9- (PYRAZOL- 3 -YL) - 9H PURINE-2 -AM NE AND 3-
(PYRAZCL- 3-YL) -3H 1M DAZO [4, 5-B] PYRI D N 5-AM NE
WORHBNASTBA/ES AND THEI R USE FOR THE TREATMENT QPCTZARGHB050321
Field of the Invention The present invention relates
to a novel conpound its pharnaceutical conposi tions
and net hods_of use. |n additian, resent invention
r el 9t G RAZOke3 aplelin 91- BURINGZ ﬁM' NDr 3 PYRAZ U rrer YL)
prev ﬁm-lllmrD/?ZO [4315¢B] PYRIDIN-5-AMNE BDERIWATIVES AﬁlmvHEm
in the manufa t he
t reat nent andclé)#%\?:edr:]é Fﬁ*?%ﬁ’f%"é’: g]:l #érﬁa Elq%e
di sorders and cancers. Background of the Invention
Field S5 QEQVHLXBOS|ne ki nases (RTK's) are a sub-famly of
———pruﬁerni%rnases that play a critical role in cel
The pﬂemaiﬂvem’tg)naﬁﬂtealt(ea honed bMﬁprnﬂ izs prarhadeyti@l caape@ions and methods

te rogesses |nclud|n roliferati

of wor i G ool BGEH O SR G 4o SRSt Gy iy p tegment and
prevdn &F t4rRERMKd Rke Sisd H¥athid dbRgodddaR Hasiutachet 8f #ddicaments for use

ki nases (Trk's) have been identified. Trk's are the
in theyfregimgtfang ipt gy ctedeqd mptelopal tiergHyedistygera angt euperaf

sol uble growth factors called neurotrophins (NT). The

Trk receptor famly has three nmenbers - TrkA, TrkB and
Backpriind éfithadntdnéiodlTs there are (i) nerve growth fact or

whi act tes TrkA, i.n-deriv

ReecplyEp SRR SR RN fup el e Do Sl Y el role in
cell NEBaN} Cdhdagiel WdbB&d Tink . vEERSN of T kank&C epited p’ir@wsﬁab NEcluding cell

an extra-cellular domain (ligand binding), ,
prolifergiog. FEfB2AnangieAmens dAd BAAF RS aCEIé‘Ff}ﬂLYI HP taoh%ﬂ wlifferent RTK’s
1ncluﬁlngq}0;é ggsnlf'ré'ié’t@@kﬂgsr@'("fﬂ(’ HQ&%' belh h{‘ﬁe(pf the ligand,

the ki nase catal yzes aut o- phosphoryl ation and triggers

downst r eam si gnal transduction pathways. Trk's are

Trk' W%r\(%:{hg pe a%\‘j’m{e ecwt%r%ue{cgy%e% Iytslsg%(??lgéj r8 n?lﬂélte growth factors called

neur®@JIphing MRME. eTha Mk $esepto filmiBfhat flesemebérs - TAA, TrkB and TrkC Among
h E ost-enbryonic role for the Trk/neurotrophin axis (o
c

thgggﬂ'e ThRRES gqowtlg Eagtor ANGE), wélggsatcp‘éqﬁes HDgyain- derlved growth
factok ?ﬂgf\ﬂﬁ aRd QW Ji‘/g v{rﬁ]éﬁ aczlffvlﬁtesl" rRBaa)ﬁd' (BN RMhichOlcBvdtds PRI Each Trk
devel opnment and function of the nervous system
rece}(t@racqmm a gxtraxcelbdar gdon@ip (]@ﬂnd@pnchng)n aj trans-membrane region and an
[ y 7 ) t S c
o SHORLORERY o8 A FuPA0) LBeLDRaRRSY, BECRESS. o i
catallyzeR kiitogphbshosilgival dnd mgggst s doweameat sipaal erapadtti shechwdyer
exanple, while Trk's are expressed at |ow | evels
outsi de the nervous systemin the adult, Trk
Trk’ $6RMEESY @gpﬂeé?sedi Rer@asRdtis0e batig B¢ é’eg'@loﬁﬁl@ﬁtt\@ﬁ&e Trk’s are critical for
cancers. th normal prostate ti1issue and androgen-
the ngpanfenpaen endpypsivatad thagereells. Axposeagbiyemc rel dorsthe fl tkypgurggrophin axis
r
o GG S5 30 LSS0 11y R HENENEL 1 oy i
role lin ethddevalopmept- atrﬂigflinaﬂlcm:i of thel mtreowstsggfenn @athpogen; A. et al Current

Opinih GBRELHAD: ERee 028 Blage pr ostat & cancer cel |

becone dependent on the Trk/neurotrophin axis for
their survival. Therefore, Trk |nh| bitors may yield
In the| ngtsdasp eaﬁoﬂfﬁﬂé@?@ feriptRch gf ik %@@ﬁm%mdﬂnkmg Tik signalling

with %Q%e?gﬁ% h NAsRE 'T%?%&arﬁélgsévﬁﬁ@"[ﬁ@sn%r :é%%fé‘%ﬁ%%x%evé?g outside the
e Prostate 45, 140-148).

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




Furthernore, the literature al so shows that
over - expression, activation, anplification and/or
wondoatidsres of Trk's are associ ated with secr et opgT/OBe@S050321

carci noma (Cancer Cell, 2002, 2, 367-376), colorectal
cancer (Bardelli et al Science, 2003, 300, 949-949)
and ovarian cancer (Davidson, B. et al dinical Cancer
Research, 2003, 9, 2248-2259). There are a few reports
of selective Trk tyrosine kinase inhibitors. Cephal on

nomﬁf:‘E&Eﬂa{%ecgss%d@%@rog@gpdeé%eﬁteﬁr@ﬁ% ’tutpors @kprdls IGRNERs of Trk A and
esear ch , 59,7 2395-2341 ot her

undefagtibleolsselbaf dirk Bapad @dwe(vvm@ﬂm@‘eoyls a6 TTi¢ keceptors as well as their

e pP- 7 .
cosh Rl ERhA Ok nogbeltiRa H syt bl TcBAReDl pie fncer. Ther i
additamdl egelien@bklait i thexe tifd efagel }be:ttﬁtercaaﬁérl calsybmmeadqﬁndent on the

W th no-t.herapy al one. ne. d|sclo
TSRO RO RY R Y p%elan%uﬁﬂs ﬁ@re%r& %}ﬁf ARPBIeIS, Way nywld a class of
apop MQZ@%?I% fts &;f?coﬁ)l%nd ?ﬁend@:ﬁtp;ﬁﬁsta_t@léél%P(Weeraratna A T.
i ¢ conmpounds as Trk

reported razo condensed cyc
e“ﬂﬂﬁ%PBEW@% WDPQU%QZ®$687A) Pfizer also recently

publ i shed certain isothiazole Trk A inhibitors

(Bioorg. Med. Chem Lett. 2006, 16, 3444-3448). In
Furtleddotei (Dhm iiteretttme dbovhowd/drat ewePbraresaioeu hctoation, rmmdification and/or

razole 0 unds. as . nhibitors of
R it et G P OUBBISODBS GG TBb, N (ST R el 2002, 2
367- ymoaél&%&mca@eﬂ (E\ﬁtiaazarb@%zéhayewoepgo@ eghopyIoaZ@al &varian cancer
npounds as inhibitors against | G--1 receptor Kkinase

(Davedﬁe@dﬁgielﬁllmq@@5%@@&%?%@80@%%248%91 ed Trk
inhibitors in International Applications WO
2005/ 049033, WD 2005/103010, WO 2006/082392, WO
Therg 0G6Y 8768 1Ts HrvdlciFc208 BY1087S BBascAnibliens. (s‘tpdahloﬁalmqri}oed CEP-751,

cer Tyt G AL b, LB, ST BT oo

analdge 6w UOFDI 4380) as Tgh alhibifegs. paivanelyowrs thiah @EPVE)(I dnd/of CEP751, when
varj et erprollferatlve and cancer rel ated

comiypgt é‘géegurglﬁ@ Yudr rgemiselly dydiced pndinees soBHonapiigeddieger cfficacy

com@Rl RERARHbSherh %ﬁgh@ @lamhﬁﬁlk@ﬁb iRHeLVRBIORiRI0ld BSmpounds as
I mmune system ura et al Nature dinical Practice

Trk @nlmb@gy in m(QSZ202(569md WIB220513. Reeerdlyedapan Tobgga cegrorted pyrazolyl
cond%%gd ’Xgél oﬁﬁ)' eV' %nhlt%?o‘%? JP§8032§¥67§7‘}%§4%1‘?12€IQE0‘%éaé}éntly published
m 'y~ consi s our non- ece t osi ne nases
certaiyik@hiad AKTrk AAd'ﬂﬂblt@rEI dSldéngMeWh(Eh)d‘ﬂn ﬂJe&y2(H)6CI6,BI4¢4&B448)J e
in cytokine- and gromh factor nedi ated signa
transduction. Cytokine and/or growth factor binding to

In a8@tibn Y haCHol€COPHA! PRIrmaRERIBI CRavk €ERBHIRI pyrazole compounds as
di neri zation and facilitates activation of

inhibitgtse pefor CRKSoc Aar@s J?&K bip aMEPABhorYPERE2gR9,WO03027111  and
WOZg)@hil nge%ldi][g%r ?@ &%E@{/ ﬁe?d %ztogelegoﬁ’%o%é?isg%s;ﬁﬁﬁ)it&g against IGF-1
receporokiaages(W 00343483 ). (AstraZertehze h87E'A§Iscf aepoltyd dirk patobigirsisn International

apvigagons e apduatbonSw 2P SR, 80O R BRHT N g 7s30. and

WO doEseRyisag.i on fromthe receptor, and subsequent
di meri zation and translocation to the nucleus. Once in
t he nucl eus, the STATs bi nd DNA and cooperate with
Anot%lhﬁf tﬂ'n‘ﬁﬁ? GFIRRER QQS C%@lf Sfaﬁlg{, r elgﬂél J%}I@ [(nﬁﬁ{?é' %%éél@(@d anase)/ STAT
a nu er of genes inc ng, not I ed to,
@umehnmddm@mapdpm0$MSmKmhﬁmwﬁpn@ﬂ@emgﬂmgohmxmy1$thW¢dan@vandyof
cell cycle regulators (e.g. Cyclin D1/D2, c-nyc)
(Haura et al., Nature Cinical Practice Oncol ogy,
2005, 2(6), 315-324; Verna et al., Cancer and
Met astasi s Revi ews, 2003, 22, 423-434). Over the past
decade, a consi derable anmount of scientific literature
i nking constitutive JAK and/or STAT signalling with
hyperproliferative disorders and cancer has been
publlshed Cbnstltutlve actlvatlon of the STAT fan1|y,

= — o e —— p ——— I T Y |



Summary of the Invention In accordance with the
present invention, the applicants have hereby
wale@snsswsrd novel conpounds of Forrmula (I): PCT/GB2008/050321
Formula (1) or pharmaceutically acceptable salts
thereof It is believed that the conpounds of Fornul a
(I'), or pharnmaceutically acceptable salts thereof,
possess beneficial efficacious, metabolic, and/or
phar macodynam c properties. The conpounds of Fornul a
hype(ﬂr%hfeﬁ'hv@ hat naemed tdatd YraesePtiallL@ng alditybiRepRgfessidd, eapopt0s1s
bel i eved to possess Trk kinase inhibitory activity and
angiegeacsife dovadiong metagisis (Andf rasiph eifrthe nmimupe slysterr diduem et al., Nature
a e
Chm%ﬂdf‘rg{tﬁg éﬁ%@% ?%dg? he@:’l %éa%ﬁ Q/tl’eltnr%a eﬁ Qg’r 6%%%9 Eu{my M%asﬁglg Reviews,
2003ThE 42884t i on al so relates to processes for the
manuf acture of said conpounds, or pharnmaceutically
acceptabl e salts thereof, to pharmaceutica

The SARPRSILY icORstE 8N Blbﬁl@edeﬂ@mﬁl?ﬂné RinhREITH LSRR N JAK®, and JAK3,
manuf act ure of nedi canents for use in the productlon

whichplay erifical ploin eerkne-ond iyt fageroagbigedsigeal drangdictipn Cytokine
S . .

and/(\ﬂ"r’%rmwla‘LI ?&Q(?g%lgﬁlthgﬁh \S;cgﬂ;’éfﬁ%%& ﬁgag%rﬁ)\,: g%rﬁogesgﬁg%t%gaﬁ%rlzanon and

facilitag¢sh @dsva@bn usf ngceptg)c-lassoomn:du MK, bgr agbplrosploeyibiioal Aytivated JAK

ab e sal s t her.eof of. ca
PhosRE BB Lr (R0 G T EolagbbAas ot Ear Tl e SO signaling
protdmaiﬂrp@auﬁlmcmklsnap €2ptabl profahst STAEL @08, 4,25% 5b and 6). Receptor-
ected to be of value in the treatnent of di sease

boungy §%§9 s Bensetvd nRpsRoBdated By drikpe Promabing dhgin diggociation from the

recerﬁ@tn Gfd %b@@%h@dlh@ﬂ%&ﬂ aRd 1 RYESEbARY the nycleus. Once in the nucleus, the
broproliterative and differentiative disorders,

STAES didaBNg\ ancheoonstrasé ovithr othen transcriamoiictoss Saregom expression of a

numbetr Qb ﬁgnlﬁon?‘%‘h%‘% g)tu (g:igt%i?elértggéet?%sng cpcrifr)lg%t (t] It(()essis 1nh1b1t0rs (e.g. Bel-XL,

Mcl- &i)Jtaﬁ)dl RBllng cldi ggas®ss (g uCelianD 1Y, QAmgo) (Hdu&mé’ﬁbl ONature Clinical
one di seases ang ocul ar _di seases with retina
Pract,}ﬁeo@l?%}%t +Uh: 2@kt Retfroremaichal &ﬂ?ﬁ@tﬂ‘ﬂéé\/[?iﬂsnfﬁb%%‘ml%ws 2003, 22,
423-434), or pharmaceutically acceptable salts thereof, are
expected to be of value in the treatnent or
prophyl axi s of cancers sel ected from congenital
i Qr , t phr . [ o
Over SR . CE SRR B o DR PR RERAUR, b consinive JaK
and/dreBKAM algnaﬂnhg ivatle hyyebohtrativel divonders aekopltagdas been published.

Con R BP0 DB OSRL N t BRTELFRLECT AT e

in a QMRIARR of @zﬂfc@f&an@ heAFhrofifena Rk diddederAiHgraS@ Gl BNt Clinical Practice
breast cancer, col orectal cancer, prostate cancer

Oncqlogst, RAPHPAbrIHERR4) divrtherony. Pregantarcaivatigncel theplAdd§EAT pathway
prov@g%%g{mpo@@gpﬁgaggy g?%? ?1e pop Oﬂggﬂggﬁ%‘@&‘%hgj@gy kinases (e.g.
F1t3, gASkR) whmrwest;mhea&ttlambnnlmk b@amuaphcatedrmlkegaimfers in a variety of

ek TS RS EPEE | B PRELL Bby ik 2550, o5

357- @Sﬂarah@ﬂdlﬁaﬁsteﬂ,, hlitéﬁaﬁénacmiﬁ@l,of mhﬁfcﬂ@géa 0052BHEY,,93-99; Sordella et
ostate cancer_ and @gwg ncer - and SCLC, nore
8

al. Sﬁ%&ﬂ?q H¥as 0y The s o eln R, IMRAVMER S NBBAKVE E3uiAtry proteins, such
as thEl; gﬁrﬂ%ﬁ{ggor% IS§ {Eﬁgﬁrlﬁ’é' ﬁgxﬁ%’rﬁ%@ﬁ@(ﬁ?%@ﬁs CIID&[S%%QI%QEG Rtivation status

|y acceptable salts
of the HAIKEBTAT esriglaﬂimgtmdrwdyelhlchmest ¢6 B afd Rabikie Ri, Redingic Nephrology
treatnment or prophylaxis of inflammtory disorders,
i ncl udi ng such conditions as: allergies, including
allergic rhinitis/sinusitis, 3skin allergies
(urticarialhives, angioedena atopic dermatitis), food
al lergies, drug allergies, insect allergies, and rare
all ergic disorders such as nastocytosis; asthng;
Arthritis, including osteoarthritis, rheunatoid
arthritis, and spondyloarthropathles Aut0|nnune

L e



Furt hernore, the conpounds of Fornula (1), or
phar maceutically acceptable salts thereof, are
wexpeaswss to be of value in the treatnment or PCT/GB2008/050321

prophyl axi s of against nyeloproliferative disorders

sel ected fromchronic nyeloid | eukem a, polycythem a

vera, essential thronbocythem a, nyel oid netapl asia

with nmyel ofibrosis, idiopathic nyelofibrosis, chronic

nyel ononocyti c | eukem a and hypereosi nophilic
mxgsmm@%@n@5)nyelodysplastlc syndronmes and cancers

sel’ected from oeso eal cancer, nyel omg,
Severpd pattaseeforg afJ,AIfs%E@Ie g1 islentifiadyin e ahrieta at discasEpittings. For example,

transiogétgoglg?esbﬂﬁlglgg? Ele%ﬁ&&?@f thgﬁw 'k%ﬂs!lfes %ﬁﬁ%lth%ﬁ%ﬁl@&?erlzaﬁon domain,

cancer, orec cancer
TELdaAKRe Ber-bA KA dad R(EMC{IAmnhh\a:anm imipliceged Bnthe rpathogaresis of various

hem e ey (§BatiTe Drosrhisalt S 0 erT2-582). More

recefB$ @uhRLé APfired @Rfdtion NERTing 4 YARRAIBhamdalh@k AEEI7R) substitution in

Kgartlcularly nyel oma, | eukem a, ovarian cancer, breast
JAKZ #igg deteetediing vetifeant punbeof ppyvexheal vors syseptal romiprythemia and

1d10p%{:h§3cS ﬁl%lo'ﬂm’oﬁl@ s]#a?lﬁﬁg ﬂa'tgeasleg ;J’E%Hld &Qeﬁp%{ﬂ%{ ﬁfs(:%/s)es The mutant

armaceuti ca
JAK2 poegh abbble salattsvatchdovestreamtsegnelling Ql mtw)/albencs aif@ytadche stimulation,

resulf T G OO DR ERTa oy PR B SR o to pay o
criticeRrd@lik Miying tBesetdischsedBMIEPLE) and McMullin MF, Hematological Oncology
2005, 23(3-4), 91-93).

JAKs (in particular JAK3) play an important biological roles in the immunosuppressive field and
there are reports of using JAK kinase inhibitors as tools to prevent organ transplant rejections
(Changelian, 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 imidazole based
JAK2/3 inhibitors with enzyme potency at single nM levels. Recent Vertex PCT publications
have described azaindoles as JAK inhibitors (W02005/95400). AstraZeneca has published
quinoline-3-carboxamides as JAK3 inhibitors (W02002/92571).

In addition to the above, Vertex Pharmaceuticals has described pyrazole compounds as inhibitors
of GSK3, Aurora, etc. in WO02002/50065, WO02002/62789, WO2003/027111 and
W02004/37814; and AstraZeneca has reported pyrazole compounds as inhibitors against IGF-1
receptor kinase — WO2003/48133 - and Trk in WO02005/049033, W02005/103010,
W02006/082392.

Summary of the Invention

In accordance with the present invention, the applicants have hereby discovered novel

compounds of Formula (I):



car bocycl yl, 5-nmenbered heterocyclyl, -ORla, -SR a
-N(Ra)2, -N(Ria)C(0)Ri b, -N(Ria)N(Ri 1)2, N2,

WO a{09)13%785 C(0) Rlb, -C(0)2Ria, -C(0)N(Ri a) 2, PCT/GB2008/050321
-0C(0O)N(Ria)2, -N(Ria)C(0)2Ria, NRa)C0ONR1)2,
-0C(0) Rlb, -S(0)Rlb, -S(0)2R', -S(0)2N(R a) 2,
-N(Ra)S(0)2Ri b, C(Ria)=N(Ria), and -C(R a)=N(ORi a)
wherein said G _6al kyl, C2_6al kenyl, C2_6al kynyl, 3-
to 5- nenbered carbocyclyl, and 5-nenbered
het er ocycl yl may be optionak#y substituted with one or
nmore RL; Ria in eaché?ccurrenﬁe y be i ndependently
sel ected fromH and : tMﬁS menber ed
carbocyclyl, and 5-nmenb qg het erosycl yl, wherein said
C _6al kyl, 3- to 5-menbérsd carbocyrlyl, and
5-menbered heterocyclyl iR eagh occurrence may be
optionally and i ndependent I'y"substituted with one or
nore R; R b in each occurrgnce may be independently
sel ected from G _6al kyl " opl kenyl , C2_6al kynyl, 3-
to 5-nenbered carbocyclyl \and 5- nenbered
het er ocycl yl, wherein said _6al kyl, C2_6al kenyl ,
C2_6al kynyl, 3- to 5-nenbergtl carbocyclyl, and
5- menber ed heterocyclyl i n each occurrence may be
optional ly and i ndependent¢nynudafistituted with one or

or P‘%%%ai’%a}l%%%ﬁ%bfé%ﬁﬁhg%d62{ ynyl . car bocyol y1

het erocycl yl , -SR2a, -N(R212, -N(R2a)C(O)R21D

It is bgsedf%ﬁé cor@&’\%w%@zula %0&13?26%%%021 accepta%le salts thereof,

possesg\l()aé’&@{a@éﬂﬂ(:ﬁ?&% mef61R) Rédorn ha@ﬁ&)) mic idd2l’
-S(0) 2N( R212, -N(R2a)S(0)2R21D - 2):NE 2), and
- C(R2a) N(ORZa) wherein said G _6al kyl, C2_6al kenyl ,

The gg‘[ﬂ?&lﬂ'ﬁ?wlf:’ C Yot &Xl %Q&iw‘&fﬂr %E%%?a@le%&@%cig&r r21tre believed to

opttonally su stl ute one ofr
possesadik bioewringbit@y metyvityent acheqoeordagtyl yseBik f(ﬁf(tlheéldar]ftianiiﬂdration and/or
proa]gpﬁggl(lé lh’ asga%ilgcgﬁ (tj %j/:ltl’vngﬁgd ng%ngﬁl(?g% 8# é?dtlinﬁn 0 hg hgrfalan or animal
bodyO CIgidr fn@ﬂﬁﬁ)nnﬂyo baatépttb oftatdsyesafod thordeprndeant lof said compounds, or
substituted with one or nore R20; R21 in each
phargayicalyacopinploalts Heob e abarmyeaidpal cpmgosifigincontaining them and to

their gse-%?ltﬂ@)/ﬁlamﬁgwﬁ‘@l Jf %Hé/dwang%tsﬁl%l' Iﬁyé‘}ﬁl bhe %&Qﬁ?ﬁ? by lcm affProliferation

het er ocycl wherein said G _6al ky C2_6al keny
and/c@z)r@@bktphybffecanmybﬂoyded aenndalhsmra@maol yl in each
occurrence may be optionally and i ndependently
substituted with one or nore R20; R3 may be sel ected
Alsof ihcatcdtdakval with tKSNpre€ant Gﬁ}ehycbn tl@@@&bdﬁﬂmphvide methods of using such

comp(NP%g lg;f na¥1|nm(e§gg;ﬁ%?%§q;%ﬁ@ saﬁ;ﬁ%%g%( %é{lje_gt’menf\@ciﬁcer

-C(0)H, -C(0)R31
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.



, C(0)2R3a, -C(0)N(R3a)2, -0C(0)N(R3a)2,

-N(R3a) C(0) 2R3a, -N(R3a)C(0)N(R3a)2, -0C(0)R31',
WEL@BREESY - S(0)2R31', -S(0)2N(R3a) 2, - N(R3a) SO)/eB3hR050321

-C(R3a)=N(R3a), and -C(R3a)=N(OR3a), wherein said

G _6al kyl, C2_6al kenyl, C2_6al kynyl, carbocyclyl, and

het erocyclyl may be optionally substituted with one or

nore R30; R3a in each occurrence nay be independently

selected fromH, C _6al kyl, carbocyclyl, and

heterocyclyl, wherein said G _6al kyl, carbocyclyl, and

heterocyclyl in each occurrence may be optionally and

Furtlierierge Higegomippusdsoeft Ferpudal (I @ﬂm@ﬁemmlmeacmblmﬁt& thereof, are

expe%@& gal %C(?H 4 Cg“aﬁg J%Ft?ér%g)? é)erpﬁ‘gpat% iy of Ocar %glésss%}ecfear@rora congenital

fibrobeet@nac yfmbydlastmh e¢phiroms aintbs@helGmhas y hquteCZmﬁﬂmeryz I ,leukemla acute

RGeSt dHRETiny TETOC ARG 4RI Hep SFEMERY concer,  myclom,

hepafold@siflar! phigleatic! Ber@ié@l @Jncé'ﬂ) %l%osar%mu&ﬂ@@hﬁcq@gom sarcoma,
fromH -CN, G _6al z C2_6al enyl 6al kynyl

ovarigp LHISEY é)reyapt Capedy dif g gﬂcretorpq(omg{)cg{l@}r R@lprectal cancer, prostate cancer

1nc1u_d@%§3%%%§§f§)%%%&0rg C??%\l? E?%?I)? F&afi?\??&g%% 1%%3?)%5%%(:& - non small
cell lung g&?eg(’ilﬁﬁﬁlgRAaa)n;ﬁ,smdﬂc(eﬂ) IRA% ;anoeS(mmn gasﬁ&@(c@)c@ﬂéhbad and neck
cancer, 1 % ﬁ%@*ﬁ%ﬁbmw rgidca é%ﬁ) dnc&icP %]PBIP)} @2/ (% ?{Lcleig, |mes0thehoma

and ledkRaik papticulaBlidroReeatCeamber, Birgkt ReARE, Qf@kﬁécydl cBR¥r,Afostate cancer and
optionally substituted with ogne or nore R40; R' in

lung ecaR¢FT oo MFLEnard $&y-Chenots dasisidrsh pipsiets ewcery and gneig, particularly

hmn&heﬁﬁh&%hr1%§&QQ%M%¥V| and heterocyclyl, wherein said
6al kyl",” carbocyclyl, and heterocyclyl in each

occurrence nay be optlonally and independently

subst i t ut WQ
The compounds nctgfd or%lu abI or eagél%%% %;ﬁ4 accéeipéa%%e Sc'iﬂt? ﬁleﬁclof are further believed

to b&ofGalliy lin K2 t@aiﬂeﬁny)lr ,pr@yﬁﬁiskyﬂyﬂlﬂanﬁﬁﬁtb@cylﬁbl)dbrs amduding such
het erocy C2_6al kenyl ,
condc@nsa«"rskyaﬁ{?rglese apeadpe) gl efglﬁn’alll}ﬁéi/%l%%%l §hin jlcilsh (urtcariahives,

angi RREHE" SHGE JORYat#S), T68d ﬁlﬂﬁ‘éllssy &%al‘lé?&@@eiﬂéé@ﬂqﬁlle}‘gles and rare allergic
dlsorfilejrgssflclzﬁ gst Ie;gst\(l)mc;tgsmo naith?nra Arthrltls 1nclud1ng 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. 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.



R5 may be independently selected from halo, -CN,

C _6al kyl, C2_6al kenyl, C2_6al kynyl, carbocyclyl,
whedoensogl yl, -Ce, -SRb5a, -N(R5a)2, -N(R5a)C(B)REB2008/050321

- N( R5a) N( R5a) 2, - N2,

C(O)H, -C(0)R51' , - C(0) 2R5a, - C(0) N(R5a) 2, - 0C( 0) N( R5a) 2, -

N(R5a) C(0) 2R5a, N(R6a) C(0) N(R5a)2, -0C(0)R51",

-S(0)RB1', -S(0)2R51', -S(0)2N(R5a) 2, - N(R5a) S(0) 2R51D

,  C(R5a)=N(R5a), and -C(R5a)=N(ORba); Rba in each

he &puh &G JHRMI b RAQREdLY 264 'ieeéilltﬁ fHRRO, Iso believed t
G _6al kyl, car Sg?yclem nd he]?’eroé@%y R5b Inafeegg% clieved to

possese gk éiﬁ@@e raybitesy japiinafye e picl accetdingdi @sjefﬁlr tom their anti-proliferation
and/(f? el?fg%g{%totilc (F:gtﬁ/%?l Aﬁﬁﬁxerg%t 636&1 %ya%ént 0%[19 (?1813{181!1 36|r an%‘aq body. The

occurrence
inventivtegencénds| tp Beteses dar fhiconaruécayre 0€Bh1d (Bbm@alhﬂdy lor pharmaceutically

accep%graslaﬁielgl%%ﬁofcéi?ﬁa[{hy né/L%"galcsﬁ.‘a@r b}%%%lgjl% contmmng it and to its use in the

man{fiteR) 6 BeficABents Mok BscO@ Md Action 3f hNRuti-pr&f@adon and/or pro-
O)Rib,) K $02- 10a, - O)N(Rla])2 -0C(0O)N(R 1

apopgatlg ¢ffect in warri-blooded animals such as’ man. Also in accordance with the present

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 thercof, 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 JAK2 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



N (Row(0)2rR 0oa, _N (Rioa)c(c)N (R oa)2,
N(Rwa) S(0) 2Ri ob, c(R oa)=N(Ri oa), and

WO eoRi18E33=N( ORI a); RI"™ in each occurrence mayP@EGB2008/050321
i ndependently selected fromH, C _6al kyl, carbocyclyl,
and heterocyclyl; RI" in each occurrence may be

i ndependent |y selected from G _6al kyl, C2_6al kenyl,
C2_6al kynyl , carbocyclyl, and heterocyclyl R2 in each
occurrence may be independently sel ect ed fron1ha|o

electmon%h&ﬁicWel%%ﬁ%ﬁe%dﬂRge @m@%ﬂé)’&)ﬁémﬂa%f&%\é?ﬂh&‘ﬁna myeloid

heterocyclyl

metapm@ayl myﬁgﬁ 0sis Nd(omt@g:)my(lp@byogs chr(gn() myfs@@ono@(t]@)lﬂlkemla and

ropsi QLRI e ShOL ARy SLOLNCERRL) 10 AL OUNCRERR) Rocsophages

canc¢rREQ@)osia) h2p2ede]lulac (fRAG@)tidN(cervR@h cdackr, diwdngs sarcoma, neuroblastoma,
in each oce urr nce

- R20a) =N( OR2a): R20
Kapqs SRR THEn T  FO L BER oo LT GO nca bisS Bl Fyecr. bladder

canc@NtheNB6BA AGYEMker -Fon shidllRE %n‘g%ﬁhkfe[r ENSELORYN®Emall cell lung cancer
|ndependently sel ected from C _6al kyl, C2 b6al ke

ny
(SCIED, masths wpncer.chgadowrle ngak, canger, rmaqsetﬁlelwm yienal Rgnpd, dgpphoma and

leukz%%ié‘ %ﬁﬁgﬁrlgﬂ?&eﬂ)&d %%F@g%g&hg %ﬁkﬁg%egl cg%%%%rgfta ¢ cancer.

heterocyclyl, -OR3 a, - SR3 a, -N(R3a)?2,
Detaille\!s B?e’gprm &RSb,

The present invention provides compounds of Formula (I):
N=
R /\N A
S \(:<NH
Y,
HN.__R*
D/I
Q
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 selected from H, -CN, Cpealkyl, Csealkenyl, Cyealkynyl, 3- to 5-membered
carbocyclyl, 5-membered heterocyclyl, -OR™, -SR', -N(R'*),, -N(R™)C(O)R'®, -N(R™)N(R'),,
-NO,, -C(OH, -C(O)R™, -C(O),R"™, -CONR'), -OCONR"™,, -NR™CO)R",
NRYCONR"™),, -OCOR™, -S(OR™, -S(O)R™®, -S(O)NR™), -NR"™S(O)R",
-C(R™=N(R'), and -C(R")=N(OR'®), wherein said Cy.salkyl, Csalkenyl, Cs¢alkynyl, 3- to 5-
membered carbocyclyl, and S-membered heterocyclyl may be optionally substituted with one or

more RIO;



N(R3a) N(R31) 2, -NO2, -C(0)H, -C(0)R301', -C(0)2R3a,
-C(O)N(R32t) 2, -0C(0)N(R32t)2, N(R3a)C(0)2R31,

wo boR33y76% 0) N(R31) 2, -0C(0) R301', -S(0)R301', PCT/GB2008/050321
- S(0) 2R30b, -S(0)2N(R3a)2, N(R30a)S(0)2R301D
-C(R30a) =N(R3a), and -C(R30a)=N(OR3a); R30a in each
occurrence may be i ndependently selected fromH,
C _6al kyl, carbocyclyl, and heterocyclyl; R3" in each
occurrence nmay be independently selected from

R if ea@@b&ﬁhen%%ﬁbé‘%%end%b{%lé@émﬁrom @ﬁﬁrﬁp@}’&ih&l 3-889-membered

het erocycl yl 4 in each occurrence

carbatclsbentbn mprberdc bedaty G hibotein. Ghid @ a@ylkyb, fo -membered

carbc%—lg?l krgpyfg meﬁ%ﬁ?ﬁ ;%t'é% %Z ;)%é O;ﬁ{‘:ﬂsagggéee rﬂ?% Iey loRFonally and
1ndep{eRd<ﬁﬂ],y sBbstituted with one or more R N2, -C(O)H, - O) el

1(1 %%ﬁwenf%?aﬁkg él}%;z N%E ﬁaﬁ‘}gﬁd%?’ C—6a]1$yl 482 6aﬁ<eny1 Caealkynyl, 3-

to 5 JIN(IB%Q@)&{H&WO Bad SGdRARId M%@%’lyl) wh&gin- Glee). 6'a114§|1 C, ¢alkenyl,

