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Cyt oki ne pat hways nedi ate a broad range of biol ogical functions, including

many aspects of inflammation and i munity. Janus ki nases (JAK), including
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transduction. Cytoki ne engagenent with cognate receptors triggers
activation of receptor associated JAKs and this | eads to JAKnedi at ed

tyrosi ne phosphorylation of signal transducer and activator of
transcription (STAT) protei nFang g tTaRtrekEyTigNanscri ptional activation of
specific gene sets (Schindler et al., 2007, 15 J Biol. Chem 282:
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ot her experinental evi denceBACKGROUND OF IBAKATWON initially identified in a
screen for novel kinases (WIlks A F., 1989, Proc. Natl. Acad. Sci. U S A
86: 1603-1607). Cenetic and biochem cal studies have shown that JAK1 is
functional |y and @H9sine arthyagswedipgradiosd tange albiplpgical fungienst meldinge. g. |

| FNal p ' . | . . y hne
recept I;[II Qﬂé’oé%gcgéésmg%%aég%%2(\1/1(51?%1?“1%'. E&glgggﬁ legse(?éKié@ﬂﬁdlggjgﬁgv;ﬂg “al .,
2009, NaK3 ReNTYKDlarc GedpladbhiolprotinGddascHihat astdchieavithttypd [ and292I1 Cel |, 109
|.): $121-S131). JAKLl k kout, m die. i 1y d to defects i
Ifgpfe(f)éfﬁme TS GRRLP Iamgre(gklaé%%f?ék}gg @g?%ﬁrgpsézgaggr Ggﬁ %E@Ié.gaguegw,n? W}tghgg Zt "
al., 2 - - . ! i fiatid_ssues
deri ve%g%?%%%ck%f%(%gifgﬁwvﬁi} lggggé%n%ﬁéfﬁ?%%gglgﬁ %Ié ﬁf;ﬁo egéik I?ojfkth hi s ki nase
i n t he médhted tyrdOGne phosBhdrivtation ofde@) 1Oh BTEASRET UHR0NT DEB{(1bnARUAN - 6

th . Ah ' | anal. antibody t ting the. lL-6
CToct Bt A b S Ten DB Pl AP eh s R s ALl & o/ e
t r a3t meng; picpdesateosResL Vel TARVNRHONIK 264 Kbit bisad pardal afe%ésﬁr et al.,
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di seases. 20An activating nutation in the tyrosine kinase JAK2 is
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human JAK2 protein (V617F). Additional nmutations in JAK2, commonly found in
25exon 12 and referred to as exon 12 nutations, also have an activating
effect and can lead to MPD. Furthernote, a T875N mutati on was associ at ed

wi t h megakaryobl astic | eukemia. Finally, JAK2 fusion proteins have been
identified in acute | eukem as. The V617F nutation functions to
activate JAK2, which leads to MPD. In non-nmutated form JAK2 is linked to
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5l evel s of platelets can also result from aberrant JAK2 activation.
Conmpounds are needed that inhibit JAK2, which would be beneficial to

pati ent s wotzhiok&ka9dri ven myel oproliferative di sorders, pas/useddo/oemis ot her
di seases that are responsive to the inhibition of JAK2. Such di seases

i ncl ude both di seases in which JAK2 is activated by nutation or

anplific as wel ease i ch JAK2 nis a part 10
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rnuta on nlétignss%'o activate JAK2, which leads to MPD. In
non-mutated form, JAK2 is linked to cytokine receptors (i.e. EPO-R, TPO-R and others) and
30  only gets activated if the receptor itself is activated by stimulation with the cognate cytokine

ligand. Hematopoiesis as a whole is then regulated through the availability of ligands. For



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Ref erence w ||l now be nade
in detail to certain enbodi nents, exanples of which are illustrated in the
acconpanywogosiosum ur es and forrmul as. Wil e the inventi eaTaiskéosbssone
described in conjunction with the enunerated enbodi nents, the invention is
intended to cover all alternatives, nodifications, and equivalents whi ch
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non-aromati c, saturated or partially unsaturated hydr o€arbon ring group
wher ei nV.thmug!. G&Meda]55@$80g92)d¥flcmfy abe2 )9t Nah Kb ﬂ)@tgb@zwavuS é6513ﬁﬂ)e|dendent ly

cvcl oargiogy B ets bl e AST7 i B Pedh oy ePR S BT Fal e

cycl oaltkating &rékdr Bischs3-(Viaandd ot 2604, O, En%SJOMQW%Q)Q@@h@? t he cycl oal kyl
group, as a nonocycle, is C3-C8, C3-C6 or -C6. In another exanple, the

cycl oal kyl group, as a bicycle, is C7-Cl2. In another exanple, the
30cycl oal kyl group, as a spiro system is C5-C 12 . Exanples of nobnocyclic
cycl oal kyl i nclude cycl opropyl, cyclobutyl, cyclopentyl,

1-cycl opent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3- WO

2010/ 051549PCT/ US2009/ 063014 enyl, cycl ohexyl, 1 -cyclo hex-1 -enyl, 1
-cycl ohex-2- enyl, 1 -cyclohex-3 -enyB, cycl ohexadi enyl, cycl oheptyl,

cycl ooctyl, cyclononyl, cyclodecyl, cycloundecyl and cycl ododecyl .

Exenpl ary arrangenments of bicyclic cycloal kyls having 7 to 12 ring atons
|nclude but are not Iinited to, [4,4], [4,5], [5,5], [5,6] or [6,6] ring
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Exanpl e aryl groups include, but are not limted to, phenyl, naphthal enyl,
ant hracenyl, indenyl, indanyl, 1,2-dihydronapthal enyl and

1, 2, 3, 4- twonatwyduzamapht hyl . I n one exanple, aryl includestpaisesvglos3oiHal o"
refers to F, O, Br or I. 20"Heterocyclyl" refers to a saturated, partially
unsaturated (i.e., having one or nore double and/or triple bonds within the
ring) or aromatic (heteroaryl) cyclic oup in which at |east one ring atom
is a heteroaton1independentl;ﬁgg%égﬁéagimgﬁ¥FVFYogen, oxygen, phosphorus
and sul fur, the remaining ring atons being carbon. The heterocyclyl group
may be optional | YogUbstddiMERdnMLA& Qe RUndBI BolgHls]:i tuent s descri bed

bel ow. In one enbodi nent, 25heterocyclyl includes nonocycles or bicycles
having 1 to 9 carbon ring atoms (G -C9) wigh the remaining ring atons being
het eroatons selected fromN, 0, S and P. I|n ot her exanples, heterocyclyl

i ncl udes nonocycl es or bicycles having CLAQ5, Cg705, C3-C9 or C4-05, with
the remaining ring atons being het ected fromN, 0, Sand P. In
anot her enbodi nent, heterocyclgi—cl udes norjocyclic 3-, 4-, 5-, 6- and
7-menbered rings, WD 2010/ 051549P 3014 containing one or nore
het er oat oms i ndependently sel ected from NN"O an&?S, with the renaining ring
atons being carbon. In another enbgdi nent, heterocyclyl includes nonocyclic
5-, 6- and 7-nenbered rings, cod ing one or nore heteroatons

i ndependently selected fromN, 0, S ad P. Exanples of bicycle systens

i nclude, but are not limted to, 5[3,5], [4,5], [5,5], [3,6], [4,6], [5,6],
or [6,6] systens. |In another enbodi nentlp heterocyclyl includes bridged ring
systens having [2.2.1], [2.2.2], [3.2.2] and [4.1.0] arrangenents, and
havisng 1 to 3 hetcannt@inrs, dateoneds i gnrdcedticdlysardefPable pal@nidrbef

enbodi nent,. hatesogycl yl includes spiro groups having 1 to 3 heteroatons
sel ect e"{flhqr?%%t l\ﬁ % agdér?&ie Ef.flmleazlef?é‘?er ocyclyl group may be a carbon-Iinked
group or heteroatomlinked group. 10"Heterocyclyl" includes a heterocyclyl
group fused to a GycdmRddimbat indtRARrQGYGIoMhd oPFSEUINE! udes a heterocyclyl
group fused to an, aryl or heteroaryl group. Additional exanple

het erocycl yl groups include 2, 3-di hydrobenpgof uranyl, octahydrobenzof uranyl,
1, 3- di hydroi sobenzof uran, chromanyl, isodhromanyl, thiochronmanyl,

i sot hi ochromanyl, 2, 3- dihydrobenzohb]thi H
2, 3-di hydr obenzo[ b] t hi ophene 1, 1-di . 5 15di hydr obenzo[ c] t hi ophene,
1, 3-di hydrobenzo[ c] t hi ophene R’ e, isqindolinyl, indolinyl and

2, 3-di hydro-1H pyrrol of 2, 3-b] pyri di = Exenpl ary heterocyclyl
groups include, but are not limted/to, oNTanyR? aziridinyl, thiiranyl,
azetidinyl, oxetanyl, thietanyl, 1,/2-dithietanyl, 1,3-dithietanyl,
pyrrolidinyl, piperidinyl, norp# |, thionorpholinyl, thioxanyl,

pi perazi nyl, 20honopi perazi nyl, honogi peridinyl, oxepanyl, thiepanyl,
oxazepinyl, diazepinyl, thiazepinyl, dihydrothienyl, dihydropyranyl,

di hydrof uranyl, tetrahydrofuranyl, tetrhhydrothienyl, tetrahydrothienyl

1, 1-di oxi de, tetrahydrothienyl 1-oxide, tetrahydropyranyl,

t etl0ahydr ot hi opy reaagtiomers,slrastayioinreys or phapyacenticallyl accéptahie sadtsithgreof, i ndol i nyl

2H pyranyl .. 4hpys a dj exanyl ,. 1, 3-di oxol anyl, pyrazolinyl,

pyr azo|‘?r’]'}dl‘ir¢%9ﬂ{d’ K %"%y%h@?|4eﬁa?c%f8ﬁnany| . 25pyrazolidinylim dazolinyl,

i m dazol i di nyl, 3-azabicyco[ 3. 1.0] hexanyl, 3- azabicyclo[4.1.0]heptanyl and
azabi cycl o[ 2. 2. 2] htayembolasmliudet a phiei-Re@tMCEothp@itarhatieclgdd .2 ring
atomis substituted with oxo (=0) are pyrimdinonyl and )

1, 1- di oRswePredhel Prelulsla and prbanpicspieally]agrengrbbeigriere pdinram pe velpeleonal | y
substituted i ndependently with one or nore substituents described herein.
Het er ocycl es are i i Ao PEENC dern
Het er ocyclic Cherﬁg@t? ?é;"e %&%@%ﬂ%ﬁgﬁphmcﬁ%d@ cofélgdgl)it%ggéttq ﬁ%lg ee?rMF y

Chdpt ercenipould oAForGyula] araindplymidtue clheavicsitalyle ofirrice tadjusentalrivehiClenpounds, A
WO 2010/ 051549PCT/ US2009/ 063014 seri es of Mnographs” (John Wl ey & Sons,

New York, 1950 to, present),.in partjcul ar, Volynes 13,, 14,.1 19, .and. 28;
and 3o A onem AR T lbidsS §nidinodor iR Rng g teathintihs By
refers 4 @s@Be 8 @aitios rePoRACY & the iftAIHERLT A MA KM g abtivigakta pafiént! i ng at om
is a heteroatom i ndependently selected fromnitrogen, oxygen and sulfur, 5

the remaining ring atons bei ng carbon. Heteroaryl groups may be optionally
substituted with one or nore substituents described herein. In one exanple,
the heteroaryl group contains 1 to 9 carbon ring atons (G -C9). In other
exanpl es, the heteroaryl group is C-05, C3-05 or C4- C5. In one

enbodi ment, exenplary heteroaryl groups include nonocyclic aromatic 5-, 6-
and 7-nmenbered rings containing one or nore heteroatons independently
selected fromnitrogen, 10 oxygen, and sul fur. In another enbodi nent,
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pyrroline, 3-pyrroline, imdazole, imdazolidine, 2-imdazoline,

3-im dazoline, pyrazole, pyrazoline, 2-pyrazoline, 3-pyrazoline,

pi peri di ngQ 2piopsus2i ne, indole, indoline, 1Hindazole, posiusz@/0300fi a

i soi ndol e, or isoindoline, position 4 of a nDrphoIine, and position 9 of a
5car bazol e, or -carboline. "Treat" and "treatnent" includes
bot h therapeuti treatne t.and.pro ac or event ati ye nmeasur

wher ei FOMRESEgBENT P CEG Ry aar S b TRLELERy My § sEEPY

physi olRgiagl1achange or di sorder, such as the devel opnent or spread of
cancer. For purposes of this invention beneficial or desired cIinicaI
results include, but are not limted to, 10alleviation of synp

di mi ni shment of eXaashar carbodinac acludes amrathadeef f(gatieg or lﬁﬁﬁenW@rt%%ifﬂVﬁ@f)Y oft at e
of dis n

pal 11 acs Secesf O fobaRlon3:@8hPe & R fiRAGH BEPOK 7 plaRDac T 14 PORICRTTRE oy ).
whetshermeted @ trichlleeadministgigac tiadpagient' altheapemitally effectbk smouaest pr ol ongi ng
survival as c ared to expected survival if not receiving treatnment. Those
in needoBiPorpdat FAuld hel ude those already with the condition or 15di sorder
as well as those prone to have the condition or disorder, (for exanple,
through a genet'Qmﬂﬂﬁé%hﬂﬁﬁnﬂ&uhﬂmﬁﬁ h@ﬂﬂ@fﬁ@ﬂﬁ@%&ﬁ&ﬁgé&ﬁﬁﬂn&ﬁ di sorder is
to be prevented. The phrase "therapeutically effective anount”
means ansp@msaive toghe mhdnhwoqfimﬂbh( kitkaee. pFleslghincludes a firsy pharneiceyticpl t reat s or
prevents the. particul.ar disease ndi i or dlﬁ rder, (i) qhtenuates
anel i or RIRSSIEPN SPRTTHEE 8§°1E5’R8“%df° @ayl%ﬁfid‘i’f%mé} OSHE" B (1 GUPFT 20di sease,
condi t i @ibodaherd] thekehcludds a(firbt phaRfh@¢8NEa3 cOhp&keli Y SorhhieiNs&3mpfun@de or
nore synptons of the particul ar di sease, condition or disorder described
her ei n.Formulsde aadbstinetans forwse. t her apeutic effective amount is an anount
sufficient to decrease or alleviate the synptons of a di sorder responsive
to the nodul ati on of JAK2 kinase. In the case of cancer, the

t herapeuti cal |y ef f ectDENRAIREDIDESCGRIPTION OFUHEBNVENKIONe t he nunber of

cancer cells; reduce 25the tunor size; inhibit (i.e., slowto sone extent
and referabl st canc ce]l]l infil i on |nto er al S:
e G e SRS bt me G i ot R S SR RES i o

'nh'b'RMnH9m§QH&m%&MQH&ma&%Gﬁbmgf thmhﬁ&ﬂ&ﬁﬂ&ﬁﬁ%k@vﬂﬂﬁ@t§9m3mﬁ%hﬂﬂh one or
nore of the synptons associ ated with the cancer. To the extent the drug may

pr dventbeglessittivd am agronndtion withihs ehurgereted sarbodishdngs, theti lnmmbes mjandsd m | C
and/ or ¢ tot For capeer. ther fi.cacy can
R e C A T A e R I i T

det er m oMo ftthepree&t Qﬁ&ﬁtlétﬁﬁ@ﬁdﬁ(ﬂﬂ@d by ke @ienseRdkiTRAtn tHehet \bhlerrea@gi‘hbie!
effective anpbunt is an anount sufficient to decrease or alleviate the

synpt orficthedsandinaeripds sipplapenquialadtohesy desesbulferyiusyiiob coddbe asedont he
nodul at ﬁ%& ki nase. In the case of inmunol ogica
dlsordebgﬂnﬁgfel ergggﬁ%?glé ective anount is an anmount sufficient to
decrease or alleviate an allergic disorder, the synptons of an autoi mmune
an@0or i nfl ammat drhe teins Edkd, rafersttdne satyrapdddimreanér aandedickainmidranatebtor y

reactiqn (e.qg. asth In so emhodi nents, a therapeutical l ective
rount etatonaiit oy here BBl Todicet Ty hedeion s SaBrbi s il ¢ o

si gni f 'ﬁ%éﬁ&o&ﬁ@ﬂe%ﬁ%ﬁﬁéﬂ% REEADEHEr G Hf’(;ﬂ%ee&aﬂfjleBﬂféeahﬁﬁ radical is gneto ~ 1he
term"inhibition" indicates a significant decrease in the baseline act|V|ty

of a ble@glbgﬂnocarboewmm tGn-Gr). pinategsxarhplehithé elikghradicalais SCk CmbseCaCtii vi ty"

response €0 Ehb ot scenCelol e Felen S0 G b ol R Bl ELE 25 °° °

hengi n,métﬁyla(Me/ecHQ) I:t'ﬁ?l @tmzmgpfl -propyl AL, n-AF1, -GBKSHATH ) YKSrdpynase in
t he absence of the at [ east one cheni cal entltl%zfC nhi biti on of JAK Ki nase

gpt i \ﬁ' t(yPallﬁOHYé,f S G20 bskutyllridy, |nn1ﬁltb1| t G TfCEpARL Y Zvas thy b toirei )@t—)u 3 a
h'eﬁ’é. BT BI> DL, SRR B LLDL - (R R I PR LR )

(i. (il-Bubi oaslt, p(t@&m)g)J byeits) (aneneyl,gﬂremaﬁﬂgﬁm@lﬂg)dqugn@d(n nistered to a
pmlem Bi oavail a term i ndi cat es neasurenent of

bt 1 g v C%Hh@H(e)é&?é?ﬁtﬁlylo?f AL et
e e O TE S 1 T P

in mmmals that is typically characterized by unregulated cell growth. A
"tunor" 20conprises one or nore cancefous cells. Exanples of cancer

i nclude, but are not limted to, carcinonma, |ynphoma, blastona, sarcons,
and | eukem a or |ynphoid nmalignancies. Mre particular exanples of such

cancers include squanmous cell cancer (e.g., epithelial squanous cel



(i ncluding the synthetic anal og topotecan); bryostatin; callystatin;

CC- 1065 (including its adozel esin, carzelesin and bizelesin synthetic
anal ogs) ;wonypispsayci ns (particularly cryptophycin 1 angcTruspaopbzoes n 8) ;
dol astatin; duocarmycin (including the synthetic anal ogs, KW2189 and
CB1-TML); el eutherobin; pancratistatin; a sarcodictyin; spongistatin; 20

Gt  amiuha, G M R L S e R PGP R ek o e

hydr OC@H(@I@'@CHE@HE@H%@I%) ﬁﬁ%@‘m@ﬁUHﬂHS{CFECH%H?)) PRREYP-N Yty e,

trof osfam de, uracil rrustard ni trosureas such as carnustine,

chl or 0 ZCEE)& HAEbEHak BimethyF ersvl @@H(@HM(C%)CW3B%W§@ ineatyl (-

anti b| c

capect AL ARG ARC IR, SR A T b ZAS UL M s ew cnem
I nt 5. Ed{((Emﬂ]Hg)(CHI@PH)z)SB3Jc8181eﬂ1§’rﬁ)21bu6wIOEJ(CGIJ&CH(GHE»):!BEB,:ldl@he'ﬂleIlzcbmyAr

bi sphoz(f)honat es, such as cl odronate an esperamcin; as well as

neocar H@iﬁﬂ%ﬁhﬂo‘?ﬁ@&ﬂ@ﬁ@ #5811 el at ed chronmoprotein enediyne antibiotic
chromophores), acl aci nonysins, actinonycin, authranycin, azaserine,

bl eonycins, cact i FiRGh MikGAN %fe@é o 1irfc3f S BHOBACH Qhalﬁ"i‘ﬁ(ﬁio%’lgﬁ'ﬂ ydFocarbon
chrononyci ni s, dactinonycin,” daunorubi cin, detorubicin, 6-

di azo- Gadixd- Watmatrld:aezmmermte oﬁmﬁkamwttd)m@re) a(odﬂworqaﬁlomdtn)lble bond wherem the

nmor phol |

Gt Rl s b Ao ST ek gk PR ih P pemare sebgitegits

I dapubi dek@ibeTRERS, ATV Tes FE QY RVl 'TUe An@Stralst 8R¥Ghifors, ofBICARASAG! | C
acid, no alanyC|n ol i vonyci ns, pepl onycin, potfironycin, puromnycin,

quel arryﬁ and f'§dorertiteing, In @tterfei@trm&ﬂ @rqaikensd redprabBdwono cightsen cirlipm atoms

ubeni . tin [u nt,i exate and
5-fl uge@ﬁ'r d%) n?%eﬁfjfam&q%ﬁ Ea%: éléei'néfﬁraﬁlclaﬂg Cab@é’n Qaélodézngfit eri %Orr}%e{:ﬁot rexat e,
pt er opt@lakiplestiné RS, bEKAL ot PRitbd®, eMehA®s vaHeE Las-CHYdR6pNLAS1 (-6-

mer capt opuri ne, thiam prine, thi oguanl ne; pyrim di ne anal ogs such as

anci t alIEHeCH@ihh;lpmdeneyl (SGHeQHHCHd) aenethﬁlpmpf-henylclydta]r ~ahil eit-2-enyl, but-
oxyur| i.n i fl |d|n enqc xur|d|n dr ogens such as
cal 9ot S OHE U-brioLE ol DI ST ot hEp b Paren T gLt

t est oI a&lg,pﬂei he&R13- a&lflﬂnal s such as am nogl ut et hi m de, m totane,

trilostane; folic acid replenisher such as frolinic acid; acegl atone;

al dophospham de gH%/com de; am nolevulinic acid; eniluracil; ansacrine;
bestrabuci | ; bi saHterteme "l 't @fﬁé&@a@eﬂabpehﬁan@wdm@llem ln@roc@d@nam quone;
el for nlrtddlﬁég dmthe l'eeps]& Ior'i]e% N 0%%&&%111%&01? n e% talmolnocg Erl%ge t'h%lm
nitrate; urea 1 entd nan: ronrdsifife; nay Cahsinor ¢ s suc

mayt an salk;elyamdloanﬁlaybb @ptlma;lly rﬁulbmmadt ﬁialepeﬂatbﬁtwaznh Ao 6F mﬁmﬁaﬁmﬁ{m
nitraerine; pentostatin; . pirarubicin; |aosoxantrone; podophyllinic
aciZQ;  AesgriRer hgesimzingme eﬁa@e@r 1513241%5/@,‘/1 rlaeveelrly 59 F%/%la]éféﬁh?a}fb@l #emslex (JHS
Nat ur al ,93}" V4 |

15spi roggj ;llglré%e%ex Egg%em C IE%;ﬁSQtf?sl”ngIC bnetﬁo’a2 ® & bPCxCs.

2, 2", 2"Eabiptdsl inclode, ibat g naniiméed ta; ctbheglieCeldy ptas pgaybl-CyCTHR), beop-2,
verracuri n A roridin A and anguidine); urethan; vindesine; dacarbazine;
mannomubdy| eepaigtl ot tefi=aD); buf k-phdcwt2-yipil pad peindminylgacyt osi ne; ar abi nosi de
("Ara-C"); cycl ophospham de; thiotepa; taxoids, e.g. TAXO_(r) (paclitaxel;

Bristol -Mers Sq“‘cgklbum nl §P QY 1ol fl&lcgr%gﬁtlc Natllrgt% A’IBW urated

(Crenophor-free) engl neered nanopar |ons of

palsi tamtoc@masﬁrnmgagﬂo@@hﬁamaué b;zcad)aﬂBﬁrgtrwmay B¢ bptioriaky gubshhitd:(hOI s), and
TAXOTEREér) doxet axel ; Rhone- Poul enc. Rorer, Antaony, France); chl oranbum | ;

GEMZAR(IRYenepdsndiytvafll ons)or ngore mksgtneaisriescrifed gt by prhexaﬂn%% H%? Fesonley

latin I I t n t@posi de
(pVP- 16)L§H)| fogﬁgﬁnzgg%lrh%?oorﬁxga r%trzljeqn\?p%ér%?it?% %g"lk\llg\%}lé Hglé @ Cf glon(grcgfgbl ne);
novant r©pein otber qs:ramptbe thaﬁedaalkelxgbmp, aslamnr[mmy;mlm is ﬁm(}gp@i 65 omCs-Kel mda;

i bandronate; CPT-11: topoisonmerase | i t.or S
di f I uorBRBER§IATRIF-(the E’qaﬁﬁ@youpr%%% 5 elé&azF ésl%raé‘P fhebFeanple.dhe

capgci tgbloRkyl gx%gp piiaars%ﬁ‘é%&'ﬁtérﬁaﬁ |O§ @G RS $RbdoRycl fy@ﬁ)aﬁ&fim@ﬁfdbvat Ives
of any of thé a Al'so included in the definition of
chenotdyekoawut |caclagletmh cydppentyli )-caelopenird ranyhdcyatppants2-tindt 1-apelopant3egul at e
or inhibit hornone action on tunors such as anti-estrogens and 30sel ective
estrogen receptor nodul ators (SERMs), including, for exanple, tanoxifen

(i ncluding NOLVADEX(r); tanoxifen citsate), ral oxifene, droloxifene,

4- hydr oxyt anoxi fen, trioxifene, keoxifene, LY117018, onapristone, and
FARESTON(r) (toremfine citrate); (ii) aromatase inhibitors that inhibit

t he enzyne aromat ase, which regulates estrogen productlon |n t he adrenal
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The term "prodrug” as used in this application refers to a precursor or
derivative formof a pharnmaceutically active substance that is |ess

ef fi caci owe 20m/dsik9pati ent or cytotoxic to tunor cells eoruse@d/otmid he
parent drug and is capable of being enzymatically or hydrolytically
activated or converted into the nore active parent fornt See, e g., WImn,

5"Prodru Can nnther i.0C I Trans

RO AL AL ST GHA e M kot A e YRGS B
Cheni calyc artg)ra@i?crt)& d;ﬁaémct@@t Deytgo&&!yl \é%ryunde%rraeak?@to&sdw Dek éMBlayy

Bor char t et al E Humana Press 985 % prodrugs of
this i W@ng¢m¢ﬂt$ nf:blemrélc Ctmltoalényk@ lmstngﬂtmlﬁé@gta@mpmbpnahléamqtémmedgo

pr odr ugs, n r ugs,
Pept i da b ng on o e b bR SR B e b RO ALOR OB ot ca
progr ugsut atcant AM©O N, didicldg2. RrMHLGS, bioypilo[arad lbitasd bl Bityile(d 2.2 ]nonane.
phenoxyacet am de- contarnrn rodrugs or optionally substituted

pheny| de@mali efespie Fprc}ﬂaHﬁYH@c B el IPguang, &BF%WB’étnﬁépaﬂa Adteniane.

5- fIuo&qug@km@mp&ggbygs5pgaﬁs can be converted into the nore active
cytotoxic free drug. Exanples of cytotoxic drugs that can be derrvatrzed

into a prodrug formfor use in this invention_ include, re n

limited to, those FHEFBREPAFYGHS BromsdnN¥dQexben BrMD FpHQR l?1y substrtuted

Li pos I r d
ohophaliepe g Syt HFTE s SRR Rrfted AR TR Sy Plegthe argl eroup
(suéh as 6920martpmwruntns)tc6t(h@) pinesetier exmenie,itonarghgrouppt Cofal 1y anather

chenot her a t The onents of the |i oso an
R S N T R S s
nmenbr ang§ludes bicyclic group:(eembﬁrlﬁg al OAUE rindSA a fussd HeEerohmtic F Bhrtihly
instructions customarily included in comercial packages of therapeutic
pr oductssturatpdring oRtcarihc anyt giorps men bebtmthetl hia thevaoowtic ores.-arowageor dosage,
adnlnrs%%%hfE;ﬁnﬁqp%rarndhgatr pga%p / rnrngs concerning the use of
such tHErapépﬁrc proa%é?g 251he }teﬁ%% |raI refers to nol ecul es which
have t he property of non- superinposability of the mrror inmge partner,
while the term"achi rear" refers to nDIecuIeSmmhrch are superinposabl e on
their mrror image pz g rs to conpounds
whi ch have identical @ﬁ “ regard to the
arnangenent of the atetfsor ¢ t
f / 051549PCT/ US2009/ 063014 "Di astereomer” refers to a

st er eoi somer W t hextanipl @kryNBriog §§161u@.é Sou@bireGidt ligdifel Yo, pRENWQPAtHARINGL Ul es are
not mrror |na8es of one anot Di ast ereoners have different Flysrcal
t

pr oper tdndyaceayly indgaylk indgnylol atdshydp@rapthﬁ@npb@ndt k2,3 dnfetralryironsipbihet dh esc and
reactrvr i astereonmers may separate under high resol ution
analytr +§F %ﬁ uﬁ%§§ %% ijas 5el ectrophoresi s and chromat ogr aphy.
"Enantroners refer to two stereoi soners of a conpound which are

non- super i nposabl‘@late’t retuis o gdsBodr lone anot her . St er eochem ca
definitions and conventions used herein generally fol |l ow S P. Parker, Ed.

MG aw Hi | | Dictr I e. Ter s 1(’1198% Graw-E Book 10
Co%any, New Yor K 1aeselyl g eter o T R TS UG fe*EPRY 6L Or gani c
Conpoungsre.dod B rant%t %I&bm%ltﬂlﬁﬁte rntg?wr FOhtatic @%&oa%r&?(rcl@d' §a0p ¢n CoOnpounds
exist in optically active forns, i. hey have the ability to rotate the
pl ane ofhiph aﬁeasponfarmg efgni 1sgrtteter¢atomes<tﬁrpmmien§yade@pd froat mgroefmt p¥egevonpound,
theprﬂrx g @%@} mFrJedtoﬁe%%q} ﬁ%oute

config 8?1? afn tH X réﬁlf%“%%‘tﬁ APPSR A e e(t%l“j’cy Pt iXes d

and 1 dfe obBioral gaéﬁﬂst(tuﬁed&%ﬁl Sr oY@ stiatielRaisaRadrB el Belosi. dA 0t chdbaim@n of
pl ane- pol ari ze ht by the conpound, with (-) or 1 neanrn&Ithat t he

corpourtgtaracyichy errcatdets BIOpoCyR smpasles hreng i del Owreben ring agrmsg(GisCo) with
dext h t

ot Out Ritng 5 ot L FAGRAGS SLEMO GOy, G834 B! 15 SOAOR o o
st er eoilraiedyciyynchldes nhﬁotﬁﬂ@rdre;@bybres as\zlag R@ANCH-09EC;- Cadeannmtthhe of

such isoners is often _called an enantiomeric 20 m xture. A 50:50 m xture of
enant | SREARINETIREEMS SaIng hetgsoatopsneliaied fomNQ SindP - Besplce. whi ch may
oceur WANRIhAR!RIBS PAGRIARHEHEAIRI A 91 60T BIAARRRG JCI LY 11 2
cheni cal reaction or process e terns "racénmic mxture" and "racemate"
refer to an equinolar mxture of two enantioneric species, devoid of
optical activity. The phrase "pharnmaceutically acceptable salt,"” as used
herein, refers to 25pharnaceutically acceptable organic or inorganic salts
of a compound of the present invention. Exenplary salts include, but are
not limted, to sulfate crtrate acetate oxaIate chlorrde brom de,
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150n the conpound. For exanple, an "am no-protecting group” is a
substituent attached to an am no group that bl ocks or protects the am no
functi onavot2g10/03134ne conpound. Suitabl e am no- protecti rgTgsecpscione| ude
acetyl, trifluoroacetyl, phthalimdo, t-butoxycarbonyl (BQCC),

benzyl oxycar bonyl (CBz) and 9-fl uor enyI met hyI enoxycar bonyl (Fnoc).

Simlarl drox tectin ro n of a

yar oG iTRE PRSP B oo R Bt R SR RUAEL § oNGl ey Sui t abl
hydr oxxeﬂafhhﬂécﬁﬂgwoﬁ@ BURS chiboh Utieaftdr mboliinhaé Kietddy¥lyl includes

di al kyl phenyl'silyl, benzoyl, benzyl, benzyloxynethyl, met hyl ,

met hox yhenasytlic 3+ faang %ﬁxembleredams,t@maanw papyi gl hetoroateri Bsiepengentect i ng
group” F’ec%d%rotrﬁ) Osgt%ﬁ? IPt lf%g ?es otle?cB/ 8X1¥1,§ gx{c?ulﬂ% ﬁu}l%tre 1%&1%% doca protects

t he carsﬁoxy func ohal

- CH3CHIS32, F[IZI 5] C{ﬁ@'} C{@IG},Y[M 6],2[6(6],r (brr[‘6t6ﬂlyils$drhs/ | Thehbihks ernbodlrnent heterocyclyl
t ol uenesul f on et hy

2-(trimeth i %Jet oxymnet h L

2- (p- nitpel 5%% ﬁ@ rlﬂéﬁxﬁtt)r@iwng@?(h} E%%ﬁlu[%&éaml H’oilﬂ %Imngemﬁm@f@élt hyl and
the | j

T ow Qi R BTG SORALY BEhOT Og BRER SR Wi G RSO ART IR Dy SO
Ed., Jaheclud¥slspiro &rdopn hawththG thicterdi®@Bs saettedrod{d¢ i r$sdud, P.Pfiad ect i ng

Groups Third Ver | ag 3 e term "patient cl udes human patients
and ani oSt TSR o e RS G O b g E‘Hﬁ‘?g&ﬁ‘?%h ani mal's (e.g.
dogg., © 1194, f I } "NEoaNni Nal s,
bi 10 a?;%%éﬁér}grﬁan%ﬁ%?aaﬁ?%ﬁ?&gp%?}l%gisg@ e SR o e 014
The phriadedésphmteracelitligealp ysalctoept apl @ hetanokirglbgresp.t Addltlphd csapleance or
conposi.tion t be co t and/.or, t.oxi ¢ |1y, with the
ot her |hr?£ﬁr% nB'itggou(%Hbc (gjngdﬁyﬁ@?’ﬁﬁo raﬁ%l &W%‘?b %ﬁ% bei ng treated
t her ew diklydrdigéb @6 filFan, Glﬁﬁﬁﬁﬂﬂdfsﬁéhr@ﬁlaﬁﬁl thid ¥R RNy risotm@adom@@y[p@gnd( s) of
the present 5invention”, unless otherw se indicated, include conpounds of

For nul alihycsplenzelblthisphence? dcdibyshebenzofbathiophenas], 1 sinxide. ds>- net abol i t es,

salits ( h cakhl drugs
thelr%eofﬁh)%tﬁ?%%sgm{ﬁ%ﬁgéﬂseé?st%?%%%%?ﬁitﬁ u ﬁ&{?zdp léale 58&21? Hﬁ‘ 1n80|ﬁ i meant
t o i nclande,Zaityoronts-pyiralo[21Bffeyridimd.y in the presence of one or nore

i sotopically enriched atons. For exarrpl e, corrpounds of Formulas | and Ia,
and formul as la- 1l wher%Sn 10 o or Mo q%/*g ogen at. ogs are repl aced by
deuteriumor tri thXsmplasy Wg)cgpy upLHehidR WK girnol ligited i9. 038ay a 13C or

14C- enry ﬁ{}gﬁlj,
PYRAZOLOPYR! I\I/IC%I{ %%95 %\%&Id{{\lﬁl—){1 mx‘%%métc%%ﬁﬁbgh G&lﬁl{l)er?laeﬂygVle/jn %tgn%trﬁl yh a conpound of
For mul gyr@m]idauyt ppieaidmet enerpbelinyl, thiohwrphdliatyl, trisxanlyb pawfazime provi ded t hat

ful in the.treatnent,.of di sease condi ti ons .15an isord

e i L R R St IR AL R Tt R R L
Of For rﬂiﬂl}ﬁiréﬂneﬁzﬁ dﬂﬂ@fd@%lﬂ 'dﬂ@)ldrcffﬁfaﬂyﬂ @&ﬂaﬁ?&roflﬂﬁ{}@(l%bra}?fdﬁbt&reﬁyﬂ ded t hat
are useful in the treatnenf of “di seases, conditions and/or disorders
res pOﬂSfﬁW@Yﬂ@t]@lh@yll 1nhd1@|X1deo‘f¢tr@1ﬂYdINK1€m’hh9é§e tAﬁdImeYéfm’)’édl rrent i ncl udes
conpou of, For nmul a a..enantioners te
oy oade PR PaRyr Fowierf, -0 f Rt BT hah G R 4n-
2010/ 0 W@P@T@S;&dﬁ?@ Q %/ &iﬁﬁ&liﬁylﬁiyraﬁahldyl B?ralz&hdlﬂﬂ%ltm&iﬁa Rfithiol N33N12R4,
-NR3S(0) R4 or. - NR3S( O&P or Cl-C6 al kyl, C2-C6 al kenyl
2286 divkazaiiinylimidagp i aimidagokiginyl, ér%élwyywé%é Odrqxpmxli 3are optional Iy

G- 06 Gl Baciien il o R 22Ty R oy ko o880

cycl oaldxlydrém a-r{ngt @b 1sa$dbyﬂ1t)1(e@w1@90>tte(t=e))@aﬂs pyrimidifoagt &&l Bl kiydxpf C6- Ci o aryl ),
wher ei n, sai d al ky al kynyl are o i on bstitute

| k
and sait Blomhole | ng h@%%w?& SFURP PETeHhe RBt: aéwﬁ%ny utaﬁ? ndgpendsh
subst i tyiien by Fdke S%Stl%% PRE R 1R 1RKEB I Q9D 8EscWbEDint Biguittd, Ingen to

whi ch they are attached
30  A.; "Principles of Modern Heterocychc Chemistry” (W.A. Benjamin, New York, 1968),

particularly Chapters 1, 3, 4, 6, 7, and 9; "The Chemistry of Heterocyclic Compounds, A



forma G -C9 heterocyclyl optionally substituted by R13; Zis -0R6 or
-NR5R6; R5 is Hor C1-C3 alkyl; R6 is H Cl1-Cl0 al kyl, C2-Cl10 al kenyl,

C2- C10 alwwornyloosigs€o- 05 al kyl ) (G -C9 15 heterocyclyl), PCCarseemmbioysd ) (C3-C8
cycloal kyl), -(Co-05 alkyl)(G -C9 heteroaryl), -(Co-05 alkyl)(C6-C9 aryl),
wherein said al kyl, al kenyl and al kynyI are optionall y substituted by R10,

and said .ar C al, te et cl are optionall
subst i t3Gt" %%Xf]t}\{rlon(}/grap% %inlﬁ V{?&ey ‘%%%Pé ﬁ’&ﬂb ﬁsﬁg‘é} %/ﬁ iy [n P aégc Y& gl kgnyl ,
C2- C3 aVkumet 19r14; 06,GY; brtt 2d: kud )7 A;%OB@erhsso'cn@Ww oxo, F, ORa or
NRaRb ‘ROis mdependently ox0, -CN 3, halo, -C(0) Cl C6 al kyl,
C(O)ORa C(O)NRaRb éh -05 al kyl ) NRaRb, -(Co-05 al kyl)ORa, -(Co-05

al kyl ) SRa, -0[ 62]:1113 eter@qrytfge ridiglangsematarocyelissiedicat @avish axo or F,

al oyl oeRLY) et e R BRI RO 80, BT B SR cd by
hal 6 orth€lentainial kiyik atdﬂﬁibdlngC&r‘@id( Hejeroaryl gr()ﬁimﬂﬁ@ bd kpt[o)n@lly Cbshiaiter wan y|

t | 1 bstituted by h Cl1-C3 al ky Ri d dent |
I(;p Iaggaqu%ﬂsmu Ssdbsgtu%nts des %g((i) pgrremn&é%%@mpﬂ tl}ﬁg}??erlo%gql gro%gggntglgp y 0%0,

-O[ X Ra)@a]&%g;%@n%o%@ FC}) ndtHey lexang(e@t%tero%p% B? (. €8:820r C

al kyl ) NRa 1)0Ra, G optio y substl tuted %y 0X0
or F, Qstn (Oﬁe a;linbycﬂm@lt egerhplaefrlme;rodnyl gopps makldE yndhsajadiciatarh&@c fby6-haalldo

X0t o T DRt T e R " GIorehe e TRy P e n el R ieg Mg B Een-

Optl'()onadxly¥61§ ldﬁ§ El!llﬁh‘t BhnBihcfbmbadilckd exem s, hdddb @yl giolbs mPfide Aised MRgRb, or
(Co-05 a -C6 cycl oal kyl optlonally substltuted y oxo, -NRcRd, G -C3

al kyl CSD’S‘EFI‘HS RiQp tas9 prropn @omE3vherdy fat lca g RIS ajosnadix gingtegh@ns@ne @Bn@lrekyl
CS( 8)50hhee%?§%mg ﬂ}}ilepecn&ﬁ)lt? dlec(t:sq fgo%rn}tl‘ro%%ncgﬁygéﬁ D ! k%é . e”r gg?%& %ch?(?ersyl or

het er oqmcdrydrylagreumomg&imaitﬂl ¥in Sy Syt loblk§Dortyth&e hete@ﬂcyalﬁi gfoup (E@@m@&s afkyl ) ORc,
oxo, halo or NRcRd; Ra and RD are independently H, CHF2, - CH2F,

G -C diekgyparylggoups,includs bat s ney imgad r@ pmdmmﬂosiaﬁéwe rrrwyéwrldmmher ein

8. ST b AR PR Y BRR RRRTRE Y, BHERL IR & DY
th g tgg ggfxgmlplh ;s:)aflle%zﬁ;ﬁmﬁrmlqumholﬁﬂ}emsmmcﬂmyamtc&;diylf bﬁnmmdaolﬁ5

sybsti tuted by ox 0)C -C6
al kyl @p@ GHK0 I@H&nﬁazo yl, mdolntzemélnﬁltﬁz%}aam Pﬂ%ﬁ Eéﬁ%zll%y H G-C3

al kyl , n jand
phenyl 1%633&2 f(;elrnlgﬁi:yl; Hgfsllf ?%ﬁ%glyl V’L’ﬁ@icﬁ&l tlﬁ’@dléjz dfjl kgt adla%b%qgll(aééﬂy & al kyl)

or ( O)Hﬁmécﬁmamlﬁ,l chlkt)thloﬁhclt}méﬂrenwtbmdolyb Fobnzomem]yiequlomqhwlnqslnotalﬁryt mula |:
010/0% 3 CIT%{@%OOQI 14 H | enantioners, diastereoners or

phojr macdkl PPaBrEYsal t s thereof, wherein: 5RlL is H R2 is -OR4 or

- NR3R4, R3 is Hor G -C6 alkyl, 02 C6 al kenyl, C2-C6 al kynyl,

wherein said al kyh, ceﬂélh%ﬁl\bbthsakHéMféYdroc%f gﬁ@phu@mﬁylgreﬁm%cwtmm by oxo,
F, ORa or NRaRb; R4 is H Cl-C6 al kyl kenyl, C2-C6 al kynyl,

(g 85333wwp§ @@n@aq@mtlmlwym cwt;on bop@@;li beserapmlyl)% (n@kuct@@O@gimlgom kyl ), ;
al ky1 S SRARATS O Y b)o of SRR pYkbh 573 5 o e L ptiEAGY O

NRaRb m@ﬁhoaal, d, ﬁroyl6 of @)p@hﬁﬂdhh@dp,osﬂmehé[ ®a, y>lr 6afid pl;:&\tzﬁfeppqsa[ml 2,3 & or5
opt i onal I y substitute by . i hal o, C(O) Cl- C6
al Kyl , ofefyeprstrah s@(r@»f%ma%t?fum@oéu@%le%Mylemm%m?ydmmmsmm%

- 0[ X Rao)r%] o]f-aﬁ(;’)xazoc}‘é; 1&§da§51|@6|r tlﬁﬁ)}d-léf %@Lih%n §,up,%tr Istiflaf %o&%zd?é‘,%y?d'zofe, or

isothiazole, position 2 or 3 of an aziridine, position 2, 3, or 4 of an azetidine, position 2, 3, 4,
5, 6,7, or 8 of a quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline. (2-pyridyl, 3-
pyridyl, 4-pyridyl, 5-pyridyl, 6-pyridyl).

