬁasggﬁh as interleukin 2, interleukin 4 or granulocyte-macrophage
colony stimu aﬁngnflgctor, approaches to decrease T-cell anergy, approaches using transfected
immune cells such as cytokine-transfected dendritic cells, approaches using cytokine-transfected
tumor cell lines and approaches using anti-idiotypj¢ antibodies and approaches using the
immunomodulatory drugs thalidomide and Ienali&oryﬂpﬁﬁevlimid ]; and (x) other treatment regimes
including: dexamethasone, proteasome inhibitors gghcluding bortczomib), isotrctinoin (13-cis rctinoic
acid), thalidomide, revemid, Rituxamab, ALLMTA, Cephalon's kinase inhibitors CEP-701 and
CEP-2563, anti-Irk or anti-NGE monoclonal antlissiels @tgeted radiation therapy with
1311-metaiodobenzylguanidine (1311-M113G), anti-G(D2) monoclonal antibody therapy with or
without granulocyte-macrophage colony-stimulatingqfactor (GM-CSF) following chemotherapy. Such

conjoint tréhHRSAEHRY T5actRR i vempRIthY S kifdtaneous, sequential or separate dosing of the
individual components of the treatment. Such compeination products employ the compounds of this
invention, or pharmaceutically acceptable s& . ig-the dosage range described
hereinbefore and the other pharmaceutically-a;altive ggenﬂwi hin its approved dosage range In
addition to its use in therapeutic medicine, comcbiﬁﬁ'ds of Forhula (1) and pharmaceutically
acceptable salts are also useful as pharmacological tools in the development and standardization of in
vitro and in vivo test systems for the evaluation of the efaﬁcts of inhibitors of JAK2 in laboratory
animals such as cats, dogs, rabbits, monkeys, rReSTAr ?ce, as part of the search for new therapeutic
agents. In any of the above-mentioned pharmaceutical composition, process, method, use,
medicament, and manufacturing features of the instant invention, any of the alternate embodiments of
the compounds of the invention described herein also apply. In one aspect, the inhibition of JAK
activity pantidubachynmedend td thermitaliflen of JAK2 activity. Process If not commercially available, the
necessary starting materials for the procedures sy h as _those described herein may be made by
procedures which arc selected from standard orgénﬁghemical techniques, techniques which are

analogous to the synthesis of known, structurally simjlar compounds, or techniques which are
analogous to the Examples, Procedures, and Sch@"‘described herein.

A
R5
Formula (D)
and thereafter if appropriate:
1) converting a compound of Formula (I) into another compound of Formula (I);
1) removing any protecting groups; and/or

iii)  forming a pharmaceutically acceptable salt,
wherein
L in each occurrence may be the same or different, and is a leaving group, as discussed
hereinabove; and
PG in each occurrence may be the same or different, and is a protecting group, as discussed

hereinabove.
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It is noted that many of the starting materials for synthetic methods as described herein are
commercially available and/or widely reported in the scientific literature, or could be made from
commercialNY Q78R 'Edmpounds using adaptations of processes reporte 8¢/ HB28835#E literature.
The reader is further referred to Advanced Organic Chemistry, 5th Edition, by Jerry March and
Michael Smith, published by John Wiley & Sons 2001, for general guidance on reaction conditions and
reagents. It will also be appreciated that in some of the reactions mentioned herein it may be
necessary/desirable to protect any sensitive groups in compounds. The instances where protection is
necessary,or desirable are known.to those skilledin the art,as are suitable methods for su
Drotoction ST Setaor et Sy b LT or R A LA B
illustrationcsawdindsGréerie pPrateciivesGroups he Osganic SyatheSibepublisheadbyod dhmmvikeyBind

Sons, 1931 (RIRRUAES. Osfu'éfi"é@‘&l@t%) %XQ%%E%EF%&%ZQ%%%%QMWS- The Schemes and

Processes shown below iﬁustrate somé methods for synthesizing compounds of Formula (1) and
intermediates which may be used for the synthesis of compounds of Formula (1) (wherein Q, D, R,

R2, R4, apd BRs #less aaniss #enat @raad Aalinad (9rainpBeyal.AUhsEeReParicH @iralent or

reagent is shown in a Scheme or Process, or referred to in the accompanying text, it is to be

understootPeRRRE CAGHISD SEHTUMYIIIPRS tHOBSEHRPISe Bk ECATHAMM AP S BRIEM S iagSNt as

necessanprii@edrenensnduriesessas pratalintandedito.pressitancaxnaustivenist omethads for
preparing the compounds of Formula (1); rather, additional techniques of which the skilled chemist is

aware ma§ B3 BTGB R SH;;éuﬁ&%'a@QH{HQ&&'The claims are not intended to be limited to

the structures shown in the Processes and Schemes. The skilled chemist will be able to use and adapt
R R A e R
materials anxtheodudts.standasl dpdetaldornpditinds (@6 Fommylk (&} magrbe prepaied By 81V Argcess A -
reacting a{f,g”@%%%&f. ,Fpllgj%l%%‘)f Wg. E’%W?@Zﬁ)j‘% and 6066), with a suitable base. Examples
of suitable bases include inorganic bases such as cesium carbonate, and organic bases such as
potassium 7-butoxide. Such a reaction may be advantageously occur in the presence of palladium

acetate. Solvents suitable for such a reaction include aromatic solvents such as toluene, benzene,

or xylene.

Compounds of Formula (C) may be prepared according to Scheme 1:

I
2 Q=N
Y Y
Formula (E) Formula (F) Formula (G)
J H,, Pd/C

Formula (B)

Formula (C) Formula (H)

47



with a compound of Formula (B): H2N NH Formula (B); 2) Process B - reacting a compound of

Formula (C): IN'NH QTN
WO 2008/135785 PCT/GB2008/050321

Compounds of Formula (A) may be prepared according to_Scheme 2:

2 2 NO
RWL HN N R? NN
| + ~ "'NH EtOH A =
Y QN ==
L R' Y R'
L
Formula (E) Formula (F) Formula (G)
HzNIR4
EtOH DZ N
S)
RS
Formula (D)
NH NO,

4 HN R
HNIR H,, Pd/C I
%) or Zn V
R R’
Formula (A) Formula (J)

The invention will now be further described with reference to the following illustrative examples
in which, unless stated otherwise:

(1) temperatures are given in degrees Celsius (°C); operations are carried out at room
temperature or ambient temperature, that is, in a range of 18-25 °C;

(i)  organic solutions were dried over anhydrous magnesium sulfate unless other wise
stated; evaporation of organic solvent was carried out using a rotary evaporator under
reduced pressure (4.5 — 30 mmHg) with a bath temperature of up to 60 °C;

(i)  chromatography means flash chromatography on silica gel; thin layer chromatography

(TLC) was carried out on silica gel plates;
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Formula (C) with a compound of Formula (D): Formula (D) and thereafter if appropriate: i)converting a
compound of Formula (1) into another compound of Formula (1); fijremoving any protecting groups;
and/or iii)forYYihgPe8gRE#daceutically acceptable salt, wherein L in each occRERER M the same
or different, and is a leaving group, as discussed hereinabove; and PG in each occurrence may be the
same or different, and is a protecting group, as discussed hereinabove.

(iv)

v)

(vi)

(vii)

(viii)
(ix)
(x)

(xi)

(xii)

(xii)

(xiv)

in general, the course of reactions was followed by TLC or liquid
chromatography/mass spectroscopy (LCMS) and reaction times are given for
illustration only;

final products have satisfactory proton nuclear magnetic resonance (NMR) spectra
and/or mass spectra data;

yields are given for illustration only and are not necessarily those which can be
obtained by diligent process development; preparations were repeated if more material
was required;

when given, NMR data is in the form of delta values for major diagnostic protons,
given in part per million (ppm) relative to tetramethylsilane (TMS) as an internal
standard, determined at 300 MHz in unless otherwise stated;

chemical symbols have their usual meanings;
solvent ratio was given in volume : volume (v/v) terms.

“ISCO” refers to normal phase flash column chromatography using pre-packed silica
gel cartridges (12 g, 40 g etc.) used according to the manufacturers instruction
obtained from ISCO, Inc, 4700 Superior Street Lincoln, NE, USA.

“Biotage” refers to normal phase flash column chromatography using pre-packed
silica gel cartridges (12g, 40g, 80 g etc.) used according to the manufacturers
instruction obtained from Biotage Inc, 1725 Discovery Drive Charlotteville, Virginia
22911, USA.

“Gilson” refers to a YMC-AQCI18 reverse phase HPLC Column with dimension 20
mm/100 and 50 mm/250 in H,O/MeCN with 0.1% TFA as mobile phase unless
otherwise stated and used according to the manufacturers instruction obtained from
Gilson, Inc. 3000 Parmenter Street, Middleton, W1 53562-0027, U.S.A.

Parr Hydrogenator or Parr shaker type hydrogenators are systems for treating
chemicals with hydrogen in the presence of a catalyst at pressures up to 5 atmospheres
(60 psi) and temperatures to 80 °C.
the following abbreviations have been used:

DCM dichloromethane;
HPLC high-performance liquid chromatography; and
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Process A - Examples of compounds of Formula (B) include forniamidine acetate. Other compounds
which advantageously may be used in place of the compounds of Formula (B) include orthoesters
such as trieM{ BeBd#STATate and triethyl orthoacetate. Process B - Compo{dE @B 1882 {C) and
Formula (D) may be reacted together under standard nucleophilic addition reaction conditions. For
example, such a reaction may be performed in the presence of a suitable base such as potassium
carbonate and a suitable solvent such as DMF and at a temperature range from about 25C to about
100C. In another aspect, compounds of Formula (A) and compounds of Formula (B) may be reacted
together under standaril)?%wald conditio l(izgglr&xa%m&\ See J Am Chem. Soc., 118, 7215; J. Am.
Chem. Soc., 119, 8451, rg. Chem., 62 58 8 With & suitable base. Examples of
suitable bases include iAbthanic bases such, é[sdwsihmfoamonédze and organic bases such as
potassium t-butoxide. Sygh a reaction maytptg g? %% ageously occur in the presence of palladium
acetate. Solvents suitable for such a reaction incl aromatic solvents such as toluene, benzene, or
xylene. Formula (E)FEMFA (F) Formula ¢edymethy lqnyrondHEt0HH2N> NH +

DMSO dimethylsulphoxide;

EtOAc ethyl acetate;

Et,O diethyl ether;

Boc,O t-butyloxycarbonyl anhydride;

GC Gas Chromatography;

MTBE methyl 7-butyl ether;

DMAC N,N-dimethyl acetamide;

Pd,(dba); Tris(dibenzylideneacetone)dipalladium(0);

NMP N-methylpyrrolidone;

dppf 1,1'-bis(diphenylphosphino)ferrocene;

-BuLi ¢-butyllithium;

MecOH methanol;

EtOH cthanol;

n-BuOH n-butanol;

Oxone® potassium peroxomonosulfate;

HATU O-(7-Azabenzotriazole-1-yl)-N,N,N’N’-tetramethyluronium
hexafluorophosphate

Intermediate 1

5-Fluoropyridine-2-carbonitrile

2-Bromo-5-fluoropyridine (93.0 g, 528 mmol), Zn dust (8.29 g, 127 mmol), zinc cyanide (40.3 g,
343 mmol), 1,1'-bis(diphenylphosphino)ferrocene (11.7 g, 21.1 mmol) and Pd,dba; (9.68 g, 10.6
mmol) in anhydrous DMAc (300 ml) was heated at 95 °C for 3 hours. After cooled to room
temperature, brine (100 ml) and ether (500 ml) was added. The solid formed was removed by
filtration and washed with ether (300 ml). The organic layer was separated, washed with brine
(200 ml) and dried over sodium sulfate, and concentrated. After removal of solvent, the resulted

residue was purified by column chromatography (hexane-DCM = 1:1) to give the title compound
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Formula (B) Formula (C) Formula (H) WO 2008/135785PCT/GB2008/050321 Formula (A)Formula

(J) The invention will now be further described with reference to the following illustrative examples in
which, unleS¥&R8A Hilsrwise: PCT/GB2008/050321

as a white solid (49 g, 72%). 'H NMR (400 MHz, DMSO-d6) & 8.82 (d, J = 2.8 Hz, 1 H), 8.21
(dd, J=4.4 and 8.8 Hz, 1 H), 8.05 (dd, J= 2.8 and 8.8 Hz, 1 H).

Intermediate 2

N-(1-(5-Fluoropyridin-2-yl)vinyl)acetamide
A solution of MeMgBr (170.3 ml, 510.98 mmol) in ether was diluted with 170 ml of anhydrous

THF and cooled to 0 °C. 5-fluoropyridine-2-carbonitrile (Intermediate 1, 53.6 g, 425.82 mmol)
in THF (170 ml) was added dropwise. The reaction was stirred at 0 °C for 30 minutes, then
diluted with dichloromethane (170 ml). Acetic anhydride (48.3 ml, 510.98 mmol) in
dichloromethane (100 ml) was added dropwise at 0 °C. After addition, the reaction was warmed
to room temperature and stirred at room temperature for 8 hours. Saturated sodium bicarbonate
solution (50 ml) was added and extracted with EtOAc (2 x 200 ml). The combined organic was
dried over sodium sulfate. After removal of solvent, the resulted residue was purified by column
chromatography (hexane : EtOAc = 2.5 : 1) to give the title compound as a white solid (26.6 g,
35%). "H NMR (400 MHz) § 9.37 (s, 1 H), 8.57 (d, J=2.8 Hz, 1 H), 7.81 (m, 2 H), 6.01 (s, 1 H),
5.52 (s, 1 H), 2.08 (s, 3 H). MS: Calculated: 180; Found: [M+H]" 181.

Intermediate 3

(S)-N-(1-(5-Fluoropyridin-2-yDethylacetamide

To a solution of N-(1-(5-fluoropyridin-2-yl)vinyl)acetamide (Intermediate 2, 11.0 g, 61.1 mmol)
in MeOH (120 ml) under N, was added (+)-1,2-bis((2S, 5S)-2,5-diethylphospholano)benzene
(cyclooctadiene)rhodium(I)trifluoromethanesulfonate (0.441 g, 0.611 mmol). The solution was
transferred to a high pressure bomb and charged 150 psi H,. The reaction stirred at room
temperature and maintained inside pressure between 120-150 psi for 7 hours. The solvent was
removed and the resulted residue was purified by column chromatography (EtOAc) to give the
title compound as a white solid (9.8 g, 88%). 'H NMR (400 MHz) & 8.49 (d, J = 2.4 Hz, 1 H),
8.32 (d,J=7.6 Hz, 1H), 7.66 (m, 1 H), 7.39 (dd, J=4.4 and 8.8 Hz, 1 H), 4.95 (m, 1 H), 1.85 (s,
3 H), 1.34 (d, J= 7.2 Hz, 3 H). MS: Calculated.: 182; Found: [M+H]" 183. Enantiomeric excess
determined by HPLC (Chiralpak 1A; 70:30 CO,/MeOH), 95.3% ee.
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(i) temperatures are given in degrees Celsius (C); operations are carried out at room temperature or
ambient temperature, that is, in a range of 18-25 C; (ii) organic solutions were dried over anhydrous
magnesium ¥ L#ERs other wise stated; evaporation of organic solvenPWESBAREISHIAUsiIng a
rotary evaporator under reduced pressure (4.5 - 30 mmHg) with a bath temperature of up to 60 C; (iii)
chromatography means flash chromatography on silica gel; thin layer chromatography (TLC) was
carried out on silica gel plates; WO 2008/135785PCT/GB2008/050321 (iv) in general, the course of
reactions was followed by TLC or liquid chromatography/mass spectroscopy (LCMS) and reaction
times are giyen fo& |I%us ration only; (v) final products have satisfactory proton nuclear magnetic
resonanc%?peéra and/or mass spectra data (V|) yields are given for illustration only and are
not necesgarily s gopatecess development; preparations were

repeated 'mg{am?ta'yvas(fe@%&o W)d‘ﬁ’lhf-'}l% YR dat AR’ defa s for

major diagnostic protons, given in part per milliori (ppm) relatlvet etramethylsilane (TMS) as an

internal stameldd R sPriirEd &t 007 Mioih ariddecdthetvise stat8d? Mipbhanital siibbls Wave
their usualMeANNGSC for 20 hours. After cooled to room temperature, lithium hydroxide monohydrate

(5.19 g, 123.8 mmol) and water (100 ml) were added. The reaction was stirred at room

temperature for 5 hours and diluted with ether (200 ml). The organic layer was separated, washed
with brine (100 ml), and dried over sodium sulfate. After removal of solvent, the resulted residue
was purified by column chromatography (Hexane-EtOAc = 5: 1) to give the title compound as a
pale yellow oil (13.6 g, 94%). "H NMR (400 MHz) & 8.46 (d, J = 2.8 Hz, 1 H), 7.69 (m, 1 H),
7.35-7.41 (m, 2 H), 4.67 (m, 1 H), 1.37 (s, 9 H), 1.32 (d, /= 7.2 Hz, 3 H). MS: Calculated.: 240;
Found: [M+H]" 241.

Intermediate S

[(1.5)-1-(5-Fluoropyridin-2-yl)ethyl]amine hydrochloride

To a solution of fert-Butyl [(1S5)-1-(5-fluoropyridin-2-yl)ethyl]carbamate (Intermediate 4, 12.8
g, 53.3 mmol) in dichloromethane (100 ml) was added HCl/dioxane solution (107 ml, 4 N, 428

mmol). The reaction was stirred at room temperature for 3 hours. The solvent was removed and
50 ml of saturated sodium bicarbonate was added. The resulting aqueous solution was extracted
with ether (6 x 400 ml), dried over sodium sulfate and concentrated to give the title compound
(7.30 g, 98%) as pale yellow oil. 'H NMR (400 MHz) & 8.44 (d, J = 2.8 Hz, 1H), 7.66 (m, 1H),
7.53 (m, 1H), 4.01 (q, J = 6.8 Hz, 1H), 1.94 (b, 2H), 1.26 (d, J = 6.8 Hz, 3H). MS: Calcd.: 140;
Found: [M+H]" 141.

Intermediate 6

S-Isopropoxy-1H-pyrazol-3-amine

The title compound may be prepared via the following procedure: To a suspension of 3-amino-5-
hydroxypyrazole (0.50 mol) in CH,Cl, is added triphenylphosphine (0.59 mol) and the resulting
mixture is cooled to 0°C. Diisopropyl azodicarboxylate (0.59 mol) is added drop-wise over a
period of 35 minutes (the temperature of the reaction mixture is kept below 2°C) to give a

suspension. The reaction mixture is then held at 0°C for 1 hour. A precipitate may be observed
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(ix) solvent ratio was given in volume : volume (v/v) terms. (x) "ISCO" refers to normal phase flash
column chromatography using pre-packed silica gel cartridges (12 g, 40 g etc.) used according to the
manufacturdY® iH¥¥eH6i obtained from ISCO, Inc, 4700 Superior Street LiREA!&BREDSOHA21(xi)
"Biotage" refers to normal phase flash column chromatography using pre-packed silica gel cartridges
(129, 409, 80 g etc.) used according to the manufacturers instruction obtained from I3iotage Inc, 1725
Discovery Drive Charlotteville, Virginia 22911, USA. (.) "Gilson" refers to a YMC-AQC18 reverse
phase HPLC Column with dimension 20 mm1100 and 50 mm1250 in H20/MeCN with 0.1% TFA as

mobile pha e upless otherwise stat d an sed in anufacturers, instruction obtained
fom Gisgh e 008 Bofinedr G, TAIELLR 1 2ba3 D B B Vi Sodmacor o
Parr shakeeydeoh pérogewtasors Gike Q/ﬁtersisﬂmthemtm&:th@n’nbats with hydspganom fHecpraseoce of a
catalyst a‘nﬂk‘%ﬁ UEESHR tﬁ’e?daifﬂé’%’*}‘é‘{e? E%%P%‘%@QQJ&H&P%%EH{I%S150\981%({)%1’3&%‘9 O1INANG:

abbreviations have been used: DCMdichloromethane; 14PLChigh-performance liqui
chromatodeapsiatarscnd/® thondeldsygsbiot/cBPEBRICS0Z M ght FiEANdlieb propyIstHyfdisekto

remove undissolved solids. The filtrate is dried (MgSO,) and concentrated under reduced
pressure to give an oil. Purification by column chromatography (5%-=2>10% MeOH in CH»Cl,)
affords the title compound. (400 MHz, DMSO-d6) & ppm 10.3 (br s, 1 H), 4.84 (br s, 2 H), 4.65
(s, 1 H), 4.52 (m, 1 H), 1.20 (m, 6 H).