OR4o0a); R40a 1 n each occurrence be i ndependent

Cas élct3ed0 foripemperedicabaeyell, ar@aﬁ@@ﬁély@rw hetegagyclyl in eacﬁ/ occurrence

1 b
may BELEIADE b inaGR ey ol RRAATBERAAAIER ToY O
R’ @8y ﬁal kqlervydd, froa’r Bochalby I-CNard.- 6hﬁtybr6£(yttkleyyl (Ezn;a]lkm)d carbocyclyl,
heter B 1OF Lt AR R NSRS R e et d MRS com™,
-C(oomd*fS C@(QWW%V‘WO)N@?)E am@izﬂt(@ﬁkhonNatze»m%ommz*‘)ar@C(om%
S(OgF Sy @@)z&mt-ﬁgm?N(Pczm SRESADR, -z R iy e B NOR™),
wheﬂeﬁﬁ%fdo@ ard. ﬁﬁ'@ﬂg‘fﬂz 6&]52%%{ oarﬂocyaglhﬁhcpﬁéfg’%gyclyl may be optionally

2-meth y%/prgpy , t -"but used herei'n
substithed tathmneak kpk¢ Ri’ef ers to both straight and branched
2a chal sat urated hydrocarhbon rad hav
R Scﬂ ocecarr%rb(:ﬁbmay)f) mdepen enth/ ecfaeﬁe?er entgé 63{1@1 carbocyclyl, and

heterbébd:ll}xu dtekinadakyy C;. gi]l@d,pﬁarbdt@hlyaind peepydyClybireegpagicliiréice may be
trai chain version only and references to

Opthnﬁ%pr %dda%p%ﬁieaﬂx ReRFUEHES WithenaAr 6 8Hps such as
R? inl S0P BQRNIIenceaﬁﬁy $P¢dehbfich® sdifgePfraRahedikgN@, Ralkenyl, C,alkynyl,

carbglc?[:lilll oa?ld %Qterocyclyl wherein said C;.ealkyl, C;.¢alkenyl, C,.¢alkynyl, 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, Cisalkyl, C,ealkenyl, 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(O1R™, -C(O)NR™), -OC(O)N(R™), -N(R™)C(0)2R™, -N(R™)C(ON(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,.galkynyl, 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 Calkyl, Cogalkenyl, C, ¢alkynyl,



Al kenyl - As used herein, the term"al kenyl" refers to
bot h straight and branched chai n hydrocarbon radicals
whansnss7she speci fied nunber of carbon at ons apdi/GB2008/050321
contai ning at | east one carbon-carbon double bond. For
exanpl e, "C2_6al kenyl" includes, but is not I[imted
to, groups such as C2_6al kenyl, C2_4al kenyl, ethenyl,
2- propenyl, 2-nethyl-2- propenyl 3- but enyl
4- pentenyl, and 5-hexenyl . Alkynyl - As used her ei n,
carb&c@/@lyt %’hﬂ‘het@f&yﬂ%i ‘wHeRhie Ezﬁdt‘?él@}lhcﬂa'ﬂ@hglhbz ?dll@ynyl carbocyclyl, and
bfanched chai h hydrocarbon radicals having
hetergppedylfin eegchn gedyeienest n@ammt@ﬂ@ma@nmdmﬁd@tm w@statlted with one or
nan%%St one carbon-carbon triple bond. For exanple,
> 6al kynyl " includes, but is not limted to, groups

R? nswdh sekcEd ffmb Ky RGN, cmm @ydaydenylet:blwﬂyylnyl Zammm{yiyheterocyclyl

&SRR PR, SR Yon PR cRr. -commn

-OC(OINERS), ! QN(Rﬂfsm@»wh' ON@R“%@)N%' nd | @m0>R“'** OBOIR ®, -S(0):R™,

may. b uor o oro, and
SORNORRb -HOR B OTREar G B L. Frds ek @ o QR Brgerein said C,alkyl
Cs. 6aﬁé¥1§’l ey CJH}SJny% g?ﬁ;)%%éﬁ e{}lg;hr%'tte?miyﬂ;/?gqgaﬁ Egg{)ﬁ%{ahg %Mlg‘sltlﬁflred with one or
nanm§aturated nono or blcycllc carbon ring that
cont ins 3 to 12 at ons

R* 1 %(ipglaﬁl%cen@?y B’Sngﬂ?ﬂel}ﬁ%ﬁﬂwse W%Id %ggnﬁﬂ ?{4‘ a;[l?yl carbocyclyl, and

hetet@@}FcﬂﬁSWﬁﬁGianudW anheityl Oéarb@%} agl Qﬂé&S@cybﬂyl Ustdchtdcé@rence may be
exanpl es of carboc% 1" 1 ncl ude, are not limted
OPUO%HY Hypegpeydently gighs Bﬁt‘iﬁlp‘i*/’llth Onec%}”élll(HBBt yl, cyclopentyl,
R® ﬁy&k@l%@dﬁh%ﬂé/e' maf be h ?é&denﬂﬂéié&é&?f%&ﬂyél 6aﬂ<9fi@;>gé1ken I, Ca.ealkynyl,
napht hyl, oxocycl open I- oxoi ndanyl , pheny g
carchgclyhlahd@leterdcmclmhevla@p’eszﬂd Ci gdkHoCyallkenyl, ﬁ,‘aya]]tg;elyl carbocyclyl, and
hetergéé/ ‘Iqupr Q aga P%curregtfe Exa%gbo%glggﬂ ertri%gﬁjégplﬁcéé%n_éllylesglb&ﬂ%ed with one or
nxndR@bocyclyl " The term' 3- to 5-nmenbered carbocyclyl”
refers atur ed or partiall satu ted
R Wo‘&fydvq?e@ Pﬁbnseﬁqcrﬁg SRt it ndvy Y n%z atkgmy; Cocalkynyl,
carb&fyc\[ﬂyh' GOeRPRIA ORE -SHE- 9rroYps W )@@oﬁ? Q@@iS*‘)N(RSa)z, -NO,,
aced th a corres ondlngwnunb 9

-C(ODHJ ust@@)Rve ex@PLRE. of -CEOIN(R 5. ner@féﬁ@NR s -N& HC(0),R™,

NOSKRISIEHY daciite Sioheer o KBTI | s

-Caéﬁmmmf% mﬂ~CU€a Rﬁ&red carbocycl y1" may be
R cycl op Het er oc; ed herei t.er
Gl e epir e gy Bosm e, WIS edaToBa oL carbocyelyl, and

heterd&fcfiat ed, or unsaturated, nmono or bicyclic ring
, containing 4 to 12 ring atons of which at |east one

R™ injqagh aecmenes Bay e irtgrendspibnpelecseseriomslsliyl. Gapkenyl, Coqalkynyl,
h may, unless otherw se specified, be

CMb&ﬁ%%gﬁn%?a%Pt ogén |linked, and of which a -CH2- group

R" mmcknpbmmn:abd ma&)éerm(b&mn@tlmsebcted:(fﬂ))n halRj AN sG] fallyl, Cs.alkenyl,

Co R i EHBEH ot ORI YEe G onaky ol et ¢ oNBY F(OR ™

-N(R’\gipi(Ra’@)% Nkﬂzu&U(@SHveC@XM' e@(oﬁztRf%e C@DJN(RIO*‘», -OC(O)N(R'™),,
e
N R G Bt AR O NI 0 RSP BT GSHPR-F CHEA'™. -SORN(R™,
N(Rllqajsgl@)zzglloyl C(Rm;QNMiIO*‘) aﬁgO@dI@@sJ}ﬁwRIOaB sot hi azol yl,

i soxazol yl,  nor pho

2- oxa- 5- azablcyclo[2 2 1] hept - 5-yl, oxazol yl,

2-oxopyrrolidinyl, 2-oxo-1, 3- thiazolidinyl,

pi per azi nyl , plperldyl 2H—pé{anyl pyrazol yl ,

pyridinyl, pyrrolyl, yrroI| nyl, pyrrolidinyl,

pyri m di nyl, pyrazinyl pyrazol yl, pyridazinyl,

4- pyri donyl, quinolyl, tetrahydrofuranyl,

t et rahydropyranyl, thiazolyl, thiadiazolyl,

t hi azol i di nyl, thionorpholino, thiophenyl,

pyrldlnyl N—OXIdy| and qU|noI|nyI N—OXIdy| 5- or

Aa 1 . o o o, g,



Wiere a particular R group (e.g. Rla, R, etc.) is
present in a conpound of Fornula (lI) nore than once,
WO 2008433783 ended t hat each sel ection for that RPQI/GBRI0BS50321
i ndependent at each occurrence of any sel ection at any
ot her occurrence. For exanple, the -N(R)2 group is
i ntended to enconpass: 1) those -N(R)2 groups in
whi ch both R substituents are the sane, such as those
in which both R substituents are, for exanple,
L0a O : ) 0 , a
R oo e o AR SR eyt and
heteroepsdli t uent is, for exanple, H and the other R
10b it j f.ar. I [yl l-es
R 4l ERinet oy, nRERRRy . SIS ORBYE paniiEiRonyy Coaatiomyt
carbdagclghynd hiettrabyatylat om of t hat group; for exanpl e,

propy!l includes prop-1- nd prop-2-vyl. Effectiv
R R OB e MRats By e ashioldenlB SsRAEE siml hilaci ¥ b byl G2 alkeny,
Co.calBANE AARRPUPL  GletcPoGORROUMIROT  CERPOST L@ "Whi CR(RS)HC(O)R™,
sufficient enough to si ?nl fi.cantl 3/ and EOSI tiyely >0
-NRypiN Ry eheN&y A Lant{@R com§i(PB8ns t-6(BNR gat e@C(OINR ),

Ny RO LISV SHIBIER, SEIROSEIQ TS, 50N,

effective a nt fTor dse in

-N(Rp sk @B Et-Cerl™) e iodsiani eBRU)IN@R);wi th t he
™ BTGRP P See O Br il PR, Rt sl Srbocyets, and

heterdafdyle of concurrent therapy, the particular active
»opl. NQredi ent (s) being enpl oyed, the Earti cul ar
h&theRseutsnsamay -bsdedspeadsndy edlested BRm(G)oplkyk Gaeplkeyl. Cosalkynyl,
carbdbiytiyl, 26@nctBiddydiyike factors within the know edge and
, EXpertise of the’attending physician. In particular,
R™ iarcael foeatricnes amp et indépeadantprpolgetdd dfonFbalout@N( C)eatkyt, Csalkenyl,
se in the treat t _of cancegsod S 3@ M0 s&Uf fi Cient 30b
C gl et 1881 5 RrePtafe TR e nethd b1 ogu ni rl< ICOR™
-N(RSUPRES), MaNO, 1 he(OYMpPt-o®)RSY, canogr *andC(O)N(R™™),, -OC(ON(R™™),,
nyel aprql,i ferative disgases, 1o ow the,proaressi on .
NG IhEar- NG PRIl 1% PSPV di-SEhBas: “FPIR ™ -SIONR™),
N(RIBRIORRIM DA F§DUR M L SYROTPIROR “gancer and
w,veloproliferative diseases the risk of getting worse.
R™ e gp¢thgeaursoge mapsbay geldpandentlynscledesl pamable Cilsdliavli sgrbocyclyl, and
" is intended to refer to groups readily
heterglg%%ﬁ’aceabl e by a nucl eophil e such as an am ne
R* i edohaphirtece ang telioddpohdontly keddeptd frem ©rgabyt, Id,@hlkenyl, C,.galkynyl,

nucl| eophj | e. npl es of suitable |eaving groups
Carb(?CHEIP'E&EEh‘ﬁFTBF%ﬂCh as chloro and brono; and
RY BWabtR ¥R cIhRY R, inddHehdeasly Nelbrd goul hapylaxycantkyl, C,alkenyl,

t ol uene- 4- sul f onyl oxy. tionally substituted - As
C-calevayl, hegeghasyclylhe lwrﬂr%mgﬁo ptCPReJr‘%m I*@RgoabstN(R%?bd, ~NR*)C(O)R™,

kgt 6 akes t i t gkdy@aobi S panal @ﬁli ef 40a
N(RI ‘?ﬁ(lt(g 6’55%@ ?gd?ﬁ{[’heég(be)?lq ghatcggszgr o’upC 0 (ie{hvgz’t hgrt?o)N(R )
-N(RSBIEKO)RAT e NR ' YPOINER T hut-OF(O)R "t hB(@RERL -HO0):R™, -S(0)NR™),,
| L bl doS_ bat €d 0a{1L 10.0f hydrogens on

N(Rtsdﬁ)g%(éjégl gﬁ§{ dﬁéﬁgﬁpsﬁﬁg @@éﬁrg_ﬁ]@ d?’vvi th a selection

R* fif @ RecurRded alagdoes iHASHdniHRRL SsledddoRbeH, Ihatlk§lh@arbocyclyl, and

normal val ency of the atons on a particul ar
hetergeirsdyli adent i s not exceeded, and that the substitution

R* SR ciirferRe $1a3He8nGPERRUA selected from Cpealkyl, Cacalkenyl, Cs.calkynyl,
carbocyclyl, and heterocyclyl.
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One or More - In one aspect, when a particular group
is designated as being optionally substituted with
w0 o0v8/18378F10r e substituents, the particul ar nmapCbeB2008/050321

unsubstituted. In another aspect, the particular group
may bear one substituent. In another aspect, the
particul ar substituent may bear two substituents. In
still another aspect, the particular group nay bear
three substituents. In yet another aspect, the
particul ar group nmay bear four substituents. In a
further aspect, the particular group may bear one or

In this\speadiigsgion theameisx Cinassysed fin grihysuchep CasPledtand thedike (where x and y

are 1%[?&%%1‘1&?%%‘[5? ﬁl?eﬂgthrﬁ%?/cagﬁangg%lf %ﬁ !0}1 Lé]‘i(i“:flss tkg{ a%gﬁggﬁ[n %Eegroup; for

arnaceuti ca cepta
exanmpde @, hdkdiingludeh € alky Intinieitydy Ceadien t(ethell),| Gsaket@pdiabbhwd isopropyl) and
refer o those conpouynds, terials, conpositions,
Cﬁmﬁﬁgfgﬁ’g3§§a'rP ﬁgﬁﬁﬂpgﬁm@gg?ﬁ%ﬂvﬁ”n t he scope of
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cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, indanyl, naphthyl,
oxocyclopentyl, 1-oxoindanyl, phenyl, and tetralinyl. In one aspect, “carbocyclyl” may be

cyclopropyl.

3- to 5S-Membered Carbocyclyl - In one aspect, “carbocyclyl” may be “3- to S-membered

carbocyclyl.” The term “3- to 5-membered carbocyclyl” refers to a saturated or partially
saturated monocyclic carbon ring containing 3 to 5 ring atoms, of which one or more -CH,-
groups may be optionally replaced with a corresponding number of -C(O)- groups. Illustrative
examples of “3- to S5-membered carbocyclyl” include cyclopropyl, cyclobutyl, cyclopentyl,

oxocyclopentyl, and cyclopentenyl. In one aspect, “3- to 5-membered carbocyclyl” may be

cyclopropyl.

Heterocyclyl — As used herein, the term “heterocyclyl” refers to a saturated, partially saturated, or
unsaturated, mono or bicyclic ring containing 4 to 12 ring atoms of which at least one ring atom
is selected from nitrogen, sulfur, and oxygen, and which may, unless otherwise specified, be
carbon or nitrogen linked, and of which a -CH,- group can optionally be replaced by a -C(O)-.
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-N-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, “5- 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

13



NRayN(Ria)2=L 11 0 -C(0)Rlb=i _Rb 0
-C(0)2R a=-LLORia 0 Ra -C(O)N(R112=11 NR a 0O R a
WO 0BgA3MRL12=FA i LI I\l R a 0 -0c(0)Ri a=F0- Li Rrer/GB2008/050321

optionally oxidized to form S-oxides. Illustrative examples of “5- or 6-membered heterocyclyl”
include, but are not limited to, 3,5-dioxopiperidinyl, furanyl, imidazolyl, isothiazolyl, isoxazolyl,
morpholino, oxazolyl, 2-oxopyrrolidinyl, 2-oxo-1,3-thiazolidinyl, piperazinyl, piperidyl, 2H-
pyranyl, pyrazolyl, pyridinyl, pyrrolyl, pyrrolidinyl, pyrrolidinyl, pyrimidinyl, pyrazinyl,
pyrazolyl, pyridazinyl, 4-pyridonyl, tetrahydrofuranyl, tetrahydropyranyl, thiazolyl, thiadiazolyl,
thiazolidinyl, thiomorpholino, thiophenyl, pyridine-N-oxidyl.

6-Membered Heterocyclyl - 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(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.

S5-Membered Heterocyelyl - In a further aspect, “heterocyclyl” and “5- or 6-membered

heterocyclyl” may be “S-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 “S-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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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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and R3 nmay be selected fromH and halo. In still

anot her aspect, Q may be C(R3); and R3 may be halo. In

still another aspect, Q may be C(R3); and R3 may be

selected fromH, fluoro, and chloro. In still another

aspect, Q my be C(R3); and R3 may be H 1In still

pallagfogl-betarBsPect, Q may be C(R3); and R3 may be fluoro.
In yet another aspect, Q may be C(R3); and R3 may be

chloro. D In one aspect, D nay be selected fromN 1In

Nus@RRE I%%mﬁlé? §E&itatite B%Yecgﬁg %%luﬁé: kg Qn t"tﬁq% g%p ilr:\;iclude, but are not limited

to, acyl groups; alkanoyl groups such as acetyl; alkoxycarbonyl groups, such as
methoxycarbonyl, ethoxycarbonyl, and z-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 ¢-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:

R'Ia

I
-N(R1a), = \/N\ 1a
R
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In yet a further aspect, RI may be cyclopropyl. In one

aspect, Rl may be isopropoxy. In another aspect, R
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fromH halo, -CN, G _6al kyl, C2_6al kenyl,

C2_6al kynyl , carbocyclyl, heterocyclyl, -0OR2a, -SR?a,

-N(R2a) 2, -N(R2a) C(0) R2b, -N(R2a) N(Rza) 2, -NO2,

C(O)H, -C(0)R21" , - C(0) 2R2a, - C(0) N( R2a) 2, - 0C( 0) N( R2a) 2, -

N(R2a) C(0) 2R2a, N(R2a) C(0) N(Rza)2, -0C(0)R21",

-S(0) R21', -$(0)2R21", -S(0)2N(R2a)g, -p¥ R2a) S(0) 2R2b,

C(R2a)=N(R2a), and -C(R2a)=N(OR2q);||R2a in each

occurrence may EO)MNBYndertt |y TINTR T om H,

C _6al kyl, carbocyclyl, and heterocj)clyl; and R21 in

each occurrence may be independently selected from

G _6al kyl, C2_6al kenyl , C2_6al kynyd, caLlnIR‘iycI yl, and

het lyl.
eterocycly C(R™®)=N(OR') = N

1a R'Ia

R -
-C(R'3)=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 carth
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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het erocyclyl. In yet anot her aspect, R2 may be

sel ected fromH, nethoxy, norpholin-4-yl,
The s’hlﬂsmnthbrl fonmdd ¥l c@aventiaed myhns, anch as by reacting the free base form of the

etr. dr o- 2H pyr a mno | n rt er ect, R2 .
prodted ¥ et R SR e 1 RS i bl RSy gl which th
salt 1§nﬁ{sﬁﬁlﬁlel Br #h-YdolvehNsitBlas vatcdf WS isA@RRCEd inRciBYr tl%efreeze drying or

2-no phol i n-4-yl-2-oxoet hyI. In one aspect, R2 may be

by exc@@rpg@p@@g 8RIppE PhAnpisaing pahiopanother anion on a suitable ion-¢xchange 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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In one aspect, R4 may be selected from G _6al kyl ,
C2_6al kenyl, C2_6al kynyl, wherein said G _6al kyl,
w@2008aswenyl , C2_6al kynyl may be optional |y subSt/GBu08@s0321
with one or nore R40; R4 in each occurrence nmay be
i ndependently selected fromhalo, -CN, G _6al kyl,
C2_6al kenyl, C2_6al kynyl, carbocyclyl, heterocyclyl,
-Oea, -SR40a, -N (R40a)2, _N (R40a)c(0)R40b, _N
(R4oa)N (R )40a, 2, N2, -C(0)H, -C(0)R40Db,
In stiil%@ﬁlgﬂ%géot,an%)ﬂél(d%ﬂa)z gnd - 0C(0) N(R40a) 2, _N (Rdoa)c
, (0)2R40a, _N (Rdoa)c (c)N (Rdoa)2, _ oc(o0)eb,
R magboh®a01' , -s(o)2el', -s(o0)2N(ea)2, _N
(R40a) s(0) 2R40b, _c(R40a) N, 40a' ) and
-C(R4a)=N(OR4a); R4" in each occurrence may be
In stillndethendeatt] @ nsglbect(BY; imdbm H, G _6al kyl , carbocycl yl

3 _and heter clyl: and " in each occurrence may be
R e SEHGRb S 1L valt B g o oal kyt - Co bal komy!
C2_6al kynyl, carbocyclyl, and heterocyclyl. In one
aspect, R4 may be selected from G _6al kyl, wherein

In still gingthey aspedtiy) imaydy R oprd onal | y substituted with one
R’ ) b0Pf € RA0; R4 nmay be -OR4a; and R4" nmay 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, Cyealkynyl, 3- to 5-membered
carbocyclyl, 5-membered heterocyclyl, -OR™, -SR', -N(R'?),, -N(R'™)C(O)R'®, -N(R"™)N(R'?),,
-NO,, -C(OH, -C(OR'™, -C(O)R"™, -C(ONR'"™), -OC(ONR'™),, -NRMC(O)R",
NRHCONR"™),, -OC(OR™, -S(OR'™®, -S(O)LR™, -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, Cjalkyl, 3- to 5-membered
carbocyclyl, and 5-membered heterocyclyl;

R™ in each occurrence may be independently selected from Cy_galkyl, Cy salkenyl, C,_galkynyl, 3-

to S-membered carbocyclyl, and 5-membered heterocyclyl.
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In anot her aspect, R4 may be sel ected from net hyl,

et hyl, and hydroxynethyl. In still another aspect, R4
worenoshas7aet hyl . I n yet anot her aspect, R4 nay PeT/6BRoo8/050321
In one aspect, R4 may be hydroxynmethyl. In one aspect,

R5 may be hal o. In another aspect, R5 may be fl uoro.
Q D R1,1(1,1t1 and le In one aspect, Q may be
selected fromN and C(R3); D may be selected fromN
and CH R2 may be selected fromH, halo, -CN,

In orfela@RcK R m ] Yrom y m X 1, an RIa
hetg%lr ocyclagzoﬂ@@ ek@g,ﬂo- S%gﬁ@- EI( %ﬂa) S%EIEI?%ZIEB Cdl d O nd
R"™ may( RoGi) a)2, -N®, -C(0)H -C(0)R21' , C(O)2R2a
-C(0)N(R2a) 2, -0C(0)N(R2a) 2, -N(Rza)C(0)2R2a,
-N(R2a) C(0) N(R2a) 2, -0C(0)R21', S(O)R21', -S(0)2R21',
In anofBEDIPBEtRR any be N ABa).S( 0) 2R21D, - C(R2a) =N(R2a), and
-C(R2a)=N(OR2a); R2a in each occurrence nay be
i ndependently selected fromH, Ci 6alkyl, carbocyclyl,

In stilRdofhet RHEEYR! dhy be 3- to 5-membered carbocyclyl.

In yet another aspect, R' may be -OR'®; and
R may be Cy_salkyl.

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.

R2

In one aspect, R’ may be selected from H, halo, -CN, Cjalkyl, C,salkenyl, C,¢alkynyl,
carbocyclyl, heterocyclyl, -OR™, -SR*, -N(R™),, -N(R*™)C(O)R™, -NR*)N(R™),, -NO.,
-COH,  -COR™, -CORR™  -COONR™. -OCONR™,  -NR*)C(O)R™,
NER®C(ONR™),, -OC(O)R?, -S(O)R®, -S(O)R™, -S(O)LN(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, Cpealkyl, carbocyclyl, and
heterocyclyl; and

R® in each occurrence may be independently selected from Cygalkyl, C,alkenyl, C,galkynyl,
carbocyclyl, and heterocyclyl.

22



R21 in each occurrence may be independently sel ected

fromC _6al kyl, C2_6al kenyl, C2_6al kynyl, carbocyclyl,
wa@eashat7es ocycl yl ; R3 nmay be sel ected from H apdi/bak@s 050321

R4 may be selected from C _6al kyl, C2_6al kenyl ,

C2_6al kynyl, wherein said G _6al kyl, C2_6al kenyl,

C2_6al kynyl may be optionally substitut ed with one or

nore R40; R4 in each occurrence may be independently

sel ected fromhalo, -CN, G 6allcyl, C2_6alkenyl,

In on@?as;ﬁe@{ wmy be%(@{s%gﬁgl(%’%l Rael(f)bg&@ye%@%ggw 1\'{9929 C(0)§

191 ea curr@@@)nqy be @( p@r_[l‘ently s@(e@)eﬂé@m H(ﬁlgéaﬁ,k(yﬁg@ﬂ ﬁgterocyclyl and
2b N (R4 0) 2R40 R4 N
R “(’%’C‘geq% %&%@\K R40a) g( o;) g)RZoé ) ¢ RZOa) N§ R482) C) ()

and- C(Rda) = oN( Rd4oa); R40a in each occurrence may be

i ndependent | el ected fromH, Ci6allcyl, carbocyclyl,
Inonﬁ eﬁ%?% )}{e@ R4" in each occurrence may be

I ndependent |y sel ected from G _6al kyl, C2_6al kenyl ,

C2_6al kynyl, carbocyclyl, and heterocyclyl and R5 may
In ang@ichagpect, Rnmanbe heterossidct , O may be sel ected from N

and C(R); D may be sel ected fromN and CH R nmay be

sel ect ed from G _6al ky - to 5-nmenbered carbocyclyl,
In yeamebthe@Rbmct, R aaydp -O8 aCancBaI kyl ;

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.

R

In one aspect, R* may be selected from Cygalkyl, Cs.galkenyl, C.¢alkynyl, wherein said Cy.galkyl,
Ca.alkenyl, Cy.alkynyl may be optionally substituted with one or more R*;
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R2 may be selected fromH, heterocyclyl,

-0R2a,-N-(R2a, , 2 )-C(O)R21'; R2a in each occurrence
worenshas7shdependent |y sel ected fromH, G _6al kptT/Gao@s/050321

het erocyclyl; R21 nmay be heterocyclyl; R3 nmay be

sel ected fromH and halo; R4 may be G _6al kyl, wherein

said G _6al kyl may be optionally substituted vvlth one

or nore R40; R5 nay be halo; R4 may be -OW; and R4"

may be H In still another aspect, Q nmay be sel ected

R ih'Qoh Nealfnéd R2Y beDnd&¥nB&i11$ %'ef%@t%@ Grofnf 95‘110 N@ag dCQ’a‘lky'R' Cy.¢alkenyl,

may be selected frommethyl, cycloprop r opox

Co. 6a§ﬁ’@ylet m@cyml mehetasecysiel., ectQaIéI afr rrelﬂ%xi -I\T(R"!OE‘)C(O)R40b

@ky n- r 4- axoe d a
NG AT Lo EERb S e SRR, prapc:
-N(RH)GOWRS, N(rRﬁ KF(DONCR“ R4 -OEYOIR"s eBEDREY, £S(OMRIEL AYIQ).N(R ™),
NERERYG,RAP Y AN YIRS Byl BR8N orios):

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

R*™ in each occurrence may be independently selected from Cy.ealkyl, Cs ¢alkenyl, Cs.galkynyl,
carbocyclyl, and heterocyclyl.

In one aspect, R* may be selected from Cgalkyl, wherein said Cjalkyl 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.

RE

In one aspect, R® may be halo.

In another aspect, R® may be fluoro.

Q. D, RL R% RY, and R®
In one aspect, Q may be selected from N and C(RY);
D may be selected from N and CH;
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R5 may be fluoro. In yet another aspect the conpound
of Formula (1) may be a conpound of Formula (la):
WO2008435785 N Fornula (l1a) or a pharmaceuti cal | BCT/GB2008/050321
acceptable salt thereof, wherein Q D, R, R2, R4, and
R5 are as defined herei nabove. In one aspect of the
present invention, there is provided a conpound of
Forrmula (I), or a pharmaceutically acceptable salt
thereof, as illustrated by the Exanpl es, each of which
R? REPWedSSeded Wohlal, hadeperdent aggpect afenfiNeC, calkynyl, carbocyelyl,
i rivention. Lé%al lity JAK2 The copmpounds of  Formula (1) "
heterhexedy lUtQR T.t-PRf o rNERI 92, t-NERT MEROR G5 -NHIRSDNSEY Ok -NebatG((afl, -C(O)R™,

i30r el iC an a
O OLREOPURTHE %fg@#ﬁ?)&u h@@éﬂ,&&gﬁ?ti N FEDRTOPRE i OCOR™
-S(ogmzm-sso)al? ,t&@ﬁyﬂaﬂzj dpualéar>ﬁ§o>dm%k2-0(lyél=n?aéa>,mhd -C(R*)=N(OR™);
. Lreat nen ar ge rosi ne ki nase actjvity,
R™ b B OHCHF PP B SRTRSISP I crero ey by gilkyL. carbocyclyl, and
heteB@ydyicul arly JAK2 activity, which is involved in a
variety of nyeloproliferative disorders,

R” impeariy gawicnes may Sy irficoprslonthd sdenirderom el izalkal, (§h oy Lo calkynyl,

T iRl .of tyrosine kinase, particularly the
Carb%&@%’é‘{rﬁpéﬁ}@g&)@lﬁbre particularly JAK2, are expected to

R’ mpg bastlénral fgaithstd mjeel oprol i f erati ve di sorders such as

R o SaeBesy Mo G oA s ALY F oS i FEEEIN T, cakeny

C,.camyal ohipbOsitonallykivepatl eithoak of ibtosi’s, chronic

o lvel onmonocytic | eukem a and hyger eosi nophilic

R™ igyq9ah oreirehye e\ pspndgendendly malcsire droah dalne dpl aStiagkyl, Cocalkenyl,
Co.cafllyRGRS aiibeol S QRILOGRR Ofo¥e bipast, jquary, | Np@ie)co)rR*®
262%&%2%, Sros?ca?lé or ot ﬁgg/ﬁtissueé, as wel | gg z JCORT

N(REMBIR s Ny el 6@ .and( ORIBhof9): R MO ECOD Rt -OC(OINR™).