30 In certain embodiments, the heterocyclyl or heteroaryl group is N-attached. By

way of example and not limitation, the nitrogen bonded heterocyclyl or heteroaryl group



(Co-05 alkyl)C -C9 heterocyclyl optionally substituted by hal o, oxo, Ci1-C3
al kyl or C(0)Cl1-C3 alkyl, or (Co-05 alkyl)C -C9 heteroaryl optionally
subst i t utwad 2by/dsad40 or Cl1-C3 al kyl; 20R3 and R4 are takeoTtusg@vlesoim th the
nitrogen to which they are attached to forma Cl1-05 heterocyclyl optionally
substituted by oxo, F, Cl1-C3 al kyl, -C(0)Cl-C6 al kyl or -C(O)ORa WO
2010/ 051549PCT/ U82009/ 063014 .. and,. are.taken to t h the
ni t r ogdct HeF Do THEGRPLS 4t RAHEIRE Ty giGe: éiettsisnﬁnaz/%?lsc@mh MSptT onal |y
substit #Anbys @‘Ebhn%; infaZeke, @{H@ék@hd‘lﬁ, 0)ifrtdd=B1iad, lSYllrm@z[zohﬁx %@ﬁ@

Zis - or - 5R5 is Hor Cl-C3 al kyl; C10

al kyl , mzazgh.loe Qrwapaaline Cpytagoliekingtidine (nierggna lindpls, (11@1011@9, Héingeglgc! vl ) |

€5 P G SRR ST R M T L

opt isona:lafbaz&up@tﬁ tarb@lthcdby oxo, F, ORa or NRaRb, and said aryl, cycloal kyl,

het eroaryl and heterocyclyl are 100pti onal ly substituted by oxo, -CN, -CF3,

halo, -0[C(Ra)2]1_30-, -C(0)Cl-Cb )ORa, C(0) NRaRb,

aI kyI ) NRaRb, - ( Col0%? W&/ Tydatacnt CTCLE@%P%?Ithf‘éﬁtﬁiu%}ﬁ&F?t?le%%@tl?ft)l?h)é%ﬁlﬁy 0X0
F, or preycp entatlve rneasuresg Rl @k BlebGs 't@grebgﬁt%‘i AMEANIn g%e&%l Un¥esired

substltu oxo, C1-C3 15a| Ky Cl- C3 al kyl,

( Co- 05 phlyklyjlog(aal thmgebedlsaldyﬂ soght asohaﬂewlmtwt ot ypred dfycaﬂmt oFarputiieses

al ky nal |y subst e({tuted by Ci1-C3

al kyI - of g mVﬁﬁ‘jl%ﬂ be]@f‘,@mal@hge%l‘,ﬁgl ﬁéﬁ%ﬁbr lg%llnﬁgée Bufare hotlimi ©o- 05
aI le)' ) @Breati6y 6F @grlrl]ﬂ%&ﬂls QR B8R dnyY oﬁe'ﬁ@ﬁt'otf HIS@%ebMa&K%&%HRﬁﬁ%o@n@ 20al kyl

D are i ndependent |y -
aI kyI seae af cjaseasmista@ e ylovong Ris‘/clhs@se mo&sm@,taém@my@mlor pliietien of bai d al kyl ,

aryl an al k are. 0 aII ute by,
al kyl )d@t?e % Stg[ ‘1 5emﬁl§{1@§ Wh ﬁ)et gicyc detefta% runﬁ%}eﬁgtgot oget her

with therr@attmemtt’@aﬂ\m@@ ﬁehﬂ@bbl@{geng’:\ﬁdrﬁl@/ﬁm cbﬁfpaiea t&Ex Satdaaubried Yhot |
optionally substituted by oxo, F, Cl-C3 alkyl 0) C1-C6 al kyl or

C( 0) ORA€CAYiag rogy 2ot of 553 BuoRdpf USg0oo! maémlmhose already wigh thgregnqigor pe
' ”q%pe'lﬁs%?{i %e G t@% %Hﬁélto hies (1R c81¥cﬁh§%flnkafluqt§8 ﬁt}fé‘%ahbpl ,hﬁfoﬁgﬁgg' %H

al kyl, cyc enyl are optrona al'o

NH2, C(ge)lé}(cﬁimﬁﬁoﬁ) dth()seon waBf dh) thHE 6zl (G @dd(;dr&ler is to be prevented I n one
enbodi ment, R2 is - NR3R45 NR3N12R45 NRSS( O)R4 or -NRSS( 0)2R4. 5 I n anot her
enbodi nent, R2 i Sgh NR3R45 NR3N12 FFK NR3S(0) 2 | n anot her

enbodi ment , RS BFoRevIGaly SHGE R maHBE tan IPUIOLANRINI2 4. In
one emﬁiﬁgﬁﬂcﬁ of 2 lre%ent 1%8&1 tHap (19’%&1‘[@ Hpﬁ[@b@fﬁmhe paRidusar dNERE; condition 1N

one enbodi nent of For nul , is - I n one enbodi nent of Fornula I,
R2 i s -adidiRerderglin ama@ﬁtﬁn@hlmes Qﬁehﬁunateﬂ @ne|or nrREe |S$mp®m of the particular | n

mbodi
onegeedl T Bl F 0 Mkl o (e s NG At B Be ot GGl -
I- C4 aldfyhe pptitnadibenss @bsditibnlbedsdrie@dscrifeldmetne BrdiRdniRAimedt, ther mul a 1,
R4 is H nethyl ethyl, i-propyl or -CH2CH2OH. I n one enbodi ment of Forrml a

. R itherapgusiRefegtivg armpounh i aRamauat Wfﬁcwnt to decrease|qy af paate ioshinrioms of

Forrrul phenyl g;%%% L&yl) (C3-05

het er ogay(gforﬁ%%ﬂea)(og %O'%]el&qd)u &éﬁ:%; cycl oaals%k tﬂgc%sé(c? (% GF ) (C3-05

20het ertbaa;yéu)tmal\Meﬂf@ltme smbdntedfklyd driug nmytrbmmaltlheymﬁulbatolfbaﬁoeﬁlcdm @dace F, ORa
cycl oal kyl, heter and heter C’H}ﬁl yl. are

or , and said eny
optZéoné ¢ {HmaqisEc; tnaﬁ%b@ﬁysleiv tegome e iehb#di Ry m Y%t neqscgly I trption

into peripheral organs; inhibit (i.e., slow to some extent and preferably stop) tumor
metastasis; inhibit, to some extent, tumor growth; and/or relieve to some extent one or more
of the symptoms associated with the cancer. To the extent the drug may prevent growth
and/or kill existing cancer cells, it may be cytostatic and/or cytotoxic. For cancer therapy,
30  efficacy can, for example, be measured by assessing the time to disease progression (TTP)
and/or determining the response rate (RR). In one embodiment, the therapeutic effective

amount is an amount sufficient to decrease or alleviate the symptoms of a disorder responsive

10



-0[C(Ra)2] 1.3 0-, -CF3, -0CF3, -OCHF2, halo, -C(0)Cl-C6 al kyl, -C(0)ORa,
-C(0) NRaRb, -(Co-05 al kyl)NRaRb, -(Co-05 al kyl)ORa, 25-(Co-C3 al kyl)C3-05
het er ocycWwgl2ompisizsamal | y substituted by hal o, oxo, Cl-C3palrkiskomwneisid) Cl- C6
al kyl, or WD 2010/ 051549PCT/ US2009/ 063014 - (Co-C3 al kyl ) C3-05 het eroaryl
optionally substituted by halo or C1-C3 alkyl. In one enbodinment, R4 is

C-C6 al kyl , - - 05. al ] - t.erocycl yl -~.(CO-C5 alkyl)(C3-C 6
oyelo P oadiE AR YIY keer PR i Risp etk pia of irpstpligtal S¥ g G- i o
aryl), thoefeRipBuiS@éftbcaiv& ol i9RA hiaBdkt|sMIRUlS td ddtt@de BYalRBiat@ntalkagid aryl,
cycl oal kyl, heteroaryl 5and heterocyclyl are optionally substituted by RO.
| n anotdiwrdesnihe dympiems FIngniRMuae and/akiafamawéarkidiscoict or thhsymptomsgén t o
whi ch the r. he form c het er I ional.l y, substituted
by s i EMAERT al ol G b It PRSP G, AR T aken

t ogeat hesffestitdarhdient N 40 GE&Mt bOa Bhirgibalt ey duserilgddiiredie duffioichOfonsighifémaS
heterogi/ecl yl optionally substituted by 10oxo, F, C1-C3 al kyl, -C(0)Cl-C6

al kyl creggoho refivity ornumber of Bgellhe enmbodi nent of Fornula I, R4 is phenyl,
- (CH2) phenyl, - (CH2CH2) phenyl, - CH(CH3) phenyl, -C(CH3)2phenyl, -(Co-C3

al kyl ) C4- 05 het er feselny Linflbirionk GRgiCeed KihiEsty ARcdakah G pdkelintRlichn sai d
phenyl is optionally substituted by 1 or 2 substituents |n§epen ently

sel ect edf aftidngiveltdetivity et prpbgssi “imhdyptydn offs, JAIK kina@CH2Oity” lfers GCHAGHRBe ,

- OCH2CH2CH2Q-, - 2, . = Me2, - OCH2(C4- 05 heterocyelyl), -OH,
GO, h g ef s T JANICRAKE 7a 1 Y0k B 5ei °g HB0R: BAYTPYAeIoE OLE B8 ed 17 om
t etjpahygic QRYARAY Entit) BESCADYARGEM! R ive tiPMeraedivie) d¥the JARN PHOLR MAK3 or

pi perazi nyl and pltBerl dinyl, said heterocyclyI is optionally substituted by
hal o, neYkykingse @ty afseneruefythy at lsast dnheltesriod eptityi dnkibitwotoédAKrlonasgyr azol yl ,
i mdazol yl. furanyl  a t hi eny] . . and id -heterpgaryl 20i s optionall
subst | tisHaw By° RArS t%ggsr%\fah%l 1¥£1blt1°n Oﬁgﬂ%seoa‘ﬁ‘e%@%%load‘?lﬂéﬁ NCbFSYaY fe{1“( Co- 05
al kyl') ()@ Kinasedcyivity, anth ok hysasdsthibad iegleiy R9. I'n one exanple, R4 is
-(Co-05 alkyl)(C6-C o aryl) optionally substituted by (Cl1-C3 al kyl) or
hal o, and said a;rl i s phenyl, naphthal enyl, indenyl, indanyl,

1, 2- di hydr onapt halrigim dﬁﬁa‘@}lét’lﬁ?m-r?%fsrtaﬁ%f‘dfryé??ﬁb%f‘WﬁablhltYl@&not her exanpl e,
R4 qics . i . VAVER . t-he point
of '3t ApRERIEg [BI) of s giyen amaunt SRR PRSI o R, IRRIVERRTHLOC 2

enbodi mandbsolRe tersn thiaeimgdicates (@) rpinemydf both( tEHRAGHA yqrdlemy ltotal ari(nCd &e Ny | |

- CH( CH2 Phenyl , - (R)-CH henYl, -(S)-CH ),Phenyl, - (R) - 5

CH( mz@%g)é%ﬂfé‘ﬁ cachep &Qw%fé@%tméﬂw aéf‘&m@&%? SBHERYIT vher ei n sai d
phenyl is optionally substituted by R9. In one exanple, said phenyl is
optional ly substityétiggndadce®? ardl RAncHOR" @éfar B%r'd%sdgg%g](ﬁ)keﬂ%ﬂ% cadel ected

fromnethyl, ethyl, i-propyl, cyclopropyl, F, d, , - 2CH20- ,

- OCH2 CHRaHi2ion in m@mppatHhRHS ,tYplwgiZ@HZNVEZ?d byyaeylated gelf govab. Aettemotycl yl ) ,
C3-@5 heteroaryl, - 2).0 - ferocy I tional l.y 1 ubstituted by
G5 TR Hegrator Eterigh. MRFHRRT Ao MAIEN hegp IR (75 5
- N( CH2 @i doma, GMnphdoled blas¥foka3 sarcéiia d dadutke i D0y aph6:d mdlignbncicd. Maieot her
exanple, R4 is selected from _ 5wherein the wavy |lines represent the

poi nt dRrtguaeKpBales af sugh cancers include squamoxn g¢lhencaitsexi arithelial pauamous co- 05
al kyl) (G- I < )- wherein
sai d hectge1 rcc%:fzcre hglﬁgﬁﬁ%{ﬁ%%@%% %ﬁgrcgﬁé%%%k %ﬁlﬁlg%%onsu ?’? %@L@gg}é%@e@ In one
exanpl €' NBELCS), pyenadhmydoma ¢ )unyg rand saquaimous C&kiGhi2) d\thd inpydancer of the

R R SRR ol

tet r ahydn Qi UsaRNhtic PHCEQL1igh|Bdbma TRHREA ch et ovRH REEAREN YV orQan Bir PARAGH: NY |

optional Iy substituted by R9. In one exanple, RO is methyl, ethyl, 1propyl,

F, O, cahi2, hephivieR, bre@Tid8ncer.Qldlon @EEECHB1al caDess, coloCRB:l caCEF2nd@ )il etbut yl )

or phenyl. 1n another .exanpl 3 R4 is E%l ected from 5 | a%l hrsrthrl/4Ahr . i
/W Lﬁﬁuﬁ%&cmmﬁla,wlﬂ\@%g and carcinoma, kidn¢y or renal cancer, prostate cancer, vulval

cancer, thyroid cancer, hepatic carcinoma, anal carcinoma, penile carcinoma, as well as head

—

30  and neck cancer.
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wherein the wavy lines represent the point of attachnment of R4.

In one enbodi nent of Fornmula I, R4 is C4-05 heterocyclyl or -(CH2)C4-05

het er ocycWwwl2p1wvdses4ei n sai d heterocyclyl is tetrahydropyramgis2009/063014
tetrahydrofuranyl, pyrrolidinyl, 10pi perazinyl, piperidinyl or norpholinyl
optionally substituted by nmethyl or C(0)O(t-butyl). I n one
enbodi nent of For R4 are taken to et h |tr nto
Which they are ath adnalheshegRn i shBa P g b b Befimentitny: * or
nor pholdafydr. BREMPRALE ¥heertiBdrhfdatie dgdtits MBAY IErlotiM® (TARCEVA®, Genentech

2010/ 051549PCT/ US2009/ 063014 I'n one enbodi nent, R3 and R4 are

t aken tlagé@wel?hwmﬂhTmaht@zwn@b WEHM& Gmetnrﬁ@y ke d; beveciahend (AY AT -

azet i dinyl Qpt not h n R3 and R4
are t ak(gérgl ogé?lhc tX)fl E Wgen "0 e?/}\}h nc ﬁ%? gn%?l('ﬁaoc e bo form
az etsi di(WHL@PDED N eyinisitoBidrinut Etﬂlvb&traﬂh@MLOl’ﬁEK®Oﬂﬁrmh@@U) eaitént of For mul a

, R4 is ridinyl or -(CH2 ridipyl, wherein said pyridinyl is optionally
substl t(§ppéz‘l§y Pﬁéﬁ%ﬂetroFOI(?r(‘):EﬁY”ARAg Novartis), Intigfhemespiee ( %ﬁﬁ ﬁ%a is

I I t
CYE| OPraRSb) Y6k PP SERIRERLY On BESNEN K XA Feycl ohexyl , -
( CH2) cyftlondepdil)] Leucndary [Rapamyeh I(Sﬂn(yldnumﬁpﬁtﬁAM[EiEﬁ Véyuth)s AhghtiRib i S

e PRl naL K2R Ry SRS UL e

qulooh%%k) aﬁa/G'eﬂﬂﬁlBt(IﬁEssﬂ %Zr)az&&‘écQﬁ@zG’l'M@rAGﬁWésqygiﬂhgﬂg ), and sai d

cycl ohexyl"and cycl oheptyl are i ndepend ently optional |y substituted by oxo,
met hy| ablryl@H@Ngents such as thiotepa and CYITOXAN “enyblodphwsphamigc; alkyl NES®RE1tes| n one

enbodi ne NR5R6, ,.and R5 |s nt is -NRBR6, R5
L by ks s, DR B R ne B it & B sodenc one
enbodi Tfﬁ&hre@BR%d:@ﬁdTUfe@olba e ynesnmﬁ{e’@ and fhef ggmﬁilmﬁﬁbmlaludﬁfg fesamiR, 1, Z is

-NR5R6, and is H In one enbodi nment, is Cl-Cl0 al kyl, -(Co- 05
al kyl ) (taethpsneraelaminsy ioghylenephophasnoes, ém%&;ylyl(lmom@sc@y@na@admmd) (Oo 05

op't(1 %L%gﬂ“ %’ldgﬁésl?&%%gjX‘L&d%%lg?esggmv}?é%alla%a%gnr q}% i al)CInO %&ﬁgﬁer oar yI and

het er oqmmdmgaﬂhe spmhetimﬁialdg tspthsctalnb Wir@shtdoin; Ebllﬂystatm CC- 1065 (mblmdﬁigats
enbodi mrent of Fornmula I, R6 is Cl1-C8 al kyl, -(Co-C3. alkyl)

het er o AFRESEYN. capzelssiagng bigeiospcsynibgtie 91&41%?i> mgtophyew (wlsﬂﬂ&sm (C3-C5

het ero ) ptionally
Subst i e Bl R fho Ry BN R R A g g
het er oanylogaiKWRZ8Srand W ywwo;eelanhemh]at pgmcsa.tissaltmt QJSEEde])gtyMDSponglstatln
/051549PCT/ US 009/ 063

IR AT RIS RS ramlzv@ti o %R%m!)oph%@&nbgﬁ gﬁ%ﬂ%m& C1- C6
al kyl qmsfa‘,?ﬂﬁé |Me&%§ﬂ1h&ﬁkeﬂlegﬂo&ﬁﬁnﬁﬁe xide h drochlorlde melpha(a(ﬁo C2
al kyl ) C3-05 heterocyclyl optionally substi tu¥ oxo, G -C3 bal kyl
or C(0)moye@Bichink phgnesterine, prednimustine, tfafosf@mids, k];ﬂlcyl @mst}Ed mgt[r@u@fals yuich as

optlonall ubst i t ut .by. hal o..or G - al kyl . - C2 al kyl ) phenyl

opt i ona SRSt SR, ol Ry, i the s ng. 500 Fen o B MG o, or

(Co- C2 sabikyd m@@né@ylca/ﬁin@aitﬂéy Le. @p&alﬁﬁ@dnhlyms %@&mﬂyibﬁﬁh%@ ammMiRaRdd Cl- C3

10al kyl or F. [In one enbodi nent, al k g@ﬁl) I y substituted
3

by 2R10.calighcgmicia ppsaridAngers hice. Hﬁt |E§i| En@t HyP4H) 3/1 o dﬁwmx@lp; s- butyl,
t-butyl. t CHZCHZC]—I
or EJCXI %ﬁ%@%l@% guﬁlsﬂhogf)hongfeg su%ﬁ Xi %Ftlweh%n &%%orlém% s Cl-C8

al kyl , mptdreinadthtyn cibsbplicit end tbyat&&clﬁbmppﬁtelﬁﬁﬁediwnel\dﬁiaﬁmnc |chrc@ﬂit@h6f$)ﬁ)dl ment
of Forrrula I, R6 is nethyl, ethyl, i-propyl, n-butyl, s- butyl - butyl,
3, 3-di r?é’faﬁgﬁloﬁl}’t“ni»aﬁmoﬁéﬁfl» "Blﬂ%‘]amy%t %ﬂaserm@( @PQWZ@P@@F““W@»@WI ist0,

CH2CH2 glgé‘}?fm]ohgrﬁfﬁn @ar%'ﬁg omgﬁ &1ﬁ1§ (%acgﬁmlﬂ.%lﬁ r &cfl)ﬂ&lu% cir'defo (3 05

hetero opti ona stitl I'n anot her ‘e i'hent, R6 is
C3-305 hbizerHoye ILyriortmm@E AnBR@ﬁhﬁS,(&llI\W (dommbmmDJmo@hbMQ dmvtoeublbm R11,

wher ei n saldhtero is.tetra anyl , tetrah n

D1 per ag RORGI AR ot BHSD SRV IO A G S P ER BT, TObEihy1

i soxaz C@séﬁlublc‘irh'l@%%l&ﬁln maﬁ@ﬂ&h%ﬁl ﬁ{ﬁtorn Yihk Gl Ry ml%i'ﬁinMQr ﬁ‘lgﬂoc}ﬂ@héildgeld I'S

i ndependent |y oxo, - CN 3, 0) C1-C6 al kyl, Ra C(0) NRaRb,

- ( Co- omogalmmy\;NRg]R{pmyc(u@gpqﬁomycm potﬁrornycm puromycin, quelarnycm rodorublcln
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25al kyl) ORa, C1-C6 al kyl optionally substituted by oxo or F, -(Co-05

al kyl )G -C9 heterocyclyl optionally substituted by hal o, oxo, Cl-C3 al kyl
or C(0) ClwG20nldsy349 - (Co-05 al kyl)Ci -C9 heteroaryl opti ecahisgomsobmist ut ed
by halo or Cl1-C3 al kyl, (Co 05 al kyl ) phenyl optionally substituted by
Cl1-C3 al kyI - CF3, halo -CN, -ORa or -NRaRb, or -(Co-05 al kyI)CS C6

cycl oal k opti o aI subs i tuted b 0x0,. - NRcRd In one
e St Rpidndite R bl gpetions #igottiepricit spf mictbobios sup

anot heras%ﬂi@f&ateaﬁd'SSﬂ@o&}ﬁmh@-FU?%Né ac@’ﬁl@ﬂggs'kuéﬁhgdéi@b%ﬁar yl is
substituted with phenyl optionally substituted by Cl al kyI -CF3, hal o,
-CN, - OrethefrexaRARODtEIHY tlvméﬁf@iatﬁ, Puiiep ﬁ@I@s@a@ws fluglarabitchér  opt | onal I y

5subst R U fr
L L e e e
is @3- Qﬁaﬂ@h&fn@%@rhyﬁir Qdytarfeh )ddolburddih & dogiiriine, Wftﬁ[t@lblﬁe SH)derldlne

heterocyclyl is tetrahydrofuranyl, plpera2|nyl pi peridi nyl  or nDrphollnyI
opt i onaNAiPgsubEIch ph caBsteRpnerstpipPstanal e Prapiotite) PItiastang |l mepgistaspe

enbodi wherein said
cycl oalqg%lal&éné;%% ﬁ%nﬁﬁnkks S%bésstse}ntn&fggg% gii%y %%n%?ﬁysg(ﬂ%a%g@ CldC( 0) OH, OH,
CN, C( Gpplyokiodrenst gs ﬂfi(l(h)u( id Ofscletoar cmd/cqjhysk];)hannde oyt eimenojdvutipici onal | 'y
bstitut 2, d d het | ected f
o1 por ity EIMFBLAIFHYIC: BroURB S GRS S SH IS BE JEGTol
Optlbonadléz)f(ﬂﬁﬁgsélfotrﬁmﬁge Ryl g hehte Qﬁ%ﬂ%lloﬁél%ﬁﬂﬁd Srhagh ARAk,;, R6 is
cycl opropy cycl obutyl’,” cycl opentyl’, cycl ohexyl,” cycloheptyl, cyclooctyl
- (CH2) dwdmxtyeml IenHIQa@HE@&@)my@ImMammmdS(sm:—mymlylaytahmmft yiid, ansamitocins;
bi c cIo r -(CH2).bi cycl o[ 2..2. 1] hept and ere|
opt | ondlrogtzes P! Fopy st nlteriife phioltbaBRmioRrakEehal o,
Cl- C6 abi@y;hmr&(e%&daggguﬁ&acwz -&ohh fMazie Prodeb LNRX PRK ® GoRxidehaid
het erocycl yl) cycl ohexyl optionally substituted by 20 NH2, and
wher ei rfogmilex GJESé\I%@ryhPlgpﬂuﬁs, EQ@Ie@%t@%i) fazerins: PurasinmiAofirgsi per i di nyl or
rzlﬁlhm pﬂrXéerm%qum? %%nqlao nntelg écﬁ%ytﬁ (% ?Et 00@1%}1 0¥?t§1gr%§fan{1h% ‘%ﬁl?}{)&he’}gﬁe{gyl or
cycl obytyfeciatly Ak Dpai, werragiyial Ahenin, A ayd hghegihy)t urechaal Qﬁdésyﬂe,,
- (CH2) cycl ohexyl , -(CH2CH2) cycl ohexyl, - (CH2)cycl oheptyl, L.
bi cycl dfégarbw%@b@fnypmaﬁﬂne( @lé}vmnétyb Iy Oiaozollmebrpman &mquér dphinpgde s

o0 oy oty BRI BetPecy el s B B RER I e,

subst i tSeuitth OycoNbg®, Peincktovh&N. &), ABRA N AN & ((Cremophdr-fres:) %bmmmgzdgfmemasd

p' 9" ﬁgia%p%@gﬁ‘qw @%‘BQPI e pI‘@I' ey Bt ceucll Pafn SRy Sy rg.

errbodl MA{Hois) %d'ﬁA@T@ﬁ@t(%%ﬂél mfone@%%h@ﬁo%h hih Fyerrrxﬁ and 30wherein

R6 is optionally substituted by RL1. WO 2010/ 051549PCT/ US2009/ 063014

| n one ashiativednGEMZART fg@mmtabm@@ 6rthlo@@a®@qm®¢apmmahngrmetb®f@<)a@3 05

het er oar, and.wherei n i.S opti ti.tuted b nor e

Cubet | doPEENARRRE By Sinaih R affeplashs TREMite! LEpayia ARE 1B

- C( 0) ORgysfantid8) MNtaRtrond; GarcPiBtiRd; NAVE&Bb@ (\ﬁ@eﬂaﬁl | oy AntedRR; teﬁ@bm@@ al kyl

optional |y substituted by oxo or F K %04 05 heterocyclyl
daéem:dﬂmqmw tpnipeqteyin; @ﬂi@daelpa@ow%ﬁ t Ligppoiemaaseaphipytor

opt2|50ne€I
I oyl Ieli‘é<¥6docﬁlfﬁl%l‘&ﬁétﬁﬁg%%&()(al\ap(p?p%gnno)?/ %%%gﬁ?lg%cﬂgsfpe?ﬁ Bl gf; ol 3
al kyI a-n%liamﬁb&bﬂ;caﬂ%ccej;&b[ﬁ%lt@racrdBIBﬁﬂ?ﬁerl‘éHmd'es éﬁﬁry@f tied 4ol C6- C7

cycl oaI kyl optionally substituted by oxo Cl- 3 alkyl or F. I n

one enbodi nent, isS jso oxa i sot hi azol yl,

i mi dazolyl, pyr a?gP?Inclﬁ‘ﬁ % I(“)%I%{f‘rfwnon }éﬁ’é’F herancs %ggntoﬁ‘ie {ih%ﬂ“r r%‘onal
substi tdg&ﬁgiﬂiayacltd@g@a@%r ﬁﬁlh)‘itt}ioirrﬁ&ﬁbta%n&%@ﬁlhﬁﬂs §ucP M arfeE&rofkdk @nd C1- C6 al kyl
optionally substituted by oxo or C6 al kyl ) ORa, phenyl optionally

sudt i tsekeétavewtr%pﬁgﬂepwétnﬁgimlator%(éﬁkwgbImdudzxr% for_egpplepmoxgfen (mel Uérngor |
and per@Lobe@@i IamIfLycﬁg@ﬂalsmeﬁg &?anoﬁ?én'ayI h cﬁmxémogléﬁ%eméne

- CN, F, ’Br or I. In’one enbodi nent R6 is pyrazonI
or pyr II@pnﬁdne Ia&ﬁd%%&roaamwmezmd%(ﬂﬂﬁ@i‘éﬁ Gtgremubstcnttatﬁt)e(cﬁ) hypnbtaso 3

substi t. K o) or F,
nalo anb B it PThe el PR RB S eSO LA B b,

met hyl , et hyl , |sopropyl -CF3, -CN, ORa, d or F. I n one
enbodi nent of Fornula I, R6 is phenyli3or -CH2phenyl, and wherein said
phenyl is optionally substituted by F, d, -OH, -0OCH3, -OCH2CH3, -Ophenyl,
25 -C(O)NH2, -C(0)0H, -C(0)0CH3, cyclohexyl, methyl, ethyl or i-propyl.
In one enbodl ment , R7 is halo. In one enbodi nent, R7 |s C. In one

e~ VAN AN AT A=A A SoNT | 1 1SSl /s eses A " o



(Co-05 alkyl)C6 aryl optionally substituted by halo or C1-C3 al kyl -0(C
i-C3 alkyl), or -(Co-C5 alkyl)C -C9 heteroaryl optionally substituted by
hal o or GLoG8i0aisksab. I n one enbodi ment, R9 is independerCiryusedos/ k3014 CF3,
-CH3, -OH, -OCH3, -OCH2CH3, -0(CH2)20-, 10 -0(CH2)30-, -OCHF2,

- 0CF3, - N(CH3)2 - NH2, nDrphollnyI pyrolidinyl, pyrazolyl,

NNt o L A L en e Ly avl%%gbu%tﬁ%% VERGRSE! [l ) one

eggo(cjil rneéttane) E&]R(DISIA!SM%Qﬁ@ﬁgﬂﬂide%/Pﬂ]ﬁk)QforﬂnBstﬂﬁ@ feirbll, mgi;sgﬁ@l(vbmlzgle)l I n one
enbodi nent s i ndependent|y oxo 1 a 15
0 0) OREMARAGY et N b M| RS s B o8 BYRYEF ) R G5 al Kyl

opt i onanlidesitatn iRy, MR, Elcaru(as;ﬁa@% ?Hﬁﬁé )alll v6Rrdi@t @sr@&ml yl
optional Iy substituted by hal o, oxo, - or 0) C1-C3 al k

- ( C8- 08roaxhed{abingi(a £3- %@éﬂneawwswtcmﬁlap p@alwb@)mﬁl@dﬁn@yﬂ mhibgorsi (v émp@s

21 Ky ARG K PRSI oA ARTLY ppiemals MRS o S Bl o,

or -( ngeﬁt's if G@hﬂyig)p@am@ﬁs oydicatad kydbeopiticolh ptoliferatighssuch as, éak daympheoPKENRCRd,

LS g R TR s Ry OB SR

2 5 gl ochtanaphenysl g;enat;h&-ag;{1 b?mﬁ%gﬁhmzympleZAﬁldegmmw ab}HmvEcﬁgé@qldhd I3uor 0,
[ ® o e met hoxyet , 3,5-di , 3,5-
?@%ﬂﬁ#yﬂ’%@@@ﬁ% i}o¥o1)WBﬂl9?merzse4l 18{’]%}@0%“6%?152]:1‘3%8%&&&

2 chl or OB RREELY b nyd) an@angég@t%mwkx) Iﬁlaﬁﬁdcsﬁtw@npﬁe%{wle BaRYdcids

2- chl orophenyl , 2- f1 uorophenyl, 3-nethyl phenyl, 3- fl uorophenyl

3-chl oraééﬁémﬂtwessaf@wﬁ%@héwe 2-i odophenyl ,  2-br omophenyl, phenyl ,
pyridyl, C(0)0CH3, -CH2(4-am nocycl ohex-1- yI) 2- chl or o- 6- |odophenyl,

2, 6-di chl or OphenyA dl‘gmﬁfl cﬂérﬁfﬁcﬁé}%&ﬁ% Q%Ents ﬁlcﬁldg'ﬂ}?err%égﬁﬁg %ﬂﬂfﬂodles such as

2- chl or o- 6- net hyl p eny | oro- 6-fluor ophenyl brono- 6-fl uorophenyl ,
2- br onmleﬁntrmemmyb (Premyeith), @othiximeb GERBFEYNG, frheloyt), p?ﬁHmhiLm&b»(N-ECTIBIX®

o donyriyPeaineryrpretoM I AR GF ek chastbun e utsoBonttstn Sorixia). and

et hy ny|th@aﬁtiﬂé>@ ‘dﬁj%e‘&%guga?e g&hﬁl&ﬁmﬁb sy@gaﬁﬁaﬁ mmmeG@wpaﬁﬁyAddmonal
2- cyclopropylp en hoxy- 6- met hyl phenyl 2- ethynylp enyl
2- chl orhwmpnizgd msplﬁelnpal anzbb@ebwﬁbyhe@mnw pefentgal ag agefnlt&ﬂ@rcen@nrrﬁ@@p\h@nyl I n

one e dlne cloalk

Onti ondnt SOTEReh pfBeamsins i SudeR oz i bl e, SYFROPAIAY o) oRa.
-C(0) N%amuzmﬁa@qn&@nainkydahmaﬁlab e ehsifg ca&lé{ﬁz&m@R&eﬁbEﬂmﬁ:ﬁ) gy | Opt ionally

substituted by oxo or (Co-C2 al kyl)C4-05 heterocycly

optZ0onidfpsigigyaaby %@f@aurbgb lﬁia@@um@koecu@iwr@@ §¥quuméb m@y@@@aeréwwb

10- ( Co | t t
al kyl ofg%b Hr%)l %Og\?ﬁm%rﬁ%ﬁgﬁ ‘g{‘wﬁ O%g%{s}ﬁo&pﬁogna & &E’g%?ﬁhu% ’%ﬁmg&l C3
al kyl , la§deBruntedl bntuzehbb, nﬂiﬁazumab ﬁd@cﬂt&uﬂﬁﬁ @taﬁzuﬂna’d hytoviz(ifiab C2
al kyl ) phenyl ti.onal ly substi.tut y hal o, -0ORa or -NRaRb, (Co-C2
al kyl )@@%ﬂ@ﬁ@%@f)wwﬁ Do i%wrv %@WW@B Osgﬁha%aa CMEEURERy | or R4 s
Hor - vizan@b kﬁﬁ'séd?ﬁﬁﬂﬁéb e\éﬁﬁft&dﬁla‘%ab&tﬂ?ﬁ% x%h?d&hétp @ﬁidléﬁn%bs“ tuted
Cl1-C3 kyl “optional | Sgtltuted by F d%H

- 0282 CI-HZlﬁbIIZ@mab I@Flﬁnzur@m:&shzmlﬂf’;’esyhahmab I@Qﬂ)zﬁmaﬁﬁm@hklyhab C( 0) ORa,

0) NRaRb | kyl
RN M oA o A LA L o Tt N T L2 LS
or bC'E O%t%bagﬁ%ﬁb H"%M&lllzﬂhabé{orahzuma‘tﬁ %D%}lﬁlhﬁ%l%l%ﬁe‘&ﬁlnbﬁﬁgﬁh%?ﬁbépt ionally
supbstlitute al O or - a . n ano er e odl nen
cylcl 0[1emvmm%/aibowéwa}ll@@bs}tSt@d@U@%%@SlileW@ and bt antiravierieukivg leifoé‘hlaém |y
sSel ec en
20y oyl 4EIT WL Rt PR Moocgbitday iy iSh St pivcty i 1 1 s

pi Ber aziufyn.schiddet, flilnygtio (oGt phidbin génen@zmy Bodificy tetoosnitdinescyinmet hyl ,

CH2NH2, or CH2cycl ohexyl WO 2010/ 051549PCT/ US2009/ 063014
'12 p40 protein.
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optionally substituted by NH2; and R4 is -(CH2)phenyl, wherein said phenyl
is optionally substituted by 1 or 2 substituents independently sel ected
from et hyb,2086/05349 - OCH20-, OCH2CH20-, - OCH2CH2CH20-, PcOTIS260bidbiveL,
-OCH2( C4- 05 heterocyclyl), -OH,  CF3, -0CF3, -0OCH3, -OCH2CH3, -COCHF2,
-(Co-C1 al kyl)C4-05 heter ocycl yl, wherein 5said heter ocycl yl is selected

from pyrrolidinyl boll zZin of. din and is

optional |y subst |1El];'ftr¥glalp fB e@ ?hlf %%Dhéfm%{ﬁ?% !@4 @éCW§?re9Ioaryl

wher ei Mepighth¥BhA ro@@'blﬂlrrﬂa%e&ﬁ:'aﬁ? hathef upstistRA @4 dks efﬁeacd@zs% Yio pafn@ﬁtad}yl and
thienyl and is optionally substituted by nmethyl. In an exanple of this

enbodi reaftoxiRgo fugnor EbFepMpRktl tRTthepaicr3irag @nd—ls capible ofrheingndizaingaend lyer

F | | k | oal kyl
Formul g sl 8 60 ARG HELERL e HIESELT, S 02l by
< OBORa,Procﬁ(léb)lNﬁaﬁber Cl(e@ibtﬁ’éia@”@b&%ﬁﬂw Soc(e@ﬂ}" ﬁﬁsa@hkﬁ[d )1@% 3@5-—-3826 al kyl
optionally substituted b C2aIkI)C4 05
ot e ody/SThyMogia Balkit ¢ SY6LAN Blaar sy “ReiesoRd heeicbArpamcRye Tofected

Subb e Ste ey - Direcred prug Defiyery (Stefarae . &5 §12PRE8T.Mnailaon ) 1Y

opt i ondgll9ys)s (Ibs prddnﬂl@d)fblyls hlaientlon @kllude (iva atrnot NRafed, toQ)hosphate contalmng

(Co-C2 alé¥4gq? cIoaIk tlonaII subst i tuted E¥ oxo C3 al kyl or

20F: arodrlies, iophoggtais COlet 5 @W? )Sﬁgyf%tﬁ dPRIMINgGNaAR{Es RCR 1ae ﬁ?/‘}tf“&}%yl is

optjipon 1 , -0CF3,
p 1'0 aﬂrl)drugybﬁ a'rﬁ11)=ﬂ$ @@d woaﬁlﬁgky i?tgfhfu s%:g%gﬁ%%d &ro&%%%@'ﬂg( Cooc(%lt iy kg’l ) NRARb.
(Co Oa)racﬂmgﬂ,pcmauall&‘sumltatb&phetmrawcz@tv@hltivcsmbmmgtmo@dgbyr ¢ntioBUY Co- C3

al kyl tional | ubs ut ed hal .0, Cl- al kyl

or o by pRER G atig Lo o s Sehi s S G spyqrgrand <

subst i tﬂb&dg@%hﬁﬁ'c@n BE clabet3d té e mo%cﬁw&5i@%%yﬁ%%lgﬁ&o 14

I n one enbodi mnent of Formula I, R6 is cyclohexyl optionally substituted by

1 or 2 oytsexip dinentist cpribpdertiatiesd,inted protar frra dotrhse iy this iavention ipetnds;| | _
O 40 o 00 e (N SRR AN LA AR St erocyel yT) . wherein
sai erocyc I'S’pi perazi ny i nyl”™ or norpholinyl optionally
substituted by nethyl CH2NH2, or 5CH20ycIohexyI optional |y substituted by
NH2; and R4 is pymlphsnmle” wfersM:&Ii’/):wle icoinpyded ofloac et mo&amlddsgphoijhnmbidi; S
optlonall stltut b net F or I n anot her exa of this
erbodi HEAor S %ﬂ d%éh‘efrmfg fligipuch as a compoun 'T(P@#ef hg peesent
enbodi ’Tﬁ% R aso % al Kéﬁl ABbAR! do¥n HPS oL A TRY cFh i
het erocyc i Iﬁ%ﬁlergary? b a‘% n@c oaa , e?el ﬁosal ©
heterodyx$mh¢chewﬁmodnmemhdnaﬂuymhuhwkyﬂwémaimpmgam@MKﬁbgdbgtﬂtuted by
Rl@b and is H -(Co-05 alkyl)(C -C9 heterocyclyl), -(Co-05 alkyl)(C3-C 6
|ofﬁ?‘fﬁ 5> - (Co- 05 al kyl)(Ci-C9 hetero aryl), -(Co-05 alkyl)(C6-Gio
aryl), wherein said alkyl is optionally substituted by R8, and said aryl,

cycl oal kyl, het erpartyim ap@kiel iasers Lyd takefeoRtih@nrtibys Glsidrilyinethdey RO.
I n one enbodlnent of Formula |, RLis H R2is -NRBR4;: R3 is and R6 is