Intermediate 7

6-Chloro-N-(5-isopropoxy-1 H-pyrazol-3-yl)-3-nitropyridin-2-amine

A mixture of 2,6-dichloro-3-nitropyridine (0.5 g) and S-isopropoxy-1H-pyrazol-3-amine
(Intermediate 6, 0.35 g) in acetonitrile (10 mL) with triethylamine (2 mL) was stirred at room
temperature for 24 hours, The resulting mixture was concentrated, and the resulting residue was
separated by silica gel column (Hexane/Ethyl acetate) to afford 0.45 g desired product. MS
(electrospray): 298 (M+1) for C;;H;,CINsOs.

Intermediate 8

N-[(18)-1-(5-Fluoropyridin-2-yD)ethyl]-N?-(5-isopropoxy- 1 H-pyrazol-3-yl)-3-nitropyridine-2.6-

diamine

A mixture of 6-chloro-N-(5-isopropoxy-1H-pyrazol-3-yl)-3-nitropyridin-2-amine (Intermediate
7, 0.8 g) and [(15)-1-(5-fluoropyridin-2-yl)ethyl]Jamine hydrochloride (Intermediate 5, 0.4 g) in
n-BuOH (10 mL) with diisopropylethylamine (2 mL) was stirred at 70°C for 4 hours. The
resulting mixture was diluted with ethyl acetate (20 mL), and washed with brine (10 mL X3). The
organic layer was dried and concentrated. The resulting residue was separated by silica gel
column (Hexane/Ethyl acetate) to yield 0.6 g of desired product. MS (electrospray): 402 (M+1)
for C1sHFN,03;. "H NMR (300 MHz, DMSO-d6) & ppm 12.3 (s, 1 H) 11.0 (s, 1 H) 8.80 (m, 1
H) 8.50 (m, 1 H) 8.15(m, 1 H) 7.80 (m, 1 H) 7.30 (m, 1 H) 6.20 (d, 1 H) 5.80 (m, 1 H) 5.35 (m, 1
H), 4.60 (m, 1 H) 1.50(d, 3 H) 1.20 (d, 6 H).

53



DMFN,N-dimethylformamide; Ulftetrahydrofuran; DMAP4-dimethylarninopyridine;
DMSOdimethylsulphoxide; EtOAcethyl acetate; Et20diethyl ether; Boc70t-butyloxycarbonyl anhydride;
GCGas Chrdifiai§(B3ms2 MTBEmethyl t-butyl ether; DMACNA-dimethyl acB¢déiEieo883¢éHa);
Tris(dibenzylideneacetone)dipalladium(0);

Intermediate 9

6-Chloro-N-(5-cyclopropyl-1H-pyrazol-3-yl)-3-nitropvridin-2-amine

A mixture of 2,6-dichloro-3-nitropyridine (5 g) and 5-cyclopropyl-1H-pyrazol-3-amine (5 g) in
acetonitrile (40 mL) with diisopropylethylamine (6 mL) was stirred at room temperature for 24
hours, The resulting mixture was concentrated, and the resulting residue was separated by silica
gel column (Hexane/Ethyl acetate) to afford 5 g desired product. MS (electrospray): 280 (M+1)
for C;;H;(CIN50,. '"H NMR (300 MHz, CD;0D) & ppm 8.5 (d, 1 H) 6.9 (d, 1 H) 6.5 (s, 1 H) 1.9
(m, 1 H) 1.0 (m, 2 H) 0.70 (m, 2 H).

Intermediate 10
ﬂg-( 5-Cyclopropyl-1H-pyrazol-3-y1)-N8-[(1S)-1-(5-fluoropyridin-2-y)ethyl]-3-nitropyridine-2.6-

diamine

A mixture of 6-chloro-N-(5-cyclopropyl-1H-pyrazol-3-yl)-3-nitropyridin-2-amine
(Intermediate 9, 0.5 g) and [(15)-1-(5-fluoropyridin-2-yl)ethyllJamine hydrochloride
(Intermediate 5, 0.35 g) in n-BuOH (10 mL) with diisopropylethylamine (1 mL) was stirred at
70°C for 4 hours. The resulting mixture was diluted with ethyl acetate (20 mL), and washed with
brine (10 mL X3). The organic layer was dried and concentrated. The resulting residue was
separated by silica gel column (Hexane/Ethyl acetate) to yield 0.45 g of desired product. MS
(electrospray): 384 (M+1) for C;sH sFN;Os. 'H NMR (300 MHz, CD;0D) & ppm 8.60 (s, 1 H)
8.20 (m, 1 H) 8.15 (m, 1 H) 7.60 (m, 1 H) 7.40 (s, 1 H) 6.30 (d, 1 H) 6.20 (s, 1 H) 5.35 (m, 1 H),
1.90 (m, 1 H) 1.60 (d, 3 H) 1.00 (m, 2 H) 0.80 (m, 2H).

Intermediate 11

5-Fluoropyrimidine-2-carbonitrile

A 10 ml microwave vial was charged with 2-chloro-5-fluoropyrimidine (2.0 g, 15.09 mmol),
Pdx(dba); (0.549 g, 0.6 mmol), dppf (0.67 g, 1.21 mmol), zinc cyanide (1.15 g, 9.81 mmol), and
zinc dust (0.237 mg, 3.62 mmol). The flask was evacuated and backfilled with N,, and anhydrous
DMAc. The vial was mounted onto a Personal Chemistry microwave reactor and heated at 100
°C for 10 hours. The reaction mixture was diluted with EtOAc and then washed with brine three
times. The organic layer was obtained and evaporated to dryness. The dried residue was purified

by silica gel chromatography (By ISCO Combiflash with gradient EtOAc and hexanes) to afford
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NMPN-methylpyrrolidone; dppfl,1'-bis(diphenylphosphino)ferrocene; t-BuLit-butyllithium;
MeOHmethanol; EtOHethanol; n-BuOHnN-butanol; OxoneOpotassium peroxomonosulfate;
11ATU-(7-AVEb¥R3A8T2%0le-1-y1)-N ,N ,N 'N '-tetramethyluroniurn hexafluof6gHeBHREESBtermediate |
5-F luoronyrid ine-2-carbonitrile

the title compound as a creamy solid (1.50 g, 80%). GC-MS: 123 (M); 'H NMR (CDCls) & 8.80
(s, 2H).

Intermediate 12

N-(1-(5-Fluoropyrimidin-2-yl)vinyDacetamide

5-Fluoropyrimidine-2-carbonitrile (Intermediate 11, 1.0 g, 8.1 mmol) in THF (10 ml) was added
a solution of MeMgBr (3.3 ml, 9.75 mmol) in ether drop wise at 0 °C. After addition, the reaction
was warmed to room temperature, stirred at room temperature for 1 hour and then diluted with
DCM (10 ml). Acetic anhydride (1.23 ml, 13.0 mmol) was added in one portion. The reaction
was stirred at room temperature for 1 hour and 40 °C for 1 hour. Saturated sodium bicarbonate
solution (10 ml) was added and extracted with EtOAc (2x20 ml). The combined organic was
dried over sodium sulfate. After removal of solvent, the resulted residue was purified by column
chromatography (hexane : EtOAc = 2.5 : 1) to give the title compound as a white solid (0.38 g,
26%). '"H NMR (400 MHz) 9.34 (s, 1H), 8.95 (s, 2H), 6.25 (s, 1H), 6.03 (s, 1H), 2.11 (s, 3H).
MS: Calculated.: 181; Found: [M+H]" 182.

Intermediate 13

(8)-N-(1-(5-Fluoropyrimidin-2-yl)ethyl)acetamide
N-(1-(5-Fluoropyrimidin-2-yl)vinyl)acetamide (Intermediate 12, 0.10 g, 0.55 mmol) in MeOH
(5 ml) wunder N, was added (+)-1,2-bis((2S, 5S)-2,5-diethylphospholano)benzene

(cyclooctadiene)rhodium(I)trifluoromethanesulfonate (0.04 g, 0.0055 mmol). The solution was

transferred to a high-pressure bomb and charged 150 psi H,. The reaction was stirred at room
temperature for 4 hours. The solvent was removed and the resulted residue was purified by
column chromatography (EtOAc) to give the title compound as a white solid (0.096 g, 95%). 'H
NMR (400 MHz) 8.84 (d, /= 0.8 Hz, 2H), 8.34 (d, J = 7.6 Hz, 1H), 5.00 (m, 1H), 1.84 (s, 3H),
1.37 (d, J = 6.8 Hz, 3H). MS: Calculated.: 183; Found: [M+H]" 184. Enantiomeric excess
determined by HPLC (Chiralpak IA; 95:5 CO,/MeOH), >99% ce.

Intermediate 14

tert-Butyl [(15)-1-(5-fluoropyrimidin-2-yl)ethyl]carbamate
(8)-N-(1-(5-Fluoropyrimidin-2-yl)ethyl)acetamide (Intermediate 13, 0.20 g, 1.09 mmol), DMAP
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2-Bromo-5-fluoropyridine (93.0 g, 528 mmol) Zn dust (8.29 g, 127 mnaol) zinc cyanide (40.3 g, 343
nuuol), 1,1'-bis(diphenylphosphino)ferrocene (11.7 g, 21.1 mmol) and Pd,dba: (9.68 g, 10.6 mnaol) in
anhydrous DY@REMEBITBY) was heated at 95 C for 3 hours. After cooled to rHeHABHYEPAS?E, brine
(100 nft) and ether (500 ml) was added. The solid formed was removed by filtration and washed with
ether (300 ml). The organic layer was separated, washed with brine (200 ml) and dried over sodium
sulfate, and concentrated. After removal of solvent, the resulted residue was purified by column
chromatography (hexane-DCM = 1:1) to give the title compound as a white solid (49 g, 72%). 1H NMR

(400 MHz O- 6 8.8 (d. =2.8Hz.1 8,21 (dd, J=.4.4 8.8 1 dd, J=2.8
e s HR e PR Gl g Budl il 299 BibblEad k8 (B 45
MCMgBr (4768 mI5510.98 #drholirin AfiverweingliutedwitniEmicofiritychods THEramb tpbied 10 0
C. s luorqpine 2 exboniuls (nlermdie 1, 55,60:125, Mol LEEF (70,1 s, agded

dropwisc. The reaction was stirre or’30 minutes, then Wi oromethiane (170 m1).
Acetic anHydfideyzgI3hei (30 mD8vasnddicih digimortayethan ecfkoded] wests dddedbdropiRismiaradC.

Aiter addifipn i the [SAGHAN WASW ‘?ﬂ[ﬁkﬁ‘*qﬁ‘s&JQQert‘éélg%%?FHQ%%Heﬁf IS8RNAOM MR BLALE QT 8

hours. Saturated sodium bicarbonate solution (50 ml) was added and extracted with EtOAc (2 x 200

m1). The ebramiregranhanitcwii et dvde sodiihs stFasrmpmadraniovds selenent(tHd esited
residue wagpurifigd Ry eslyran ghromatography (hexangr; BPAC2-am 19, aivs the iitigeapppound
as a white solid (26.6 g, 35%). 111 NMR (400 MHz) 69.37 (s, 111), 8.57 (d, 1=2.8 llz, 1 11), 7.81 (m,
211), 6.010(%1,‘3&1%@;:@%12 feundyMtHe (343 H). MS: Calculated: 180; Found: [M-FH] 181. Intermediate
3 (S)-N-(1-(5-Fluoropyridin-2-vl)ethvfiacetamide To a solution of
N-(1-(5-fluoropyridin-2-yevinyBacetamide (Intermediate 2. 11.0 g. 61.1 mmol) in MeOH (120 ml) under
N2 was aé&@d—'{l%g%((zs, 5S)-2,5-diethylphospholano)benzene
(cyclooctadiehaytseBiusmbpirifluatiardethatheulfonats dEhdddrifle0.611 mmol) The solution was
transferred.to a hj ressure bom rged 150.psi H2. The reactipn stirr t room temperature
ittt et 0w TR Tt e MR e T
resulted résidus Was porifle chBy@d mmighrosrakdgt &Py (BioAc) b givelihe tttxosmpounci@®a white
solid (9.8 9 - H 49 ( = = 4.6 7,66 (M.
111). 7 30 v e ARG R i o s oot R U 6 et 0
Calculatedvhitggolizb{san{ivativ) 185 Entonlispderict bxicesuldBYErhiné#2by HPLC (Chiralpak IA; 70:30
CO2/Me0OH), 95.3% ee. Intermediate 4 tert-Butyl [(1S)-1-(5-fluoropyrid in-2-yl)ethylcarbamate A
solution of (S)-N-(1-(5-fluoropyridin-2-yeethyBacetamide (Intermediate 3, 11.0 g, 60.37 mmol), DMAP
(1.48 g, 13mermediate ) Boc20 (26.35 g, 120.7 mmol) in THF (100 nil) was stirred at 50 C for 20
hours. After geatediBRiaRmitempariusaithium bydiexitde monatdhaie, (Rd919.3 kg & vranab-and
water (100 ml) were added. The reaction was stirred at room temperature for 5 hours and diluted with
ether (ZO&Morganic layer was separated, washed with brine (100 ml), and dried over sodium

sulfate. After remaiahef solvent, thesreblstedvresicutoptaspuriigghyoCalymys chiomaiograpiyine

(Hexanc-E{OAc = 5., 1) to give the title com ale yellow oll 3%94%). NMR gj 00 MHz)

5. .46 (AT 15 0 . Ty, HOS7 A CHOP P T A PSP, BTy, o2

7.2 Hz, 3 HhtMBie@aleul 41603529 0n Reldn@H M-6hin[244ith diisopropylethylamine (1 mL) was stirred at
70°C for 4 hours. The resulting mixture was diluted with ethyl acetate (20 mL), and washed with

brine (10 mL X3). The organic layer was dried and concentrated. The resulting residue was
separated by silica gel column (Hexane/Ethyl acetate) to yield 0.5 g of desired product. MS
(clectrospray): 385 (M+1) for C7H;sFNgO>. "H NMR (300 MHz, CD;0D) & ppm 8.70 (s, 2 H)
8.20 (d, 1 H) 6.40 (m, 1 H) 6.20 (d, 1 H) 5.45 (m, 1 H), 1.90 (m, 1 H) 1.70 (d, 3 H) 1.05 (m, 2 H)
0.90 (m, 2H).
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Intermediate 5 J(18)-1 -(5-Fluoropyridin-2-yeethyll amine hydrochloride To a solution of tert-Butyl
[(1S)-1-(5-fluoropyridin-2-yeethyllcarbamate (Intermediate 4, 12.8 g, 53.3 rnmol) in dichloromethane
(100 ml) wa¥ daeH 1 THdioxane solution (107 ml, 4 N, 428 mmol). The reaBdrRaY&AB1at room
temperature for 3 hours. The solvent was removed and 50 ml of saturated sodium bicarbonate was
added. The resulting aqueous solution was extracted with ether (6 x 400 ml), dried over sodium sulfate
and concentrated to give the title compound (7.30 g, 98%) as pale yellow oil. 1H NMR (400 MHz) 5
8.44 (d, J = 2.8 Hz, 1H), 7.66 (m, 1H), 7.53 (m, 111), 4.01 (q, J= 6.8 Hz, 111), 1.94 (b, 214), 1.26 (d, J
= 6.8 Hz, I}tle)rmeﬁ’"agaﬁd 140; Found: [M+Hr 141. Intermediate 6 5-Isopropoxy-1H-pyrazol-3 -amine
The title UTrerurrd'my'be prepared V|a the foIIowmg procedure To a suspension of 3-amino-5-

3 ' M5B9 mol) and the resultlng

mixture is gaple 10 6, PH%&H op¥l Az gn 8&'2&‘?2 %@gg %919'; SRASE QYA ReTigd of

35 minutes (the temperature o the reaction mixtur ept below 0 give a suspension

reaction miktgetorstiHenNeniarath tbisorionyldhplesiprdlenthaybe GseryeandeBDCRRREer 3fthe
reaction. IsopLoRYAlcqlich ]n?iﬁrﬁt’@%% ther-added, drapddsesanala RATIRAAEIAMINLES,ALRG as

the slurry thins considerably |ve a suspension. The reaction mixture is then held at 0C for 1 hour.
The reacti®H FRkGHR @weﬂ?{ oSS RIS femnbdr AeiEcanbradiren Neid(gleamnany): 281
temperatunerevefaightHIbevgeaction mixture is filtered to remove undissolved solids. The filtrate is
dried (MgS0O4) and concentrated under reduced pressure to give an oil. Purification by column
chromatography (5%410% MeOH in C142C1/) affords the title compound. (400 MT4z, DMSO-d6) 5
ppm 10. SIbfei%nihdA)e4i84 (brs, 2 14), 4.65 (s, 1 H), 4. 52 (m 1 H) 1. 20 (m, 6 H). Intermediate 7
6-Chloro-Na( 0 S N ' re gf s

2,6-dichloro=3= i 3 ( ediate 6, 0.35 @) in
acetonitrilei t@mt_r)mmbrlgfemMne (2 mL) was stirred at room temperature for 24 hours, The

resulting mixture was. %once trateéi ARJ the %efgé%%‘ﬁﬁm szaep i%%ggp(?/l%) I APQH’HFQ

(Hexane/Ethyl acetate) to afford 0.45 g e5| ectrosp
Cli1112cinsomefistembdidtasd8 g) and  [(15)-1-(5-fluoropyrimidin-2-yl)ethyl]amine hydrochlorlde

(Intermediate 15, 0.25 g) in n-BuOH (10 mL) with diisopropylethylamine (1 mL) was stirred at

70°C for 4 hours. The resulting mixture was diluted with ethyl acetate (20 mL), and washed with
brine (10 mL X3). The organic layer was dried and concentrated. The resulting residue was
separated by silica gel column (Hexane/Ethyl acetate) to yield 0.3 g of desired product. MS
(electrospray): 386 (M+1) for CsHsFNyO,. "H NMR (300 MHz, DMSO-d6) & ppm 12.4 (s, 1
H) 11.30 (s, 1 H) 9.15 (s, 1 H) 9.00 (s, 1 H) 8.80 (s, 2 H) 6.10 (d, 1 H) 5.25 (m, 1 H), 1.90 (m, 1
H) 1.60 (d, 3 H) 1.00 (m, 2 H) 0.80 (m, 2H).

Intermediate 19

Afi—( 5-Cyclopropyl-1H-pyrazol-3-y1)-N2-[(LS)-1-(5-fluoropyridin-2-yl)ethyl]-5-nitropyrimidine-

2.4-diamine

A mixture of 2-chloro-N-(5-cyclopropyl-1H-pyrazol-3-yl)-5-nitropyrimidin-4-amine
(Intermediate 17, 0.35 g) and  [(15)-1-(5-fluoropyridin-2-yl)ethyllamine hydrochloride
(Intermediate 5, 0.25 g) in n-BuOH (10 mL) with diisopropylethylamine (1 mL) was stirred at
70°C for 4 hours. The resulting mixture was diluted with ethyl acetate (20 mL), and washed with
brine (10 mL X3). The organic layer was dried and concentrated. The resulting residue was
separated by silica gel column (Hexane/Ethyl acetate) to yield 0.3 g of desired product. MS
(electrospray): 385 (M+1) for C17H;6FNgOs.
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10- V 1,51-1-(5-Huoropyrid in-2-yllethyn -N2-(5-isopropoxy-1H-pyrazol-3-y11-3-nitropyridine-2.6-
diamine A mixture of 6-chloro-N-(5-isopropoxy-1H-pyrazol-3-y1)-3-nitropyridin-2-amine (Intermediate
7. 0.8 g) andVR29P¥ 185 %i0ropyridin-2-ypethyllamine hydrochloride (Interm&@&iAteB200843P n-Bu011
(10 mL) with diisopropylethylamine (2 mL) was stirred at 70C for 4 hours. The resulting mixture was
diluted with ethyl acetate (20 mL), and washed with brine (10 mL X3). The organic layer was dried and
concentrated. The resulting residue was separated by silica gel column (11exane/Ethyl acetate) to
yield 0.6 g of desired product. MS (electrospray): 402 (M+1) for C181120FN703. 111 NMR (300 MHz.
DMSO-d6) 5 ppm 12.3 (s. 1 11) 11.0 (s, 1 11) 8.80 (in, 1 11)8.50 (m, 1 11)8.15 (in, 1 11)7.80 (m, 1
11)7.30 (m, 1 11)6.20 (d, 1 11)5.80 (m, 1 11)5.35 (m, 1 H). 4.60 (m, 1 H) 1.50(d. 3 H) 1.20 (d, 6 H).
IntermedidigedBediaterd0N-(5-cyclopropvl-1H-Pvrazol-3-y1)-3- nltropyrldln -2- amlne A mlxture of

2ol AR 3, A AR5 CHARDI PRI 1 {§5,(40 mL)
with diisopropylethylannne (6"mL) was 3tifre Sulting mixture
was conce@diret#fingnd the resulting residue was separated by silica gel column (14exane/Ethyl

acetate) t li 5
Taz, CO300)S oo 63, 116 (4141 41 (& 1119 (mt1 5 0o 2 01010 1.
1

Intermedlgté) ?’Eblé:%rdp%ﬂworfpﬂﬁmﬁ% b )] Il amme hydrochlorlde (Interme ate 15 0.25
-(5-fluoropyridin-Budathy M$Wifm§@1%ﬁeﬁlyﬁ@[ﬁm 5 mL) was stirred at 70°C for 4 hours. The

Amixtureof6- chloro N-(5-cycloprop yrazol-3-y1)-3-nitropyridin-2-am (Interm ediate 9, 0.5 g)
and [(15)- 128 RioPYBHHaTaS- ‘&ﬁ% ﬁmﬁﬁé‘/h%‘i%&%é é M@ﬁ?&?e“%d“obﬁéeg() ALEYOH Pfo mL)

with dusopmgpyietr@;lamm @nﬁ&)ﬁ@@cﬁﬁﬁi&ﬁh&ﬁ?ﬁ(ﬁa‘aﬁﬁllﬁmgmesm& reailtiaparatudute wiklijiled
with ethyl acetate d w. wit nL X e or Ia er w d
concentrats dmﬁ;]g exa Hﬁtﬁlq ac ?‘?I:k/to ylepd%r %%y eIz g)e CP ﬂ% ﬁaf} )to

uct
resu INg residue was-separate llica CO um exan yI ac

D) S B (k) AT (et 508 T B A 740 o T L3t 1 1083
, 40 (s, . : :
(s, 111)5 Sféﬂ?n ﬁ)dfs 3% gg) ?m%Pi Ef]f)olfrgn (]clﬁéig%]dl]%%ﬁ(l g(gpfl%%' 0 (in, 211). Intermediate 11

Intermediate 21

R)-N-(2-{[tert-Butyl(dimethvDsilyl]oxyethylidene)-2-methylpropane-2-sulfinamide

To a solution of (R)-2-methylpropane-2-sulfinamide (2.5 g, 20.6 mmol) and {[tert-
butyl(dimethyl)silylJoxy}acetaldehyde (4.32 ml, 22.7 mmol) in CH,Cl, (30 ml) was added
CuSO;4 (7.23 g, 45.32 mmol). The reaction mixture was stirred at room temperature for 2 days.
The mixture was filtered through Celite®, washed with CH,Cl, and concentrated in vacuo.
Column chromatography (0-30% EtOAc in hexanes) gave the desired product (R)-N-(2-{[tert-
butyl(dimethyl)silyl|oxy}ethylidene)-2-methylpropane-2-sulfinamide (Tetrahedron Lett. 2001,
42,2051-54). "HNMR (300 MHz, CDCl3) § 7.86 - 8.24 (m, 1 H) 4.53 (d, J=3.01 Hz, 2 H) 1.15
-1.23 (m, 9 H) 0.90 (s, 9 H) 0.08 (s, 6 H).