(1) 4@n Fal sder WSt and 406t U 40a
S 100 AN bl i gl o & Gl g LTl BTN
-N(I{fW)SQ?)'zR@b,ECEE@?:N(RfPQ%iahOL(SQR“?j;th(i()lel‘i’aﬁlrI y the JAK

famly inhibitors and nore particularly JAK2
R™ {ip gl ©gUETeRES M Sk &@5@6@@@&& trlested framyfl Lorpalipe carbocycelyl, and
heterbER@fIMENt ot her proliferative diseases including but

not lTimted to autoimrune, inflammtory, neurol ogical,

R* aigachancainesngs euly e indopendsatly sathesed GpoinalkybCorakenyl. & calkynyl,
carb L P UOBSC IR a1y and wore part! cul arl v
R’ mapK2 halas det ermi ned by the JAK2 Assay descri bed
her ei n.
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 Cy_salkyl, 3- to 5-membered carbocyclyl, and -OR™;
R may be Cysalkyl;
R* may be selected from H, heterocyclyl, -OR™, -N(R*),, -C(O)R*";
R* in each occurrence may be independently selected from H, C_salkyl, and heterocyclyl;
R* may be heterocyclyl;
R® may be selected from H and halo;

R* may be C,_alkyl, wherein said Cy_salkyl may be optionally substituted with one or more R*’;
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The conpounds of Formula (I) should al so be useful as
standards and reagents in determning the ability of a
w@oioensi7’ed pharmaceutical to inhibit tyrosine RETIaG8e®s/050321
particularly the JAK famly and nore particularly
JAK2. These woul d be provided in comrercial kits
conprising a conpound of this invention. JAK2 kinase
activity was determ ned by neasuring the kinase's
ability to phosphorylate synthetic tyrosine residues
Rénmygghgoa generic pol ypepti de substrate using an
© Anpllfleg Lum nescent Proximty Assay (Al phascreen)
R* machm@RogyandPer ki nEl mer, 549 Al bany Street, WO
RWa%%%%/ 5785PCT/G82008/050321 Boston, MA). To nmeasur e
I'nase activity, a commercially avail able
purified enzyne nmay be used. The enzyne nay be a

m nal e ecqnbi 3, human JAK2, am no
In st acosrta Ty i ek KERRLahChhinber - N 004075)
Dlnffmﬁgﬁﬁﬁgﬁgﬁrp@ﬁ@tmylrus in Sf21 cells (Upstate
i otechnol o MA). After incubation of the kinase wth

R' may b etlpaigd %i@ré dresupsyelapopshionwerss ppécthpiphos p hat e

AT, KO0 PR3 OO IREC B Ul S, s

wnﬂaﬁhyﬂéhn@mnﬂwhmﬂmlraacet|c acid (EDTA). The reaction
in 384 |1 mcrotitre plates and the
R‘“?%ﬁ%f&%ﬁ‘é& E@ggmﬁh§m%%ﬁ%8tected with the addition of
R* ma% e pdlestédifroin ety cttianed hBeassmatmdl; and
s Pphosphot yrosi ne-specific antibodi es coated Acceptor
R mar b dlugigi ng t he EnVision Miultilabel Plate Reader after
an overni ght incubation at roomtenperature. Peptide
substrate TYK2 (Tyr 1054/ 1055 biotinyl ated pepti de)
In yeCatdtheSiagpeat the ngmfanidwd Fogyul#02 00RB be 4@2mpdwdsif dokmulATR):
Km 15 1. 1M Assay conditioRﬁ

R A

Y

No LR’

ijjii;l
\
»
| =
Z
T

T

Formula (Ia)

or a pharmaceutically acceptable salt thercof, 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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150pM JAK2 enzyne, 151.1M ATP, 80nM Tyk2, 10nM MyCl2,
50mM Hepes buffer pH 7.5, 1nM DTT, 0.025% DTT.
wo pwghat7sdn 60 m nutes, roomtenperature PCT/GB2008/050321
Term nati on/ Detection conditions 6.3nM HEPES, 30 mM
EDTA, 525 pg/m BSA, 40 nM NaCl, 0.007%ritont X-100,
12 ng/ M of Donor Beads, 12 ng/m of Acceptor Beads
Det ecti on i ncubation overnight, roomtenperature
Fl uoneter settings Excitation = 680 nm Em ssion = 570
Utiligm Excitation Time = 180 nms Total Measurenment Ti me=550
ns Al though the pharnacol ogi cal properties of the
compounds of Fornula (1) vary with structural change,
JAKﬁt is believed that in general, activity possessed by
=—conpounds of Fornmula (1) may be denonstrated at |Cso
The canpamtls af IFortﬁul@ c(b)nh:matutﬂﬂty dorstht orcaimivine wé nb@%proliferative disorders,
evel

myelp@p Bty KNS BOL GIoHt b (HEV a8 & SHTSAR R GHYLY the JAK
faml?’ghﬁdé :/I\;E%{re Qfart‘i(fﬂlﬁarfyoh)\ﬂw MetEodR P! BeMBRniTRASMH! §fbsale kidGse activity,
particularly the J%K famlly 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 kinase, 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 JAK2 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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ExI Cso (PM 170.003 TRK The conpounds of Fornula (1)
have utility for the treatnment of cancer by inhibiting
wo bsti3s78si ne ki nases, particularly the Trks apdr/eBe@s/050321
particularly Trk A and B. Methods of treatnent target
tyrosi ne kinase activity, particularly the Trk
activity and nore particularly Trk A and B activity,
which is involved in a variety of cancer rel ated
processes. Thus, inhibitors of tyrosine kinase,
Bost@iAgul arly the Trks and nmore particularly Trk A and
B, are expected to be active agai nst neoplastic
di sease such as carci noma of the breast, ovary, |ung,

’ : h . ' i :
o oSLRRARSTSRL 6 R Ot PSR WL BRIt 1
enzyme rnigu be ayGiteminad ridis@tageed, tracoonbitanpelsunsanc PA RS, amino acids 808-end,

(G 8F T HAR HITOFE, WA 0) SRS SThes TR B Sl (Upsate

Biotd¥BA&o@AMA C WIfRF intubdtion Af adkiBadenbito b bt By R sabsfite and adenosine
~ expected to be useful for the treatnent other
trlphp?pg

picf(AdRY fredOninates @k rqont fegperigirpuhe kiwsq feastiaagmgypbe stopped by

t-0i i r Q0L 6@l .
e B4 Gh ST R0 S {RCTE B R B FRLBTh. ARty typerformed
in 3§4hwell nwiertitro platese awk fecteediongrbductf maplbaedetastedheith the addition of

reat ment, Qr 0 | axi s of cancers .selected with, uyp
sreniyif S iR AR Ry SR e B R etts KBecptor Beads
using 16 BuWidigh Multilaiel PlaicRdagél dfer arseog giftl ifcubg@d ARG RMipSrature.

| eading to ETV6-TrkC fusions, TRPTrkA fusions

proteins, AM.-ETO (t8;21), autocrine or paracrine

= o e adi i — i i = .
PoPUERRIES TS LT ot { OpiTS O | LUrorS Wk Eh CONSTIT L FuSly e
active Trk as$Jodinatogg #2008, d0Zedsechggr essi veness,

timmr araowthland nralifaratian ar ciirvival cianalli nny
—FoOW—H—ahG He+—+—+-erat+Hoeh—er—su-YHYa+—SHghat—+hRg-

THoT

ty g .
ATPddHpounds of |#heMpresent invention have been shown to

Assal T, Tl bR R 2 ROAHRE. oS ot P Fed- Dy P RieCl
Trk A Assay (ss@M Resksbeffed fH 7 G0 MARUDTS, R0THh, dad:. by

this invention should also bhe useful as standards and

Incubaiighent s i n | OMPOGEY. IBBYBBPEAUEB2008/ 050321

TernfREOmiaon P oline HiRase ™ FETA 3 AP the “TRd i
conditivhe parti cul &by Trikon® FAd0PL2 ndies ef Dondr dcbds, p2 oy/ided
i n comrerci al kitsr on&gising a conmpound of this

i nvention. TiKC¥PE activity was determ ned by

DeteBFASHEDA 0! NE ot IBRE réon@Rhipktayurt © PhOSphoryl ate

synthetic tyfosineé residues within a generic

Fluopetey ptipigsde $ libsitatian & 688 inngEmfssianp! 570 inedE xaitatiore Simeatt 180

Proximty Assa Al phascr een)...t echnol ogy (Per ki nEl ner,
549 Al bany SiP%§%$ﬂ OSt ORI qu O neasure Trk A

ki nase activity, the intracellular domain of a
H S-tagged human Trk A ki nase (am no acids 442-796 of
Trk A, Swiss-Prot Primary Accessi on Nunber PO4629) may

. B ' A .
A o Ty oA O EoLffe B0 SPAR M sructural
changé, ntasebahictddl thatbinggenerpl. acedtyspissessat ey amdpaudnof Foenula (I) may be

triphos te (ATP). for 20 mnutes at r t.epperat ure
cemqrsREPROCS bl <Tay RBaPh P oyt PRA RRED G s atateve
belowQomML et hyl enedi ami netetraacetic acid (EDTA). The

reaction may be perfornmed in 384 well mcrotitre

pl ates and the reaction products nay be detected with

the addition of strepavidin coated Donor Beads and

phosphot yr osi ne- speci fi ¢ ant?bodi es coat ed Accept or

Beads using the EnVision Miultil abel Plate Reader after

an overnight incubation at roomtenperature. Peptide

substrate Pol yEY-biotin (PGT-bio.)



ATP Km 70 p. M Assay conditions 0.838 ng/m Trk A, 9 nM

HEPES, 45 pg/m BSA, 10 nM MnCl2, 5 nM PGT-bio, 0.01%
wareiosasg7sy X- 100, 70 pM ATP | ncubation 20 nm nuPEBGBR@S/0F0321

tenperature Term nation/Detection conditions 6.3nM

HEPES, 30 nM EDTA, 525 pg/m BSA, 40 mM Nad ,

0. 007%Iritont X-100, 12 ng/m of Donor Beads, 12 ng/n

of Acceptor Beads Detection incubation overnight, room

tenperature Fluonmeter settings Excitation = 680 nm

Em ssion = 570 nm Excitation Tine = 180 ns Tota

Measur ement Ti me=550 ns
When tested in the above in-vitro assay the JAK inhibitory activity of the following example was

measured at the following 1Cso.

Ex ICso (UM)
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 ostecosarcoma. 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, ncurotropins 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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Al t hough the pharnacol ogi cal properties of the
conpounds of Fornula (I) vary wth structural change,
WO 2oosa3died i eved that in general, activity possESEF6#2($/050321
conmpounds of Formula (1), or pharmaceutically
acceptable salts thereof, may be denonstrated at |Cso
concentrations (concentrations to achieve 50%
i nhibition) or doses at a |l evel below 1011. M Wen
tested in an assay based on the in-vivo assay

deterﬁﬁﬁqﬁé ReshiRh Are, pditiRiall plarinAdtiulédl @ Yar@Gt dyYdsiné 1@hastNParticularly the
| ow ng exanpl es were neasured at the foll ow ng

Trks |amé owre paEsculaalyol k¥4 and B1Tigsowgulg b pooddeg ig copmerpia) kgg gomprising

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 uM

Assay conditions 0.838 ng/ml Trk A, 9 mM HEPES, 45 pug/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 ug/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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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 1Csgs.

Ex ICsp (WM)
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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21 0.096
22 0.773
23 0.003

Thus, in one aspect, there is provided a compound of Formula (I), or a pharmaceutically

acceptable salt thereof, for use as a medicament.

In 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 the treatment or prophylaxis of
myeloproliferative 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 (I), 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
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 discases 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
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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 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 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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pancreatic, cervical cancer, Ew ngs sarcona
In angthgr aipletsthereds PRApsd i compavicherd ordviar(Dagr plrempceutically acceptable
salt tggrggfs Tforcu%F fithe! ?&duggé)ﬂ"(gf asfﬁf(el}ﬂ%{)%o@.re%%?tt ig .%qgﬁﬁ)r-blooded animal such
col'or ectal cancer, prostate cancer”including hornone
asm#iref ract ory prostate cancer, bl adder cancer, nelanoma,
| ung cancer - non small cell lung cancer (NSCLC), and
small cell lung cancer (SCLC), gastric cancer, head
In stdNdndB&EKaspAAC Bicre [sEp@dYide@RCE&ImpouddRITAH®mulahyly, Artha pharmaceutically
cancer including papillary thyroid cancer )
acceptpldle sHEIhEISAR forUsY R’afg?rfféﬁlmleﬁ canast in hwarakhlopédd aifgal such as man.
peri pheral nervous system nel anoma, fibrosarcoma
i ncludi ng congenital fibrosarcoma and osteosarcona.
In ydvbnahgaaspict uvlaré yef¢rtnace$ erade twthpriok tirdtmtoryntfent. thisrmay particularly
ddit.i on,,.nore rticularly it refers to SCLC, NSCLC,
mﬂﬂ@%ﬁgpﬁgfgwﬂgﬁﬁgﬁg?'ovarian cancer and / or breast
cancer. In a further aspect it may refer to hornone

refractory prostate cancer. In yet a further asEect, )
In a fiyytep aspsch T dEdTencs Hamnde dathec hik @bibgei ¢ffssh this may particularly

refer QM Biifibifor§ @RQUNd of Formula (1), or a

pharmaceutically acceptable salt thereof, and at | east

one pharmaceutically acceptable carrier, diluent, or
In Stlﬁﬁa(.: Ig%hge? %ﬁ'pgﬁt;r pvglsllgegre egefnlct% Irisg%%(lijeg Ieo t%h grrehtaneglp c}rg)q%%@ﬂax?s? of cancer, it
may pabicelbgy rdfeziengescatinaitdoopropldflixiap sndselsastaqidpiromapiesothelioma,

oily spensi.ons, enul sions, dispersible powders or
acutey i te JpGRE: ofcUH Prrhgiytio Sk davlﬁelgemyflemaf ocsophageal
canc&X ARl A Sefdt§@ MBlar, HaRb @R Servl@] Sanchf, FRAHEOUSdMa, Heldblastoma,

sol utions or suspensions), for admnistration b
Kapdsiihapigemanoyatien ceresnpbigasisapcet jipndinglisvirefety piowdesanesr, colorectal

: i [

canc%f g&g@%& ?%g&&én% flcﬁ@ogﬁg gf&ag)@é Bﬁgg%e%cég{‘&%drel &1 melanoma,
lung paeent avalsmald rtihilwior @he@(NSCLC) eaalngmhadl @&l lang tarcet €CLC), gastric

aquequs .or oily solution for intravenqus, . . . .
cancghy B PR BETICan St FAThERGT-A B h AT Saifes el agpipry thyroid
canc@S fesdHRAOHA Mukadifih, (@GB! ofl QR NGhtral TRAI GRAPRSFAI NBRSuUs system,

of the i nvention may be obtai ned by conventi onal )
melapere dHhipsarcons ingjuding yagenit A1brosamping @ad, opteegarcoma. More particularly
' hd . ; ; it
trefELBHRIAS SHRL: 1f B0, ohf Babiarf Bt rer B ROBCI AROBG; colorectl
cancerp pgarcol oanicarg ands e tteersh gancet. dwox ifinthearadpast it may refer to hormone

ﬁ.greservq;ive agents. Suitable pharmaceutically

retra e NPUEF SR pi ents for a tablet formulation

include, for exanple, inert diluents such as |actose,

sodi um car bonat e, cal ci um phosphate or calcium .
In yet ariBpharepecy thta iapioNgeaAPhasicRY g samrngitiagsatgrigingp compound
of FukAI} oi»tdgfhann&reu@a% réb@eg%%leds'ﬁltbch&%ff,‘ An AGERASE oRY g»ﬁalﬂﬁceuﬁcauy

starch; lubricating agents such as magnesium stearate,
accepttldacircicadilgenpror eadipientor eser vat i ve agents such as

et hyl or propyl p-hydroxybenzoate; and anti-oxidants,

such as ascorbic acid. Tablet formulations may be

uncoated or coated either todhodify their

di sintegration and the subsequent absorption of the

active ingredient wthin the gastrointestinal tract,

or to inprove their stability and/ or appearance, in

ei ther case, using conventional coating agents and

procedures well known in the art. Conpositions for

Y - - s s



The pharmaceutical conpositions of the invention may

also be in the formof oil-in-water enul sions. The
wo@edog/1pd185e may be a vegetable oil, such as ol PEGBR008/050321
or arachis oil, or a mneral oil, such as, for

exanple liquid paraffin, or a mxture of any of these.
Suitabl e enul sifying agents nmay be, for exanpl e,
natural |l y-occurring guns such as gum acacia or gum
tragacant h, naturally-occurring phosphatides such as
soya bean, lecithin, an esters or partial esters
derived fromfatty acids and hexitol anhydrides (for
The eonappsitiens sbthp invgntioroman be &t @jorarsditelde Guresatiso for example as tablets,
s f [ ' i t hyl -
loze el QR 5 U G PE uRBR bf Bl SERE R BB v owders or
gram@pyy sgriupser ¢liyrs pf@aomcitias (forsamamipirds rggants| avmidnisg gelnchr aqueous or

.. preservative agents. rups.and elixj.rs be .
oily FSFHEP S5 StPrarT A bt SR gt Shakter 4B Vel g a fincly divided
powdd QPY! 1RAR] oD forSIhfhik@dtion PR IR OffoS8GNPELas ARdely divided

may al so contain a denul cent, preservative, flavoring

powdgakpiofor pareaicrd qdayiptration  for srammig s Lt steralle agBerys i tdilyriglution for
. | in t of. . ile.ni .
a6 IR, WG BB A ERURE b BhEC R0 Fuppggjory for rct
dosiregcor di ng to known procedures using one or nore of the
appropriate dispersing or wetting agents and
suspendi ng agents, which have been nentioned above. A
The Sdo@ipokiBonsnjo€ Cthabin@emioBpafagt b&obiENedIby0 chteatiGiabrprb&dures using
i njectabl e solution or suspension in non-t oxi c

. ) ) a . .
convslgfo@ﬁ]t @}agpp(g;ma%aé éﬁl@ﬁp‘r@ weill kpewn i ﬁl.lt"s%ﬁ.v’érhlf,s, (}pl@POSIItIOHS intended for
oral %@rﬂ%%@’coﬁtaﬁl(?l fo} | QBmble, lond- BULARE ddo@(lr)ng, %gh%’l PA¥oring and/or

for adm nistration by inhalation my b or m of
prescavatignwgents. onal pressuri zed aerosol arranged to
di spense the active ingredient either as an aeroso
containing finely divided solid or Iiquid droplets.
SuitaGRNplemihh@natallgedcogaible eo@Eplkhta s a Sakdét dsmvieti@t idciide, for example,
fl uori nat ed h%drocarbons or hydrgéarbons may be u

. L. ( ed
inertirept eSUSR rigs BF ot vIER™ SIRBRRIENFRHERY PRSP OF qagium carbonate;
granﬂht%%ﬁﬁﬁlediﬁnt@ﬂaﬁﬁg? o AHARER bY c@h sBSH Ml RW K Vldind Hents such as
furtther information on fornul ation the reader is '
starchefubriasigl g tageith apthess BgIesium Meargitesteartsf aolh op taddieneiopative agents

I L S L

formalkationsemanty entioatst]! or hedted sitheo noimnéidly thictrhlismegratiomardethe subsequent

exci pi.ents to.produce .a.single dosage formw |l . o
sbsorpbgn B I S M SHlim e S Ra b et sy Bprasheir sabilicy
and/drh@p@irch Ciul cither QW Qs BANENALS c8dtin@Mhgelt® And® ¥RIRIBes Well known
. fornulation intended for oral adm nistration to humans
inth¢pit| generally contain, for exanple, from0.5 ng to 4

g of active agent conmpounded with an appropriate and

conveni ent anmount of excipients which may vary from
Comadpatiins Sot orabsetmB8bpen ¢len tortmyofivkird hdelavih ¢dpsulésotrabvhich the active

. onposi tion. .Dosage unit. forns Will general cont.ai n .
inereBGEe NG 5 a0 R0 g BT ok OB Aglbts GAfoonate, caleium
phospigte bidtabhigroriaf k&t pastirOepaNesRawiesh B aAdingsdit@tis Miked with water

and Dosage Regj nmes the reader is referred to Chapter
or anyml sych ps RNyl Baye PeghEr helhsidle Medi ci nal Chemistry

(Corwi n Hansch; Chairman of Editorial Board), Perganon

Press 1990. As stated above the size of the dose
Aqugogs|gispensidrorgentrelly hentaipghe rgiveringredipityin dotelycpawdsagdronm or in the

of a particular disease state will necessarily be

vari ed dependi ng on the host treated, the route of

adni ni stration and the severi®y of the illness being

treated. Preferably a daily dose in the range of 1-50

nmg/ kg i s enpl oyed. Accordingly, the optinum dosage nay

be determ ned by the practitioner who is treating any

particul ar patient. The anti-cancer treatnent defined

herein may be applied as a sole therapy or may

........ N a o o " e



(i)antiproliferativel/antineoplastic drugs and

conbi nations thereof, as used in nedical oncol ogy,
waeomk/13w5s8al kyl ati ng agents (for exanpl e, cis- pPErL/iGB2008/050321

car bopl atin, cycl ophosphani de, nitrogen nustard,

nmel phal an, chl oranbuci |, busul phan and nitrosoureas);

antinetabolites (for exanple, antifolates such as

fluoropyrimdines |like 5-fluorouracil and tegafur,

raltitrexed, nmethotrexate, cytosine arabinoside and

formhYOf LYt ﬁﬁ)r@)mf’éalt{)( HOBY 1RRIhP Wi &R & RbreeXRPRldng agents, such as
anthracyclines |ike adrianycin, bleonycin,

sodivgo x sprboxhethyldelinesy c hwth}’éf}ﬁﬂul@&ﬁ, Ci hydrqxalaﬁonblﬂ@ihylceﬂulose sodium

t )i
o BN RL A B LR ipsge 1, i s
suchwasredithét bn eondensmhbm?ptddmets of i amdzﬂkjdm}: atide wiithofaet) lacide (for example,
an ax0|ds l.i ke tax and t axot . and. . T
poly(pgg‘ar DS SiALALe). Phﬁ(?r‘giﬁ?sﬁflgn P*fogpcté)ggﬁg‘?ybene oxide with long chain aliphatic
alcoli FOARMYIcl RépRadefitilyldhBo:8lORRAS), @8 catidndaBbh PRILES of cthylene oxide
ansacri ne, topotecan and canptotheC|n) and prot eosone
with { e astsss demvsel Bmnfgite ackslsrangdz o ickitglvarck sdepqlyoxyailene sorbitol

oon 548950 FRSHER g ARG s AR e st i

exan(pild )hepiydlewastthylelmoag@ml)sqzmdmnd@lsamrm wediatogfesiby l¢rfeorxide with partial

exanpl.e, t xi f.en, toren fene xi fen .
esterg SR e i at o ankg FERLS | ighaf PeB St Tk, srbitph pencoleat. or
conde@@tibriapdsct bOEthekaPkiGe withl paasd eabils)deriddtt framdbh@@esids and hexitol
(f.or exanple, bicalutamde, flutam de, nilutam de and
anhyés}%ﬁsdf(g,eéﬁgplgwlgﬁtl@)lene@pmqagmog@%lﬁqltg)t STIgraqEWﬂ suspensions may also
conteﬁlg B St PofelREscARAIR! sBieh JOSRYI: o ?%@H&&%éngoe@@ Anti-oxidants such
buserelin), progestogens (for exgﬁb nmegest r ol
as asqembicatad), cglpungtam iffafpting agests( ﬁm}/ommmnmg agsnts such as sucrose,
%wdggagt{qgghgh | etrozol e, vorazol e and exenestane) and
P B ©87'SY0F 5a-reductase such as finasteride; (iii)
agents whi ch i nhibit cancer cell invasion (for
netalloprotelnase [ ors |ike mari nastat

h|b
Oily éFﬁﬂ’e]PSh‘PﬁSHP%Yo‘P% %mu@reémyr%@ngmgé Ay ngledirnf dp g vegetable oil such
as arﬁ&ﬂse&I Mivé YNt 011 b1 é@coﬂnﬂ r@)‘llmrtlﬁﬁ%lﬁéral%lpéﬁcﬂ ab 8Ghi@Maraffin. The
functi'on, for exanple such inhibitors include growh
oily fuspensions medybeen é@ntalgraoth@qkemagta@vmtrsel@le B8 beesaiaki bdipesftin or cetyl

o 25 SEOI e A9 008 AR R4 d RSO b i

prov{d@ﬁaﬁ]a)able dral pregarhtionr &m]sﬁeecroambsﬂtmhﬂ Yy be presdry¢dolsy the addition of an
ki.nase inhi bitars .and serine/threonine kinase
anti-oxjgian, suchyas asqoghic agidm| e i nhi bitors of the epi der ma
grow h factor famly (for exanple EGFR fam |y
~ tyrosineki nasei nhi bi torssuchas N (3 )
Dispershleo poyvders |ag@rg@wéq§y8p}tatﬂe et REsPgLagon af an aqueous suspension by the

addifj W?%?ﬂﬁ# g&%&%& 8%)&%21%1{%&2%% %éﬁ:cﬁ‘%;ﬂé 28 e)theé vgthba dispersing or wetting

agen( Buspemdmg( yenhaodying wir nezoprieserviatians. ranifableldostpensinig, or wetting agents and

774 am do- N\ -chl or o-4- . .
susp%&@,a@sﬁt& ﬁvlei(en?aﬁéég %%Bsr? ﬁlﬁe%g'ptPE‘B’(S’%ﬁé) a‘%fd?nﬁ‘flgltmnal excipients such
as swekRnihgaflAvdeing Ghd dSBgagehtOrmBxasmbeprtsehi. bi tors of the

pl atelet-derived gromh factor famly and for exanple
i nhi bitors of the hepatocyte growth factor famly, for
The ?ﬁﬁﬁﬁk&tw@l@cﬁhﬁd%ftﬁm@ of RROSRRAL b Yk n8§d @l in 3K BAS S F ojl-in-water
PI'3K) and for exanple inhibitors g m togen acti vat ed
emulpioos. eilhe Rilnpkase KL/ RYcgatblef @b, secharsplliye ionhirirachbrsilpfor a mineral
protein kinase B (PKB/ Akt), for exanple inhibitors of
Src tyrosine kinase fam |y and/ or Abel son (Abl)
tyrosine kinase fam |y such # AzZD0530 and dasati ni b
(BM5-354825) and imatinib nesylate (d eevecTn); and
any agents that nodify STAT signalling; (v)
anti angi ogeni c agents such as those which inhibit the
effects of vascul ar endothelial growh factor, (for
exanple the antl-vascular endothellal ceII gromﬁh

r . - - N a0 o



(vii) antisense therapies, for exanple those which are
directed to the targets |listed above, such as ISIS
WQ@2®8/13585 anti -ras anti sense; (viii) gene therBpyGB2008/050321
appr oaches, including for exanpl e approaches to
repl ace aberrant genes such as aberrant p53 or
aberrant BRCAL or BRCA2, GDEPT (gene-directed enzyne
pro-drug therapy) approaches such as those using
cytosi ne deam nase, thym di ne ki nase or a bacteria
oil, dubh LOr RHUGLASIE IRPZY PRafRd (RRRHRARERS ahQ JfMEEEASRitable emulsifying
pati ent tol erance to chenntherapy or radi ot herapy such
agentgsm be.i foy) p)@ﬁjnplgsnagqrglhc@ccg@m guves sy as (gug) acacia or gum tragacanth,
natuﬂaﬁ?%@c\?%ﬂ%ﬁl%’sﬁ it V% ng{:ﬂ g% 41?'1&%%%1?%% gg@ﬂﬁ%%amal esters derived
fromi fattyaoge rand iHeyitaf anhydlrlldem t(fd_’r wamnpleekdrbitars tmhocﬂsate) and condensation
transfection wt t oki.nes such as |nt rl euk
procigis G| B o] oy B e BplagiiE SR oS ihylene sorbitan
mon&dléaid | P del1diest Ry al dPemaRe festdnth ol A6V RS &nd predrhative agents.
aner gy, approaches using transfected i mmune cells suc
as cytokine-transfected dendritic cells, approaches
Syrugssér{rageelllg(ﬁg %gg’? r{&r‘i@ﬂ%%f% ﬁg\{v%é{&ﬁﬁ%&gnt sla\bﬁ" 555%12%%1, propylene glycol,
orblanmspamomnmge tané maymlsrwrtmdlm atdemylcdntupgsservative, flavoring and/or
t hal i domi de and | enalidomde [Revlimd ]; and (x)
W& ¢ eat nent regi mes i ncl udi ng: dexanet hasone,
prot easone inhibitors (including bortezom b),

isotretingin (13-cis retinoic acid), thalidom de,
The phappaseyticabicompasiagss gy Agoabe ’@etbﬁ gcprghofsa ﬂprﬁlgélgectable aqueous or oily
suspéﬂgf&'nb{)vhf%ﬁsmagﬁg T oo B ?%’; kn&WH | ro-EEJﬁJr&r usiY drieNFFinore of the
nonocl onal I bodi es, targeted radi tlon therapy wt
apprdigihte dr@pearsmgi@bemmgg a@mtsdandesqsm@mnngwms vdrithi hageDR)en mentioned
aboveg. §r an%fr naI ec?abi '(:I?ro d%%%oglené%}o z}iso\’\ﬂ) ! hstgrrﬂf: il ecl'%e%fg% %Oc:htlt(ijorn or suspension in a
non- ‘(oﬁ%}ﬁ&ﬁ)erzﬂ@i dcouptiltge dihmobﬂsatx&ny(foﬁxaimpmom $@itidn in 1,3-butanediol).
treatnent may be achi eved by way of the sinultaneous,
sequential or separate dosing of the individua
Comﬁ@s"‘ﬂ?&f@ Q&t SdnQhistRfont H}Eﬁhﬂﬁﬁ'ﬁn m@H 60 iLARTSARLT £ BorREREMa! Sressurized
enpl oy the conmpounds of this invention, or
acrogoham s (e disasrsy thrcactive mr@h@?életthertaﬁ @nggfosohgantiining fiaely divided
d es [ f t ot.h
solid %g ﬁ@cdé a}g@ag _Céadc ?@édﬁgf gln{yggl $F‘|O eﬁl:ﬂ?s Jll@h r%v Q/éla‘ule fluorinated
hydrﬁhastﬁge of ay(i;ecarbdms agdbé¢ umd dnd th¢ seruse dleﬂlcé IIEeC(mpemtliltl}y arranged to
nmedi ci ne, ds of. Fg{nula (I) and
d“p%ﬁ%?ﬁﬁgﬁﬁkﬂ@31vf Q@B@ﬁ@ﬁ @salts are al so useful as
phar macol ogi cal tools in the devel opment and

standardi zation of in vitro and in vivo test systens
For fugthen iéormgtiony an i fomnpgtionnhe gegdet tssrefrred ipi (laptsr 25@fin Volume 5 of

t
Comﬁl‘%gén \%’N/Ig&lg %y@{e%}lgtﬂsf@olr% n%f%gcﬁgk&g%%tn og%gﬁ%réalgeog?d Pergamon
Pres§ B¥90new t her apeuti c agents. In any of the
above- nenti oned pharnmaceutical conposition, process,
nmet hod, use, nedi cament, and manufacturing features of

The dhurt BSAANE inghdREH: M is o@ﬁtblrﬂzﬁ vih’flﬁor@'dr%{di\@tsﬁblplents to produce a single
enmpodi nents of the conpounds of the inventio

dosagra tpmy wHhn¢rspsarily wrg @e%e@g}nﬁ upop thé @O%st}i?@?td anfiﬁge particular route of
admlhﬁgh@dnt | @Br Qf(an?}ﬁwé( @%ﬂtﬁﬂl&tﬁéﬂﬁﬁ{ehﬂ&yhﬁrdrﬁﬂ ﬁcﬁlfnﬁfs%aﬁ&l { Bumans will

inhibition of JAK2 activity. Process
gmwgﬂnwememaﬁtyxanmhﬁhbm@5In$éwhgoé&$m¢9g@mamnwngdaiwnhan

materials for the procedures such as those descri bed

herein may be made by procedures which are sel ected

from standard organi c cheni c#l techniques, techniques

whi ch are anal ogous to the synthesis of known,

structurally simlar conpounds, or techniques which

are anal ogous to the Exanpl es, Procedures, and

Schenes, described herein. It is noted that many of

the startlng naterlals for synthetlc nethods as

colo



illustration see T.W Geene, Protective G-oups in

Organic Synthesis, published by John Wley and Sons,
wda2®g)3s7e€npounds of Formula (1) may be preparedr/GB2@8/050321

variety of ways. The Schemes and Processes shown bel ow

illustrate some nethods for synthesizing conpounds of

Formula (1) and internedi ates which may be used for

the synthesis of conpounds of Forrmula (I) (wherein Q

D, R, R2, R4, and R5, unless otherw se defined, are

as defined hereinabove). Wiere a particular solvent or

reagent is shown in a Scheme or Process, or referred
appreuyiafen andh eoryeBiShtpaNgu it aagipienist whish traayh garinfifemn tbewids to about 98

perc%nbﬁg \x{e%%ﬁggtﬁ%ﬁ% X a{'npgglﬂv L n]{)Xsa?E |u£1lt fdrﬂlt t\xt]ﬁ g‘rélﬁetralg %)rr%/a?ﬁ about 1 mg

as "nhec
to athES(Ethgrrﬁ&nmdv@ir@m@h@ﬁs Far ﬁll'ﬂll@t 111f<mremde «bntRDupaseffexrlministration
n_ex ustlv list af P .
and BFASS e orIe d4s (r(f )erre ?pte ég? tlp o pme 5 of Comprehensive

Medicﬁfamhaﬂl@@y eforwi Hﬁlnsmec&mah%@ EGR&THl Boarldf, RV RN TRY%s 1990.
be al so be used for the conpounds' synthesis. The

clains are not intended to be limted to the

As stzlLelrdﬁ%ggé ﬂ:qyf‘nché ﬁi)ste qlg Eﬁ&%? ﬁi%sthég}ge ﬁg ??@h{ﬁ@ﬁc treatment of a

em st wl e to use
partid:uiairoalimsé otatecwit aeqeeqananble vaetfiah depeadingvonhthe ht)ktetr@mniv ghe route of

admlpﬁ St enar{]gsflgeséaer\}%ﬂtgg)ggﬁ @ éés E%Hg ég%%i‘rg%e{%q% e%crileu c%se in the range of

1-500Rp &l NisNe6pIvSE. Y zs&o@fdmglg Rt G{tﬁrﬁbrﬁ aRbgdMRYUBE Sdetdrﬂﬁmed by the
one aspect, conpounds of For a (1) may be prepared

practifipner Whepps Sfeadiag JY-PapiEeRlr PAETS compound of Formula (A):
NHL DN Formula (A); wth a conmpound of Formula (B):
H2N

The anti-cancer treatment defined herein may be applied as a sole therapy or may involve, in

addition to the compound of the invention, conventional surgery or radiotherapy or
chemotherapy. Such chemotherapy may include one or more of the following categories of
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;

41



>NH Formula (B); 2) Process B - reacting a conpound of
Formula (©): N, Ns-f NH Fornula (C) with a conpound of

wo-eosubsasi D): Fornula (D) and thereafter if PCT/GB2008/050321

(i)

(iii)

(iv)

)

appropriate: i) converting a conmpound of Formula (1)

i nto anot her conmpound of Formula (l); ii) renoving any
protecting groups; and/or iii) formng a
pharmaceutically acceptable salt,

cytostatic agents such as antioestrogens (for example, tamoxifen, toremifene, raloxifene,
droloxifene and iodoxyfene), oestrogen receptor down regulators (for example,
fulvestrant), antiandrogens (for example, bicalutamide, flutamide, nilutamide and
cyproterone acetate), LHRH 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 Sa-reductase such as finasteride;

agents which inhibit cancer cell invasion (for example, metalloproteinase inhibitors like
marimastat and inhibitors of urokinase plasminogen activator receptor function);
inhibitors of growth factor function, for example such inhibitors include growth factor
antibodies, growth factor receptor antibodies (for example the anti-erbb2 antibody
trastuzumab [Herceptin™] and the anti-erbbl antibody cetuximab [C225]) , farnesyl
transferase inhibitors, tyrosine kinase inhibitors and serine/threonine kinase inhibitors, for
example inhibitors of the epidermal growth factor family (for example EGFR family
tyrosine kinase inhibitors such as
N-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-morpholinopropoxy)quinazolin-4-amine
(gefitinib, 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;

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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wherein L in each occurrence may be the sanme or

different, and is a | eaving group, as discussed
wheoroeilsEakdve; and PG in each occurrence nay bePtTieBs@a®50321

or different, and is a protecting group, as discussed

her ei nabove. Process A - Exanples of conpounds of

Formula (B) include formam di ne acetate. O her

compounds whi ch advant ageously may be used in place of

t he conpounds of Forrmula (B) include orthoesters such

asc&ﬁﬂoﬁﬁﬁhyﬂhatoﬁéﬂﬁq;ycﬂtﬂ@ttﬁecﬁ@ﬂsﬂii (161 BHmpE Ilﬁ‘&ﬁfa@tlﬁhl%ltsn‘s of integrin

Process B - Conpounds of Formula (C) and Formula (D
nawW%ﬁmn@amR@danggﬁmhér under standard nucleophlllc
dition reaction ond

(Vi) aagwlgn d?}ﬁ%ﬁnﬁ% ag(ér} } Oslu% & nior{ll?{g{aﬁ)tflgé% g%l éahgf cogqpounds disclosed in

SLmntemmtlenmaB@erﬁugﬁplaﬁumtmwmmaﬁ bwiaatne/4882b,aw0 00/41669, WO
sui tabl e sol vent such and at a tenperature

r dNgE 22 ot 32 3ad W)O 9%@&%13100C I n anot her aspect,
(vii) CO&H&@&BQ thePdpids Ofomé;(ﬁnﬁlé‘)ch@@ A h&RROERGS b tl'f@faf@éltsehs(e%) above, such

be reacte toget her under standard Buchwal
co%ﬁdSiSZﬁ% E(Ifa)mI@S(amt}@Im@SGSeel Am Chem Soc. 118,

(V111)15%egle Nefaidg g%grgemheﬁ 1ﬁclud1n S%{) ?xa le app hes ten%pflz?cg dberrant genes

a su ase’
S Wuthk exdbbase 56 nal zméﬁamtnBR@am & BREAS, ﬁE:EPla$gdhe-$lherd enzyme
and orgapi c bases such as potassi um

car bonat
t -0t ﬁ]@rapmmr%?c Eaen gh thasy upas 5W§H’F SgBiagey thymidine kinase

OC&KUS babtefilleniRbRIENER QfzyRal dnddigpaRE&AL &t frcred®! P&IUNS tolerance to
suitable for such a reagylon i nclude aromatic sol vents

s udmatheraply we rrsliothspipesiieh aomuliydrag ecsistancEgengihegapy;

(ix) (Ei)ﬁi:n%rf&ﬂe?apg/'::)pll:)%amfés? il{c@dirilg h@’exg%fé ex-vivo and in-vivo approaches to
increase the immunogenicity of patient tumor cells, such as transfection with cytokines
such as interleukin 2, interleukin 4 or granulocyte-macrophage colony stimulating factor,
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-idiotypic antibodies and approaches using the
immunomodulatory drugs thalidomide and lenalidomide [Revlimid®]; and

(x) other treatment regimes including: dexamethasone, proteasome inhibitors (including
bortezomib), isotretinoin (13-cis retinoic acid), thalidomide, revemid, Rituxamab,
ALIMTA, Cephalon’s kinase inhibitors CEP-701 and CEP-2563, anti-Trk or anti-NGF
monoclonal antibodies, targeted radiation therapy with 131I-metaiodobenzylguanidine
(131I-MIBGQG), anti-G(D2) monoclonal antibody therapy with or without granulocyte-
macrophage colony-stimulating factor (GM-CSF) following chemotherapy.