15C3- 05h&p@msasigl packages ohicrapcwtisnredudst, dept §9nt@1ﬁenf9rmﬁwba®ub§1@| tuents

sel ect 0 ally
subet 1 oS EH Ry e dotide. Mo BpRaRloi bag SEu Rt bRy A
subst i tust eflsuey thahmeutiopeoduCh- C3 al kyl or C(0) Cl-C3 al kyl, 20-(Co-C2

al kyl ) C3-05 heteroaryl optionally substituted by hal o or Cl-C3 al kyl,

(Cq-.C2 al kyl ) phenyl optj. na,J substi t ut ed 1- CF3, halo - CN,
" OR3 or NRaRb, Al I?fcoq%rﬁ e ﬁfm%eole?ulew%aﬁm% %ﬁaﬂfyogubst.tut ed
by 0x0,s,fdiFos@biity ofthe Emrr@lnﬁlndg@ p@ﬂﬁere%ﬁﬂpjth% t&m {aﬁh?rale rorad t%ﬁlecuﬁ is H
251 n an enbodi nent” of Fornula I, is -(Co-05 al kyl) (G

het er ooylokly hie, supe{r@opcisablalomyhe)l(m&r@anmgcptmiekyl) - (Co-05 al kyl )(O 9
heteroaryl), -(Co-05 alkyl)(C6-C9 aryl), then the aryl, cycloal kyl,
heteroaryl and h 1ero | are option subst i 1- bstl utents
i ndependent | y se?ll;ecttgﬁfsrt%ﬁﬁ)l(g?(mersdefo %0 F(inﬂ)oun £ onthle}}ave}, tl al Cares? t)y 1-3
subst i tggh&ithisor, DdePeReeith rygas@ioatt aedad de@itnO¥Othaatdnts, org@s\hps 1£ﬁ£a,c hal o,
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WD 2010/ 051549PCT/ US2009/ 063014 (C(0)Ci -C6 al kyl, -C(0)0ORa, -C(0)NRaRb,
-(Co-05 al kyl ) NRaRb, -(Co-05 al kyl)ORa, -(CO- Cs alkyl)C -C9 heterocyclyl
opt i onal Iwootwtsis4at ed by 1-3 substitutents i ndependent lPgTasb@otesdis r om
hal o, oxo, Cl-C3 alkyl and C(0)G -C3 alkyl, -(Co-05 alkyl)G -C9 heteroaryl
optionally substituted by 1-3 substitutents independently selected from
hal o and Cl1-C3 aI [ QCH2CH2CH20-, and 2( C4- 05
het er ocycl yl ). a%!fif Sprety F%%S to &?%?to%? V%ttlk‘w%/‘?r m?rﬁé?ﬁntFﬁé’q&P%‘ﬁy
al kenylanarehoat Kﬁb’[ﬁéhle@ra& &l@tmﬁaaﬁﬂl%@ oPsid atn@t&@l DYasterédnSOBdvel diFEL At
i ndependent |y sel ected from oxo : and NRaRb. In an enbodi nent of
For mul ahysicalipsepRacsand. Raltiagaoinik &nilinggeinis spedttehproperties, and pgactiviien t o
whi ch t to for rocycIyI
'S Soogtindl PR BERRT oy Bh MR et e TS el AR DL BRbE 20 T o
0x05 F,elédtropRorasikyhd chréfn@ogiape$. al kyl and - C(0) ORa. In an
enbodi nent of Fornula I, when R6 is C6 aryl, C3-C8 cycloal kyl, C3-05
het eroaryl and C3- 05heterocy lyl, then the aryI cycl oal kyl heteroaryl and
heterocyclyl are GOARERTAFTSyIeETHR{We Hersqispipess. of asf@ﬁﬁtomlﬁévﬁt@ 36 B¥pendent |y
sel ect esg oL Ho) s%l%mlgorﬁﬁag%'s%%néé%%éronm |y substituted by 1-3 substituents
i ndepen gntl selected fromoxo and F, -CN, -CF3, halo, -0OCH20-,

- OCH2CH20-, -OCH2CH2CH20-, -C(0)C -C6 al kyl, -C(0)ORa, C(0) NRaRb - (Co- 05
al kyl) NRaRb, (CcSt@Soehehyqa)l @Eﬁnitio(lmrdwnatﬂtgpm mied@@rdieg@remdgmﬂoybwcﬁpﬂ onal | y

oo SRS B T Ry PO RBTOE Tau (e Bt BRI oo s ona 1y

suu@t l t@tt mRYN&wd #Rsanastt]id] Uenhs windese ﬂS%ﬂécherﬁﬁtr?%‘f@ﬂ afnﬁ@@bﬂﬂ@bt!ﬁlcﬁﬂd
G -C3 al ky -(Co-05 alk I)phenyl optlonally substltuted by 1-3

subst i tJabmtV‘éﬂeWrs%t@@éﬁd@m oW Serlectofd. Masm digdngs congpeundorgst in@RECAd - NRaRb,

and - A I
substlEﬁgﬁfgﬁ#ﬁdé%gﬁeeﬁ?%éﬁéaﬁhér Féﬁ?€m£y0%¢9%%ﬁ&ﬁiﬁﬁl§%d%% When R6 is
al kyl , c&hd«&ﬂyg aIDdSptﬁJaKy ative dobgiound, klyé prefik kedyihd aner Rlakdlﬂydre aseel topieh@aal |y
substl tuted -3. sub, stituents 25 jndependently selected fromoxo, F, ORa

and NRﬁ%ab$wt%w@@ﬁmOMt cgrolegileabant fits clipialirenisr(ah d hrprodixes drndbon lkyl
oy P oal i) P e IR o Bl Ot R R Mland AR B2 0T Y e 1Y ot

i ndependemnpoliyd, szethe(c) edl ﬁnemnng:thaomea:bmpbunc( @de\@%otatokylA GRupomﬁmreﬂvwldo NRcRd
and C4- Oﬁbg%terocg % Ra Eb mh the.30atom to which
t hey ardtL i) Q€ ey ?’%%ﬁ?tam@’ g54 Igé‘te&c ePer %tmct“ﬁ% ANESH éteﬁeé?@ﬁt%sy%rleyl is
OPL | 0nalbkichlQ 2040 ASASATECTHLISRND EIRIARPSL kﬁe‘éﬁ’?c%t&&’o@orﬁeﬁﬂ%ﬁélh& uent s
i ndependent |y sel ected from oxo , Cl-C3 al ky - C6 al kyl”™ and

C( 0) ORw.referred to as an enahtoraer, emﬂw@xinmof@ﬁclﬁsonmtsas pf enmélﬁdm caardioRerigr e

aIk then the a l,, cycloal k and

a1 Haitting A0S0 RO B PeR g P e R i i e R R et
sel ect aghith ey et wHIrBtHOk, habliten £d GR0SdIcceon @t ki¢tchsaehiciyQn hlidh &t
al kyl). | n one enbodi ment, Ra and RD are independently H -CF3,
_CHF2, TeagiRR or pIoces. Ahk{arms preeerpic, miggirghand ahesaak/ | refor toan gBlimelser ocycl vl ;

e ! TSR B e QRN LSRR PRI Y st ut e by, G4

enbodi nent, Ra and Rip together with the atomto which they are attached
forma Ci-05 hefﬁmqmmsbybhmnmbmmahMyaanmbkmmmédsbyﬁdwnnnEp&ﬁmnCB al kyl ,

al k or - ORa. In one enbodi nent are
i ﬁ&gpeﬁ@éﬂﬁcﬁu ally agpepeadlcpriggpic or norganic salts o ﬁc%fﬁﬁo‘éﬁtﬁ%d?%&ﬁtem Rc and Rd
are | nqﬁ%‘%ﬁ”kké’m‘ﬁlaﬁaﬁ%ﬂd&}’ but a@n&qln%'éa' RAdutile, BliraRNEQYdte, JMIRELI N sai d
al kyl, cycloal kyl ‘and phenyl are optionally substituted by 15 hal o, CH3 OH,
NH2, C(dh)c@(CEl brogidd, kadide, mtra(t}( ) NHREl plE@Bphdtkyacd phosplene 1®nttmdnatte ritaqtatRc and

Rd are | endent G - | Kyl . In ne e R2 is
Fras, op BRIRE R e Rt b pesl ROias PSS Mepriids s ro” 1
one ent@gbare nlenti§RRate StumdR3S (R e, g?ﬁcu@ndtt sﬁ’é’chhﬁttaoh’&méte epidoaral |y
substituted by 1-3 substituents sel'ected from G -C3 al yI, -CF3 and halo; Z
20i38 - NRgR@atcREIcthangsulfgpaie, R@hﬁn§51d§@@at@pbmwesuw%bdpwnesatf@wwﬁﬂy|

cycl oh I c el tLon y
substltﬁ%quz JiE ?H 5%9%¥ éﬁ?l &%¥%Ié%@gﬁwg%@ﬁﬁgio phg 6“8%J%EY C6 al kyl .
In one enbodlnent R7 is H R2 |s -NR3R4; R3is H RS is H R6 is pyrazolyl
optionally substituted by nethyl and subtituted by phenyl, wherein said
phenyl is optionally 25substituted byieone or two nethyl, hal o, nethoxy,
cyano, trifluoronethyl, hydroxy or trifluoronethoxy. I n one

enbodi ment, a conpound of Formula | is at least 10 fold or nore selective
|n |nh|b|t|ng JAK2 ki nase activity over |nh|b|t|ng each of JAKl JAK3 and

VAN AN AT A=A r= AN T| 1 1SS d] /s eses A



10 geonetric and positional isoners. For exanple, if a conpound of the
present invention incorporates a double bond or a fused ring, both the cis-
and transwbanmesiss wel | as m xtures, are enbraced w t hipaTiuseomwoeges of t he
invention. Both the single positional isonmers and m xture of positional
isoners, e.g., resulting fromthe N oxidation of the pyrimdinyl and
pyrrozolyl rings, or.th and Z forns of co unds of the pr.esent

" hvent SRR Steamh in ol dhs e iign & rer PRI SihiPem e ki dope of ¢ he
pr esentsubdMAR idodt-othd? chbifteSioh UThb t&Ent&T1OMM R Se@hP or MRS & ihdY8anic moiety
stereochem stry of any particular chiral atomis not specified, then al

st er eoitbymabslizes trebarcemplthe parceirrgmiprund dewthesmersea pharpuasdisally t he

I nvention. té%"f?%aﬁ‘t SECRERGRSI ST dhe! cha 83@1& %dits{)%m%t@‘?' ha8d9G,pd dashed

li ne repré%en I'ng aYpartlcuIar configuratt on, e T Hat St ereolsoner is so
speai f imdtiprehdebt akths a2 pire oL DEIPALAtR c@icallPacq@padiHaltical @Nd @OltipRYy eXi st
in unsol vated as well as solvated forns with pharnaceutically acceptable
sol vent®®usgeionas Hangcer phesmuapgicall aagreptable ekt ¢an b qne of snqrachaigdptomat t he
i”Ve”tE@Hmr%ﬁegg&%ﬂﬁ%uﬁ%rhﬂﬁ cl ainms, enbrace both solvated and unsol vat ed
fornms. I'n an enbodi nent, conpounds of the present invention may exist in
different 25 tautomeric fornms, and all such forns are enbraced within the
scope of the invehtsdvateasfaefd anedsdyationer chmiphs.of Dhe ot mom sofaut omer " or
"tautonerjc form refers to structural isoners of different energjes which
ar 61| nuBPEGHvR Y aF SRR gensiah Parmo Rl ki B BRBCH oS

t ayOoMghSud&lbePark ABVIMASI B, Mallr 19 rEpdndH BIIRHS Mt AR BMSOL &h IRV EIST ONS
via migration of a proton, such as Keto-enol and in ne-enan ne

i somer iagelid and.an¥athenelemizput hedesn 'mslraielerc8us forthe cewples vdicomidic lsglvent
reorganiqation of. sonme of the bonding electrons. WO
2010/05&%335&%”@§?609/063014 The present invention al so
enbraces isotopically-label ed conpounds of the present invention, which are
identical to thoskerteeh t'mdtcbeni@gronpboit "Pled keftideo b aabstitivat than comntonlye at ons
are replaced by an atom having an atom c mass. or mass nunber different from
the at GMRoYRSd] binck on grotedl mparticykay Aumciiondd iy arhilp répgting athemfuncliansd giowgs of any
pani cyaf P fc, 35 "SRROLIbEM: N apb i asht Widdikdid e scope
of ?heq#hv%géﬁgﬁgﬁExenp a f%isotopg r%ﬁg?ﬁégﬁﬁﬁegiﬁgggbggﬁte F%f%

c onpouraisno graupehgs béskn br proveetst the amineciundenaBgtio plesconipouydrgeble acandon,

ni trogen, oxygen, phosphorus, | fur, fluorjine, chlorine, a i adi ne, such
s or et OB R o tds MieracanbahibobB s B Sy ospbthelE 15k
36c15 123 ObRONE S SREO RN ImGRY LAY ch®Bh ARFERL). ¥ihakhe) gd conpounds
of the pr%%gﬁﬁg{nvgﬁ?%gﬁ (e.g}{ gﬁgge gOIéggled aﬁth QL éndgﬁhcy are usefu
i n conpbudrexgpddtestinggreun” atkers tossubstduatt of bhydrony gesiaykat biadks paprtects . e. |

3 -14 (.. e, 4 i t ful.f t hei )

or B0ar dof BHARG sl it REHPRGT o RETREERLM bR EEIRG Bl ot opes
such asdigleyhRédyliy(,ibefzoyl, HohzyTBlYena§loQy6 @O, hatk iy} Methapghdthgl, adyanricages
resulting fromgreater netabolic stability (e.g., increased in vivo

hal f - | iand tefrahydronyedyd oS Agebererrpics e gropD Arsderh éne substifuepieofihesasborad i n

15 i . ' Lt i ng lsot 13 d 18F
1550 ShBFTPORIGSS o FOSL LSRN, KBRS PRERHERR Rty gr
subst r dheudeqEpia, SO Phipameethyl shittpictaildiy babk Deadimehpoilptshefynidiey pr esent

D T S R SR R R S B r eS R e,

substi tyt.i hsotiepigal, | 0 I = -opi.call abel ed
201 cagent o U REI Ry PR BB oy SR PRI R W
Conpourfagsend antdne Vigutsslimtectine &rdups m GeganbeSwyindstse$hize @dhyolsyWileg s Somsout es

descri hed i oo i i , . - inth
Chem ot pak d9a0 1B Ao LRl Eh CeuRo I FhER T YRR #7008 he deser | pt i on

contai ned herein. The starting nmaterials are 25generally available from
comrer ci al sour cepheSbieh "@sicAt" dfidledes Gagirh patisntd Md mamkigeuicN¥ SThe tefm ar e
readily prepared using nethods well known to those skilled in the art
(e3§., "priapdliadludgs eamirioenn apenals &¢-By deless eath prdihorpes).davdsqurcinimals, zaed Mary
Fi eser, e for i thesi. . 1-19. Wley, NY. (1967-1999
ey aaR e mmboRRlE MR Bl i, “hurl e
Springer-Verlag, Berlin, including supplenents (also available via the 30
Bei |l stein online database)), or Conprehensive Heterocyclic Chemstry,
Editors Katrizky and Rees, Perganon RA7ess, 1984. WO

2010/ 051549PCT/ US2009/ 063014 Conmpounds of the present invention
may be prepared singly or as conpound libraries conprising at |east 2, for
exanple 5 to 1,000 conpounds, or 10 to 100 conpounds of the present

o Y " o " Y 1



skilled in the art will appreciate that other synthetic routes may be used
to synthesize the inventive conpounds. Although specific starting materials
and reagewd08ves1sdepi cted in the Schenmes and di scussed Ilpelraso00tbzen4
starting materials and reagents can be easily substituted 15to provide a
vari ety of derivatives and/or reaction conditions. In addition, many of the

conpounds prepar by t he net hod scri bed bel ow c f rther nodi fi ed
e b Ehre et PR e aie T fere s e M e b et o

t hose Sd’éh{fdoﬁhﬁoh MdshBe @rhpatible chemical FRANBRY REScA gitdNg, (ith @R btAe: 1H%ﬁédféﬁts
pr epar ed omcomercially available starting materials using the general

met hods:ommamg@afp@ruulhmre|and/02memamlm@ therewithg Conpounds
of Formula 1 can be synthesized as shown in Reaction Scheme 1. For exanple,

commer ci al |y avaif;ahl.e cql §8H8ﬁﬁBX| eq§%¥I?&ghg%a&gm%MQangﬁ%Qﬁh%&ﬁCIl can

be reacted together 1n so 0 give C oun
cansbe1ﬁvammnenmﬂﬂs6%@ﬁW$&ﬁ@ﬁﬂdﬂuﬂ&&ﬂbbompommkofzammnaﬁaﬁahmﬁmﬂ vmth d||ute
aci d. Conpaund 2b can be iodinated th E—IOdOSUCCInlﬁl e (NIS)

£aCLILA)

gi ve cOMPERIBRINGS, t@apwsw%w%nmabo i1 BTPesnes bob R e 4216 rrpound
3 under ob;ﬁﬁb h§9@1’o{i&g§ﬂ{e§é&hlﬁ§es§ Pﬂh@ﬁ»ﬁ)&é ?tgﬂe?,ﬁstﬁﬂ%‘?@s)de}ﬂcwa 1{%%19% rmoxh de

and a 6) I'n nmethanol gives ne est er conpound 4,
can bezﬁydnah&ﬂemcmdeaqmpmu@sﬂmﬁﬂﬁﬁmwh%dm@%@meymmeoﬁwguundmﬁ1&%ﬁamﬂhg

conmpound ture o hosphor o oxychl oride .

i 1 Soprigpshed Hp SRR L Eomea O briridpwaslas Lishbabeens,
Whijgh ighedr %Rﬁ@ﬁ?drb@é@dt&i%ﬁ“a@t@plfa%d Byh@utd i @SN bIER & RéreCarmeaunds 1 a,
| b and | c. Thus,  conpound be reacted with a primary or secondary

ami ne (Ateias angireplacsdrinia | Gﬂ(sr t6 egrlvleedamrﬂdm asowpbumitic ycapken this teentpy. e
vigorous conditions with a second am ne or an al koxide to give conpounds 1c

or Ib SERLESH Iﬁﬁi be reacted under basic
condi tions mn Yﬁhﬁu q§qﬁaéﬁghy%[esgers 0 ormula 8 which may 10 then be

further reacted mnth a primary or secondary amne to give conpounds of
formul a la. REAC'IIh@xIeSﬁbIENEleﬂt a\@n@eﬁﬁdﬂﬁﬂxﬁﬂﬂlﬁﬁﬁlhjﬁﬁlﬁl&%@@&ﬂm 00

R1111\ - ACR 9 00 DWVF ---k NNH2 Et OH,
70C R1foymu letd fNal\e W%@@ﬁ:@r q}élbe_l_tz%giqlent o]f diseases, ondltl_1|20ns

15  and/or disorders responsive to the inhibition of JAK kinases.

In one embodiment, a compound of Formula I, and pharmaceutical
formulations thereof, are provided that are useful in the treatment of diseases, conditions

and/or disorders responsive to the inhibition of JAK kinases.

Another embodiment includes compounds of Formula Ia:

H
R7
N\N \
R1 /
/ /
N R2
O
20 Z ,

Ia

enantiomers, diastereomers or pharmaceutically acceptable salts thereof,

wherein:

18



1) NaOH, EtOH H20 2) dppa, TEA, dioxane, tBuOH 3) HC /di oxane

Conmpounds of the present invention can be synthesized as shown in Schene 2.
For exanpWwe,2omarsespci al | y avail abl e benzoi ¢ aci ds can becrametedesnii h

pot assi um 3- et hoxy- 3- oxopropanoate in the presence of carbonyl diim dazole
(CDI') and magnesi um 5chloride to give -keto-ester 9 (where Ris alkyl, for
exanpl e ethyl). %yrr?ﬁ]gnd 9 can be heated with

1, 1- di met hoxy- N, N* d? et hyl net hanani ne (N, N-di et hyl f or mami deDVA) to give
conmpound 10. Cyclization of conpound 10 with hydrazine in ethanol provides
pyrazol e conpoundR?li -ORIkWRIR‘oNRINERAPORIS(A)R "wirt Rk YR Thal i des in the
presence of a base such as cesium carbonate affords a m xture of the

regi oi soners 12a and 12b 10(wherein R11' is optionally substituted al kyl).
Hydrol ysi s of thddtRAr estetlkylk GpLorbgnply C o adongl odesaomed plkgb 009/ 063014

UL SREEAREIROE o b, Syl shanplonie eage (o) nd

t - but anol pr anmat e protécfed am no-pyrazole, which is
unmasked with HCl 4to gi ve am no- pyrazol e conpounds 13a and 13b. The
r egidoi sonmer s 13a Rind Hl 8h-(GatkybheCs€paketyddC1i€5 allyysyl] +Ea-GhlloghiCogbaphy.

ol somer ity o ity
Bl o oo hS bR s B Ak 5 B A RGP Bl B (Coheigaa s Gon  ne

presence gt afkki | @ 1n&vhek@h kawWak vRYAIENGT MBNIE 3§ SicDlpBEn AR fBLtiteiRRd
provi des co?r%%u);@délsjaé)f mﬁ%r rruel aid anglpl e. %EACTI SCI?IEEE% H;I,Br HN( Boc) 2

Rii 0 NaH bRV, angsBdargNeyakpaiphoteadry! apdNiteRoaRIv aregptDRFVAESOMicdADC

N( Boc) 2 \R@,I—éer 151617 10An alternative nethod for the synthesis of

conmpounds of "'the present invention is illustrated in Reaction Schene 3.

Al kyl ation of di-tert-butyl imnodicarbonate with sodi um hydride and
varlipous a- br onokat’engR’ hic geachatds wolpeuitdodd. to Ghigotagdarkattaciedhe heat ed
with N, N-di nethyl formam deDVA to give conpound 16. Cyclization of conpound

16 with hiIPss € hatcrckenbeptipnally snbstiisddoR e: conpound 17. Acyl ation of

15each regi oi soner separately with conpound 6 in the presence of
triethylam ne, fof{owme Ry naskyl ation of the pyrazole with alkyl halides
provi des conpounds 18a and 18b (where -11' K is optionally substituted
al kyl). Mcrowave assisted amnation yields conmpounds of Fornula id and |e.
REACT! ON SCHEME &R is H or C;-C; alkyl;
R6 iS H, C1-C10 alkyl, C2-C1() alkenyl, C2-C1() alkynyl, —(C()-C5 alkyl)(Cl-Cg
15 heterocyclyl), —(Co-Cs alkyl)(Cs-Csg cycloalkyl), —(Co-Cs alkyl)(C;-Co heteroaryl), —(Co-
Cs alkyl)(Ce-Cy aryl), wherein said alkyl, alkenyl and alkynyl are optionally substituted
by R", and said aryl, cycloalkyl, heteroaryl and heterocyclyl are optionally substituted by

RIL
R’ is H, halo, C;-C; alkyl, C,-C; alkenyl, C,-C; alkynyl or —O(C;-C; alkyl);
20 R*is independently oxo, F, OR® or NR*R;

R’ is independently oxo, —CN, —CF3, halo, —C(0)C;-Cs alkyl, —C(O)OR?,
—C(O)NRR®, —(Cy-Cs alkyl)NR*R®, —(C-Cs alkyl)OR®, —(Co-Cs alkyl)SR*, —O[C(R%),];.
30—, C;-C; alkyl optionally substituted by oxo or F, —(Cy-Cs alkyl)C;—Cy heterocyclyl
optionally substituted by halo, oxo, C;-C; alkyl or C(O)C,;-C; alkyl, «(Cy-Cs alkyl)Cs aryl
25 optionally substituted by halo or C;-C; alkyl —O(C,-C; alkyl), or —(Cy-Cs alkyl)C,—Cy
heteroaryl optionally substituted by halo or C;-C; alkyl;

19



Reaction Schene 4 illustrates the synthesis of conpounds of Fornula if.

Subj ection of commercially available anilines to diazotization and tin

chl ori de wednaisws48r educti on provi des conpound 19. Condensatsean/oedo1€onpound
19 with 3- aminocrotonitrile in ethanolic hydrochloric acid generates

am no- pyrazol e conpound 20. Acylation with conpound 6 in the presence of

triethylamne, falbowed by mcro e.assi ~am nation provides conpounds
of Formula if. R Cﬁlﬁ%’@éﬁﬁéﬁ&%‘o’ - Q 18rliltﬁ)rqgjl’ternative met hod for the
synt hesi s of conpounds of Fornmula 1 is described in Reaction Schenme 5.

Al kyl ation of potpi$s] mmhtsaly dtodechi LOFabaRID @ENECRORS -conpound
21. Condensation with N,ﬁl%gi metylhyl or mam deDVA yibglgggﬁzlgnpoung(g)tgz

Conpounds aldsf/l, FOX@OR, 22 (MRYR RS, 1@hy@ dlld INRIR®h (o it by YORTY, S2ithalltyd provi de
the al kyl at ed pyrazole 23. Acylatign of c ound 23 with conmpound 6 in the
presence BPUARRIIESERAMIEHEHRY 0XQuP1 HvdHo-by aw@ﬁvﬁw@t%@r%xl@aﬂa@%u on with

subgti t ut 1 vi.de o] For a |jd I 6
Con%oundsggbf‘gﬁ@(t)gr% Igarl ’goxgaﬁl'gég%%‘?ﬁ%%@?&ﬁé@é’hé&ﬁqs ﬁ@h@n@%égg%l tion
of pri mar Ypsatafl9Basstielesd bPhiio 6P CRQRWEAZGCACL afiy®b R BhEdHady istib@itiedi ate 7
medi ated by a base such as cesium carbonate in a polar aprotic solvent such
as 1,2- dbyéiitajlethdie, bilo.or@N, cORbouNR Rt ool salkyg)C:REASTKI@NGSCHENE 7
824 1 ester  hydrol ysis 101 f25 . 4 Conpounds of Fornula if can be
synt hesi z%ﬂl%ﬂ%@w}“}tﬁi e teve R Radupts #1516 Fani no substituted R4 with
5-chl oropyrazol o[ 1, 5-a] pyrim di ne internedi ate 8 under pall adi um nedi at ed
conditions wth gPigandcsuchas Xantphos arrives at conpound 24. Ester
hydr ol ysi s under basic conditions affords acid 25. Amide formation to
arrive at 15conpounds of forrmula if nmay occur via addition of amnes to the
acil® chloride of RiCithx@5haloV-20alyH5CEAYRCT! AIBPOOO(QEB14: aryl, C3-Co

cycloalkyl, C;-Cs heteroaryl or C4-Cs heterocyclyl; wherein said aryl, cycloalkyl,
heteroaryl and heterocyclyl are optionally substituted by C;-C4 alkyl, —(Co-C5 alkyl)OR®,
oxo, halo or NR°RY;

R and R® are independently H, —CF3, —-CHF,, —-CH,F, C-Cs alkyl, C¢ aryl,
15 C3-Cs cycloalkyl or C4-Cs heterocyclyl; wherein said alkyl, aryl and cycloalkyl are
optionally substituted by C;-Cy alkyl, —(Co-C3 alkyl)OR®, oxo, halo, NR°R? or C4-Cs

heterocyclyl; or

R* and R" together with the atom to which they are attached form a C;-Cs
heterocyclyl optionally substituted by oxo, F, C;-C; alkyl, —C(O)C,-C¢ alkyl or
20 —C(O)OR?; and

R¢ and R? are independently H, C;-Cj alkyl, C3-Cs cycloalkyl or phenyl,
wherein said alkyl, cycloalkyl and phenyl are optionally substituted by halo, CH; OH,
NH,, C(0)O(C;-Cs alkyl) or C(O)NH(C,-Cs alkyl).

Another embodiment includes compounds of Formula I:
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REACTI ON SCHEME 8 9262728 1i 30 5Conmpounds of Fornula |li can be

synt hesi zed as shown in Schene 8. Brom nation of aryl ketoester 9 (where R
i s al kyl ,wbanioesasipl e et hyl ) furni shes brom de 26. Al kylpatriuseooofocdsnomnm de 26
wi th thioacetam de followed by cycl odehydrati on under thermal conditions
affords thiazole 27. Hydrolysis of ester 27 under basic conditions foll owed
by Curtius rearrangenent using di phenyl phg§phorylazide provi des carbamate
28 after trapping 10 with an al cohol such gs t-butanol. Renoval of the
carbamate of 28 under acidic conditions arrlives at 5-am nothiazole 29,

whi ch upon coupling with acid chlori rowd€s am de 30. M crowave
assisted am nation of chloride g ounds of Formula I'i. WO
2010/ 051549PCT/ US2009/ 063014 REACTI Conpounds
of formula |Ij can be synthesized as gre 9. Condensation of aryl
ket oester 9 (where R is alkyl, for anple ethyl) wth 1,1-dinmethoxy- 5

N, N- di net hyl net hanam ne furni sheg \nhoester 31, which upon treatnment with
hydr oxyl am ne and heat affords isoxaztd e 32. Hydrolysis of ester 32 under
acidic conditions followed by Curtius rearrangenment will provide carbamate
33 after trapping with an al cohol such ag t-butanol. Renopval of the
carbamate of 33 under acidic conditions arrives at 4- am noi soxazol e 34,

whi ch upon coupling with acid chloride 6 provides am de 35, 10 crowave
hoss ot ad_am nati Aot ab st pr BpubbSisiR ettt Adet - Vo
2010/ 051549R6i{: US2009/ 063014 REACTI ON SCHEME 10 NOHNOH1 RI11RI i, c, '
Compounds of Fornula Ik can be synthesized according to Schene 10.
Chlorination of aryl oxime 36 with N-chlorosuccinimde provides

a- cRl or obenzal do& neH7. 5 Treatnent of a-chlorobenzal doxime 37 with a
tertiary am ne base such as triethylam ne fornms benzonitrile N oxide that
participate in di a |- 4tion wth 3-pyrrolidin-1-ylacrylic acid
ester to afford H§§§a9§?§E3§§%§ﬁere Ris alkyl, for exanple ethyl).
Hydrol ysis of ester 38 under acidic conditions foll owed by Curtius
rearrangenent usiRigs & @Hengt alphlo Epitarileayi, Ge-Garathyingb svheaibsaitakkyB9 af t er

trapping wht 3R FhSanohe SHidhats stsR@lS) oxo, F, OR® or NR'R®;

R*is H, C;-Cg alkyl, C,-Cg alkenyl, C,-Cq alkynyl, —(Cy-Cs alkyl)(C;-Co
10 heterocyclyl), ((Co-Cs alkyl)(Cs-Cs cycloalkyl), «(Co-Cs alkyl)(C;-Cy heteroaryl),
(Co-Cs alkyl)(Cs-Cy aryl), wherein said alkyl, alkenyl and alkynyl are optionally
substituted by oxo, F, OR* or NR*R", and said aryl, cycloalkyl, heteroaryl and
heterocyclyl are optionally substituted by

0x0, —CN, —CF3, halo, —C(0)C;-Cs alkyl, —C(O)OR*, —C(O)NR*R®, —(Cy-Cs
15 alky)NR*R®, —(Co-Cs alkyl)OR?, —O[C(R%)3]150—,
C,-C; alkyl optionally substituted by oxo or F,

—(Cy-Cs alkyl)C1—Co heterocyclyl optionally substituted by halo, oxo, C;-C;
alkyl or C(O)C,-C; alkyl, or

—(Cy-Cs alkyl)C;—Cy heteroaryl optionally substituted by halo or C;-C; alkyl;

20 R’ and R* are taken together with the nitrogen to which they are attached to
form a C;-Cs heterocyclyl optionally substituted by oxo, F, C;-C; alkyl, —-C(O)C;-Cs
alkyl or —C(O)OR?,
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10 Renoval of the carbamate of 39 under acidic conditions arrives at

4- am noi soxazol e 40, which upon coupling with acid chloride 6 provides

am de 41.wblornsase assi sted am nation of chloride 41 afPtonssocoosgounds of
Formula | k. WD 2010/ 051549PCT/ US2009/ 063014 REACTION SCHEME 11 0 NCL
10Et Ete R1I1-NHNH2 Et0 42 1145 Conpounds of Fornula 11 can
be synt hesi zed acgor di t o, Sche 11..  Addi.tion of aryl hydrazine 42 to
oyl 2+ cyano. 3. df RERFack RKFE O Be i M imere. WK DY frefnidls

Hydr ol ysi gffa €Rehettrdcl/ l(yi SRR Y s IRERKRIBYORE FOD,-0f afihe —@@?@E—CQQ aci d
occurs under acidic conditions to afford 5-"am no-1-aryl pyrazole 44, which
upon couphlkgborwi@(®)ABR"d chl ori de 6 provi des anmi de 45. M crowave assi sted
am nation of chloride 45 affords conpounds of Fornmula 11. In the
preparation of caq o%ko[?s oh;ﬁt‘5 g present invention, protection of renote
10functional ity (e3g.5™ i or secondary amine) of internediates may be
necessary. The need for such protection will vary depending on the nature
of the remote funetisenad Ly, ARt he conditions of the preparation nethods.
Sui t abl e am no-protecting groups (NH Pg) include acetyl, trifluoroacetyl,

t - but oxycar bonyl OC), benzyl oxycarbonyl (CBz) and 9-
fluor engl net hy%lerPgégﬁ nBonglkyl ﬁ%lnfby ?1k‘¢1¥ﬁé, (&E@d))ﬁflb‘:‘n%uéﬁo-&s etkadfFohoi s

readily d i 15b i | i e art. _ge esgfiption
of pr ot ecl ey B4 S ARG B G s B AR B S Gt s T
Organi ¢ Syntheb(Gs-Cdalh, Whereln s&idSdkg, alNewy! Yod klkyd@%te optidRally substituted

2010/ 051549PCT/ US2Q09/ 063014 Conpounds, of the inyention may be
prepared PY87-rfe&th 197 NR/ Ry 1 andisaiderdr eycipplings stsraryl and heterogwel g éfrer al
met;lgods ibf;t‘i’(ﬁltaﬂgts%t'ﬂﬁ&%ﬂ METHODS OF SEPARATION I n each of the exenplary
Schenes it may be adlvant ageous to separate reaction 5 products from one
anot her and/or fromstarting materials. The desired products of each step
or series of stepxois-@epaiCitedabndtOfC@IR]E0ed (H{ENEi-Aaf 4lkyl, sePENRE) to

the desired d}e%\?éae% of honogeneity b(z;at he techni ques common in the art.
Typi cal | y=S(@RRK &par&oilormdil AV IR e ®utlsiadaadiR ext raction, crystal lization

froma solvent or solvent mxture, distillation, sublimation, or
chr onmat ogr aphy. GhrGnalkplgmaiphsllycsaubstitnted|byexamy Fnunber of net hods
10i ncl udi ng, for exanple: reverse-phase and normal phase; size excl usion;

i on exchange; hi ghCoJtedilkyN)C a04 hevogycies sptiendllypubstitafed diyaha¢r eph\C, @t hods
and apparatus; snall scale analytical; sinulated noving bed (SMB) and

pr épar at i &Vt o1 HDE1ChiadRll ayer ” chr omat ogr aphy, as wel | as techni ques of
small scale thin layer and flash chromatography. Another class of

separ ati on nmet hoddChtsallyds 1t Cebdterontyl oftienaliy xuhsticited bhhao 06 Cedyatityl,
selected to bind to or render otherw se separable a desired product,

unreacted starti nqcrmiseanlmjpheﬂﬁa)gﬁbm1ytsylbmta&dqiy,cpC3 bikgl, HOE8, haRblCHCN,
reagents include adsorbents or absorbents such as activated carbon,

nol ecul ar —ORévesNR'Bnoexchange nedia, or the like. Alternatively, the
reagents can be acids in the case of a basic material, bases in the case of
an aci di ¢ materi al(C,-Cs alkyl)Cs—Cg cycloalkyl optionally substituted by oxo, -NRRY, C-C;

20 alkyl or F;
R and R® are independently H, —CF3, —-CHF,, —-CH,F, C-Cs alkyl, C¢ aryl,
C3-Cs cycloalkyl or C4-Cs heterocyclyl; wherein said alkyl, aryl and cycloalkyl are
optionally substituted by C;-Cy alkyl, (Co-Cs alkyl)OR®, oxo, halo, NR°R® or C4-Cs

heterocyclyl; or

25 R* and R" together with the atom to which they are attached form a C;-Cs
heterocyclyl optionally substituted by oxo, F, C;-C; alkyl, —C(O)C,-C¢ alkyl or
—C(0)OR?; and
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bi ndi ng reagents such as anti bodi es, binding proteins, selective chelators
such as crown 20ethers, liquid/liquid ion extraction reagents (LI X), or the
i ke. Selwotznowmsed49appropri ate nmet hods of separati on depemds2@9/063ve4 nat ur e
of the materials involved. For exanple, boiling point, and nol ecul ar wei ght
in distillation and sublimation, presence or absence of polar functional

groups in chromatqgr y, stabil,it f terials in acidic and basic nedia
in nultiphase ext%ﬁ% 1e ﬁquﬁpetnfjrgn%f ]ae.clr%%éﬁ?& 3T%0°3ﬁcﬁaﬁ(l¥gor2@§f“§fvm Il apply
t echni queshBRS said KIRYY cyQoARNI8Y %h_&erhﬁ aftestiof sl 1P abafi@tddby- hald, THLOBRRE! i C

m xtures can be separated into their individual diasteréoisoners on the
basi s of Niki €(QE(Si€alallaheriQNHI(ET-er8lkgBs by met hods wel | known to those
skilled in the art, such as by chromatography and/or fractional
crystallization. ' .be r 12y C png. t 4
enanti oneric nixJE?@Q%ﬁﬁgﬁgﬁﬁﬁ%gf%ﬁggﬁg?ing n?ktggg%§9h$é%bgﬁgﬁxgpph an
appsoprinahethopériealimyntaR? isveNR RIpNRIN'CR? ¢ -NRIS(ORR * atixard ditlest ynbodiment)D
2010/ 051549PCT/ U 2Qp9/063%é? as a chiral al cohel, or Mdsher's acid .

chi or i d&)is —S&paeR ngnepethes eabediwsnts BnisINBAY R ot ope prgodigiegt, R™ is -

hydr ol Wrhg) 1t BSe bRdb¥indHaR2 6 asiRr eoi somers to the corresponding pure
enantioners. Al'so, sone of the conpounds of the present invention may be
atropi soners (e.g., substituted biaryls)zand agg_considered as part of this
i nvention. Enant ilowee smbadinginsof BamsdphRatiedNBR use 5 of a chiral HPLC

col um. A single stereoi soner, e.g. an enantioner, substantially
free of its ster%8%§8g§$0%%%npg?ﬁg%9?pp%g%¥4%ﬁﬁqlution of the racemc

m xture using a nethod such as formatlon O I'ast ereoners using optically
active resolving agents (Eliel, E. and Wlen, S., Stereochem stry of

Or gani ¢ Conpoundsin odebmb¥dineyit & Sansia I, RCis —ORW York, 1994; Lochnuller, C.
H, J. 10Chromatogr., 113(3):283-302 (1975)). Racem c m xtures of chiral
conpounds of the inventijon can se tLed 4solated by a ujtabl e
met hod, incIudin&POPi?m¥8¢ﬁEPF <H?H@§L$%}&d§§§%eW%Lﬁewﬁ£0§grE§a@Wlh chira
conmpoungdsioafifl seRanabivgroly fractional crystallization or other nethods,