Intermediate 22
(Rs)-N-[(1R)-2-{[tert-Butyl(dimethyDsilylJoxy-1-(5-fluoropvyridin-2-yl)ethyl]-2-methylpropane-

2-sulfinamide*

To a cold solution of 2-bromo-5-fluoropyridine (1.3 g, 7.2 mmol) in Et,O (8 ml) at -68°C was
added a solution of t-BuLi (1.7 M in pentane, 8.5 ml, 14.4 mmol) carefully. The temperature of
the mixture was kept below —65°C and the mixture was allowed to stir for 15 minutes at —70°C. A

solution of (R)-N-(2-{[tert-butyl(dimethyl)silyl]oxy}ethylidene)-2-methylpropane-2-sulfinamide
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5-Fluoropyrimi dine-2-carb on itri | e A 10 ml microwave vial was charged with
2-chloro-5-fluoropyrimidine (2.0 g, 15.09 mmol), Pd7(dba); (0.549 g, 0.6 mmol), dppf (0.67 g, 1.21
mmol), zinc WEHIME1EE788 g, 9.81 mmol), and zinc dust (0.237 mg, 3.62 mrk&lY/ GRS
evacuated and backfilled with N2, and anhydrous DMAc. The vial was mounted onto a Personal
Chemistry microwave reactor and heated at 100 C for 10 hours. The reaction mixture was diluted with
EtOAc and then washed with brine three times. The organic layer was obtained and evaporated to
dryness. The dried residue was purified by silica gel chromatography (By ISCO Combitlash with

dient A ford the t d d 0,9, 80% MS:
grzz Eﬁnn) i an%&g?ﬂ%?é Or [}e I%Enfer edl e‘ﬁ%scf\/cle( 1 (Séglgorg%yrl“n%bc? amé | R/%nyl
lacetami ol?@llﬁlﬁhutfrtbpwinwdlhénzmammpmmé {onteduretitare 11D, hidwges Moneriah A 2NHp @@ wmédwas
added a splufion gi MR uﬁdﬁ'ﬁdgsgﬁt%ﬁ‘o'fﬂg fiReLd RQRSVXE&%?% st %‘Q‘gﬁl&g g;hv‘%l‘)tﬁﬁac“on

was warmed to room temp erat stirred at room temperature for 1 hour and then DCM

(10 m1). N&ét@@ﬁwﬂéﬁ@éa{mrmwfwtﬁmm@g WO Agaees inddpe Pertishorepeidaxtiofanagsiged at

room temparRtFadol ReHEaRd 49 Cd@ﬁlﬁaﬂ%%%wg?éﬁﬁ*ﬁ%w@%)'Eﬁﬂ%&f‘ﬁ{%éﬁ%wg@x@ k) was
added and extracted with EtOAc gdeZO m1). The combined or%a?lc was dried over sodium sulfate.

After remdsiFaited SRMUARE (fhe-fs Ifau?ré[érdaewak(sdmﬁ@asw dimb ChBiRRG BNy Yhe%ahle2- EtoAc
= 2.5 1 1) agiveptopatiie conpanickas @swﬁnt@&mld(ﬁ@gﬁ&gﬂ%%b HINVIR (AO0M U I (Ssithll),
8.95 (s, 211), 6.25 (s, 11 ) 6.0 M(S 111%12 11( 311). MS: Calculated. 1§31 Found; [M+111+ 182.

Intermedlgfési§e?§?wr( AEFVSTD flgt G0 Mi&. CDCL)'C ppm 8.4 H)
7V-(1-(5-FIsrapyrimidis-Phyl ity hsoetamids. thﬁmddbmalzd,mmsgz@mﬁ mima)dn Me(mrﬁs i)

under N7 di lano)benzene

(cyclooctaig en%dras % %?1? #Igusoér((l)%r):etha é‘s%lfo?ﬁéﬂ%gqfﬂg? 0.0055 mmol). The solution was
transferred t&8 ightqmsktordelnom thaintt cchafgelcthd 50 Psoadigurihenreaction was stirred at room
temperature for 4 hours. The solvent was removed and the resulted residue was purified by column
chromatography (EtOAc) to give the title compound as a white solid (0.096 g, 95%). IN NMR (400
MHz) 8.84utermedigtei?3 214), 8.34 (d, J= 7.6 Hz, 114), 5.00 (m, 114), 1.84 (s, 314), 1.37 (d, J = 6.8

Hz, 314). MRp;-S-alghlaieds IR R Bdh 184 s pajuiangtic excess determined by HPLC
(Chiralpak TA; 95:5 C0)/MeOH), >99% cc. Intermediate 14 teri-Butyl

[(1S)-1-(5-AGGRSOYHIARIAH- z(lwe?thWé?ar%a{;ﬁtﬁt@b@(Ftu(lftbexl}sr@éH@W}rﬁxﬁnﬂwmﬁg«ﬁa%étaﬁm
(IntermediateclidyBrafufe-2 O MmRIdc RMARmediate 22, 1.13 g, 3.02 mmol) in MeOH (15 ml) was

added hydrochloric acid (4 M in dioxane, 3.02 ml, 12.08 mol) at 0°C and the mixture was stirred

for 15 minutes and was concentrated. The mixture was triturated from hexanes to provide the
title salt (575 mg). The product is highly hygroscopic. 'H NMR (300 MHz, DMSO-d6) & ppm
8.62(s,1 H)8.55(s,2H)7.76-7.93 (m, 1 H) 7.65 (dd, J=8.29,4.52 Hz, 1 H) 4.43 (d, J=4.52
Hz, 1 H) 3.77 (s, 2 H).

Intermediate 24

(2R)-2-(5-Fluoropvridin-2-vy1)-2-({6-[(5-isopropoxy-1 H-pyrazol-3-yl)amino]-5-nitropyridin-2-

yllamino)ethanol

A mixture of 6-chloro-N-(5-isopropoxy-1H-pyrazol-3-yl)-3-nitropyridin-2-amine (Intermediate
7, 0.5 g) and (2R)-2-amino-2-(5-fluoropyridin-2-yl)ethanol hydrochloride (Intermediate 23,
0.45 g) in n-BuOH (10 mL) with diisopropylethylamine (3 mL) was stirred at 70°C for 4 hours.
The resulting mixture was diluted with ethyl acetate (20 mL), and washed with brine (10 mL X3).
The organic layer was dried and concentrated. The resulting residue was separated by silica gel

column (Hexane/Ethyl acetate) to yield 0.45 g of desired product. MS (electrospray): 418 (M+1)
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(0.027 g, 0.22 nunol) and di-tert-butyl-dicarbonate (0.60 g 2 73 mmol) in T11F (10 ml) was stirred at
50 C for 40 hours. After cooling to room temperature, lithium hydroxide monohydrate (0.094 g, 2.24
mmol) and WRSP80331§Ivas added. The reaction was stirred at room tem&tGI290%/ Shdrs. Ether
(30 nil) was added, organic layer was separated, washed with brine (20 nil) and dried over sodium
sulfate. After removal of solvent, the resulted residue was purified by column chromatography
(Hex-EtOAc=5:1) to give the title compound as a pale yellow oil (0.21 g, 80%). NMR (400 MHz) 8.84
(s,2H),7.24(d,J=7.6 Hz 1H) 4. 74 (m 1H) 1.35 (s, 12H). MS: Calculated.: 241; Found: [M+H] 242.

Intermediat ( )-1 2- II mine roc -butyl
[(18)-1- (S%ﬁ)ug;@pﬁ#rﬁll ai: 2 -ype y] ama Zteczfigﬁ%% dBte é{%ﬁj rlﬁ geég@ﬂn%%%%gg%ﬂt

was added.#534, (1B mBB(L mﬂ)cﬂﬁm(dmmm 4PHenréddyicinomas stified. a0 oo Eprhpératusdiior 3
hours. The solvent was removed give the title compound as white solid (quantitative). MS: Calculated.:
141; Found: [M+H]+ 142. Intermediate 16

1V2-(5-Cylaitqmmoedinte ASpyrazol-3-y1)-A141S)-1-(5-fluoropyrimidin-2-yllethyll-3-nitropyridine2.6-diamin
e Amixturgeff.chlqre-N-(2:avsloniqpyl-1H-pyrazol-3-y1)-3-nitropyridin-2-amine (Intermediate 9, 0.5
g) and [(18)-I-(5-fluoropy ypethyllamine hydrochloride (Intermediate 15. 0.35 g) in n-Bu011
(10 mL) wﬁhe@%@ﬁwmﬂb@ﬁymmepﬂ%wm@ RipediEx sTodaoio4heome dyssalbed fphnkeminthesivas
diluted withrefhid araipie (8015@ anghwashad ik BuRe (L0 L 3aiify OhgaRiG Iay eroyaged and

concentrated. The resultin 49\5 residue was separated by silica gel column (Hexane/Ethyl acetate) to yield

0.5 g of d&dEdProdnet Ms @ectBaptad (ms3 h113%6+ ETAH28ENB02. '11 NMR (300 MHz,
CDIOD) S ppm 8.70 (s, 2 11) 8.20 (d, 1 14) 6.40 (m, 1 14) 6.20 (d, 1 14) 5.45 (m, 1 14), 1.90 (in, 1

11)1.70 (d, 311)1.05 (m, 2 14) 0.90 (m, 214). Intermediate 17

2-ChIoro-M@@@Lﬁ#&ﬁ/l—lH-Dvrazol-3-y1)-5-nitropyrimidin-4-amine A mixture of
2,4-dichlogecioitsady siraitling- (27epvanad B3eyitoprvylridinyeaziak 3-amine (2 g) in acetonitrile (20 mL)
with diisoplr%é)yl?tr%lamlne (2 E{an was &:tqureld at roo %err}% aart%lr?hfor 24 ho%% lf esultl mlxture
was concentrated. and he reatfiig Tesidus: %Ceepélrgtsé 1Dys ilicag elﬁzmn exaneP@t

acetate) t@ﬁﬂnﬁdmaigntzbeﬁlreslnggdiuetmdﬁa(welﬁrasplay;tai’@ﬂg(matb)nﬁir QM0 14BCHdPBY): 284
(M+1) for C;oH;oCIN;O.

Intermediate 27

(2R)-2-({6-[(5-Ethoxy-1H-pyrazol-3-yl)amino]-5-nitropyridin-2-yl} amino)-2-(5-fluoropyridin-2-
yDethanol

A mixture of 6-chloro-N-(5-ethoxy-1H-pyrazol-3-yl)-3-nitropyridin-2-amine (Intermediate 26,
0.2 g) and (2R)-2-amino-2-(5-fluoropyridin-2-yl)ethanol hydrochloride (Intermediate 23, 0.15

g) in n-BuOH (5 mL) with diisopropylethylamine (1 mL) was stirred at 70°C for 4 hours. The
resulting mixture was diluted with ethyl acetate (20 mL), and washed with brine (10 mL X3). The
organic layer was dried and concentrated. The resulting residue was separated by silica gel
column (Hexane/Ethyl acetate) to yield 0.2 g of the title compound. MS (electrospray): 404
(M+1) for C;7HsFN7O4.

Intermediate 28
N2-(5-Ethoxy-1H-pyrazol-3-y1)-N8-[(1S)-1-(5-fluoropyrimidin-2-yl)ethyl]-3-nitropyridine-2.6-

diamine
A mixture of 6-chloro-N-(5-ethoxy-1H-pyrazol-3-yl)-3-nitropyridin-2-amine (Intermediate 26,
0.35 g) and [(LS)-1-(5-fluoropyrimidin-2-yl)ethyl]amine hydrochloride (Intermediate 15, 0.20
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Intermediate 18 Ari-(5-Cyclopropyl-1H-pyrazol-3-y1)-N2-1115)-1-(5-fluorop m'd'n-2-yOethyll-5-
nitropyrimidine-2 4-diamine

Amixtureof 22PNy clopropyl-111-pyrazol-3-y1)-5-nitropyrimidin-4-aRGREHAE$ RS e 17,
0.35 g) and [(I1S)-1-(5-fluoropyrimidin-2-yl)ethyllamine hydrochloride (Intermediate 15, 0.25 g) in
n-BuOH (10 mL) with diisopropylethylamine (1 mL) was stirred at 70C for 4 hours. The resulting
mixture was diluted with ethyl acetate (20 mL), and washed with brine (10 nth X3). The organic layer
was dried and concentrated. The resulting residue was separated by silica geI column (Hexane/EthyI

tate) to yield rgduct. M t 86, 902
(00 Mt D o A P R R R G Tl T,
6.10 (d, 1It&l)lﬁ@r(mtumSsaa,sldg@t(chwiﬂmt}l&l@Oe(dte({ZI)lmL)oathw@HBﬂ)vma@(mﬂ @mmuﬁfébnﬁmtg 19
Ni-(5-Cyclg %“é’]ta%!il Q«\AEaéHE&” YTk b (Fhé't{%ﬁﬂ% dl@s?dé{@%é"%%ﬁ%@@% pE4-diami

ne Amixtur of2 chtoro-N-(5-cyclopropyl-1H-pyrazol-3-y0-5-nitropyrimidin mine (| termed te 17,
0.35 g) arkp|¢rs) @W@Mrwma@»%mylyaﬁﬁﬂewﬂfb@ﬁlﬁ%@t{lmmem&@e@rw@ym A8Bu014
(10 mL) ﬁl}i_,dll r@lgngﬁ}yg@mine (2 mL) was stirred at 70C for 4 hours. The resulting mixture was
diluted with ethyl acetate (20 mL), and washed with brine (10 mL X3). The organic layer was dried and
concentrated. The resulting residue was separated by silica gel column (Hexane/Ethyl acetate) to yield
0.3 g of deaiasheiedcto MS (electrospray): 385 (M+1) for C171116FN802. Intermediate 20
NKk- [(1S) -1-¢5-Hu ropyrlmldln -2-yl1l th pAil-(5-isopropoxy-IH- p%/r yll 3 n|troyr|d|ne2 6-diarnin
o6 P LU= psyprapyrdine 2oy g iz Atermediate 7,
0.4 g) anddi6hSxel -(5-fluoropyrimidin-2-yl)ethyflaniine hydrochloride (Intermedlate 15,0.259) in
n-Bu014 ( with diisopropy. m|ne 5 mL rred at 7 or 4.hours The esu
mixture Wg‘sra’fgtflea V\?Iitﬁ %g /{%? % m )P-‘é{aéglvg Q’hzeg ttrﬁ) rlngén('%ffl mlfexlg érganlc layer
was dried &hdl g)mmbrlj(ilébebk(i' Iﬂea&mylﬂdw%sﬂdﬁhyh]amseda@t&dhlbyukﬂ(daigemdiamﬁ(HéQeg)eiEthyl

acetate) to s I OENS(

(200 Mtz B RIS AR M P T Y DR R A S TN R

(m, 1 H) 1@@(@!&3&% dilpeedavsh-prhid tegerrselidfe mi), (ﬂl}imﬂlenkeﬁﬂebtmmétﬂyn’siwmprgamc

ethV'ide”%&ﬁk@&%ﬁéﬂ“%%&é‘ﬁﬁ%d%e resulting residue was separated by silica gel column
(Hexane/Ethyl acetate) to yield 0.37 g of the title compound. MS (electrospray): 388 (M+1) for

Ci7H17FN5Os.

Intermediate 30

2-Chloro-N-(5-isopropoxv-1H-pyrazol-3-yl)-5-nitropyrimidin-4-amine

A mixture of 2,4-dichloro-5S-nitropyrimidine (2 g) and 5-isopropoxy-1H-pyrazol-3-amine
(Intermediate 6, 1.5 g) in acetonitrile (50 mL) with triethylamine (5 mL) was stirred at room
temperature for 24 hours, The resulting mixture was concentrated, and the resulting residue was
separated by silica gel column (Hexane/Ethyl acetate) to afford 1 g of the title compound. MS
(electrospray): 299 (M+1) for C;oH;2CINgO;3.