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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Formula (B) Fornmula (C) WO
2008/ 135785PCT/ GB2008/ 050321 The invention will now be

wo eoshas7stlescri bed with reference to the fol |l oRrETIGB2008/050321
illustrative exanples in which, unless stated
ot herw se: (i) tenperatures are given in degrees
Celsius (C); operations are carried out at room
tenperature or ambient tenperature, that is, in a
range of 18-25 C; (ii) organic solutions were dried
over anhydrous magnesi um sul fate unl ess ot her w se
stated; evaporation of organic solvent was carried out '

In adgstiongtodtsruse an yhesapgpiae arcdicingneenpauads ebHoprds grad phargaceutically

- i re. u : N
e 0L 008, o SIRBIGLHOR, PRt 0afil G smcsrtaion
of insvilrb cad gelvjvot testrsyktaye rfoc theosvatvatioa phyhe( fieC)s afaimhibitors of JAK2 in

carried out on silica | .plates; WO .
laborg s Py Fasieket E4856087 OBt MP TRy TS Ju apigy: 25 PR of the search for
new SRHpEGiQIgehtgact i ons was fol l owed by TLC or |iquid

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 particularly refers to the inhibition of JAK?2 activity.

Process

If not commercially available, the necessary starting materials for the procedures such as those
described herein may be made by procedures which are selected from standard organic chemical
techniques, techniques which are analogous to the synthesis of known, structurally similar
compounds, or techniques which are analogous to the Examples, Procedures, and Schemes,

described herein.

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
commercially 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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chr omat ogr aphy/ mass spectroscopy (LCVMS) and reaction
times are given for illustration only; (v) fina
w@emdusi78s have sati sfactory proton nucl ear magPet/iGe2008/050321
resonance (NVR) spectra and/or nass spectra data; (vi)
yields are given for illustration only and are not
necessarily those which can be obtained by diligent
process devel opnent; preparations were repeated if
nore material was required; (vii) when given, NWR data
illusteatioh Red MaWT OFIWQTPARLLR WA)PE §1 b%anFEaS)%‘hegis a}‘iﬂﬂ%édooy John Wiley
rotons, given in part per mllion (ppm relative to
and @%{EWHﬁhyIS|Iane (TMB) as an internal standard,
determ ned at 300 MHz in unl ess otherw se stated
(viii) chem cal synbols have their usual neanings;
Compounds 6 [Fesmila K1 tnhay bmegeir@da'm a mar!ﬂmj' ofrerays. VDhcuBahe(ned und Processes

te . ( "| SCO' to nor hase fl ash
shovig bEfite STty 5085 g BrS. 3 ReUPerifE 4 gepuhy of fgadls () and
interinddia@s whhdnBf Be hsel FRGthAGHRR&ISF dopbhiiRis rmrmﬁaﬁab U §%8erein Q, D,
|nsgruct|pn obtai ned from | SCO, Inc, 4700 Superior

R', Rt Reetnd R ne@lens oerwigssdefined gre aidghi ﬁ@ehef¢lé¢@f"§) t $here a particular
st AR5 PRANGo b5 SR, SELSET: PRARNY  mppmying v,

to beumddrs‘a)oddradtheg:ht:mist bieoreanf skdt mrtbe grt Wil be alelt it@modify that solvent or

s GRS bl CTAELGERRE s T8 BE RGN, RrRagextasive s
of me@b& for peeparinMbeAQREB3 ufi RVETIREMBRASE rddilrCadddtidhantevhdifiues of which
di mensi on 20 mm 100 and 50 mml250 in H20/ MeCN wi t h
the skilledschemistis angEs Ay phakse banpekior dierrompoyrdss syttheisankhe claims are
not 11%%1?&%@& 6OTiAMEtBD ot tRe Ethﬁ:tmt)@'ﬁtlﬁj R PRodciel hitE§ R es.
obtained from G lson, Inc. 3000 Parnenter Street,
M ddl eton, W 53562-0027, U S. A (xiii) Parr
The sg%lgetrd ena w11% ?ee aa Fl)g orusg %fg@e aé)ﬁ M}Fe) 1nflfgﬁ1q?j|[1() ec tal%re ar?c! Eeferenced within
the abb%ﬂiﬁﬁendéﬁ zald%t@hp/&tyn@t expm@Es lﬂlli@&nmdtatlsoﬁhe Examples, Procedures,
(%hos pher.es % and tenperatures to 80 C (xivV)
and REMEHRIIEHi G t&me@eﬁsalty. S&%%n%@@féﬂ%‘éé?fi RFQEEFs.
DCWi chl or oret hane; HPLChi gh- performance |iquid

chr omat ogr aphy; and
In one aspect, compounds of Formula (I) may be prepared by:

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

Z H
R4 N N
\H\( Z \NH
DO
|
R
HN_ _R*

Formula (A);
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WO 2008/ 135785PCT/ GB2008/ 050321 DI PEAN,

N-di i sopropyl et hyl am ne DVFN, N- di net hyl f or mam de;
wabtesasyzehydr of ur an; DMAP4- di net hyl am nopyr i di PET/GB2008/050321

DVSQdi et hyl sul phoxi de; Et OAcet hyl acet at e;

Et 20di et hyl et her; Boc20t - butyl oxycarbonyl anhydri de;

GCGas Chronmat ography; MIBEnet hyl t-butyl ether;

DMACN, N- di et hyl acet am de;

with a compound of Formula (B):

* S=NH

H
Formula (B);

2) Process B — reacting a compound of Formula (C):

Formula (C)

with a compound of Formula (D):

Formula (D)

and thereafter if appropriate:
1) converting a compound of Formula (I) into another compound of Formula (I);
i) removing any protecting groups; and/or
ii) 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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Pd2(dba) 3Tri s(di benzyl i deneacet one) di pal | adi un(0) ;
NVPN- et hyl pyrrol i done;
wa@lpBA33r8s bi s(di phenyl phosphi no) f errocene; PCT/GB2008/050321
t-BuLit-butyllithium MeOHmethanol; EtOHethanol
n- BuOHn- but anol ; Oxone(r) pot assi um per oxononosul f at e;
HATUWO- ( 7- Azabenzotri azol e-1-y1)-N, N, N N -t etranet hyl ur
oni um hexaf | uorophosphate Internediate 1 5-F
| uoropyridine-2 -carbonitri le

Procéss BR O—”Efiéﬁ}gzl%é»' QF ABpbE R ot PGl ’(Bg ﬁlwof&m%%% 8detate.  Other

mmol ), zinc cyani de 4

- (8.29 %t 1 ) 0.3 g, 3 ),
compounds. pheshdidyetagdopbly spay e )sed o deave c(fltg.e Togpoprdsjof Formula (B)
. . 0 )t N drous
L R R e
cooled to roomtenperature, brine (100 m) and ether
500 was, added. . T sqlid forned s rempved . b
Proc R ; Bbinghoiiisa! hasiin G b Farmen (P50 e sl egmatder standard
nucldoPHRIC 2M@iios eRefic Qmditvas hest dhmpPlebéich@ rtZ%8n May RRrformed in the
dried over sodiumsulfate, and concentrated. After

presqngerplapuishlestpe aish as ppigsyien gbeepty e 4 stallessopigni fuckegs DMF and
at atpﬁg&%@?&ngé“ﬁaﬁ%gﬁ%@% P& @ DM = 1:1) to give
t titl e Tonpoun

In another aspect, compounds of Formula (A) and compounds of Formula (B) may be reacted
together under standard Buchwald conditions (for example see J. Am. Chem. Soc., 118, 7215; J.
Am. Chem. Soc., 119, 8451; J. Org. Chem., 62, 1568 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:

» NO, ) NO, H
2
Qu N + — - - | NH
e : T
L R ! R
Formula (E) Formula (F) Formula (G)
‘ H,, Pd/C

N=\ NH,
R N H,N R NN
S NH EtOH 5 | x = “NH
| — - >:NH + Q_ 2N —~—
QN 1 A Y
Y R H R’
L
L

Formula (B)
Formula (C) Formula (H)
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WO 2008/ 135785PCT/ GB2008/ 050321 as a white solid (49
g, 729% .NWVR (400 MHz, DVMSO-d6) .5 8.82 (d, J= 2.8 Hz,
wda 20d8/138821 (dd, J= 4.4 and 8.8 Hz, 1 H), 8.05PC¢TIdB2a)8/050321
2.8 and 8.8 Hz, 1 H. Internediate 2 N (1-(5-F
| uoropyri din-2-yl)vinyl)ac etam de A solution of
MeMgBr (170.3 m, 510.98 mmol) in ether was dil uted
with 170 mM of anhydrous THF and cooled to 0 C
5-fluoropyridine-2-carbonitrile (Internediate 1, 53.6
g, 425.82 mol) in THF (170 m ) was added dropw se.
The reaction was stirred at 0 C for 30 m nutes, then
Comgpyngs efiF vt @) ahdydrearenanmscerding tebyhengckt i ¢
anhydri de N@48 3 m, 510.98 mml) i n di chl oronet hane
(100 w2 § added dropvvl se at 0 C Aft q_qidltl on,
the reac¥ion was wdk hg r ot enpet
stirred @t#¥oom t enper re for & hour at E‘“éd
sodi um bi gar bonat e sol utgon (50 m) vvas\a’dded
extracted wth EtOAc (2 x 200 m). The clnbi ne

organl ied o hum sul f ate. ter val
solﬁ\? QA@E I?Le resﬁﬁfné%o&zsi due was pu E"@{)m
coI um chromat ogr aphy (hexane : EtO0Ac = 2.5 1) to
give the title conpound as a white solid (26,
359 . NWMR (400 MHz) .5 9.37 (s, 1 H), 8.57/(dy §J= 2.8
Hz, 1 H, 7.81 (m 2 H), 6.01 (s, 1 HgH5/52 D;;[ H) ,
2.08 (s, 3 H. Ms: Calculated: 180; Found. | 1.
Internediate 3 (S)-N-(1 -(5-F
| uoropyridin-2-yl)ethyl)ac etani de To/a sol utRon of
N-(1-(5-fluoropyridin-2-yl)vinyl)acetan de Formula (D)
(Intermsdl ate 2, 11.0 g, 611 mmlN)) in MeOH (120 ni)

under dded (+)-1,2-bi NN
55) - 2, % ﬁ *Ebh?)l ano) b%’\l __ N

(cycl ooc adNene) TT pll um( ) trifl et hangsul f onat e
(0.441 g, 0.611 nmBl). The sol utfonwas transferred to
a high pr fe bonb Hyned/char ged 8 psi H2. The
reaction st rred at wgom-tenpera and mai nt ai ned
i nsi de pr e bet weeg A20- 150 gi |jfor 7 hours. The
sol vent wasyenoved and the resul T¥d resi due was
purified bygeol um chromat ography §Et 0Ac) to give the
title conpound as a white solid (9.8 g, 88%. 11-1 NWR
(400 MZ)rorRuig AP (d, J = 2.4 Hz n8.-32 (d, J=
7.6 H, 1) uE R (m 1H, 7.39“2%‘&‘!@9): 4.4 and 8.8
Hz, 1H) 4.95(m 1 H, 1.8 (s, 3 H, 1.34 (d, J=
7.2 Hz, 3 H. Ms: Calculated.: 182; Found: [MH 183.
Enanti oneri c excess determ ned by HPLC (Chiral pak | A

The lﬁoerﬁ&nmhwmel)furﬂ% deddrieed withtgerarei iR BllowRg ihBuhie examples

(151-1-(5-fluorapyridin-2-ynethyl]carbamte A

in w@@l]l yoleshstyed otherwise:
(i%) S?’]t ’é\é‘ftﬂn%ea%t%tege hid %’iv%ﬁﬂi Héjg'r&s %el’élﬁsqt’@)y l)ﬁé?‘&tﬁiﬂ@ g}eck%medgout at room
12. O®nmedtyrean elrnB@ntZt@mp@etu&s tlgit 1smoa r’ﬂngfmfil IB-35"CTHF
(1@% ol eaga%lg SPIEIE[)IIQﬁl vrvgrggpg oy arCliPy rus20 g:]ﬂ(e)slallﬁngq Qu‘?ﬁfté fifiless other wise

nono blyidﬂﬁé\apéﬁtld@ofg)rga]rﬁ&sﬂvdﬁﬂwhé ca&tﬁéﬂ satusihg @ 1@@ryrdviporator under
wer e added. The reaction tirred at ro

t enp &G REesSBE (& Shoth s Pl eRPE IR o te5§0C:

@) - cﬂ_t%ﬁiaﬁfg%ﬁy %elaﬁé/ﬁish\@ﬁ%nﬁ?@%}ﬁgl%g,sﬂ% E‘leﬂm’{\’la%} chromatography
brine (100 nl); and dried over sodium sulfate.

r enoVELC bivassainagifiut on pidict g platesd r esi due was purlfl ed
by col um chr omat ogr aphy (Hexane-Et0OAc = 5: 1) to give
the title conmpound as a pale yellowoil (13.6 g, 949%.
11-1 NVR (400 MHz) 6 8.46 (d*8J= 2.8 Hz, 1 H), 7.69
(m 1H), 7.35-7.41 (m 2 H), 4.67 (m 1H), 1.37 (s,
9 H, 1.32 (d, J=7.2 Hz, 3 H. Ms: Calculated.: 240;
Found: [M+H + 241. Internediate 5




111S)-1 -(5-F luoropyri din-2-yl) ethyll am ne
hydrochloride To a solution of tert-Butyl

WO ¢S 33r8% 5- f | uor opyri di n- 2- ypet hyl ] car bamat e PCT/GB2008/050321
(Internediate 4, 12.8 g, 53 3 mml) in dichl oronethane
(100 M) was added HC1/di oxane solution (107 m, 4 N,
428 mmol ). The reaction was stirred at room
tenperature for 3 hours. The solvent was renoved and
50 m of saturated sodi um bi carbonate was added. The
resul ti ng aqueous solution was extracted with ether (6
Xx 400 m ), dried over sodiumsulfate and concentrated

(0 gllrvgenmé th¢ equeseed maotiens Wap falboveed gBRC asligud e

yeI ! gﬁ}( glg ocgra%)%l_yl/éaa% égcg)s? I_}%\{,_AQE‘I)I\E’S) fna% agcﬂ()n ﬁme%arg g%h for
1H) illns@dtiqnonl2H) , 1.26 (d, J= 6.8 Hz, 3H). ME:
4 t diate 6
(Sbpr SEA O SRS o TDRTICH EoMBBES @ MRy specta
be pa&p@nﬁg%gb@mhmgmfolIomnng procedure: To a
suspensi on of 3-am no- 5- droxypyrazole (0.50 nol) in
(G2 CyZldsqragienfor Hiyshgin @Kb@@]@rﬁr%éot(r@cewr thosgyyhich l§an be
;gzg: féﬂg Jd %f&hl{é‘éﬁt }J(:S&cggso Vlg%pﬁlgntoé}ég%agoﬁgye\%@g eegsde if more material
perladsumnﬁalnlnutes (the tenperature of the reactlon

nlxture is k | ow. 2 a suspensi on. Th
g ek Ve FLCE b rut R fa BT BE Mg ioak e potons,
pr eCighich at FartiRY nkifio b?;ﬁﬁ)\&elinaé toattrafethy15ithe sTME) 494 internal

reaction. |soprop ohol 25 nol) is then added
dr opStndssd dk?@rmaleéé? POYMIHz laourrWSﬁ qthsevige stfedias t he

(SikiY" EHerhiBh1RSmBOR b Aeh &P Lidal ﬁhe&iu‘{gfs a suspension. The

reaction mixture is then held at” 0C for 1 hour. The

(mé acsolpent mthor wasegiven inap ey : sobwwey(vivo teambi ent

(O)Ver S%L & asg t%rnlé)itgtlrf)o %sem a)§€ 81t m% 1fonra{t(§rra gagre %%t‘ggp S \Packed silica
undi gSICdahtﬁdgeSle gsi0 glhe) ﬁsekltabﬁir@mg $o Mt inexthufaby M nstandion
conceFtratgﬁ under reduced pressure to give an oi

Puri PP S CED et/ ChreREPOYFesbhiictBoRlE o8 MeOH i n
ﬁb"zcﬁnﬁ)fg%%f’ %f§1§ td ﬁtﬁ'mtle_% ﬁﬂa@e HQ»‘KF(%QHELQ} ch@&ggoéﬁig%y IQII\@%TQ-%)J.CkGd
a2 gfqlmﬁmldgq; (2, Db, G e Hised hosoaebi e it

Cnl O'In%trhlét{og oblta;ne%rf%?n %X&f%]e'_!frlgyfﬁ%%1§c%vel¥/]ﬁr1\?é Charlotteville, Virginia
-nit m Xt

2, 6- dQ@MJUSA,S nitropyridine (0.5 g) and

G SRR BN s e R A0 Qi on
was  sinh/10@sh@30 HRPTBOLiS FREIMEUN G©v1fho()' 1%4T 08 BobiltYfhase unless

resul ting m xture was concentrated, and the resulting
resi @ihervissstaled ardised agsprding foghe genufagpgamnstruction obtained from

( Hex t f

s SRBUEL byl S dat By, 01 3R o7

(xiH ZC?aNﬂﬂjadrogamn‘eJr nelirastekd tydd hirdrédet Bprshre SyStekns for treating

Iuoro

oxy- f 5%’&% h%dmﬁi‘%/ n]sthe Pﬁeﬁ(ﬂ&)?ﬁ %ﬁ?ﬁ%s? 3t prgssureg g te ?1 gtmospheres

A m {QCOJ[SS‘@ dﬁﬁ t&nﬁ‘dﬂé‘r@fe@td\g(xd@ -is oprop oxy-1H pyrazol -3
%/ din-2-amne (Internediate 7, 0.8 g)

(%éﬁbl [d(elfsslowmg@ bmn%?%;tl@mb%nzlsgqoet hyl ] ani ne

hydr ochhegs de (I nter mgght&ndnarfd: 4 9) in n-BuOH (10

m.) with diisopropylethylamne (2 nL) was stirred at

70C f orHRBLGours. The hadheperfonganei kitjuid ehwasita@riphy eehd

wth ethyl acetate (20 nL), and washed with brine (10

nmL X3). The organic |ayer was dried and concentrat ed.

The resulting residue was sephrated by silica ge

col um (Hexane/ Et hyl acetate) to yield 0.6 g of

desired product. MS (el ectrospray): 402 (M1) for

G 8t 120FN703. I HNWVR (300 MHz, DMSO-d6) 6 ppm 12.3 (s,

1H 11.0 (s, 1 H 880 (m 1 H 850 (m 1H 8.15

(n] 1 FD 7 80 (n] 1 FD 7 30 (n] 1 FD 6 20 (d, 1 FD

- e~/ ~



6- Chloro-N (5 -cycl opropyl-1H pyrazol-3 -yl1)-3
-nitropyridin-2 -amne A mxture of

W@ 2@8dsok3d or o- 3-ni tropyridine (5 g) and PCT/GB2008/050321
5-cycl opropyl- 1H pyrazol -3-amne (5 g) in acetonitrile
(40 mL) wth diisopropylethylamne (6 nL) was stirred
at roomtenperature for 24 hours, The resulting
m xture was concentrated, and the resulting residue
was separated by silica gel colum (Hexane/ Ethyl
acet at eypip@ afford 5 wbecﬁisf) gﬂéﬁ?l&ﬁﬁne.'\@
(electro M%r ay): 280 (M+l) for hoCLN502. [tl NWR
(300 M—E CDSOD) 6 ppAt/gdangthylformpmids; 9 (d, 1 6.5

H)
(mlH)é/) . H 0.70 (m 2 H).
Interrrec}{ate 10 N2 (éejf \t'(fg%lropyl 1H pyrazol -3
-y1) 40-DMAPS) - 1- (5-f | lelahmptyiylannhdpyﬂdmh)et hyl I -3
-nitro di ne-2 , 6-

Ami xt ur@¥PE- chi or o- N- @gﬁet@a"&@}?f%ﬂﬁyl 1H- pyr azol -

-yl1l)-3 EtOIAtCr opyri di ne@ypdbets@; (I nternedi ate 9, O 5 0)
and [ (1S)-1-(5- quoropyrldln 2- ypet hyl ] am ne

hydr ocHitd?i de (I nt er métstted ethsr; 0. 35 g) |n n- BUuOH (10

m) wit i sopropyl e stirred at
70C forﬁozfd?ours The ?gsﬁﬁqpﬁﬁb&rﬁ%’h e vvais di luted
vvi th et@&yl acetate (2@apChronzelraydyhed with brine (10

nL X3) organi c | ayer s dried and concentr at ed.
The resl\ﬁgﬁng resi due 1?@}%?‘3&‘%{1 by silica gel
col um texane/ Et hyl ag]eidaﬁ@hyua@etymmed 0.45 g of
desired product. Ms (el ectrospray) 4 (MFl) fo
G 8Hi 8ANZOPa: 1 t1 NVR ([B60ihoresylideng nfédlﬁblﬂfﬁd@@@)(s 1
D 5200 11 815 (hndiugl (M 1H 740 (s,
1 H 6.30 (d, 1 H 35 (m 1 H), 1.90
(m 1 Hppf. 60 (d, 3 H) 11b1@(©1p(nnmy112hdsphlco)8@ro(cme 2H) .
Interrre ate 11 5-F It%orﬁg r|m dine-2-c arb onitri
le A I m cr owave VI3 TGS charged with
2- chl orMe®Hf | uor opyr i methHanel; (2. 0 g, 15.09 mmol ),
sz(dbaE)zt3 0.549 g, O. (?] m{ol) dppf (0.67 g, 1.21
mol ) PRt cyani de (§h#80ly, " 9.81 mol ), and zinc dust
(0. 237 ;)nByoB: 62 mmol ) o plkgof.| ask was evacuated and
backfilled with N2, and anhydrous DMAc. The vial was
mount ed)xame® a Personabtamenpsmmmmcsukﬁwave react or

aas i IHeH i tn e oAD dnardtRi fert ey (AL B Tt uronium

three times. The or gane;@ﬂhaﬁo@nomeobt ai ned and
evaporated to dryness. The dried residue was purified
by silica gel chromatography (By | SCO Conbiflash with
InteShafa@it Et OAc and hexanes) to afford the title
und as a creany solid (1.50 g, 80%. GC-Ms: 123
5F1UOMDVTiﬂﬁ1€'Z\mm3) 6 8.80 (s, 2H). Internedi ate 12

2- Br%mé% ﬂufo rldllﬁ%ge? Mr | 538 di ”rﬁ@{ d?]S\{ I(Z??é %aﬁ7er%r%g) 2111clcyan1de (403 g,

PUOT O} P rie £22 b erire
343 ﬂmﬁ)l)gl 18b11(dip‘li@h§)lplhd%pﬁihlﬁ')f((rﬂ&elﬁd 011Weg 2addeathod 80 IBdEdb@n(9 68 g, 10.6
in ether drop w se

mmO@ lnﬁihéﬂfoaﬂé?l\tl%r@()q ﬁ)@ Wé%é%%t%hatvx%% Pt dovrs- A@swooled to room
tempg%gpg rhtg%q‘é O(??O s Eﬂcﬁ‘?th@} ﬁw@m%ﬂﬁﬁﬁé g{h? CsElch ﬁolrg)r | :ﬁas removed by
filtrafidn 281 W|a$hed3;y1th cﬂmi (BOOvasl). ddigetgame biyer pas sqp@mted',rmashed with brine

B e e R S R
resid§®©lvdd p@ifiddlsy dvlymmetsoaadetpan thegaderdChEd 1) tdgikt BRitle compound

(2x20 m ). The conbi ned organic was dried over sodi um

sul fate. After renoval of solvent, the resulted

resi due was purified by col uthh chromat ogr aphy (hexane

: EtOAc = 2.5 : 1) to give the title conpound as a

white solid (0.38 g, 269 . Itl NWVR (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: [MtH + 182.



Internediate 13 (S)-N-(1 -(5-F luoropyrim
din-2-yl)ethyl)ac etam de
WOR(2A§H8F| uor opyri m di n-2-yl ) vi nyl )acet am de PCT/GB2008/050321
(Internmediate 12, 0.10 g, 0.55 nmmol) in MeOH (5 m)
under N2 was added (+)-1, 2-bis((2S,
5S) - 2, 5-di et hyl phosphol ano) benzene
(cycl ooct adi ene) rhodi un(1)trifl uoronet hanesul f onate
(0.04 g, 0.0055 mml). The solution was transferred to
as a &bl GhiPUGES 958, bernad s hangeamser s g'gB(dTﬁEngz 1 H), 8.21
reaction S st rred at room tenperature for
(dd, Théd . 4soidsehtizwal), 8l déd abd anth8.8riés ulH)ed resi due vvas
purified by colum chromatography (Et0OAc) to give the
title conpound as a white solid (0.096 g, 95% . Itl
InteMMi4td@0 MHz) 8.84 (d, J= 0.8 Hz, 2H), 8.34 (d, J=7.6
1.84 (s, 3H), 1.37 (d, J = 6.8
-(1y-Fluprapyrigds agefnide 183 Found: [ MkH] + 184.
A soﬁfﬁ%ﬂtof ml\%ﬂ:r }_§ ’/(@ @%ﬁ S85. & AhdeLin RYhHRLE d(16Rd Badnpal ﬂllpbf anhydrous
>09% ee. Internediate 14 tert-Butyl
THF[a@dBQel&d (60 FCudflopypymdiok- a—czlabpnmlh;(lqte:ané;hmaeﬁ 6 g, 425.82 mmol)

B o S P L S B LR (8 e e
dllut&l Z\%tmwlm%ﬂfétlﬁhet F7H - Qﬂbt yJAcéiicC anRpAL e4% &Rl 95102987%1111101) in

nol ) in THF (10 was stirred at” 50 C for 40 hours.
dichlafansthape élOQ‘ﬂgl)t\msraddm drepwer at 01r€, Aftett dddidronhibd repciidie was warmed

o olBIGHP AR PUEPICO e ST e AEF OB spard o gt Bearbonate

solutfodr (58 nipwas addedhad ckdbted Vith@s0 A6 ded,200mIRMTHe dodb@ied organic was
was separat ed, washed with brine (20 m) and dried

driedyqpy sechn swhaler 4 figraemoyal f Scrl%\ﬁm regplteggresidy wag pgified by column

chmﬁl%g}agﬁy He§SlcdUomas- puri f)ig Wlexh&ghéi u@dgﬁqe %@Ta%}ﬁt%l%'a}{d (26.6 g,
c 5:1) to give the title conpo as a pale

S%yéHIWRc(mDO MBIZM 98,7 (801941), SNIVRA(.A6Q.8NHHz )1 18), 8481 (3, 22D 6.01 (s, 1 H),

5:52 isf ol g a6 M5B atetlin (o Pt 1921 0 cr rout ate
15 111S)-1 -(5-F luoropyrim din-2-yl1l) ethyll am ne

hydrochl oride To a solution of tert-butyl
Inteymediate 3. (5. | yor opyri m di n- 2- ypet hyl ] car bamat e

(S]]\Qpnéﬁl 5@5?@&” %Iﬁ‘;pleﬂg;%%c&amfﬁe87 mol) in DCM (5 nm) was
i n di oxane. The reaction
To awelstist oﬁN{éﬁ-(ﬁﬂuompmdleﬂ@é}myh)aeetﬁmrde Jtoumeliat§éBel1.0 g, 61.1 mmol)

in VBB BT EOR oty e & a3 e R Sanoenzene

(cyclbM‘th’ﬂldnell‘ﬂlgdluinl(\lt)ﬁlﬂlﬁﬁﬂ)hﬁﬂfanasﬁlfonate (0.441 g, 0.611 mmol). The solution was
Cycl opropy1- 1H- yrazol -

transfec’rfg) tp 14 (hghf p@&ﬁﬂ]{ﬁp p]in qjydnc@r%;aﬂ) ﬁ}&lwq H,. 3The reaction stirred at room

tempeﬁ'ﬂfrf Ry abheifa Rtk s@t?re %@'lvféeﬁ rl@@flgt) gﬁf R O M The solvent was
cycl opropyl- 1H pyrazo -

remogphagd thei meilted msedueremhsaluelﬁ@d bg. Cﬁlug)n dmdmatography (EtOAc) to give the

ite FRRBa e R LR RELD kot ke BENFGCHSbATHERD 48 e (ot i 1 10

8.32 gmlavw EmlzdﬂH§5(7FU6 ﬁyllq{)hylsammg4414aﬁasm St 4, 951(@t1H) 1.85 (s,
for 4 hours. The resulting m xture was diluted

3 M- (@vhyT- 2&&?@@ di)ewszé?a%ﬁ_}atedarﬂ&%ﬁ@ﬁ)éd [MiHh 188 Krantiomeric excess
l oncentr at ed.
deterﬂjﬁn rac)g ﬂI Si gée%mggcgég%]{iggsgedesefl i ca gel
col um (Hexane/ Et hyl acetate) to yield 0.5 g of
desired product. MS (electrospray): 385 (M1l) for
Ci 7Hi 8FN802. 1ti NMR (300 MHz, CD30D) 6 ppm 8.70 (s, 2
H 8.20 (d, 1H) 6.40 (m 1|—{) 6.20 (d, 1H) 5.45 (m
1H, 1.90 (m 1 H 1.70 (d,°B H) 105(m 2 H 0.90
(m 2H).