(2) formation of diastéreoneric conpounds with chiral derivatizing
reagents, separation of the diastereonersg, and conversion to the pure

st ereoi soners, ard opgymbsdiapat af Farmubs I, Rhes Hob 1 dntallail loptignally sobstévied ched
stereoﬁ; rs directly under chiral conditions. See: Drug Stereochemstry,
Analytiéé Met hods and Pharmacol ogy, Irving W Wi ner, Ed., Mrcel Dekker,
Inc., New York (1993). Di astereoneric salts can be forned by
reasti on of enantlhemeeinbadinenpof Forghild BR* haHesctyt Rilas ibrowiloe, qui ni ne,
ephedrine, strychnine, a-nethyl-13-phenylethylam ne 20 (anphetam ne), and
the |i k€€NiGHeBEymetric conpounds bearing acidic functionality, such as
carboxylic acid and sulfonic acid. The diastereoneric salts nmay be induced
to separate by Trachi onRhaFINASLARHARL L K7 OINRIL: G PRY QPR OGERRNY. For
separation of the optical isoners of arino conpounds, addition of chiral
carboxylic or sulfonic acids, such as canphorsulfonic acid, tartaric acid,
mandel i ¢ aci d, orlnloactinbodicictt c@Formedal, R*iinCf-6¢ aiklyl, o(CHE; tlhgl)phcast, é€eoneri c
25sal ts Al ternatjvely, t substrate to be resolved is reacted
W th o WAt RO Rbh (G EBS brd Teat Polko e (G AseOrabhet pe pai
(Ehpel \heckero@Pl, WHdrER sard: allgﬁtiﬁéﬁ%gﬁgh?&sﬁbﬁtéhf by @2 R OREBFRRERDSnd 4N Wi ey
& Sons, Inc.; 'New York, 1994, 'p. 322). D astéreoneric conpounds can be

f or med gnyleeytdatigyl Awyernmyt il Imterpayehd srawntionelastbsbived tyal |y pure 30chiral

derivati zing reagents, such as nenthyl derivatives, followed by separation
of the di astereoner hydr ShS,. t ield the pure or enriched
enantioner. A netho 3%PQUV%PE%EéW%§¥§%Q%@$#U82009/063014 determ ni ng
optical purity involyv maki ng chiral ters ch as a yl. ester, e.qg.
(-) menthyl chi or‘&ﬂ&(ﬁiﬂ]@‘gﬁ’ tﬁé%r e mo%‘iﬁfe, tgfo. Nb_gﬁg’rseé'gﬁeraflkyl’

a- net hoxy- idd u éﬁﬁﬁ vl ) pheny gﬁﬂi be {~J: aOrg. Chem 47:4165
(1982)), o?g?ﬁgifagg ca%ikﬁg?ggng ana yz'ﬂgg?@@d "spectrum for the
presence of the t r opi s ri.c_5enantiopers or. diastereoners. |l e
diggtereoners of'2@?%%V®545g255éﬁWﬁHﬂ%ﬁloBﬁﬂl @“?Qﬂﬁpﬁggﬁ’%ﬂg’ngﬁgggﬁ by
nor mal - ag@yfﬁmgkgg}ggqﬁsdqﬂronatography foll ow ng nmethods for separation
of atropisoneric naphthyl’-i soqui nolines (WD 96/15111). By method (3), a
racem c mxture of two enantioners can be separated by chromatography using
a chiral stationary phase (Chiral Liquid Chromatography W J. Lough, Ed.,
Chapman and Hall, New 10York, (1989);23Ckanoto, J. of Chromatogr.
513:375-378 (1990)). Enriched or purified enantioners can be distingui shed
by net hods used to distinguish other chiral nolecules with asymmetric
carbon atons, such as optical rotation and circular dichroism
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30(see Exanples). WD 2010/ 051549PCT/ US2009/ 063014 ADM NI STRATI ON OF
PYRAZOLOPYRI M DI NE COMPOUNDS Anot her enbodi ment includes a
met hod ofwoneswisngpoor | essening the severity of a di seageTas2@90630t14 ONn
responsive to the inhibition of JAK2 kinase activity in a patient. The
met hod includes the step of admnistering to a patient a therapeutically

ef fecti ve anount o 5 u of the pr.e t i nvention.
Anot her enbodlnenf(%ng%gggghQ%@?WHH“@?*@P@QB”W&“Hpré¥§éﬁ?ﬁéhﬁﬁéﬂ§gverity
of a disease or condition res€0q5|ve to the inhibition of JAK3 ki nase

activity in a patlnene embpdiment.Rods Crél abies (heCs elyDyf -aubsterosydylng to a

patienta Ui f V Present
ovent 1Gn R ARGHE - ERRlbl Rl e BATR R BB PR Sl R en s
admi ni sirg, eﬂlletr@naalﬂalkﬁmoptmnallﬁ hibstpedtiycrl, hyd efid enyﬂ icyeloalil httetoarglr eat or
| essen tH?ﬁsever ﬁ g sggse or copndition responsive to the inhibition
of JAKAN ?ﬁ@y ?R?.Ocpyon LYCP stitated rfound is at least 10 fold or nore

selective in inhibiting JAK2 kinase activity over inhibiting each of JAK1,
JAK3 and Tyk-2 aqhiMbthir entddImOREREFRORH 48 Riken td)R2 (1l SRS Re Altrog@DR tion is
cancer, stroke, diabetes, hepatonegaly, cardiovascul ar dlsease mul tiple
scl er osvlgph filcy s ateched tmfgmg@r@smerrccyfcm optomylysibsitutdd beRSe, aut oi mune
di seases, atherosclerosis, restenosis, psoriasis, allergic disorders,
|nflannat|on neyr ol oqi ers hor mpme-r.el ated di s condi ti ons
associ at ed mnth gfga g?&%%sp an { %yﬁphﬁﬁggde ﬁ%ﬁgﬁg%ﬁ@?ggrdéPs

dest r uatitryg@nhoMthidh they Brastachadad Ifcfrﬁf acie hB@ﬁBcS@llyﬁgptiz‘onally’l f@stitueedsbydi seases,
conditions associated with cell death, thronbin-induced platelet

agdPegatiooh, Ci-Cv alkyldi-6aXa;CoalkHsIro§i(@)PRirune conditi ons i nvol ving T cel

activation, CNS disorders or a nyeloprollferatlve di sorder. In one

nmbodi t, th i d t
Gl sease s a myebaneprpRiigkALRl kbl £ R 8RRy LICRIREIRAT MemL. (he
nyel opr(oiH,Cen fphtiva, A B@@Hphdngl, p@l((yHy)tzmi{yla ((eot@a alggsepiosalletewuy@m@pyt osi s,

nyel of i brosis or chronic nyel ogenous | eukema (CW). In one
enmbodi rf€mCs aﬂk}fé)(?eaﬁs:bﬁenogrybr\elm@m smldaprhynylcsaop/tmnallp suhstittes byt ket 2s, penil e,

G50t 1 o HbHBY AR aa%cge@f&frﬁgf%% LS BBt e
foIF|cuug@ qaﬁQ5D°Qﬁ?ﬁ§%{§?9@? _ (}ﬁﬂﬁt, Géflciﬂﬂﬂﬁegakﬁhﬂﬂ chon- snal

cell lung carcing ang adendcarci nona, squaﬁnus carC|nona of the

lung, detdscycha)cOeBs-OCHY FOICH,(PRPCFAFDCHIaad dOCHH,| wd hetbiokydylis passage,
ki dney, bone, nyeloid disorders, | hoi d di sorders, hairy cells, buccal

cavi ty S8 teéﬁmw&rabw@waﬂyh tigtrahy gnyh mtblhdmzlamovmoyngll aw&razmér ynx
smal | %@ S[%e!nraﬁiyl Cs% rB&%[;HrQ pf%{b%'aley 5@§g§uﬁed%8ﬂ$a;k?;rﬁether v b)o{/t

large in I ne TRAR e R
cancer safd hidagogsr is'fsé)llaetlddiﬂfrohem‘xiZMﬂl Invildadol Waficaty] aiethitnghnae said rhetei@aczﬁn cer,
de kin's or | euke I n one enmbodi nent, the cardi ovascul ar

asaéspP E“@@EY@W%@PgﬂiE&PﬂPSﬁﬁﬁﬁD@ at heroscl erosis, myocardial infarction
or congestive heart failure. 10ln one enbodi nent, t he neur odegenerative

di sease [s Al zheiieh: silbSRASE R PA |, RN SeRaE N A ARk fnd ey

scl erosi s, Huntington' s di sease, cere raI i sch

neur odeferngoat b)\'/é&npib sRe as e(@a@ s&ldylyiCot-Calang) bp:tldnlallyl Bybstiglted ey@t,eC; alkyl)
neurotoxicity or ne enbodi nent, the

i nf | amrathgloy agyl @éﬁh@%l&l&l%ﬁe@ﬁ?&ﬂ@ﬂwhmdwﬂ il@anxlsbgdilh%p@apﬂta&wh@md
dermat i ti§4§e 9§J ght{ﬂidfpelh%ﬁ&ﬁ'e} \QHFﬁf rR@Ei‘ L1998t 4 f); one embodi ment, the
e di sease | pus or € s

aut oi nmin er05|s A conpound of
the present invention may be adnynlstered by any route appropriate to the
di sease or condition to be treat®y. SuhhabIeFroutes.include or al

parenteral (includin

ravenous,

intraarterial, intr r ansder nal
rectal, nasal, topi agi nal
intraperitoneal, int

I mrunosuppr essi ve treatne
i n2sal esi onal adm ni stration, including pdrfusing or otherw se contacting
the graft with the inhibitor before transplantation. It will be appreciated
that the preferred route may vary with for exanple the condition of the
reci pient. Wiere the 25conpound of the present invention is adm nistered
orally, it may be fornulated as a pild4, capsule, tablet, etc. with a
pharmaceutically acceptable carrier or excipient. Were the conpound of the
present invention is admnistered parenterally, it may be formulated with a
pharnaceutlcally acceptable parenteral vehi cl e and |n a unit dosage
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of the particular conmpound. In addition, toxicity factors may influence the
dosage and adm nistration regi nen. Wien adm nistered orally, the pill

capsul e, wo 20slset49may be i ngested daily or |ess frequemrciryustamw/oesospeci fi ed
period of tinme. The regimen nmay be repeated for a nunber of cycles of

t herapy. 10Anot her enbodi ment includes a nethod of treating or preventing

cancer in a mammal, i n need of .such treatnent, rein t sret hod conpri ses
i i st e ng. o WG LSS Rhrkisarie oain: of BFfBEEl A BB ot a
conmpound edmpAnAYf AT MRent@nSt €F €0i soner, tautoner, prodrug or

pharmaceutically acceptable salt thereof. Anot her
enbodi nent i ncludes conpounds of Fornul as Ma, a stereoi soner, 15tautoner,

pr od[1 ug or phar rdeene cwhpdineas Feps Blliﬂnédas*é@Hz)’ph@Wng(,CHfz@Hz)Qb@iﬁer t her apy.
B ; . |
o or ool SIIRIBIERD) SCRREHECR, bion > RO RCERIRONY - CHRC R

t heseof CH{GH AR phraull aC)1CTe (i, Cal;pdhglare i CHopplidagl, tnhe st medid phényhisdi sease
descri bed herein (e.g., gancer or inflammtory di sease). 20 PHARMACEUTI CAL
FORVLIL ATFiERE YD eRiast B Govi oD is optionally SibsAHSEhRY | 8RBodi ment
i ncl ud I La I ( t he
presen?g}ﬁ@gﬁﬁ%%ﬁﬁgﬁﬁﬁga%ﬁgggggéséfggp%gﬁg%gg%%ggﬁ%”@ﬁ%??@?#@gé?s&ant or
vehi ¢l e:OCH,@ne-Ghi g 16en t-O CHE HpladT, 0aec e OCH: @H , NBlrpelCHLOCHMMsg | ncl udes an
25addi ti onal therapeutic agent selected froman anti-proliferative agent,
an ant QA S hesrayelyDak: sty ali -8 BrlysGénheterpcyelyt entianally
fagt,or, . t reat i cafdi cu 1. Sease, ag r treating
Ii@@r &W@%&@%&géﬁig%vﬁkqPFQ%%adgﬁ?,Bﬁﬁﬁagéﬁibegﬁ ?ﬁgaégﬁg’b @%ﬁéﬁ?sorders,
an agenty [ Q@IH, TP, 5, 20RE E6F,, AIO@, 2QEPHF, bR CYORKIC, G, dIgTY NRd@abine} ency
disordergighaofgg2670§%%49PCT/U§2063?0630142a { ﬁﬁkhﬂ%ldﬁgﬁe enbodi nent ,
a conpaxaciplf Rt esefpceddmm:i nvention is present in a pharnaceutica

formulation in an anount to detectably inhibit JAK2 kinase activity and a

pharmaceutjcal |y aqcéptablp.carrigﬁt

atiopAd n an gasynt t 3 ki nase
ly @ ehi cl e.
gl of 'y a

9 2 '~‘
N1 n &an anbuntFto detectably [nhibit JAK2'Ri nase
activity and is at least 10 fold or nore selective in gnhibiting JAK2
ki nase activity over iqhiﬁfting each of 10 JAK1, JAK3 and Tyk-2 activity.
A typical fowrdulati on¥evprepared gy m xi ng angerpound ahAlbe present
i ' i pi > itable cqrriers, diluents
3 g TRg | ude

and excipients a
material s such a ¢ | abl e

pol ymers, hydrophi ‘ i i 201 n, é? NZosol vent s,
water, and the like. The particular carrier, diluent or eXcipient used wll
depend upon the neans and purpose for which the conpound of the present
invention ievieing appligd, Solvents are generally selected based on

sol vents recogni zed by p s sRifted in fhe @wrevas safe (GRAS) to be

adm ni stered t® ygneral , _gaf ensol vegts _qre papnt oxi ¢ aqueous
sol vents such af t OXYC sol venyg thyt are sol uble or

m sci bl e 20i n wa ” Suj tab &queo sglvents ing wat er, et hanol,
propyl ene gl ycol, |po yet%ﬁlene gl yco e.g., PEGA08#Z PEGE00), etc. and

m xtures thereof Whg forhulations may al so include one or nore buffers,
stabilizing agents, surfactants, wetting agents, lubricating agents,

enul sifiers, suspending agents, preservatives, anfj@xidants, opaquing
agents, indath, processi ng Fai ds, colevants, sweefeners, perfum ng agents,

flavoring age d ot har krjown 25adghil i v§ B prov a0 el egant
presentation of dr } a colhpou the pr i nvention or
phar maceuti cal ce@gosition eof ) or akd the mamyf ggt uri ng of the

phar maceuti cal product (i.e.S¢nedicanment). he fornul ati ons may
be prepared usi ngCtonventiong dissolutionFand m xing orpcedures. For
exanpl e, the bul k drug substance (i.e., conpound of the present invention
or 30 stabilized formof the conmpound, such as a conplex with a

cycl odextrin derivative or other known conpl exation agent) is dissolved in
a suitable solvent in the presence of one or nore WO

2010/ 051549PCT/ US2009/ 063014 of the e2sci pi ents descri bed above. The
conmpound of the present invention is typically formulated into
pharmaceuti cal dosage forns to provide an easily controllable dosage of the
drug and to enable patient conpliance with the prescribed reginmen. The
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20i .e., carriers that are non-toxic to recipients at the dosages and
concentrations enployed. The pH of the fornul ati on depends mainly on the
parti cul avousm/End9t he concentrati on of conpound, but negTEsRE@e/06300M about
3 to about 8. Formulation in an acetate buffer at pH5 is a suitable

enbodi ment. In an enbodi nent, the conpound of the present invention for use
in a 25phaymaceutical composition is substantially sterile. The conpound
ordinari Y I | be §@gred as a,soligd conposition, aklbhhough | yhphiFized

f or mul at i_en \{!ut ¥¥s dre ac eptable he

phar maceut i c§ ; S

adm ni stered
vehi cl es, and -Oroute of Tadm nipst ™ FC i ood ne
practice. Factbrs for copsidergtion in this context i ncl gde the p‘rtlcular
di sorder being treated, the particular mamal belng treated,
2010/ 051549PCT/ USRQO9/ 063014, the cl i ni odhs condi tiushv of the A i dual
patient, |t he cause of A he di sqrde thelsiteg of delive of the-Aggnt, the
nmet hod Stra , the sfheduling Y .nﬁ]nlst on, andg er
factors kn 0 Med\ca racrs. -@ her a IIy ef e

anount " of t conpound t &' b€ adnt ni st eFéd Il b governéﬂ by such
consi deratiorgs, and is the mnimum anount 5necessary to prevent,
aneliorate, or freat the dlsorder Such amount is preferably bel ow the
anount et is tpxic to t heRost . As a general oposi tion,
initial 3 J

parenterall
about 0.1
initial

t he

such as ph@Sphate, citratd, and other prgapic ackgi

ascor bi bt hi PDeeser VY vep (suc
oct adecyl di benzyl chl o L5 hexa
benzal koni um ride, ni um chl o pheno

al cohol ; al kyl Iparabens such &s net hyl < )
resorcinol; cycl ohexanol; 3-pentanol; and cresol); kOM/nDIecu ar melght
(less than about 10 reS|dues) polypeptldesF proteins, such as sferum

al bum n, owvvnnunogIOaJ
ponV|non\rr Ilden@; gi ne,
20hi st i dPne, ¥ nithe nd ot her

car bohydr at €
such as EDTA; [sugars such as sucrose, nannitol, sorbito

sal t-form ng €ounter-ions such as sodium rfetal cofpl exes (e.g. Zn- proteln
conpl exesy~ and/ or _non-i oni gnsur f act agissy,such as  TWEEN(t ng,,  PLURONI CS(t m)
or pol yet hyl ene gl yqo PEG) The activ pharndﬂ?ﬂtlcal gredi ents may
25al so be e apped MY rvation

t echni ques d i nter aI or e e,

hydr oxynet hyl gel | ullos gel at es ar

pol y- (et hyl mgyhacyl ate) m crocapsul gs, res ectiYer, in collqidal drug
delgvery systens (for exanple, |iposones, bum n m crospher g9,

m croenul si ons, nano-parkticles and nanocgpsul es) opi macix@agul sions. Such

t echni quésnar e di ¢ &d |nJReU1ngton 20Phar maceut]i cal SC|ences 16t h
edition, A ( 3097 4
Sust ai ned-r @ $e pre

sust ai ned- L&l egde bkd

hydrophoboc ponneBs cont ai nithg a%conpound of| th pqesegt i nventli on, which
matric are in the form of éhaped articles,Ce.g. filmg,~ or nLCPocapsuIes
Exanpl es of sustai ned-rel ease matrices include 5pol yesters, hydrogels (for
exanpl e, pol y(2-hydroxyet hyl - net hacryl ate), or pol y(vinyl al cohol)),

pol yl acti des, copolyners of L-glutam c acid and gamma- et hyl - Lgl ut anat e,

non- degr adabl e et hyl ene-vinyl acetate, degradable lactic acid-glycolic acid
copol ymers such as the LUPRON DEPOT(tm (injectable m crospheres conposed
of lactic acid-glycolic acid copolyner and | euprolide acetate), and
poly-D-(-)-3-hydroxybutyric acid. 10The fornul ations to be used for in vivo
adm ni stration nust be sterile, whichei s readily acconplished by filtration
through sterile filtration nmenbranes. The formul ations include
those suitable for the adm nistration routes detailed herein. The
fornulatlons may convenlently be presented in un|t dosage forntand may be
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30i ngredi ent therefrom WO 2010/ 051549PCT/ US2009/ 063014 Tabl ets, troches,

| ozenges, aqueous or oil suspensions, dispersible powders or granules,

emul si onswoharobsos49soft capsul es, e.g. gel atin capsul espPCIyuse@e/06301€! i Xi rs
may be prepared for oral use. Fornulations of a conpound of the present
invention intended for oral use may be prepared according to any nethod
known tQ.fhe art for the, manufactyre of 5 pharmaceutical conpositions and

such conposi tions|may cojft-ai n o/ 6r norévagents i neMvdi ng sweeveni ng
agents, f N NQY S > . I Or der

to provide
i ngredie p : 2
exci pi entf which are SU|tabIe for nuflact ure oY bl €f s are acgept abl e.
These e%tipi ent s Chay be<@¥;p0exa e, 0 nert di bwents,) such as &al ci um or
10sodi um car bonate, |actoSe, cal cium or sodi um phosphate; granu}ating and
di sintegrating agents, such as maize starch, or algugic acid—kinding
agents, such as starch, gelatin or acacia; and |ubricating agends, such as
nagnesiun1stearate stearic acid or talc. Tablets my be uncQated or nay be
coat ed nown techpi ques including mcroencapsul ation to del ay
d|S|nteg¥fYYon and .T*-rptlon |nubge gasvvykntestyhai tract jngthereby
provi de a £V
del ay naten
or wth a

applied as a t-o| oi n mentO r rean1contain ng the dctive ingraqdi

in an anount ofquor e a 07075 to 20% wWHiv. X or\ul apléd

oi ntment, the aclivepingre |ents may be enpld i herd a garaffinic
or a mﬁter-WISCIb oin nt base. Alternatively, the active\Whnyredi ents
may be farmmul ated in a.creamwdth an 0|I-|n wat ef., cream base. | f

desired, [t he aqueous phase of ncl ude a polybydric
al cohol , X X

T g
formul ati ongnmay _desirably in a conpouhd whi ch € hance
penetratioEiof the attive infredyent thro

areas. ExaRrpl of such der p&| netrati op enhancers |ncIude di net hyl
sul f oxi de a rel at ed anal 6gs.  30The oily se of the enulsions of this

invention may be constituted from known ingredients in a knomn manner .
Wi | e t hevphase oay conpri , i fi i S§ known as an
emul gent) \Jt desi ny conpyi ses a~m xt ur eNof at |sifier with

a fat or an|oil or bothla fat apd an oill . rophilic
enul sifi er i ncl t ogqg ‘ i i h acts as
a stabilij It i | so pr "

Toget her, enmul sTtier(s) i t hout stabilizer(s) make 5 up the

so-cal | ed emul sifying wax, ahd the weix together with the oil and fat nmake
up the so-called enuIS|fy|ng oi ntment base which forns the, oily dlspersed
phade of the creawh¢resmhe aaypHacs Emghee thocanidl efatheicnotRabi | | zer s
suitable for use in the fornulation of the invention include Tween 60,
Span(r) 80, ceto enzyh ohpl ~ gl yceryl
nono- st ear at e an gg@%%ﬁ] éﬁp§?“§§| %h)éi%%gﬁggus §h§%§k§ﬂdﬁéQg?CF

i nvent iad)kyl)mm(alhatetdaeylacﬁhevan @mtiélbteaiaayll and aeterodtyullyeansioptioral i spbetittited

sui tabl e for the man faq;ure q spen Such xcipients

|ncIudé”aisJ§S@ﬁ8¥ d§pY§§@HFa§%§5 aﬁﬁx%r@3%3ﬁ%% 4u|ose

croscar 't , Icelluose
@ﬁgl ng@gl 5ol @Qﬂﬁl’dl r@f*—l‘})@g\llﬁﬁ&lﬁ nﬂi)ﬂgid?gflyp{@ imi %o

sodi um al , vi nyl pyrroli n1tragacan nd gum acaci a, and
diﬁper3WHWOQd—Wéﬁbhnyﬂagéntsdsuumym@astanm@ﬂUMWhhy,pmuﬂnhungﬂpmmebMHllde
(e.g., lecithin ensat an al k | ene
i e, TPGHTUTE PR Gl Pub R AP g BberidecGibl ate)
a condeﬁ?@@hl lﬁ’rCIELNﬁE‘CiNMfeQ eidtyfl{euafpmtm \Wrih_erl crscishayopg, '(Rb?(t){tc

al cohol eptadecaethyleneoxycetanﬁ ,a condensation product of

et hyl ermltyj)wlqﬁlevwlt Hnan@ﬁmtemhlp&ﬂ?ens stéerqtadeﬁdorhr oma fatty acid and a hexitol
anhydride (e.g., polyoxyethylene sorbitan 20 nonool eate). The aqueous
suspensi on may al so contain one or nore preservatives such as ethyl or

n- propyl p-hydroxy-benzoate, one or mjre coloring agents, one or nore
flavoring agents and one or nore sweetening agents, such as sucrose or
saccharin. The pharmaceutical conposition of a conpound of the present
|nvent|on may be in the forn1of a sterlle |njectable preparatlon such as a
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10 exanpl e, an aqueous solution intended for intravenous infusion may

contain fromabout 3 to 500 g of the active ingredient per mlliliter of
sol uti on wo 20rodsus4bhat i nfusion of a suitable vol une at paTnast@9oézoabout 30
mL/ hr can occur. Formul ati ons suitable for parenteral

adm ni stration include agueous and non-aqueous sterile injection solutions
whi ch may contain anti-oxidants, buffers, bacteriostats and 15sol utes which
render the fornulatron |soton|c with the bl ood of thé3|ntendqg:recrp|ent
and aqueous and qu ous ste suspea whi ¢ y |nc ude

suspendi ng age f% kenrn nts. S suitable

for topical rein the
active ingredi nN |s §bo|ved suspéndg%’ ﬁ dIQ?,ﬂt bleogarmre

especially 20 an aqueous solvent for the active ingredient. The actrve
ingredient is praderably preseot |n sugh foFnmulgikomfs in avvoncentratron of
0.5 to 20% advalpt ageo 0. 5t \\0@6 rt kcul ar out 1. W.
Fornul ati ons sgii Tbl e [f or lit opi c@yl afim ni ion Ip the nout if i ntl ude

| ozenges co si,ng ‘24ixaftive N dienN_pla flaugeed bagrsyyfsual |y
sucrose and acia or tragacanth; 25 pastilles conprising fhe active

ingredient in an inert basis such as gelatin and glycerin, or sucrose and
acaci a; and @Quthmashes qonprrsrng the active ingredient in a suitable

liquid carrr or at i ons viuY recte¥vadm ni st n may be
presented up SN or?TEF%BIf. a HNg f%ff§\anple
cocoa buty a | Lyl at 2Q10/\p51549PCJ/ US2009/ 963
Fornul ations suitabl & for |nNrapuI ary or sal adm |strat|on ﬁa%e a

particle size for exanple in the range of 0.1 to 500 microns (including
particle ize;s |n rapge bet‘%o Invemd 500 micranssin i ncreents microns

such as o] etc.), which\is admniStered by
rapid in alptnon fﬁé;ﬁlthe nas pass ion th h the
mouth so as~#% reach al ved! sacsN. f or ol ns LRgliNde
aqueous or oily solutions of the active ingre nt. Formul ati ons suitable

for aerosol or dry powder adm nistration may be prepared according to
convent i onainmre thodsnand navae delrveﬁed W th othevvvherapeuth@nagents

such as co re-m n t atment or hyl a of HV
i nfections as! des rrbe b |OM/ tio Qrtable fop vag
adntnrstratvdﬂ y be ent ec oessa Creans, ~get's,

pas%es, foanms or spray fornulatrons cont ai ni n addition to the active
i ngredi ent such carriers as are known in the art to be appropriate.
The fornul ati Q

may be paskaged in init-dose gf multi-dose containers, for
poul gs ang "vials, agd may be siored inja freeze-dried
terile liquid
use.

Extenporaneou§3|nject|on sol ns jand spengi ony~ar e pre from
sterile powders, granules and tablégg_cf the ki nd prevrousl pdéscri bed.
Preferred unit dosage formul ati ons are those coO arnrng a daily dose or

unit daily sub-dose, .as herern above reérte ? ﬂ B riate fraction
thereof, of the a¥§%8 haypwelinuerssThbeiayea PGRt ¥t - provi des
veterinary conpositions conprising at |east one active ingredient as above

defined together wohb cAbY¥&hRht SaFomfd T, RELs Ehet 8EefRyclYRS LI TIBY,-Carriers
are materials useful for the purpose of adm nistering the conposi tion and

may be hstirpeychyll; \rqlunrdn@mdgaﬁe@yglyrm tetralgidgopaivinyh tefrahydtdfenenyls pyrirelatinylor

ac table i.n the v rina gr t and a

" naPeaighresi e et B g ol B SO RUF SFOERES! B Pl br SROAEHLE
parenterally, orally or by any other desired route. CCNBINATICN THERAPY

A compound of t hdnphessbbdintviest Fermulel Riend Rithicneitnitogahg@vatmaceut i cal
conbi nation fornul ation, or dosing reginen_as conbi nation therapy, with a
second MEpgsaR A hitthenas afaghedig fRrp Byrelidingli Riacrazingh sipstifi@ykieut i ¢
propert ting a disease or disorder responsive
to ther#ﬁﬁp%&ﬁgbﬁﬁ aﬂZ%@%&ﬂ&%%ggﬁkﬂﬁ%r exanpl e a hyperproliferative

di sorder (e.g. cancer), or that is useful in treating another disorder
naned herein. The second conpound of the pharmaceutical conbination
formul ati on or dosing reginen preferably has conplenentary activities to a
conpound of the present invention of the conbination such that they do not
adversely affect each other. Such nol®cul es are 5suitably present in
conbination in anounts that are effective for the purpose intended.

Anot her enbodi nent, therefore, includes a nethod of treating or |essening
the severrty of a drsease or condrtron responsrve to the |nh|b|t|on of JAK2
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Sui t abl e dosages for any of the above coadm ni stered agents are those
presently used and nay be | owered due to the conbi ned action (synergy) of

t he new ywoaemidsis4ed agent and ot her chenot herapeuti c agemiUus2aw/0630eat nent s.
25The conbi nati on therapy may provide "synergy"” and prove "synergistic",
i.e. the effect achieved when the active ingredients used together is

gt ham The gy el el ST anlog D s
i ngr editR&} sre aftghell 10 foRRr 42041 dH YIRS pRidnANHs BGHTI Rld Py et ' A IrPdn ot kMBb&ighent, R

simul taneoysly in a conmbined, unit dosage fornul ation; (2) delivered by
al t er naniddh ase taken R@ethar with die mgogamgardieh thoy pigl adterhndde fom ¢jidimyl sone
ot her regi ] an, del i din alternation therapy, a synergistic effect
may be(ggggﬁpéﬁMaﬁgﬁHEWé%géﬁpounds are adm ni stered or delivered
sequentially, e.g. by different injections in separate syringes. In
genéral , during dhtoaseabbdimdhhef Bpynhulal REGS patdive odogoppidiegcihaetn ve
ingredient is.adm nistered sequentially, i.e, serially, whereas in
conbinéﬁ#ﬁﬁmﬂﬁég5%@?“@?@%@#?@%ﬁ%ﬂ§ﬁ@@3Y%F‘%Fﬂo or nore active ingredients
are adm ni stered together. METABOLI TES OF THE PYRAZOLOPYRI M DI NE COMPOUNDS
Anot her enbodi ment, ohBemBEEEn RY 1Y Oy i8Rl %&lo?)ﬁ?@,%‘éﬁ)p@ﬁty?@¥ﬁgﬁ@x@l,5t er ed
uc

conpound of the present invention. "Such pro s may resu or exanpl e
from t eyclokeptsk, i-6PHL) e wdereopydn( Oigthyolopsiys, —(@he i aelpantylde@it aclobaxyl, —
esterifji i on eesterificatio 1 z tic.cleavage nd, t he |ike, of
The: acCRPoEPuaES Btk R Sipirhs T any Sif 3o A AR 3PE iopfY e by
pr apar isagstauted 8l ®amebheskatdig R I4E o, 3lhhyl spEAPRHO a conmpound of the
invention, admnistering it parenteralfy in a detectable dose (e.g. greater
t han about 0.5 nq/kg) to an ani mal such gs rat, nouse, guinea pig, nonkey,

or to man, all owilAgN&ampPpdimsnt ok karmuiph Rudt askicsyh exsleficeti: < t ypi cal | y

about t i 50l atq S i.on products from
Fhe.ur oLy REE0 B e B AR R 0" e st 1y

i sol at addpendmtlyhpyiosally dubiiglited bl okbensthare CEMNEL ed by the use of

anti bodi es capabl e of binding epitopes surviving in the netabolite). The

netabolite structures are deterym nedsip conventi onal fashions ce. by M5,
G M or R anal 6n olpRoGERE 2o kiRl B GG taei e 7 oa R GHER T the
sanB Way, [8dné empedincanad is 28w, et abald e ¢ udi es wel | -known to those
skilled in the art. The conversion products, so long as they are not
otherwi se found in vivo, are useful in diagnostjc assays for therapeutic
dosi ng of a conpdamdc smbpgimept elskErrmuilgly &ns - RARTI CLES OF MANUFACTURE
Anot her enbodi ment includes a kit for treating a disease or disorder
25responsi ve to tjfe b@H%B&ﬁﬂe{bfﬁoﬁhuhﬁfzhkﬂé®?: The kit includes: (a)a
first pharnaceutlcap conposition conprrsing a conpound of the present
invention; and (b)instructions for use. W) 2010/051549PCT/ US2009/ 063014 In
anot her enbodi mern ont hmbkdimehtiof Fremulsk ZuseBRRE aad 88¢0Hd phar maceut i cal
conposi tion, which includes a chenot herapeutic agent. In one

mbodi t, the inst ions ingl. ' ' f t i mul t ,
Soequent ol o sOBRPaEECaiAL gt iSFt o B Sa 1 peiigid Bl AT
PhanrBqenid. ity fOMPR e dbARM) L CACRAIYBIC -LOMABRENINEIQLE allyl)(Cy-Cy aryhn one

e

enbodi ment , first” and second conpositions are contained in separate
cont ai rerasein alkyl is optionally subustifed b Re mbodivheretn aryh eydloslkyl, beterogit amd
conposi,tions are caontajned.in same contai ner. Cont ai ners
for usém%ﬁ%Pﬁ?éFﬁ?g¥m3%§%%%ﬁgu¢%§%#égy vials, syringes, blister pack, etc.
The containers may be fornmed froma variety of materials such as glass or
pl astic. The contlaioneembodinegest BoramtphRids Of-Ck hkyhr-66eat alkph@ht@on or
formul ation thereof which is effectjive for treating the condition and nmay
TistcgparelThotiess: Hb

have a NSteEpsYC YR(Cofloreyeleatyle (e naed Kaitndeterayylh ar ako-Ci

I Nnbizav t] : VIN=13 i : [0 agb :

y poder P e o R B R R g eid
conpr i gihegylatydedistl, leteoayhpalinterofycd Harqpopoaally subsewtdddry. The | abel or
package insert indicates that the conposition is used for treating the
condition of choice, such as cancer. In one enbodinent, the |abel or
package inserts indicates that the composition conprising the conpound of
the 20 present invention can be used to treat a disorder. In addition, the
| abel or package insert may indicate that the patient to be treated is one
havi ng a di sorder characterized by ove®ractive or irregul ar kinase
acitivity. The | abel or package insert may al so indicate that the
conposition can be used to treat other disorders. The article of

manuf acture nmay conprise (a) a first container with a conpound 25of the
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WO 2010/ 051549PCT/ US2009/ 063014 second (or third) container conprising a
phar maceuti cal | y-accept abl e buffer, such as bacteriostatic water for

i nj ecti orwOBUWRI)s1s4phosphat e- buf fered sal i ne, Ringer's selCutisermanzbidext rose
solution. It may further include other materials desirable froma

commerci al and user standpoint, including other buffers, diluents, filters,

needl es, and syringes, 5l n, enbod) nent he c ds pr esent
i nvention can be eacpg_ggﬁi?%?’j&@ﬂg?ﬁ%éﬁ%ﬁkTﬁgggﬁg3F9B§Eh£lka&§§§s,
addi ti ona pagd t hrepn| ppnases, and/or dual specificity kinases. Thus,
they are E%ggﬁPﬁgé %?ﬁg%gp§§Vcal standards for use in the devel opnent of

new bi ol ogi cal testgs, says din.t search for new pharnacol ogi cal
agents. 10Corrpouﬁ%éé%?lgflhoﬁlﬁpgg'esfﬂlbs?tﬁggr]?tyi06(8 Orrngy be assayed for the ability
to nodul ate the activity of JAK protein kinases, tyrosine kinases,

addi tional seri ne7(f3h‘rCécﬂilf3ﬂ)§3Kpﬁ$’§'@§°,CY8WHPB"(‘O‘H@¥I S"éﬁf&&'iefiitbﬁ hajoxpxpadaly n
Vitro and,j i | &~ viits 0 assays include biochem cal and cell-based
asseslys thglltkg)ldée(ﬂtdé@ Crllem;é;l i'bition of the kinase activity. Alternate in vitro

assays quantify t il o] e compound,.of th sent inpvention to

b nd Lo ki nases 18Ckna el idSaPelbarTRLY SuiiFul 67 Elaer Frg eeh
conpound of the present invention prior to binding, isolating the conpound
of Lhe present i miGuChoHPRIPRERSS oBplscuRSALE G-t ABYE S Fanktint X

radi ol abel QupgNR b b% runni ng a conpetition experinment where a conpound
of the preg) nf i hventi®dn is incubated with known radi ol abel ed | i gands.
These and other useful in vitro assays are well known to those of skill in
the art. 20In ordéfofs anbisrEaceloalyliontian!yonbstitedity xowi NE Bx&riftes are
i nglyuded. ,jHopever, it is to be understood that these exanples do not |imt
the invention and are only neant to suggest a method of practicing the

i nvention. Persons skilled in the ar i)} recogni ze that .thaochem cal
reacti ons descri gg(?nﬁﬁrf/n 8@1 r%%t#l@e&gémké% Opglo%a?@psgg%tltgéﬂg?'}kgorrf)lool?ﬁds of
the presgidiheitert isemsthyanethl LBropaL nvRityTR-begs thatyl B, BaanéthgblhieyLonpounds
of 25the present invention are wthin the scope of this invention. For
exanpl @ent-frerl.oghtl helS((SL0CHOHL, exdrbiHOteer «difdinistHaccording to the
invention may be successfully perforned by nodifications apparent to those
skilled in the argt, e. J opri af el rotecting.lnterferi roups,
by uti 1121 ng ot napoelRpe BpERERRRUARH Bt £re: REVL PRiGRES G R e
dessri hed, FADR? e NRSR maki ng routine nodifications of reaction conditions.
Al ternatively, other reactions 30disclosed herein or known in the art wll

be recogni zed as having applicability for preparing, ot her coppounds of the
Cnvention. VIO 2010095 $3kopeen b 87 i ey bt rESpuL RS >

The acty viqt eyl atgd i Q_domin_ k by

nmoni torﬂlu\r{%’ %%@@p?%&lf‘%ﬁ on gf}lﬂb]g%t%i% e’ %@t%ﬁ?’%ﬁ’eﬁ%t gldhuman

JAK3 KiH@$£HOCHLro Saltzman et al., Biochem Biophys. Res. Commun.

246: 627- 633 (2004). The human 5 JAK2 ki nase domain was expressed with an
N-termnal H s6 tag foll owed bé?a t hronbin cl eavage site using the

bacul ovi rus expr d8$nsampadiment, &y 48 £pCs Trergeyalaber dohirr-exinteesedyl s
ot us & . “ mer . / f
Coranra3nAlh 8.6l S CHemot iR e S0 % RLET bRV IR, O

vect or Caeteocetyl aptdedlysdbsitithd BaRPAKG ctdimedd heterbc PN is Gtoihyéolfuranyl,

Laboratories, Inc., Muntain View, 10CA nd the resulting viral K stocks
wer e aﬁﬁﬁr%hryri@d’wh@lpaer%wéﬂapﬁ‘a}da%c@@hog?ﬁt R AZQs it aEi¥e X 42AYEF9 cel | s

grown t: gfop)al RPN : a1 ' t € LLC,
Woodl ar%go,xaé‘%?i’gﬁ |1 1‘1t<§%:{tth(%jlc Oéﬁ%ﬁﬁd MygaFéﬁgﬁﬂei@& ve ‘.{egg‘zdaegg%?g&’ € cells
wer e harGreshae, A HOWCs algst-G(0HORE,I-@TO)NRIR actd ve;s ARHINRIRY meC@s puri fi ed
fromthe |ysates of infected cells by N -NTA (Q agen, Valencia, CA) colum
chima i Kptly CL€ cfabhyl oplienaly sskspheied by 0 006 -(CE (ol ReaFecippsydtlavay
NJ) col umm r omat ogr Previ Qus, st udi av o] that the
b1 at SR ADSETRSREHE Bt et Gyt STt 57 KR BERIRY | ac e
peptid r (MR A FERVASN [ } {Sa . nBirgchem

Bi ophygl.e%lil?%z?l %ﬁrﬁlﬂlywﬁ%ﬂl@%@&%&%b% ;élwl'si“hgé%gg% éllﬁg%%ttalﬁ&)}) tggtglilf/)e ki nase
domai n sabsthutea by DNCL, al JANK2CF,) A3, oCNTYBR® wasNRIRY, bf o fCaik@)dragt s of SF9
insect cells 20 infected with a reconbi nant bacul ovi rus expressi on vector
encodi ng the human JAK1, JAK2, JAK3 or TYK2 ki nase domains (JAKl am no acid
resi dues N852-D1154 according to the nunbering of GenBank sequence

accessi on nunber P23458, JAK2 am no a®i d residues D812-(Gl132 according to

t he nunbering of GenBank sequence accessi on nunmber NP 004963.1; JAK3 am no
acid residues S783-S1124 according to the nunbering of 25 GenBank sequence
accessi on nunber P52333, and TYK2 am no acid residues N873-Cl1187 accordi ng
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determ ned using the Mrrison tight binding nodel. Mrrison, J.F., Biochim
Bi ophys. Acta. 185:269-296 (1969); WIlliam J.W and Morrison, J.F., Mth.
Enzynol . ,w6200381s467 (1979). Exanple B JAKL and TYK2 | nipchiuscan/ oé®say
Protocol 20The activity of the isolated JAKL or TYK2 ki nase donai n was
measured by nonitoring phosphoryl ation of a peptide derived from JAK3

S SR S oot S3bs T T ey S5E bt =
t echnol gy, ﬁe@@r‘oh@@& tkdnaﬁy%sﬁﬂﬁ&?b Hapgi ”thEhotﬂ\é%)exa D@Bdﬁ‘f RICL@e i nhibition

constant's (K) oun S were dil ut ed serial O and added to 25 50
uL ki ndseroagk tiheresn saodhetemiang islsubstrtived ARt pl@ngl chopuiity $ubenltuﬂadl@ ©orC4 nM

E;LLI ] Zer RATE: 188m5§§%@ et 0Pl DB 8aHRRRe at f on
% 8
%c%otisﬁggﬁ%ﬂegg&}%o m nut gssg%%%af%g{nﬁ%c?ogcw\? E&d%lg; gﬁl)o 25 uL of

an EDTAubahi@d biyogospFuti on (100 nM Hepes pH 7. 2, 30 0.015% Brij-35, 150 nmM
EDTA), resulting in a final EDTA concentration of 50 MM After WO

2010/ 051549PCT/ US2009/ 063014 te na «0f the. Kkinas eaci|o
proportion of phaS@ABFPE lgtfnb?fé@re@%ﬁg\ detef-ahristpc gly O%f T r(g;tdt )Q%inéfof t ot al
pept i dqle%f@akrﬂt&h&&h@gldtﬂaﬁer&% Rp%te&a{g@mfera%thngp%p&ﬁww@eﬂa@n Ji ke

manuf act ur er speci fications. val ués were”then det'erm ned ‘using the
Norri sanomhgltrnyl bphetiably sndielted Mpmettybrethyd OFC(OBi)tdmhylm Bi ophys. Act a.
185: 269- 296 (1969); WI liam J. W 5and Morri son, Met h. Enzynol .