Intermediate 31

Nz—[( 15)-1-(5-Fluoropyridin-2-yl)ethyl]-N-(5-isopropoxy-1H-pyrazol-3-yl)-5-nitropyrimidine-

2.4-diamine

A mixture of 2-chloro-N-(5-isopropoxy-1H-pyrazol-3-yl)-5-nitropyrimidin-4-amine
(Intermediate 30, 1.0 g) and [(1S)-1-(5-fluoropyridin-2-yl)ethyl]amine hydrochloride
(Intermediate 5, 0.8 g) in »-BuOH (5 mL) with diisopropylethylamine (1 mL) was stirred at
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To a solution of (R)-2-methylpropane-2-sulfinamide (2.5 g. 20.6 mot) and
Wertbutykdimethypsilynoxylacetaldehyde (4.32 ml. 22.7 mot) in C112C12 (30 ml) was added CuSO4
(7.23 g, 45.390%4%61§5183e reaction mixture was stirred at room temperaturBGEGBaFISFHE mixture
was filtered through Celitet, washed with C112C12 and concentrated in vacuo. Column
chromatography (0-30% LtOAc in hexanes) gave the desired product (R)-N-(2-
[[tertbutyhdimethyl)silyl]Joxyl ethylidene)-2-methylpropane-2-sulfinamide (Tetrahedron Lett. 2001, 42.
2051-54). '1-1NMR (300 MHz. CDC13) 57.86- 8.24 (m, 1 H) 4 53 (d, J= 3.01 Hz, 2 H) 1.15- 1.23 (m. 9
11) 0.90 ( 8 8 (s gg ermed te 22 dimet

oxy}-1-(5-fl uo%%%/%cﬁ -2- -ﬁ %hyﬁﬁg ﬁige?ﬁl ng&aﬁe lute |rv1vétm| lﬂ me)ﬁé! Irjlgtl%rrlldo\?’aShed with
2-bromo- &ﬂu@(dﬁyndm&(n 3l @rgammbiy@n Ea@d(l&dllarat c@B@mmddaed essdmng)meelfduam_as(l 7™M
in pentane &k i mmeD ERiETH e [emaer D alie) 96 PPk s KRlg) d the

mixture was allowed to stlr or 15 minutes at -70 on of (R)-N-(2-{[tert-butyl(d methyl silylJoxyl
ethyl |denée)l@imemwméﬁélﬁbfl?lilfmr%nﬁdﬁl\{kﬁmrnfé@‘iM@ 2300 Mglz3 @Dm@i))l@ Br20 924 ) wds
cooled to g7 T t lyti

minutes. More E’tgoPf % )?6?6{;2%‘?334 t@(?ﬁl;ieﬁi e§) igit tﬁn%%%yrgggr%n éf)lgligrt%g?l& he rﬁ%ﬁlée@gv&;%gilfwed
to stir at -8t fér @H\burs To it was added saturated N144C1 solution. EtOAc was added and the
organic layer was washed with brine and concentrated. Column chromatography (20-40% EtOAc in
hexanes) gave the desired product 02.9-N-R1R)-2-{ pert-butyl(dimethyl)silylJoxy! -1-(5-fl uoropyri din
-2-y|)ethyli.‘_7—-€ﬂ&ﬂ¥l§$é%ane-2-sul finam ide* as a solid (higher Rf on TLC, 1.19 g) together with
diastereois@inesIp\eF b P i d koS Mg I AANMIR (3R MYZ HGINa23) 3-RPM-Bifkd fsi thikdih&- 35 (d,
J=6.78 Hz, 2 H) 4.59 (t, J=5.65 Hz, 1 H) 4.43 (d, J=5.28 Hz, 1 H) 3.82-4.02 (m, 2 H) 1.23 (s, 9 H)
0.81 (s, Q;é—@g%@% J=12.06 Hz, 6 H). * "Rs" is intended to denote that the sulfur has an R
configuration. Inteimediate 38 (2Q}@MW@(SZAéBpﬁ}ummpym‘ﬂpy&zdﬂetmrﬁ;hhyquiﬁmﬁiﬁe-éﬁm&

ety SRR A0 A (Plesthuciol 32, 110 RS TAta A R Ly Sy

hydrochlofinteui ¢didMeid didxane). iB. @MHZSO&IJ)OW@@GO@WMW]MM@ \(\laméﬁmed $orred mhinutes

and was t ' 0 itl . The
procluctis e maeesore MR 100 mrie: ey CHa R e ed s e T 7
7.93 (m, 1bt1iny 785 dd XB = 8120 orednid|fayer Wpg dge agd=wpBRiated HY 13: Tes@tizgHyesidverivetliate
24 (2R1 2:(3aflar eV 2ol 0 R GelsaRrpg ey 7ol aminaine SRy Vs V11
amino)ethanol A mixture of 6-chloro-N-(5-isopropoxy-1H-pyrazol-3-y1)-3-nitropyridin-2-amine
(Intermedf&tectroprsry) 4R Gik)-rieifnn i&@&@@;oropyrldm 2-yflethanol hydrochloride (Intermediate
23, 0.45 g) in n-BuOH (10 mL) with diisopropylethylannne (3 mL) was stirred at 70C for 4 hours. The
resulting mixture was diluted with ethyl acetate (20 mL), and washed with brine (10 mL X3). The
organic Ia}%ﬁﬁ!&%ﬁ@é‘%nd concentrated. The resulting reS|due was separated by silica gel column

(Hexane/Es)yaceaieyxépyidid-0-4bgeatydasiietin

The title compound was prepared using a procedure similar to the one described for the synthesis

of Intermediate 21, using S-fluoropyridine-2-carbaldehyde and (S)-2-methylpropane-2-
sulfinamide as the starting materials. 'H NMR (300 MHz, CDCl;) & ppm 8.67 (s, 1 H) 8.58 (s, 1
H) 8.06 (dd, J=8.29, 4.52 Hz, 1 H) 7.51 (t, J=7.91 Hz, 1 H) 1.20 - 1.33 (m, 9 H). The product

was used without purification.

Intermediate 34

11-2-methylpropane-2-sulfinamide*

To a solution of (S5)-N-[(5-fluoropyridin-2-yl)methylene]-2-methylpropane-2-sulfinamide
(Intermediate 33, 1.5 g, 6.58 mmol) in CH,Cl, (10 ml) at 45°C was added ethylmagnesium
bromide (1.0 M in MTBE, 6.6 ml, 6.6 mmol) dropwise. The reaction mixture was stirred at —
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for CISH20F11\1704. 1H NMR (300 MHz, CD30D) S ppm 8.50 (s, 1 H) 8.20 (d, 1 H) 7.60 (s, 1 H) 7.45
(s, 1 H) 6.30 (s, 1 H) 5.70 (s, 1 H) 5.45 (m, 1 H), 4.60 (m, 1 H) 3.90 (In, 2 H) 1.30 (d, 6 H).
Intermediat&VE52808188387-1H-nyrazol-3 -am ine The title compound was prBp&eB2¢t§BProcedure
similar to the one described for the synthesis of Intermediate 6, using 3-amino-5-hydroxypyrazole as
the starting material. (400 MHz, CD30D.)1 ppm 4.85 (br s, 3 H), 4.02 (m, 2 H), 1.30 (t, J = 8 Hz, 3 H)
Intermediate 26 6-Chloro-N-(5-ethoxy-1H-pyrazol-3-y1)-3-nitropyridin-2 -amine The title compound
was prepared using a procedure similar to the one described for the synthesis of Intermediate 7, using
Intermedi as, the .starting material. M lectrospray): 284 (M+1) for C10H10C1N50.,
Itormediate o3 (ol S Gt ot TS e S gt Ao el er
oronyridinwas ypethrrastd ristune ofheoiioranh(s catlydiop- Lkl- K33k 34A3-mitOPyriding2vartiine

25, 0,15 o e et nTis () e et T ST e
resulting mpuuse3Web didu@ldivith Ethyi29celaté (20 hill),7ahid-wadhea with Brife(d10-b4X3), ThD

organic la S, dFi trated. ing resi eparated by silica gel column
(11exane/)I(E'efﬁy %£§£§ %gdy%céglig %%IZQ gald??h(g’ rt??lg?(:ﬁo!?rﬁ?gu‘?ﬁe %IS?I %é?;(k:l?r'ospray): 404 (M+1) for

C171118EN?PoaisHennedtadengte that the sulfur has an S configuration.

Intermediate 35

1.5)-1-(5-Fluoropyridin-2-yl)propyl]Jamine
The title compound was prepared using a procedure similar to the one described for the synthesis
of Intermediate 21, using (Ss)-N-[(1S)-1-(5-fluoropyridin-2-yl)propyl]-2-methylpropane-2-
sulfinamide (Intermediate 34) as the starting material. 'H NMR (300 MHz, DMSO-d6) & ppm
8.64 (s, 1 H) 8.59 (s, 2 H) 7.77 - 7.92 (m, 1 H) 7.64 (dd, J=8.29, 4.52 Hz, 1 H) 4.33 (d, J=7.54
Hz, 1 H) 1.72 - 1.97 (m, 2 H) 0.75 (t, J=7.54 Hz, 3 H).

Intermediate 36

A]é- [(15)-1-(5-Fluoropyridin-2-y1)propyl]-N-(5-isopropoxy-1H-pyrazol-3-yl)-3-nitropyridine-

2.6-diamine

A mixture of 6-chloro-N-(5-isopropoxy-1H-pyrazol-3-yl)-3-nitropyridin-2-amine (Intermediate
7, 0.5 g) and [(1S)-1-(5-fluoropyridin-2-yl)propyljamine (Intermediate 35, 0.45 g) in n-BuOH
(10 mL) with diisopropylethylamine (3 mL) was stirred at 70°C for 4 hours. The resulting
mixture was diluted with ethyl acetate (20 mL), and washed with brine (10 mL X3). The organic
layer was dried and concentrated. The resulting residue was separated by silica gel column
(Hexane/Ethyl acetate) to yield 0.45 g of desired product. MS (electrospray): 416 (M+1) for
CioH2FN/O:s.

Intermediate 37

2.4.6-Trichloro-5-nitro-pyrimidine

A solution of S-nitropyrimidine-2,4,6-triol (5 g) in POCl; (30 ml) and 2,6-lutidine (15 ml) was
heated to 90°C for 3 hours. The reaction mixture was allowed to cool to room temperature and

the volatiles were evaporated. Purification by column chromatography (ISCO, EtOAc/hexanes

63



N2-(5-Eth oxy-1H-pyrazol-3-y1)-N(2-111S)-1-(5-fluoropyri rn idin-2 -yl )ethyl 1 -3 -nitropyri di amine A
mixture of 6-chloro-N-(5-ethoxy-1H-pyrazol-3-y0-3-nitropyridin-2-amine (Intermediate 26, 0.35 g) and
[OH -(5-fluoYoRyAPRiEAZ8Syeethyllamine hydrochloride (Intermediate 15, 0. R Y EBH8(9643215 mL)
with diisopropylethylamine (1 nth) was stirred at 70C for 4 hours. The resulting mixture was diluted
with ethyl acetate (20 mL), and washed with brine (10 mL X3). The organic layer was dried and
concentrated. The resulting residue was separated by silica gel column (Hexane/Ethyl acetate) to yield
0.37 g of the title compound. MS (electrospray): 389 (M+1) for Ci6H17FNs03. Intermediate 29

7V2-(5-Eth oxy-1H-n vrazo)-3 -y1)-7\ #a[ i dine-2 6-.diamine A mixture of . . .. )

6-chioroN o TS i o R S LSRRG P g 5102 - 1
(5 - fl uordpfrl i n- 2 -y 1) eth y 1 ] a rn in e hydrochloride (Intermediate 5, 0.20 g) in n-Bu011 (5 mL)
with diisopropylethylamine (1 mL) was stin-ed at 70C for 4 hours. The resulting mixture was diluted
with ethyl acetate (20 mL), and washed with brine (10 nth X3). The organic layer was dried and
concentralB®rmpdiziesisiting residue was separated by silica gel column (Hexane/Ethyl acetate) to yield

0:37 9 of the lesamaOLN M (Rleatiaspim: 388 MsdOrEr TAHFENT 03 . Intermediate 30
2-Chloro-N-(5 - is o prop oxy-1H-6yrazol-3 -y1)-5-nitropyrimid in-4-amine A mixture of )
2.4-dichlord St 6PYRATRINBAEPEIPAF BSi88 5 BIRSLIUI TR AL - DarRmecsritbehEdiRe 3Nt $i) in
acetonitrilgf(Rftdrikavife trieilamiieenmedifitd wasidHtaAIPRM i MP.AlE ftadRows The
resulting mixture was concentrat)e and the resulting residue was separated by silica gel column

(Hexane/ESHTTRSBIAYS) 10 4fbHd 1fdiirgfﬂ4élﬁ%@é(8fnpound. MS (electrospray): 299 (M+1) for
C101112CIN603.

Intermediate 39
3-Chloro-N2-[(15)-1-(5-fluoropyridin-2-yl)ethyl]-N2-(5-isopropoxy- 1 H-pyrazol-3-yl)-5-

nitropyridine-2.6-diamine

A mixture of 5,6-dichloro-N-(5-isopropoxy-1H-pyrazol-3-yl)-3-nitropyridin-2-amine
(Intermediate 38, 0.75 g) and  [(1S)-1-(5-fluoropyridin-2-yl)ethyl]Jamine hydrochloride
(Intermediate 5, 0.50 g) in n-BuOH (20 mL) with diisopropylethylamine (3 mL) was stirred at
70°C for 4 hours. The resulting mixture was diluted with ethyl acetate (20 mL), and washed with
brine (10 mL X3). The organic layer was dried and concentrated. The resulting residue was
separated by silica gel column (Hexane/Ethyl acetate) to yield 1.0 g of desired product. MS
(electrospray): 436 (M+1) for CisHsCIFN;O03. "H NMR (300 MHz, DMSO-dg) 8 ppm 12.0 (br 1
H) 10.8 (br 1 H) 8.60 (s, 1 H) 8.30 (s, 3 H) 7.80 (m, 1 H) 7.40 (m, 1 H) 6.00 (s, 1 H) 5.50 (m, 1
H) 4.50 (m, 1 H) 1.60 (d, 3 H) 1.30 (d, 6 H).

Intermediate 40

2.3,6-Trifluoro-5-nitropvyridine

To a 3-neck, round-bottomed flask was added 2,3,6-trifluoropyridine (25 g, 0.19 mol) followed
by the addition of red fuming nitric acid (210 mL, 4.7 mol). Sulfuric acid (150 mL, 2.8 mol) was
added to this mixture slowly via an addition funnel, maintaining internal temperature below
40°C. The resulting solution was heated to 60°C for 30 minutes and allowed to cool to room
temperature after heating. This solution was then further cooled in an ice-water bath and
inversely quenched into a 2-L Erlenmeyer flask containing a mixture of ice and water (700 mL,

1:1 ratio). The quenched solution was then transferred to a 2-L separatory funnel and partitioned
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Intermediate 31
N2-[(1511-1-(5-Huoropyridin-2-yllethyn-A4-(5-isopropoxy-1H-pyrazol-3-y1)-5-nitropyrimidine2.4-diamin
e Amixture8Y2.eMIBRBY-(5 - is oprop oxy- 1H-pyrazol-3 -y1)-5-n itropyrimP&IHEBAMIESFAtermediate
30, 1.0 g) and[( 1 5)- 1 -(5-fluoropyridin-2-yflethyllamine hydrochloride (Intermediate 5, 0.8 g) in
n-Bu011 (5 nth) with diisopropylethylamine (1 mL) was stirred at 70C for 4 hours. The resulting
mixture was diluted with ethyl acetate (20 mL), and washed with brine (10 mL X3). The organic layer
was dried and concentrated. The resulting residue was separated by silica gel column (11exane/LthyI

acetate) to d 1.0 ound MS (electrospr 403 M+1 rci71

NMR (300 %%)%E%npé S Iﬁ"ég@’ S(%“bfﬁ%b% RO fﬁf)tgoﬂ “esigﬁg ‘%%é)d?s 1 H)
5.20 (m, 1m¢)h4d?@e(whlgrm) ®®D I(rd,B Hljlm m@;@ﬁprgamndem@etev@ze then drled over NaySOy,

2o st Ele MR BRI W i angaeine MR Qv a0 danidine? 4
amine Amixtureof2-chloro-N-(5-isopropoxy-1H-pyrazol-3- 5-nitro yr midin-4-amine (Intérmediate
30, 0.2 g) @AdI(1S)-1-(5- quoropyrlmldln -2-yeethyllamine hydrochlonde (Intermediate 15, 0.15 g) in
n-BuOH (Smbn it gilagproryiatiylamine (1 mL) was stirred at 70C for 4 hours. The resulting mixture
was diluted with ethyl acetate (20 mL), and washed with brine (10 nth X3). The organic layer was dried
and concentrated. The resulting residue was separated by silica gel column (Hexane/Ethyl acetate) to
yield 0.2 gapfetitieegepaund. MS (electrospray): 404 (M+1) for C161118FN903. Intermediate 33
(S)-A-[(5-Fluaropyridin-2-y1)methylene]-2-meth throane-Z-,squmamlde The title compound was

prepared S HUGrS e r i o e i danipen i dia-aiesis of Intermediate 21, using

5- fIuorOpyndlmeozxﬁaﬁbﬁid,ejwﬁfmeo@hﬁrﬂibwmlwmﬁem?edmlnamldegﬁﬁltnma(ruodmtw@s

11-1 NMR H D 1 29 452 1H)7.51
327,91 HE THE S8 B LK LY e oAt OO b o e e s " €

stirred at this temperature overnight. The title compound was collected via ﬁltratlon (780 mg).

LCMS: 377 [M+1].

Intermediate 42

3-Fluoro-N2-[(18)-1-(5-fluoropyrimidin-2-yDethyl]-N®-(5-methyl-1 H-pyrazol-3-y1)-5-

nitropyridine-2.6-diamine

To a solution of 5,6-difluoro-N-(5-methyl-1H-pyrazol-3-yl)-3-nitropyridin-2-amine
(Intermediate 41, 778 mg, 3.06 mmol) in n-BuOH (10 ml) was added the hydrochloride salt of
[(15)-1-(5-fluoropyrimidin-2-yl)ethylJamine hydrochloride (554 mg, 3.06 mmol) and DIPEA
(~1.1 ml). The resulting mixture was heated to 110°C overnight. The resulting mixture was
cooled to room temperature and the solvent was removed under reduced pressure to give a
colored residue. Purification by column chromatography (Biotage, 50%-=>70% EtOAc/hexanes)
afforded the title compound. LCMS: 378 [M+1].

Intermediate 43
6-Chloro-N-(5-methyl-1

The title compound was prepared using a procedure similar to the one described for the synthesis

razol-3-y1)-3-nitropyridin-2-amine

of Intermediate 9, using 2,6-dichloro-3-nitropyridine and S-methyl-1H-pyrazol-3-amine as the
starting materials. LCMS: 254 [M+1].
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Intermediate 34 (Ss)-N- RIS)-1-(5-Fluoronyri din-2-y1 )nrony11-2-methylnronane-2-sulfinami de * To
a solution of (S)-N-[(5-fluoropyridin-2-yl)methylene]-2-methylpropane-2-sulfinamide (Intermediate 33,
1.5 g, 6.58 MWRA3NFIEFBIC11 (10 ml) at -45C was added ethyhnagnesium BioRd280308?4 MTBE,
6.6 nil, 6.6 mmol) dropwise. The reaction mixture was stirred at - 40C for 30 minutes and to it was
added water. The layers were separated and the organic layer was concentrated. Column
chromatography on silica gel (30-50% EtOAc in C112C12) gave the title compound (higher _Won TLC)
as a solid (485 mg, 29%). 111 NMR (300 Mllz, CDCIO ppm 8.39 (d, J=3.01 Hz, 1 H) 7.29 - 7.41 (m, 1
14) 7.21 I7€e4§m]111g21460(d J=7.54 Hz, 1 H) 4.31 (g, J=6.78 Hz, 2 H) 1.22 - 1.27 (s, 9 H) 0.86 (t,

J=754H S mtended to denote that the sulfur has an S conflguratlon Intermedlate 35

5-Fluoro rigSHdikle (FHd ) 2 described
for the synthesis, of Intermedlate 21 usmg
(Ss)-N-[(15)-I-(5-fluoropyridin-2-yepropyl]-2-methylpropanc-2- sulfinamide (Intermediate 34) as the
starting matsrisie BR300 MEPAI OIS dfy St sipdagstorthe)@edessribad Yar, e syndesin, 1 H)
7.64 (dd, 378 J9érrredistel B 4-33ikg, ITASHIEs-Adokdiyfitnidtn O iy Bdhthd S (hydrooftbidide 3 11)-

Intermediate 36
(Intermediate  15) and  6-chloro-N-(5-methyl-1H)-pyrazol-3-yl)-3-nitropyridin-2-amine

(Intermediate 43) as the starting materials. LCMS: 359 [M+1].

Intermediate 45
N-[(18)-1-(5-Fluoropyridin-2-yDethyl]-N?-(5-methyl-1 H-pyrazol-3-yl)-3-nitropyridine-2.6-

diamine

The title compound was prepared using a procedure similar to the one described for the synthesis
of Intermediate 8 using [(1S5)-1-(5-fluoropyridin-2-yl)ethyl]amine hydrochloride (Intermediate
5) and 6-chloro-N-(5-methyl-1H)-pyrazol-3-yl)-3-nitropyridin-2-amine (Intermediate 43) as the
starting materials. LCMS: 358 [M+1].

Intermediate 46

2-Chloro-N-(5-methyl-1H-pyrazol-3-yl)-5-nitropyrimidin-4-amine

The title compound was prepared using a procedure similar to the one described for the synthesis
of Intermediate 30 using 2,6-dichloro-3-nitropyrimidine and 5-methyl-1H-pyrazol-3-amine as
the starting materials. LCMS: 255 [M+1].

Intermediate 47

6-Chloro-N-(5-methvl-1H)-pyrazol-3-y1)-3-nitropyrimidin-2-amine

The title compound was prepared using a procedure similar to the one described for the synthesis
of Intermediate 18, wusing [(1S)-1-(5-fluoropyridin-2-yl)ethyl]amine  hydrochloride
(Intermediate S5) and  6-chloro-N-(5-methyl-1H)-pyrazol-3-yl)-3-nitropyrimidin-2-amine
(Intermediate 46) as the starting materials. LCMS: 359 [M+1].
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[(1.51-1-(5-Fluoropyrid in-2-y11propyMN2-(5-isopropoxy-1H-nyrazol-3-y1)-3-nitronyridine2,6-di am ine
A mixture of 6-chloro-N-(5-i soprop oxy-111-pyrazol -3 -y1)-3 -nitropyri din-2-am in e (Intermediate 7,
0.5 g) and [W9)20085LtI8Popyridin-2-yl)propyllamine (Intermediate 35, 0.45 B¢ HGBREOSIT mL) with
diisopropylethylamine (3 mL) was stirred at 70C for 4 hours. The resulting mixture was diluted with
ethyl acetate (20 mL), and washed with brine (10 mL X3). The organic layer was dried and
concentrated. The resulting residue was separated by silica gel column (Hexane/Ethyl acetate) to yield
0.45 g of desired product. MS (electrospray): 416 (M+1) for C191-121FINT703. Intermediate 37
2,4,6-Tri ch loro-5-nitro-nvrimi dine A solution of 5-nitropyrimidine-2,4,6-triol (5 g) in POC13 (30 ml)
and 2,6-lutidine (15 ml) was heated to 90C for 3 hours. The reaction mixture was allowed to cool to
room temﬁmmgiﬁe volatiles were evaporated. Purification by column chromatography (NCO,

EtOAci.hexger1 PoL; 93r iﬁhgm 546C§g)t5§ Qllgro pyrimidine.