Internmediate 17 2- Chloro-N-(5
-cycl opropyl- 1H pyrazol -3 -yl)-5-nitropyrim
wal2ev843ass ne A m xture of PCT/GB2008/050321
2,4-dichloro-5-nitropyrimdine (2 g) and
5-cycl opropyl- 1H pyrazol -3-amne (2 g) in acetonitrile
(20 nmL) with diisopropylethylamne (2 nL) was stirred
at roomtenperature for 24 hours, The resulting
m xture was concentrated, and the resulting residue
InteMB&lisieRar ated by silica gel colum (Hexane/Ethyl
— acetate) to afford 2.1 g desired product. NS

tert-Buty L Dds(@riprepypidin-2-viathyHesrbamatiHo C1NG 02.
A SO:P% ?Sgggﬁc)l gl é%{/‘l}torfwrldl Zyo}etlgfl)a(ie)tan&ge (I?tfgl?ec![lai(% f 10 g, 60.37

mmol )0 NTAR (848 -g219 DY ehinyl) land Boc,(ni(26. 2y 120, Wivmeo! Rin, BHHI( 1 OO ml) was

. amne L .
stirreg it 2D G Bt 20 BeHTErOTNLCE8leE Jo ToB PEraire-gifkigsohydsexjdg mgnohydrate
(5.19 ?' tlQ? @Whhﬁ‘)l)dhﬂlf dra8M (160 (rhﬁt\%tgeﬁd@& eTIJre7 redtiGe vehs @PRd at room
[ uoropyrimdin-2-yl)ethyl] am ne
temphlgﬂmr@ édﬂISdmutSean(ildniu@rl ivethi cghas (2®), mD. ”Q@ @yariiqlagerBudtdepaged, washed
with %Eﬁ Obh ,hoégiglec? %ﬁ er s‘(;)@ é asnlfn &, énigtg(rtnriét)no%%f %(%}V?rnrt etﬂe 1aesu1ted residue
was purtﬂ&:d&iyl”dpllunaceliraﬁnetog&@hﬁ'(ﬂexaﬁﬂﬁtMS hed 1yva glvsbfhenﬁle (cibﬁlpound as a
The organi,c & r was and concent

pale Yﬁ@w @%&H ¢ BgOTaki H %‘Ogé\élé@aQ éé‘6t§9 £F1% %Hnglﬂ) oo (m, 1 H),
73S ERATah | 9FEL v L9282 0 by oot 20

FounGi PM#BFIRQ02. 1ti NWVR (300 MHz, DMBO-d6) 6 ppm 12.4 (s,
1H 11.30 (s, 1 H 9.15 (s, 1 H 9.00 (s, 1 H 8.80
(s, 2H 6.10 (d, 1 H 525 (m 1 H, 1.90 (m 1 H)

Inwﬂn&ﬁmkg 3lﬁ 1.00 (m 2 H 0.80 (m 2H). Internediate

e ND- 1-(13)-1-(5-fluo

To arSQRMBhQ)T@erZBﬁ{yll T@m’ll I(5 'ﬂ%ofyp?ﬁ&lﬁﬂ ﬂ/lg@thlﬂ cﬂﬁ)al%at% (@ﬁt@ﬂh@(ﬁate 4,128
Am xt ur eof 2- chl or o- N-(5-cycl opr opy pyrazo -3-yl) -

g 53~31m<rb)oy1rd1¢hldlomethaa¢r{1rﬁ)@ ) ritae e Idﬁlafdlm?ane@owog)(l(ﬁnml 4N, 428

mmo{l‘?( é‘%% c%’for LYy %{ﬁ{]e;aga\r( rré)o et%qé%gz}fu]% ?Xéllrs aﬂ]e s@ll}/a}} \(visoremoved and

50 m]rbf swmmfeddbdlsﬁphslomyémdwhmﬁdee ThHe Iﬁill)ltlﬂmmbmsrsrohdloatwas extracted

it e NS i T L P e L o
(7. 301‘% 9%3))- as]SQ% r%f%ﬂ%rb'ﬂclljl AFR (4GP z;)%cia @n@l 9O”23§ﬁlfzf @H?dz 66 (m, 1H),

e resulti resi due was se arated by lica ge
7.53 ¢l Ui 4(04ie(>qaﬁe/658 Ryl 1)k ét%t(b)zfﬂ)o 132|6€(t1,d1 e 633 @z,oiﬂ) MS: Calcd.: 140;

an%i@ﬁ#%ggg oduct. M5 (electrospray): 385 (Mtl) for

I ntermedi ate 20

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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[ (1S)-1 -(5-F luoropyrimdin-2-ynethyl] -N2-(5 -is
oprop oxy-1H pyrazol-3 -y1l)-3 -nitropyridine2
w®2asasi7ee A m xture of 6-chloro-N-(5 PCT/GB2008/050321

-1 sopropoxy-1H pyrazol -3 -y1)-3 -nitropyridin-2-am ne
(Internmediate 7, 0.4 g) and
[(1S)-1-(5-fluoropyrimdin-2-ypethyl]am ne
hydrochl oride (Internediate 15, 0.25 g) in n-BuOH (5
m.) with diisopropylethylamne (1.5 nL) was stirred at

after AOCmfn@fes bf AIRUFRetiohh eIsB ltdlé&omlxiyfn%l)vi@%eg' dddé€drop-wise over a
wth ethyl acetate , d washed with brine (10

periogi of)¥4®) minyites abPYans thel dyrer tthcomld@r@blartd gesnt epengtoad The reaction

e.r S e s
mix 113 1S tﬁeﬁa( hél)dga%eq t ogll'i géé‘@’t 9%(:%51? qm?%/&l% %grgﬁn&fe Llowly to ambient
tempelfaalre et prtlmilllteld atMih b et mtﬂi}recﬁm ayémlgzhﬂ Jhe Pr,@a]:)lori miixture is filtered to

remoyg 1%1'%;60 sdlll %lh/Rgih(fﬁe 1%d g@%@% 6an§ pc@y?e@?r%@ﬁlsqﬂd%r reduced

presshreo, gide @1@ o(lnPurlﬁddhoﬂ- '\I?Q()ﬂbmrﬁcﬁf%métogﬁ ph (59%6-0D% MeOH in CH,CL)
I nternedi ate 21 { tert-Butyl(dinethyl) s

afforflythi tisleypmppind. (ﬁl@d\éﬁzzDh@tOﬁ@;ﬁ pipar@32bs gl If Hham4 @es, 2 H), 4.65
I nAaf ( 2- met hyl propane- 2- sul fi nam de

(s, 1?‘2 £ E{oﬂ')gln@ré Bang Vért but yI (di met hyl ) si |yl ] oxy{

acetal dehyde (4. 32 m, 22.7 mol) in CH2C12 (30 m)

was added Cu504 (7.23 g, 45.32 mmol ). The reaction

Inte was stirred at roomtenperature for 2 days.

6-Cthis-z\msxlfswrspde@81ﬁ.bwa%leﬂylt)br&@mr@ﬁm.ﬁﬂn)ne washed with

CH2CIZ and concentrated 1 n vacuo. Columm '
A U@NW&T&I%@F@@@VW@@ME@% GOnS r@x anésy-igavwoxyréH-pyrazol-3-amine

(Inte‘iiﬁl%iifa?%g)% §’§j gﬁh‘s &Rkonhl{' %yl ro ane }er ehﬂ’l%ﬁﬁqu‘? ﬁl&l)xus stirred at room

tempgrhatre ﬂre?ellrlmmrd,é"ht resBBi@gE mid@ire Q/%dmﬁél)tratddl;lbﬁd?th(ei'}@fﬁhltlﬂgzrﬁsidue was

sepaq%%glb)) glﬁca gesl %QITIH? %é %Te/@;l]@rd af:gtate tq_l)afferdO%’i)% %1deglzr?ﬂ _%roduct. MS
clectrBép@ayyELIgANE- 13 20r R HNCING;- 2- tert-Bu dineth sil-1-
( 5-fpeuoro I‘Idlﬁ 2- 11ro ane-3 2 sul finamde* To a cold

sol ution of 2-brono-5-fluoropyridine (1.3 g, 7 2 mol)
Inteifedtite@ (8 M) at -68C was added a solution of t-BuLi

i n pentane 8 5 m, 14. 4 mml) carefully The

N[ 6B el)ql ¢5-waprokent- | Helyowol- 550-Jamittopyraline-2.6-
di m xture was aIIovved to stir for 15 mnutes at -70C. A
AamiBg ution of (R)-N-(2- [tert-butyl (di methyl)silyl]oxy}

A m&&ﬁb"of@&%@c}ro@f (Bﬁsbﬁ)i‘bﬁix@@l&ﬂ@yﬁz@@ illl)BEHﬂrd@/rldm 2-amine (Intermediate
ter nedi at

7, 0. éébﬁ@d[(@ L %@Ofwfldﬂn'%’é)e@dHﬁHlnﬁthlé(amﬁh@’a%fIPEFﬁm&fhatt%é 0.4 g) in
n- Bu@?{)\éﬁ) lnirt 8%Hﬁn(ﬁ19@?9ﬁmgh§/l%lrﬁ @URAY i I\% é%frre%lsatn’ldnét 0% -4 hours. The

was used to rinse the lithium
result agrpode w;xslddtlied Wltthhlefl aeotate (29 miks and Wosked vstlth mnle (1GmL X3). The
organlgﬁﬁxerovsr/as ﬁtl uermsd concg%tr \é\fi Srid %gu i a%e;s%(ﬁlg Was selparated by silica gel
coluMﬂ$HéX‘hnWE]tHyl bédtzﬁe) tandela orece ot die%tredﬂpro@ﬁétu s (electrospray). 402 (M+1)

romat ogr, ap (20- 40% Et 0Ac i n _hexanes) d ve the
for Cd@bpﬁl\é@gprgdﬂ%lﬁ 2(16){3 ppm 12.3(s, T H) 11.0 (s, 1 H) 8.80 (m, 1

H)S[sbﬁfht ﬂg%ﬁ's((ﬁzhmgropa LY }l n}l(ﬁyébdgg i @@)%H)Ows(ml

nam de*

H), %Gﬂ@hérH)RfSQﬂdl L] .20 (4.9 Ig) toget her with
di astereoi soner (lower Rf on TLC, 166 ng). Iti NWR
(300 MHz, CDC13) E ppm8.41 (s, 1 H 7.35 (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, 9
H -0.06 (d, J= 12.06 Hz, 6 . * "Rs" is intended to
denote that the sulfur has af® R configuration.
I nternedi ate 23
(2R) - 2- Am no- 2- (5-fl uoropyri di n- 2-yl ) et hanol
hydr ochl ori de



To a solution of (Rs)-N-RLR)-2- {

[tert-butyl (di met hypsilyl]oxy}-21-(5-fluoropyridin-2-yp
we@tdvgl135782- et hyl pr opane- 2- sul fi nam de (I nt er necii/aBe008/050321

22, 1.13 g, 3.02 mmol) in MeOH (15 m) was added

hydrochloric acid (4 Min dioxane, 3.02 m, 12.08 nol)

at 0C and the m xture was stirred for 15 m nutes and

was concentrated. The mixture was triturated from

hexanes to provide the title salt (575 ng). The

Intefh&Q@Me i s highly hygr oscopi c. Iti NWR (300 MHz,
6 ppm 8.62 (s, I—2855mé 2H)776-7.93
6-Chiarp-M(Segyclopamyl-dH- Dvgazom-w@- -AitQPy n2=|an£g1_4 43 (d, J=

A mf}({lgg 'Q'FI?’6 &lclﬁz)ro?’?; glzm{)gﬂdl% @ £) % 1%_ %(%ﬂ_rl%)g- I%pyrgZoRb-a%nine g in

acetmﬂrﬂmp(@@ynﬂ)l%p& damlrelfyletbyle)mmm(ﬁ ail)-vbasrstitied py rdodh tenderature for 24

hourgl n et hl%a&%)yvﬁérfnwcegtrat@cg;ang }ﬁ%eglﬁ%eg@}lﬁ Was éqﬁaﬁaéed by silica

gel c()luﬁ{ne('H&%eaEtﬁyﬁacetQte? tQAFRAS g desired product, MS (electrospray) 280 (M+1)
(2R) - 2-am no uor opyri di n- 2-yl ) et hanol

for ChyftinGdhOor Hd‘éM@l @0 Midei 3@13233 pron 45 () 1 Hn 6/9-@uOH) (620(s. 1 H) 1.9

o] ethylamne (3 nL) was stirred at
(m, E/%?:l%r %lglll)lourg %43 resulting mxture was dil uted
vvlth ethyl acetate (20 nL), and washed with brine (10

X3) .. The organic |ayer was dried and concentrated.

&‘n@@_ﬁséam ng residue was separated by silica gel

N2<( Lol bRropvieranehEIm)-acet135-8)(5 iRiodpStidin Q- ¢St 128 -nitropyridine-2.6-
desired product. Ms (electrospray): 418 (Mrl) for

diam@egH20FN704. 11-1 NMR (300 MHz, CD30D) 6 ppm 8.50 (s,

Al Eh)ﬁ‘fl? 20 ( (S@c?%ﬁf—?fé&ﬁclﬂ)&%xi}_ﬁ-&y&%@c—)&(31 -xﬁtréé)yrldm-}amine

(Inte%nﬂﬂlattm 92 H)S 1¢BO a(ldj, [@ SH)L -(S{fhibexpyadinaX-gl)@BbylJamine  hydrochloride

R 5 R B AL M B PRRLT0 s s

70°CABE 4 hblae drﬁeq*ésmtlﬁeg SIKErD @k Filoted hwith EHVE décddte (D mUS |aﬁ§l washed with
3-am no- éﬁ)gr oxypyr azole as the starting nmateri al

bring @@omp3) omRiG hyen vas drigd agd cgnegntrated.gPhq fﬁsulgngbremdue was
sepa@eﬁeol)‘ Siica) %e‘I_cg%Lﬁ?nxglﬁef@e/t g?ﬁ@é)a&)% é’ig 0.4 g of desired product. MS
(electrn$1irz[}<)p3/84l @i-at) Xor @pHing'N,Dhe'H INNIR (&@ITTM(HII;] dDa@P®) 6 ppm 8.60 (s, 1 H)

520 facP PO B (of Wb G oL 45 b 1Bt B S0 D) ool hg s (m. 110,

1.90 (1At EHTRG024,8 14P1.86 (thheHsb 80 (inngyraterial . MS
Eei ec??osgal?ay)}5 El NH-?) f:()r Clg?HOClNSO
I nternmedi ate 27 (2R) 2-(
t hoxy- 1H pyrazol - 3-yl')ami nol -5 -nitropyri
Inte ed} §1} am no)-2-(5 -fluoropyri din-2- yflethanol
5-Fluoropyrimidine-2-carbonitrile

A 10 ml microwave vial was charged with 2-chloro-5-fluoropyrimidine (2.0 g, 15.09 mmol),
Pd,(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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A m xture of
6-chl or o- N- ( 5- et hoxy- 1H pyrazol - 3-y1)-3-nitropyridin-2
WO 2008185763 nt er nedi ate 26, 0.2 g) and PCT/GB2008/050321
(2R) - 2- am no- 2- (5-fl uor opyri di n- 2-yl ) et hanol
hydrochl oride (Internediate 23, 0.15 g) in n-BuCH (5
m.) with diisopropylethylamne (1 nL) was stirred at
70C for 4 hours. The resulting m xture was dil uted
with ethyl acetate (20 nL), and washed with brine (10
0 WANME Cc
the B B G A Sy e P AT Rk ety 5 8.0
(s, 2Idb| um (Hexane/ Et hyl acetate) to yield 0.2 g of the
title conpound. MS (electrospray): 404 (M1l) for
G 7H 8FN704. Internedi ate 28
Intetdzedidte BRhOXY- 1H- pyrazol 3-y1)-1VQ (13)-1-(5-fl uoropyri

md|n2yflet2/ -3 -nitropyri dine-2,6- diamne A
N-(1 4 ~Flyorepygimidin-Z-yl)vinyl)acetamide

5- Fl&rSﬂ%&l{l@in@'ﬂcﬁr&hhﬁ?&(hﬂtkﬁﬁé’dﬁ&%) ?’0%1% 1 3abih SPPMF [ 2 Minydvas added

-am'ne (Internediate 26
a solﬁt@(ﬂﬂ)f MeNIBBf (3ubomb By#Si mindl)na Qt-hymh‘bjn yvllgealnr{) A€. After addition, the reaction
drochl oride (Internediate 15, 0.20 i n n-Bu 5. .
was H% Sh PHOYP 'SBRFBITA SYRSA drfopd’ t‘fffp?r’f"i‘jig%\% qs‘%‘%“F F"(é%lﬂ’%fl diluted with
DCM @1@) Dl AdetOuits dridh el 7260 3.0 ehnfBIX vds 8@ddvaSin Gnk Yotfbn, The reaction
with ethyl acetate (20 rrL), and washed with brine (10
was SHITCU3) roofh seropagaimiclor Ayienr wisAQiG &t lahehrchmeraivdrsadiam bicarbonate
e I ' i i . .
solutlolﬂ (l}be[ﬁfgl dsna%d (E?%cg Fﬁg\@%t%a\t%l }?%ﬁ@kgﬁze%) %H)S;ﬂ:ﬁg cg@loinﬁ% organic was
driedt cb\telr eodmmsmltﬂcnel Afds rérﬁb‘&ﬂ: of sxﬂmm,yt)le re38&d(hatdye way purified by column

Cl6H17 03. | r medi
chromtog@lﬂéx'\ﬁwmﬂé@waz o 31)9‘1)€1Vf\$he i srompquad gf goyifsyelid (0.38 g,
6%}1I1Ht1~2MR104o@tMMk)] 9.38 (s, NI 9P¥ (4, 28H)NE22 (S-1H)d6 BF(NaH)A.11 (s, 3H).
m xture
MS: @ﬂ]@hla&dol&l(@Héﬁr[bfkﬂilll-lg%yrazol 3-y1)-3-nitropyridin-2
-amne (Internediate 26, 0.35 g) and
[(1S)-1-(5-fluoropyridin-2-yl)ethyl]am ne
IntetweallisteiBor i de (| nt er medi ate 5, 0.20 g) in n-BuOH (5
)5 th di i so rgplsﬁt m.ne (1 nmL) was stirred at
- 159 mixture was diluted

N—(l%mﬁéﬂyylhnlaﬁ%-ﬂ%ﬁnﬂ?a@etﬁﬂn)de (dﬂ(érlh@&ﬂﬁ&dllf\ﬁ(llm @ro SEn(tﬂ(Q) in MeOH

he organi c concentrat

(5 e rvéféen t Mg Vas| dléée §tk bérhl%(?éd t§§) §15rdI%taylgbmholam)benzene

(cyclBQétﬁ’(HEhe (SRR gf)t'ﬁtﬂlﬂ}ﬁlon%%h%ﬁ%n&té’ . be gd 09039 ngmglé FResolution was
onpoun (el ectrospray) 8

transtej:r‘ﬁnl-tq B?hfigh PRE8Ire bob rane dharged 300 ps21 HﬁFﬂho rroaCNOQ Svasjsgrred at room

tempgpa Q f 1 é h(s)]llrspyIji}a €50 L\/ﬁ? vrvéléenﬁcfvréldgaé D[X%]r%suﬁgy _e%ida m.vg%e?dpuriﬁed by
colurbn lcﬁﬁﬁfaﬂfg@éplﬁy IEKm/d) ag give 3h<a1nﬂldwﬁmﬁﬂduh@ ﬁm Wh&& eolﬁi (01098 g, 95%). 'H
cetonitri triet ya

NM@&%OO&‘IH?} R4 44 081% I‘t‘?e r%Héf %%F(b Jror-03¥. HHQpr%OO éﬂﬂelﬂ) 1.84 (s, 3H),

1.37 @Syl g ?yHB‘rﬁIS"‘@al&l@ﬂ&? nigﬁtﬁﬁmda[}\%f—lﬁmlg@SEﬂahhé;}Eerlc excess
resi due was separated by silica gel column

deter(m@dmelﬂlﬁt@&@hlm’sm&% ﬁ&C&fMdBH) P9§%0fe. the title
conpound. MS (el ectrospray): 299 (M1) for
C10H12C1N603. Internedi ate 31

Intermediate 14

tert-Butyl [(1.5)-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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N2-[(1S)-1 -(5-F luoropyridin-2-ynethyl] -NL-(5 -is
oprop oxy-1H pyrazol -3 -yl)-5-nitropyrimdine2
wd2asasi7ae Am xt ureof 2-chloro-N-(5 -is oprop PCT/GB2008/050321

oxy- 1H pyrazol -3 -y1)-5-nitropyrim din-4-amne
(Internmediate 30, 1.0 Q)
and[ (15) - 1- (5-fl uoropyridi n-2-ypet hyl ] am ne
hydrochl oride (Internediate 5, 0.8 g) in n-BuOH (5 nli)
with diisopropylethylamne (1 nL) was stirred at 70C

(0.02f70%, d2NaHRS) addQi- fe%tsﬁﬂt)tllﬁ&ﬂ%n)ﬁeu(@% V\?Sz K0 |nﬁh@l§j uWTfHF (10 ml) was
ethyl acetate (20 nL),” and washed h brine

stirred3)f 50 Th dorotgamirs Afty e‘volmago drane b thtwronghinty latdewjﬂdeTlhnenohydrate

d d I
0% 2naraohge Sir UERy DRGSR THY b e B B emperatur
for 9GRUROBIME: (3 Nﬁﬂﬁ Shesddeasipaig lay&Odas(shakited,ovashe dABIrBIBA3(20 ml) and
. NVMR (300 MHz, CD30D) 6 ppm 9.10 Es, 1 %8. 50 (s, 1. H
driedovgp S((qxhlm ful,f@te Aty r%rﬁ?vai of_ﬁolge_ng,d ¢ tesulfe s1§1_162WaS( pyrifipd by column
chroﬁ)ltoéragﬁ)y (MRx-2 A= %1?%01%)% i&_t?&g_c&nﬂ)@uﬂcﬂas Bpdi yellow oil (0.21 g, 80%).

Internmedi ate 32
NMR (€HoMHZ) .81 (s, 2Hynéhyi] J AN1L6(8z.- ity), dpitom, 1H), 1.35 (s, 12H). MS:
1 V4 y 5-nitropyrimdine2 4-di am ne
Calc‘%m%gt g%fé)c‘f):]{oﬂ thWiHA %% ‘5 -is oprop oxy-1H pyrazol -3
-yl)-5-nitropyrim din-4-amne (Internediate 30, 0.2
and [(1S)-1-(5-fluoropyrimdin-2-ypethyl]am ne
Inte oride (Intermediate 15, 0.15 g) in n-BuCOH (5

r(lsm-bs PubRopdHimERRD AR BR By B chibrifd) Was stirred at
CTtor 4 hours. The resulting mxture was dil uted

To av\ﬁ;thtflO@t by ferialpylal( £S)¢ R6-fragropyael dinad bethwi qarbagietn entermediate 14,
0.21 %O%&%m -IiF fh Bb%@ Fé)LlPl \szsee[dd@@f—lcq g% g %)lgg QS | Jﬁgﬁ &0 Hfo?&r?ed The reaction

e resulting resi € was separ
was stotedrmnrdokietcamperakicd fdr 3doatsally sdlaeny wab centhv2d glvefthd tittd @mpound as

whiE SRR BB REEF s 45 e N 3% | uor opyri

din-2 -yl)nmethyl ene] -2-nethyl pr opane- 2- sul finam de
The titl e conpound was prepared using a procedure
Intergnediatgd6t o t he one described for the synt hesi s of

NA-(3- Y abIBEY e .
wlals NVR (300 I\/Hz CDC13) 6 ppm 8.67 (s, 1

A 8. %?ﬁﬁrem (1'_P 8. g%&%m-f\]i(%ﬁc%}}{op%l Eépytlar‘q%ﬂ%% of’ul?:lﬁ m&gdm 2-amine

(Intewﬁ@dlam tdnouts rg;r lahd cafi1on1-($-flueropBeinatie2 34ethyl ]amine hydrochloride
(Intermediate 15, 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 0.5 g of desired product. MS
(electrospray): 385 (M+1) for Ci7H 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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(Ss)-N-[(1S)-1 -(5-F luoropyri din-2-yl)propyl] -2
-met hyl prop ane-2 -sulfinam de* To a solution of
w@ B)oshBI785- f | uor opyri di n- 2-yl ) met hyl ene] - 2- et hyT/CBREaN50321

e-2-sulfinamde (Internediate 33, 1.5 g, 6.58 nmmol) in
CH2C12 (10 m) at -45C was added et hyl nagnesi um
bromde (1.0 Min MIBE, 6.6 m, 6.6 nmol) dropw se.
The reaction mixture was stirred at - 40C for 30
m nutes and to it was added water. The |ayers were

IntefifRB4@9d and the organic | ayer was concentrat ed.

Col'umm chromat ogr aphy on silica gel (30-50% EtOAc in
2-Chiypp- WVt By cvglopeonyhdHrnvidzel- 3 yhnnnitgpy e d-aRingon TLC) as

e o g A0 o D :

in ac@toRurile 1120 thLHwith.dafoprohyladbdabhthe Kz m1) vy sdr@llat(room Jenfper8ure for 24

2 .1.22 - 1.27 (s,. 9 .86 (t, J=7.54 Hz, 3 .
h°““ft||)zlfhe*fesr’q§§“g TPty 8%%“6{‘%”8‘?&88@% Ii‘?é"clﬁ%ﬁs‘éﬂ? g Sepggated by silica
gel @Minth ¢AB{anE kBl i08ate) A aFfbROD At @ ddSired| frd&ct 1 MESefectrospray): 281

| uoropyridin-2-yl)propyl] amne The title conpound
@A+Mh§f§méﬁﬂp§@2using a procedure sinilar to the one

descri bed for the synthesis of Internediate 21, using

(Ss)-N- [(15)-i-(5 -fluoropyridin-2-yl)propyl]
Inter@edi®e 18] pr opane- 2- sul finam de (Internediate 34) as

M-(g-gﬁeglsgptraggrxtl% J:E-pxr‘rr%t@qué 3?155@[' Ziés_}é' E%ﬁu&?gpogﬁorir_n!f!i%h—%%@%yﬁ?g-lf
nitrogyrédid(@dh 4-diahigd, 4.52 Hz, 1 H 4.33 (d, J=7.54 Hz, 1
1.72- 1.97 (m 2 0.75 (t, J=7.54 Hz, 3 H. . .. .
A iz di atfe 3%-chloro%;\?-(ﬁ@clqpppy{-gﬂg)yrazol-3-yl)-5-n1tr0pyr1m1d1n-4-am1ne
(InterHRALRY f1i79i0?352-%| AR 0l{gﬂsi-1;(%\'-%'[u(>1‘fbpyhﬁmﬁf?-f2%ﬁ)e_th IJamine hydrochloride
3 Iy - 2 6-di &

oxy- 1H pyr azol -nitropyridi ne m ne A

(Intellmdi?ﬁ@li)ﬂ)i’@-g)ﬁn oru(H (8 m;Li @@ﬁlobi@%yomﬂli‘tbylamml (1 3nL) was stirred at
70°C;l‘r§%')f E]%Té)ni: I%fr%%%ftﬁgidj%?%%;e/ ?xlzrya Ir&ﬁl_l é?ﬁifﬁ[}e@gbﬁtaﬁ% ZZr%)en(%L)LS, a9 washed with
brinefj (10t @LESl). lélthe ho?rléani@ .la%r( ®as idficd -abBd Goh((eihﬁgtﬂ&) Thd td@;ﬂting residue was
i1 sopr.opyl et am ne (3 was stirred at 7 for 4
scpaigisdrty) SifierltiTh .@éews‘(ﬁ%l G YO -dig i gﬁsﬁfﬁ@ product.  MS
(elecf'o}?g)g%{)? zféz@/lﬂia)for @gﬁi‘hmb‘%‘d TMNNIRRBHE Mﬁ&q%lﬂ*go% S phRe12.4 s, 1

ayer was dried and concentrated.

H) 11.88 (d, tlitheP. t e6i tlib MMs(ssePaB&0ds 20h)) 610 (td Iges.2& ahuhdl), 1.90 (m, 1

o S0 TR 1) 28 B oy e

C191122F1\ 1703.

Intermediate 19

Ali-( 5-Cyclopropyl-1H-pyrazol-3-y)-N3-[(1S)-1-(5-fluoropyridin-2-yDethyl]-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)ethyl]amine 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 C7H6FNsOs.
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Internmediate 37 2,4,6-Trichloro-5-nitro-pyrimdine A
solution of 5-nitropyrimdine-2,4,6-triol (5 g) in
weaos33(780 nl) and 2,6-lutidine (15 mM) was hemtBdBR@®S/050321

90C for 3 hours. The reaction m xture was allowed to

cool to roomtenperature and the volatiles were

evaporated. Purification by colum chromat ography

(1 SCO EtO0Ac/ hexanes 1:10) provided the title conmpound

(1.03 g) along with 2,4,5,6-tetrachloro pyrim dine.

LCVS: 228 [Mtl]. Internedi ate 38

5, 6-Di chl oro- N- (5-i sopropoxy-1H pyrazol -3-yl1l)-3-nitrop
Intelim*idiatﬂlﬁ amine The titl e corrpound was prepared using

- -§?ﬂlld¥0 191 1 Alzér 1eth

2.6-diambiae nedi ate 7 as the starting rmterials (%)

Am ﬁ{rggﬁg &ﬁ@% Xfé{é 1§0§§Qp ][br ]byr?\lzé)% -yl)':l.’; -mtropyrl 1n?§-am1ne (Intermediate

7, 0.4 Eland {(1@1f(m%@@yﬁmmnm%d)\éﬁﬂy%Melhydﬂo\a’m@ﬁde (t&Q@Ricdhte 15, 0.25
)ln,dhé-lH- yrazol -3 -yl)-5- nltrog%/rl di ne- 2, 6-di am ne

wPUr@anls) wish diisoprapyistindguaine @ﬁﬂd’bﬂs stirred at 70°C for 4 hours. The
resul?ﬁ%%ner @ﬁﬁagt{lght:’gg Wl%lj%ﬁ agé?ét& Wt Qh&]wg[slfaﬁ]\xnﬁ brine (10 mL X3). The
orgafi¢ 1&yer was5didduardo pyrceatiated? - Ehoetehi@ndsiize hyar sphiatedi loje silica gel

cotuyh HGAPEEYPL Tt A P4 s et et sty U Meoppeyy 403 (v

for Chﬂ{ulElQ\IgOl—héHrmR' (BO('J‘Q/IPIE m(ﬁ))mﬁmﬁe 40%@@ BM 8 o (fd hyﬂl) 6 15 (d, 1 H)

acetate (20 niL), d washed Wi th brine
5.60 &% g dhise3y (ayérﬂhééoams bl Ard(d b G @ ) The
resulting residue was separated by silica gel colum
(Hexane/ Et hyl acetate) to yield 1.0 g of desired
Intemmiuem M5 (el ectrospr ay) 436 (l\/H-l) for
: \ 300, M- O d

To ﬁ”bolﬂmdﬁ') of: 4R)- Q%etﬂylbﬁop@e@sﬁlﬁnarﬁldw (255 5¢ (Zﬂ 6 1mﬁ901) and {[tert-
butyl(dltSn%th(yl)sﬂy]i Joxy} a]éetglcziel(lyde 4. 3@ ml, 22 7( I?lmol) in CH,Cl, (30 ml) was added
CuSOy4 (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

(R)-N-[(1R)-2-{[tert-Butyl(dimethyDsilylJoxvy}-1-(5-fluoropyridin-2-ylethyl]-2-methvIlpropane-

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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Internmediate 40 2,3 ,6-Tri fluoro-5-nitropyridine To
a 3-neck, round-bottoned flask was added
WQ@2®8631783 f | uoropyridine (25 g, 0.19 nol) fol|peEdBbws/050321
the addition of red fumng nitric acid (210 nL, 4.7
mol). Sulfuric acid (150 nL, 2.8 nol) was added to
this mxture slowy via an addition funnel,
mai ntai ni ng internal tenperature bel ow 40C. The
resulting solution was heated to 60C for 30 m nutes

(Intétdafrkd PV Dt 96M$I%EIPE{ {mtnﬁmg BddidEroal76R!. TeARWaBGannulated a
Thi s sol uti on was then ? her cooled in an ice-water

solutipatc trabove lihige Wmm}@dcfhreajdurm@ ¢f 13-mingiep. dosysO (2 ml) was used
to rir&sl:e ?ﬁér(gﬁlﬂgé _%b@h&e{%d%olﬂt Bur"[%e %qdu?e wal! gllélkﬁetdetro sgn7 gp 'fgﬂc far 3 hours.

uenched sol transferr
To ittweasaadded_sabwepad a{HJ;QV sélutiore | Bt way 4dded embthewirganic layer was washed

i RS Rk D S ok Sl RIS B save e
des1r6@9£bdﬁ&t)(1€ &Nf{pq@mb{[wﬂbaylgcﬂﬁiemybm}o&y}wr(s ﬂubﬁifgyﬂﬂﬂn@yl)ethyl -2-

over I'tered concentrated to provide the
methvlpmr@n%érﬁwm@n@ as | ¢ ghalidy highey 1B/qend TLLY. 21§, gb7tgether with

st AP CEEERLE Fot nd wZB 48 41 11

7.35 it 63§ Hzd i) 2+ 5%t Fre 5. rdlm 1@) 443 GhJof5.28 Hz, 1 H) 3.82 - 4.02 (m, 2

H)lé)ﬁ’%‘i‘?%do%—}l o%g[ﬁﬂ%&a{‘{g ngﬁzagéjgnternedl ate 40, 1.0

 «RB-isRtdibd HcWIcaRA kb RS ah B5QMBLuanen.DI PEA (2n) .
The resulting mxture was stirred at this tenperature

overnight. The title conpound was collected via
Intefhddif@bon (780 ng). LCMS: 377 [Mrl]. Internediate 42
3 -F 1aoro-N2- [(1S)-1 -(5-fluoropyrimdin-2
(2R) QVAmetohzfrﬂ flugrpFyridin-2rybletivol hidroghlapidt - 3 -y1) - 5-

To a sg uém ?GEO&%S)—&-[%%E) ?ré?% %u‘?/ﬁ_g%eﬁgylzlgfly (g]x%@ (53ﬂu0r0pyr1d1n -2-yl)ethyl]-
2- metH}ﬂ]Brbp@)éQ djlmnaaalamnﬁelﬁﬂddiaﬁé rzegg 38 Sgﬁfmhzyglr?rg)éﬁilgl,ol?&lm@ﬁ(ls ml) was

addegm) iirog)lflm[u( &%él EHME ol qlq)%g \évg(gs/?r ki ldi%§ 112019/ F‘t)QsFH\}‘E ]t]%ﬁﬁqﬁcéme was stirred
for I@MQﬁlﬁféQ |an1 W8 cOmRAtrBd. FhOenitMR! WadBRublBEH AN 'héxa]aem@ provide the

The resulting m xture was heated to 110C over ni ght
title Filte(S7 2 gt iThe prriduetuis dighlshymeicepict JMNGIR (B@QmﬁizaﬂJM%O -d6) & ppm

srf0 b SRLYERY, M0 UG YRR LEBPG ARSI 00 s

Hz, cHY ®9mai{Qgampphy (Bi ot age, 50%170% Et OAc/ hexanes)
afforded the title conpound. LCVS: 378 [ M+l].
I nternedi ate 43

Intermediate 24

(2R)-2-(5-Fluoropyridin-2-y1)-2-({6-[(5-isopropoxy-1H-pyrazol-3-yl)amino]-S-nitropyridin-2-
yl}tamino)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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6- Chloro-N-(5 -nethyl-1H)-pyrazol -3 -y1)-3
-nitropyridin-2 -amne The title conpound was
w@e@paswss usi ng a procedure simlar to the onePCT/GB2008/050321
descri bed for the synthesis of Internediate 9, using
2,6-dichloro-3-nitropyridine and
5-net hyl - 1H pyrazol -3-am ne as the starting materi al s.
LCVS: 254 [M+1l]. Internediate 44 [/ \ 7- [ (1S) -1
-(5-F luoropyrimdin-2-ynethyl] -N2-(5
i(s,di
for G 0 B - ORI BX0 e P ag s 11
7.45 f, ddBAA0(ssT H) FAD (4,0 H)rﬁe450(rme ldd)s 160 e 1 £013. SIOIr(el, 2 H) 1.30 (d, 6 H).
synthesis of Internediate 8 using
[(1S)-1-(5-fluoropyrimdin-2-yl)ethyl] am ne
Intedivélliselbori de (I nternedi ate 15) and 6- chloro-N- (5
- et hyl - 1H) - pyrazol 3 -y1)-3 -nitropyri din-2- am ne
-Et as the starting materials. LCMB: 359
The {1‘[’}@' ddhnpupd Waﬁrgf%bﬁteg ué‘lﬁ% a p}dce&uré 1R)itad t6 heofie described for the synthesis
uoropyrldln 5 -nmethyl- 1H byrazol -3
of Intgnmeddatenft nopy r3|-ajnme~52hyd6@><ypﬂuaacﬁ¢ ¢ th¥rsgarting [neaterial. (400 MHz,
oun r us mlar to the
(Ihéﬁgﬁ scr%%édgfﬁﬁ %%(ghb g?@ bf ?%¥e3§id|ate 8
using [(1S)-1 -(5- fluoropyrl din-2 -ypethyl] am ne

hzd[ocEIoride (I nternmedi ate 5) and

Inte _ - N- (5- et hyl - 1H) - pyr azol - 3-y1) - 3-ni tropyri di n-

6-Ch¥or8N-ecthd-{t BY-FRRL AL yH3)niRSpirfieh-Sladfidd Ng Materi al s.
LCVS: 358 TMHI]. Tnternmedrate 46 2Z- Chloro-N-(5

The tithgegcyponngwgy p@p@ﬂed gsmg APr@edire p]@pw fnihe @he describgd feethe synthesis
OHR c r
of Ilﬁgﬁn%dlgde% C@ﬂ% one C i %50 % ?1% é{%?ﬂngg S@ar‘][ gsﬁgg (glectrospray). 284
(M+1DrfoeCrHCANg.30 u3|ng 2,6-dichloro-3-nitropyrimdine
and 5-rnet hyl - 1H pyrazol -3-anine as the starting
materials. LCVS: 255 [ M+l]. Internediate 47 6-

Intefed @it 2 (5 - net hyl - 1H) - - pyrazol -3 -y1)-3

-nitropyrimdin-2 - am ne
(2R)-2-(46-]( 5 thoxv-1H-pyrazol-3-yl)amino]-5-nitropyridin-2-v1} 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 Ci7H;sFN7O4.