63:.437- 467 (1979) Ie C J ist.i O ocol

elﬁacti vity of tlhg P%]I glgﬁ’m “ﬂagisg rf& %zv@gylgtéa éf%ﬁ°%§ylrronl toring
phOSphOuolyé &hiseia QElofIkPERpHENAE LY QAU B 3ilkyl, C(0)OCH;, C(O)OH, OH,
(Leu- Pro- IEeuSAspC‘9 Qs gs bl?yrl} I?rs Val - 1091\9‘51@%Arg}3 fﬁu)ore33cer(1t?y | abel ed on

the N-t@X MMsymhdxyBCt@D(ﬁaa@sfhmombé) or (Sl wyclohexyCapligretly salpGhitgd by

t echnol er Life Sci nces i ntan eterm ne, inhibition
oot a9y, R NP 5t hee Rkl 6eR o m PRsrr g R RGBT 50 L
ki nase %ﬁ%&ﬂ'&f&o@@ﬂﬁ%d}iﬁ@ﬁalﬁr ﬁ%‘sﬂ?tﬂfédfﬂyerﬂetﬁﬁ@ 100 mM Hepes pH/. 2,
0.015%Brij-35, 1.5°uM peptide substrate, 5 uM A 10 mM MgCl2, 4 nM DTT

at a final DWBO 15concentration of 2% Reactions were incubated at 22 Cin
3845wel | pol ypr opgyloapemipdimsnt.tReris pycbanseplotycBhumilayclepcrtit cydebexst.opped by

addition S ulL n ajni 7.2,

0. ms%%??’;il?é%l: %ﬁcé‘gga ﬁ%‘?fg%ﬁby%ﬁogé’éﬁlt i @%%%%ZZC ﬁﬁg{yjl %‘Fﬁ@ckﬁgg‘%?t?gt i on of 50
mM - Af tigeycled L 121 INadptdror QfCHDBlcb’ztIBPZSE l]hep@ll ia‘ﬁﬂ whebegn RF Bpptiohdly bstituted
phospharyl at ed product was determn raction of total Eeﬁti de

subst r dtve! ©s W@Stﬂtﬁ@n@@‘é‘a@ﬁb@q@i‘@dﬁ%lﬁa CSO@OalKEIC 6€Q19gH:. & (e @bt urer's

speC|f| t | i ght

o1 i ng teaatovey ey o B GRS B MASEL RSN} ot
W 120i amH,) .aMd wheebidviid heemdcydylhs sel%téd[lfroﬁﬂiiyémimyl ppeAI Ry A& indrhAdID)

Exanpl e D Cel | - based Phar macol o Assays 25The activities of conpounds were
det er mialgdaidictsrqyclyhseaptiagalbysr W&Eedé’t%nﬁ&ll‘ﬁr@ﬁﬂ‘{k& measure JAK2-
dependent signaling or proliferation. Conpounds were serially diluted in
DMSO and i ncubat ni sns
and Cel |l cCul turegq(0 \%%rﬁ/glb§&i%}e§f1ﬁ§ﬂf: m&qa?kﬁ%c flr %@glog{é?yr gg@%&@
JAK2V6]c7ﬂ§lohevt3énchh1hept@1 rcycloo\ctgles —(&)cyrilaresyl +@Hi0lFBdaesidhoxyll -hr at 37C in

ovs0 cantbFab. BReSE ¢q IERRM BB AP LghSo T R lndin R A0 2 TN

2018/ O%aagﬁguuu&ma/b%a@@zlc BE] B CRO)GTATT R05R e XhId @)cymsiien
nmeasured in the |ysate$S of incubated |'s using the Meso Scale D|scovery
(MSD) t@(@jﬁbl—@glyetérﬁayoﬂjdéosb@Hg;yCMEwla)pti@naéb«mbmtutgd bp Nthe ambhwbérant urer' s
protocol . and E re determned. ternativ seri.ally diluted
P opouHs T B R LS Tos TRt Bt iy e Mb I H L wi ¢ b 096
fetal by & Qb1 éﬂbr%%@}h&hl&@ﬁ 1, CA) at a final cell
density ofr&%% céeimos %r \?\/e and a |naI %%g concentration of 0.3% and
i ncubated at 37C for 72 hours. (gell viability was then determ ned using the
Cel I Titer-d o(r) Inent nebodinmenCd’lis Uh-ebilctargarpsaayCHeordi Ingerparyt. hed
manuf act urer' s .prot oc Pr.omega; _ adi son, W) and EC50 val ues were

{} rm‘?‘lléeﬂemﬁég%tﬂn\?ﬁl’?‘&?“ ounds were deternined in cell-based
assays that are 10 designed to neasure TYK2- dependent signaling. Conpounds
were serially diluted in DMSO and i nctbated with NKO92 cells (Anmerican Type
Culture Collection (ATCC); Manassas, VA) in 96-well mcrotiter plates in
RPM nediumat a final cell density of 100,000 cells per well and a final
DIVBO concentratl on of 0 57% Human reconbl nant IL- 12 (R&D syst ens;

o o o " Y " oy e Y 1 ~ 1 1 M



WO 2010/ 051549PCT/ US2009/ 063014 ( Gai t hersburg, Maryl and) according to the
manuf acturer's protocol and EC50 val ues were determ ned. PREPARATI VE
EXAMPLES Wwo 20twsessanpl es descri bed bel ow, unl ess ot her wips®/tsaevosioed al |
tenperatures S5are set forth in degrees Cel sius. Reagents were purchased
fromcomercial suppliers such as Aldrich Chem cal Conpany, Lancaster, TC

ndi oated. a”qn“o’reé%m%%%}eé“a%{? LR Fo e P heleb i e UL ganer al 1y

under  &RQ8driA Y&d %%M@lsg{%}tl 'uB§tRQt%H‘ b§ WRk glsﬁlofbt s}i'l%ﬁt%étﬁs St & & oM
anhydrous sof vents mato raphy was conducted on a Conbifl ash

syst emoxvbrGNaeCHy, dnto, FE[@) A& dlkyip}C(r@)@R‘?g—@((S)NR B3 -4€)-Ce alkyhiNR'RY,
traditional flash chromatography on silica or by reversed phase HPLC

chr omat d§r&pkyO®Ra, C- 18 colunmm with acetonitrile/ water containing either
0.1%trifluoroacetic acid (TFA) or O. l%formc acid as the eluant. 1H NWR

spegtra were rec 1R B3k Qerating at 400 MHz 15 or 500
M—Iz(3 1H NWR spects&r g@m%rg%blﬁa%ﬁﬁ%lb r0 ge DMSO sol utions (reported

tet th f t 0. 00 )
A I s T T e R B e e T
(singl et)alk 1&,(@(;@)@1@3 alEyl(t riplet), m(mnulti pI et), br (br oadened) dd
(doubl et of "doubl ets), dt (doubl et of tri pI ets). Coupling constants (J),

when given, are re(eor(%)%ﬂﬁ)'@ exylf]—%, %R%@'ﬁtu]t d by halo or C,-C; alkyl,

5-(3-chlor obenzyl am' n cyclo
pyrim di ne- 3-car bg d WO 20 0/0 1549PCT/ 4 sodi
pyrazolo[1,5 -a] | é? :grhagfyﬁ)c%lawlzfpgona ly su Stltuted%T ¢1J*e§ ‘?ﬁy aﬁ%’ 1%ﬁ‘?’r_r

m xfur e of (R= le (9.38 g, 0.11 nM 10eqU|v) 1, 3-di net hyl ur aci |
(lﬁb7 g, 00%1%fn M?K%%éégw v) and 21% sodi um et hoxi de in ethanol (170 m,

Formea. Al ter srent oo bre & ieibe B b Ry Bt oG-St R be

detected py thin layer chromatography (tic) (92:8 dichl oronethane
(di chl or onet hane): NEG—i) The reaction m xture was cool ed, fil tered washed

wi th cold ethanol Ig6
pyrazol o[ 1, 5-c] pyl??)ﬁlg S@HQID gtﬂe%jtS )Eg)%g’o ‘I—ilsgﬂé%gﬁ% @lgaﬁﬁ (400 MHz,
DVSO- d6GjnidizoBlpytakolyl oH))yrlcﬁngfllBaI((ﬂwhéreH)R 1S ophor(adly sﬁlb@tl,tutEd Byltad}? 1 H). 10

lo[1,5 din-5(4
B;y/ﬁgsgwg%&msené; %?;lflfoﬁ e:si: fg]?rﬁl-% 41&&% C(l:@ dlgprijerally Séléﬁ}t\}tégln by exe@bFnt (oF acetic

acid a e orated By ALSS
b Tl B0 B AL AR g et ke

di chl orpmetoh angdpstiamPbptamdlls SWREHIKED By ﬁl%ﬁh"yﬁ@tﬂy'ﬂﬁﬁgﬁ%ﬁu@%a—gw ORO, renove
sodi um acet ate. e silica gel pad was washed with 700 nlL of additi onal

di chl or@pEt Braerd; net hanol sol ution. The conbi ned di chl or onet hane: net hanol

sol ution was concentrated to dryness. The solid product was suspended in

ol oyt ar ne s ary i ONE ABRFRRARA ESRIEE R S sy hfenSh R PHERERR b5 6.
12.20 20§ sptisrmade s&lmhﬁﬁgb;abk(% subsHjuenB.sélécted from €;-Cd %i]?ky%)ptlolla]}lﬁ (d, 1 H,

J=1.9), 5.94 J=7.5), 5.81 (d, 1 H J=1.7) odoyrzolo[15 - a]
pyrim Cﬁuhstgw(ltgéi.{gygﬁ% or F, halo and phenyl and WF@E})W&E H_hﬁgl_yEIJSWFlP]FﬁI |§qg§(tgt|q51 béine

(1.0 9., a uccinimde (1.67 g, 7.4 v 1.0
equi v) vvergl % gl(rfpp&nyth ﬁ’O g IST‘a/g)and warmed slightly. Wthin m nutes
a heavy precipitate forned. The reaction mxture was stirred an additional

1 h at anbi ent tdnpacaimbbéinidness Eaatuedl, ®A igphdnglewat@H,phat, addviidréiher ed.
The coll ected solid was washed with 20 nL of dichl oronethane and air dried

to gi veald @eny i gpdgnady sabstivdeply Ez6), oPH. 5y rHOGHHGH:5t Aphenghe. LCOVS
o) i YA, BB B o, 1 0 55 (6 1

In one embodiment, R” is halo. In one embodiment, R’ is Cl. In one

embodiment, R” is H.
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5J=7.1). nethyl 5-o0xo0-4,5-di hydropyrazolo[1,5 -a] pyrimdine-3-carboxyl ate
A m xture of 3-iodopyrazolo[l,5-c]pyrimdin-5(4H-one (1.5 g, 5.7 MM 1.0
equi v), pabladivosm4acetate (0.27g, 1.2 mM 0.2 equiv), tPcetusgdoansives (2.3
nm, 17 M 3.0 10 equiv) and 75 nL of nethanol was stirred, degassed twice
under vacuum (with a nitrogen break) then blanketed with carbon nonoxide

under a balloon. . The re Jon, mgxtur.e eat e 5 v 5 hours. TLC
(5.5 di ohl or oneURARE LSRRI T h UG e B el PBagt NBn - TREMT eact | on
m xt ur %rﬂ%%luﬁéﬂtﬂ@ﬂ@@nde@éﬂdéﬂhy%lb' tlﬁoﬁél@lmﬁ&ﬁﬁl%ﬂtt Rated under vacuum The

residue was recrystallized fromwater and filtered to give 0.81 g (73% of

met hyl 5-oxo- 15 4, 5-di hydropyrazolo[1,5 a]{eyrl m di ne- 3- car boxyl at e whi ch
was 97.6% pure bylniare onbodimmR R 40mdrpendemivses 6 hale; —(Ch-@ ally)NRRE, H), 8. 58

d, 1

5 oxo- £ G HIaTB 2%@[%@%5’8%] Do RipHRETS: Carliskoriona b rtb S84 L of ut i on
of t d | - 0 e (0.75
3. 88 mip 200" aquta 1 Y HCR gR onyEh K BN Y SRS (and 20
mL of viitydyC was hsteiackesll @itloaﬁrlby anistifueniissaldlogof O-C3alkgLisrsC(CHRL-C; iatidi,cat ed
conplete reaction. Acetic acid (5 m_g was added and the preci |Io|tat ed solid
was co|Jr(Sche@ll@gl/)Cw@d@mlemqlltwsabstrsmd y@m@@r@ls& adkylg8¥41-C; alkyl), or ~(Co-

o o s O RUGRRR) bl By A BT 5 g, SR Y b B,
8.08 (R® il ideperBichy (.7, L), —cr, Sofhleiapyr @t@b@ﬁ% 20 c&ﬂ[ﬂ
pyri m di ne- 3- garbo | "chl oride §A m Xture of 5-0xo0-4,5-di ydropyrazol o[1,5

- a]10py r-OACH NE-3 --OdIHIo X YO CE>,abi dH{)3, 7-INHg mazpHolimyl, prdlidag py)‘aZODhOS phor us
oxychloride (20 6 and N, Ndi i sopropyl et El)tz” amne (1.2 nL, 6.9 3.3

equi v) VRSHH@FIaEslsl. Norethylhyperadinytios -Oé6He Lerorahelinide was cool ed and
concentrated under reduced pressure. The residue was taken up in

di chl or onet hane 0 T WA titioned
bet ween wat er 10612%888&%&&%%0%2?h%ﬁfg&%ﬁ“ﬁd&gﬁ%fbor%ﬁe Iﬁgdr{e %/e?nsv:ge'rs dried
wi th saitiodirsedtf Rt’ds indggndentfyi hal@r Bcbrichndogment el ioF. silica gel and
concentrated to give 390 ngy (87% of 5-

chl oropyrazol o[ 1, 5- c] pyri mi di ne; car bonyl chI ori de ellow solid which
vvas used i nmedi atlBIOYC GmPAHeN: dﬁtw(ép e@aﬁw ¥&EPorfFa halo, ~¢/(0)C1-Cs a?kyl

To acg![ fﬁr@ggk Lfﬁjlgn %?xié%gé&%%ﬁ%mp@d azg]f1 lﬂ}'qég q:aéb?ﬁrﬁﬁﬁg} pneI-l -ycar bonyl

chlori dﬁbéﬁ%@@dBgonOBFrm(lcobschueﬂ)@lutg héterboy akl SPtiodhichbudseneidanalyas added

cycl ohexyl am ne (400 ul, equi v). e reaction mxture was stirred
for 15 mqonGt-és atktylanr @@ﬂ@@cﬁﬂwltﬁ%@ atityl 6T —€¢ b¢teroagt bptionBhg sulwl@ttmbn

par 141G et ”%l%r&;o“é aaelsF erierath oo ”yﬂqai G et Rathe phase

i1 oa DT 8 R R S O SR R g ot 5

chlor o- aﬂkﬂ)@L@@ exlb ANy apabedlk: Pbs] et ibiiotth naxlﬁmﬂacb@g amyﬁsr F. Lﬁ\@le( ESI) m+H
= 279.1; ~ WO 2010/,051549PCT/ US2009/ 063014 1H NMR (400 Mz, CDC13) 6: 8.66
(s, 1 Hmbogirset(R," isindppenenty €'d F( b¢Bad Chke hG@HoSHbI-OH. 0§ Hy, 6-OCHGH, 1 H) ,

o (5. SrarebllaiesayL ZoRihginengti s Soiuydotatl T dmkisidiedte b bonan de

5A sol Wifl@toOfendufhd 102 gk QX Y IrRMA@ER! gﬁdﬁﬂe@ylm i,13es5.3- car boxani de
5o illadroofenehli@yI02 My AR Y AR Y RURAZEIGI i

| or obenzyl am ne 18 MM 2.0
cqu s ldl@hﬂmph@b'brWlfbmmnhamlné4$@%qugphe@yll? ghigro écm"%theyylam 21t of
nO I
e B b T A e I

was CO(ﬂLﬁiﬂopHehyEl SICyBJtr@iHehylem@zawp@bn;ﬂol i(ﬁbbﬁﬁlyh)ﬂ lﬁﬂohfoph&ﬂy(l) rphemﬁsbﬁﬁhym t h
10col d ethanol and air dried to yield 29.7

7
5- ( 3- chtdPQEHy+ @ (Awmippcyclohex-1-yl), 2-chloro- 6n;%d(ophel/1©yl 2,6-dichlorophenyl, 2,6-

| ohe 384 2:
T N AR RERVIC) Aty BlRE T O Offact- ERAIBRAATHGE 2.y B eliudnihi 7, 3
T) ,75716&530161616 ﬂud‘ﬂbphe?lyl‘}2 &0&5 6( ﬁﬂeth‘iflﬂﬂ):nylﬁiszﬁlofcd6 nieﬂlrylphe%lym diwrols-H) ,
5- afi ndrlﬂJuQrfn(eﬁlyénheayb6%@9@}11@1}%%91eﬂmlpfﬁwla,%cﬂthmyyﬁ)rwhﬂ?bm 2-5-c] pyrim
i di ne-3-
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5-chl oro-N-(1-(3-chl orophenyl) - 3- net hyl- 1H pyrazol - 5-y1) pyrazol o[ 1, 5-c] pyri
m di ne- 3-woantwmsaswde A sol ution of PCT/US2009/063014

5-chl oropyrazol o[ 1, 5-c] pyri m di ne- 3- car bonyl chloride (150 ng, 50.69 nV
1.0 equiv), 1-(3-chlorophenyl)-3-nethyl-1H pyrazol 5-am ne (140 ng, 0.69

mVv 1.0 equi avai.l a om_Enam ne a ncj

Ens00- b5 Bl P P Ty BRI & 4RO PhSE e OPr P MEnYY 2 and 15
L of dh&hby- @ﬁﬁtﬁsﬂﬁlﬁe@@seﬁ%ﬁﬂﬂ%yﬁtz @lfé}bﬂlﬂéyahsm&&ﬁQHﬁ@ré@ﬂq_&n?ﬁdrsz The
reaction was partitioned between dichl oronethane and wat er he

di chl ortofleeteasthopliplbanylvas dried over sodium sul fate and 10vacuum filtered
through silica gel. The silica gel pad was washed with 95:5

di chl or onet hane: fRtNa0RR% 41 LG 8%&?91 Riski.rates were concentrated to give
250 mg (93% of

5-chl oro-N-(1-(3-chl orophenyl) - 3-net hyl- 1H pyrazol - 5-y1) pyrazol o[ 1, 5-c] pyri
m disne- 3- car boxafCe€, wiitydjiCyas ciéRsalyl)eopoipnidBL Cularichitets byl dwbl hont st her
purification. LCMS (ESI) m+H = 387. 2, q(itwo ch|orine isotope ]%Etern) 15A
m xture ohalp4o6GIHE1-6% chlkgk o~ QR 3. ¢ G@E\@pﬁeny{%@é nelkYNRI, pytGaZed

5-y1) pyr az l@bﬁﬂS c] pyéeld@%%'rkr% %on%{ydsu)ﬁattage% OXO IFé0 14 M 1.0 equi v)

and 3 mL & ohcé&nt r at s seal éd and heat ed in a
m cr owave reactor 0 m nut ction. m ure ool ed
and the preci pi taT(gérCé ai‘@&)é“_gél @&chalygyp?l aﬁ?/a%ugﬁﬁu“te i On%s(é%% of

5-am no- Ny, I&Z’C@b ree]*! yl) 3-net hyl- 1H pyrazol -5- 20
yl )pyrazof % pircgm i’ne- 3- car boxami de vvhi ch vvas puri fi ed by reverse

ph e chr omat ogr a n h aceton

0. 105 TFA) and Iyo_gﬁ ) éldl){fcgsh?tﬁ@la J1RRb %ﬂ 6(? %g%f%
pattern), 66 Hg 8 20
(s, 1H gﬂéﬂw%&&g%amgheng\/g%ﬂ@ha@y s@osafhtédsby 1'@3 alfé%l C@?&alol H)CN6 89
(br s, 1 HPR® 6r4NRcmer|app| ng d and s, 2 H) 2 26 (s 3 H. W

2010/ 051549PCT/ US2009/ 063014 Exanple 3

N-i sopropyl - 5- ( pyxceicn- a’ﬁqz{ pvﬁayl%ylbﬁmﬁms@tﬁlﬂed%y Rdlo, —-CN, —OR" or -NR'R”,

pyri m di ne- 3- car boxam de N

55- chl or ooN-i sopr opyl pyrazol o[ 1, 5- c] pyri m di ne- 3- car boxam de A
m xture of 5-o0xo0-4,5-di hydropyr azol o[1,5 -a] pyrimdine-3-carboxylic acid
(216 g, 10 MM 1.-qCequialyl)3OChLyabalpyiogpivaillis substitiddoby deo,((GO0; afidy] S0
equiv) and N, Ndii sopropylethylamne (8 nm., 40 MM 4 equiv) was heated with
stirring Foeflux for 2 hours. The reaction mxture was cool ed and
concentrated under, vacuum The brown oil was taken 10 up in dichl oronethane
and i sopropyl ani & iadiercH(Ca-CrialkyBohenyll, vehasejniseif phmd is eptiomaliy sylisiituede was
stirred 5 mynutes then partitioned between ethyl acetate and water. The
organi ¢ phase€ was washed with brine, dried over sodium sulfate and vacuum

filtered through ad. of iltrate was concentrated and
cool ed and the cr@%@%&ﬂkﬁzoé’zl B?lg'd%’g’ﬁtlt&?fil é( t’ed by filtration to give 2.31 g
(90% of 5-chloro-Ni sopro azoIm;Ji rimdine-3- 15 carboxani de.
LOWE (ESI) m#H = @Hz@l@ , phiFe-erOGFa HOGUE % hdo. Mz

405 (m EC@@EC@%WI 5%@)&?*‘6 C@NRLRH)—%C“ 75%3@1&@ Lo

3-pyridylcarbinol (17, 6 r’rq equivy) i of DVF was added
a one ol ar sol uti(GerCarally lq’ﬂ @mhﬁmyhypﬂ?@lb’aﬁlbﬁéu’@él@ halo, &9, 615 mv

2.0 equi V)puofl. 1G5 stirred for 10 m nutes then added dropwi se to
a sti rredzs‘o/ ﬁ?@bﬂ)@ afk

T 10 equiv) 1 i GHEALOBE R w&qqaﬁx'ﬁé%wﬁ%ﬁ‘@o LB ng

reversed phase HPLC (5 to 30% acetg)nl trilelwater, 0.1% formc aC| d) and
t heSproduct | yopHP2no®er erabastipentoB. s Gyglohgadpptipnally sabstitutcd by lor2

2010/ 651 0CH BB AR R Rt e g PG S om, 1

(400 IVHZN, OBy daexEl ardl. O®)(Cs- Ca_hdrﬁﬁ:rocﬁclﬂﬁ, Witbreih shid, he&rﬁ@cbﬂimplﬁerhﬁmyB 38

EYSTI 1 leer{hﬁ}g %@O%Qﬁ;yl ER%‘?’P&“@S SHbStlt %gﬁmeth(yﬁj,tﬁﬂ\ﬁ){g, 015C?1J2-C)§C?0’he)]('yll_|)’ 4.08

5- (3-fl uorobenzyl am no) pyrazol o[ 1,5 -a] pyrimdine-3-carboxylate C nethyl
5-chl oropyrazol o[ 1, 5-c] pyri m di ne- 3-car boxyl ate A m xture of
5- oxo0- 4, 5-di hydropyrazolo[1,5 -a] pyr3am di ne- 3-carboxylic acid



10 (151 ng, 0.84 mM 1.0 equiv), phosphorus oxychloride (20 nm.) and

N, Ndi i sopr opyl et hyl am ne (440 uL, 2.5 mM 3.0 equiv), were heated under
refl ux fowo2otvsisty The reaction mixture was cool ed to aobiusadoesuper at ur e
overni ght then concentrated under reduced pressure. The residue was

di ssolved in 20 nL of nethanol, stirred for 30 mnutes and concentrated

wator . BT bR R B P I e S Pl ol S cBlitub S ui T e
{1t er edbiini@iah 12r0adb 8l irdeRbnAILRATRRN HANRM I T1915€H160 1y (90%

of methyl 5-chloropyrazol o[ 1,5- c]pyri'm di ne-3-carboxyl'ate L (ESI') mtH =
212. 2, —DC]PHMH{@Q(}O@HZC}QQH;QO%}OEHQQPBNM@ —QCH)(C48C6Bet¢ocydylh))-OH, 42 (d,

1H, 3.83 (s, 3 A solution of meth 5-chl oropyrazol o[ 1,5 -a]

pyri mi ditfe. BOQEB’ ar@Q@zEé%zoO%Ian ( ﬁwaﬂﬁyu@eéuh@iymcyc yl, Whereln

3 fI 400
St NERERRAATADE fefithittrom RufoBMyyiS gt pivifieliy & pBh e et oo

under rc@hbuaql;f @bstﬁuf&@llblyfmetﬂ_ﬁ?aﬂﬂ X{OEE€, Mﬁl)@p@&@te&@rﬁdw&i%lﬂ ded pr oduct
collected by filtration and washed with col d et hanol give 271 ng (80%
of net Hiptergarylyis sclygied frony wsamid Povivshd 00 b andthienyl and i optionally

252°£°bﬁﬁéﬁﬂ<ﬁ%ﬁ%&%ﬁﬁﬁf}§é@&§“§% et KE R B i g,
H),735(m3 , 7.08 (td, 1 H, 6.44 (d, 1 H, 461(d 2 H, 3.74 (s, 3
Exanpl es 5-221 shown in Table 1 were prepared according

he above-5descri bed thods Tab truct ure Ccvs, MrH 1
5 IltOH NNN- \ Iy oBeATYP lgleeb%lf%rrw 2. k/ %ﬁ,@ﬁ éﬁfﬂﬂ%@&ﬁ@'ﬁ%ﬁya 5- a
Ipyri mv@ﬁé?@in'séid'c?cl%ﬁl@?f% lo@h@nal@@ﬁb&ltﬁe& bl]‘o%,N—CN, ~CF3, ﬁﬁlg, —'C(O)tl-w alkyl,
—C(0)OR?, —C(O)NR'R®, —(Co-Cs alky)NR*R®, —(Co-Cs alkyl)OR?,

C,-C alkyl optionally substituted by oxo or F,

—(Cy-C; alkyl)Cs—Cs heterocyclyl optionally substituted by halo, oxo, C;-Cs
15 alkyl or C(O)C,;-C; alkyl,

—(Cy-C,; alkyl)C3—Cs heteroaryl optionally substituted by halo or C;-Cs alkyl,

—(Cy-C5 alkyl)phenyl optionally substituted by halo, -CN, —OR* or —NR"R”",

or

—(Cy-C; alkyl)Ce—C; cycloalkyl optionally substituted by oxo, C;-C; alkyl or
20 F; and

R* is —(Co-C; alkyl)pyridinyl, wherein said pyridinyl is optionally substituted
by _OCHQO_, —OCHQCHQO—, _OCHQCHQCHQO_, —CF3, —OCF3, —OCHFQ, halo,
—C(0)C;-Cs alkyl, —C(O)OR?, —=C(O)NRR®, —(C(-Cs alky)NR*R®, —(Cy-Cs alkyl)OR?,

C;-Cs alkyl optionally substituted by F,

25 —(Cy-Cs alkyl)Cy—C4 heterocyclyl optionally substituted by halo, oxo, C;-C;
alkyl or C(O)C;-Cs alkyl, or

—(Cy-Cs alkyl)C3—Cs heteroaryl optionally substituted by halo or C;-Cs alkyl.
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N- (2 -ethoxyphenyl)-5-(pyridin-3 - ylnethylam no)pyrazolo [1,5- a]

byrinidine -3 - carboxamde 389.2 7 HNI I NNN- N NHON(2
- met hoxypvenyhyosss4 pyri di n- 3- ylnethylan1no)pyrazolo [ 1p6T/umpoopisiond di ne - 3
- carboxamde 375.1 8 HNI I ,...N::-. =--- 4k NHth N (2

- phenoxypheny1l) - 5- (pyr|d|n- 3- ylnethylan1no)pyrazolo [1,5- a]

- car boxam de 437 1

10

15

20

25

In'one em'B'odlment of Formula I, R® is cyclohexyl optionally substituted by 1
or 2 substituents independently selected from methyl, ethyl, pentyl, C(O)OCH3, C(O)OH,
OH, CN, C(O)cyclohexyl, C(O)(C4-Cs heterocyclyl), wherein said heterocyclyl is
piperazinyl, piperidinyl or morpholinyl optionally substituted by methyl, CH,NH,, or
CH,cyclohexyl optionally substituted by NHa; and R* is pyridinyl or -(CHy)pyridinyl,
wherein said pyridinyl is optionally substituted by methyl, F or Cl. In another example of
this embodiment, R%is —NR3R4, and R' and R® are H.

In one embodiment, R® is C;-C; alkyl optionally substituted by R', C3-Cs
heterocyclyl, C3-Cs heteroaryl or C3-C; cycloalkyl, wherein said heterocyclyl, heteroaryl and
cycloalkyl are optionally substituted by R''; and R* is H, —(Cy-Cs alkyl)(C;-Co heterocyclyl),
—(Co-Cs alkyl)(Cs-Cs¢ cycloalkyl), —(Co-Cs alkyl)(C;-Co heteroaryl), —(Cy-Cs alkyl)(Cs-Cio
aryl), wherein said alkyl is optionally substituted by R¥, and said aryl, cycloalkyl, heteroaryl
and heterocyclyl are optionally substituted by R’

In one embodiment of Formula I, R'is H; R%is —NR3R4; R*is H; and R®is
C;—Cs heteroaryl, optionally substituted by one or more substituents selected from oxo, —CF3,

halo, —C(O)Cl-C6 alkyl,

C-Cs alkyl optionally substituted by oxo or F,

—(Cy-C; alkyl)Cy4—Cs heterocyclyl optionally substituted by halo, oxo, C;-C;
alkyl or C(O)C;-Cs alkyl,

—(Cy-C; alkyl)C3—Cs heteroaryl optionally substituted by halo or C;-Cs alkyl,

—(Cy-C; alkyl)phenyl optionally substituted by C;-Cs alkyl, —CF3, halo, —CN,
—OR® or -NR"R®, and

—(Cy-C; alkyl)Ce—C; cycloalkyl optionally substituted by oxo, C;-C; alkyl or
F. And in one example of this embodiment, R* is H.

In an embodiment of Formula I, when R* is —(Cy-Cs alkyl(C1-Cs
heterocyclyl), «(Coy-Cs alkyl)(Cs-Cg cycloalkyl), —(Cy-Cs alkyl)(C;-Cy heteroaryl), —(Cy-Cs
alkyl)(Cs-Co aryl), then the aryl, cycloalkyl, heteroaryl and heterocyclyl are optionally
substituted by 1-3 substitutents independently selected from oxo, C;-Cs alkyl optionally
substituted by 1-3 substitutents independently selected from oxo and F, —CN, —CF3, halo,
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N - \ N NH Ncyclopropyl-5-(pyridin-3- ylnethylam no)pyrazolo [1,5- a]
pyrimdine -3 - carboxam de 309.2 10 -N\ HNN NH I ?N

N- cycl ohewpotyaspsapi di n- 3- yl met hyl am no) pyrazol o [ 1, 5- pali/ysgeconsihe- 3 -
carboxami de 351.2 11 N1- .---, HNN-),\ INH ?N ( Nisobutyl-5-(pyridin-3-
yl met hyl am no) pyrazolo [1,5- a] pyrimdine-3 - carboxam de 325.2 12 -N\

—C(0)C;-Cg alkyl, —C(O)OR?, —C(O)NRR®, —(C(-Cs alkyl)NR*R®, —(Co-Cs alkyl)OR?, ~(Co-
Cs alkyl)C;—Cy heterocyclyl optionally substituted by 1-3 substitutents independently
selected from halo, oxo, C;-Cs alkyl and C(O)C;-C3 alkyl, «(Co-Cs alkyl)C;—Co heteroaryl
optionally substituted by 1-3 substitutents independently selected from halo and C,-Cs alkyl,

5 —OCH,0-, -OCH,CH,0—, -OCH,CH,CH,0—- and —OCH(C4—Cs heterocyclyl). When R? is
alkyl, alkenyl or alkynyl, then the alkyl, alkenyl and alkynyl are optionally substituted by 1-3
substituents independently selected from oxo, F, OR® and NR*R".

In an embodiment of Formula I, when R* and R? are taken to gether with the
nitrogen to which they are attached to form a C,-Cs heterocyclyl, then the heterocyclyl is
10 optionally substituted by 1-3 substituents independently selected from oxo, F, C,-C; alkyl,
—C(0)C;-Cs alkyl and —C(O)OR®.

In an embodiment of Formula I, when R is Cg aryl, C3-Cg cycloalkyl, C3-Cs
heteroaryl and Cs-Cs heterocyclyl, then the aryl, cycloalkyl, heteroaryl and heterocyclyl are
optionally substituted by 1-3 substituents independently selected from oxo, C;-Cs alkyl

15  optionally substituted by 1-3 substituents independently selected from oxo and F, —CN, —CF3,
halo, -OCH,0—, -OCH,CH,0—, -OCH,CH,CH,0—-, —C(0)C;-C; alkyl, —C(O)OR?,
—C(O)NRR®, —(Cy-Cs alkyl)NR*R®, —(C-Cs alkyl)OR?, —(Cy-Cs alkyl)C1—Cs heterocyclyl
optionally substituted by 1-3 substituents independently selected from halo, oxo, C;-Cs alkyl
and C(O)C,;-C; alkyl, —(Cy-Cs alkyl)C,—Cy heteroaryl optionally substituted by 1-3

20  substituents independently selected from halo and C;-C; alkyl, —(Cy-Cs alkyl)phenyl
optionally substituted by 1-3 substituents independently selected from halo, —CN, —CF3,
—OR® and —~NR"R", and —(C,-Cs alkyl)Cs—Cs cycloalkyl optionally substituted by 1-3
substituents independently selected from oxo, C,-Cs alkyl and F. When R is alkyl, alkenyl
or alkynyl, then alkyl, alkenyl and alkynyl are optionally substituted by 1-3 substituents

25  independently selected from oxo, F, OR* and NR*R".

In an embodiment of Formula I, when R* and R® are C,-Cg alkyl, Cg aryl, Cs-
Cs cycloalkyl or C4-Cs heterocyclyl, then the alkyl, aryl, cycloalkyl and heterocyclyl are
optionally substituted by 1-3 substituents independently selected from C;-Cy4 alkyl, (Cp-Cs
alkyl)OR®, oxo, halo, NR°R? and C4-Cs heterocyclyl. When R* and R together with the
30  atom to which they are attached form a C;-Cs heterocyclyl, then the heterocyclyl is optionally
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HNN NH I N - N-(2-nethoxyethyl)-5-(pyridin-3 - ylnethyl am no)pyrazol o

tl 5- a] pyrimdine-3 - carboxam de 327.2 13 ...... S...----. HNNNH I N
N-tert - buweol20by/aspsapi di n- 3- yl met hyl am no) pyrazolo [1, 5- rPair/ysgooonsihe- 3 -
carboxam de 325.2 14 NNN --- HNN rNH N-(3 ,3 -dinethyl butyl)-5-(pyridin-

3- ylnethylan1no)pyrazolo [1 5- a] pyrinidine 3 - carboxam de 353.5 15 N1I1-

alkyl and —C(O)OR®.

In an embodiment of Formula I, when R® and RY are C,-Cs alkyl, C5-Cg
cycloalkyl or phenyl, then the alkyl, cycloalkyl and phenyl are optionally substituted by 1-3
5  substituents independently selected from halo, CH3; OH, NH,, C(O)O(C;-C¢ alkyl) and
C(O)NH(C,;-Cg alkyl).

In one embodiment, R* and R® are independently H, —CFs, -CHF,, —CH,F,
C,-C alkyl, phenyl, C3-Cg cycloalkyl or C4-Cs heterocyclyl; wherein said alkyl, aryl and
cycloalkyl are optionally substituted by Ci-Cy alkyl, (Co-C3 alkyl)OR®, oxo, halo, NR°R® or
10 C4-Cs heterocyclyl. In one embodiment, R* and R® together with the atom to which they are
attached form a C;-Cs heterocyclyl optionally substituted by oxo, F, C;-C; alkyl, —C(O)C;-Cs
alkyl or —C(O)OR®. In one embodiment, R* and R® are independently H or C;-C3 alkyl.

In one embodiment, R® and RY are independently H, C;-C; alkyl, C3-Cg
cycloalkyl or phenyl, wherein said alkyl, cycloalkyl and phenyl are optionally substituted by
15 halo, CHz OH, NH,, C(0)O(C;-Cs alkyl) or C(O)NH(C;-Cs alkyl). In one embodiment, R®
and R? are independently H or C;-Cs alkyl.

In one embodiment, R” is H; R” is -NR*S(0),R"*; R? is H; and R* is phenyl
optionally substituted by 1-3 R®. In one embodiment, R? is -NR*S(0),R*; R* is H; R* is
phenyl optionally substituted by 1-3 substituents selected from C;-C; alkyl, —CF; and halo; Z

20 is -NR’R® R’ is H; and R is cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl
or cyclooctyl, and wherein R® is optionally substituted by 1 to 3 substituents selected from

0x0, halo and C;-Cy alkyl.

In one embodiment, R” is H; R? s —NR3R4; R is H; R’ is H; R is pyrazolyl
optionally substituted by methyl and subtituted by phenyl, wherein said phenyl is optionally
25  substituted by one or two methyl, halo, methoxy, cyano, trifluoromethyl, hydroxy or

trifluoromethoxy.

In one embodiment, a compound of Formula I is at least 10 fold or more
selective in inhibiting JAK2 kinase activity over inhibiting each of JAK1, JAK3 and Tyk-2

activity.
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N-i sopropyl -5-(pyridin-3- ylnmethylam no)pyrazolo [1,5- a] pyrimdine-3 -
carboxam de 311.2 16 -N\ HN NI ?N 2 5-(pyridin-3- ylnethylam no)pyrazol o
[1,5- a] wororvmdisie-3 - carboxam de 269.1 17 1 N - N pcr/usbbdombson4 \

N but yl - 5- (pyridin-3- yl nmet hyl am no) pyrazol o[ 1, 5- a]

pyri m di ne- 3-carboxam de 325.2 18 | HNN N NH  N-(4-nethyl cycl ohexyl) - 5-

In one embodiment, a compound of the present invention is about 5 fold or
more selective in inhibiting JAK3 kinase activity over inhibiting JAK2 kinase activity. In
another embodiment, a compound of the present invention is about 10 fold or more selective

in inhibiting JAK3 kinase activity over inhibiting JAK?2 kinase activity.

5 The compounds of the present invention may contain asymmetric or chiral
centers, and, therefore, exist in different stereoisomeric forms. It is intended that all
stereoisomeric forms of the compounds of the present invention, including but not limited to:
diastereomers, enantiomers, and atropisomers as well as mixtures thereof such as racemic
mixtures, form part of the present invention. In addition, the present invention embraces all

10 geometric and positional isomers. For example, if a compound of the present invention
incorporates a double bond or a fused ring, both the cis- and trans-forms, as well as mixtures,
are embraced within the scope of the invention. Both the single positional isomers and
mixture of positional isomers, ¢.g., resulting from the N-oxidation of the pyrimidinyl and
pyrrozolyl rings, or the E and Z forms of compounds of the present invention (for example

15  oxime moieties), are also within the scope of the present invention.

In the structures shown herein, where the stereochemistry of any particular
chiral atom is not specified, then all stereoisomers are contemplated and included as the
compounds of the invention. Where stereochemistry is specified by a solid wedge or dashed

line representing a particular configuration, then that stereoisomer is so specified and defined.

20 The compounds of the present invention may exist in unsolvated as well as
solvated forms with pharmaceutically acceptable solvents such as water, ethanol, and the like,
and it is intended that the invention, as defined by the claims, embrace both solvated and

unsolvated forms.