5,6- chhIoT@ﬂNl‘(lS w@m@p&(y@mmrgé@mwap@w%wwmm@e described for the synthesis
of Intermediate 30 using cthyl 2,6-dichloro-5-nitropyrimidine-4-carboxylate and S-methyl-1H-

pyrazol-3-amine as the starting materials. LCMS: 327 [M+1].

Intermediate 49

Ethyl 2-{[(18)-1-(5-fluoropyrimidin-2-yDethyl]Jamino}-6-[(5-methyl-1H-pyrazol-3-yamino]-5-

nitropyrimidine-4-carboxvylate

The title compound was prepared using a procedure similar to the one described for the synthesis
of Intermediate 18 wusing [(1S)-1-(5-fluoropyrimidin-2-yl)ethyl]amine hydrochloride
(Intermediate 15) and ethyl 2-chloro-6-[(5-methyl-1H-pyrazol-3-yl)amino]-5-nitropyrimidine-4-
carboxylate (Intermediate 48) as the starting materials. LCMS: 432 [M+1].

Intermediate 50

2-{[(1.8)-1-(5-Fluoropyrimidin-2-yDethyl]amino} -6-[(5-methyl- 1 H-pyrazol-3-y))amino]-5-

nitropyrimidine-4-carboxvlic acid

To a solution of ethyl 2- {[(15)-1-(5-fluoropyrimidin-2-yl)ethyl]amino} -6-[(5-methyl-1H-pyrazol-
3-yl)amino]-5-nitropyrimidine-4-carboxylate (Intermediate 49, 2 mmol) in THF/MeOH (1:1
v/v, 10 ml) was added LiOH (0.42 g) in H,O (1 ml) and the resulting mixture was stirred at
ambient temperature overnight. The volatiles were evaporated under reduced pressure and the
solid left was diluted with H20. The aqueous layer was acidified with 1N HCI (aq) solution and
extracted with EtOAc (3x). The combined organic layers were dried and evaporation gave the

title compound (406 mg), used in the next step without further purification. LCMS: 402 [M-1].

Intermediate 51
N-[(18)-1-(5-Fluoropyrimidin-2-yl)ethyl]-N*-(5-methyl-1 H-pyrazol-3-y1)-6-(morpholin-4-

ylcarbonyl)-5-nitropyrimidine-2.4-diamine

To a solution of 2-{[(15)-1-(5-fluoropyrimidin-2-yl)ethyl]amino}-6-[(5-methyl-1H-pyrazol-3-
yl)amino]-5-nitropyrimidine-4-carboxylic acid (Intermediate 50, 406 mg, ~Immol), in DMF (5
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The title compound was prepared using a procedure similar to the one described for the synthesis of
Intermediate 7, using Intermediate 6 and Intermediate 7 as the starting materials. MS (el ectrospray):
333 (M+1) NS ESE2R503. Intermediate 39 3-Chloro-7V2-1( 1 PCT/GB2008/050321
.9)-1-(5-fluoropvridin-2-vflethyll-M-(5-isopropox y-1ff-pyrazol-3- v1)-5- nitropyridine-2,6-di arn ine
Amixtureof5.6-d chloro-N-(5-isopropoxy-1H-pyrazol-3-y1)-3-nitropyridin-2-amine (Intermediate 38,
0.75 g) and [(18)-1-(5-fluoropyridin-2-yl)ethyllamine hydrochloride (Intermediate 5, 0.50 g) in n-BuOH
(20 mL) with diisopropylethylamine (3 mL) was stirred at 70C for 4 hours. The resulting mixture was
diluted with ethyl acetat L), and was ith arine (10 nth X3), The organic layer was dried and
concentra{rélg.‘ﬁyrg rﬁ% ir%ﬁr)eﬁgsl‘d&gl)r'vléljafsr‘,l ’e%folgg\?gc?%% sﬂ?é 3% cofu hr? tﬁei‘g@E@% %{c%?gile ?o yield
1.0 g of desinpergroduthc MSulelermosprayyast 3on@dd-o1pfoigD1 8he I O@HENTOBilatediVIR (300 dvidHz,
DMSO-C’%%Q@HA&?&A%&@ }a§6§r R A3 8P a&ﬁtﬁé@Af‘c?%é’c%&aiMaBQr%ahi& Pa%&%-%&’e&”’ 1
11) 6.00 (s, 1 11) 5.50 (in, 1 H) 4.50 (m, 1 H) 1.60 (d, 3 H) 1.30 (d, 6 H). Intermediate 4(
2.3,6-Trif i BL D pyidireturg e Alpdelor G dbeiiTmédetzsid wepanded of 3he-Halridespydaine (25
g,0.19 m@%&%@Wﬁ@@Mr@gﬁde%fafré&dr&mﬁrég RGO A0 LLilinth 7RO RYIAHIS aG8TO,

(15011th, 2.8 mol) was added to this mixture slowly via an addition funnel, maintaining internal
temperatut8 peldirabtO Ankersast sg sdhnibheradpremg d-oMdct 8B Hinutes and allowed to cool
to room temperature after heating. This solution was then further cooled in an ice-water bath and
inversely quenched intg a 2-L Erlenmeyer flask containing a mixture of ice and water (700 nth, 1:1
ratio). Thiﬁ@éﬂ@%@ution was then transferred to a 2-L separatory funnel and partitioned with
hexanes (8@ wto}NFTeraehigio US-iaperoliadsydlbsaaueviticivds e With hrexaies (G0didihg-aud
methylenedlc%orgiGde (600 mL). The combined organic layers were then dried over Na2S04, filtered,
and concentrated to provide the title compound as a light yellow liquid (19.2 g. 57% vyield).

To a solution of 2,4,6-trichloro-5-nitro pyrimidine (Intermediate 37, 1g, 4.4 mmol) in EtOH at -

50°C were added 5-methyl-1H-pyrazol-3-amine (255 mg) and DIPEA (1.6 ml) drop-wise. The

resulting mixture was stirred at this temperature for 5 minutes whereupon 4-amino pyran (300
mg) was added. The resulting mixture was allowed to warm to ambient temperature for 4 hours.
The mixture was diluted with H,O and EtOAc and the aqueous layer was extracted with EtOAc.
The combined organic layers were washed with brine, saturated NaHCO; (aq) solution, dried and
evaporation of the volatiles under reduced pressure gave a colored residue. Purification by Gilson

(MeCN/H,0, 5%=295%, 15 minutes) gave the title compound (120 mg). LCMS: 354 [M+1].

Intermediate 53

ﬂg- [(1S)-1-(5-Fluoropyridin-2-yl)ethyl]-N*-(5-methyl- 1 H-pyrazol-3-y1)-5-nitro-N-(tetrahydro-

2H-pyran-4-yDpyrimidine-2.4,6-triamine

The title compound was prepared using a procedure similar to the one described for the synthesis
of Intermediate 18 using [(1S)-1-(5-fluoropyridin-2-yl)ethyllJamine  hydrochloride
(Intermediate 5) and 2-chloro-N-(5-methyl-1H-pyrazol-3-yl)-5-nitro-N'-(tetrahydro-2 H-pyran-4-
yl)pyrimidine-4,6-diamine (Intermediate 52) as the starting materials. LCMS: 458 [M+1].

Intermediate 54

2-Chloro-6-methoxy-N-(5-methyl-1 H-pyrazol-3-yI)-5-nitropyrimidin-4-amine

The title compound was prepared using a procedure similar to the one described for the synthesis

of Intermediate 18 using 2,4,6-trichloro-5-nitropyrimidine (Intermediate 37), 5-methyl-1H-
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1H NMR (CDC13) 1 1 8.74 (s, 1 H). Intermediate 41
5,6-Difluoro-N-(5-methyl-1H-pyrazol-3-v1)-3-nitropyridin-2-am ine To a solution of
2,3,6-trifluorY S 2498d85dine (Intermediate 40, 1.0 g) in EtOH ( 20ml) at 0C RGALCAFHEH050321
5-methyl-1H-pyrazol-3-amine (550mg) and DIPEA (2m1). The resulting mixture was stirred at this
temperature overnight. The title compound was collected via filtration (780 mg). LCMS: 377 [M+1].
Intermediate 42 3-Fluoro-N2-1113)-1-(5-fluoronvrim din-2-yllethyll-gj-(5-methyl-1H-pyrazol-3-y1)-5-
nitropyridine-2.6-diamine

Toasolutionof5.6-difluoro-N-(5-methyl \raz 70 3-ni termediate 41, 778
mg, 3.06 rI?ernaZIS)?rr%JI nnf\'?)l?ﬁl ?%lm Was a (?I} é‘%“ﬁr[ongie Sc’:l(]]-: $\r%‘ge[mﬂ
[(1S)-1-(5-fluoropyrimidin-2-ypethyllamine hydrochlorrde (554 mg, 3.06 mot) and DIPEA (-1.1 ml). The
resulting mxbeAatengated to 110C overnight. The resulting mixture was cooled to room

Jre ana u

temperat ent was removed under reduced pressure to grve a colored residue.
Purificatio bht lcotlrbhiduesenytahp ¢iyidtamec i 1Ee qadazylz¥fsked the title
compoungy %{&[Wg]allmeermedlate 43 6 ChI oro- Ar (5-m ethyl -1H)-pyrazol-3-y1)-3-n itropyri

din-2-am ine The tide compound was prepared us g a procedure similar to the one described for the

synthesis SRStHFRRURABNG, WiigeRasediBpiF - BIATE Oy ridimé aintes orayicabrpipa fn-sthetie as
the startingfmalgtiaimedtald S: 294 [Mirld-  [(1.5)-1-(5-fluoropyridin-2-yl)ethylJamine  hydrochloride

(Intermediate S5) and 2-chloro-6-methoxy-N-(5-methyl-1H-pyrazol-3-yl)-5-nitropyrimidin-4-
amine (Intermediate 54) as the starting materials. LCMS: 389 [M+1].

Intermediate 56

4.6-Dichloro-2-(methylthio)-5-nitropyrimidine

To 50 ml of absolute EtOH was added Na metal (1g) in small portions and the resulting mixture
was stirred for 10 minutes after the addition of Na had finished. Thiourea (1.6 g) and diethyl
nitromalonate (2.0 g) were added, whereupon a yellow suspension was observed. This suspension
was heated to reflux for 3 hours and subsequently was allowed to cool to ambient temperature.
The mixture was acidified with caution to pH~2 with SN HCI (aq) whereupon a precipitate was
observed. The precipitate was collected by filtration, washed with EtOH, H,O and dried
overnight in a vacuum oven. The solid (2.15 g) was dissolved in a solution of 2.5N NaOH (16
ml) and the resulting mixture was stirred for 20 minutes at ambient temperature. Methyl iodide
(1.6 g) was added drop-wise via a syringe and a colored suspension was observed upon
completion of the addition. The mixture was acidified with glacial AcOH, and the derived
precipitate was collected via filtration, washed with H,O and dried in a vacuum oven overnight
(1.2 g). The solid (1.2 g) was added slowly to a mixture of POCI; (30 ml) and 2,6-lutidine (15
ml) and the resulting mixture was heated to 80°C for 1 hour. The reaction mixture was allowed to
cool to room temperature and the volatiles were evaporated. Purification by column

chromatography (EtOAc/hexanes 1:10) provided the title compound (1.0 g). LCMS: 240 [M+1].
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Intermediate 44 N(2- [(1.5)-1-(5-Huoropyrimidin-2-yflethylpA/11-(5-methyl- IH-pyrazol-3
-y1)-3-nitropyridine-2 .6- diamine The tide compound was prepared using a procedure similar to the
one describBPfRHBERTthesis of Intermediate 8 using [(1S)-1-(5-fl uoropyRfT/&B290%§9883A | amine
hydrochloride (Intermediate 15) and 6-chloro-N-(5-methyl -1 H)-pyrazol-3 -y1)-3 -nitropyri din-2-am ine
(Intermediate 43) as the starting materials. LCMS: 359 [M+1]. Intermediate 45
1(1S)-1-(5-Fluoropyridin-2-yl)ethyll -N2-(5-methy1-1H-pyrazol-3 -y1)-3-nitropyridine-2,6- di amine The
tide compound was prepared using a procedure similar to the one described for the synthesis of
Intermediate 8 using [(15)-1-(5-fluoropyridin-2-ypethyllamine hydrochloride (Intermediate 5) and
6-chloro-N-(5-methyl-1H)-pyrazol-3-34)-3-nitropyridin-2-amine (Intermediate 43) as the starting
materials. IEMMH] Intermediate 46 2-Chloro-N-(5-methy1-1H-Dwazol-3

-y1)-5-nitr %ag_ BNG:R ﬁ%ﬂHﬁ%Sé%@J to the one
describedT0 cﬁloro-%-nltrop%islmld|ne and

5-methyl-11i9-pysalEbios- aﬁﬁr@%lglﬂ@éos%aﬁm@yﬂﬁte}ré@tmmsn@ss [Nmteropgelinteedat8287me) in
THF at 0°C were added 5-methyl-1H-pyrazol-3-amine (350 mg) and DIPEA (1.6 ml) drop-wise.

The resulting mixture was stirred at this temperature for 3 hours whereupon morpholine (1 ml)
was added. The resulting mixture was allowed to warm to ambient temperature over 10 hours.
The mixture was diluted with H,O and EtOAc and the aqueous layer was extracted with EtOAc.
The combined organic layers were washed with brine, saturated NaHCO; (aq) solution, dried and
evaporation of the volatiles under reduced pressure gave a colored residue. Purification by
column chromatography (50% EtOAc/hexanes) gave the title compound (820 mg). LCMS: 352
[M+1].

Intermediate 58

N2-[(18)-1-(5-Fluoropyridin-2-ylethyl]-A*-(5-methyl-1 H-pyrazol-3-yl)-6-morpholin-4-yl-5-

nitropyrimidine-2.4-diamine

To a solution of  N-(5-methyl-1H-pyrazol-3-yl)-2-(methylthio)-6-morpholin-4-yl-5-
nitropyrimidin-4-amine (Intermediate 57, 118 mg) in MeOH (2 ml) and DCM (2 ml) were
added Oxone® (302 mg) and NaHCOs (56 mg) and the resulting mixture was stirred at ambient
temperature for 16 hours. [(1S5)-1-(5-fluoropyridin-2-yl)ethyl]amine (Intermediate 8, 250 mg) and
DIPEA (3 ml) were added and the resulting mixture was stirred at ambient temperature for 3
hours. The mixture was diluted with H,O and EtOAc and the aqueous layer was extracted with
EtOAc (4x). The combined organic layers were washed with brine, saturated NaHCO; (aq)
solution, dried and evaporation of the volatiles under reduced pressure gave a colored residue.
Purification by column chromatography (60% EtOAc/hexanes) gave the title compound (220
mg). LCMS: 444 [M+1].

Intermediate 59

NA-(5-Ethoxy-1H-pyrazol-3-y1)-N8-[(1S)-1-(5-fluoropyridin-2-yl)propyl]-3-nitropyridine-2,6-

diamine

The title compound was prepared using a procedure similar to the one described for the synthesis
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6-Chloro-N-(5-methyl-1M-pyrazol-3-y11-3-nitropyrimidin-2-amine The title compound was prepared
using a procedure similar to the one described for the synthesis of Intermediate18.
using[(15)-1W9-HSbIY#RIin-2-yeethyl] aminehydrochloride (Intermediate 5¥4ndGB2008/050321
6-chloro-N-(5-methyl-1H)-pyrazol-3-370-3-nitropyrimidin-2-amine (Intermediate 46) as the starting
materials. LCMS: 359 [M+1]. Intermediate 48 Ethyl 2-chloro-6-[(5-methy1-1H-pyrazol-3-yl)amino]
-5-nitropyrimidine-4-carboxylate The tide compound was prepared using a procedure similar to the
one described for the synthesis of Intermediate 30 using ethyl

2t RN <A N S o e s A
-6-1(5-methytetmedjate A63-yhdniths)- 15Critropyrimiing-vhpasbphtyieitee (Intermediate 35) as the
starting materials. LCMS: 402 [M+1]. '"H NMR (400 MHz, DMSO-d6) & 12.00 (s, 1H), 11.00(s,
1H), 8.80 (s, 1H), 8.50 (s, 1H), 8.10 (d, 1H), 7.60 (m, 1H), 7.20 (m, 1H), 6.30 (m, 1H), 5.80(s,
1H), 5.00 (m, 1H), 4.10 (g, 2H), 2.00 (m, 2H), 1.40 (d, 3H), 1.10 (t, 3 H).

Intermediate 60

Ethyl 2-{[(1.8)-1-(5-fluoropyridin-2-yl)ethyl]amino}-6-[(5-methyl-1 H-pyrazol-3-yamino]-5-

nitropyrimidine-4-carboxvlate

The title compound was prepared using a procedure analogous to the one described for
Intermediate 29, using [(1S5)-1-(5-fluoropyridin-2-yl)ethyl]amine hydrochloride (Intermediate
5) and ethyl 2-chloro-6-[(5-methyl-1H-pyrazol-3-yl)amino]-5-nitropyrimidine-4-carboxylate
(Intermediate 48) as the starting materials. LCMS: 431 [M+1].