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 [(1S5)-1-(5-fluoropyrimidin-2-yl)ethyl]amine hydrochloride (Intermediate 15, 0.20
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The title conpound was prepared using a procedure
simlar to the one described for the synthesis of

WO pdoensesi at e 18, usi ng PCT/GB2008/050321
[(1S)-1-(5-fluoropyridin-2-yl)ethyl] am ne
hydrochl oride (Internediate 5) and 6- chloro-N-(5
-met hyl -1H) -pyrazol -3 -y1)-3 -nitropyrim din-2- am ne
(Internmediate 46) as the starting materials. LCMS: 359
[Mr1]. Internmediate 48 Ethyl 2 -chloro-6- [(5

g) in” ﬂBhbﬂl('S%E%tﬁzcﬁisoﬁo %_Eﬁlyl@ﬂﬁﬂ%odl mBy Wl EQRM 4tM0°C for 4 hours. The
dine-4-c arb oxylate The titl onpound was prepar ed

resulting maxtarepras dddige evidi atill agctate (A0aL b ned weshed vitadring (1¢ mé X3) The
|

ores U ILESIE A MELTRAPAE, oL ehllp e s by i o

coluihn r(HEX’eyﬂ:%Ellhjﬁ;abazm) ta3yiahd &7 gsoftthe tidt aptipoghdraMsr {eddcgospray): 389

Intermediate 49 Ethyl 2- {
(MHi)%V%JME'Z&J uor opyrimdin-2-yflethyll am no} - 6-115

- et hyl - 1H- pyrazol -3 -yl )am nol -5-
nitropyrimdi ne-4-carboxylate The title conpound was
Interspediaiedd using a procedure sinilar to the one

ﬂﬂ%@%@%&% Qiﬁgg;{zgo’-?-:%% 31§1t116 .r'i'kgne-2 6-
diamimedr ochl ori de (I nternedi ate 15) and ethyl 2-chloro- 6-

A mighie o g P BAC) Abuiateh b e iy ity peaR G  Bhopgnediate 26

0.35 @RhRY I[(EllS')il (L@M&op%&n{zwﬂdﬂayuaﬁﬁﬁ m@ﬁcﬁldé QIntBnm{dlate 5,020 g) in
F luoro yr| m

19) - et rgly 17 am no} -
n- Bu% )2}5 {4}1\91"[ dipgpyerykedivlaning (b gk W@f stlrgt at70°C for 4 ours . The resulting
mlxtﬁ}‘etv{;a@ @Ylﬁfem\ﬁ{hr@ﬁﬁ 26350 Q%(y hir§, a%ﬁ'v@asﬂ-éa V@lﬂ?‘ Qllnjtlst ('hl@ M9 3). The organic
hyl 2- 1-(5-fluoropyrimdin-2-yl) am no}
layer- WaS{ @Bedr@uﬁwmnqemrptyd aZled Bssy]tl)igrrﬁmdj}e— Ban |scpa@9g§9¢ blm Sdlqaegel column

(Hexe&e?f{thy?xéé i‘ed?cr)]&bem § 55“3 5 6['hae tll_tf' d_(fna%)uﬂ | é/sg CelecE:a%)ra(yg H.’;n§8) (M+1) for

CHyFN,Ohe resulting m xture was stirred at ambi ent
tenperature overnight. The volatiles were evaporat ed
under reduced pressure and the solid left was dil uted

Intel\ﬁlédﬁat’é@@ The aqueous | ayer was acidified with 1IN HCL

aq) sorution and extracted with Et0Ac (3x). The
oA~ EheidopTpREXYE - rnpeelS -vied eniton vaisnidindt-apmaor at i on

S R TR 8.1 g St

(Intelrntedfalmd,l BB &) 3 acetonitrile (50 mL) with triethylamine (5 mL) was stirred at room
tempﬂ:amﬁ g%roq:h e F;Fﬁ% rrt?s 1{n|§ mﬁa?‘%uge_ \zzya (r:]oentcQﬁ/‘tlra.]te_cfA p 316 resuli]t}/ng residue was

sepaﬁé{e@a{ybﬁlrbﬂ %e‘l Qolivnl @RY A/t INReBich tHlh @RI Neg off theditle compound. MS
solution o

{
(elec[fe%?)}’)129(951\4#10@@6%1#12@% 2-yl)ethyl] amino} -6-
[ (5- et hyl - 1H pyrazol -
yl)am no] -5-nitropyri m' di ne- 4-carboxylic acid
Intemediste3@di at e 50, 406 ng, -Imml), in DMF (5

ﬂg- [(15)-1-(5-Fluoropyridin-2-yl)ethyl]-N-(5-isopropoxy- 1 H-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 n-BuOH (5 mL) with diisopropylethylamine (1 mL) was stirred at
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m) were added DI PEA (-0.3 nml), HATU (456 ng) and
nor pholine (0.130 nl) at anbient tenperature. The
wo e®al133789 mi xture was stirred overni ght. The PERGBR@®S/050321

was diluted with H20 and Et 0Ac and the aqueous | ayer
was extracted with Et OAc. The conbi ned organic | ayers
were washed with brine, saturated NaHCO3 (aq)
solution, dried and evaporation of the volatiles under
reduced pressure gave a colored residue. Purification

70°Cthér § BbWINTHNE QIR OANRRE Xvab UPHEEY Wl AP Yo drlid % BEX ARG Shashed with
gave the title conpound. LCMS: 473 [ Mtl] I nt er nedi at e

brines@10 mL X;h] drhe-augqrac layer wipg dtief gypd @g)@cpengated The resulting residue was

separa %)by asllrl1 é?? %}&%Zh‘é%}%?ﬁt@ﬁ%ﬁtgﬁéf %)%é‘l{lylld g?ég lrtﬂoy tg enc:%tmﬁ)gund. MS

(elecﬁyiprm)dleBS(MJrr)tfef @p,emlmoa?lﬂ INOVIR 4360 NI, }CDgODEBQ‘J}iHﬁQ 10 (s, 1 H)
C were added 5- | - 1H pyrazal - 3-am n %

8,50 ind 161 PEAY.1L B) 74 By bUAS DU, HHo 5084 TR TH Wec @160 (@, 3 1)
L4oYRgpfirred at this tenperature for 5 mnutes

wher eupon 4-ami no pyran (300 ng) was added. The

resulting mxture was allowed to warmto anbi ent
Inte%gﬁmeteg&ure for 4 hours. The m xture was diluted wth

Et OAc and the aqueous | ayer was extracted with

N-[(EBPACS-FITbsope ciniidinady 1 witgdiaht(3-sy@bsoxwel /8 pwasdiedy st ditropyrimidine-
94 Erlne saturated NaHCO3 (aq) solution, dried and

ration of the volatiles under reduced pressure
A 93¥Rufc Ol of ed 7-8RlbANR-(5RbidpbeRl HArdNs1-8yi SRRt idin-4-
(I\/EICI\V H20, 5%195% 15 rglnu?d‘p yglave trhe tly{l)lse lcrg%rgalnén amine
(Intepmegiaiy) 0. LOVBE) 304 | K] -(-ibierptinitie25dciglamRegyydrochloride

(Inter(n%%lﬁltel Y9 Ef%g) al?()rF]_B%Oﬁ%HQIY ']Vltﬁ lalhso(p%pylethylamme (1 mL) was stirred at

70°C-fgd ) hbum ThearedA(tires madnyrd ma dilpyd avich4thyl pwm (@0 mL), and washed with

brinc, U0 o 3F 0P e e lged B GRS QR B piing esiduc was
sepaﬁiéﬂtﬁlﬁﬁ@a 0f1 dondiBH @Hé&a@b@tﬁlﬂ ad&ht@Pto yield 0.2 g of title compound. MS
fluoropyridin-2-yl)ethyl] am ne

(6160%9wwarﬁ%(ﬂva+el)(fqr 1Y@ e 5) and 2 -chloro-N-(5
- met hyl - 1H pyrazol -3
-y1)-5-nitro-N-(tetrahydro-2H pyran-4-
Interphgdizte3di di ne- 4, 6- di am ne (Internmedi ate 52) as the
, . In errrgdlate 54
. =y1)-5-nitr

The @@a/édmrpoﬂh@ wés gﬁpﬂed ugih atptdob@ure @ﬂmw ftdth%ﬁe péseABEE@r the synthesis
using a procedure simlar to the one described for the

of Iéwtnﬁ‘éléqtg &1, |ysingr réegy(gp]éyr@gqeu%-pﬁaa dehyde and (§)-2-methylpropane-2-
sulfnga'rrﬁdg%st IFIE %Eé’tﬁ%%ée 1§_ g@gﬁrﬂ\/fnlgtsg)g El% :jé%?nfg?gghﬁtse%%) 1 H) 8.58 (s, 1
H) 8t05€(dd;,tbl8t2|9ng Statzedild) 851 UCHE. 9283, [ M1]20 4 h32(meditht dhe product

55 . L
was used without purification.

Intermediate 34

Ss)-N-[(15)-1-(5-Fluoropyridin-2-yDpropyl]-2-methylpropane-2-sulfinamide*®

To a solution of (S)-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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N2- 1-(1S)-1 -(5-F luoropyridin-2-yl)ethyll
- 6- met hoxy- A4- (5 -nethyl-1H pyrazol -3 -yl)-5-
woRdosaps7s3 m di ne-2 ,4-di amine The title conppCrdB@s/050321
prepared using a procedure simlar to the one
descri bed for the synthesis of Internediate 18 using
[(1S)-1-(5-fluoropyridin-2-yl)ethyl] am ne
hydrochl oride (I nternediate 5) and 2
- chl or 0- 6- met hoxy- N- (5 -net hyl - 1H pyrazol -3

40°C-16- 30 Rrifitds SRS it 44 daddd wakt, n?hﬁ( 1a5)&1§ Wée?ﬁﬁteﬁ%dfﬂ% organic layer
the starting materials. LCWVS: nt er nedi at e

was g@icenfrageddy @hlluﬁmcr-hzor(lmgrnghn il si)lczragﬂu (59159% E/1 meCHXdo) gave the
ol al
title §inffundoFEP R'RR TGS MR GRIAREmRERTRL ol M (80 iz, cocty 5

ppm 83O (athzm' (ntﬂms 1af 1.9 - vlae (m;lculH)lm of 2Nemhad) #i60i(@hed.54 Hz, 1 H)
Thi ou i et nitromal onate (2.0 Q)

431 oot g es 1A T oSS Y Bo M SUOPRHE I o

* “Ssﬁ’l?ssﬁ'fe\ﬁ@gd toﬁ%h&e%ﬁh‘%ﬁ%%lf%a‘é‘@ﬁ SQ% dzs.ﬁiaﬁ&l. reflux for 3
hours and subsequently was al to cool to ambient

tenperature. The m xture was a(:| dified with caution to
H h 5N HC1 (aq) whereupon a precipitate was

mi%%éﬁ?-tggé. The precipitate was collected by filtration,
[(lmwaeﬂquownt/ﬁdlﬁth)prbﬁMaaﬁ@h dried overnight in a vacuum
The 5 ee(g)ng}g%ﬁgsm I()r%earﬁfl ;isslgg)a pr\c%E &églg*?lla:rl ?fgt If:nr(]);y? gt?sgllguﬁllst't or the synthesis
of lﬁtérhfeﬁﬂité 021 ngﬂ'g NRS. [31.5351”@ ﬁﬁroﬂﬁﬁlﬁ?ﬁ%ﬁﬂfo@yl JYt:-‘ﬁqgﬂﬁllpropane-2-

i odide (1.6 g) was adde rop-wse via a’syrin
sulfigpohide éldt&srunﬂlmg Bérasvibs stotimegmasetialp O NGRBeA Mﬂz difMS@eM) o ppm

s 30 | 88a T X 00 36, 0 P PR PR 5 H 0 0

Hz, f H) trat i on,mwashed sw, U7 5201zapdndried in a vacuum oven

overnight (1.2 g). The solid (1.2 g) was added slowy

to a mxture of POC13 (30 m) and 2,6-lutidine (15 m)
Inte@dhGiid@86r €SuUl ting m xture was heated to 80C for 1
_F__l‘ﬁe reactlon m xture was allowed to cool to room

Sh 2 & ‘ lopropy Lh VA esopropex e VHmyrazpledtyl)-3-nitropyridine-
26- cfa I f| catl on by coI um chr omat ogr aphy ( Et 0Ac/ hexanes
provided the title conmpound (1.0 g). LCMS: 240

A m{XM’ré.bf 6-chidt@ VB diapi@oRy- | N razol et hy-hitddpyiyinezahind (Intermediate

7,03 b o Srlsbtpyrigingt v esppy ey Anseraiiage 3§45 © in n-BuOH

(10 &Qzuiflthoﬂu%rop lethylamine (3 mL) was stirred at 70°C for 4 hours. The resulting
di chl or 0- 2- (et hyl t hi 0) - 5-ni tropyrim di ne

mixtyre yyag dptetgd aith aley] agetare () apivaghedogtinkiiee @8 deld X3). The organic
5- 3 ' . .
layer rﬁ;v??gl%]g& _a%&?gxéeﬁﬁge?.egwgﬁlé&% %{%)e w@wgge}gt%f gdAbg ]sgfca gel column
(Hextind/Bthyy ke aqertgt taryeelfl dr4 3 g lod wicsiredh@p ducpo ™M Srgelpdtalsprag): (416 (M+1) for
C F%WS added. The resulting m xture was allowed to
19 t'o anbi ent tenperature over 10 hours. The mi xture
was diluted with H20 and Et 0Ac and the aqueous | ayer
was extracted with Et 0OAc. The conbi ned organic | ayers

Integqpediatgddhed with brine, saturated NaHCOB (aq)
2.4.658 lid 83 niflE 1§ mﬁ g evaporation of the volatiles under
reduced pressu ave a colored residue. Purification

A sobyiog aif tinmtrwmtno@rﬂa@hwl (€ @%IEPOEM B6xanesy 2¢awtdinhél S ml) was

heateélgtol 9%26 (%r‘ip%;%mirs " _r[gg(%aﬁ)arnalﬁw§ ¥ a%\%é%owpp%oe%gﬁktgmperature and

the volRilddYlerd Rvyor22@! Pusific¥dor By BRLRRAUhkdindtoddpR- (ISCO, EtOAc/hexanes
nitropyrimdine-2 ,4-di amne

Toasol uti onof N- (5- et hyl- 1H pyrazol - 3-y1) - 2- (net hyl t hi
0) - 6- nor phol i n-4-y1-5- nitro%//rim'di n- 4- am ne
(I'nternmediate 57, 118 ng) in MeOH (2 m) and DCM (2
m) were added Oxone(r) (302 ng) and NaHCO3 (56 nm)
and the resulting mxture was stirred at anbi ent
tenperature for 16 hours.

[(18) 1 (5 quoropyrldln 2 yI)ethyI]am ne

o, ~ PN ~ N A S I N N 1



I nternedi ate 59
N2- ( 5- Et hoxy- 1H pyrazol - 3-y1)-1VQL113) - 1- (5-f | uor opyri
wa@leows23378y propyl | -3 -nitropyri dine-2 ,6- di BOi/G82008/050321
The title conpound was prepared using a procedure
simlar to the one described for the synthesis of
I ntermedi ate 28 using 6-chloro-N-(5
- et hoxy-1H pyrazol -3 -y1)-3 -nitropyri din-2-am ne
(I nternedi ate 26) and
1: IOi}gr&%}lédeh@%ﬂE ké‘tﬁg&gﬁdr(ﬂ B8 13y Zodd WRh ORY3 b A a08loro pyrimidine. LCMS: 228
Internmedi ate 3 as the starting materials. LCVS: 402
[M+{I\/Hr1] [ti NWR (400 MHz, DMSO-d6) 6 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,
Interﬂalchh.ateSSSOO (m 1H), 4.10 (q 2H), 2.00 (m 2H), 1.40
di ate 6(% Et hyl 2-
V4 H HrARe no} - 6- 115

The nﬂ[@édﬂiﬁouﬂ(ﬂ'lwﬁy ﬁl@ﬁzﬁled dsing/h b@@%dﬁ@é simdlar to the one described for the synthesis
ni tropyrimdine-4-carboxylate The title conpound wa

of Inmrwdr%q Tusinggngerpredinde) 6 ped Hﬁalrr@gb%ﬁ@ Ttag therﬁéaraﬁ%materlals MS
I r n
(elec&?%f@i?%%_(ﬁ\ﬁ%'f%ﬁ@#fﬂaéz 563 pet h;ISi a?n ne hydrochl ori de

(I ntermsdi ate 5) and et hyl 2 - chl or o- 6-

Int 5., rret3 -1H pyrazol -3 -yl)am no] -5 -nitropyrim

nie arboxylate (Internediate 48) as the starting
3-Chiigrb-@Fi[ alS$-1 -(5EMBropd Bdin[ Myid thy | EX&QREsO prbpotN- | 4135} azdl-34/B=5-

fluoropyridin-2-yflethyll -3 -(5-1I
w&’—@ﬁ‘pgﬁ-@ﬁﬁ%yrazol 3 -y1)-3Hinidazo [4, 5-

A blpvgidi n-gg - a%'@chlor@-\/@-(S s()%‘a) Né, 1 H-pyrazol-3- yl) -3-nitropyridin-2-amine
- (5-fluoropyridin-2-yl)ethyl is opfop

(Integyogdinke p3&, aBGb- 3) - gt - 3[(1Hi k- fiaﬁwppxdldmeml)e&yl]@mgnm hgdrochloride

(Inte@I %%{Tﬁd@ﬁ @ de%ué}%gnga]g) ?iglsgo\é)ﬁcgpylleinltle}i e.tnelf?EZ??nlL) (V\;a% stirred at

70°Crfom hoers VIEIR: r8ul tinigeflixdire @O ﬂllﬁt@ﬂp&ﬂh&ih}fﬂ acdﬂm '(210 MAD), and washed with
{}artln mat eri al sdetectlﬁg W.t h
brine Pn’ﬁ‘Fn Phe hscueaie lper wragdr §n%cf8’é‘6fnff6tef1 hth rqspliigg gesidue was
sepaﬁfetdeffy tinea géll dohdhih @Heﬁf&e/‘Eﬁ?y‘l“aEétﬁ% %ﬁ%w?o Tbﬁdéﬁré& F&luct. MS
was stirred at 85C for 4 hours t hyl acetate (40 ni)
(clectmaspraddeid (Mhtlo forHesHeSIHN7Oag "THNMR(3Q0 Mg, EMSrﬁédOﬁQ)mILU 0 (br1

) 13 PR o R0 bt Fala! et PR T 1w sso

H) 450 $ind L E)) WD (8.0AY aBedd, By | i ca gel col um (Et hyl
acetate/ MeOH) to afford 0.29 g of the title conpound.
M5 (el ectrospray): 382 (M1l) for C 9H20FN70. Iti NWR

Intefrs@Ra , CD30D) 6 ppm8.45 (s, 1 H) 8.35 (s, 1 H)

1H 7.50 (s, 1 H 6.70 (d,1 H 6.00 (s, 1 H

2365Tflﬂ)J0ﬂ‘®ﬂ5mtl‘¢1ﬂV1‘14m§O (m 1 H 1.55(d, 3 H 1.35 (d, 6

To a'j)-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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Exanple 2 3 - (5-Cyc |l opropyl-1Hpyrazol-3 -yl1)-N
[(1S)-1 -(5 -fluoropyridin-2-yl1) ethyl] -3Him dazo
WO 2008A338pyri di n-5 -am ne F N2-(5 PCT/GB2008/050321

-cycl opropyl- 1H pyrazol -3 -y1)-1V6-
R1S) - 1- (5-fluoropyri din-2-yl)ethyl] -3 -nitropyri
di ne-2,6- diamne (Internediate 10, 0.4 g) was
di ssolved into ethanol (20 nL) with Pd-C (60 ng) and a
hydrogen inlet. The m xture was stirred at room

with h@iﬂﬁ@s{@ o ErfL)U Mk hq&@ussia?értd/d%guﬁ%hﬁén'ﬂ? hy MRS vdlﬁi S&(‘hﬁ&: (600 mL) and

CVS. " For maim di ne acetate (0.5
methakﬂrdwhb@d@ r(éOQ‘ imlpr at'ee gpmbimned rpeganid tawaltsu\@med en drled over Na;SOq,

sulit | FLr 0
it e el 4 Bup ST BoforB0 Bl oy Rt Y02 . 57
yieldj.esul ting m xture, and brine (10 nL x 3) was used to
1 h rgani c | ayer. The organic |ayer was dried
HNm(géﬁgéﬁt g'gf‘é%l.l F%he resulting residue was separ at ed
by silica gel colum (Ethyl acetate/ MeOH) to afford
0.16 g of the title conpound. MS (el ectrospray): 364

Inte tefdy Cot||8FN7 Iti NI\/R(SOO VHz, CDSOD) 6 ppm
, . 1

To a:bolld)loﬂ.0553(6€tr1ﬂﬁorbl)5 ﬂ.ltrGﬁyr(dli’w (Jnfd)‘m@dﬁfb 40“;]1 OZg)hﬁl EtOH ( 20ml) at 0°C,

was E{%f%‘)'%:@etﬁxlsw P%F@%gm{?ig G ko %1?'?# ARG (? g sz mixture was

stirrddat Rhis B oRErAtiicNsverm @l e tltlé\lN)IMpdﬁnNZWe(sEbollected via filtration (780 mg).
-cycl opropyl- 1H pyrazol -3 y 1)-

LCMSl@YT iM¢ &L 1 uor opyri mi di n- yl) et hyl] -3
-nitropyridine2,6-diamne (Internediate 16, 0.45 Q)
was di ssolved into ethanol (20 nmL) with Pd-C (60 ng)

Interamellisted3dr ogen inlet. The mxture was stirred at room

at eri det elcte

.. d
mtmgﬂqiﬁﬁiejge(ﬁmn&lltrate after t he flltratlon of
resulting mxture. The m xture was stirred at 95C for

To 4 ahousodutiont hy@f ac&patiBuqrad-prmeiigls | Zgpyedol iy -3y meopyridin-2-amine
(Interrﬁl%Hia"tie ot oa n%1r3eq6 ﬁﬂl@l)tﬁl 'n@uéﬁ?l%lﬁ%’se%a% ;&g‘gﬁdé%hlorlde salt of

The organic
[(1S)anb- ﬂm*romn’(tmdmeﬂyl)ath}el armsellhydwghlloedaz do®t was B@pamadlpcand DIPEA

Db T DD AP E T 5, e v
coole(d'\/fbl}oom 'Een%_el)giﬂhrz th*@( thk tsblv%ﬁ% 8&(1%0@'& alunﬁ)gp A&l ]S’rfégﬁure to give a

colm@d 5@;1 Pqnﬁ;q)angn 1) c@h{l@m thq;q)qatgg@ghx (ﬁ10t@g¢,,|)50j_/o @(S G CEtO@c/hexanes)
afforlibd the Ko CShpdunt) LEMRO 34211

Intermediate 43

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

The title compound was prepared using a procedure similar to the one described for the synthesis
of Intermediate 9, using 2,6-dichloro-3-nitropyridine and 5-methyl-1H-pyrazol-3-amine as the
starting materials. LCMS: 254 [M+1].
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Exanpl e 4
9- (5- Cycl opropyl- 1H pyrazol - 3-y1) - N- R1S) - 145- f | uor opyr
WO poodi1s5785 ynet hyl ] -9H-purin-2-anine N------ : - - RCTMNIB2008/050321
...--- NH N HN F MN4-(5 -cycl opropyl- 1H-pyrazo| 3
-yl) N2- R15)-1-(5-fluoropyrim din-2-yl) ethyl] -5-
nitropyrimdine-2,4-diamne (Internediate 18, 0.25 Q)
was di ssolved into ethanol (20 mL) with Pd-C (40 ng)
and a hydrogen inlet. The m xture was stirred at room
IntedifdSealure until no starting nmaterial was detected
wth TLC or LCMS. Fornmanidine acetate (0.5 g; was
N-[(A 8 b5 -Flnordparimidin2ayl kethyd b M-(S-methy - | Afyparazekn3-gh-3-nitropyridine-2.6-
%sultlng m xture. The m xture was stirred at 95C for
hours. Ethyl acetate (40 nL) was added into the
The titksedntpongd wax prepared asidg b |pr<n>ed1(r& Qinmlar X3the was dessabled: for the synthesis
h the organic.|ay ani.c. ti ed .
of - AAETesHBa: oy aninerndl sl RAE PP helD Dafinea: dudroctloride
(IntePdhedialtd ca1ge!l £l Ur@lcﬁlgltohNJ(S-%‘eﬁiﬂilﬁ) pMﬁQJY])?) 4D- 3&&1&@%ﬁ1dm -2-amine

0.013 g of the title conpound. ectrospray
(Intermediate }) agthestarmpgomategigls. W&%ﬁ? . cD30D) 6 ppm

8.70 (s, 2 H 8.65 (s, 1 H 8.40 (s, 1H)640(d,1H)

5.30 (dd, 1 H 2.00 (m 1H)1.65(d 3 H 1.10 (m 2
nte@edﬂa@@lS(m 2 H. Exarrple 9- (5- C,yc

' ‘ |

diam

The title compound was prepared using a procedure similar to the one described for the synthesis
of Intermediate 8 using [(15)-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-y1)-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-methvyl-1 H)-pyrazol-3-yl)-3-nitropyrimidin-2-amine

The title compound was prepared using a procedure similar to the one described for the synthesis
of Intermediate 18, wusing [(15)-1-(5-fluoropyridin-2-yl)ethyllamine  hydrochloride
(Intermediate S) 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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..... NH
N4 - (5 cycl opropyl-1H pyrazol -3-y1l)-N2-[ (15)-1-(5-fl uor
W@pyBi18H785 2- ypet hyl ] - 5-ni tropyri m di ne2, 4- di anPEEGB2008/050321

(Internmediate 19, 0.25 g) was dissolved into ethanol

(20 m.) wth Pd-C (40 ng) and a hydrogen inlet. The

m xture was stirred at roomtenperature until no

starting material was detected with TLC or LCMS.