In an embodiment, compounds of the present invention may exist in different
25  tautomeric forms, and all such forms are embraced within the scope of the invention, as
defined by the claims. The term "tautomer" or "tautomeric form" refers to structural isomers
of different energies which are interconvertible via a low energy barrier. For example, proton
tautomers (also known as prototropic tautomers) include interconversions via migration of a
proton, such as keto-enol and imine-enamine isomerizations. Valence tautomers include

30  interconversions by reorganization of some of the bonding electrons.
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(pyridin-3- ylnmethylam no)pyrazol o[ 1,5- a] pyrim di ne-3-carboxam de 365. 3

19 1 ---, HNN N NH N (4-nethylcycl ohexyl)-5- (pyridin-3-
yl met hy| anorojosiszol o[ 1, 5- a] pyri m di ne- 3- car boxam de P86AIS2002063014
N1-1\1\ .---- HN NNH N (2-nethylcycl ohexyl)-5- (pyridin-3-

yl met hyl am no) pyrazol o[ 1, 5- a] pyrimdi ne-3-carboxam de 365.3 21 I N

AN -s. --- N ﬂl—é present invention also embraces isotopically-labeled compounds of the
present invention, which are identical to those recited herein, but for the fact that one or more
atoms are replaced by an atom having an atomic mass or mass number different from the
atomic mass or mass number usually found in nature. All isotopes of any particular atom or

5  clement as specified are contemplated within the scope of the invention. Exemplary isotopes

that can be incorporated into compounds of the present invention include isotopes of
hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine, chlorine, and iodine, such
as 2H, *H, 'C, Bc, e, BN, 15N, 150, 170, '*0, 2P, 3P, %S, 8F, 3¢, 21, and I,
respectively. Certain isotopically-labeled compounds of the present invention (e.g., those

10 labeled with *H and '*C) are useful in compound and/or substrate tissue distribution assays.
Tritiated (i.c., *H) and carbon-14 (i.e., '*C) isotopes are useful for their ease of preparation
and detectability. Further, substitution with heavier isotopes such as deuterium (i.e., *H) may
afford certain therapeutic advantages resulting from greater metabolic stability (e.g.,
increased in vivo half-life or reduced dosage requirements) and hence may be preferred in

15  some circumstances. Positron emitting isotopes such as 15O, 13 N, 11C, and °F are useful for
positron emission tomography (PET) studies to examine substrate receptor occupancy.
Isotopically labeled compounds of the present invention can generally be prepared by
following procedures analogous to those disclosed in the Schemes and/or in the Examples
herein below, by substituting an isotopically labeled reagent for a non-isotopically labeled

20  reagent.

SYNTHESIS OF PYRAZOLOPYRIMIDINE JAK INHIBITOR COMPOUNDS

Compounds of the present invention may be synthesized by synthetic routes
described herein. In certain embodiments, processes well-known in the chemical arts can be
used, in addition to, or in light of, the description contained herein. The starting materials are

25  generally available from commercial sources such as Aldrich Chemicals (Milwaukee, Wis.)
or are readily prepared using methods well known to those skilled in the art (e.g., prepared by
methods generally described in Louis F. Fieser and Mary Fieser, Reagents for Organic
Synthesis, v. 1-19, Wiley, N.Y. (1967-1999 ed.), Beilsteins Handbuch der organischen
Chemie, 4, Aufl. ed. Springer-Verlag, Berlin, including supplements (also available via the

30  Beilstein online database)), or Comprehensive Heterocyclic Chemistry, Editors Katrizky and

Rees, Pergamon Press, 1984.
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N- (cycl ohexyl net hyl ) -5- (pyridi n- 3-yl met hyl am no) pyrazol o[ 1, 5- a]

pyri m di ne-3-carboxam de 365.3 22 N''N ,----, HNN NH
N (2, 3- diwethylmsystbohexyl ) - 5- (pyridi n-3- yl net hyl am noppyrszabopbibib- aj
pyri m di ne- 3-carboxam de 379.3 23 "N --...-- NHN N NH |

N-cycl obut y1-5- (pyridi n-3- yl nmet hyl am no) pyrazol o[ 1, 5- a]
pyrim dine-3-car bé)o)%?]gmo.u% S g’fz t?l'e %reser%%n\ﬂel}llti-on 'r\lnaylgelprepared singly or as compound
libraries comprising at least 2, for example 5 to 1,000 compounds, or 10 to 100 compounds of
the present invention. Libraries of compounds of the present invention may be prepared by a
combinatorial “split and mix" approach or by multiple parallel syntheses using either solution
5  phase or solid phase chemistry, by procedures known to those skilled in the art. Thus
according to a further aspect of the invention there is provided a compound library

comprising at least 2 compounds of the present invention, enantiomers, diasteriomers or

pharmaceutically acceptable salts thereof.

For illustrative purposes, reaction scheme 1 depicted below provides routes for
10 synthesizing the compounds of the present invention as well as key intermediates. For a more
detailed description of the individual reaction steps, see the Examples section below. Those
skilled in the art will appreciate that other synthetic routes may be used to synthesize the
inventive compounds. Although specific starting materials and reagents are depicted in the
Schemes and discussed below, other starting materials and reagents can be easily substituted
15  to provide a variety of derivatives and/or reaction conditions. In addition, many of the
compounds prepared by the methods described below can be further modified in light of this

disclosure using conventional chemistry well known to those skilled in the art.

Compounds of the invention may be prepared from commercially available

starting materials using the general methods illustrated herein.

20

REACTION SCHEME 1
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N N-cycl opentyl-5-(pyridin-3- vyl
- carboxam de 337.2 25 HN -N --
yl met hy| anonojopsiszol o [ 1, 5- a]
NNH, I NN(1 -
yl met hyl am no) pyrazolo [1,5- a]
-N-- NNH, o

ﬁﬁ;

21% EtONa
in EtOH

N~

/NH
=

NH,

5% Aq LiOH

NHR°R®
—_—

DCM
DIPEA

ROH
DIPEA

NHR®R
EtOH
DIPEA

120 °C
15 min
microwave

4l
N\
I,
e P
N NRZR?
0 6

OR
1a

(hydr oxynet hyl ) cycl opentyl) - 5-

met hyl am no) pyrazolo [1,5- a] pyrimdine-3
NH I N N (pentan-3-yl1l)-5-(pyridin-3 -

pyri m di ne-3 - car boxampde/33@986364 HON - -

(pyridin- 3-

pyri m di ne-3 - carboxam de 367.2 27 HN 1104

HOAc N
</’\(j\ H>O \N/l
NIS
DMF
N~ CO (1 atm) N
N/l Pd(OAc), g/’\(l
TEA
MeOH
3
NHR3R*
EtOH
=N _DIPEA /) N/j\
3p4
120 °C NR'R
R5R6 15 min NRSR®
microwave
R*OH

base

N\
T
C— P

N OR4
o)

NR°R®

Compounds of Formula 1 can be synthesized as shown in Reaction Scheme 1.

For example, commercially available compounds 3-aminopyrazole and 1,3-dimethyluracil

can be reacted together in sodium ethoxide solution to give compound 2a, which can be

converted from the sodium salt form to 2b by treatment with dilute acid. Compound 2b can

be iodinated with N-iodosuccinimide (NIS) in DMF to give compound 3. Carbonylation of
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I N N-phenyl -5-(pyridin-3- ylnethylam no)pyrazolo [1,5- a] pyrimdine-3 -
carboxam de 345.2 28 HN IPN - --- N NH 1 5-(pyridin-3-yl net hyl am no) - N- p-

t ol yl pyr axol2o10/051&9a | pyri m di ne-3 - carboxam de 359. 2 2@THIN2009/0b8d14 | N
N-(4- tert-butylcycl ohexyl)-5- (pyridin-3 - ylnethylam no)pyrazolo [1,5- a]
pyri mdine-3 - carboxamde 407.3 30 HN I - NNHI N

compound 3 under basic conditions (such as triethylamine (TEA)) with carbon monoxide and
a palladium catalyst in methanol gives methyl ester compound 4, which can be hydrolyzed in
aqueous lithtum hydroxide to compound 5. Heating compound 5 in a mixture of
phosphorous oxychloride and diisopropylethylamine (DIPEA) produces the dichlorinated

5  compound 6, which is a common intermediate for the ultimate synthesis of compounds 1a, 1b
and 1c. Thus, compound 6 can be reacted with a primary or secondary amine under mild
conditions to give amide compound 7 then under more vigorous conditions with a second
amine or an alkoxide to give compounds 1c or 1b respectively. Alternatively, compound 6
can be reacted under basic conditions with an alcohol to give esters of formula 8§ which may

10 then be further reacted with a primary or secondary amine to give compounds of formula 1a.

REACTION SCHEME 2
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N-o ctyl-5-(pyridin-3 - ylnethyl
car boxam de 381.3 31 HN "N ---
yl met hy| anonojopsiszol o [ 1, 5- a]

NH N |

am no)pyrazolo [1,5- a] pyrimdine-3 -
N NH NI N-cycl oheptyl-5-(pyridin-3-
pyri m di ne-3 - car boxanmpde/u36a986824 HN -

pyrimdine-3 - carboxam de 379.3 33 - NO NHN 1
5-(pyridin-3-yl methyl am no)-N- (3, 3,05- o o o
P
DMFDMA
qiigy K0T COR . RN o
CDI, MgCl,
20-50°C . 10 Mez
HoNNH,
EtOH, 70°C
11
R R ~N
NN, N-N R", Cs,CO4 HNTY
RIS N 1 L DMF, 40°C RIS
-
CO,R CO.R CO,R
12b 12a 11
1) NaOH, EtOH/H,0
2) dppa, TEA, dioxane, tBuOH
3) HCl/dioxane
R11'
; N~
N7
l\;’N // _
R~ 1E&N,6 N” SNR2R
o)
NHz 2y HNR®R4, iPrOH NH
= 11
13a O’R
R11” N
+ 1d
11 N~
R\N—N 4 N/i
N 1) Et3N, 6 =z
RMQ ) ° N NR3R4
: o)
NH, 2) HNR3R?, iPrOH NH
H/S'Rﬂ
13b N~-N
R11'
1e

Compounds of the present invention can be synthesized as shown in Scheme

2. For example, commercially available benzoic acids can be reacted with potassium 3-

ethoxy-3-oxopropanoate in the presence of carbonyldiimidazole (CDI) and magnesium

5 chloride to give B-keto-ester 9 (where R is alkyl, for example ethyl). Compound 9 can be
heated with 1,1-dimethoxy-N,N-dimethylmethanamine (N,N-dimethylformamideDMA)

to give compound 10. Cyclization of compound 10 with hydrazine in ethanol provides

pyrazole compound 11. Alkylation of compound 11 with alkyl halides in the presence of

a base such as cesium carbonate affords a mixture of the regioisomers 12a and 12b

10

(wherein R'" is optionally substituted alkyl). Hydrolysis of the ethyl ester, followed by
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N- (4- et hyl cycl ohexyl ) -5-(pyridi n- 3-yl nmet hyl am no) pyrazolo [1,5- a]



trimet hyl cycl ohexyl)pyrazolo [1,5- a] pyrimdine-3 -c arboxam de 393.3 34

HN HOc -N N NH N I N (1-hydroxy-2-nethyl propan-2- yl1)-5 -(pyridin-3 -

yl met hy| anonrojopsiszol o [ 1, 5- a] pyrimdine-3 - carboxanmpde/(34d9B6DD4

[------ , HO- N NH NI N-(2-hydroxyethyl)-5-(pyridin-3-

yI met hyl am no) pyrazolo [1,5- a] pyrimdine-3 - carboxam de 313.2 36
1/ - -

Furan-2. GSERTT By e r S Eoneay mho P rhr RS S e bR atovides

the t-butylcarbamate protected amino-pyrazole, which is unmasked with HCI to give
amino-pyrazole compounds 13a and 13b. The regioisomers 13a and 13b can be separated
using silica chromatography. Acylation of each regioisomer separately with 5-

5 chloropyrazolo[1,5-a]pyrimidine-3-carbonyl chloride (compound 6) in the presence of
tricthylamine, followed by microwave assisted amination provides compounds of

Formula 1d and le.

REACTION SCHEME 3
\
Br N(Boc), N— HyNNH,
N-
HN(Boc), /L DMFEDMA \ EtOH, 70°C 11 NH
/L —_— 1 0O ———— 1 N(BOC)Z —_— R —
R O NaH R R
o) H,N
14 15 16 17

1) EtzN, 6
2)R"M,
082003

N
/ /j\ /N~N AN /N*N N
NR3R4 NR3R4 — P — =
) HNRR?, EtOH N" “ClI N N~ ~Cl
e ——
(S' O H O H
R11 N\ 11
N y) \ R %S’
/YN
11

N-N R I DR
R SR N-N N-N
R SRIT
1d 1e 154 .
10 An alternative method for the synthesis of compounds of the present invention

is illustrated in Reaction Scheme 3. Alkylation of di-tert-butyl iminodicarbonate with
sodium hydride and various a-bromoketones 14 generates compound 15. Compound 15
can be heated with N,N-dimethylformamideDMA to give compound 16. Cyclization of
compound 16 with hydrazine in ethanol provides pyrazole compound 17. Acylation of
15 cach regioisomer separately with compound 6 in the presence of triethylamine, followed
by alkylation of the pyrazole with alkyl halides provides compounds 18a and 18b (where
R'" is optionally substituted alkyl). Microwave assisted amination yields compounds of

Formula 1d and le.
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353.2 37 HOHN N, N. -"--:,..... --,.... NHNI N (2 -hydroxycycl ohexyl)-5
- (pyridin-3 - vyl rrethyl am no)pyrazolo [1,5- a] pyrimdine-3 - carboxam de

367.3 ABoHo/ase4pl , | N N-(pyridin-2-yl)-5-(pyridin-3PCT/US2009/063014
yl met hyl am no) pyr azol o[1,5- a] pyrimdine -3 - carboxanm de 346.2 39 HN"
N----"2...." NNH, I NN (pyridin-3 -y1)-5 -(pyridin-3 -

yl met hyl am no) pyrazolo [1, 5- ﬁlEApé(ﬁ(%Icgd}fENﬁE4 car boxam de 346.3 40

/N\N \
H xCN NH; NR'R
NH, 1) NaNO, N 1)EtN,6 O
_ T —_—

NH, — . = NH
R‘l 1 2 N_R‘l 1
R" 2) SnCl Hcl  HCI EtOH =\ 2) HNR3R?

EtOH _ N—R"
19 20 N

Reaction Scheme 4 illustrates the synthesis of compounds of Formula 1f.
Subjection of commercially available anilines to diazotization and tin chloride mediated
5 reduction provides compound 19. Condensation of compound 19 with 3-
aminocrotonitrile in ethanolic hydrochloric acid generates amino-pyrazole compound 20.
Acylation with compound 6 in the presence of triethylamine, followed by microwave

assisted amination provides compounds of Formula 1f.

REACTION SCHEME 5
0
Q
20 1) e S
Br N DMFDMA N
R11_<_ 0] - R11’( R11
0 o O 0O O
21 22
‘HZNNHCH3
N~
4 NTS
—
NZ S NReR® N-N~
o) 1) Et3N, 6 R"=C
NH -«
3p4
_ 2) HNR®R*, DIEA, EtOH H,N
/ R11 23
/N‘N
10 1d

An alternative method for the synthesis of compounds of Formula 1 is
described in Reaction Scheme 5. Alkylation of potassium phthalimide with a-
bromoketones generates compound 21. Condensation with N,N-
dimethylformamideDMA yields compounds 22. Compounds of Formula 22 may be
15 cyclized with N-methylhydrazine to provide the alkylated pyrazole 23. Acylation of
compound 23 with compound 6 in the presence of tricthylamine, followed by microwave

assisted amination with substituted amines provides compounds of Formula 1d.
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HN- NNH, I

car boxam de 275.

N N((1S,2S,4R)- bicyclo [2.2.1] heptan-2 -yl1)-5 -
(pyridin-3- yl nethyl am no) pyrazolo [1,5- a] pyrimdine -3 - carboxam de
363. 2 41 WwoNotosMMIH | N N-(bicyclo [2.2.1 ] heptan-2-yPrTars2qoemesiods n- 3-
yI met hyl am no) pyrazolo [1,5- a] pyrimdine -3 - carboxam de 363.2 42 HN "
----- .- N N-cycl ohexyl-5- nethoxypyrazolo [1,5- a] pyrl m dine -3 -

2

43 HN ----,-- NHI1 N N-cyclooctyl-5-(pyridin-3-
REACTION SCHEME 6
N 0.0 N
N N
y N/j\ HZN’S‘R“ s N Q0
— Z — = _S.
N~ ¢ —— N H R*
© NR®R® © NR®R®
7 19

Compounds of Formula 1g can be synthesized as shown in Scheme 6.

5 Addition of primary sulfonamides to 5-chloropyrazolo[1,5-a]pyrimidine intermediate 7

mediated by a base such as cesium carbonate in a polar aprotic solvent such as 1,2-

dimethoxyethane affords compounds of Formula 1g.

10

REACTION SCHEME 7
N~ _p4 N~
T, )
— y — .R
NZ i (a0 N7 N
o antphos o
OR® OR®
8 24
ester
hydrolysis
RS
N- HN N~
S U T o WP
= R -« —
O N’R5 O OH
R6
1f 25

Compounds of Formula 1f can be synthesized as shown in Scheme 7.

Coupling of amino substituted R* with 5-chloropyrazolo[1,5-a]pyrimidine intermediate 8

under palladium mediated conditions with a ligand such as Xantphos arrives at compound

24. Ester hydrolysis under basic conditions affords acid 25. Amide formation to arrive at

15  compounds of formula 1f may occur via addition of amines to the acid chloride of acid 25.
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yl met hyl am no) pyrazolo [1,5- a] pyrimdine -3 - carboxam de 379.3 44 4.

---..- NO 101 benzyl 5-(benzyl oxy)pyrazol o[1,5- a]pyrimdine -3 -c
ar boxyl atwo260/@@154945 - N --.....:: .." NNHO I N PCT/US2009/063014

5-(pyridin-3-ylnmethylamno)-N ( 1, 3, 3 - trinmethylbicyclo [2.2.1 ]
hept an-2- yl)pyrazolo [1,5-a ] pyrimdine-3 - carboxam de 405.4

46 H N -

NO

I N N-cycl ohexyl-5-(pyridin-3 - ylnmetho xy)pyrazolo [1,5- a] pyrimdine-3

car boxam de 352.2

REACTION SCHEME 8
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NH R I — NH R™
Hc” N
* N_R )Q Ny_R
He” N o™ N 29
1i 30
5 Compounds of Formula 1i can be synthesized as shown in Scheme 8.

Bromination of aryl ketoester 9 (where R is alkyl, for example ethyl) furnishes bromide 26.
Alkylation of bromide 26 with thioacetamide followed by cyclodehydration under thermal
conditions affords thiazole 27. Hydrolysis of ester 27 under basic conditions followed by
Curtius rearrangement using diphenyl phosphorylazide provides carbamate 28 after trapping
10 with an alcohol such as #-butanol. Removal of the carbamate of 28 under acidic conditions
arrives at 5-aminothiazole 29, which upon coupling with acid chloride 6 provides amide 30.

Microwave assisted amination of chloride 30 affords compounds of Formula 1i.
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Compounds of formula 1j can be synthesized as shown in Scheme 9.
Condensation of aryl ketoester 9 (where R is alkyl, for example ethyl) with 1,1-dimethoxy-

5  N,N-dimethylmethanamine furnishes aminoester 31, which upon treatment with
hydroxylamine and heat affords isoxazole 32. Hydrolysis of ester 32 under acidic conditions
followed by Curtius rearrangement will provide carbamate 33 after trapping with an alcohol
such as #-butanol. Removal of the carbamate of 33 under acidic conditions arrives at 4-
aminoisoxazole 34, which upon coupling with acid chloride 6 provides amide 35.

10  Microwave assisted amination of chloride 35 affords compounds of Formula 1j.
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Compounds of Formula 1k can be synthesized according to Scheme 10.
Chlorination of aryl oxime 36 with N-chlorosuccinimide provides a-chlorobenzaldoxime 37.
5  Treatment of a-chlorobenzaldoxime 37 with a tertiary amine base such as triethylamine

forms benzonitrile N-oxide that participate in dipolar cycloaddition with 3-pyrrolidin-1-yl-
acrylic acid ester to afford isoxazole 38 (where R is alkyl, for example ethyl). Hydrolysis of
ester 38 under acidic conditions followed by Curtius rearrangement using diphenyl
phosphorylazide provides carbamate 39 after trapping with an alcohol such as #-butanol.

10  Removal of the carbamate of 39 under acidic conditions arrives at 4-aminoisoxazole 40,
which upon coupling with acid chloride 6 provides amide 41. Microwave assisted amination

of chloride 41 affords compounds of Formula 1k.
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Compounds of Formula 11 can be synthesized according to Scheme 11.

Addition of arylhydrazine 42 to ethyl 2-cyano-3-cthoxyacrylate provides 5-amino-1-
arylpyrazole 43. Hydrolysis of ester 43 followed by decarboxylation of the resulting acid
occurs under acidic conditions to afford 5-amino-1-arylpyrazole 44, which upon coupling
with acid chloride 6 provides amide 45. Microwave assisted amination of chloride 45 affords

compounds of Formula 11.

In the preparation of compounds of the present invention, protection of remote

functionality (e.g., primary or secondary amine) of intermediates may be necessary. The need
for such protection will vary depending on the nature of the remote functionality and the
conditions of the preparation methods. Suitable amino-protecting groups (NH-Pg) include
acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC), benzyloxycarbonyl (CBz) and 9-
fluorenylmethyleneoxycarbonyl (Fmoc). The need for such protection is readily determined
by one skilled in the art. For a general description of protecting groups and their use, see T.

W. Greene, Protective Groups in Organic Synthesis, John Wiley & Sons, New York, 1991.
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N NH N N (4-cycl ohexyl phenyl1)-5- (pyridin-3 - ylnmethylam no)pyrazolo [1, 5-

al pyrimdine-3 -carboxamde 427.2 56 HN 2 HO" N-- N NHI1 ,N
N ( (I R 4Ryvo2otwmduzagycycl ohexyl )- 5-(pyridin-3 - ylnethymemnmmmpmssmolo
[1,5- a] pyrimdine-3 -carboxamde 367.2 57 HN - NNHI Nnmethyl 4

-(5-(pyridin-3 - ylnethylanino)pyrazolo [1,5- a]pyrimdine-3- ¢
arboxam do) benzo 8otr§p0£{m§s of the invention may be prepared from readily available starting

materials using the general methods illustrated herein.
METHODS OF SEPARATION

In each of the exemplary Schemes it may be advantageous to separate reaction
5  products from one another and/or from starting materials. The desired products of each step
or series of steps is separated and/or purified (hereinafter separated) to the desired degree of
homogeneity by the techniques common in the art. Typically such separations involve
multiphase extraction, crystallization from a solvent or solvent mixture, distillation,
sublimation, or chromatography. Chromatography can involve any number of methods
10 including, for example: reverse-phase and normal phase; size exclusion; ion exchange; high,
medium, and low pressure liquid chromatography methods and apparatus; small scale
analytical; simulated moving bed (SMB) and preparative thin or thick layer chromatography,

as well as techniques of small scale thin layer and flash chromatography.

Another class of separation methods involves treatment of a mixture with a
15  reagent selected to bind to or render otherwise separable a desired product, unreacted starting
material, reaction by product, or the like. Such reagents include adsorbents or absorbents
such as activated carbon, molecular sieves, ion exchange media, or the like. Alternatively, the
reagents can be acids in the case of a basic material, bases in the case of an acidic material,
binding reagents such as antibodies, binding proteins, selective chelators such as crown

20  ethers, liquid/liquid ion extraction reagents (LIX), or the like.

Selection of appropriate methods of separation depends on the nature of the
materials involved. For example, boiling point, and molecular weight in distillation and
sublimation, presence or absence of polar functional groups in chromatography, stability of
materials in acidic and basic media in multiphase extraction, and the like. One skilled in the

25  art will apply techniques most likely to achieve the desired separation.

Diastereomeric mixtures can be separated into their individual
diastereoisomers on the basis of their physical chemical differences by methods well known
to those skilled in the art, such as by chromatography and/or fractional crystallization.
Enantiomers can be separated by converting the enantiomeric mixture into a diastereomeric

30  mixture by reaction with an appropriate optically active compound (e.g., chiral auxiliary such
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58 HNop OH- NNHI N (1R 4R)-4-(5-(pyridin-3-
yl met hyl am no) pyrazol o[ 1, 5- a] pyri m di ne 3- carboxam do) cycl ohexanecar boxyl

ic acid 396.2810/431M905) OH N, N --- -...., NN HI N PCT/US2009/063014
(1R 4R)-4- (5-(pyridin-3- vyl met hyl ani no)pyrazol o[ 1, 5- a]pyrim dine- 3-
car boxam do) cycl ohexanecar boxyl ic acid 395260  HN. NH2-

(e.g., hydrolyzmg) the 1nd1v1dual diastercoisomers to the corresponding pure enantiomers.
Also, some of the compounds of the present invention may be atropisomers (e.g., substituted
biaryls) and are considered as part of this invention. Enantiomers can also be separated by use

5  ofa chiral HPLC column.

A single stereoisomer, ¢.g. an enantiomer, substantially free of its stereoisomer
may be obtained by resolution of the racemic mixture using a method such as formation of
diastereomers using optically active resolving agents (Eliel, E. and Wilen, S., Stereochemistry
of Organic Compounds, John Wiley & Sons, Inc., New York, 1994; Lochmuller, C. H., J.

10 Chromatogr., 113(3):283-302 (1975)). Racemic mixtures of chiral compounds of the
invention can be separated and isolated by any suitable method, including: (1) formation of
ionic, diastereomeric salts with chiral compounds and separation by fractional crystallization
or other methods, (2) formation of diastereomeric compounds with chiral derivatizing
reagents, separation of the diastereomers, and conversion to the pure stereoisomers, and (3)

15  separation of the substantially pure or enriched stereoisomers directly under chiral conditions.
See: Drug Stereochemistry, Analytical Methods and Pharmacology, Irving W. Wainer, Ed.,
Marcel Dekker, Inc., New York (1993).

Diastereomeric salts can be formed by reaction of enantiomerically pure chiral
bases such as brucine, quinine, ephedrine, strychnine, a-methyl-B-phenylethylamine
20  (amphetamine), and the like with asymmetric compounds bearing acidic functionality, such
as carboxylic acid and sulfonic acid. The diastercomeric salts may be induced to separate by
fractional crystallization or ionic chromatography. For separation of the optical isomers of
amino compounds, addition of chiral carboxylic or sulfonic acids, such as camphorsulfonic
acid, tartaric acid, mandelic acid, or lactic acid can result in formation of the diastercomeric

25  salts.

Alternatively, the substrate to be resolved is reacted with one enantiomer of a
chiral compound to form a diastereomeric pair (Eliel, E. and Wilen, S., Stereochemistry of
Organic Compounds, John Wiley & Sons, Inc., New York, 1994, p. 322). Diastereomeric
compounds can be formed by reacting asymmetric compounds with enantiomerically pure

30  chiral derivatizing reagents, such as menthyl derivatives, followed by separation of the

diastercomers and hydrolysis to yield the pure or enriched enantiomer. A method of
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menthyl chloroformate in the presence of base, or Mosher ester, o.-methoxy-a-
(trifluoromethyl)phenyl acetate (Jacob, J. Org. Chem. 47:4165 (1982)), of the racemic
mixture, and analyzing the NMR spectrum for the presence of the two atropisomeric
5  enantiomers or diastercomers. Stable diastereomers of atropisomeric compounds can be

separated and isolated by normal- and reverse-phase chromatography following methods for
separation of atropisomeric naphthyl-isoquinolines (WO 96/15111). By method (3), a
racemic mixture of two enantiomers can be separated by chromatography using a chiral
stationary phase (Chiral Liquid Chromatography W. J. Lough, Ed., Chapman and Hall, New

10 York, (1989); Okamoto, J. of Chromatogr. 513:375-378 (1990)). Enriched or purified
enantiomers can be distinguished by methods used to distinguish other chiral molecules with

asymmetric carbon atoms, such as optical rotation and circular dichroism.

Positional isomers, for example E and Z forms, of compounds of the present
invention, and intermediates for their synthesis, may be observed by characterization methods
15  such as NMR and analytical HPLC. For certain compounds where the energy barrier for
interconversion is sufficiently high, the E and Z isomers may be separated, for example by

preparatory HPLC.
BIOLOGICAL EVALUATION

Previous studies have shown that the isolated kinase domain of human JAK?2

20  phosphorylates peptide substrates in irn vitro kinase assays. Saltzman et al., Biochem.
Biophys. Res. Commun. 246:627-633 (2004). The catalytically active kinase domain of
human JAK?2 was purified from extracts of SF9 insect cells infected with a recombinant
baculovirus expression vector encoding the human JAK?2 kinase domain (amino acid residues
D812-G1132 according to the numbering of GenBank sequence accession number

25 NP _004963.1). The activity of the JAK2 kinase domain can be measured by a number of
direct and indirect methods, including quantification of phosphorylation of peptide substrates
derived from the human JAK3 protein Saltzman ef al., Biochem. Biophys. Res. Commun.
246:627-633 (2004). The activity of the JAK2 kinase domain was measured in vitro by
monitoring phosphorylation of JAK3 derived peptides using the Caliper LabChip technology

30  (see Examples).

54



64 N,N -- NNH ONH C O 5-(2-chlorobenzyl am no)-N cycl ohexyl pyrazol o[ 1, 5-
al pyrimdine-3-carboxam de 384.2 65 N,N -- NNH ONH 0 C

5- ( 3- chl owokerzosh&mi no) - N- cycl ohexyl pyrazol o[ 1,5- a] PCT/US2009/063014

pyri m di ne- 3-carboxanm de 384.2 66 NN -- NNH ONH 0 Cl

5- (4-chl or obenzyl am no) - N- cycl ohexyl pyrazol o[ 1, 5- a]

pyri m d e S A RIS S p R 2018 RiMIDINE CoMmPOUNY!

Another embodiment includes a method of treating or lessening the severity of
a disease or condition responsive to the inhibition of JAK2 kinase activity in a patient. The
method includes the step of administering to a patient a therapeutically effective amount of a

5  compound of the present invention.

Another embodiment includes a method of treating or lessening the severity of
a disease or condition responsive to the inhibition of JAK3 kinase activity in a patient. The
method includes the step of administering to a patient a therapeutically effective amount of a

compound of the present invention.

10 In one embodiment, a compound of the present invention is administered to a
patient in a therapeutically effective amount to treat or lessen the severity of a disease or
condition responsive to the inhibition of JAK?2 kinase activity, and said compound is at least
10 fold or more selective in inhibiting JAK?2 kinase activity over inhibiting each of JAK1,
JAK3 and Tyk-2 activity.

15 In one embodiment, the disease or condition is cancer, stroke, diabetes,
hepatomegaly, cardiovascular disease, multiple sclerosis, Alzheimer's disease, cystic fibrosis,
viral disease, autoimmune diseases, atherosclerosis, restenosis, psoriasis, allergic disorders,
inflammation, neurological disorders, a hormone-related disease, conditions associated with
organ transplantation, immunodeficiency disorders, destructive bone disorders, proliferative

20  disorders, infectious discases, conditions associated with cell death, thrombin-induced
platelet aggregation, liver disease, pathologic immune conditions involving T cell activation,

CNS disorders or a myeloproliferative disorder.
In one embodiment, the disease or condition is cancer.
In one embodiment, the disease is a myeloproliferative disorder.

25 In one embodiment, the myeloproliferative disorder is polycythemia vera,

essential thrombocytosis, myelofibrosis or chronic myelogenous leukemia (CML).

In one embodiment, the cancer is breast, ovary, cervix, prostate, testis, penile,

genitourinary tract, seminoma, esophagus, larynx, gastric, stomach, gastrointestinal, skin,
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HN O OH, I N 4-(5-(pyridin-3- yIrrethyIamno)pyrazoIo[lS a] pyri m di ne- 3-

car boxam do) benzoic acid 389.2 68 NNN \-J.".;"..". NNH ONH O
5- (benzylwmznm)oth%ycl ohexyl pyrazol o[ 1, 5- a] pyr| m di nec3AIsasdosm de
350.2 69 NN --,...;,....". NNHONH H aOH N-cycl ohexyl-5-(2-

hydr oxyet hyl am no) pyrazol o[ 1, 5- a] pyrim di ne-3-carboxam de 304. 2 70 "N
o keratoacanthoma, follicular carcinoma, melanoma, lung, small cell lung carcinoma, non-
small cell lung carcinoma (NSCLC), lung adenocarcinoma, squamous carcinoma of the lung,
colon, pancreas, thyroid, papillary, bladder, liver, biliary passage, kidney, bone, myeloid
disorders, lymphoid disorders, hairy cells, buccal cavity and pharynx (oral), lip, tongue,
5 mouth, salivary gland, pharynx, small intestine, colon, rectum, anal, renal, prostate, vulval,

thyroid, large intestine, endometrial, uterine, brain, central nervous system, cancer of the

peritoneum, hepatocellular cancer, head cancer, neck cancer, Hodgkin's or leukemia.

In one embodiment, the cardiovascular disease is restenosis, cardiomegaly,

atherosclerosis, myocardial infarction or congestive heart failure.

10 In one embodiment, the neurodegenerative disease is Alzheimer's disease,
Parkinson's disease, amyotrophic lateral sclerosis, Huntington's disease, and cerebral
ischemia, and neurodegenerative disease caused by traumatic injury, glutamate neurotoxicity

or hypoxia.

In one embodiment, the inflammatory diseases is theumatoid arthritis,

15  psoriasis, contact dermatitis or delayed hypersensitivity reactions.
In one embodiment, the autoimmune disease is lupus or multiple sclerosis.

A compound of the present invention may be administered by any route
appropriate to the disease or condition to be treated. Suitable routes include oral, parenteral
(including subcutancous, intramuscular, intravenous, intraarterial, intradermal, intrathecal and

20  epidural), transdermal, rectal, nasal, topical (including buccal and sublingual), vaginal,
intraperitoneal, intrapulmonary, and intranasal. For local immunosuppressive treatment, the
compounds may be administered by intralesional administration, including perfusing or
otherwise contacting the graft with the inhibitor before transplantation. It will be appreciated
that the preferred route may vary with for example the condition of the recipient. Where the

25  compound of the present invention is administered orally, it may be formulated as a pill,
capsule, tablet, etc. with a pharmaceutically acceptable carrier or excipient. Where the
compound of the present invention is administered parenterally, it may be formulated with a
pharmaceutically acceptable parenteral vehicle and in a unit dosage injectable form, as

detailed below.
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carboxam de 336.2 71 "N -- NH Ip0O N1 NH2 N (3 -carbanoyl phenyl)-5-(pyridin-

3-yl met hyWermrmn)spmpazol o [1,5- a] pyrimdine-3 - carboxagrds28886314 72 N
S 20 , NHN HNIPNI N (4 -fluorophenyl)-5-(pyridin-3 -

yI rret hyl am no) pyrazolo [1,5- a] pyrimdine-3 - carboxam de 363.2 73 N, N

Ji et hyi arm no) py " adBIG (RS RN AT T apB LBl st b00pme
of a compound of the present invention. A typical dose may be about 100 mg to about 300
mg of a compound of the present invention. A dose may be administered once a day (QD),
twice per day (BID), or more frequently, depending on the pharmacokinetic and

5  pharmacodynamic properties, including absorption, distribution, metabolism, and excretion
of the particular compound. In addition, toxicity factors may influence the dosage and
administration regimen. When administered orally, the pill, capsule, or tablet may be
ingested daily or less frequently for a specified period of time. The regimen may be repeated

for a number of cycles of therapy.

10 Another embodiment includes a method of treating or preventing cancer in a
mammal in need of such treatment, wherein the method comprises administering to said
mammal a therapeutically effective amount of a compound of Formulas I-Ia, a stereoisomer,

tautomer, prodrug or pharmaceutically acceptable salt thereof.

Another embodiment includes compounds of Formulas I-Ia, a sterecoisomer,

15  tautomer, prodrug or pharmaceutically acceptable salt thereof, for use in therapy.

Another embodiment includes the use of a compound of Formulas I-1a, a
stereoisomer, tautomer, prodrug or pharmaceutically acceptable salt thereof, in the
manufacture of a medicament for the treatment of a disease described herein (e.g., cancer or

inflammatory disease).

20 PHARMACEUTICAL FORMULATIONS OF PYRAZOLOPYRIMIDINE COMPOUNDS

Another embodiment includes a pharmaceutical composition that includes a
compound of the present invention and a pharmaceutically acceptable carrier, adjuvant or

vehicle.

In one embodiment, the pharmaceutical composition also includes an
25  additional therapeutic agent selected from an anti-proliferative agent, an anti-inflammatory
agent, an immunomodulatory agent, a neurotropic factor, an agent for treating cardiovascular
disease, an agent for treating liver disease, an anti-viral agent, an agent for treating blood

disorders, an agent for treating diabetes, or an agent for treating immunodeficiency disorders.
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car boxam de 379. 2 76 "N -- NNH aa] NH) Ncyclohexyl-5-

(et hyl am no) pyrazol o[ 1, 5- pyri m di ne- 3-carboxam de 288.2 77 -- HN

In one embodiment, a compound of the present invention is present in a
pharmaceutical formulation in an amount to detectably inhibit JAK?2 kinase activity and a

pharmaceutically acceptable carrier, adjuvant or vehicle.

In one embodiment, a compound of the present invention is present in a
5  pharmaceutical formulation in an amount to detectably inhibit JAK3 kinase activity and a

pharmaceutically acceptable carrier, adjuvant or vehicle.

In one embodiment, a compound of the present invention is present in a
pharmaceutical formulation in an amount to detectably inhibit JAK?2 kinase activity and is at
least 10 fold or more selective in inhibiting JAK?2 kinase activity over inhibiting each of

10 JAKI1,JAK3 and Tyk-2 activity.

A typical formulation is prepared by mixing a compound of the present
invention and a carrier, diluent or excipient. Suitable carriers, diluents and excipients are well
known to those skilled in the art and include materials such as carbohydrates, waxes, water
soluble and/or swellable polymers, hydrophilic or hydrophobic materials, gelatin, oils,

15  solvents, water, and the like. The particular carrier, diluent or excipient used will depend
upon the means and purpose for which the compound of the present invention is being
applied. Solvents are generally selected based on solvents recognized by persons skilled in
the art as safe (GRAS) to be administered to a mammal. In general, safe solvents are non-
toxic aqueous solvents such as water and other non-toxic solvents that are soluble or miscible

20  in water. Suitable aqueous solvents include water, ethanol, propylene glycol, polyethylene
glycols (e.g., PEG400, PEG300), etc. and mixtures thereof. The formulations may also
include one or more buffers, stabilizing agents, surfactants, wetting agents, lubricating agents,
emulsifiers, suspending agents, preservatives, antioxidants, opaquing agents, glidants,
processing aids, colorants, sweeteners, perfuming agents, flavoring agents and other known

25  additives to provide an elegant presentation of the drug (i.e., a compound of the present
invention or pharmaceutical composition thereof) or aid in the manufacturing of the

pharmaceutical product (i.e., medicament).

The formulations may be prepared using conventional dissolution and mixing
procedures. For example, the bulk drug substance (i.e., compound of the present invention or
30  stabilized form of the compound, such as a complex with a cyclodextrin derivative or other

known complexation agent) is dissolved in a suitable solvent in the presence of one or more
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formulated into pharmaceutical dosage forms to provide an easily controllable dosage of the

drug and to enable patient compliance with the prescribed regimen.

The pharmaceutical composition (or formulation) for application may be
5  packaged in a variety of ways depending upon the method used for administering the drug.

Generally, an article for distribution includes a container having deposited therein the
pharmaceutical formulation in an appropriate form. Suitable containers are well-known to
those skilled in the art and include materials such as bottles (plastic and glass), sachets,
ampoules, plastic bags, metal cylinders, and the like. The container may also include a

10 tamper-proof assemblage to prevent indiscreet access to the contents of the package. In
addition, the container has deposited thereon a label that describes the contents of the

container. The label may also include appropriate warnings.

Pharmaceutical, formulations of a compound of the present invention may be

prepared for various routes and types of administration. A compound of the present

15  invention having the desired degree of purity is optionally mixed with pharmaceutically
acceptable diluents, carriers, excipients or stabilizers (Remington's Pharmaceutical Sciences
(1980) 16th edition, Osol, A. Ed.), in the form of a lyophilized formulation, milled powder, or
an aqueous solution. Formulation may be conducted by mixing at ambient temperature at the
appropriate pH, and at the desired degree of purity, with physiologically acceptable carriers,

20  i.e., carriers that are non-toxic to recipients at the dosages and concentrations employed. The
pH of the formulation depends mainly on the particular use and the concentration of
compound, but may range from about 3 to about 8. Formulation in an acetate buffer at pH 5

is a suitable embodiment.

In an embodiment, the compound of the present invention for use in a
25  pharmaceutical composition is substantially sterile. The compound ordinarily will be stored
as a solid composition, although lyophilized formulations or aqueous solutions are

acceptable.

The pharmaceutical compositions of the invention will be formulated, dosed,
and administered in a fashion, i.e. amounts, concentrations, schedules, course, vehicles, and
30  route of administration, consistent with good medical practice. Factors for consideration in

this context include the particular disorder being treated, the particular mammal being treated,
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the agent, the method of administration, the scheduling of administration, and other factors
known to medical practitioners. The "therapeutically effective amount" of the compound to
be administered will be governed by such considerations, and is the minimum amount
necessary to prevent, ameliorate, or treat the disorder. Such amount is preferably below the

amount that is toxic to the host.

As a general proposition, the initial pharmaceutically effective amount of the
inhibitor administered parenterally per dose will be in the range of about 0.01-100 mg/kg,
namely about 0.1 to 20 mg/kg of patient body weight per day, with the typical initial range of
compound used being 0.3 to 15 mg/kg/day.