Example 1
N-[(LS)-1-(5-fluoropvridin-2-vDethyl]-3-(5-isopropoxv-1 H-pvrazol-3-vyl)-3 H-imidazo[4.5-

N==\
N~ N,
| N NH
@ =
o~
HN

blpyridin-5-amine

N°-[(18)-1-(5-fluoropyridin-2-yl)ethyl]-N*-(5-isopropoxy-1 H-pyrazol-3-yl)-3-nitropyridine-2,6-

diamine (Intermediate 8, 0.5 g) was dissolved into ethanol (20 mL) with Pd-C (60 mg) and a
hydrogen inlet. The mixture was stirred at room temperature until no starting material was
detected with TLC or LCMS. Formamidine acetate (0.5 g) was added to the filtrate after the
filtration of resulting mixture. The mixture was stirred at 85°C for 4 hours. Ethyl acetate (40 mL)
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The tide compound was prepared using a procedure similar to the one described for the synthesis of
Intermediate 18 using [(1.5)- | 4541 uoropyrim i din-2-yflethyl ] amine hydrochloride (Intermediate 15)
and ethyl 2-B{dFWB1ET hethy1-1H-pyrazol-3-y1)amino]-5-nitropyrimidine- LAY g H ermediate
48) as the starting materials. LCMS: 432 [M+1]. Intermediate 50 2- V 1 -1-(5-Fluoro rimiclin-2- 1 eth
1-6- 5-meth 1-1H-azol-3- 1 amino -5- nitronyrimidine-4-carboxylic acid To a solution of ethyl 2-1
[(15)-1-(5-fluoropyrimidin-2-ypethyl]lamino}-6-[(5-methy1-1H-pyrazol3-y1l)amino]-5-nitropyrimidine-4-ca
rboxylate (Intermediate 49, 2 mmol) in THF/Me011 (1:1 viv, 10 ml) was added LiOH (0.42 g) in t20 (1
me and the resulting mixture was stirred at ambpient temp. e overnight. The vplatiles were
evaporatol s AF QAR fra e S TR vl 1 e B
acidified witle D1l {per) wadutionl and extraotededithbe tG:Ad {88 rcFldecwiatbinpd aeddnicilagegsiwere
dried and rati j ) i ts [ e
puriication, LEMG: J05 TNEL] IeomiCotain Gy (AP P TR ARS8 A 52
N2-[(151)ME-Hao faphlimain- 2-Ji MRy (320 NE1m &Ry Soppar 8 1By 1L HD- §3Sr{sh oI} 47§ 1d,
carbonyl) [ im igl Ardi ing (I ly{on, o )k - é)o rignigi thyl ]
aming - e e S oy e g S (e aeite
50, 406 mi)--1mmol), in DMF (5 ml) were added D1PEA (-0.3 ml), HATU (456 mg) and morpholine
(0.130 ml) at ambient temperature. The resulting mixture was stirred overnight. The mixture was
diluted with 1EO and EtOAc and the aqueous layer was extracted with EtOAc. The combined organic
layers wereXmBIe2 with brine, saturated NaHCO3 (aq) solution, dried and evaporation of the volatiles

under redgqedRiasHHIE BAMEPR Gl IFesitus) Punitatiop Ry roiuum ek IparaiagmphM (LSCO,
50%470% EtOAc/hexanes) gave the title compound. LCMS: 473 [M+1]. Intermediate 52

2-Chloro- L =tr=pyrazol-3-v1)-5-nitro-N-(tetrahydro-2H-pyran-4-y1)pyrim d ne-4,6- diamine
N=\
N~ =N,
| AN NH
~N
HN
N
“~ I
F

N*-(5-cyclopropyl-1 H-pyrazol-3-yl)-N°-[(18)-1-(5-fluoropyridin-2-yl)ethyl]-3-nitropyridine-2,6-
diamine (Intermediate 10, 0.4 g) was dissolved into ethanol (20 mL) with Pd-C (60 mg) and a
hydrogen inlet. The mixture was stirred at room temperature until no starting material was
detected with TLC or LCMS. Formamidine acetate (0.5 g) was added to the filtrate after the
filtration of resulting mixture. The mixture was stirred at 95°C for 4 hours. Ethyl acetate (40 mL)
was added into the resulting mixture, and brine (10 mL x 3) was used to wash the organic layer.
The organic layer was dried and concentrated. The resulting residue was separated by silica gel
column (Ethyl acetate/ MeOH) to afford 0.16 g of the title compound. MS (electrospray): 364
(M+1) for C1oH;gFN;. 'H NMR (300 MHz, CD;0D) & ppm 8.45 (s, 1 H) 8.30 (s, 1 H) 7.70 (d, 1
H) 7.50 (d, 1 H) 6.70 (d, 1 H) 6.20 (s, 1 H) 5.10 (dd, 1 H) 2.00 (m, 1 H) 1.55 (d, 3 H) 1.00 (m, 2
H) 0.80 (m, 2 H).
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To a solution of 2,4,6-trichloro-5-nitro pyrimidine (Intermediate 37, Ig, 4.4 mrnol) in EtOH at - 50C were
added 5-methyl-1H-pyrazol-3-amine (255 mg) and D1PEA (1.6 me drop-wise. The resulting mixture
was stirred ¥ @RLRYEPature for 5 minutes whereupon 4-amino pyran (30BGREBAASAMPRY. The
resulting mixture was allowed to warm to ambient temperature for 4 hours. The mixture was diluted
with HnO and EtOAc and the aqueous layer was extracted with EtOAc. The combined organic layers
were washed with brine, saturated Nal1CO3 (aq) solution, dried and evaporation of the volatiles under
reduced pressure gave a colored residue. Purification by Gilson (MeCN/1120, 5%495%, 15 minutes)

gave the tEIe com gund (120 mg). LCMS: 354 [M+1]. Intermediate 53 N2-1( 151)-1
-(5-Fluo onvrrgi"n)fé)fyl)ethyll -1V- 445 methyl 1H pyrazol 3
A acrp 1 H | l

using a pr%;gg{dg §'Q?Hﬁf to the one descrlbed for the synthe5|s of Intermedlate 18 usmg
[(1S)-1-(5-fluoropyridin-Z-yeethyllamine hydrochloride (Intermediate 5) and

2-chloro-N-(5-methy1-1H-pyrazol-3-y1)-5-nitrdN&P\(tetrahydro-2H-pyran-4- yl)pyrimidine-4,6-diamine

Intermediate 54 2-Chl oro-6-m ethox
'n the tide compound was prepared using

2,4,6-trichloro-5-nitropyrimidine (Intermediate B7), 5-methyl§3d- pyrazol-3-amine and sodium
methoxide as the starting materials. LCMS: EIBiﬁ\AAl]. Intekmediate 55

N °N

Y
F

N*-(5-cyclopropyl-1 H-pyrazol-3-yl)-N°-[(1S)-1-(5-fluoropyrimidin-2-yl)ethyl]-3-nitropyridine-
2,6-diamine (Intermediate 16, 0.45 g) was dissolved into ethanol (20 mL) with Pd-C (60 mg)
and a hydrogen inlet. The mixture was stirred at room temperature until no starting material was
detected with TLC or LCMS. Formylamidine acetate (0.5 g) was added to the filtrate after the
filtration of resulting mixture. The mixture was stirred at 95°C for 4 hours. Ethyl acetate (40 mL)
was added into the resulting mixture, and brine (10 mL X3) was used to wash the organic layer.
The organic layer was dried and concentrated. The resulting residue was separated by silica gel
column (Ethyl acetate/ MeOH) to afford 0.08 g of the title compound. MS (electrospray): 365
(M+1) for C;gH;7FNg. 'H NMR (300 MHz, CD;0D) & ppm 8.70 (s, 2 H) 8.30 (s, 1 H) 7.70 (d, 1
H) 6.70 (d,1 H) 6.50 (s, 1 H) 5.30 (dd, 1 H) 2.00 (m, 1 H) 1.60 (d, 3 H) 1.10 (m, 2 H) 0.90 (m, 2
H).
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7V2-1(1,5)-1 -(5-Fluoropyridin-2-yflethy11-6-rn ethoxy-70-(5 -methyl -1 fl-pyrazol-3-y1)-5-
nitropyrimidine-2 4-diamine The tide compound was prepared using a procedure similar to the one
described fOVh¥eY/MAESis of Intermediate 18 using [(1S)-1-(5-fluoropyri diRCHfeRiMA0aMH e
hydrochloride (Intermediate 5) and
2-chloro-6-methoxy-N-(5-methy1-1H-pyrazol-3-y1)-5-nitropyrimidin-4- amine (Intermediate 54) as the
starting materials. LCMS: 389 [M+1]. Intermediate 56 4,6-Di chloro-2-(methylthio)-5-nitronvrim idine To
50 ml of absolute EtOH was added Na metal (1g) in small portions and the resulting mixture was
stirred foréo rrlnlutgs after the addition of Na had finished. Thiourea (1.6 g) and diethyl nitromalonate
(2.0g)w e're—olt'ged' Whereupon a yeIIow suspensron Was observed ThIS suspensron was heated to
reflux for 3 gyl et ., 0 : ity ] i
acidified with cautlon to pH-2 wrth 5N HCl (aq}\l eupon a precrprtate was observed The precipitate
was collected by filtration, washed with EtOH, 120 qpd drigd overnight in a vacuum oven. The solid
(2.15 g) was dissolved in a solution of 2.5N 16
minutes at ambient temperature. Methyl iodide (1,6 9)
colored suspension was observed upon compigtion of the addition. The mixture was acidified with
glacial AcOH, and the derived precipitate wagpgollegted via ffiltration, washed with H20 and dried in a
) }z

vacuum oven overnight (1.2 g). The solid (1.2 g) fvas added slowly to a mixture of POC11 (30 ml) and
2,6-lutidine (15 ml) and the resulting mixture w eated to 80C for 1 hour. The reaction mixture was
allowed to cool to room temperature and the vplatilgs were evaporated. Purification by column
chromatography (EtOAc/hexanes 1:10) provid titte compound (1.0 g). LCMS: 240 [M+1].
Intermediate 57 N-(5 -Methyl-1H-pyrazol-3-y11 -2-(methylthio)-6-morpholin-4 -y1-5-nitropyrimid
in-4-amine To a solution of 4,6-dichloro-2- (meth{/:lthro) 5-nitropyrimidine (Intermediate 56, 820 mg) in

THE at 0%@5@%@@%#}%&%1@5@?@)@(@D%S(Mr@}ﬂ)rﬁﬁlﬁ@ipy@étﬁﬂzlﬁsm) drop-wise. The

resulting mixture was stirred at this temperature for 3 hours whereupon morpholine (1 ml) was added.

The resulﬁ%ﬁoﬂ?ﬁ% dingas tfminc Vs edias At r%}%érﬁb&/rast&red\rsﬁ P hehroTie mikdurdtvas
diluted withd1€120 an ﬁi@é\h}&ﬂdgﬁ}ﬂﬂﬁuﬂi&&ﬂﬁy&fﬂm euﬁatwdmﬁ%&ﬁ@&mﬁberﬁﬂmbmad@ggamc

layers were was ed w ed Iutron dri d eva |on 0 olatiles
Iilwas Aetec{eg LIH% %ugcg %?ca ion by cotﬁrfrqjsa 5%67 e

under red{Jé&¢ pressure gave "2 Colored Tesi roma ograp
EtOAcihexstwsheg diteathvm mﬂeesompg)unxh(ﬁﬂd mghixt@ Sa88a{dd-el PItticimé diates S8hyl acetate

N2 4151 goroRY Ry A SGIR R RI ) Ra RO BB e e
organic layer. The organic layer was dried and concentrated. The resulting residue was separated
by silica gel column (Ethyl acetate/ MeOH) to afford 0.013 g of the title compound. MS
(electrospray): 366 (M+1) for C7H7EN,. 'H NMR (300 MHz, CD;OD) & ppm 8.70 (s, 2 H)
8.65 (s, 1 H) 8.40 (s, 1 H) 6.40 (d,1 H) 5.30 (dd, 1 H) 2.00 (m, 1 H) 1.65 (d, 3 H) 1.10 (m, 2 H)
0.90 (m, 2 H).

Example 5
9-(5-Cyclopropyl-1H-pyrazol-3-yD)-N-[(1.5)-1-(5-fluoropyridin-2-yl)ethyl]-9H-purin-2-amine

N/N
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ToasolutionofN-(5-methyl-1H-pyrazol-3-371)-2-(methylthio)-6-morpholin-4-y1-5-
nitropyrimidin-4-amine (Intermediate 57, 118 mg) in Me011 (2 me and DCM (2 ml) were added
Oxone0 (30Y thfP&AESRAHCO3 (56 mg) and the resulting mixture was stirr88 HEZHEER M perature
for 16 hours. [(1S)-1-(5-fluoropyridin-2-yl)ethyllamine (Intermediate 8,250 mg) and D1PEA (3 ml) were
added and the resulting mixture was stirred at ambient temperature for 3 hours. The mixture was
diluted with 1120 and EtOAc and the aqueous layer was extracted with EtOAc (4x). The combined
organic layers were washed with brine, saturated NallCO3 (aq) solution, dried and evaporation of the

volatiles u red ced ure Purlflc hromatography

Bt Pl e e e
-(5- pyr Y i ia mine

e ute COMIHAHINGRRIGPAHESING A Rrasedy(e SIALIMG TG APRG TS PLIEAYTesss o

Intermediate 2 6-chloro-N-(5-ethoxy-1H-pyrazol-3-y1)-3-nitropyridin-2-amine (Intermediate 26)
and [(1S)-detsRdorspyridineplyeltodytanainelna et (Qie 25y wsatiedtaadiaiesiss heMS: 402

[M+1]. 1HAWMBR (OO MDD rndig AR Fad Hikr dilaPOSSc 1AL 18,8 (Bidd R eBreQuE it 1),
8.10 (d, 1H), 7. 60ém 114),77.20 Om 114), 6.30 (in, 11-1), 5.80(5, 114), 5.00 (m, 114), 4.10 (q, 214),

2.00 (m, 2129 29de {%rosthq;ewlmﬂr@m ﬂﬁlféh%ﬂ(é?er@b%%hws vqem\fias Ohi SRS EANED -y ) ethy

amino} 6M&P@@ﬁkﬁ/la%kwm&w%ﬁmhﬁemmmwgﬁumgeeé&@rmﬁ@ﬁiaeumm@aound
was prepared USIQ# a proce re analog &s to ther%? ﬁﬁscrlbed for Interme iate 29, USSIn965

[(18)-1-(5-FRIBPbYrid 2578 %%ﬂwté?ﬁ ara s BHA GORRRE Y MetfigFtrospray
2-chloro- 6(-1{J([5-1mﬁihﬂgﬁHmtammﬁk‘l@m:[ﬁ-f@!lD@Q]D‘)FBIﬁ;ﬂﬂ@%?@dﬁb@m&gi|@§QFM)98|.I5(DQs48) as the

starting magerials, LGS 48 TMi i EX8 RS ) 2.00 (m. 1 1) 1.65 (. 3 H) 1.10 (m, 2 H) 0.90 (mn, 2

H).

Example 6
N-[(LS)-1-(5-Fluoropyrimidin-2-yl)ethvl]-3-(5-isopropoxy-1H-pyrazol-3-y)-3 H-imidazo[4.5-

b]pyridin-5-amine

N/N

Y

F

N°-[(18)-1-(5-fluoropyrimidin-2-yl)ethyl]-N*-(5-isopropoxy- 1 H-pyrazol-3-yl)-3-nitropyridine-

2,6-diamine (Intermediate 20, 0.5 g) was dissolved into ethanol (20 mL) with Pd-C (60 mg) and
a hydrogen inlet. The mixture was stirred at room temperature until no starting material was
detected with TLC or LCMS. Formamidine acetate (0.5 g) was added to the filtrate after the
filtration of resulting mixture. The mixture was stirred at 85°C for 4 hours. Ethyl acetate (40 mL)
was added into the resulting mixture, and brine (10 mL X3) was used to wash the organic layer.
The organic layer was dried and concentrated. The resulting residue was separated by silica gel

column (Ethyl acetate/ MeOH) to afford 0.29 g of the title compound. MS (electrospray): 383
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IV-111S)- 1 -(5-fluoro pYrid in-2-YllethY11-3-(5-isopro poxy- 1H- pyrazol-3-y11-3H-imid bl pyridin-5
-amine N6- R1S)-1-(5-fluoropyri din-2-ypethylkN2-(5 -isopropoxy-111-pyrazol-3 -y1)-3-nitropyri
dine-2,6- didH8MHasr¥ediate 8, 0.5 g) was dissolved into ethanol (20 rnLy it B2408/0#82hg) and a
hydrogen inlet. The mixture was stirred at room temperature until no starting material was detected
with TLC or LCMS. Formamidine acetate (0.5 g) was added to the filtrate after the filtration of resulting
mixture. The mixture was stirred at 85C for 4 hours. Ethyl acetate (40 mL) was added into the
resulting mixture, and brine (10 mL X3) was used to wash the organic layer. The organic layer was

Mico11) 10 G0 25 5 8 MO cul CMBALINIG CIERIBLAAD) Se3 (w1 or Ao 1R 111

NMR (3001 Wﬁ,wmﬂﬂifﬁﬁm@&‘ﬂﬁ) (533(1(131) 18EB54 (80 ﬂniLJI)H)ﬂ556txdl37P5)01(35 1d16)5.70 (d,1 14) 6.00
(s,114)5.10(m, 1 14)4.50 (m, 1 11)1.55 (d, 3 11)1.35 (d, 6 H). Example 2
3-(5-Cycloprom1-1H-Dvrazol-3-v1)-N- 1S1-1-(5-fluoropyridin-2-vfiethvfl -3H-imidazol4,5-
bbyridin-5Examimple 7VV2-(5-cycl opropyl - 111 pyrazol -3 -y1)-N6- [(15)- 1 -(5-fluoropyri din -2-yl)ethyl

-3-nitropyri Int g!i‘ %i Qt Pd-C
(60 mg) a a29 grﬁrgglr?l D2 IXTure was mg%!rl:w% ra%i %%H}Pgn %gje?r I éwr;nﬁé erial

was detecieﬂlﬂmhlﬂsdlﬁm.CMS Formamidine acetate (0.5 g) was added to the filtrate after the
filtration of resulting mixture. The mixture wag-stirred at 95C for 4 hours. Ethyl acetate (40 mL) was
added into the resulting mixture, and brine (10 sed to wash the organic layer. The
organic layer was dried and concentrateg: g 1 sulljgtvas separated by silica gel column

(Ethyl acetate/ MeOH) to afford 0.16 g of (electrospray): 364 (M+1) for

C191118FN7. 1111NMR (300 MT-1z, CO 5 ppm 8.457s, 1\.4) 8.30 (s, 1 14) 7.70 (d, 1 11) 7.50
(d, 111)6.70 (d, 1 11) 6.20 (s, 1 11) 5.10,4d, 1 11) 2.00 (m, 1 11) 1.55 (d, 3 11) 1.00 (in, 2 11) 0.80
(m, 2 11). Example 3

pyrldln -5-amine

(2R)-2-(5-fluoropyridin-2-yl)-2-({6-[(5-isopropoxy-1 H-pyrazol-3-yl)amino]-5-nitropyridin-2-
yl}amino)ethanol (Intermediate 24, 0.45 g) was dissolved into ethanol (20 mL) with Pd-C (90
mg) and a hydrogen inlet. The mixture was stirred at room temperature until no starting material
was detected with TLC or LCMS. Formamidine acetate (0.5 g) was added to the filtrate after the
filtration of resulting mixture. The mixture was stirred at 85°C for 4 hours. Ethyl acetate (40 mL)
was added into the resulting mixture, and brine (10 mL X3) was used to wash the organic layer.
The organic layer was dried and concentrated. The resulting residue was separated by a silica gel
column (Ethyl acetate/ MeOH) to afford 0.075 g of the title compound. MS (electrospray): 398
(M+1) for C19H0FN;0,. "H NMR (300 MHz, CD;0D) & ppm 8.50 (d, 1 H) 8.30 (s, 1 H) 7.80 (d,
1 H)7.50 (dd, 1 H) 6.70 (d, 1 H) 6.05 (s, 1 H) 5.20 (m, 1 H) 4.65 (m, 1 H) 4.00 (m, 2 H), 1.55 -
1.35 (m, 6 H).
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1V2-(5-cyclopropyl-1H-pyrazol-3-371)-N6-[(15)-1-(5-fluoropyrimidin-2-y1) ethyl]
-3-nitropyridine2,6-diamine (Intermediate 16, 0.45 g) was dissolved into ethanol (20 mL) with Pd-C (60
mg) and a WYQ3YBAREE The mixture was stirred at room temperature unt® Qb SERNEYIRRErial was
detected with TLC or LCMS. Formylamidine acetate (0.5 g) was added to the filtrate after the filtration
of resulting mixture. The mixture was stirred at 95C for 4 hours. Ethyl acetate (40 mL) was added into
the resulting mixture, and brine (10 mL X3) was used to wash the organic layer. The organic layer was
dried and concentrated. The resulting residue was separated by silica gel column (Ethyl acetate/
MeOH) to afford 0.08 g of the title compound. MS (electrospray): 365 (M+1) for C181117FN8. 111
NMR (300 Mllz, CD30D) S ppm 8.70 (s, 2 11) 8.30 (s, 1 11) 7.70 (d, 1 11)6.70 (d,1 11)6.50 (s, 1
11)5.30 (dxangilB00 (m, 1 11)1.60 (d 3 H)1.10 (m 214)0.90 (m, 2 14). Example 4

9-(5- Cycl(&@@/%;g_ﬁ-_ N,
NN N4-(5-cy op Py I- y

nitropyrimigh [ minEfigiermediate 18 0.25 g) was dissolved into ethanol (20 mL) with Pd-C (40
mg) and a hydrogen |nlet The mixture was stifgeghat room temperature until no starting material was
detected with TLC or LCMS. Formamidine acgtate ((Q.5.8) was added to the filtrate after the filtration of
resulting mixture. The mixture was stirred or 4 Nowsp. Ethyl acetate (40 mL) was added into the
resulting mixture, and brine (10 mL X3) wasluseg to wash thg organic layer. The organic layer was
dried and concentrated. The resulting residueYvas separated by silica gel column (Ethyl acetate/
MeOH) to afford 0.013 g of the title compoundNMS 4electrospray): 366 (M+1) for C171417FN9. 114
NMR (300 MHz, CO30D) S ppm 8.70 (s, 2 1-1) 8.65 (9"1 H) 8.40 (s, 1 H) 6.40 (d,1 H) 5.30 (dd. 1 H)
2.00 (m, 1 H) 1.65 (d, 3 H) 1.10 (m, 2 H) 0.90 (i ). Example 5
9-(5-Cyclopropyl-1H-pyrazol-3-y1)-N- 1S)-1-( -f\luo[ pyridin-2-yflethy11-9H-purin-2-amine 74