For mam di ne acetate (0.5 g) was added to the filtrate

after the filtration of resulting m xture. The m xture

was stirred at 95C for 4 hours. Ethyl acetate (40 nlL)
Intexxpediatdd8d i nto t he resultlng m xture, and brine (10 L

The titkscaiyund s7as erpiatl esinpy psicedwra si:g[ﬁlar oothane (&stctilydd for the synthesis

cet e/ 0 to . af 0. 03.g of. etitle
of 1 clisie g S ey Lot B Rionrs v Sy e ierbOryIre RO > ethyl- L
pyraidf—@oanlifhgas m%g%dQM@L@/ﬂ ‘$272MH)1.8.55 (s, 1 H)

8.50 (s, 1 H) 0 (d, 2 H 6.30 (br, 1 H 5.20 (dd, 1

H 200 (m 1 H 1.65(d, 3 H 1.10 (m 2 H 0.90 (m
Intedmddiate@2MPl e 6 N[( 1 S) - 1 -(5-F luoropyrinm din-2

- yl] -3 - (5-i s opropoxy-1H pyrazol -3
Ethyl 2 B li-h-GaoropyrdniBin-b iy bethylthinna &} -6-d¢fi-methyl- IAVyrazol-3-yl)amino]-5-

. 151 5-fluoropyrimdin-2-yl)ethyl] -N2-(5 -is
nitmofyrbins bl OOV TS

The titld édngfoyihdl diaf e2phredinsing ﬁ@rc{c&ﬂﬁre l’siﬂiﬁﬁk & e d0e d&‘cﬁb@i) foWﬂ}% synthesis
di ssol ved into ethanal wi th Pd-C (60

and
of Apermgdiate n|ldt  use 1 ﬁr(é ﬂ»ssopyflmléa ﬂieﬂ%]amme hydrochloride
I {

(Inteﬁ‘ﬁféﬁﬁﬁ@i% a‘ﬁd @%ﬁ CH%F(?rg ?h(sdltnﬂg 12?1;?3?2&1 W@arﬁﬁ%ﬁ?%ﬁ%pynmldme -4
Carb@@@é@(lntﬁrmémm 4% aathe staftieg matheals. |H@M§t 43<2r{1\/b+f1]

resulting mxture. The m xture was stirred at 85C for

4 hours. Ethyl acetate (40 nL) was added into the
Interm@&liateisdg m xture, and brine (10 nL X3) was used to

sh 1 Layer . Th | dri ed
PRIV A A LR AU R AL N ] (AR 1 B o Nl I

nitroPVrirfidideCRcH8bx Eie g ( Et hyI acet at e/ MEOH) to afford
0.29 g of The title conmpound. M5 (el ectrospraﬁsy 383

To apwtign ¢igrthyti2gt{( iSYNSdluorapy ringidn 230 BthyHamireb3e y-na:tiydrhi-pyrazol-

3-yl)EBang).]-g%i?é)’ytginiﬁyg’-g?cgﬁjoz(#a@l(lés&% F}%t? #}9,% rﬁlsn%ﬁ %gT%I fnmeon (1:1

v/v, B0 I)l) WaSaddd, L®HH)0.4ExxanplHBO7(1 ml) and the resulting mixture was stirred at
(2R) - 2- (5-Fl uoropyridi n-2-y1)-2- | -3 -(5-]

b Ry LT OB RDD 108 VOIS e ks rafisg prossure and the

soliddéf Sray biluRdWieHEY. MBRAlqueous 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-

ylcarbonvl)-5-nitropyrimidine-2.4-diamine

To a solution of 2-{[(15)-1-(5-fluoropyrimidin-2-yl)ethyl]lamino}-6-[(5-methyl-1H-pyrazol-3-
yl)amino]-5-nitropyrimidine-4-carboxylic acid (Intermediate 50, 406 mg, ~1lmmol), in DMF (5
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N---=---\N, N" NHO ( HNOH Ny F
(2R)-2-(5-fluoropyridin-2-y1)-2-( {6-
WO ¢@8i13308F opoxy- 1H pyrazol - 3-yl ) am no] - 5- ni t r oOpyT/GBRIWEA50321
- yl }am no) et hanol (Internediate 24, 0.45 g) was
di ssolved into ethanol (20 nL) with Pd-C (90 ng) and a
hydrogen inlet. The m xture was stirred at room
tenperature until no starting nmaterial was detected
with TLC or LCMS. Formam di ne acetate (0.5 g) was
ml) Redegide® dipeafl (loty af) Tﬁ BATEr (45hend) hdd lobaliRs (0,130 m}) at ambient
resulting mxture. e mxture was stirred at 85C f
tempgrafiger e rEtuliye misdranes fWocchavernighy. Beitedktia ims theted w1th H,0 and
e t
EtOAC &]'!11(1 %}L u:eq)ﬁa%m |\g§é; ?Xfpd?ﬁge\glﬁf}%ﬁ(?%c |X§ﬁee IHEQ'(F grgtalglc layers were
washad dvmndnmemamatedi NalHlﬁ@g mqgu;lotutmg, dreediadd evamsat&epmlaat axdhtiles under
a silica cetate/ MeOH) to affor
reduloReSyro R Ba eripled BotBou bt WL dhect PESp by Etoggty (15CO,
sm@%%mfoxc/@xmpg Ql?etltletdon%d 30udrs (03 D) 6 ppm
8. 50 : 0 (s, 1 H 7.80 (d, 1H) 0 (dd, 1
H)670(d 1H)605(s 1 H 520 (m H)465(m
Inte a 5QO(m 2 H, 1.55- 1.35 (m 6 H. Exanple 8
-3 -(5-Ethoxy-1H pyrazol -3 -y1)-3H i m dazo
2-Chlloto-B-€t-pythyd] ff-pSragbl}3-ahi Sawtry-V P Gahydro-2 H-pyran-4-yl)pyrimidine-4,6-
dia fluoropyrldln 2-yl)ethanol (2R)-2-( {6- [(5-
Aa¥hoxy- 1H pyrazol -3 -yl )anino] -5 -nitropyri din-2-y1}
To a8Buien 0224 B5-triEhBRL DRol pydintidide (InkeraicaanoBb7, 1g, 4.4 mmol) in EtOH at -
Internedlate 27, 0. 2(3% was di ssolved into ethano
)

50°C( wereradyiedys tiheting=1&-pwezatgyaraing (35 et sk RITEM .6 mhgrop-wise. The

resulg{‘%%#zgtﬁrge\’\@ngst ssetﬁegilra% th‘gtt défe?&ﬂﬁe%%?ﬁﬁ#{%v@?ieﬁ%@ -amino pyran (300

mg) was added ki mml’an:@ttmttere(vG)a.sSlllg\)ve&vaSwat@ideﬂamlmeﬂthemperature for 4 hours.

e b el b ERIA G RIS TsihSiea win mroAe

The @meBifddeorfAic Hdrs Wase wakthed with think hatuk fELNAHOO, qywﬁﬁon dried and
and brine (10 nL X3) was used to wash the organic

evapprgiien of thp golgtilga Hnder regyeqd miassuigrgarela solared aeridiist Peification by Gilson
e I I .
(MeQULOESH P, LTINS AOE (RTRRGBERI120 kRS 85, 3o (vrv1)
title corrpound M5 (el ectrospray): 384 (M+1l) for
Inte S 8 BEN702. 1 HNVR (300 MHz, CD30D) 6 ppm 8.20 (d, 1
M—'Sﬁ—i—é—(s 1H 7.50 (d, 1 H 7.30 (dd, 1 H 6.40 (d,

NA-[ASH) -(BFBBrdpsridih- 21 Eh QAR M -nibth) - 1 #-90aAo8 3-y2)- $Hhitd- B8O (tetrahydro-
2H—p(xl£2n-4z-vl|)_gvr1]fnlgl(r)1€ t4 6 ?rlamlne

The title compound was prepared using a procedure similar to the one described for the synthesis
of Intermediate 18 using [(L1S)-1-(5-fluoropyridin-2-yl)ethyl]amine  hydrochloride
(Intermediate S5) 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-y1)-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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Exanple 9 3 - (5-Ethoxy-1H pyrazol-3 -yl)-N
R1S) - 1- (5-fluoropyrimdin-2-ynethyl] -3Him dazo [4, 5-
WO boopssi7eéi n-5 -amine N-=----- \' N/ NH HN NN PCT/EB2008/050321
N2- (5 - Ethoxy-1H pyrazol -3 -y1)-1V6-
R1S) - 1- (5-fl uoropyrimdin-2-ypethyl] -3 -nitropyri
di ne-2,6- diamne (Internediate 28, 0.3 g) was
di ssolved into ethanol (20 nL) with Pd-C (90 ng) and a
hydrogen inlet. The m xture was stirred at room
pyrai/APEkiat MEsodink lnefh@x@te ag fhic ReArtIRLBLhR1s. Wadseis ghed .
with TLC or LCMS. Fornyl am di ne acetate (0.5 g) was
added to the filtrate after the filtration of
g mxture. The m xture was stirred at 85C for
Inter Mes.g Et hyl acetate (40 nlL) was added into the
N-[(1 85 L 3-Frugrapyxitline 2y1) et -5mhatieoxty 18- (FLm XBY1- Wapytagale-t1-5-

wash. t he ani c layer. The organic |layer was dried
m%%&l%% The resul ting residue was separat ed
The f¥e &nhjosad 9@k pephiddsibER PydccdaettiRt tdMBObhe H&cﬂﬁ&pﬂofjthe synthesis
0. 034‘*% of the title conpound. MS (el ectrospray):

36
of (lfermelte i T 7iE0. LD MIRHGOR okt YOEBo e ppy drochloride

(Inte%n%@la & 5)2 Eq %) ﬁ@r&gwelhd%i&ﬁ% gagzl ﬂiﬂs%az% §%1)7%m %pyrlmldln 4

aming (}n)tenneiﬁate 54) B thi) startifx anmpirielsIDCMS: 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 POCl; (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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3 - (5-Ethoxy-1H pyrazol-3 -y1)-N R1S)-1 45-
fluoropyri din-2-yl) ethyl] -3Him dazo [4, 5-bl pyri
W@I2003A 38T e F N2- (5 -Ethoxy-1H pyrazol -3 -ylyc/g82008/050321

R1S) - 1- (5-fluoropyri din-2-yl) ethyl] -3 -nitropyri

di ne-2,6- diamne (Internediate 29, 0.3 g) was

di ssolved into ethanol (20 nL) with Pd-C (90 ng) and a

hydrogen inlet. The m xture was stirred at room

tenperature until no starting material was detected

with TLC or LCMS. Formam di ne acetate (0.5 g) was

added to the filtrate after the filtration of
IntermediateiSAg ni xt ure. The mixture was sti rred at 85C for

To av\ammdnhﬁ nghnhilcrrona(ytmthyltﬁhne Semgapsymmkimye(i[nmwiateeﬁﬁ 820 mg) in
and concentrated. The resul t| ng r SI du s_separ at e%
THFRY 0% pieceaaced St HRIRGAL-3:60na D0 ey RIBEA (D drop-wise.
The %s@lﬁﬂ chiggRd \R/%dstﬁfeﬁdd‘c' Gilis té}%ﬁe('e&lu% Gbe Q%Qﬁéxgheréﬁggn H\%ﬂ*‘)ohne (1 ml)
for 8H 8FN70. Iti 6 ppm 8
was fdged1 T regulpng ryxtute wps allomd(td warmHp a‘mbﬂ,@t (tempetatpfe over 10 hours.

The %;x(?%eé%is (dél’u%_elé v%ﬁhgl%(i%nd( %t’d_%c %d.ltge %({%ergr)%? g%/iri'wélsoexgrgaed? with EtOAc.

The NﬂEﬂLﬁéd- drgdrbe Rlyere mapywhadhed w2thbrihetdaytdte ONGBCOs Qiap) oglaty, dried and

evap?\[@tlgr{ i)g)zt}(l)ell V@@}/lkls d@:g_j%g%d:ugq p%gni}lgegtglﬁ"lﬁ }&\Come(t 5es1qL§ [I\Dlll_llrilfication by
colu&l@rc%n&a%nﬂﬂﬂqu%@bA%/heyén)esﬁgwettﬁé)ﬁﬁré tdthpound (820 m ) LCMS 352
di ne2 lam ne (Internediate 31, 1 g) was |sso
[M+]lnto ethanol (20 mL) with Pd-C (150 ng) and a hydrogen
inlet. The m xture was stirred at roomtenperature
until no starting material was detected with TLC or
Inte:trﬁ.‘éeﬁatelSﬁr mam di ne acetate (1.0 g) was added to the

A I ?a—liﬁ after,. EEe f‘ i lind-v-s.

nitropEahAR- xAglam*ﬂe was added into the resulti ng m xture,
and brine (10 nL X3) was used to wash the or

To | @yersolytd or gfani &-Cayehylndépierdd-yird- (wﬁw&tgw -gtraerpholin-4-yl-5-
I
BSOS 58 TN RIS Ay geb
addepDdued .(3%11@)3111&1:1\1:1@@05 &) mg 38E thdviekhltihg miGiuBHRENEDred at ambient
temp!g;alp,bry %R ég%ggla %r_ﬁng%ofgf’do g&%})zgyé%h@%](ﬁ%er%éigte%@%w mg) and
DIPE(AT\&]- lnl)"))ve;e aflicl hnd QheH}esﬂltlﬂQ nclﬁtur@wlia stlrr@(&nﬁhlﬁeﬁtztemperamre for 3

1- (5-Fl uoropyrimdin-2- 1] -9- (5-i sopropox
houry Theomyers os Glyiey S It b DA wmd

EtOAc (4x). The combined organic layers were washed with brine, saturated NaHCO; (aq)

aquaons layer was extracted with

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

ﬂg-( 5-Ethoxy-1H-pyrazol-3-y)-N-[(LS)-1-(5-fluoropyridin-2-y1)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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N-." NHNHNNNI F N2-

R1S) - 1- (5-fluoropyrimdin-2-ypethyl] -N4-(5 -is oprop
W@x008A8%78yr azol -3 -yl)-5-nitropyri m di ne2, 4- di BOM/G82008/050321

(Intermediate 32, 0.2 g) was dissolved into ethanol

(20 m.) wth Pd-C (40 ng) and a hydrogen inlet. The

m xture was stirred at roomtenperature until no

starting material was detected with TLC or LCMS.

For mam di ne acetate (0.5 g) was added to the filtrate

f Bitt@hedibR f2d t 18hé OB-PorbSRW-Lth R4 HH61-3 -TH S - by -2
0 was s% |lrred at 85C for i hog#rst J)Eélthy)lf)"yacet a?ﬁ ]Sﬁ) amine

(Intepmediatil @6) iand d (ke - (rSef?r,tmr@pymlgmﬂ-yt)moeyl]me kﬁliltnemecm@terrﬁS) as the
startqu%)mea\r{\e@m\l\éssigﬂ/lg 30&";’@1 ane a@ggﬂnﬁ g-éhq%l) %rl%ad?)'(c 1H), 11.00(s,

11D), rzm)l (dummssoqepﬁn)aisao (bylls) |7l608(ngQ|H)CTDIZ(D”(ﬁ’ﬁ (1&} fbyio N(én 1), 5.80(s,
sired pro uct.
1H), é&%&#%ﬁr%}b 2@82 OPIC‘Hﬂl?H? dr40c§ﬂ7ﬂi>8fcﬂ|9® 3 NVR (300
I\/Hz CD30D) 6 ppm 8.70 (s, 2 H 8.60 (s, 1 H 8.40 (s,
6.20 (s, 1 H 5.30(m 1 H 4.60 (m 1 H 1.60
Mﬂi@ﬂ@&lﬂﬂl%(d 6H) Exarrple13 NR1S -1

ol-3-yDamino]-5-

nitroﬁwmﬂiﬂ’e-éﬁcaradiﬁvm N \N N'" NH HN

The title compound was prepared using a procedure analogous to the one described for
Intermediate 29, using [(1S)-1-(5-fluoropyridin-2-yl)ethyllamine hydrochloride (Intermediate
S5) 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-fluoropyridin-2-yD)ethyl]-3-(5-isopropoxvy-1H-pyrazol-3-y)-3 H-imidazo[4.5-

blpyridin-5-amine

N°-[(1S)-1-(5-fluoropyridin-2-yl)ethyl]- N*-(5-isopropoxy- | 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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Ny F 1V6- [(1 5) - 1 -(5-fluoropyridin-2-yl)propyl]
-N2-(5 -is oprop oxy-1H pyrazol-3 -yl)-
WO o8nsoy3 i di ne-2 , 6- diam ne (Internedi ate 36PCODGB3008)50321

was di ssolved into ethanol (20 nmL.) with Pd-C (150 ny)
and a hydrogen inlet. The m xture was stirred at room
tenperature until no starting material was detected
with TLC or LCMS. Formam di ne acetate (0.5 g) was
added to the filtrate after the filtration of

was AR ldth Mk AbatiM Bixeld eaer' Bﬂﬂé r(@O WASXS} whe @dd A wastCthk Y ganic layer.
4 hours. Ethyl acetate (4 was added into the

The prganir layiey Wb dried and gmelmartqdeT qoesntmxsymdmgwaw@ﬁar@f@d by silica gel

I [ S
colufifF kT eRhORNGH) B BForg U2, CRERD fie DU BRIE S | R gooreyy: 382
(M+b)yf0f5C19H§0@I\Qel @DNmn(s@EMHk camelra)taelépn&/e@si)(s tl(H)aff BSJ(sdl H) 7.75 (d,

(electro %1

1 I oM $0RTAD 1 (R Co00MLD BEBUR) | ) gpmies Bt 135 (. 6
. (s, 1 H 830 (s, 1 H 7.70 (d, 1 H 7.50 (m2 H 6.70

(d, 1 H 6.10 (s, 1 H 500 (m 1 H 4.40 (m 1 H)

2.00 (m 2 H 1.40 (d, 6 H. Exanple 14 6- Chloro-N

)-1 -(5-fluoropyri din-2-yl)ethyl] -3 -(5-i s
Eia‘[&éévzgoxy 1H pyrazol -3 -y1)-3H m dazo[ 4, 5-1]pyridin-5
3-(5-Catiop®pyl-1 H-Pyrakbi By 0-NNR1 S)- 1 -(5-fluoropyridin-2-yl)ethyl]-3 H-imidazo[4.5-
5)-1-(5-fluoropyridin-2-ypethyl] -1V6-(5 -is opr op

—]-D—V—&J;Q—lﬂ-m—%%b 2 razol -3 -y1)-5- nitropyridine-2, 6-diam ne

(Internmediate 39, 0.5 g)Nﬂa\; di ssol ved |nto et hanol
) gnd

(20 nL) with Pd-C (150 hydrogen inlet. The
m xture was stirred a t rﬁ)e\r,@;ure until no
starting material was |/detdcted h TLC or LCMs.
For nyl am di ne acetate g) was\ added to the
filtrate after the filtration of ulting m xture.
The mixture was stirretN 5C fok4 hours. Ethyl
acetate (40 nlL) was added |into the resulting m xture,
and brine (10 nL X3) was to wash the organic
| ayer. The organic |ayerl"wag dried and concentrat ed.
The resul ting residue separated by silica gel
colum (Ethyl acetate/ Me(H) to afford 0.12 g desired
product. MS (electrospray)y 416 (M+l) for CoH 9CLFN7O.
[ti NWVR (300 MHz, CD30D) 6 ppm 8.40 (s, 1 H) 8.30 (s,
N-(SteydjopTorgt 1 HepyrazoHp -yT) g%[(qm Q(mu@omumz yl)etyl]e3-gitropgridine-2,6-

diam n&!ﬁ%tem.edlgggﬂl}rg:j) eg)lxgas dlgsnlvegi int e%han(())l ((28 m]?) v'v_gth 11:”d-ACO (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 (clectrospray): 364
(M+1) for CjoH;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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6-F luoro-N- [(1S)-1-(5- fluoropyrimdin-2-ynethyl] -3
-(5 -nethyl -1H pyrazol -3 -y1)-3H m dazo [4, 5-Db]
whpoosd33185 - ami ne HN NNI F To a sol uti on oPCBGB2008/050321
fluoro-N2- R15)-1-(5-fluoropyrimdin-2-ypethyl]
-1V6- (5 -nethyl - 1H pyrazol -3 -
y1l)-5-nitropyridine-2,6-diamne (Internediate 42, 3.05
nmmol) in EtOH (5 m) were added SnCl122H20 (1. 74g, 9.18
mol ) and triethyl orthoformate (0.652 ml). The

ExahfRY ting solution was heated to 70C overnight. The
m xture was allowed to cool to roomtenperature and

3-(5-Civthopropl-tAonitagel-TpDiN-Ed 5 |-6nAuerpyintidio-2- ethpldd H-imidazo[4.5-
-v.aporation of the volatiles under reduced pressure

b 1l§8flg%%ﬁ‘ltn%l ored residue that was purified by Gl son
(5%195% MeCN H20) to gi \N;:t\he title conpound. LC- ME:
357 [M+l]. Iti NVMR 6 2.01 (HN—3-M) 2.34 (s, 3 H 6.46
- 6.55 (m 1 H 8.20 Hs, 1 H 8.87 (s, 2
H 9.72 (s, 1 H 9.86 anmple 16 N[ ( 1S5)-
1-(5-F luoropyrimdin- 3 -(5
-met hyl- 1H pyrazol -3 ¥| )-3Himd [4,5- Dbl pyridin-5
-am ne

N °N

Y
F

N*(5-cyclopropyl-1H-pyrazol-3-y1)-N°-[(LS)-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 (clectrospray): 365
(M+1) for C;gH7;FNg. '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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HN NN I F The title conpound was prepared using a
procedure simlar to the one described for the
waeyshewss of Exanpl e 15 using 1V6- PCT/GB2008/050321

R15) - 1- (5-fl uoropyri m di n-2-ypet hyl] -N2-(5

-met hyl - 1H- pyrazol -3 -yl1)- 3-nitropyridine-2, 6-di am ne

(Internediate 44) as the starting material. LCVS: 339

[Mr1]. Iti NVR 6 1.46 (d, 3 H 2.28 (s, 3 H 5.08 (s,

1H 6.33 (s, 1H 6.65¢(s, 1 H 7.71 (s, 1 H 8.77
Exathple 42 %1 NHN-- - ----- \ H) Exanple 17 NJ[( 1S)- 145 -F

uoropyridin-2-yl (5-net hyl - 1H-pyrazo| 3
9-(5-Gy¢loprpyli- Wi pszaz0 AGTOPYH in 2-yl gl vin-2-amine

conpound was prepared usy a procedure simlar to t he
one described for the ?’/Q:LF sis of Exanple 15 using
1)

N6- RLS)-1-(5- fluoropy > eNIp'yI] -N2- (5

- met hyl - 1H pyrazol -

ni tropyri di ne-2,6-d|a NIntermedi ate 45) as the
starting material. LCMS:| 338 [ M+l [ti NVR (500 MHz,
CDC13) 6 1.58 (d, 3 H M (s, 3 5.05-5.17 (m 1
H 5.45 (s, 1 H 6.43 (d,

NZ °N

Y

F

N*-(5-cyclopropyl-1H-pyrazol-3-yl)-N*-[(15)-1-(5-fluoropyrimidin-2-yl)ethyl]-5-
nitropyrimidine-2,4-diamine (Intermediate 18, 0.25 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 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 0.013 g of the title compound. MS
(electrospray): 366 (M+1) for Ci7H7FNo. 'H NMR (300 MHz, CD;0D) & 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-y1)-N-[(15)-1-(5-fluoropyridin-2-yl)ethyl]-9H-purin-2-amine

N/N
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H 6.53 (1H, s) 7.35 (m 2H), 7.81 (1H, d) 8.41 (s,
1H) 8.6 (hr s, 1H). Exanple 18
WORMEAH783L- ( 5- Fl uor opyri di n- 2-yfl et hyl | - 9- ( 5- netTrgB20BI50321
pyrazol -3-yl1l)-9H purin-2-anmine -r----N Nx) NH N NN NH
F The title conmpound was prepared using a procedure
simlar to the one described for the synthesis of
Exanpl e 15 using 6-chloro-N- (5 -nmethyl -1H)-pyrazol -
-y1)-3 -nitropyrimdin-2-amne (Internmediate 47) as

N -(mloﬁﬁ% E}’i@z‘og—glﬂ-Nz g@ﬁ &ﬁﬁgo&ﬁéﬂdm 2%4)6&1¥5|M?nﬁ1%9§}1m1dme-
2,4- d(umnnq (I}q}erele@mte 1% 0. 215|-g vmssl,@soglyed 111H) etl’zanm!LQ?) k) yith Pd) (40 mg)
and %gé@ mﬁ(eg ’1111%9._%' h(§ fn?’xqtul{e Swas :LH)recﬁ at%?on& gemp]e'r_gtur% uzﬁl r(osstarillkg material was

deted’téd:i&ﬁ) T]LC(OEJ 1 EIMI®) rf@pylamhiiird:i deetdte\(0 Stehwlap addeGo thetflityhte After the
- 6- olin-4-. o
ﬁltrag Vig m, rﬁuﬂ? r{g%ugﬁ]wlq%stlrred 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/ McOH) to afford 0.03 g of the title compound. MS (electrospray): 365
(M+1) for C;gH;7FNg. "H NMR (300 MHz, CD;0D) 8 ppm 8.70 (s, 2 H) 8.55 (s, 1 H) 8.50 (s, 1
H) 7.50 (d, 2 H) 6.30 (br, 1 H) 5.20 (dd, 1 H) 2.00 (m, 1 H) 1.65 (d, 3 H) 1.10 (m, 2 H) 0.90 (m, 2
H).

Example 6
N-[(LS)-1-(5-Fluoropvrimidin-2-vDethyl]-3-(5-isopropoxy- 1 H-pyrazol-3-yl)-3H-imidazo[4.5-

b]pyridin-5-amine

N/N

Y

F

N°-[(1S)-1-(5-fluoropyrimidin-2-yl)ethyl]-N*-(5-isopropoxy-1H-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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HN\/ NNy, F The title conpound was prepared using

a procedure simlar to the one described for the
waeyshewss of Exanple 4 using N2- PCT/GB2008/050321

R15) - 1- (5-f | uoropyri m di n- 2- ypet hyl ]

- N4- (5- met hyl1l- 1H pyrazol -3 -y1)-6-

(mor phol i n-4-yl carbonyl)-5-ni tropyri m di ne-2, 4-di am ne

(Internmediate 51) as the starting material. LCMS: 453

[Mr1]. Iti NVR 6 1.54 (d, 3 H 2.09 (s, 3 H 3.18-3.70

e T L S

1 H) £-8018) F ) .30 B, IL dhbr3ojy(mi, di h)y-R76/(n).elt Ky 1.55 (d, 3 H) 1.35 (d, 6 H).
-9-(5-nmethyl- 1H pyrazol -3-yl1)-1V--(tetrahydro- 2H Dyran
4-y1)-9H purine-2,6-dianine The title conpound was

ExafapR@ar ed using a procedure simlar to the one

escri bed for the synthesis of Exanpl ng .N2-
%m&m@_mw-avmml 31} 3 AL ihidazo[4.5-blpyridin-

5-yllaihol nafRi hy 1- 1H pyrazol - 3 yl) 5-
niiro- No- (tetrahydro-2H pyran-4-yl)pyrimdine-2,4,6-tr

iam ne (Intermediate S87as t starting material.
LCVB: 438 [Mrl]. Iti ) H1. 74-2.02 (m 7 H)

2.31 (s, 3 H 3.60 . - 5/41 (m 1 H 6.34
(s, 1 H 7.47 - 7.9 /é%,yll—l)&49(s, 1
H. Exanple 21 N F | udropyri di n-2-y1)
et hyl] -6-nmethoxy-9- yl- 1H pyrazol -3
-y1)-9H purin-2- am ne ®OHt | e conpound was
prepared using a procedure simlar to the one
descri bed for the synt t¢ of Exanple 4 using
N2- [ (19) -1 |
-(5-fluoropyridin-2-yp 1] - 6- met hoxy- N4- (5

5-ni tropyri mdi ne-2, 4-di am ne

- met hyl - 1Hpyr azol - 3-y1) -
(Intermediate 55) as thd starting material. LCMS: 369

o A5 S VR BB b By gy

yl}amin@)ctinoMInferideditel 34,-0.45 Sbwidissblvdl ito &thansl (20 i) with Pd-C (90

9.33 (s,
mg) and a h}gdrogen 11';Pet 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/ MecOH) to afford 0.075 g of the title compound. MS (electrospray): 398
(M+1) for Ciol,0FN70,. "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).

76



Exanpl e 22
N-[(1S)-1-(5-Fluoropyridin-2-yl)ethyll-9-(5-nethyl -

W 008/4847838- y1) - 6- mor yhol i n- 4-y1- 9Hpur i n- 2- am nECT/GBROOBI0S0321
y F The title conmpound was prepared using a procedure
simlar to the one described for the synthesis of
Exanpl e 15 using
N2-[(1S)-1-(5-fluoropyridin-2-ypethyl]-1V4-(5-nethyl -
H pyrazol - 3-y1) - 6-
nmor phol i n-4-y1-5-nitropyri m di ne-2, 4-di am ne
(Internediate 58) as the starting material. LCVS: 424

Example B, IHNI\/R(500 MHz, CDC13) 6 1.54 (d, 3 H 231 (s
3 . : 2-.5 1

ﬂuorbdyndﬂrH)z-vl)_Ebhamﬂl e 23 3- (5 Et hoxy 1H-rvvrazo| 3 yl).N-

I (13)-1-(5-fluoropyridi
[4,5- b]lrwidin-5 -amn

-2-yl)propyll -3Himdazo
=\

(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 (clectrospray): 384
(M+1) for CisHsFN;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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F The title conmpound was prepared using a procedure
simlar to the one described for the synthesis of
wEx@spses® usi ng N2- (5 -ethoxy-1H pyrazol - 3- y e ™NEB2008/050321

[ (15)-1-(5- fluoropyridin-2-yl)propyl] -3-

ni tropyridine-2,6-diam ne (Internediate 59) as the

starting material. LCMS: 382 [ MF1l]. 11-1 NWR (400 MHz,

CD30D) 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,

1FD 4.20 (q, 2H), 2.00 (m 2H), 1.40 (d, 3H), 1.10

(t, 3 FD Exanple 24 3 -(5-1s oprop oxy-1H pyrazol -3
Examplp)9 N- [(1S)-1-pyrimdin-2-ylethyl] -3Him dazo

3-(5- BE?IIO? -qI-P

blpyodie-séesiaci bed for the synthesis of Exanple 6 using
1V6-[ (15)-1-(5-fluoropyrjmdin-2-ypethyl]-N2-(5-isopro
poxy- 1Hpyr azol - 3- y1) - 3- it T Nopyr.Ndi ne- 2, 6- di ami ne
(Internedi ate 20) as t gNHateriaI. The
starting material (1. |g) was ol ved into ethano
(10 nmL). To the soluti Was addedOPd-C (0.3 g, 10%.
A hydrogen inlet was intjroduced info the reaction
flask. The resulting was sthrred for 5 hours.
For mam di ne acetate (2 g) |[was added to the resulting
m xture. The m xture wa jrred at 85C for 4 hours.
The resulting mxture wgs filtered, and the filtrate
was concentrated. The r i ng residue was separated
by Silica gel colum. The|title conpound was obtai ned
(0.14 g) as a by-product. FLCMS: 365 [M+1]. Iti NWMR

NP3 ﬂ%%i%%-pﬁ%g?)syl)@yﬁé(?861(-§%ﬂ%§'%pgﬁ&%%65-5getg%g& 3 -r%@f?p%ridme-z 6-
dlamﬁqel@nlﬁeﬁmedﬁ% 284 080g)(Was difdolved if0 etdnol3D mid). Bh E-C B0 mg) and a

. Exa
hydrogen inlet. he mlxture 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/ McOH) to afford 0.034 g of the title compound. MS (electrospray): 369
(M+1) for C7H7FNgO. "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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(S)-Ethyl
2-(1-(5-fluoropyridin-2-yl)ethylam no)-9-(5-nmethyl-1H
W@008/4847838- y1) - 9H puri ne- 6- car boxyl ate 00PCIZHEB20DR®50321

title conpound was prepared according to the procedure

descri bed for Exanple 4 using Ethyl 2- { [(15)-1 -(5-

fluoropyri din-2-yl)ethyl] amno} -6- [(5

-nmet hyl- 1H pyrazol -3 -yl )am no] -5-

nitropyri m di ne-4-carboxylate (Internediate 60) as the

starting material. The title conpound underwent

deconposition shortly after its synthesis. LCMs: 411
Example0+ dains Wiat is clained is: 1. A conpound of

3. (5 EHMN & Lol 3RRT- R 864 L5 - fluoropyridin-2-yl)ethyl]-3H-imidazol4.S-blpyridin-
5-amine
N=\ L
N 7  NH
| ~ \<;<
HN &

N*-(5-Ethoxy- 1 H-pyrazol-3-y1)-N°-[(15)-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 CisHsFN7O. "H NMR (300 Mz, CD;0D) & 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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or a pharmaceutically acceptable salt thereof, wherein
Qis selected fromN and C(R3); Dis selected fromN

w@nasass78RlI i s selected fromH -CN, G _6al kyl PCT/GB2008/050321

C2_6al kenyl, C2_6al kynyl, 3- to 5-nenbered
carbocyclyl, 5-nmenbered heterocyclyl, -OR, -SR,
-N(Ra)2, -N(Ria)C(0)Ri b, NRaNR12, -N®,
-C(0)H, -C(0)le, -C(0)2R a, -C(O0)N(R a) 2,
-0C(0O)N(Ria)2, NRa)C0)2Ria, -N(R a)C(0O)N(R 1) 2,
-0C(0) le, -S(0)1le, -S(0)2R', -S(0)2N(Ri a) 2,
N(Ri a) S(0)2Rib, -C(R a)=N(R a), and -C(R a)=N(OR a),
in sald c 6a|ky| c2 6a|keny| C2_6al kynyl , 3-

! Irag(q 3h L _'u ) 1?1'2/ Iclmlne

N-[(H5)- réd-Buoropyidie2-y8 ket

in each occurrence is ihdependently selected fron1H
and G _6al kyl, 3- to 5- carbocyclyl, and
5- menber ed heterocycl i nN&lai d O__6a|ky|, 3- to
5- menber ed carbocycl yy\, nber,ed heterocyclyl in
each occurrence are optyonally ap ndependent | y
substituted with one ognmore R1L; R B in each
occurrence i s independentYy selected from G _6al kyl ,
C2_6al kenyl , C2_6al kynyl 13- to 5-nenbered
carbocyclyl, and 5-nenb quheterocycIyI, wherein said
G _6al kyl , C2_6al kenyl , 2 ‘bal kynyl, 3- to 5-nmenbered
car bocyclyl, and 5-nmenbergd heterocyclyl in each
occurrence are optionallyrand independently
substituted with one oerDre | e; Is selected from
@gsmpmynH PRZ@ - Ky-Ayditropyrimidine-

2,4- d‘f%? gggﬁ%% g.l).egé«.il}gtﬁr &?}’é v;/%%’(dﬂggﬁg&‘m&@%ﬁol&g'@%ﬁh 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. Formamidine acetate (1.0 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 0.7 g desired product. MS (electrospray): 383 (M+1) for
C1sHoFNgO. "H NMR (300 MHz, CD;OD) & 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 1) 4.20 (m, 1 H) 1.50 (d, 3 H) 1.40 (d, 6 ).
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C(0)R21',-C(0) 2R2a, - C(0) N( R2a) 2, - 0C(0) N(R2a) 2, - N(Rza) C
(0)2R2a, N(R2a)C(0)N(Rza)2, -0C(0)R21', -S(0)R21',
WO S(ONERL' , - S(0)2N(R2a) 2, - N(R2a) S(0) 2R21D , PCT/GB2008/050321

C(R2a) =N(R2a), and -C(R2a)=N(OR2a), wherein said
G _6al kyl, C2_6al kenyl, C2_6al kynyl, carbocyclyl, and
heterocyclyl are optionally substituted with one or
nore R20; R2a in each occurrence is independently
selected fromH, C _6al kyl, carbocyclyl, and
het erocyclyl, wherein said G _6al kyl, carbocyclyl, and
heterocyclyl in each occurrence are optionally and

Mﬁlﬁendently substltut ed with one or nore R20; R21 in

in-2-amine

heterocyclyl V\herel n Blarq C| aI kyI CZ 6a| kenyl

C2_6al kynyl , carbocycl yl, heqar ocycl yl in each
occurrence are opti ola an independent |y
substituted with oneg] or ON R3/is selected from

H, halo, -CN, C _6al NCZ 6al keﬂy C2_6al kynyl

carbocyclyl, heter oc;F@\éyl - OR3 - SRSa -N(R3a) 2,
-N(R3a) C(0) R31D, - N( -NO2, -C(0)H,
C(0)R31', -C(0) 2R3a, - C(0) (R3a)2 0C(0) N(R3a) 2, -N(R3a) C
(0)2R3a, N(R3a) C(0) N K, -0C(0)R31', -S(0)R31',
-S(0) 2R31', -S(0)2N(R3p) 2,|| - N(R3a) S(0) 2R31D ,
C(R3a)=N(R3a), and - =N(OR3a), wherein said

G _6al kyl , C2_6al kenyl _6al kynyl , carbocyclyl, and
het erocyclyl are optl ona'fl y substituted with one or