Acceptable diluents, carriers, excipients, and stabilizers are nontoxic to
recipients at the dosages and concentrations employed, and include buffers such as
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid and
methionine; preservatives (such as octadecyldimethylbenzyl ammonium chloride;
hexamethonium chloride; benzalkonium chloride, benzethonium chloride; phenol, butyl or
benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol;
cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10 residues)
polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine,
histidine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates
including glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such as
sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g. Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™,
PLURONICS™ or polyethylene glycol (PEG). The active pharmaceutical ingredients may
also be entrapped in microcapsules prepared, for example, by coacervation techniques or by
interfacial polymerization, for example, hydroxymethylcellulose or gelatin-microcapsules
and poly-(methylmethacylate) microcapsules, respectively, in colloidal drug delivery systems
(for example, liposomes, albumin microspheres, microemulsions, nano-particles and
nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington's

Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).
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Sus&lllned-ref\lase prle\lparatlons may be prepared. Suitable examples of
sustained-release preparations include semipermeable matrices of solid hydrophobic
polymers containing a compound of the present invention, which matrices are in the form of
shaped articles, e.g. films, or microcapsules. Examples of sustained-release matrices include
polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or
poly(vinylalcohol)), polylactides, copolymers of L-glutamic acid and gamma-ecthyl-L-
glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid
copolymers such as the LUPRON DEPOT™ (injectable microspheres composed of lactic
acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid.

The formulations to be used for in vivo administration must be sterile, which is

readily accomplished by filtration through sterile filtration membranes.

The formulations include those suitable for the administration routes detailed
herein. The formulations may conveniently be presented in unit dosage form and may be
prepared by any of the methods well known in the art of pharmacy. Techniques and
formulations generally are found in Remington's Pharmaceutical Sciences (Mack Publishing
Co., Easton, PA). Such methods include the step of bringing into association the active
ingredient with the carrier which constitutes one or more accessory ingredients. In general
the formulations are prepared by uniformly and intimately bringing into association the active
ingredient with liquid carriers or finely divided solid carriers or both, and then, if necessary,

shaping the product.

Formulations of a compound of the present invention suitable for oral
administration may be prepared as discrete units such as pills, capsules, cachets or tablets

cach containing a predetermined amount of the compound of the present invention.

Compressed tablets may be prepared by compressing in a suitable machine the
active ingredient in a free-flowing form such as a powder or granules, optionally mixed with
a binder, lubricant, inert diluent, preservative, surface active or dispersing agent. Molded
tablets may be made by molding in a suitable machine a mixture of the powdered active
ingredient moistened with an inert liquid diluent. The tablets may optionally be coated or
scored and optionally are formulated so as to provide slow or controlled release of the active

ingredient therefrom.
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granules, emulsions, hard or soft capsules, e.g. gelatin capsules, syrups or elixirs may be
prepared for oral use. Formulations of a compound of the present invention intended for oral
use may be prepared according to any method known to the art for the manufacture of
5  pharmaceutical compositions and such compositions may contain one or more agents
including sweetening agents, flavoring agents, coloring agents and preserving agents, in order
to provide a palatable preparation. Tablets containing the active ingredient in admixture with
non-toxic pharmaceutically acceptable excipient which are suitable for manufacture of tablets
are acceptable. These excipients may be, for example, inert diluents, such as calcium or
10 sodium carbonate, lactose, calcium or sodium phosphate; granulating and disintegrating
agents, such as maize starch, or alginic acid; binding agents, such as starch, gelatin or acacia;
and lubricating agents, such as magnesium stearate, stearic acid or talc. Tablets may be
uncoated or may be coated by known techniques including microencapsulation to delay
disintegration and adsorption in the gastrointestinal tract and thereby provide a sustained

15  action over a longer period. For example, a time delay material such as glyceryl

monostearate or glyceryl distearate alone or with a wax may be employed.

For infections of the eye or other external tissues e.g. mouth and skin, the
formulations are preferably applied as a topical ointment or cream containing the active
ingredient(s) in an amount of, for example, 0.075 to 20% w/w. When formulated in an

20  ointment, the active ingredients may be employed with either a paraffinic or a water-miscible
ointment base. Alternatively, the active ingredients may be formulated in a cream with an

oil-in-water cream base.

If desired, the aqueous phase of the cream base may include a polyhydric
alcohol, i.e. an alcohol having two or more hydroxyl groups such as propylene glycol, butane
25  1,3-diol, mannitol, sorbitol, glycerol and polyethylene glycol (including PEG 400) and
mixtures thereof. The topical formulations may desirably include a compound which
enhances absorption or penetration of the active ingredient through the skin or other affected
arcas. Examples of such dermal penetration enhancers include dimethyl sulfoxide and related

analogs.

30 The oily phase of the emulsions of this invention may be constituted from

known ingredients in a known manner. While the phase may comprise merely an emulsifier
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with a fat or an oil or with both a fat and an oil. Preferably, a hydrophilic emulsifier is
included together with a lipophilic emulsifier which acts as a stabilizer. It is also preferred to
include both an oil and a fat. Together, the emulsifier(s) with or without stabilizer(s) make
up the so-called emulsifying wax, and the wax together with the oil and fat make up the so-
called emulsifying ointment base which forms the oily dispersed phase of the cream

formulations. Emulgents and emulsion stabilizers suitable for use in the formulation of the

invention include Tween® 60, Span® 80, cetostearyl alcohol, benzyl alcohol, myristyl

alcohol, glyceryl mono-stearate and sodium lauryl sulfate.

Aqueous suspensions of the invention contain the active materials in
admixture with excipients suitable for the manufacture of aqueous suspensions. Such
excipients include a suspending agent, such as sodium carboxymethylcellulose,
croscarmellose, povidone, methylcellulose, hydroxypropyl methylcelluose, sodium alginate,
polyvinylpyrrolidone, gum tragacanth and gum acacia, and dispersing or wetting agents such
as a naturally occurring phosphatide (e.g., lecithin), a condensation product of an alkyl oxide
(e.g. ethylene oxide, propylene oxide) with a fatty acid (e.g., polyoxyethylene stearate), a
condensation product of ethylene oxide with a long chain aliphatic alcohol (e.g.,
heptadecacthylencoxycetanol), a condensation product of ethylene oxide with a partial ester
derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan
monooleate). The aqueous suspension may also contain one or more preservatives such as
ethyl or n-propyl p-hydroxy-benzoate, one or more coloring agents, one or more flavoring

agents and one or more sweetening agents, such as sucrose or saccharin.

The pharmaceutical composition of a compound of the present invention may
be in the form of a sterile injectable preparation, such as a sterile injectable aqueous or
oleaginous suspension. This suspension may be formulated according to the known art using
those suitable dispersing or wetting agents and suspending agents which have been
mentioned above. The sterile injectable preparation may also be a sterile injectable solution
or suspension in a non-toxic parenterally acceptable diluent or solvent, such as a solution in
1,3-butane-diol or prepared as a lyophilized powder. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's solution and isotonic sodium chloride
solution. In addition, sterile fixed oils may conventionally be employed as a solvent or

suspending medium. For this purpose any bland fixed oil may be employed including
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used in the preparation of injectables.

The amount of active ingredient that may be combined with the carrier
material to produce a single dosage form will vary depending upon the host treated and the
5  particular mode of administration. For example, a time-release formulation intended for oral
administration to humans may contain approximately 1 to 1000 mg of active material
compounded with an appropriate and convenient amount of carrier material which may vary
from about 5 to about 95% of the total compositions (weight:weight). The pharmaceutical
composition can be prepared to provide easily measurable amounts for administration. For
10 example, an aqueous solution intended for intravenous infusion may contain from about 3 to
500 pg of the active ingredient per milliliter of solution in order that infusion of a suitable

volume at a rate of about 30 mL/hr can occur.

Formulations suitable for parenteral administration include aqueous and non-
aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and
15  solutes which render the formulation isotonic with the blood of the intended recipient; and
aqueous and non-aqueous sterile suspensions which may include suspending agents and

thickening agents.

Formulations suitable for topical administration to the eye also include eye
drops wherein the active ingredient is dissolved or suspended in a suitable carrier, especially
20 an aqueous solvent for the active ingredient. The active ingredient is preferably present in
such formulations in a concentration of 0.5 to 20%, advantageously 0.5 to 10% particularly

about 1.5% w/w.

Formulations suitable for topical administration in the mouth include lozenges

comprising the active ingredient in a flavored basis, usually sucrose and acacia or tragacanth;
25  pastilles comprising the active ingredient in an inert basis such as gelatin and glycerin, or
sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable liquid

carrier.

Formulations for rectal administration may be presented as a suppository with

a suitable base comprising for example cocoa butter or a salicylate.
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Forrn ations suitable for intrapulmonary or nasal administration have a
particle size for example in the range of 0.1 to 500 microns (including particle sizes in a
range between 0.1 and 500 microns in increments microns such as 0.5, 1, 30 microns, 35
microns, etc.), which is administered by rapid inhalation through the nasal passage or by

5  inhalation through the mouth so as to reach the alveolar sacs. Suitable formulations include
aqueous or oily solutions of the active ingredient. Formulations suitable for acrosol or dry
powder administration may be prepared according to conventional methods and may be
delivered with other therapeutic agents such as compounds heretofore used in the treatment

or prophylaxis of HIV infections as described below.

10 Formulations suitable for vaginal administration may be presented as
pessaries, tampons, creams, gels, pastes, foams or spray formulations containing in addition

to the active ingredient such carriers as are known in the art to be appropriate.

The formulations may be packaged in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized)

15  condition requiring only the addition of the sterile liquid carrier, for example water, for
injection immediately prior to use. Extemporaneous injection solutions and suspensions are
prepared from sterile powders, granules and tablets of the kind previously described.
Preferred unit dosage formulations are those containing a daily dose or unit daily sub-dose, as

herein above recited, or an appropriate fraction thereof, of the active ingredient.

20 The invention further provides veterinary compositions comprising at least
one active ingredient as above defined together with a veterinary carrier therefore.
Veterinary carriers are materials useful for the purpose of administering the composition and
may be solid, liquid or gaseous materials which are otherwise inert or acceptable in the
veterinary art and are compatible with the active ingredient. These veterinary compositions

25  may be administered parenterally, orally or by any other desired route.
COMBINATION THERAPY

A compound of the present invention may be combined in a pharmaceutical
combination formulation, or dosing regimen as combination therapy, with a second
compound that has anti-hyperproliferative or chemotherapeutic properties, that is useful for

30 treating a disease or disorder responsive to the inhibition of a JAK kinase, for example a
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herein. The second compound of the pharmaceutical combination formulation or dosing
regimen preferably has complementary activities to a compound of the present invention of
the combination such that they do not adversely affect each other. Such molecules are

5  suitably present in combination in amounts that are effective for the purpose intended.

Another embodiment, therefore, includes a method of treating or lessening the
severity of a disease or condition responsive to the inhibition of JAK?2 kinase activity in a
patient, comprising administering to said patient a therapeutically effective amount of a
compound of the present invention, and further comprising, administering a second

10 chemotherapeutic agent.

Another embodiment, therefore, includes a method of treating or lessening the
severity of a disease or condition responsive to the inhibition of JAK3 kinase activity in a
patient, comprising administering to said patient a therapeutically effective amount of a
compound of the present invention, and further comprising, administering a second

15  chemotherapeutic agent.

The combination therapy may be administered as a simultancous or sequential
regimen. When administered sequentially, the combination may be administered in two or
more administrations. The combined administration includes coadministration, using
separate formulations or a single pharmaceutical formulation, and consecutive administration

20  in either order, wherein preferably there is a time period while both (or all) active agents

simultancously exert their biological activities.

Suitable dosages for any of the above coadministered agents are those
presently used and may be lowered due to the combined action (synergy) of the newly

identified agent and other chemotherapeutic agents or treatments.

25 The combination therapy may provide “synergy” and prove “synergistic”, i.e.
the effect achieved when the active ingredients used together is greater than the sum of the
effects that results from using the compounds separately. A synergistic effect may be
attained when the active ingredients are: (1) co-formulated and administered or delivered
simultaneously in a combined, unit dosage formulation; (2) delivered by alternation or in

30  parallel as separate formulations; or (3) by some other regimen. When delivered in
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administered or delivered sequentially, e.g. by different injections in separate syringes. In
general, during alternation therapy, an effective dosage of each active ingredient is
administered sequentially, i.e. serially, whereas in combination therapy, effective dosages of

5  two or more active ingredients are administered together.
METABOLITES OF THE PYRAZOLOPYRIMIDINE COMPOUNDS

Another embodiment includes in vivo metabolic products of an administered
compound of the present invention. Such products may result for example from the
oxidation, reduction, hydrolysis, amidation, deamidation, esterification, deesterification,

10 enzymatic cleavage, and the like, of the administered compound.

Metabolite products typically are identified by preparing a radiolabelled (e.g.

14¢ or 3H) isotope of a compound of the invention, administering it parenterally in a
detectable dose (e.g. greater than about 0.5 mg/kg) to an animal such as rat, mouse, guinea
pig, monkey, or to man, allowing sufficient time for metabolism to occur (typically about 30
15  seconds to 30 hours) and isolating its conversion products from the urine, blood or other
biological samples. These products are casily isolated since they are labeled (others are
isolated by the use of antibodies capable of binding epitopes surviving in the metabolite).
The metabolite structures are determined in conventional fashion, e.g. by MS, LC/MS or
NMR analysis. In general, analysis of metabolites is done in the same way as conventional
20  drug metabolism studies well-known to those skilled in the art. The conversion products, so
long as they are not otherwise found in vivo, are useful in diagnostic assays for therapeutic

dosing of a compound of the present invention.
ARTICLES OF MANUFACTURE

Another embodiment includes a kit for treating a disease or disorder

25  responsive to the inhibition of a JAK kinase. The kit includes:

(a) a first pharmaceutical composition comprising a compound of

the present invention; and

(b) instructions for use.
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(©) a second pharmaceutical composition, which includes a

chemotherapeutic agent.

In one embodiment, the instructions include instructions for the simultancous,
5  sequential or separate administration of said first and second pharmaceutical compositions to

a patient in need therof.

In one embodiment, the first and second compositions are contained in

separate containers.

In one embodiment, the first and second compositions are contained in the

10  same container.

Containers for use include, for example, bottles, vials, syringes, blister pack,
etc. The containers may be formed from a variety of materials such as glass or plastic. The
container includes a compound of the present invention or formulation thereof which is
effective for treating the condition and may have a sterile access port (for example the

15  container may be an intravenous solution bag or a vial having a stopper pierceable by a
hypodermic injection needle). The container includes a composition comprising at least one
compound of the present invention. The label or package insert indicates that the
composition is used for treating the condition of choice, such as cancer. In one embodiment,
the label or package inserts indicates that the composition comprising the compound of the

20  present invention can be used to treat a disorder. In addition, the label or package insert may
indicate that the patient to be treated is one having a disorder characterized by overactive or
irregular kinase acitivity. The label or package insert may also indicate that the composition

can be used to treat other disorders.

The article of manufacture may comprise (a) a first container with a compound
25  of the present invention contained therein; and (b) a second container with a second
pharmaceutical formulation contained therein, wherein the second pharmaceutical
formulation comprises a chemotherapeutic agent. The article of manufacture in this
embodiment of the invention may further comprise a package insert indicating that the first
and second compounds can be used to treat patients at risk of stroke, thrombus or thrombosis

30  disorder. Alternatively, or additionally, the article of manufacture may further comprise a
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bacteriostatic water for injection (BWFI), phosphate-buffered saline, Ringer's solution and
dextrose solution. It may further include other materials desirable from a commercial and

user standpoint, including other buffers, diluents, filters, needles, and syringes.

5 In an embodiment, the compounds of the present invention can be used to
control JAK protein kinases, tyrosine kinases, additional serine/threonine kinases, and/or dual
specificity kinases. Thus, they are useful as pharmacological standards for use in the
development of new biological tests, assays and in the search for new pharmacological

agents.

10 Compounds of the present invention may be assayed for the ability to
modulate the activity of JAK protein kinases, tyrosine kinases, additional serine/threonine
kinases, and/or dual specificity kinases in vitro and in vivo. In vitro assays include
biochemical and cell-based assays that determine inhibition of the kinase activity. Alternate
in vitro assays quantify the ability of the compound of the present invention to bind to kinases

15  and may be measured either by radiolabelling the compound of the present invention prior to
binding, isolating the compound of the present invention/kinase complex and determining the
amount of radiolabel bound, or by running a competition experiment where a compound of
the present invention is incubated with known radiolabeled ligands. These and other useful

in vitro assays are well known to those of skill in the art.

20 In order to illustrate the invention, the following examples are included.
However, it is to be understood that these examples do not limit the invention and are only
meant to suggest a method of practicing the invention. Persons skilled in the art will
recognize that the chemical reactions described may be readily adapted to prepare other
compounds of the present invention, and alternative methods for preparing the compounds of

25  the present invention are within the scope of this invention. For example, the synthesis of
non-exemplified compounds according to the invention may be successfully performed by
modifications apparent to those skilled in the art, e.g., by appropriately protecting interfering
groups, by utilizing other suitable reagents known in the art other than those described, and/or
by making routine modifications of reaction conditions. Alternatively, other reactions

30  disclosed herein or known in the art will be recognized as having applicability for preparing

other compounds of the invention.

69



380.3 112 NN-N* --- NNH HN O CF3 N-cycl ohexyl-5-( 3-
(trifluoronethyl)benzyl am no)pyra zolo [1,5-a] pyri mdine-3- carboxam de
418. 2 113wbl2010/08k540IN NH N- cycl ohexyl1-5- (pi peri di n- 4- PCT/US2009/063014

yl met hyl am no) pyrazol o[ 1, 5- a] pyridi ne-3-carboxam de 357.3 114 - NNH HN O
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The activity of the isolated kinase domain of JAK?2 can be measured by
monitoring phosphorylation of peptide substrates derived from the human JAK3 kinase irn
vitro Saltzman et al., Biochem. Biophys. Res. Commun. 246:627-633 (2004). The human
5  JAK2 kinase domain was expressed with an N-terminal His6 tag followed by a thrombin
cleavage site using the baculovirus expression vector system. The kinase domain expressed is
defined as amino acid residues D812-G1132 according to the numbering of GenBank
sequence accession number NP_004963.1. Recombinant DNA transfer vectors were co-
transfected with BakPAK®6 linearized DNA (Clontech Laboratories, Inc., Mountain View,
10 CA) and the resulting viral stocks were amplified using standard protocols. Protein was
produced in SF9 cells grown to a cell density of 2E6/mL in ESF921 media (Expression
Systems LLC, Woodland, CA) and infected at an M.O.1. of 1 in Wave bioreactors. The cells
were harvested 72 hours post infection, and active JAK2 enzyme was purified from the
lysates of infected cells by Ni-NTA (Qiagen, Valencia, CA) column chromatography
15  followed by Sephacryl S-200 (GE Healthcare, Piscataway, NJ) column chromatography.

Previous studies have shown that the isolated kinase domains of human JAK1,

JAK?2, JAK3 or TYK?2 phosphorylate peptide substrates in ir vitro kinase assays (Saltzman et
al., Biochem. Biophys. Res. Commun. 246:627-633 (2004)). The catalytically active kinase
domain of human JAK1, JAK2, JAK3 or TYK2 was purified from extracts of SF9 insect cells

20  infected with a recombinant baculovirus expression vector encoding the human JAK1, JAK2,
JAK3 or TYK2 kinase domains (JAK1 amino acid residues N852-D1154 according to the
numbering of GenBank sequence accession number P23458, JAK2 amino acid residues
D812-G1132 according to the numbering of GenBank sequence accession number
NP_004963.1; JAK3 amino acid residues S783-S1124 according to the numbering of

25  GenBank sequence accession number P52333, and TYK2 amino acid residues N873-C1187
according to the numbering of GenBank sequence accession number P29597). The activity
of the JAK1, JAK2, JAK3 or TYK2 kinase domains can be measured by a number of direct
and indirect methods, including quantification of phosphorylation of peptide substrates
derived from the human JAK3 protein (Saltzman et al., Biochem. Biophys. Res. Commun.

30 246:627-633 (2004)). The activity of the JAK1, JAK2, JAK3 or TYK2 kinase domains was
measured in vitro by monitoring phosphorylation of JAK3 derived peptides using the Caliper

LabChip technology.
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JAK?2 Inhibition Assay Protocol

The activity of the isolated JAK?2 kinase domain was measured by monitoring
phosphorylation of a peptide derived from JAK3 (Val-Ala-Leu-Val-Asp-Gly-Tyr-Phe-Arg-
5  Leu-Thr-Thr) fluorescently labeled on the N-terminus with 5-carboxyfluorescein using the
Caliper LabChip technology (Caliper Life Sciences, Hopkinton, MA). To determine the
inhibition constants (K;), compounds were diluted serially in DMSO and added to 50 pL
kinase reactions containing 0.2 nM purified JAK2 enzyme, 100 mM Hepes pH7.2, 0.015%
Brij-35, 1.5 uM peptide substrate, 25 uM ATP, 10 mM MgCl,, 4 mM DTT at a final DMSO
10  concentration of 2%. Reactions were incubated at 22 °C in 384-well polypropylene
microtiter plates for 30 minutes and then stopped by addition of 25 pL of an EDTA
containing solution (100 mM Hepes pH 7.2, 0.015% Brij-35, 150 mM EDTA), resulting in a
final EDTA concentration of 50 mM. After termination of the kinase reaction, the proportion
of phosphorylated product was determined as a fraction of total peptide substrate using the
15  Caliper LabChip 3000 according to the manufacturer’s specifications. K; values were then
determined using the Morrison tight binding model. Morrison, J.F., Biochim. Biophys. Acta.
185:269-296 (1969); William, J.W. and Morrison, J.F., Meth. Enzymol., 63:437-467 (1979).

Example B

JAK1 and TYK2 Inhibition Assay Protocol

20 The activity of the isolated JAK1 or TYK?2 kinase domain was measured by
monitoring phosphorylation of a peptide derived from JAK3 (Val-Ala-Leu-Val-Asp-Gly-Tyr-
Phe-Arg-Leu-Thr-Thr) fluorescently labeled on the N-terminus with 5-carboxyfluorescein
using the Caliper LabChip technology (Caliper Life Sciences, Hopkinton, MA). To
determine inhibition constants (K;), compounds were diluted serially in DMSO and added to

25 50 uL kinase reactions containing 1.5 nM JAK1, 0.2 nM purified JAK2 or 1 nM purified
TYK2 enzyme, 100 mM Hepes pH7.2, 0.015% Brij-35, 1.5 uM peptide substrate, 25 uM
ATP, 10 mM MgCl2, 4 mM DTT at a final DMSO concentration of 2%. Reactions were
incubated at 22 °C in 384-well polypropylene microtiter plates for 30 minutes and then
stopped by addition of 25 uL of an EDTA containing solution (100 mM Hepes pH 7.2,

30 0.015% Brij-35, 150 mM EDTA), resulting in a final EDTA concentration of 50 mM. After
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N - termination of the kinase reaction, the proportion of phosphorylated product was determined
as a fraction of total peptide substrate using the Caliper LabChip 3000 according to the
manufacturer’s specifications. K; values were then determined using the Morrison tight
binding model (Morrison, J.F., Biochim. Biophys. Acta. 185:269-296 (1969); William, J.W.

5  and Morrison, J.F., Meth. Enzymol., 63:437-467 (1979)).
Example C

JAK3 Inhibition Assay Protocol

The activity of the isolated JAK3 kinase domain was measured by monitoring
phosphorylation of a peptide derived from JAK3 (Leu-Pro-Leu-Asp-Lys-Asp-Tyr-Tyr-Val-
10 Val-Arg) fluorescently labeled on the N-terminus with 5-carboxyfluorescein using the
Caliper LabChip technology (Caliper Life Sciences, Hopkinton, MA). To determine
inhibition constants (K;), compounds were diluted serially in DMSO and added to 50 uLL
kinase reactions containing 5 nM purified JAK3 enzyme, 100 mM Hepes pH7.2, 0.015%
Brij-35, 1.5 uM peptide substrate, 5 uM ATP, 10 mM MgCI2, 4 mM DTT at a final DMSO
15  concentration of 2%. Reactions were incubated at 22 °C in 384-well polypropylene
microtiter plates for 30 minutes and then stopped by addition of 25 uL of an EDTA
containing solution (100 mM Hepes pH 7.2, 0.015% Brij-35, 150 mM EDTA), resulting in a
final EDTA concentration of 50 mM. After termination of the kinase reaction, the proportion
of phosphorylated product was determined as a fraction of total peptide substrate using the
20  Caliper LabChip 3000 according to the manufacturer’s specifications. K; values were then
determined using the Morrison tight binding model (Morrison, J.F., Biochim. Biophys. Acta.
185:269-296 (1969); William, J.W. and Morrison, J.F., Meth. Enzymol., 63:437-467 (1979)).

Example D

Cell-based Pharmacology Assays

25 The activities of compounds were determined in cell-based assays that are
designed to measure JAK2- dependent signaling or proliferation. Compounds were serially
diluted in DMSO and incubated with Set-2 cells (German Collection of Microorganisms and
Cell Cultures (DSMZ); Braunschweig, Germany), which express the JAK2V617F mutant
protein, in 96-well microtiter plates for 1 hr at 37°C in RPMI medium at a final cell density of

30 100,000 cells per well and a final DMSO concentration of 0.57%. Compound-mediated
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the Meso Scale Discovery (MSD) technology (Gaithersburg, Maryland) according to the
manufacturer’s protocol and EC50 values were determined. Alternatively, serially diluted
compounds were added to 384-well microtiter plates in RPMI medium with 10% fetal bovine
5  serum (Invitrogen Corp.; Carlsbad, CA) at a final cell density of 2500 cells per well and a
final DMSO concentration of 0.3% and incubated at 37°C for 72 hours. Cell viability was
then determined using the CellTiter-Glo® Luminescent Cell Viability Assay according to the

manufacturer’s protocol (Promega; Madison, WI) and EC50 values were determined.

The activities of compounds were determined in cell-based assays that are

10 designed to measure TYK2- dependent signaling. Compounds were serially diluted in
DMSO and incubated with NK92 cells (American Type Culture Collection (ATCC);
Manassas, VA) in 96-well microtiter plates in RPMI medium at a final cell density of
100,000 cells per well and a final DMSO concentration of 0.57%. Human recombinant IL-12
(R&D systems; Minneapolis, MN) was then added at a final concentration of 10ng/mL to the

15  microtiter plates containing the NK92 cells and compound and the plates were incubated for
1 hrat 37°C. Compound-mediated effects on STAT4 phosphorylation were then measured in
the lysates of incubated cells using the Meso Scale Discovery (MSD) technology
(Gaithersburg, Maryland) according to the manufacturer’s protocol and EC50 values were

determined.

20 The activities of compounds were determined in cell-based assays that are
designed to measure JAK1 or JAK2- dependent signaling. Compounds were serially diluted
in DMSO and incubated with TF-1 cells (American Type Culture Collection (ATCC);
Manassas, VA) in 384-well microtiter plates in OptiMEM medium without phenol red, 1%
Charcoal/Dextran stripped FBS, 0.1 mM NEAA, 1mM sodium pyruvate (Invitrogen Corp.;

25  Carlsbad, CA) at a final cell density of 100,000 cells per well and a final DMSO
concentration of 0.2%. Human recombinant IL-6 (R&D systems; Minneapolis, MN) or EPO
(Invitrogen Corp.; Carlsbad, CA) was then added at a final concentration of 30 ng/mL or 10
Units/mL, respectively, to the microtiter plates containing the TF-1 cells and compound and
the plates were incubated for 30 min at 37 °C. Compound-mediated effects on STAT3 or

30  STATS phosphorylation were then measured in the lysates of cells incubated in the presence

of IL-6 or EPO, respectively, using the Meso Scale Discovery (MSD) technology
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determined.

PREPARATIVE EXAMPLES

In the examples described below, unless otherwise indicated all temperatures
5  are set forth in degrees Celsius. Reagents were purchased from commercial suppliers such as
Aldrich Chemical Company, Lancaster, TCI or Maybridge, and were used without further

purification unless otherwise indicated.

The reactions set forth below were done generally under a positive pressure of

dry nitrogen (unless otherwise stated) in anhydrous solvents.

10 Column chromatography was conducted on a Combiflash system
(Manufacturer: Teledyne Isco) having a silica gel column, by traditional flash
chromatography on silica or by reversed phase HPLC chromatography on a C-18 column
with acetonitrile/water containing either 0.1% trifluoroacetic acid (TFA) or 0.1% formic acid
as the eluant. "H NMR spectra were recorded on a Bruker instrument operating at 400 MHz

15 or 500 MHz. '"H NMR spectra were obtained as CDCl; or dg-DMSO solutions (reported in
ppm), using tetramethylsilane as the reference standard (0.00 ppm). When peak multiplicities
are reported, the following abbreviations are used: s (singlet), d (doublet), t (triplet), m
(multiplet), br (broadened), dd (doublet of doublets), dt (doublet of triplets). Coupling

constants (J), when given, are reported in Hertz (Hz).

20 Example 1

@T?

5-(3-chlorobenzylamino)-N-cyclohexylpyrazolo[ 1,5-a]pyrimidine-3-carboxamide
L
C— P

N ONa
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A mechanically stirred mixture of 3-aminopyrazole (9.38 g, 0.11 mM, 1.0
equiv), 1,3-dimethyluracil (14.7 g, 0.11 mM, 1.0 equiv) and 21% sodium ethoxide in ethanol
(170 mL, 5.0 equiv) was heated to reflux. Within minutes, a heavy precipitate formed. After

5  refluxing for 1 hour, 1,3-dimethyluracil could no longer be detected by thin layer
chromatography (tlc) (92:8 dichloromethane (dichloromethane):MeOH). The reaction
mixture was cooled, filtered, washed with cold ethanol and vacuum dried to give 13.47 g
(95%) of sodium pyrazolo[1,5-a]pyrimidin-5-olate. LCMS (ESI) m+H = 136.0; 'H NMR
(400 MHz, DMSO-ds) 6: 8.0 (d, 1 H), 7.43 (d, 1 H), 5.65 (d, 1H), 5.37 (d, 1 H).

N
</I\ll\/\l
/
N O
H

pyrazolo[1,5-a]pyrimidin-5(4H)-one

10

Sodium pyrazolo[1,5-a]pyrinidin-5-olate (13.47g) was dissolved in 500 mL of
acetic acid and 100 mL of water, stirred 15 minutes then evaporated to dryness under
vacuum. The residue was suspended in 300 mL of 9:1 dichloromethane:methanol and

15 vacuum filtered through silica gel to remove sodium acetate. The silica gel pad was washed
with 700 mL of additional dichloromethane:methanol solution. The combined
dichloromethane:methanol solution was concentrated to dryness. The solid product was
suspended in 1:1 hexane:dichloromethane and filtered to yield 9.9 g (85%) pyrazolo[1,5-
a]pyrimidin-5(4H)-one. LCMS (EST) m+H = 136.0; '"H NMR (400 MHz, DMSO-ds) &: 12.1

20 (s broad exchangeable, 1 H), 8.47 (d, 1 H, J=7.9), 7.75 (d, 1 H, J=1.9), 5.94 (d, 1H, J=7.5),
5.81(d, 1 H, J=1.7).

3-iodopyrazolo[1,5-a]pyrimidin-5(4H)-one

Pyrazolo[1,5-a]pyrimidin-5(4H)-one (1.0 g, 7.4 mM, 1.0 equiv) and N-
25  iodosuccinimide (1.67 g, 7.4 mM, 1.0 equiv) were combined with 20 mL of DMF and

warmed slightly. Within minutes a heavy precipitate formed. The reaction mixture was

75



a] pyrimdine-3-carboxam de 344.2 134 NNN/ --- NHHN O

N-cycl ohexyl-5-(3-(furan-2- yl)benzyl am no)pyrazol o[ 1, 5- " al

pyri m di r€o2enensisaam de 416. 2 135 N-. N /* --- NNH HPNTISR009/063014
N-cycl ohexyl-5-(3,5- difluorobenzyl am no) pyr azol o[ 1,5- a]

pyri m di ne- 3-carboxam de 386.2 136 NNH H N (001 F3CO0 N-cycl ohexyl-5-(2-

2;2' f2| £ i O a}l gg& Ylgnaﬁ qzl}/alltaé%bl Or?t ?e}/rnpera Sreot{lg'ﬁ coo?JdO c}/ ! allnn?cg\!vgtgr l?afth %1?'(5 Bﬂér%(rp de

The collected solid was washed with 20 mL of dichloromethane and air dried to give 1.66 g
(86%) of 3-iodopyrazolo[1,5-a]pyrimidin-5(4H)-one. LCMS (ESI) m+H = 262.2; '"H NMR
(400 MHz, DMSO-d;) 6: 12.1 (s, 1 H), 8.5 (d, 1 H, J=7.6), 7.84 (s, 1 H), 6.01 (d, 1 H,

5 J=7.0).

NsN \

Iz
(@]

o)

methyl 5-0x0-4,5-dihydropyrazolo[1,5-a]pyrimidine-3-carboxylate

A mixture of 3-iodopyrazolo[1,5-a]pyrimidin-5(4H)-one (1.5 g, 5.7 mM, 1.0
equiv), palladium acetate (0.27g, 1.2 mM, 0.2 equiv), triecthylamine (2.3 mL, 17 mM, 3.0
10 equiv) and 75 mL of methanol was stirred, degassed twice under vacuum (with a nitrogen
break) then blanketed with carbon monoxide under a balloon. The reaction mixture was
heated to 55 °C for 5 hours. TLC (95:5 dichloromethane:methanol) indicated complete
reaction. The reaction mixture was filtered through celite and concentrated under vacuum.
The residue was recrystallized from water and filtered to give 0.81 g (73%) of methyl 5-oxo-
15 4,5-dihydropyrazolo[1,5-a]pyrimidine-3-carboxylate which was 97.6% pure by HPLC. 'H
NMR (400 MHz, DMSO-ds) 3: 11.0 (br s, 1 H), 8.58 (d, 1 H), 8.19 (s, 1 H), 6.19 (d, 1 H),

3.80 (s, 3 H).
/N\N/i
H
(0]

OH
5-0x0-4,5-dihydropyrazolo[ 1,5-a]pyrimidine-3-carboxylic acid

20 A solution of methyl 5-0x0-4,5-dihydropyrazolo[1,5-a]pyrimidine-3-
carboxylate (0.75 g 3.89 mM, 1.0 equiv), lithium hydroxide (0.466 g, 19.4 mM, 5.0 equiv)
and 20 mL of water was stirred at ambient temperature for 3 hours. HPLC indicated
complete reaction. Acetic acid (5 mL) was added and the precipitated solid was collected by

vacuum filtration to give 0.65 g (93%) 5-ox0-4,5-dihydropyrazolo[1,5-a]pyrimidine-3-
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1 H), 8.08 (d, 1 H), 6.15 (d, 1 H).

5-chloropyrazolo[1,5-a]pyrimidine-3-carbonyl chloride

5 A mixture of 5-o0x0-4,5-dihydropyrazolo[1,5-a]pyrimidine-3-carboxylic acid
(371 mg, 2.1 mM, 1.0 equiv), phosphorus oxychloride (20 mL) and N,N-
diisopropylethylamine (1.2 mL, 6.9 mM, 3.3 equiv) was refluxed for 2 hours. The reaction
mixture was cooled and concentrated under reduced pressure. The residue was taken up in
dichloromethane and concentrated again 3 times. The residue was partitioned between water

10 and dichloromethane. The dichloromethane layer was dried with sodium sulfate, vacuum
filtered through a bed of silica gel and concentrated to give 390 mg (87%) of 5-
chloropyrazolo[1,5-a]pyrimidine-3-carbonyl chloride as a yellow solid which was used

immediately without further purification.

N\
I
= P
N Cl
O

NH

O

15 5-chloro-N-cyclohexylpyrazolo[1,5-a]pyrimidine-3-carboxamide

To a stirred solution of crude 5-chloropyrazolo[1,5-a]pyrimidine-3-carbonyl
chloride (200 mg, 0.9 mM, 1.0 equiv) in 15 mL of dichloromethane was added
cyclohexylamine (400 ul, 4.0 mM, 4 equiv). The reaction mixture was stirred for 15 minutes
then quenched with 0.4 mL of acetic acid. The reaction mixture was concentrated under

20  reduced pressure and the residue partitioned between water and dichloromethane. The
dichloromethane phase was concentrated, and the crude product purified by flash
chromatography on silica gel (97:3 dichloromethane:methanol) to yield 310 mg (100%) of 5-
chloro-N-cyclohexylpyrazolo[1,5-a]pyrimidine-3-carboxamide. LCMS (ESI) m+H = 279.1;
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H), 6.93 (d, 1 H), 4.08 (m, 1 H), 2.02 (m, 2 H), 1.80 (m, 2 H), 1.62 (m, 1 H), 1,40 (m, 5 H).

N N
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C— o~
N NH
O
NH
Cl

5-(3-chlorobenzylamino)-N-cyclohexylpyrazolo[ 1,5-a]pyrimidine-3-carboxamide

5 A solution of 5-chloro-N-cyclohexylpyrazolo[1,5-a]pyrimidine-3-carboxamide
(28 mg, 0.09 mM, 1.0 equiv), 3-chlorobenzylamine (28 mg, 0.18 mM, 2.0 equiv), N,N-
diisopropylethylamine (26 mg, 0.18 mM, 2.0 equiv) and 2 mL of ethanol were microwaved at
120 °C for 10 minutes. TLC (95:5 dichloromethane:methanol) showed reaction complete.
The reaction mixture was cooled, the crystalline product collected by filtration, washed with

10 cold ethanol and air dried to yield 29.7 mg (77%) of 5-(3-chlorobenzylamino)-N-
cyclohexylpyrazolo[1,5-a]pyrimidine-3-carboxamide. LCMS (ESI) m+H = 384.2; '"H NMR
(400 MHz, DMSO-dys) 6: 8.61 (overlapping d and t, 2 H), 8.06 (s, 1 H), 7.60 (d, 1 H), 7.4-
7.25 (m, 4 H), 6.49 (d, 1 H), 3.70 (m, 1 H), 1.75-1.5 (m, 5 H), 1.4-0.8 (m, 5 H).

Example 2

N«

U
C— P

N “NH,
o

NH
=

N—< 2
-~ 7
;:

cl

5-amino-N-(1-(3-chlorophenyl)-3-methyl-1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidine-3-

15

carboxamide
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422.2 145 HN - NH 00101 ci N O N-cycl ohexyl-5-(2-(2-
nor phol i noet hoxy) benzyl am no) p yrazol o[ 1, 5-a] pyri m di ne-3- carboxam de

479. 3 146wbido10/0513MNH r- NN O ON N-cycl ohexy1-5-( 2- PCT/US2009/063014
nmor phol i nobenzyl am no) pyrazol o[ 1, 5-a] pyri m di ne-3-carboxam de 435.3 147
N, N --- NNH NN 10 N-cycl ohexyl-5-(2-(4- nethyl pi perazin-1-

yl ) benzyl am no) pyrazol o[ 1, 5- Q] pyrkpp\'lj'\.jrle- 3-carboxam de 448. 3 148
4
P

f
NT al
o)
NH
=
N
2-Q
ci
5-chloro-N-(1-(3-chlorophenyl)-3-methyl-1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidine-3-

carboxamide

A solution of 5-chloropyrazolo[1,5-a]pyrimidine-3-carbonyl chloride (150 mg,

5  0.69 mM, 1.0 equiv), 1-(3-chlorophenyl)-3-methyl-1H-pyrazol-5-amine (140 mg, 0.69 mM,
1.0 equiv, available from Enamine, Ltd, Cincinnati, OH Cat# EN300-02447), N,N-
diisopropylethylamine (0.18 mL, 1.0 mM, 1.0 equiv), and 15 mL of dichloromethane was
stirred at ambient temperature for 3 days. The reaction was partitioned between
dichloromethane and water. The dichloromethane phase was dried over sodium sulfate and

10 vacuum filtered through silica gel. The silica gel pad was washed with 95:5

dichloromethane:methanol. The combined filtrates were concentrated to give 250 mg (93%)
of 5-chloro-N-(1-(3-chlorophenyl)-3-methyl-1H-pyrazol-5-yl)pyrazolo[1,5-a]pyrimidine-3-
carboxamide which was 74% pure by HPLC and used without further purification. LCMS
(ESI) m+H = 387.2, (two chlorine isotope pattern).