F

(2R)-2-({6-[(5-ethoxy-1H-pyrazol-3-yl)amino]-5-nitropyridin-2-yl} amino)-2-(5-fluoropyridin-2-

yl)ethanol (Intermediate 27, 0.2 g) was dissolved into ethanol (20 mL) with Pd-C (50 mg) and a
hydrogen inlet. The mixture was stirred at room temperature until no starting material was
detected with TLC or LCMS. Formylamidine acetate (0.5 g) was added to the filtrate after the
filtration of resulting mixture. The mixture was stirred at 85°C for 4 hours. Ethyl acetate (40 mL)
was added into the resulting mixture, and brine (10 mL X3) was used to wash the organic layer.
The organic layer was dried and concentrated. The resulting residue was separated by silica gel
column (Ethyl acetate/ MeOH) to afford 0.06 g of the title compound MS (electrospray): 384
(M+1) for CisH sFN;0,. "H NMR (300 MHz, CD;0D) & ppm 8.20 (d, 1 H) 8.15 (s, 1 H) 7.50 (d,
1 H) 7.30(dd, 1 H) 6.40 (d, 1 H) 5.85 (s, 1 H) 5.00 (m, 1 H) 4.00 (d, 2 H) 3.80 (m, 2 H) 1.00 (t, 3
H).
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N4-(5-cyclopropyl1-1H-pyrazol-3-y1)-N2-[(15)-1-(5-fluoropyridin-2-ypethyl]-5-nitropyrimidine2,4-diamin
e (Intermediate 19, 0.25 g) was dissolved into ethanol (20 mL) with Pd-C (40 mg) and a hydrogen
inlet. The m¥XRIP80}/A3528Fred at room temperature until no starting material RESHRYSHEHPHikh TLC or
LCMS. Forrnamidine acetate (0.5 g) was added to the filtrate after the filtration of resulting mixture.
The mixture was stirred at 95C for 4 hours. Ethyl acetate (40 mL) was added into the resulting mixture,
and brine (10 mL X3) was used to wash the organic layer. The organic layer was dried and
concentrated. The resulting residue was separated by silica gel column (Ethyl acetate/ MeOH) to afford
0.03 g of the title compound. MS (electrospray): 365 (M+1) for C18H17FNs. 114 NMR (300 MHz,
CH30D) 6 ppm 8.70 (s, 2 14) 8.55 (s, 1 14) 8.50 (s, 1 H) 7.50 (d, 2 H) 6.30 (br, 1 H) 5.20 (dd, 1 H)
2.00 (m, 1E32:mdls 9d, 3 H) 1.10 (in, 2 H) 0.90 (m, 2 H). Example 6 Th-2- 1wc -1H- az3- 1 blpvrid
in-5-amin

N6-RIS)- 1% igsr%g%gi/lr#ﬁ?c\ﬂrr?zg 1y%|gtlr)1§YR¥\(lle)(bl |(550gpgé%&yminl—lldglygéggletgy)}]ﬁ@I-lnLPtlrdc?_pzﬁli%lsﬁe2 6-diamine
(Intermed Ay 2dinEd5ENas dissolved into ethanol (20 mL) with Pd-C (60 mg) and a hydrogen inlet.
The mixture was stirred at room temperature o starting material was detected with TLC or
LCMS. Formamidine acetate (0.5 g) was added to yirajgpfter the filtration of resulting mixture.

afford 0.29 g of the title compound. MS (ele pray): 383 (M+1) for C18tEQFN80. 1H NMR (300
MHz, CD30D) 5 ppm 8.75 (s, 2 H) 8.35 (s, 1 H) 7.80 (d, 1 11)6.80 (d, 1 H) 6.30 (s, 1 H) 5.30 (m, 1 H)
4.70 (m, 1 11)1.55 (d, 3 H) 1.35 (d, 611). Exa {

F
N*-(5-Ethoxy-1H-pyrazol-3-y1)-N°-[(15)-1-(5-fluoropyrimidin-2-yl)ethyl]-3-nitropyridine-2,6-
diamine (Intermediate 28, 0.3 g) was dissolved into ethanol (20 mL) with Pd-C (90 mg) and a
hydrogen inlet. The mixture was stirred at room temperature until no starting material was
detected with TLC or LCMS. Formylamidine acetate (0.5 g) was added to the filtrate after the
filtration of resulting mixture. The mixture was stirred at 85°C for 4 hours. Ethyl acetate (40 mL)
was added into the resulting mixture, and brine (10 mL X3) was used to wash the organic layer.
The organic layer was dried and concentrated. The resulting residue was separated by silica gel
column (Ethyl acetate/ MeOH) to afford 0.034 g of the title compound. MS (electrospray): 369
(M+1) for C7H;7FNgO. 'H NMR (300 MHz, CD;0D) & ppm 8.70 (s, 2 H) 8.30 (s, 1 H) 7.80 (d,
1 H)6.80(d, 1 H) 6.30 (s, 1 H) 5.40 (m, 1 H) 4.30(q,2 H) 1.70 (d, 3 H) 1.55 (t, 3 H).
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(2/2)-2-(5-Fluoronvridin-2-v1)-2-
113-(5-isopronoxv-1H-Dvrazol-3-v11-3H-imidazo14,5-blnyridin5-yllamino} ethanol (2R)-2-(541
uoropyri dinWELG9SA3ETEI[(5-isopropoxy-111-pyrazol-3-yeamino]-5-nitropyrRfif/8Bg40fntdethanol
(Intermediate 24, 0.45 g) was dissolved into ethanol (20 niL) with Pd-C (90 mg) and a hydrogen inlet.
The mixture was stirred at room temperature until no starting material was detected with TLC or
LCMS. Fonnanndine acetate (0.5 g) was added to the filtrate after the filtration of resulting mixture.
The mixture was stirred at 85C for 4 hours. Ethyl acetate (40 mL) was added into the resulting mixture,
and brine (10 inL X3) was used to wash the organic layer. The organic layer was dried and
concentrated. The resulting residue was separated by a silica gel column (Ethyl acetate/ MeOH) to
afford 0.0 ExangdlghBtitle compound. MS (electrospray): 398 (M+1) for C191120FN702. 111 NMR (300
MHz, CD30R) &RRM. BP0V, di.3 i 280634 2Dl 3Qchidith {1 P0n A s A 808 6ds b 1) Bl (. 1
H) 5.20 (m, TH) 4.65 (M, T H) 4.00 (M, Z H), .55 - 1.35 (M, 6 H). EXample 8 (ZR1-Z-[3
-(5-Ethoxy2:BBEMBgrazol-3 -y1)-3H-imidazo[4 5-blpyrid in-5-A amino' -245- fl uoropyridin-2-yl)ethanol
(2R)-2-( [6-[(5-ethoxy-1H-pyrazol-3-yOamino]-Sgaiyopyridin-2-y17, amino)-2-(5-fluoropyridin-2-
ypethanol (Intermediate 27, 0.2 g) was dissolv (20 niL) with Pd-C (50 nig) and a
hydrogen inlet. The mixture was stirred at rgq until no starting material was detected
with TLC or LCMS. Formylamidine acetate (0.5.g) was addeg to the filtrate after the filtration of
resulting mixture. The mixture was stirred at 85C for 4 hourg/ Ethyl acetate (40 niL) was added into the
resulting mixture, and brine (10 niL X3) was ttkd je@ wash theworganic layer. The organic layer was
dried and concentrated. The resulting residue was separated by silica gel column (Ethyl acetate/
MeOH) to afford 0.06 g of the title compound lectrospray): 384 (M+1) for C181118FN702. 111
NMR (300 Milz, CD30D) 8 ppm 8.20 (d, 1 11) B.15s, 1 11) 7.50 (d, 1 H) 7.30 (dd, 1 H) 6.40 (d, 1 H)
5.85 (s, 1 H) 5.00 (m, 1 H) 4.00 (d, 2 H) 3.80 ( I ) 1.00 (t, 3 H). Example 9
3-(5-Ethoicy-1H-pyrazol-3-v11-N-[(15)-1-(5-fluor@dyrimidin-2-vpethyl]-311-imidazo[4.5-
bipyridin-5-amine N N
N*-(5-Ethoxy-1H-pyrazol-3-y)-N°-[(1S)-1-(5-fluoropyridin-2-yl)ethyl]-3-nitropyridine-2,6-

diamine (Intermediate 29, 0.3 g) was dissolved into ethanol (20 mL) with Pd-C (90 mg) and a

hydrogen inlet. The mixture was stirred at room temperature until no starting material was
detected with TLC or LCMS. Formamidine acetate (0.5 g) was added to the filtrate after the
filtration of resulting mixture. The mixture was stirred at 85°C for 4 hours. Ethyl acetate (40 mL)
was added into the resulting mixture, and brine (10 mL X3) was used to wash the organic layer.
The organic layer was dried and concentrated. The resulting residue was separated by silica gel
column (Ethyl acetate/ MeOH) to afford 0.034 g desired product. MS (electrospray): 368 (M+1)
for C1sHsFN;O. "H NMR (300 MHz, CD;OD) & ppm 8.30 (s, 1 H) 8.20 (s, 1 H) 7.70 (d, 1 H)
7.40(d, 1 H)6.60(d, 1 H)5.90 (s, 1 H) 5.10 (m, 1 H) 4.10(q, 2 H) 1.50 (d, 3 H) 1.40 (t, 3 H).
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N2-(5-Ethoxy-1H-pyrazol-3-371)-N6-[(1S)-1-(5-fluoropyrimidin-2-yeethyl]-3-nitropyridine-2,6- diamine
(Intermediate 28, 0.3 g) was dissolved into ethanol (20 mL) with Pd-C (90 mg) and a hydrogen inlet.
The mixtureW$d3088n&d 8%t room temperature until no starting material was SEEEBPWHITPLE or
LCMS. Formylamidine acetate (0.5 g) was added to the filtrate after the filtration of resulting mixture.
The mixture was stirred at 85C for 4 hours. Ethyl acetate (40 mL) was added into the resulting mixture,
and brine (10 niL X3) was used to wash the organic layer. The organic layer was dried and
concentrated. The resulting residue was separated by silica gel column (Ethyl acetate/ MeOH) to afford
0.034 g of the tide compound. MS (electrospray): 369 (M+1) for C171117EN80. 111 NMR (300 Mllz,
CD30D) 8 ppm 8.70 (s, 2 11) 8.30 (s, 1 11) 7.80 (d, 1 11)6.80 (d, 1 14) 6.30 (s, 1 11)5.40 (in, 1
11)4.30 (gigammpld IA0 (d, 3 11)1.55 (t, 3 H). Example 10 3-(5-Lthoxy-1H-pyrazol-3

'Vll'N'[(lﬁ)f (Ji'ﬁlﬂk’élﬁﬂé{{b%'&h%ﬁ{.'b%HXH{@I'I‘-'9'-'Z‘§Q§5& S lRYdingsaq urin-2-amine . |
N2-(5-Ethoxy-TH-pyrazol-3"-yI)-N6-[(1S)-I-(5-Tluorop y yir - ,6- diamine
(Intermediate 29, 0.3 g) was dissolved into et | (20 nth) with Pd-C (90 mg) and a hydrogen inlet.
The mixture was stirred at room temperatur il N ti\rﬂg material was detected with TLC or
LCMS. Formamidine acetate (0.5 g) was aflded [o the.filtyate after the filtration of resulting mixture.
The mixture was stirred at 85C for 4 hoursNEtf;N acetate 4gg:L) was added into the resulting mixture,

and brine (10 mL X3) was used to wash the|_ﬂ\lganic layer.”The& organic layer was dried and

concentrated. The resulting residue was separ by silica gel column (Ethyl acetate/ MeOH) to afford
0.034 g desired product. MS (electrospray): 368|(M+1) for C181118FN70. 111 NMR (300 Millz,
CDIOD) a, ppm 8.30 (s, 1 11) 8.20 (s, 1 11) 7 111) 7.40 (d, 1 H) 6.60 (d, 1 H) 5.90 (s, 1 H) 5.10
(m,1H)4.10(g,2H) 1.50 (d, 3H) 1.40 (t, 3 ample 11 IV-[(1S)- -(5 -Hu orouvridin-2-yl)ethyl]

-945- isoprouoxv-1H-pyrazol-3 -y11-9H-purin-2-@gmine N2-
[(1S)-1-(5-fluoropyridin-2-yOcthylkiV4-(5-isoprofoxy-1H-pyrazol-3-34)-5-nitropyrimidinc2,4-diamine

di . dissol [ . ith, Pd- d a hy inlet.
The mixtuib KL Strol A Ok G AL T A RN ML s MU G or
LCMS. Fotrhalinitiine cloetaneediadeq) hyas) adideas tdithe iltrae>afterribleiration-ofrEskinshixgre.
The mixtuie PRSP SHEOIELAARREM.ACs e (A0mE e A iR Me deRMling pixre

and brine (10 mL X3) was used to wash the organic layer. The organic layer was

concentrafstecrdevébuliifg pedididwaosenaidinddsytaiidd §etcoivimddetityl eefdtetariom e afford

0.7 g desifgd RIAfYE MBS ISFHARP AN IR AT I R G RSO RNSORd AL NMR £309:Mlks HD30D)
a, ppm8.70 (s, 1 11) 8.40 (m, 2 11) 7.50 (dd, 2 11) 6.00 (s, 1 11)5.20 (in, 1 11) 4.20 (in, 1 11) 1.50 (d,
311)1.40Y@s @ﬂ@d %Fﬁﬁ@spitmg mixture, and brine (10 mL X3) was used to wash the organic layer.

The organic layer was dried and concentrated. The resulting residue was separated by silica gel
column (Ethyl acetate/ MeOH) to afford 0.7 g desired product. MS (electrospray): 383 (M+1) for
C1sHioFNgO. "H NMR (300 MHz, CD;0D) & ppm 8.70 (s, 1 H) 8.40 (m, 2 H) 7.50 (dd, 2 H)
6.00 (s, 1 H) 5.20 (m, 1 H) 4.20 (m, 1 H) 1.50 (d, 3 H) 1.40 (d, 6 H).
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N-[(1S)-1-(5-Fluoropyrimidin-2-yl)ethyl]-9-(5-isopr000xy-1H-ovrazol-3-v1)-911-purin-2-amine NNH
Nt,N NN Li
N2-R1S)-1-BAI¥BpiRidin-2-yl)cthyIEN4-(5-isopropoxy-11-1-pyrazol-3-yR§$-EemztRiteinc 2, 4-dia
mine (Intermediate 32, 0.2 g) was dissolved into ethanol (20 mL) with Pd-C (40 mg) and a hydrogen
inlet. The mixture was stirred at room temperature until no starting material was detected with TLC or
LCMS. Formamidine acetate (0.5 g) was added to the filtrate after the filtration of resulting mixture.
The mixture was stirred at 85C for 4 hours. Ethyl acetate (40 mL) was added into the resulting mixture,
and brine (10 mL X3) was used to wash the organic layer. The organic layer was dried and
concentrated. The resulting residue was separated by silica gel column (Ethyl acetate/ Me011) to
afford 0.0&gadesiedd product. MS (electrospray): 384 (M+1) for C171118FI1X90. 111 NMR (300 Mliz,

CD10D) J0pM9 819 {80ard VRS- élﬂaap%ﬂggslﬁ%pé&%&é%fg%&é&l% 30907 bl A GG - 1 11)

1.60 (d, 3TI)I.50 (d- 61I). Example 13 oropyndin-Z-yl)propyn -345-1S0 pro

poxv-1H-pyrazol-3 -v11-3H- imidazo[4,5- bl ﬁﬂ\n 5 -aq |ne HNf
NH
| N \<;<

e

HNI
s

N N

S}

F

N*-[(1S)-1-(5-fluoropyrimidin-2-yl)ethyl]-N*-(5-isopropoxy- 1 H-pyrazol-3-yl)-5-nitropyrimidine-
2,4-diamine (Intermediate 32, 0.2 g) was dissolved into ethanol (20 mL) with Pd-C (40 mg) and
a hydrogen inlet. The mixture was stirred at room temperature until no starting material was
detected with TLC or LCMS. Formamidine acetate (0.5 g) was added to the filtrate after the
filtration of resulting mixture. The mixture was stirred at 85°C for 4 hours. Ethyl acetate (40 mL)
was added into the resulting mixture, and brine (10 mL X3) was used to wash the organic layer.
The organic layer was dried and concentrated. The resulting residue was separated by silica gel
column (Ethyl acetate/ MeOH) to afford 0.08 g desired product. MS (electrospray): 384 (M+1)
for C;7H;sFNgO. "H NMR (300 MHz, CD;0D) & ppm 8.70 (s, 2 H) 8.60 (s, 1 H) 8.40 (s, 1 H)
6.20 (s, 1 H) 5.30 (m, 1 H) 4.60 (m, 1 H) 1.60 (d, 3 H) 1.50 (d, 6 H).
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N6-[(IS)-1-(5-fluoropyri din -2-yOpropy 1 1- N2-(5 - is oprop oxy-1 H-pyrazol -3-y1)-3-n itropyridin
e-2,6- di annne (Intermediate 36, 0.45 g) was dissolved into ethanol (20 mL) with Pd-C (150 mg) and a
hydrogen in¥€ 38/ k¥liIre was stirred at room temperature until no startin§Ch&t8A8HYAS3dbtected
with TLC or LCMS. Formamidine acetate (0.5 g) was added to the filtrate after the filtration of resulting
mixture. The mixture was stirred at 85C for 4 hours. Ethyl acetate (40 mL) was added into the resulting
mixture, and brine (10 mL X3) was used to wash the organic layer. The organic layer was dried and
concentrated. The resulting residue was separated by silica gel column (Ethyl acetate/ MeOH) to afford
0.12 g desired product. MS (electrospray): 396 (M+1) for C201-122FN70. 11-1 NMR (300 MHz,
Cl/30D) 5 ppm 8.40 (s, 1 H) 8.30 (s, 1 H) 7.70 (d, 1 14) 7.50 (m 2 H) 6.70 (d, 1 H) 6.10 (s, 1 H) 5.00
(m, 1 1) 4Eampld B) 2.00 (m, 2 1) 1.40 (d, 6 H). Example 14
g-glg';rggi-m?ggé@ﬂﬂgfswlﬁmmﬁ-wa’r)l%mﬁls.%sﬂfiaé%wmma%@%%ﬁfx%%m%@zo"‘
3-Chloro-Miyaadm:-3-gmitgoropyridin-2-ypethylk/V6-(5-isopropoxy-1H-pyrazol-3-y1)-5-
nitropyridine-2,6-diamine (Intermediate 39, was dissolved into ethanol (20 mL) with Pd-C (150

mg) and a hydrogen inlet. The mixture was gtirreg;at femperature until no starting material was
tate {Q0.5 ) was,added to the filtrate after the filtration

detected with TLC or LCMS. Forrnylamiditgte
of resulting mixture. The mixture was stirrgd plcEle for 4 Ls{Ethyl acetate (40 mL) was added into
the resulting mixture, and brine (10 mL X3) Was used to wash the organic layer. The organic layer was
dried and concentrated. The resulting resi separated by silica gel column (Ethyl acetate/
MeOH) to afford 0.12 g desired product. MS (elgctrospray): 416 (M+1) for C191119C1EN70. 111
NMIR (300 Mllz, CD30D) a, ppm 8.40 (s, 11 30(s,111)7.90 (d, 1 H) 7.50 (m 2 H) 6.70 (d, 1 H)
6.00 (s, 1 H) 5.40 (in, 1 H) 4.60 (m, 1 H) 1.60 (d, g H) 1.40 (d, 6 H). Example 15
6-Fluoro-N-[(1,5)-1-(5-fluoronvrimidin-2-vpet -(5-methyl-1H-pyrazol-3-v1)-311limidazoi4
5-blpyridin-5-amine N To a solution of 3- fl uoio-N2-[(1.5)-1 -(5-fluoropyrimidin-2-yflethyl pN6-(5-m
ethyl -1H-pyrazol -3- y0-5-nitropyri dine-2,6-di &m ine (Intermediate 42, 3.05 mmol) in EtOH (5 ml)
were addeg {1231l Y dd8. 2y B apnalhand-tsisth RFhoiosnael (9. 652 meopRedinsliéng

solution was heated to 70C overni%ht. The mixture was allowed to cool to room temgerature and

filtered thrdagire SARE eI Sl Wid Brsaisebsddrrisharthe Vamkdwit Rder katsed prdgsure
gave a colgr@dgesidie thatewasaitefiesk Dytitadsan (9% AoHpdlatll/tii0)io gtwaite titecanpgund.