3 R B0 BB SRkl PSRRI iopyciine.

2,4-diehiae QuyamediatBBIEL B) $& dlssClveBaktls yhanalae® oty elith Pd ando mg) and
het erocyclyl in each occurrence are optionally and

a hyﬂﬁ?&%lbéﬂ?}ehr f PISUES AL SEER B RMolvE e r“é“h‘?,@ stapgyg material was

dete&&palltﬁcquw beneds SrdrRdRRERd Q&tte{té’ (68 SGLRALJIEPM the filtrate after the
kyl, C2_6al kenyl, C2_6al kynyl ,” carbocyclyl, and

ﬁltrah@m ef @el;lﬁmg/mlxmmeT lesi Mixgure avagstimerd &85 C &2 4miukse AiHy! acetate (40 mL)

was e%eg %Ltlé)ﬁ{yljesmﬁl?%mr%l d brihd 1(5]% gﬁ%% %(4ed & W%Qlcﬁle organic layer.

occurrence are ona y an
The sighsit ildyet eds dried amha)rméntmnerde T%@E:su]ﬂtﬁlg iresiduel \easmplarﬁmdmsy silica gel

colurgllgl(%tggb%qgﬁte? %%[ﬁé?[lé} ‘@%‘@?@ IPE6§ rzcgyclle’sire%2 pr%alllckcy T\Xé (electrospray): 384 (M+1)
for C17HisFNoO. '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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N(R4a) C(0) Rdb, -N(R4a)N(Rd4a)2, -NXR2, -C(O)H
-C(0)R41', -C(0)2R4a, -C(0)N(R4a)2, 0 )N( Rda) 2,
WO boR43y7€X 0) 2R4a, - N(R4a) C(0) N(Rda) 2, - 0C(0) RARCT/GB2008/050321

-S(0)R41', -S(0)2R41" , S(0)2N(R4a) 2,
-N(R4a) S(0) 2R4b, - C(R4a)=N(Rd4a), and - C(Rda)=N(CR4a),
wherein said G _6al kyl, C2_6al kenyl, C2_6al kynyl
car bocyclyl, and heterocyclyl are optionally
substituted with one or nore R40; R' in each
occurrence is independently selected fromH,
C _6al kyl, carbocyclyl, and heterocyclyl, wherein said

Exampledd| kyl , carbocyclyl, and heterocyclyl in each

AR Iﬁﬁﬁ%ggﬁfﬁq-g@;i39§ﬁgl]'-33%5"2‘1'@8%?’ }E;OQ(EQ%%Q?%E<£1§C¥})-3H—imidazo[4,5-

blpyodiatirareinee i s i ndependently sel ected from G _6al kyl,
C2_6al kenyl , C2_6al kyn car bocyclyl, and
het er ocyclyl, wherein _l'hl G N‘:@I kyI C2_6al kenyl ,

C2_6al kynyl , carbocyc rocyclyl in each
occurrence are optiopall and dently
substituted with oneNQuzNore R40; ORBZZS i ndependent |y
sel ected fromhal o, -CN, C _6al kyl 6a|keny|

C2_6al kynyl , car bocyctly terocyclyl, -OR -SR

-N(Rba) 2, -N(R5a) C(0) R5b] - N( R5a) N( R5a) 2, -NQ2,
C(0)H, -C(0)R51', -C(0) -C(0) N(R5a) 2,

-0C(0) N(R5a) 2, - N(Rb5a) 0)| R5a, N(R6a)C(0)N(R5a) 2,
-0C(0)R51', -S(0)RE1', XxSW0) 2R51", -S(0)2N(R5a) 2,

- N( Rba) S(0) 2R51D C(R5 )=N(R5a), and

- C(R5a) =N( OR5a) ; F

N°-[(1S)-1-(5-fluoropyridin-2-yl)propyl]-N*-(5-isopropoxy-1H-pyrazol-3-yl)-3-nitropyridine-2,6-
diamine (Intermediate 36, 0.45 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. 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 0.12 g desired product. MS (clectrospray): 396 (M+1)
for C,0H2»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(m2 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 H).
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R5a in each occurrence is independently selected from
H, C _6al kyl, carbocyclyl, and heterocyclyl; R5b in
w@2mR/18808Ur rence i s i ndependently sel ected fr oPeT/GB2008/050321
G _6al kyl, C2_6al kenyl, C2_6al kynyl, carbocyclyl, and
heterocyclyl; R in each occurrence is independently
sel ected fromhalo, -CN, G _6alkyl, C2_6al kenyl,
C2_6al kynyl, carbocyclyl, heter ocycl yl, -ORIOa, SRIa,
-N (Rioa)2, N (R oa)c(O)Rl ob, _N(Ri oa)N(RlOa , 2)
NC2, -C(0)H, _C(0)R10", _c(0)2R10a, _c(0)N(R10Oa 2, )
OC(0O)N(Ria)2, N(Roa)c(0)2R oa, N(Ri oa)c(0)N(Ri oa) 2,
Exampledd) R10", S(0) RI 0b, -S(0)2R ", S(0)2N(R 1 a) 2,

%M&&Q&Bm SURLORN: {55349y L 2B Grazol-3-y1)- 34

, I'TT eacCll OCCUrT erice 1
imidazoflepéhgedin yamélcect ed from H, G _6al kyl, carbocycl yl,
and heterocyclyl; RI-ft :J\E each occurrence is
i ndependently sel ected f ST\Ci _6al kyl, C2_6al kenyl ,
C2_6al kynyl , carbocycl eNchycI yl;

3-Chloro-N-[(18)-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 (clectrospray):
416 (M+1) for C1oHoCIFN;O. 'H NMR (300 MHz, CD;0D) & ppm 8.40 (s, 1 H) 8.30 (s, 1 )
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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R2 in each occurrence is independently selected from
hal o, -CN, G _6al kyl, C2_6al kenyl, C2_6al kynyl,
wa@2008083783 yl , heterocyclyl, -0R2a, -SR20a, _N PERR2GRMDS/050321
_N-(R20a) c(0) R20Ob, _N-(R20a)N-(R201)2, -NO2, U C(0)H,
-C(0) R20b, -C(0)2R2, -C(o)N(R2)2, -0C(0)N(R2a)?2,
N(R2(a)c (0)2R2oa, _N(R2oa)c (0)N(R2oa)?2, _OC(0)R20b,
-S(0) R20b, -S(0)2R20b, S(0)2N(R2011)2, -N
(R20a) s(0) 2R20b, _c(R20a) N(R20a ) and -C(R20a)=
N(oR2oa); R2" in each occurrence is independently
sel ected fromH G _6alkyl, carbocyclyl, and
ExampledSocycl yl ; R2" in each occurrence is independently

6- Fhf'o%-

- '
1m1da2$[4 Mhnrelddﬁhaﬂnmesel ect ed from haI o, - CN, Ci _6a| kyI ,

C2_6al kenyl , C2_6al kynyl , =Y bocycl yl, heterocyclyl,
-0R30a, - SRBOa, - N( R3a) 2, = ﬁ§ R3a);¢( 0) R3b,

N(R3a) N(R31) 2, - NQ2, - )m@r , -C(0)2R3a,
-C(0)N(R3a) 2, -0C(0)N(R32t)

N(RSa)C(O)ZRSl,-N(RS%) a)2 -QC(0) R301' , - S(0) R30
1',-S(0)2R30b, S(0)ZN(R3p)2, -N(R30a)S(0)2R301D,
-C(R30a)=N(R3a), and - =N(OR3a); R3" in each
occurrence is independently|selected fromH,

C _6al kyl, carbocyclyl, a ,\‘?t erocycl yl;

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, | H) 8.87 (s, 2 H) 9.72 (s, 1 H) 9.86 (s, 1 H).
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R3013 in each occurrence is independently sel ected
fromC _6al kyl, C2_6al kenyl, C2_6al kynyl, carbocyclyl,
w@ewshat7es ocycl yl ; R4 in each occurrence is  PCT/GB2008/050321

i ndependently selected fromhalo, -CN, G _6al kyl,

C2_6al kenyl , C2_6al kynyl, carbocyclyl, heterocyclyl,

-Cea, -Sea, - N(R40a)2, N(R40a)c (0)R4O0b,

_N(R4oa) N(R40a, , 2 ) N2, -C(0O)H, -C(0)R401', _c

(0)2R40a, ¢ (O)N (R40a 2, ) -0C(0)N(e2t)2, N( R4oa) c
Exa,ﬁ])ealgma N (R4oa)c (0) N( Rdoa) 2,

S( 0) 2N(R40a) 2, -N
fRA 62 ghyla - | H- pyrazel-3-yij- 3H%1m1@azof4 5-
- ORAO R "in each occurrence is mdependently

b 1(191 ol fromH C _6al kyl, carbocyclyl, and
heterocyclyl; and R40' im ch currence is
i ndependent |y sel ected fjromn\d Mgyl , C2_6al kenyl ,
C2_6al kynyl , carbocyclglxd@nd hetefocyclyl.

_~N

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°-[(LS)-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,3 H)2.28 (s,3 H) 5.08 (s, l H) 6.33 (s, 1 H) 6.65 (s, 1 H) 7.71 (s, 1 H) 8.77 (s, 2
H).

Example 17
N-[(1.9)-1-(5-Fluoropyridin-2-yDethyl]-3-(5-methyl- l H-pyrazol-3-y1)-3H-imidazo[4.5-b]pyridin-

Nﬁ\ N\
X _
N

S5-amine

The title compound was prepared using a procedure similar to the one described for the synthesis
of Example 15 using N°-[(15)-1-(5-fluoropyridin-2-yl)ethyl]-N’~(5-methyl-1 H-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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2. A conpound of Formula (1), or a pharmaceutically
acceptable salt thereof, as clained in claiml1,
wob@sa3I18) i s sel ected fromN and C(R3); and RBCT/€B2008/050321
sel ected fromH and halo. 3. A conmpound of Fornul a
(1), or a pharmaceutically acceptable salt thereof, as
claimed in either one of clains 1 or 2, wherein Rl is
selected fromH, -CN, G _6al kyl, C2 6al kenyl,
C2_6al kynyl, 3- to 5-nenbered carbocyclyl, 5-nenbered
H) 6B AM.AGYSIsYh, 2ARRYa&1 $R1a) 8.4 NRUD hHC(O)le
)6:%&9& a’%ﬁl?%ﬂl()é, &N?;Z,@-C(é)o% Hi’\{(s:qié!%bﬂﬂg ))
-C(O)N(le)2, -0C(O)N(Ri a)2, NRi a)C(O)ZRa
ExamNeRgd) (0) N(Ri 1) 2, -0C(0) le, -S(0)1le, -S(0)2R',
2N(R a)2, N(Ria)S(0)21le, -C(Rth)=N(R a), and
N-[(E0(1 RS Rl erdd6 i3RI diin)- 2 - viRke th v D - Eaimbthele tidply eacle3 -vB-9 H-purin-2-amine
i ndependently selected fromH, C  6al kyl, 3- to
5- menber ed carbocyclyl, and 5/TeNbered heterocyclyl ;
Rib in each occurren\c@ad ently selected from
G _6al kyl, C2_6al kenyl ] 3- to 5-nenbered
car bocyclyl and 5- mentidied hehqoclm

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-Fluoropvrimidin-2-vDethyl]-9-(5-methyl- 1 H-pyrazol-3-y1)-6-(morpholin-4-

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

0] N—_:\
N N
A Ao
O(\\) Nl?N \L<NH

HN

N °N

.
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4. A conpound of Formula (1), or a pharmaceutically
acceptable salt thereof, as clainmed in any one of
web@snss78sto 3, wherein R2 is sel ected from H, PaEGB2008/050321
-CN, G _6al kyl, C2_6al kenyl, C2_6al kynyl, carbocyclyl,
heterocyclyl, _OR2, -SR2a, -N(R2a)2, -N(R2a)C(0)R21D,
-N(R2a) N(R2a) 2, -NO2, -C(0)H,
C(0) R2", -C(0) 2R2a, - C(0) N( R2a) 2, - 0C( 0) N( Rz2a) 2, - N(R2a)C(
0) 2R2a, N(Rza) C(0) N( R2a)2 -0C(0)R2", -S(0)R2
The R nfAnd washRhAM B&ﬁ ’procMLBg §1)n§(a9}(2tlﬁg Bne descrlbed for the synthesis
C(R2a) =N(R2a), and - az; R2a .in each
of Exsuaple deyseng AV s[(mdlebfeﬂui@npyrymdm 2obely V6 #ethyl-1H-pyrazol-3-y1)-6-
a 4h c Bl i.n
(mo@e&%—%ﬁ%éﬁbpgﬂi-g%ﬁ%(ﬁ)lyylb”lédlgg %@fngeYﬁlt%(tjmded?ﬂg Y- as the starting
matefihl. 6&]1\1&3*%53@24@6}] kenpir 602545(:11 kymny b D9c(§,r30H¢\}QI8y3 70 @nd8 H) 4.97 -
het er ocycl yl
5.29 (it WG AN 5GobPh ABES 2L ARkRebH). as ci ai med
in any one of clains 1 to 4, wherein R4 is sel ected
from C _6al kyl, C2_6al kenyl, C2_6al kynyl, wherein said
Exaraple#)| kyI Cc2_ 6a| kenyl, C2_ 6al kynyl may be optionally

/K}g (tetrahydro-2 H-pyran-
O —C€N,

H
N
¢! N*N H
HN
Z N
“~ |

The title compound was prepared using a procedure similar to the one described for the synthesis
of Example 4 using N>-[(1S)-1-(5-fluoropyridin-2-yl)ethyl]-N*-(5-methyl-1H-pyrazol-3-yl)-5-
nitro-N~(tetrahydro-2 H-pyran-4-yl)pyrimidine-2,4,6-triamine (Intermediate 53) as the starting
material. LCMS: 438 [M+1]. 'TH 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



a, -Sea, -N(R40a)2, _N (R40a)c(0)R40b, C2_6al kynyl,
carbocyclyl, heterocyclyl, N R4oa)N (R 40a., )2, NC2,
WO a{08)13%785 C(0) R401', -C(0)2R40a, - C(0) N( R40a) 2PCT/GB2008/050321
-0C(0) N(R40a) 2, N(R4a)c(o)2ea, -N(R4a)c(o)N(R42t) 2,
-oc(o)eb, -S(0)R401', -s(o0)2el" , -N()s(0)2b, R40aR4
_c()=N(0a), S(0)2N(R4a)2, RA0aR40and - C(R4a)=N( CR4a) ;
R40a in each occurrence is independently selected from
H, G _6al kyl, carbocyclyl, and heterocyclyl; and R4"
in each occurrence is independently selected from
C _6al kyl, C2_6al kenyl, C2_6al kynyl, carbocyclyl, and
Example@docycl yl .

N-[(LS)-1-(5-Fluoropvridin-2-yDethyl]-6-methoxy-9-(5-methyl- 1 H-pyrazol-3-y1)-9H-purin-2-

amine
N:':\
N
/Oj/g( \(\_

| N—N
Nj?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-ﬂuoropyridin-2-yl)ethyl]-6-meth0xy-1\]4 -(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, 1 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-[(LS)-1-(5-Fluoropvridin-2-yDethyl]-9-(5-methyl-1 H-pvrazol-3-y1)-6-morpholin-4-v1-9H-

purin-2-amine
~ "N
. I
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-fluoropyridin-2-yl)ethyl]-N*-(5-methyl-1H-pyrazol-3-yl)-6-

I
pd
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6. A conmpound of Forrmula (1), or a pharmaceutically

acceptable salt thereof, as clainmed in any one of
web@snss78sto 5, wherein R5 is halo. 7. A conpoupdr/GB2008/050321

Formula (I): Formula (1) or a pharnaceutically

acceptable salt thereof, wherein Qis selected fromN

and C(R3); Dis selected fromN and CH, Rl is selected

frommethyl, cyclopropyl, isopropoxy, and ethoxy; R2

is selected fromH, nethoxy, norpholin-4-yl,

rp%bmm-@ﬂlﬂ%‘&rﬁfﬂid%é@x@&%ﬂﬂﬂe (Bt€rmediate 58) as the starting material.
tetrahydro yran-4-ylamno; R3 is selected fromH,

LCMS: ot {MJFéhdH(NMBr(é@O N7, £€D5di)ect.ed (d, Bdin bt sy B et By3.74 (m, 4H)
4153 QY QXN TB i, 130% 44 s, 111) 7.24-7.36 (m, 2H1) 7.95 (s, 1) 8.38 (d, 111).

Example 23
3-(5-Ethoxy-1H-pyrazol-3-vD)-N-[(15)-1-(5-fluoropvridin-2-yDpropyl ]-3H-imidazo[4.5-

blpyridin-5-amine

N=
N /N\NH
L
AN O—\
HN
N
S I

The title compound was prepared using a procedure similar to the one described for the synthesis
of Example 9 using N°-(5-cthoxy-1H-pyrazol-3-y1)-N°-[(18)-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), 830 (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- 1 H-pyrazol-3-yD-N-[(LS)-1-pyrimidin-2-ylethyl]-3 H-imidazo[4.5-b]pyridin-5-

N::\ Ne.
N—¢ "NH
N \<;<
@ o~

HN

amine

N °N

NG
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R5 is fluoro. 8. A conpound of Fornula (1), or a
phar maceutically acceptable salt thereof, as clained
wo moangs7ehe of clainms 1 to 7, for use as a nmedPCEHOBZ0S/050321
WO 2008/ 135785PCT/ GB2008/ 050321 9. The use of a
compound of Formula (lI), or a pharmaceutically
acceptable salt thereof, as clainmed in any one of
clains 1 to 7, in the manufacture of a nedicanment for
the treatment of cancer. 10. A method for treating

The %aB§ %Bm'pﬂurﬁi Wak PrlaRAAeGn 2RI PBLedRHE Bindifir T Nhe AL Uescribed for the
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The title compound was prepared according to the procedure described for Example 4 using
Ethyl 2-{[(15)-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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with a conmpound of Formula (B): H2N >NH Fornul a (B);

and 2) Process B - reacting a conpound of Formula (CO):
WON2008l13378NH Formula (C) with a conpound of Forpai/aBgddB 050321

H2NR4 Formula (D) and thereafter if appropriate:

Claims

What is claimed is:

1. A compound of Formula (I):

Formula (I)

or a pharmaceutically acceptable salt thereof, wherein
Q is selected from N and C(R®);
D is selected from N and CH;

R! is selected from H, -CN, Ciealkyl, Cyealkenyl, C,ealkynyl, 3- to S-membered
carbocyclyl, 5-membered heterocyclyl, -OR™, -SR™, -N(R'"™),, -N(R™C(O)R™,
NRUNR?,, -NO,, -C(OH, -C(O)R", -C(O}R", -C(O)N(R"),, -OC(O)N(R™),
NR™C(O)R™, -NR™C(O)N(R'™),, -OC(O)R'™, -S(O)R'™, -S(0),R", -S(0),N(R'),,
NR™S(O)LR™®, -CR™=NR'™), and -C(R™=N(OR'™), wherein said Cpealkyl,
Cyealkenyl, C, galkynyl, 3- to S-membered carbocyclyl, and 5S-membered heterocyclyl are

optionally substituted with one or more R'’;

R'™ in each occurrence is independently selected from H and Cygalkyl, 3- to 5-membered

carbocyclyl, and 5-membered heterocyclyl, wherein said Cisalkyl, 3- to 5-membered

carbocyclyl, and S-membered heterocyclyl in each occurrence are optionally and

independently substituted with one or more R'?;

R"™ in each occurrence is independently selected from Cy_galkyl, Casalkenyl, Cy.alkynyl,

3- to S5-membered carbocyclyl, and 5-membered heterocyclyl, wherein said Cj.galkyl,

Caealkenyl, C,ealkynyl, 3- to S-membered carbocyclyl, and 5-membered heterocyclyl in

each occurrence are optionally and independently substituted with one or more R'?;
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i. converting a conpound of Fornmula (1) into another

conpound of Formula (1); ii. renpbving any protecting
w@emapss7sand/ or iii. form ng a pharnmaceuti cal | BCT/GB2008/050321

acceptable salt, wherein L in each occurrence is the

same or different, and is a | eaving group.

R? is selected from H, halo, -CN, Cealkyl, Caealkenyl, Cyealkynyl, carbocyclyl,
heterocyclyl, -OR*, -SR*, -N(R™),, -N(R™)C(O)R™, -N(R™N(R*),, -NO,, -C(O)H,
-C(OR™,  -C(OpR*,  -COONR™,  -OCONR™.  -NR*)CORR™,
NR™)C(O)N(R™),, -OC(O)R®, -S(O)R™, -S(O)R™, -S(O),N(R*™),, -N(R*)S(0),R”™,
-C(R*™=N(R*), and -C(R*=N(OR™), wherein said Cealkyl, Cyealkenyl, Cy.ealkynyl,
carbocyclyl, and heterocyclyl are optionally substituted with one or more R?’;

R* in each occurrence is independently selected from H, Ci.ealkyl, carbocyclyl, and
heterocyclyl, wherein said Ci_galkyl, carbocyclyl, and heterocyclyl in each occurrence are
optionally and independently substituted with one or more R*;

R in each occurrence is independently selected from Cy_galkyl, Casalkenyl, Cy.alkynyl,
carbocyclyl, and heterocyclyl, wherein said Cigalkyl, C,galkenyl, C,alkynyl,
carbocyclyl, and heterocyclyl in each occurrence are optionally and independently
substituted with one or more R*’;

R® is selected from H, halo, -CN, Cgalkyl, Csealkenyl, Cyealkynyl, carbocyclyl,
heterocyclyl, -OR*, -SR**, -N(R**),, -N(R*)C(O)R™, -NR*)N(R*),, -NO,, -C(O)H,
-COR™,  -CORR™,  -CONR™:;  -OCONR™:  -NR®COLR™
NR*®*C(O)NR™),, -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™), wherein said Cy.¢alkyl, Cy.ealkenyl, Cs.ealkynyl,
carbocyclyl, and heterocyclyl are optionally substituted with one or more R*%;

R* in each occurrence is independently selected from H, Cpealkyl, carbocyclyl, and
heterocyclyl, wherein said Ci_galkyl, carbocyclyl, and heterocyclyl in each occurrence are
optionally and independently substituted with one or more R*;

R™ in each occurrence is independently selected from Csalkyl, Cs.galkenyl, Cs.galkynyl,
carbocyclyl, and heterocyclyl, wherein said Cigalkyl, C,galkenyl, C,alkynyl,
carbocyclyl, and heterocyclyl in each occurrence are optionally and independently
substituted with one or more R*’;

R* is selected from H, -CN, C_alkyl, Cs.alkenyl, Co.ealkynyl, carbocyclyl, heterocyclyl,
NR™COR™, -NR™NR™),, -NO,, -C(O)H, -C(O)R™, -C(O),R*®, -C(O)NR™),,
-OC(ON(R™),, -N(R*™)C(0),R*, -N(R*™)C(O)N(R™),, -OC(O)R™, -S(O)R™, -S(0O),R™,
-S(O):N(R™),,  -NR™S(0),R™, -C(R*™)=N(R"), and -C(R*)=N(OR™), wherein said
Ciealkyl, Csealkenyl, C,galkynyl, carbocyclyl, and heterocyclyl are optionally
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substituted with one or more R*’;

R* in each occurrence is independently selected from H, Ci.ealkyl, carbocyclyl, and
heterocyclyl, wherein said Ci_galkyl, carbocyclyl, and heterocyclyl in each occurrence are
optionally and independently substituted with one or more R*;

R* in each occurrence is independently selected from Cygalkyl, Casalkenyl, Cy.alkynyl,
carbocyclyl, and heterocyclyl, wherein said Cigalkyl, C,galkenyl, C,alkynyl,
carbocyclyl, and heterocyclyl in each occurrence are optionally and independently
substituted with one or more R*’;

R® is independently selected from halo, -CN, Cjgalkyl, C,salkenyl, C,salkynyl,
carbocyclyl, heterocyclyl, -OR™, -SR™, -N(R™),, -N(R**)C(O)R™, -N(R*)N(R**),, -NO»,
-C(O)H, -C(O)R™, -C(ORR™, -CONR™., -OCONR™., -NR™CO:R™,
NR™C(O)N(R™),, -OC(O)R™, -S(O)R™, -S(O),R™, -S(O),N(R*™),, -N(R**S(0),R™,
-C(R*=N(R), and -C(R**)=N(OR™);

R> in each occurrence is independently selected from H, Cpealkyl, carbocyclyl, and
heterocyclyl;

R in each occurrence is independently selected from Cyalkyl, Cs.galkenyl, Cyalkynyl,
carbocyclyl, and heterocyclyl;

R" in each occurrence is independently selected from halo, -CN, Cpalkyl, Cy.alkenyl,
C,ealkynyl, carbocyclyl, heterocyclyl, -OR'™, -SR'% -N(R'*),, -N(R**)C(O)R'™,
NR""™NR'™),, -NO,, -C(O)H, -C(O)R'®, -C(0),R'™, -C(O)N(R'™),, -OC(O)N(R'"),,
_N(RIOa)C(O)zRIOa, -N(Rloa)C(O)N(Rloa ., -OC(O)RIOb, -S(O)RIOb, -S(O)zRIOb,
-S(O)zN(Rloa)z, _N(RIOa)S(O)zRIOb, _C(RIOa):N(RIOa), and -C(Rloa):N(ORloa);

R'" in each occurrence is independently selected from H, Cypealkyl, carbocyclyl, and
heterocyclyl;

R' in each occurrence is independently selected from Cealkyl, Cs.alkenyl, Cy.alkynyl,
carbocyclyl, and heterocyclyl;

R in each occurrence is independently selected from halo, -CN, Cpgalkyl, Cy.alkenyl,
Caealkynyl, carbocyclyl, heterocyclyl, -OR*™, -SR*™ -N(R*™),, -NR*™C(O)R*™,
NR)INR™),, -NO,, -C(O)H, -C(O)R™, -C(0),R*™, -C(OIN(R™™),, -OC(ON(R™),
-N(Rzoa)C(O)szoa, -N(Rzoa)C(O)N(Rzoa ., -OC(O)RZOb, -S(O)RzOb, _S(O)szob,
-S(O)zN(Rzoa)z, -N(Rzoa)S(O)zRZOb, _C(Rzoa):N(Rzoa), and _C(Rzoa):N(ORzoa);
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R™ in each occurrence is independently selected from H, Cyalkyl, carbocyclyl, and
heterocyclyl;

R*™ in each occurrence is independently selected from Ci.salkyl, Ca.salkenyl, Cs.galkynyl,
carbocyclyl, and heterocyclyl;

R* in each occurrence is independently selected from halo, -CN, Ciealkyl, C,.¢alkenyl,
Caealkynyl, carbocyclyl, heterocyclyl, -OR™, -SR*% -N(R**™),, -N(R***)C(O)R’™,
NERPNR™),, -NO,, -C(O)H, -C(O)R’™, -C(0),R*™, -C(O)N(R*"™),, -OC(O)N(R*™),,
-N(R303)C(O)2R303, -N(R303)C(O)N(R3oa)2, -OC(O)R3Ob, -S(O)R3Ob, -S(O)2R30b,
-S(O)zN(R3oa)2, _N(R3Oa)S(O)ZR3Ob, _C(RBOa):N(R3Oa), and -C(RBOa)ZN(ORBOa);

R* in each occurrence is independently selected from H, Cyalkyl, carbocyclyl, and
heterocyclyl;

R* in each occurrence is independently selected from Calkyl, Cs.alkenyl, Cy.alkynyl,
carbocyclyl, and heterocyclyl;

R* in each occurrence is independently selected from halo, -CN, Cealkyl, C,.¢alkenyl,
C,ealkynyl, carbocyclyl, heterocyclyl, -OR™?, -SR** -N(R*),, -NR"C(OR™™,
NERY™NRY™),, -NO,, -C(O)H, -C(O)R*™®, -C(0),R*™, -C(O)N(R*™),, -OC(O)N(R*™),,
-N(R403)C(O)2R4oa, -N(R403)C(O)N(R4oa)2, -OC(O)R4Ob, _S(O)R4Ob, -S(O)2R4Ob,
-S(O)zN(R4oa)2, _N(R4Oa)S(O)ZR4Ob, _C(R4Oa):N(R4Oa), and -C(R4oa)=N(OR4oa);

R* in each occurrence is independently selected from H, Cyalkyl, carbocyclyl, and
heterocyclyl; and

R*" in each occurrence is independently selected from Cgalkyl, Cs.alkenyl, Cy.alkynyl,

carbocyclyl, and heterocyclyl.

A compound of Formula (I), or a pharmaceutically acceptable salt thereof, as claimed in
claim 1, wherein
Q is selected from N and C(R?); and

R? is selected from H and halo.

A compound of Formula (I), or a pharmaceutically acceptable salt thereof, as claimed in
either one of claims 1 or 2, wherein

R! is selected from H, -CN, Ciealkyl, Cyealkenyl, C,ealkynyl, 3- to S-membered
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carbocyclyl, 5-membered heterocyclyl, -OR™, -SR™, -N(R'"™),, -N(R™C(O)R™,
NR™NR™), -NOy, -C(OH, -C(OR™, -C(O}R", -C(ONR™)z, -OC(O)N(R"),,
NR™C(O)R™, -NR™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');

R'™ in each occurrence is independently selected from H, Cpealkyl, 3- to 5-membered
carbocyclyl, and 5S-membered heterocyclyl;

R"™ in each occurrence is independently selected from Calkyl, Csgalkenyl, Cs.galkynyl,

3- to 5-membered carbocyclyl, and S-membered heterocyclyl.

A compound of Formula (I), or a pharmaceutically acceptable salt thereof, as claimed in
any one of claims 1 to 3, wherein

R? is selected from H, halo, -CN, Cealkyl, Caealkenyl, Cyealkynyl, carbocyclyl,
heterocyclyl, -OR*, -SR*, -N(R*),, -N(R*)C(O)R?, -N(R*)N(R*),, -NO,, -C(O)H,
-COR™,  -CORR™,  -CONR™.  -OCONR™.  -NR¥)CO:R™,
NR™)C(O)N(R™),, -OC(O)R®, -S(O)R™, -S(O)R™, -S(O),N(R*™),, -N(R*)S(0),R”™,
-C(R*=N(R™), and -C(R**)=N(OR™);

R* in each occurrence is independently selected from H, Ci.ealkyl, carbocyclyl, and
heterocyclyl; and

R in each occurrence is independently selected from Cy_galkyl, Casalkenyl, Cy.alkynyl,
carbocyclyl, and heterocyclyl.

A compound of Formula (I), or a pharmaceutically acceptable salt thereof, as claimed in
any one of claims 1 to 4, wherein

R* is selected from Cy_galkyl, C,.galkenyl, Cy.salkynyl, wherein said C,_salkyl, Cs.alkenyl,
C».¢alkynyl may be optionally substituted with one or more R*;

R* in each occurrence is independently selected from halo, -CN, Cealkyl, C,.¢alkenyl,
Caealkynyl, carbocyclyl, heterocyclyl, -OR™, -SR*® -N(R*),, -NR*™CO)R*,
NR™NRM),, -NO,, -C(O)H, -C(O)R*™, -C(0),R*™, -C(O)N(R*™),, -OC(O)N(R*™),,
NERPCORRYM™,  NER)CONRM),,  -OCOR,  -S(ORY™,  -S(0),R*®,
SS(0)N(R¥2),, -NR¥S(0),R*P, -C(R*)=N(R*?), and -C(R***)=N(OR*?);

R* in each occurrence is independently selected from H, Cpalkyl, carbocyclyl, and
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heterocyclyl; and
R* in each occurrence is independently selected from Csalkyl, Cyealkenyl, Cyalkynyl,

carbocyclyl, and heterocyclyl.

A compound of Formula (I), or a pharmaceutically acceptable salt thereof, as claimed in
any one of claims 1 to 5, wherein

R’ is halo.

A compound of Formula (I):

Formula (I)

or a pharmaceutically acceptable salt thereof, wherein

Q is selected from N and C(R®);

D is selected from N and CH;

R' is selected from methyl, cyclopropyl, isopropoxy, and ethoxy;

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

R is selected from H, fluoro, and chloro;

R* is selected from methyl, ethyl, and hydroxymethyl; and

R? is fluoro.

A compound of Formula (I), or a pharmaceutically acceptable salt thereof, as claimed in

any one of claims 1 to 7, for use as a medicament.
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10.

11.

12.

13.

14.

The use of a compound of Formula (I), or a pharmaceutically acceptable salt thereof, as
claimed in any one of claims 1 to 7, in the manufacture of a medicament for the treatment

of cancer.

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 compound of Formula

(I), or a pharmaceutically acceptable salt thereof, as claimed in any one of claims 1 to 7.

A compound of Formula (I), or a pharmaceutically acceptable salt thereof, as claimed in
any one of claims 1 to 7, for use in the treatment of cancer in a warm-blooded animal

such as man.

A compound of Formula (I), or a pharmaceutically acceptable salt thereof, as claimed in
any one of claims 1 to 7, for use in the treatment of an inflammatory disorder in a warm-

blooded animal such as man.
A pharmaceutical composition comprising a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, as claimed in any one of claims 1 to 7, and at

least one pharmaceutically acceptable carrier, diluent, or excipient.

A process for preparing a compound of Formula (I), or a pharmaceutically acceptable salt

thereof, as claimed in any one of claims 1 to 7, wherein said process is selected from:

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

NH,
R% H N
P Z “NH
DO
|
R
HNIR4
D ™N

R Formula (A);
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with a compound of Formula (B):

H,N

’ >=NH

H
Formula (B); and

2) Process B — reacting a compound of Formula (C):

Formula (C)

with a compound of Formula (D):

Formula (D)

and thereafter if appropriate:

PCT/GB2008/050321

i. converting a compound of Formula (I) into another compound of Formula

D

ii. removing any protecting groups; and/or

iii. forming a pharmaceutically acceptable salt,

wherein

L in each occurrence is the same or different, and is a leaving group.
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