LCMS: 397 AT 141 NNR 210, 2 1) 2245, 2 103090 - 035 (e L HEARSE WD B2 ©
filtration of resulting mixture. The mixture was stirred at 85°C for 4 hours. Ethyl acetate (40 mL)
was added into the resulting mixture, and brine (10 mL X3) was used to wash the organic layer.
The organic layer was dried and concentrated. The resulting residue was separated by silica gel
column (Ethyl acetate/ MeOH) to afford 0.12 g desired product. MS (electrospray): 396 (M+1)
for C,0H»FN,0. 'H NMR (300 MHz, CD;0D) & ppm 8.40 (s, 1 H) 8.30 (s, 1 H) 7.70 (d, 1 H)

7.50 (m 2 H) 6.70 (d, 1 H) 6.10 (s, 1 H) 5.00 (m, 1 H) 4.40 (m, 1 H)2.00 (m, 2 H) 1.40 (d, 6 ).
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Example 16 N-[(15)-1-(5-Fluoropyrimidin-2-y1)ethylP3-(5-methyl-1H-pyrazol-3-y1)-311-imidazo[4.5-
b1 pyridin-5-amine The title compound was prepared using a procedure similar to the one described
for the synt€Qi3088/B3&Riple 15 using PCT/GB2008/050321
1V61(1S)-1-(5-tluoropyrimidin-2-ypethylEN2-(5-methyl-1H-pyrazol-3-y1)- 3-nitropyridine-2,6-diamine
(Intermediate 44) as the starting material. LCMS: 339 [M+1]. 11-1 NMR 5 1.46 (d. 3 H) 2.28 (s, 3 H)
5.08 (s, 1H)6.33(s,1H)6.65(s,1H)7.71 (s, 1 H)8.77 (s, 2 11). Example 17 N-[(1S)-1 -(5 -Flu
orogyrid in-2-yl)ethyl] -3 -(5-methy1-1H-pyrazol-3-y1)-311: midazo [4.5-b] pyridin5-amine F The title
compound was prepared using a procedure similar to the one described for the synthesis of Example
15 using 1V6-[(15)-1-(5-fluoropyridin-2-yflethylpN2-(5-methyl-1H-pyrazol-3-y1)-3-
nitropyridifas@udldidine (Intermediate 45) as the starting material. LCMS: 338 [M+1]. 1H NMR (500

Mz, COCLENSL o8 (h 10 A0 5, DS ISRATS LI RAS (ub A 43 6 H111) 053 (1L, )

(m. 2IT), /.81 (111, d) 841 (S. 111) 8.6 (br S, 111). Example 18

imidazo[4.,5-b]pyridin-5-amine
N=—‘\
N \
| X ﬂNH
N
o N o—(
HN

3-Chloro-N*-[(1S)-1-(5-fluoropyridin-2-yl)ethyl]-N°-(5-isopropoxy- 1 H-pyrazol-3-yl)-5-

nitropyridine-2,6-diamine (Intermediate 39, 0.5 g) was dissolved into ethanol (20 mL) with Pd-
C (150 mg) and a hydrogen inlet. The mixture was stirred at room temperature until no starting
material was detected with TLC or LCMS. Formylamidine acetate (0.5 g) was added to the
filtrate after the filtration of resulting mixture. The mixture was stirred at 85°C for 4 hours. Ethyl
acetate (40 mL) was added into the resulting mixture, and brine (10 mL X3) was used to wash the
organic layer. The organic layer was dried and concentrated. The resulting residue was separated
by silica gel column (Ethyl acetate/ MeOH) to afford 0.12 g desired product. MS (electrospray):
416 (M+1) for C1oH;oCIFN;O. "H NMR (300 MHz, CD;0D) & ppm 8.40 (s, 1 H) 8.30 (s, 1 H)
7.90(d, 1 H) 7.50 (m 2 H) 6.70 (d, 1 H) 6.00 (s, 1 H) 5.40 (m, 1 H) 4.60 (m, 1 H) 1.60 (d, 3 H)
1.40 (d, 6 H).
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,V-[(1S)-1 -(5 -Fluoropyridin- 2-yNethy11-9 -(5-rn ethyl -1 H-pyrazol-3 -y1)-9H-purin 2-amine NH-N
The title compound was prepared using a procedure similar to the one described for the synthesis of
Example 15WQiAYE1AIET0-N-(5 -methyl- 1H)-pyrazol-3 -y1)-3 -nitropyrimid FCE.ERPS It mediate
47) as the starting material. LCMS: 339 [M+1]. 1H NMR (500 MHz, CDC13) 1.62 (d, 3 H) 2.41 (s, 3 H)
5.23-5.26 (m, 1 H) 6.094 (s, 1H) 6.52 (s, 1H) 7.41-7.32 (m, 2H) 8.26 (d, 111) 8.34 (s. 111) 8.45 (d,
111) 8.73 (s. 111). Example 19 N-U 1 -1-(5-Fluoroimiclin-2- 1 efilieth1H-azol-3-1-6-mo
ylcarbony11-911-purin-2-amine The title compound was prepared using a procedure similar to the
one described for the synthesis of Example 4 using
N2-[(1S)-1-(5-fluoropyrimidin-2-yeethylpN4-(5-methy1-1H-pyrazol-3-34)-6-
(morpholikexawpdetiony1)-5-nitropyrimidine-2,4-diamine (Intermediate 51) as the starting material.
LCMS: 458 Py i MRS 34 (i i) 209,613 10 3853 10 (DS AY). 419757 5-29 (in, 11-1)
6.25 (s, 1 T4) 8.45 (S, 11-1) 8.84 (S, Z I11)IZ069 (S, I 14). Example 20
N2-1(1S)-1idazpbaplmaidin 3ammg|
-9-(5-methyl-1H-pyrazol-3-y1)-10-(tetrahydro-2Hwn4-v1)-9H-purine-2,6-diamine

N
B NQ”
N
FNF

HN

N/lN
\)
F

To a solution of 3-fluoro-N-[(1S)-1-(5-fluoropyrimidin-2-yl)ethyl]-N°-(5-methyl- 1 H-pyrazol-3-
yl)-5-nitropyridine-2,6-diamine (Intermediate 42, 3.05 mmol) in EtOH (5 ml) were added
SnCl,-2H,0 (1.74g, 9.18 mmol) and triethyl orthoformate (0.652 ml). The resulting solution was
heated to 70°C overnight. The mixture was allowed to cool to room temperature and filtered
through Celite® and washed with EtOAc. Evaporation of the volatiles under reduced pressure
gave a colored residue that was purified by Gilson (5%—295% MeCN/H,0) to give the title
compound. LC-MS: 357 [M+1]. "H NMR & 2.01 (d, 3 H) 2.34 (s, 3 H) 6.46 - 6.55 (m, 1 H) 8.20
(s, 1 H)8.72 (s, 1 H) 8.87 (s,2 H) 9.72 (s, . H) 9.86 (s, 1 H).
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N-N N The title compound was prepared using a procedure similar to the one described for the
synthesis of Example 4 using N2-[(15)-1-(5-fluoropyridin-2-ypethylkN4-(5-methyl-1H-pyrazol-3-y1)-5-
nitro-N6-(te4hyRI3ET85yran-4-yl)pyrimidine-2,4,6-triamine (Intermediate $ETASRHYKPAPERY material.
LCMS: 438 [M+1].111 NMR (MeOD) 5 1.74-2.02 (m, 7 H) 2.31 (s, 3 H) 3.60 (s, 5 ff) 5.05-5.41 (m, 1
H) 6.34 (s, 1 H) 7.47 -7.99 (m, 2 H) 8.20 (s, 1 H) 8.49 (s, 1 H). Example 21 IV-[(15)-
-(5-Fluoropyridin-2-vl)ethyn -6-methoxy-9-(5-methy1-1H-pyrazol-3 -y1)-911-purin-2- amine The title
compound was prepared using a procedure similar to the one described for the synthesis of Example
4 using

N2- [(15)-15%@r|dm 2 ypethyl] -6- methoxy Arl (5 methyl 1prrazo| -3- yl) -5-nitropyrimidine-2,4-di
arnine (Int&¥tleia A9 A . n NME-(idar]65t.67 (d, 3 11)
2.44 (s, Sgﬂj.)ﬁ[gg,g ﬁ?ﬁ&el) 5 08 - 5. 49 (m 1 11) 6 44 (s, 1 11)7 91 8 10(m, 1 11)8 13-8.36 (m, 1
11)8.77 (s 14). Example 22 N1(18)-1-(5-Fluoropyr d

n-2-yflethyll-9-(5- methyl -1H-pyrazol-3-y1)-6-moyphglin-4- )ql -9Hnurin-2-amine

ey
\ ——
9

HN

N/lN
S)
F

The title compound was prepared using a procedure similar to the one described for the synthesis
of Example 15 using N°-[(1S)-1-(5-fluoropyrimidin-2-yl)ethyl]-N*-(5-methyl-1H-pyrazol-3-yl)-
3-nitropyridine-2,6-diamine (Intermediate 44) as the starting material. LCMS: 339 [M+1]. 'H
NMR 61.46 (d,3H)2.28 (s,3 H) 5.08 (s, 1 H) 6.33 (s, L H) 6.65 (s, 1 H) 7.71 (s, 1 H) 8.77 (s, 2
H).

Example 17
N-[(1L.9)-1-(5-Fluoropyridin-2-yl)ethyl]-3-(5-methyl- 1 H-pyrazol-3-y1)-3H-imidazo[4.5-b]pyridin-

S-amine

The title compound was prepared using a procedure similar to the one described for the synthesis
of Example 15 using N°-[(1S)-1-(5-fluoropyridin-2-yl)ethyl]-N*-(5-methyl-1H-pyrazol-3-yl)-3-
nitropyridine-2,6-diamine (Intermediate 45) as the starting material. LCMS: 338 [M+1]. 'H
NMR (500 MHz, CDCl3) 6 1.58 (d, 3 H) 2.40 (s, 3 H) 5.05-5.17 (m, 1 H) 5.45 (s, 1 H) 6.43 (d, 1
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The title compound was prepared using a procedure similar to the one described for the synthesis of
Example 15 using N2-R1S)-1-(5-fluoropyridin-2-yflethyll-N4-(5-methy1-1H-pyrazol-3-34)-6-
morpholin-4Y@ W¥HF§imidine-2,4-diamine (Intermediate 58) as the startRfglreBN008S: 424
[M+1]. Il NMR (500 M1lz. CDC13) 6 1.54 (d, 3 11) 2.31 (s, 3 11) 3.72-3.74 (in, 411) 4.15-4.20 OM
411)5.12-5.17 (m, 1 11)6.44 (s, 111) 7.24-7.36 (m, 211)7.95 (s, 11-1) 8.38 (d, 114). Example 23
3-(5-Ethoxy-1H-pyrazol-3-y1)-N-RIS)-1-(5-fluoropyridin-2-yl)propy11-3H-imidazo14.5-
blpyridin-5-amine The title compound was prepared using a procedure similar to the one described

for the syr@ f x

N2-(5-etho %515 ﬁa g%ﬁ lﬁﬁ[dg)lil% ﬂh%r@pg/ﬁé robyﬁDB nitropyridine-2.6-diamine
Intermediate 59) as the starting material. LCM M+1 NMR 400 MHz, CD30D 40 (s, 1H),
( d 9) h l. LCMS: 382 [ ] (400 CD30D) 6 8.40 ( )
8.30 (s, 1hhha0n7Q.(glg 1H). 7.40 (d, 2H). 6.60 (d, 1H), 6.10 (br, 111), 5.90 (s, 111). 4.20 (g, 211), 2.00
(in, 211), 11‘0'%71’1 ), 1. 10 (t, 3 11) Example 24 3-(5-Isoprop oxy-1H- pyrazol-3-y1)-IV- [(1S)-1
-ovrimidinfg RT 1O (0 bt ) 1 H-pyrazol-3-y1)-9H-purin-2-amine

The title compound was prepared using a procedure similar to the one described for the synthesis
of Example 15 wusing 6-chloro-N-(5-methyl-1H)-pyrazol-3-yl)-3-nitropyrimidin-2-amine
(Intermediate 47) as the starting material. LCMS: 339 [M+1]. 'H NMR (500 MHz, CDCly) O
1.62 (d, 3 H) 2.41 (s, 3 H) 5.23-5.26 (m, 1 H) 6.094 (s, 1H) 6.52 (s, 1H) 7.41-7.32 (m, 2H) 8.26
(d, 1H) 8.34 (s, 1H) 8.45 (d, 1H) 8.73 (s, 1H).

Example 19
N-[(LS)-1-(5-Fluoropyrimidin-2-yDethv1]-9-(5-methvl- 1 H-pyrazol-3-y1)-6-(morpholin-4-

ylcarbonv])-9H-purin-2-amine

P

HN

N °N

KJ
F
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Nc N The titled compound was prepared using a procedure similar to the one described for the
synthesis of Example 6 using N6-[(15)-1-(5-fluoropyrimidin-2-ypethylkA/2-(5-isopropoxy-111-
pyrazol-3-y Y8 Eodyritine-2,6-diamine (Intermediate 20) as the starting ReMEHBROI#E5883Hing
material (1.7 g) was dissolved into ethanol (10 mL). To the solution was added Pd-C (0.3 g, 10%). A
hydrogen inlet was introduced into the reaction flask. The resulting mixture was stirred for 5 hours.
Forrnamidine acetate (2 g) was added to the resulting mixture. The mixture was stirred at 85C for 4
hours. The resulting mixture was filtered, and the filtrate was concentrated. The resulting residue was
separate |ca el column. The t|t| compound was obtai é% 14 duct. MS 365
] 21 N Ao R BT SH AT Pl b S f&% Py B e, 1r,
6.10 (br, 1H)ESantple 41e4jng ¥ [(HS)AH)3-TO (plyBhiia- 3@1()dﬂfvlﬂ+ annq:nlwlzslf@)n&xﬁy}-yl) -6-

C R B BRI ARl WIRIAC B DAY alGys 06 500

LCH3 The title compound was epare according 'to the procedure descri or Example 4 u

Ethyl 2- [(mﬁl)ella(5lf®M’i)p‘y?ﬁﬂrMZMpekhiﬂ%ﬁwbﬁ%({’(@rﬁﬁtﬂ;ﬂ%@ﬂrﬁyfﬁzbll& 3y&atning]| H5-4.97 -
nltropyrlmgd@e(-lﬁ qalfﬁ% ﬁ%%@??s‘aiekf}ﬂ the ﬁt)afgr@ ma qfll)’:ll The title compound underwent

decomposition shortly after |fs synthesis. L 1 [M+1]+.

Example 20
NA-[(18)-1-(5-Fluoropyridin-2-yDethyl]-9-(5-methyl- 1 H-pyrazol-3-yl)-N-(tetrahydro-2 H-pyran-

4-y1)-9H-purine-2.6-diamine

N=\
H
N
o N*N H
HN

2\

“~ |

F

The title compound was prepared using a procedure similar to the one described for the synthesis
of Example 4 using N>-[(LS)-1-(5-fluoropyridin-2-yl)ethyl]-N*-(5-methyl-1H-pyrazol-3-yl)-5-
nitro-N’-(tetrahydro-2H-pyran-4-yl)pyrimidine-2,4,6-triamine (Intermediate 53) as the starting
material. LCMS: 438 [M+1]. '"H NMR (MeOD) & 1.74-2.02 (m, 7 H) 2.31 (s, 3 H) 3.60 (s, 5 H)
5.05-541 (m, 1 H)6.34 (s, 1 H) 7.47-7.99 (m, 2 H) 8.20 (s, 1 H) 8.49 (s, 1 H).

&7



Claims What is claimed is: 1.
N-[(1S)-1-(5-Fluoropyrimidin-2-ypethyl]-3-(5-isopropoxy-1H-pyrazol-3-y1)-3Himidazo[4,5-b]pyridin-5-a
mine or a pREPAYELHFCEHly acceptable salt thereof. 2. A compound of clainP€BEBREAIEEutically
acceptable salt thereof for use as a medicament. 3. The use of a compound of claim 1 or a
pharmaceutically acceptable salt thereof in the manufacture of a medicament for the treatment of
cancer in a warm-blooded animal. 4. A pharmaceutical composition comprising a compound of claim 1
or a pharmaceutically acceptable salt thereof and at least one pharmaceutically acceptable carrier,
diluent, or excipient.

Example 21
N-[(LS)-1-(5-Fluoropyridin-2-vDethyl]-6-methoxy-9-(5-methyl-1H-pyrazol-3-y1)-9H-purin-2-
amine
N =\
N
/Om)\( ~ O
N—N
N j?N H
HN
Z N
~ I
F

The title compound was prepared using a procedure similar to the one described for the synthesis
of Example 4 using Nz-[(lS)-1-(5-ﬂu0r0pyridin-2-yl)ethyl]-6-meth0xy-N4 -(5-methyl-1H-
pyrazol-3-yl)-5-nitropyrimidine-2,4-diamine (Intermediate 55) as the starting material. LCMS:
369 [M+1]. "H NMR (MeOD) & 1.67 (d, 3 H) 2.44 (s, 3 H) 3.63 (s, 3 H) 5.08 - 5.49 (m, | H) 6.44
(s, 1H)7.91-8.10(m, 1 H) 8.13-8.36(m, 1 H) 8.77 (s, 1 H) 9.33 (s, 1 H).

Example 22
N-[(15)-1-(5-Fluoropyridin-2-vDethyl]-9-(5-methvyl- 1 H-pyrazol-3-vl)-6-morpholin-4-y1-9H-

purin-2-amine
O/\ N:=\ N
= | .

Y

N
ZZ\N
\I

F

The title compound was prepared using a procedure similar to the one described for the synthesis

of Example 15 using N>-[(LS)-1-(5-fluoropyridin-2-yl)ethyl]-N*-(5-methyl-1 H-pyrazol-3-yl)-6-

I
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morpholin-4-yl-5-nitropyrimidine-2,4-diamine (Intermediate 58) as the starting material.
LCMS: 424 [M+1]. '"H NMR (500 MHz, CDCl3) § 1.54 (d, 3 H) 2.31 (s, 3 H) 3.72-3.74 (m, 4H)
4.15-4.20 (m, 4H) 5.12-5.17 (m, 1 H) 6.44 (s, 1H) 7.24-7.36 (m, 2H) 7.95 (s, 1H) 8.38 (d, 1H).

Example 23
3-(5-Ethoxvy-1H-pyrazol-3-yD)-N-[(15)-1-(5-fluoropyridin-2-y)propyl]-3H-imidazo[4,5-

blpyridin-5-amine

N=
N
N—¢Z “NH

[T =

=N O—\
HN

N

\I

F

The title compound was prepared using a procedure similar to the one described for the synthesis
of Example 9 using N°-(5-ethoxy-1H-pyrazol-3-yl)-N°-[(15)-1-(5-fluoropyridin-2-yl)propyl]-3-
nitropyridine-2,6-diamine (Intermediate 59) as the starting material. LCMS: 382 [M+1]. 'H
NMR (400 MHz, CD;0D) 6 8.40 (s, 1H), 8.30 (s, 1H), 7.70 (d, 1H), 7.40 (d, 2H), 6.60 (d, 1H),
6.10 (br, 1H), 5.90 (s, 1H), 4.20 (q, 2H), 2.00 (m, 2H), 1.40 (d, 3H), 1.10 (t, 3 H).

Example 24
3-(5-Isopropoxy-1H-pyrazol-3-yD)-N-[(15)-1-pyrimidin-2-ylethyl]-3 H-imidazo[4.5-b]pyridin-5-

N=\ Ne.
N—Z "NH
| N \<;<
(?N o~

HN

amine

N N

N
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The titled compound was prepared using a procedure similar to the one described for the
synthesis of Example 6 using N -[(lS)-1-(5-ﬂuoropyrimidin-Z-yl)ethyl]-Nz-(S-isopropoxy-IH-
pyrazol-3-yl)-3-nitropyridine-2,6-diamine (Intermediate 20) as the starting material.  The
starting material (1.7 g) was dissolved into ethanol (10 mL). To the solution was added Pd-C (0.3
g, 10%). A hydrogen inlet was introduced into the reaction flask. The resulting mixture was
stirred for 5 hours. Formamidine acetate (2 g) was added to the resulting mixture. The mixture
was stirred at 85°C for 4 hours. The resulting mixture was filtered, and the filtrate was
concentrated. The resulting residue was separated by Silica gel column. The title compound was
obtained (0.14 g) as a by-product. LCMS: 365 [M+1]. "H NMR (400 MHz, CD;0D) & 8.60 (s,
2H), 8.20 (s, 1H), 7.60 (d, 1H), 7.20 (s, 2H), 6.50 (d, 1H), 6.10 (br, 1H), 5.10 (s, 1H), 4.70 (m,
1H), 1.40 (d, 3H), 1.30 (d, 6 H).

Example 25
S)-Ethyl 2-(1-(5-fluoropvridin-2-yl)ethylamino)-9-(5-methvl-1H-pyrazol-3-y1)-9H-purine-6-

carboxylate

F NS |
NS NH N
N Y | N>
(@] (@)

The title compound was prepared according to the procedure described for Example 4 using
Ethyl 2-{[(1S)-1-(5-fluoropyridin-2-yl)ethyl]amino} -6-[(5-methyl- 1 H-pyrazol-3-yl)amino]-5-
nitropyrimidine-4-carboxylate (Intermediate 60) as the starting material. The title compound

underwent decomposition shortly after its synthesis. LCMS: 411 [M+1]".
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Claims

What is claimed is:

1. N-[(1S)-1-(5-Fluoropyrimidin-2-yl)ethyl]-3-(5-isopropoxy-1H-pyrazol-3-yl)-3H-
imidazo[4,5-b]pyridin-5-amine or a pharmaceutically acceptable salt thereof.

2. A compound of claim 1 or a pharmaceutically acceptable salt thereof for use

as a medicament.

3. The use of a compound of claim 1 or a pharmaceutically acceptable salt
thereof in the manufacture of a medicament for the treatment of cancer in a

warm-blooded animal.
4. A pharmaceutical composition comprising a compound of claim 1 or a

pharmaceutically acceptable salt thereof and at least one pharmaceutically
acceptable carrier, diluent, or excipient.
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