15 A mixture of 74% pure 5-chloro-N-(1-(3-chlorophenyl)-3-methyl-1H-pyrazol-
5-yDpyrazolo[1,5-a]pyrimidine-3-carboxamide (55 mg, 0.14 mM, 1.0 equiv) and 3 mL of
concentrated ammonium hydroxide was sealed and heated in a microwave reactor at 105 °C
for 30 minutes. The reaction mixture was cooled and the precipitated product collected by
filtration to give 25 mg (48%) of 5-amino-N-(1-(3-chlorophenyl)-3-methyl-1H-pyrazol-5-

20  yl)pyrazolo[1,5-a]pyrimidine-3-carboxamide which was purified by reverse phase
chromatography on C-18 with acetonitrile/water (0 to 60 gradient, 0.1% TFA) and
lyophilized. LCMS (ESI) m+H = 368.3 (one chlorine isotope pattern), 'H NMR (400 MHz,
DMSO-ds) 3: 9.94 (s, 1 H), 8.66 (d, 1 H), 8.20 (s, 1 H) 7.67 (s, 1 H), 7.57 (d, 1 H), 7.49 (dd, 1
H), 7.44 (d, 1H), 6.89 (br s, 1 H), 6.40 (overlapping d and s, 2 H), 2.26 (s, 3 H).
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TN ....... "o s,y NNHONH ----- c*l 543 ,5-difluorobenzyl am no)-N

| sopropyl pyrazolo [1,5- a] pyrimdine-3 - carboxamde 346.2 149 -- NNHHN
0 5-(3-((wbk2pyveszab- 1 - yl)met hyl)benzyl am no)- N cycl eoexsb@ynesnad o [ 1, 5-
a] pyrimdine-3 - carboxam de 430.2 150 - NN H H N H2N 54( 3-

(am nonet hyl ) cycl ohexyl ) met hyl a m no) - N-cycl ohexyl pyrazolo [1,5- a]
pyrimdine-3 - carboxam de 385.2 151 - [&\I HHNN,101 ti

5- (2- (1H pyrazol - 1- yl)benzyl ani no)*RMP %I ohexyl pyrazolo [1,5- a]

pyri m di ne-3 - carboxam de

pNTS

— P
N O

(0]
PR

N-isopropyl-5-(pyridin-3-ylmethoxy)pyrazolo[1,5-a]pyrimidine-3-carboxamide

S
Z
N

N
p NTD

— oz
N Cl

e}
NH

oy

5 5-chloro-N-isopropylpyrazolo[1,5-a]pyrimidine-3-carboxamide

A mixture of 5-o0x0-4,5-dihydropyrazolo[1,5-a]pyrimidine-3-carboxylic acid

(2.0 g, 10 mM, 1.0 equiv), 30 mL of phosphorus oxychloride (300 mM, 30 equiv) and N,N-
diisopropylethylamine (8 mL, 40 mM, 4 equiv) was heated with stirring to reflux for 2 hours.
The reaction mixture was cooled and concentrated under vacuum. The brown oil was taken

10 up in dichloromethane and isopropylamine added (3 mL, 30 mM, 3 equiv). The reaction
mixture was stirred 5 minutes then partitioned between ethyl acetate and water. The organic
phase was washed with brine, dried over sodium sulfate and vacuum filtered through a pad of
silica gel. The filtrate was concentrated and cooled and the crystallized product collected by
filtration to give 2.31 g (90%) of 5-chloro-N-isopropylpyrazolo[1,5-a]pyrimidine-3-

15  carboxamide. LCMS (ESI) m+H = 239.1 (mono chlorinated isotope pattern) 'H NMR (400
MHz, DMSO-dys) ¢: 9.33 (d, 1 H), 8.60 (s, 1 H), 7.47 (d, 1 H), 7.36 (d, 1 H), 4.09 (m, 1 H),
1.20 (d, 6 H).

To a degassed solution of 3-pyridylcarbinol (17.6 mg, 0.16 mM, 1.5 equiv) in
0.8 mL of DMF was added a one molar solution of lithium hexamethyldisilazide (215 uL,
20  0.22mM, 2.0 equiv). This mixture was stirred for 10 minutes then added dropwise to a
stirred solution of 5-chloro-N-isopropylpyrazolo[1,5-a]pyrimidine-3-carboxamide (25.7 mg,
0.11 mM, 1.0 equiv) in one mL of DMF. The reaction mixture was purified using reversed
phase HPLC (5 to 30% acetonitrile/water , 0.1% formic acid) and the product lyophilized to
give 22.7 mg (68%) of N-isopropyl-5-(pyridin-3-ylmethoxy)pyrazolo[1,5-a]pyrimidine-3-

80



416.2 152 " N--- NNHHN, I NN (4,4-difluoro cyclohexyl)-5- (pyridin-3
- yl met hyl am no) pyrazolo [1,5- a] pyrimdine-3 - carboxamde 387.1 153 ' N
--- NN HwoNoD/aHsaycl ohexyl-5- (2, 5- di met hoxybenzyl am nerpyusamoloesofid
, 5-a] pyri m di ne- 3-car boxam de 410. 2 154 - NH HN 101 N-cycl ohexyl-5-(3-
(di net hyl am no) benzyl am no) pyra zol o[ 1, 5-a] pyri m di ne-3- carboxam de 393.2
155 - N oxamide. LCMS (EST) m-+H = 312.2, 'H NMR (400 MHz, DMSO-ds) 3: 9.09 (d, 1 H),

8.76 (d, 1 H), 8.59 (dd, 1 H), 8.38 (s, 1 H), 7.95 (d, 1 H), 7.45 (dd 2 H), 6.81 (d, 1 H), 5.61 (s,

1 H), 4.08 (m, 1 H), 1.19 (d, 6 H).

Example 4

NN
iﬁ
C— P
N NH
© O

/

methyl 5-(3-fluorobenzylamino)pyrazolo[1,5-a]pyrimidine-3-carboxylate

methyl 5-chloropyrazolo[1,5-a]pyrimidine-3-carboxylate

A mixture of 5-o0x0-4,5-dihydropyrazolo[1,5-a]pyrimidine-3-carboxylic acid

10 (151 mg, 0.84 mM, 1.0 equiv), phosphorus oxychloride (20 mL) and N,N-
diisopropylethylamine (440 uL, 2.5 mM, 3.0 equiv), were heated under reflux for 2 hours.
The reaction mixture was cooled to ambient temperature overnight then concentrated under
reduced pressure. The residue was dissolved in 20 mL of methanol, stirred for 30 minutes
and concentrated under vacuum. The residue was partitioned between ethyl acetate and

15  water. The organic phase was washed with brine, dried over sodium sulfate, filtered through
a pad of silica gel and concentrated to give 160 mg (90%) of methyl 5-chloropyrazolo[1,5-
a]pyrimidine-3-carboxylate LCMS (ESI) m+H = 212.2, "H NMR (400 MHz, DMSO-d;) &
9.34(d, 1 H), 8.68 (s, 1 H), 7.42 (d, 1 H), 3.83 (s, 3 H).

A solution of methyl 5-chloropyrazolo[1,5-a]pyrimidine-3-carboxylate (240
20 mg, 1.1 mM, 1.0 equiv), 3-fluorobenzylamine (200 uL, 2.0 mM, 2.0 equiv), 30 mL of ethanol
and 400 uL of N,N-diisopropylethylamine (2.0 mM, 2 equiv) were combined and heated
under reflux for 4 hours. The mixture was concentrated and the product collected by

filtration and washed with cold ethanol to give 271 mg (80%) of methyl 5-(3-
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HN 5- (cycl oheptyl nmet hyl am no) - N- cyclohexylpyrazolo[l 5- a]
pyri m di ne- 3-carboxam de 370.2 156 N, N -- S,
N- cycl ohewpoby/is8u04- met hyl pi peri di n- 1- yI)nethyl)benzybanmnmmpym@zolo[
, 5-a] pyri m di ne-3-carboxam de 461.3 157 N?1,1"'""?:7?,
c0 5-(2, 5- dlfluorobenzylan1no) N-

A rranRidi by Bovs (esH T = 3 2

NMR (400 MHz, DMSO d6) 5: 8.56(d, 1 H), 8.41 (m 1 H), 8.17 (s, 1 H), 7.35 (m, 3 H),

NNHF ONH

pyrim
N—isopﬁhﬁ&@bqu

qrbo

m

de

7.08 (td, 1 H), 6.44 (d, 1 H), 4.61 (d, 2 H), 3.74 (s, 3 H).

5  described methods.

Table 1

i IN .
|sopropylpyrazolo[1 5- aj

NNH HN a N /\)

Examples 5-221 shown in Table 1 were prepared according to the above-

Structure Name CMS,
Ex # MH/
f NN .
PO benzyl 5-(pyridin-3-
5 N )\§, o] ylmethylamino)pyrazolo[1,5- 360.2
© L@ a]pyrimidine-3-carboxylate
f Ny .
~ M= N-(2-ethoxyphenyl)-5-(pyridin-3-
6 N /‘\§, NH PN ylmethylamino)pyrazolo[1,5- 389.2
\/ © @ a]pyrimidine-3-carboxamide
[o%
~ M= N-(2-methoxyphenyl)-5-(pyridin-
7 oo /‘\i, NH o™ 3-ylmethylamino)pyrazolo[1,5- 375.1
t © @ a]pyrimidine-3-carboxamide
N
f N;N\ /@ N-(2-phenoxyphenyl)-5-(pyridin-
8 N e )\Oﬁf Nlé 3-ylmethylamino)pyrazolo[1,5- 437.1
N a]pyrimidine-3-carboxamide
f NN .
NSy )§§7 N-cyclopropyl-5-(pyridin-3-
9 NH ylmethylamino)pyrazolo[1,5- 309.2
\/ © \V a]pyrimidine-3-carboxamide
N
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-a] pyri m di ne- 3-car boxam de 340.2 159 - NHHN O _

N-cycl ohexyl-5-(2-(2-nethyl-1H i m dazol -1- yl)benzyl am no)pyrazol o[ 1, 5-
pyri m di r€o2enensisaam de 430. 2 160 HN - N NH PCT/US2009/063014
N-cycl ohexyl1-5-((tetrahydrofuran- 2-yl)nethyl am no)pyrazol o[ 1, 5- a]

pyri m di ne-3-carboxam de 344.2 161 HN "N N NH O Lo N-i sopropyl 5-( 3-

Al Ny r A oA o

(nor phol i perethyH benzy/' alanu p—yrazotot-5—alpyrm-ainre-—3—earboxam de
409. 2 162 HN N N .
S -cyclohexyl-5-(pyridin-3-
HN
10 NH ylmethylamino)pyrazolo[1,5- 351.2
X
| P © a]pyrimidine-3-carboxamide
N
Z NN
s = N-isobutyl-5-(pyridin-3-
HN N
11 NH ylmethylamino)pyrazolo[1,5- 3252
= o}
| _ < a]pyrimidine-3-carboxamide
N
AN-N
N e N-(2-methoxyethyl)-5-(pyridin-3-
HN N
12 NH ylmethylamino)pyrazolo[1,5- 3272
= O \—\ C .
| P o— a]pyrimidine-3-carboxamide
N
A NN
~ Ja N-tert-butyl-5-(pyridin-3-
HN N
13 NH ylmethylamino)pyrazolo[1,5- 3252
\ o X o ,
| a]pyrimidine-3-carboxamide
N/
Z~n-N
J:\)Lﬁr N<(3,3-dimethylbutyl)-5-(pyridin-
HNT N
14 N d NH 3-ylmethylamino)pyrazolo[1,5- 3535
| L .
N \j[\ a]pyrimidine-3-carboxamide
AN-N
~ = N-isopropyl-5-(pyridin-3-
HN N
15 NH ylmethylamino)pyrazolo[1,5- 311.2
X o )— - ,
| P a]pyrimidine-3-carboxamide
N
AIN-N
~ = 5-(pyridin-3-
HNT N .
16 NH, ylmethylamino)pyrazolo[1,5- 269.1
X
| _ © a]pyrimidine-3-carboxamide
N
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N-N-- NNHO cN Nisopropyl-5-(3-(4- nethyl pi perazin-1-

yl ) benzyl am no) pyrazol o[ 1,5- a] pyri m di ne-3-carboxam de 408.3 163 HN - N N
H 101 _ 5w02e(0asusm- 2- yl ) benzyl am no) - N- i sopr opyl pyr azecofus2&9/063014

pyri m di ne- 3- carboxam de 376.2 164 HN - N NH O NH2

5- (3-am nobenzyl am no) - N cycl ohexyl pyrazol o[ 1, 5- a]

pyri m di ne—3—¢af bsxam;" 3652 16 NNH—HN
N>
N /C: ) N-butyl-5-(pyridin-3-
17 NH ylmethylamino)pyrazolo[1,5- 3252
= o}
| _ \_\_ a]pyrimidine-3-carboxamide
N
Z>N-N
o I N-(4-methylcyclohexyl)-5-
HN™ N NH (pyridin-3-
18 N 4 ) 365.3
| ylmethylamino)pyrazolo[1,5-
~
N a]pyrimidine-3-carboxamide
Z>N-N
o ) N-(4-methylcyclohexyl)-5-
HN™ N NH (pyridin-3-
19 O 4 ) 365.3
| O ylmethylamino)pyrazolo[1,5-
e
N

a]pyrimidine-3-carboxamide

f )N;’\; N-(2-methylcyclohexyl)-5-
\ S~y

HN™ °N (pyridin-3-
20 NH ) 365.3
| AN O ylmethylamino)pyrazolo[1,5-
N a]pyrimidine-3-carboxamide
2 N N\
S e N-(cyclohexylmethyl)-5-(pyridin-
HN N
21 NH 3-ylmethylamino)pyrazolo[1,5- 3653
= 0
| _ \_<:> a]pyrimidine-3-carboxamide
N
7 "N” N\ N-(2,3-dimethylcyclohexyl)-5-
HNT SN (pyridin-3
ridin-3-
22 NH p}f 379.3
| X '] ylmethylamino)pyrazolo[1,5-
N a]pyrimidine-3-carboxamide
/N TNTS
=N P H N-cyclobutyl-5-(pyridin-3-
23 HN ylmethylamino)pyrazolo[1,5- 3232
O = C .
ﬂ “ | a]pyrimidine-3-carboxamide
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101 N-isopropyl-5-(3-(pyrrolidin-1- yl)benzyl am no)pyrazolo [1,5- a]

pyrimdine -3 - carboxam de 379.2 166 - NNH HN O N-isopropyl-5-(2-(4-

met hyl pi pgoaaiomsis49 yl ) benzyl am no) pyrazol o [1,5- a] pyPCEUS208/06514

car boxam de 408.2 167 --...- NHHN N N-i sopropyl-54(1 -nethyl pi peridin-

2-yl ) nmet hyl am no) pyrazolo [1,5- a] pyri m'di ne -3 - carboxam de 331.2 168 -
I’)

NNH NH - - —et—6—N-+——Spprapy+5—+3 rethoxyberzyamno)ypyrazeto—1,5 -a
]pyrimdipe -3 - carbgx rﬁ%\e 340.1 169 I{N-)Nlopentngj@yhm&
N NH
24 HN ylmethylamino)pyrazolo[1,5- 337.2
2
© - | a]pyrimidine-3-carboxamide
N
/N\N \
= N-(pentan-3-yl)-5-(pyridin-3-
N NH
25 HN ylmethylamino)pyrazolo[1,5- 339.2
,—f 0 z o .
« | a]pyrimidine-3-carboxamide
N
~(1-
NN N+
. (hydroxymethyl)cyclopentyl)-5-
N NH
26 HO~\HN (pyridin-3- 367.2
O “ .
“ | ylmethylamino)pyrazolo[1,5-
N a]pyrimidine-3-carboxamide
/N\N o
NP N-phenyl-5-(pyridin-3-
27 HN ylmethylamino)pyrazolo[1,5- 3452
0 “ T .
@ “ | a]pyrimidine-3-carboxamide
N
/N\N ~
NN 5-(pyridin-3-ylmethylamino)-N-p-
28 HN p tolylpyrazolo[1,5-a]pyrimidine-3- 359.2
O
~ | carboxamide
N
/N\N =
‘%\N/ - N-(4-tert-butylcyclohexyl)-5-
ridin-3-
29 AN P (pY 4073
| ylmethylamino)pyrazolo[1,5-
NS
N a]pyrimidine-3-carboxamide
N~
L.
— -~
N NH
AN N-octyl-5-(pyridin-3-
9] =
30 ~ | ylmethylamino)pyrazolo[1,5- 3813
N
a]pyrimidine-3-carboxamide
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I N-isopropyl-5-(pyridin-2- ylnethylan1no)pyrazolo [1,5- a] pyrimdine -3
- carboxamde 311.1 170 - ----..... ;-.." NNH O nethyl 543 -

f | uor oberwgl2amiosoy4pyrazol o [1,5- a Jpyrimdine -3 -c arlporgisatos/o8dHis 1 171
IN NNH HN , NH -1\1 5-(1H pyrazol -5-ylam no)-N isopropyl pyrazolo [1,5- a]

pyrimdine -3 -c arboxam de 286.1 172 N, i NNH NH2 0O 5-(3-
f | uor obengytamnoe)ypy+razptolt—S5—al—pyrt-di-nre-—3-—carboxamde—286—1+173 -N --
TRYT a4t T—HY
NNH $ = - N-cycloheptyl-5-(pyridin-3-
N ~NH
31 HN ylmethylamino)pyrazolo[1,5- 3653
0 2
“ | a]pyrimidine-3-carboxamide
N

fN‘Ni
Q/k N-(4-cthylcyclohexyl)-5-(pyridin-

3-ylmethylamino)pyrazolo[1,5- 3793

a]pyrimidine-3-carboxamide

5-(pyridin-3-ylmethylamino)-N-

N~
, Ni
‘é)\ (3,3,5-
3933
trimethylcyclohexyl)pyrazolo[1,5-

33

a]pyrimidine-3-carboxamide

d
e
ol

N ~N N-(1-hydroxy-2-methylpropan-2-
1)-5-(pyridin-3-
34 HN y-34py 341.2
HO ylmethylamino)pyrazolo[1,5-
a]pyrimidine-3-carboxamide
N-N
N-(2-hydroxyethyl)-5-(pyridin-3-
35 HN Imethylamino)pyrazolo[1,5- 313.2
7~ ylmethy )pyrazolof

a]pyrimidine-3-carboxamide

N~ N 5-(pyridin-3-ylmethylamino)-N-
tetrahydrofuran-2-
36 [ji>\\/ -—zf/i\ ((ttrahy 353.2

yl)methyl)pyrazolo[1,5-

N a]pyrimidine-3-carboxamide

,N ~N /j N-(2-hydroxycyclohexyl)-5-
— b .1
N
N

NH (pyridin-3-
37 i H ) 367.3
@ o) = | ylmethylamino)pyrazolo[1,5-
SN a]pyrimidine-3-carboxamide
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N, N --
rrethyl

5- (3, 5-di fl uorobenzyl am no)-N- (44- ,
di fl uorocycl ohexyl ) pyrazol o[ 1, 5- a] pyri m di ne-3-carboxam de 422.2 174 -
NNH NH - -woG010dstspt - but y1-5- (3, 5- di fl uorobenzyl am no) pgrasedoojod3od+ a]

pyri m di ne- 3- car boxam de 360.2 175 -

di fl uorobenzyl am no) pyrazol o[ 1 5 a]

NNH ONH N-tert-butyl-5-(3,5-
pyri m di ne 3-car boxam de 356 2

Ineit v 1

I\II_I
|\|| \|| |

i | N (1 +r\r+
III__yIG.IIIIIU} |\|-\J. T

Uy L \)

a]pyrimidine-3-carboxylate

1H pyr dZO| 5 y zoI o[ 1 5 a}vR%fndﬂ‘zq}l) sr'(Syr%m 3
38 H N ylmethylamino)pyrazolo[1,5- 346.2
a]pyrimidine-3-carboxamide
N
/N TNTTS
N-~(pyridin-3-yl)-5-(pyridin-3-
39 HN ylmethylamino)pyrazolo[1,5- 346.3
—
N\ p a]pyrimidine-3-carboxamide
-((1S,25,4R)-
/N\N ~ NA(I5254R)
bicyclo[2.2.1]heptan-2-yl)-5-
40 HN (pyridin-3- 363.2
@ | ylmethylamino)pyrazolo[1,5-
a]pyrimidine-3-carboxamide
/N‘ N /1 N-(bicyclo[2.2.1]heptan-2-yl)-5-
ridin-3-
41 HN *é/k ® 363.2
@ | ylmethylamino)pyrazolo[1,5-
a]pyrimidine-3-carboxamide
/N TNTTS
=\ Ao N-cyclohexyl-5-
42 HN methoxypyrazolo[1,5- 2752
Q © a]pyrimidine-3-carboxamide
L
‘éﬁ\ N NH N-cyclooctyl-5-(pyridin-3-
43 HN Y = ylmethylamino)pyrazolo[1,5- 3793
Q ~ a]pyrimidine-3-carboxamide
N
o benzyl 5-(benzyloxy)pyrazolo[1,5-
44 yl 5-(benzyloxy)py [ 3602
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car boxam de 404. 2 ( 177 - NNH HN 10 5-(2-fl uorobenzyl am no)-N

| sopropyl pyrazol o[ 1,5- a] pyrimdine-3-carboxam de 328.1 178 N - N -- NN
H 0/ H7 OwB-20RyB1ispnet hoxybenzyl ami no) - N- i sopropyl pyr ararafsto0s/cmji4
pyri m di ne- 3-carboxam de 370.2 179 - NN H H Noo. 101
5- (2, 5-di met hoxybenzyl am no) - N- | sopropyl pyr azol o[ 1,5- a]
pyri m di ne—3—¢arboxamde—3+0—2180N—N—-—"—"-
NN 5- (pyrldm 3 ylmethy’lammo)-N—
// /j\ (19393_
N NH . .
45 HN trimethylbicyclo[2.2.1]heptan-2- 4054
=
© « | yl)pyrazolo[ 1,5-a]pyrimidine-3-
N .
carboxamide
/N\N \
= N-cyclohexyl-5-(pyridin-3-
N™ O
46 HN ylmethoxy)pyrazolo[1,5- 3522
o) =
O “ | a]pyrimidine-3-carboxamide
N
L
‘z% N o N-(4-cthylcyclohexyl)-5-(pyridin-
47 HN 5 y 3-ylmethoxy)pyrazolo[1,5- 380.4
\Q SN | a]pyrimidine-3-carboxamide
NN~ 5-(pyridin-3-ylmethylamino)-N-
& j\ ((IR2R.4R)-1,7,7-
N NH
48 HN P trimethylbicyclo[2.2.1]heptan-2- 405.3
e}
@— ~ | yl)pyrazolo[ 1,5-a]pyrimidine-3-
- N
carboxamide
N~
X
% NZ > NH N-(4-cthylcyclohexyl)-5-(pyridin-
HN
49 N o) = | 3-ylmethylamino)pyrazolo[1,5- 3794
SN a]pyrimidine-3-carboxamide
NN
4 . (R)-N-(1-cyclohexylethyl)-5-
N A (pyridin-3-
50 AN ~ . 379.3
| ylmethylamino)pyrazolo[1,5-
N
N a]pyrimidine-3-carboxamide
N\N AN
{ . (8)-N-(1-cyclohexylethyl)-5-
N A (pyridin-3-
51 N P 379.4
« | ylmethylamino)pyrazolo[1,5-
N a]pyrimidine-3-carboxamide

88




NN HHN
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0O
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4 P (1R,4R)-4-(5-(pyridin-3-
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: X
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© OH
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HN ‘é)\ N™ 'NH N-(4-carbamoylphenyl)-5-(pyridin-
60 0 =~ | 3-ylmethylamino)pyrazolo[1,5- 388.2
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NH»
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L
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‘é/k N” NH N-(cycloheptylmethyl)-5-(pyridin-
HN
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/ P /j\ N-((1S)-3-methylcyclohexyl)-5-
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N a]pyrimidine-3-carboxamide
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- N-- NNHHNO N/\) Nisopropyl-5-(3-((4- nmethylpiperidin-1 -

yl ) met hyl ) benzyl am no) pyrazolo [1 , 5-a] pyri m di ne-3-carboxam de 421.2 189
N N --".W0.2010/051549 -- NN HH N O 5-(3-((1H pyrazol - 1 PCT/US2009/063014

yl ) met hyl ) benzyl am no) - N- i sopropyl pyrazolo [1,5- a] pyrimdine-3 -

car boxam de 390. 2 190 N N-k).... NNHHN.... .0 101 F3C0

N- i sopr opyH+—51(2 i vererethoxy)be '
]pyrimdihe -3 - c afb¥xani de 394.1 |191
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N NH
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i/kN NH
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Cl

S

f N7 > NH 5-(4-chlorobenzylamino)-N-

66 o NH K@\ cyclohexylpyrazolo[1,5- 384.2
@ al a]pyrimidine-3-carboxamide

/N TNTTS
=\ = 4-(5-(pyridin-3-
N” NH .
HN ylmethylamino)pyrazolo[1,5-

67 o) Z o 389.2
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N
o] N carboxamido)benzoic acid
OH
N~
p NS
ZSNTNH 5-(benzylamino)-N-
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a]pyrimidine-3-carboxamide
N~
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© OH a]pyrimidine-3-carboxamide
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- NNH HN 0 5-(2-

pyrimdine -3 -c arboxam de 353.2 192 ---*-,
-2H benzwphpiojasiskp di oxepin-6 - yl)nethyl am no)-N

(di nmet hyl am no) benzyl am no) - N-

| sopropyl pyrazolo [1,5- a]
NNH HN O 100 54( 3, 4-di hydro
I sopcomskaynesoed o [ 1, 5-

al] pyrimdine -3 - carboxam de 382.2 193 -- NNH HN O net hyl -((3 -
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368 2 194 NN N O EA(D 2 A hvudr nlhhan—=oAT hi 1 4]
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H*éA\ N~ 'NH N-(3-carbamoylphenyl)-5-(pyridin-
71 0 “ | 3-ylmethylamino)pyrazolo[1,5- 388.2
SN a]pyrimidine-3-carboxamide
NH,
L
‘éyk N SNH N-(4-fluorophenyl)-5-(pyridin-3-
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mlnetho Xy pyazoeto fﬂqu a—py++r-gt-ne—3 car-boxam-de—312—2—198 NN HH
ZSNPNH N-cyclohexyl-5-
76 S NH ) (ethylamino)pyrazolo[1,5- 288.2
(j a]pyrimidine-3-carboxamide
N
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pyrimdine-3 -c arboxamde 353.2 199 NN N --":::-...,..... - ". NNH H
NN I N i swpromyisigo(pyridi n-2- yl nethyl am no) pyrazol 0 [ PcBAUSago9py3oi4ri di ne- 3
- carboxam de 311.2 200 - NNH HN Il N N-isopropyl-5-(pyridin-4-
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WD 2010/ 051549PCT/ US2009/ 063014 220 N, N/ *

HN - - .

N NH (R) - N-i sopropyl -

-(1- phenyl ethyl am no)pyrazolo [1,5- a] pyrimdine-3 -carboxam de 324.2 221
- (2-fl uorophenyl) - 3PCT/US2009/063014

HN xwo0 201005049 NH2 5- ami no- N- (1

et hyl - 1H pyrazol - 5- yl)pyrazol o[ 1, 5-a] pyri m di ne-3- car boxam de 353.1
Exanpl e 222
5- Am no- N(3—5-—<¢hi bH—t-rethyi—iHpyrazot—4—ybHpytazol o[ 1,
5- 5a] pyr| m di ne- 3- Et hyl
3- (5-chl of 0- 2{ net hyl parfgatdortignalagiror-Ni ng| sol uti on |of
5-chl or o- Rrpet hyl be 0| cC a d 4. 85 g, Zggpé}op%ggz)olo iNs- tet riahydgof uran (30
m.) was added|N, N-c 1.06 10equi V).
After 30 M nut es re %@mﬂﬂﬁédar?%a%d%uspensi on of
pot assi um et hy rral onate (11.e1 g, 68.22 nmmol, 2.40 equiv) and nagnesi um
chl ori de 3.27 g, 34.3 rrrml 1. 21equi v) in tetrahydrofuran (50 nlL). The
resul t ant —suspenstonywascheated—at—56-—C—After—WO
2010/ 051549PCT/ US20 / 6§ 14 10 hourls, the reaction m xture was parntitioned
bet ween et hyl |acet at ter. The or ganexlopeyltsi @A was [dri ed over
magnesi um gyl | at e AN bt ered, and conc(gmol;(@,g&gagugo)p}r&gﬂog 8. 07419 (118% of
et hyl 3-(p-chlor - met hoxyp y1) - 3- oxopr.opanoate was used w t hout
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(gradient:
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0 to 10% net hanol

LCMS (ESI) m+H =
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5- oxo- 4, 5} di hydr o- pyrazol o[ 1, -a] pyr|i mi‘dPn ldf?e SO ¢ lacid ethyl ester
(prepared accor di ng to Gavrinf L.K et al, J. Og. Chem [R007, 72, |1043-
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was heated to|90 Cqof 4|5 hours. Afiter cooling, the mxture was careful ly
quenched Wi th|ice-watemn’and extract ed 1@ wiluponekrdrsifet hane. The|organi c
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H, 4.16 (q, 2 H, 2.76 (s, 3 H, 2.18 (s, 3 H), 1.14 (t, 3 H).
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338.2

LCMS (ESI) m+H = 335.1; 1H NMWR
5(d, 1 H),
6. 39 (d, PcHUS2098630(s,

8. 21
3 H.

in
), 4.8
ler a
and

whi ch

(0.9 g,
or 5

20US
| organic
it ed. The
et hyl

5l ) m z

1, 5-a] py
)

in

p» 50 C

yl)-1H
1 58 9%,
ESI) mz

2t hanol
seal ed
r educed

115



WO 2010/ 051549PCT/ US2009/ 063014 was purified by preparative HPLC to afford
5-am no- pyrazol o[ 1, 5-a] pyri m di ne- 3-carboxylic acid

[ 2- (3-triwbuoroarsessby| - phenyl ) - 2H pyrazol - 3-y1] - am de ( 8paowjusgemeloaso1# %) .
NI\/R(DI\/SO 400 MHz): 6 9.94 (s, 1 H), 8.62 (d, J= 7. 6 Hz, 1 H), 8.16 (s,
H, 7.49-7.69 (m 8 H), 6.53 (s, 1 H), 6.37 (d, J=7.6 Hz, 1 H. M5 (ESI)
mz @ 3881—-Skxanples 235452 shewri-n—Table 2wereprepared—aceerging to
t he above| net hods. Tabl # Structure Name LCMS (ESI)| nfz 235
N-N-"22 . -~ |[NNH2 NHCI %@H--.rN - Ngwls@ré%?ﬂﬁ pyrazol o[ 1, 5-
a] pyri m dj ne- 3- car boxyN-¢_ aci 3-(5-chloro-2 8[p yl)
1- ( 2- hydr p34- et hyl ) pyt azol - 4- yll-péﬁiy]ﬁ@ylﬂ?ﬂ?)@ngl 342
NNH2 NH .| 5- Ami no- A @ 1, 5- a] pyri rigingdn3d3cabdxaxijd i c aC| d
(1- met hy1} 3- o{t ol y1- YH pywdzol - 4-yl)-am de 348.1 237 o--N NNH2 NHC
NN 3
O
i?k NG )Ni 5-amino-N-(3-methyl-1-(2-
HN trifl thyl)phenyl)-1H-
515 _ o (trifluoromethyl)phenyl) 021
~ N pyrazol-5-yl)pyrazolo[1,5-
N \Q a]pyrimidine-3-carboxamide
CF4
/N‘N/j 5-amino-N-(3-methyl-1-(3-
216 HN%N/ NH (trifluoromethyl)phenyl)-1H- 4001
/k 0 pyrazol-5-yl)pyrazolo[1,5-
a]pyrimidine-3-carboxamide
L
= - (S)-N-isopropyl-5-(1-
N NH
217 HN /z/k phenylethylamino)pyrazolo[1,5- 3242
/K © a]pyrimidine-3-carboxamide
@l
f\ -z 5-(isopropylamino)-N-(3-methyl-
N NH,
218 HN 5 1-(3-(trifluoromethyl)phenyl)-1 H- 144
- \ pyrazol-5-yl)pyrazolo[1,5-
N @ a]pyrimidine-3-carboxamide
CF3
L
HN /2)\ N™ "NH; N-isopropyl-5-(2-phenylpropan-2-
219 = © ylamino)pyrazolo[1,5- 338.2
SN NQ a]pyrimidine-3-carboxamide
CFs
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\Cl 5- Am no- pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid
[5 (2, 5-dichl oro- phenyl) 1- nethyl-1H pyrazol - 4- A-am de 402.0 238 |
-- NNN(F\HB2510N5I15494 IN V---- 0" 5-(6-Trifluoronethyl - ppcirdispeod/63014
yl am no) - pyrazol o[ 1, 5- a] pyri m di ne- 3-carboxylic acid
(5-met hyl -i soxazol - 3- yl) am de 404 0 WD 2010/ 051549PCT/ US2009/ 063014 239 -
NI NNNf———— F—HF——NH N 0
5-(6-Trif uor et hyl -¢ En 2- yl ami no) razol o[
a] pyri m dj ne- 3- carb qHhd i soxazol - ég)yyls?ﬁr(ﬁ’gl %‘30 0 240 NN HF F
220 phenylethylammo)pyrazo10[l 5- 3242
a]pyrimidine-3-carboxamide
yNN o~
=z 5-amino-N-(1-(2-fluorophenyl)-3-
HN NN methyl-1H-pyrazol-5-
221 —{ © Py 353.1
W N yl)pyrazolo[1,5-a]pyrimidine-3-
N D carboxamide
F
Example 222
/N\N N
N N,
7 M\H c

=
/
NN

5-Amino-N-(3-(5-chloro-2-methylphenyl)-1-methyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-

a]pyrimidine-3-carboxamide

Cl
Ethyl 3-(5-chloro-2-methylphenyl)-3-oxopropanoate

To a stirring solution of 5-chloro-2-methylbenzoic acid (4.85 g, 28.4 mmol) in
tetrahydrofuran (30 mL) was added N,N-carbonyldiimidazole (4.87 g, 30.0 mmol, 1.06
10 equiv). After 30 minutes, the reaction mixture was added to a suspension of potassium ethyl
malonate (11.61 g, 68.22 mmol, 2.40 equiv) and magnesium chloride (3.27 g, 34.3 mmol,
1.21equiv) in tetrahydrofuran (50 mL). The resultant suspension was heated at 50 °C. After
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ONH.".- ---c O  ----- N ; 5-(3-Trifluoromnethyl -

5 phenyl am no) - pyrazol o[ 1, - a] pyri m di ne- 3-carboxylic acid

(3- met hylwoowasmd495- y1) - am de 403.0 241 N---NrON. . . - - ' pCT/USBDOBY0E3004 NHF- - F
--- ----N,0 5-(3-Trifluoronethyl -pyridin-2- ylamno)-pyrazol o[ 1, 5-

a] pyri mdi ne-3-carboxylic acid (3-nethyl-isoxazol-5-yl)-amde 404.0 242 0O
NN - - NNHON..---cO-ﬁ-l-N; h :

5- ( 4- MKy B‘;?rrF?:“i“r‘?PémX%%W%83@1E9?%@z9ﬂt‘8fef,%-Y AFpgieiant drais- dhereBiy I i ¢
aci d (Fommdhs dik@AePhraBndbium 8itAE BREdL akfddncentrated to provide 8.07 g

(118%) of ethyl 3-(5-chloro-2-methoxyphenyl)-3-oxopropanoate which was used without
purification. LCMS (ESI) m+H = 241.2

Ethyl 2-(5-chloro-2-methylbenzoyl)-3-(dimethylamino)acrylate

A solution of ethyl 3-(5-chloro-2-methylphenyl)-3-oxopropanoate (28.4
mmol) in 1,1-dimethoxy-N,N-dimethylmethanamine (10.0 mL, 75.3 mmol, 2.6 equiv) was
heated at 90 °C. After 3 hours, the reaction mixture was concentrated in vacuo, and the

10  resultant residue was purified by flash column chromatography on silica gel (0 to 80% ethyl
acetate in dichloromethane) to yield 2.87 g (34%) of ethyl 2-(5-chloro-2-methylbenzoyl)-3-
(dimethylamino)acrylate. LCMS (ESI) m+H = 296.3.

-N
HN N
S

S~

of O

Cl
Ethyl 5-(5-chloro-2-methylphenyl)-1H-pyrazole-4-carboxylate

15 A solution of ethyl 2-(5-chloro-2-methylbenzoyl)-3-(dimethylamino)acrylate
(2.87 g, 9.70 mmol) and hydrazine (0.50 mL, 16.0 mmol, 1.6 equiv) in 30 mL ethanol was
heated at 70 °C for 2 hours. Solvent and excess hydrazine were then evaporated to provide
2.57 g (100%) of ethyl 5-(5-chloro-2-methoxyphenyl)-1H-pyrazole-4-carboxylate, which was
used without further purification. LCMS (ESI) m+H = 265.2.
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N, NNNH2 ONH 1\ . NO C 5-Amno-pyrazolo[1, 5-

a) pyri m di ne- 3-car boxyl i c acid [ 5- (3 chl oro phenyl) -i soxazol -4- yl]-am de
355. 1 244WDR20N/A51549-- . . . ... ", ... NNNpHET@SBBI®GION4 O ---14
/[ 5-(Pyridin-2-ylam no) pyrazol o[l 5- a] pyri m di ne-3- carboxylic acid
(3-methyl - isoxazol -5-yl)-amde 336.2 WO 2010/ 051549PCT/ US2009/ 063014 245

N-N-- NNH2 o. NH I\ -

- N/ N —N\
I/ .
and
S~
ol o
Cl Cl
Ethyl 3-(5-chloro-2-methylphenyl)-1- Ethyl 5-(5-chloro-2-methylphenyl)-1-
methyl-1H-pyrazole-4-carboxylate methyl-1H-pyrazole-4-carboxylate

A solution of ethyl 5-(5-chloro-2-methylphenyl)-1H-pyrazole-4-carboxylate
(9.70 mmol), cesium carbonate (3.83 g, 11.8 mmol, 1.2 equiv) and iodomethane (0.90 mL,
14.0 mmol, 1.5 equiv) in N,N-dimethylformamide (35 mL) was heated at 40 °C. After 7
hours, the reaction mixture was partitioned between ethyl acetate and water. The organic

5  portion was dried over magnesium sulfate, filtered, and concentrated. The crude product was

purified by flash column chromatography on silica gel (0 to 40% ethyl acetate in
dichloromethane) to yield 2.18 g (81%) of a 1:1 mixture of regioisomeric products, ethyl 3-
(5-chloro-2-methylphenyl)-1-methyl-1H-pyrazole-4-carboxylate and ethyl 5-(5-chloro-2-
methylphenyl)-1-methyl-1H-pyrazole-4-carboxylate. LCMS (ESI) m+H = 279.2.

N-N

N
N’N
|
Y ©/§2
0 and 0
HN~¢ HN\\( \é
Cl o)

cl J<0

tert-Butyl 3-(5-chloro-2-methylphenyl)- tert-Butyl 5-(5-chloro-2-
I-methyl-1H-pyrazol-4-ylcarbamate methylphenyl)-1-methyl-1H-pyrazol-
4-ylcarbamate

10 A solution of ethyl 3-(5-chloro-2-methylphenyl)-1-methyl-1H-pyrazole-4-
carboxylate and ethyl 5-(5-chloro-2-methylphenyl)-1-methyl-1H-pyrazole-4-carboxylate (1:1
mixture of regioisomers, 2.179 g, 7.818 mmol) and 1.0 M aqueous sodium hydroxide (14 mL,
20 mmol, 4 equiv) in ethanol (10 mL) was heated at 50 °C for 16 hours. After evaporation of
the ethanol, the residue was diluted with water. The resultant aqueous solution was acidified

15  to about pH 2 with 1.0 M aqueous phosphoric acid. This solution was extracted with

dichloromethane (3x). The combined organic extracts were dried over MgSOy, filtered, and
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5- Am no- pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid

(5-0-tolyl-isoxazol -4-yl)-amde 335.2 246 - N NNH2 NH 411 C

5- Ami no- pyoaamlosjisse5- a] pyri m di ne-3-car boxylic acid PCT/US2009/063014

[ 2- (2-chl or o- 5- et hyl - phenyl ) - 5-nethyl - 2H pyrazol - 3-y1] - am de 382.1 247
N- NNH2 NH -- HN-N. 5- Am no- pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid

B R R R G
[ 3- (2, ForliahiarRdRenWithoditurther’pdgdlatfm. ILEMBIHST)RYM = 8480 249

To a solution of the intermediate carboxylic acids in dioxane (15 mL) was
added triethylamine (2.2 mL, 15.8 mmol, 4.1 equiv) and diphenylphosphonic azide (1.9 mL,
5 8.82 mmol, 2.3 equiv). After 1 hour, the reaction was heated to 90 °C and t-butyl alcohol (15

mL) was added. After 2 hours, the reaction mixture was concentrated in vacuo, and the
resultant residue was partitioned between ethyl acetate and water. The organic portion was
washed with saturated aqueous sodium chloride solution, dried over magnesium sulfate,
filtered, and concentrated. The crude product was purified by flash column chromatography

10 onsilica gel (0 to 50% ethyl acetate in dichloromethane) to obtain 1.64 g (66%) of a 1:1
mixture of the regioisomeric products. LCMS (ESI) m+H = 322.2.

N-N N-N
/ y SN
and
NH, NH;
Cl Cl
3-(5-Chloro-2-methylphenyl)-1-methyl- 5-(5-Chloro-2-methylphenyl)-1-
1H-pyrazol-4-amine methyl-1H-pyrazol-4-amine

To a solution of tert-butyl 3-(5-chloro-2-methylphenyl)-1-methyl-1H-pyrazol-
4-ylcarbamate and tert-butyl 5-(5-chloro-2-methylphenyl)-1-methyl-1H-pyrazol-4-
ylcarbamate (1:1 mixture of regioisomers, 1.64 g, 5.09 mmol) in dichloromethane (10 mL)

15  was added hydrogen chloride (10.0 mL, 40 mmol, 16 equiv, 4.0 M in 1,4-dioxane). After 16
hours, the reaction mixture was concentrated in vacuo. The resultant solid residue was
partitioned between dichloromethane and saturated aqueous sodium bicarbonate solution.

The aqueous portion was extracted once more with dichloromethane, and the combined
organic extracts were dried over magnesium sulfate and concentrated. The crude product was

20  purified and regioisomers separated by flash column chromatography on silica gel (0 to 100%
ethyl acetate in dichloromethane) to yield: 429.7 mg of 3-(5-chloro-2-methylphenyl)-1-
methyl-1H-pyrazol-4-amine. LCMS (EST) m+H = 222.1; 'H NMR (400MHz, CDCls) &: 7.35
(d,/=1.8,1H), 7.24 - 7.17 (m, 2H), 7.04 (s, 1H), 3.84 (s, 3H), 2.76 (s, 2H), 2.30 (s, 3H), and
420.2 mg of 5-(5-chloro-2-methylphenyl)-1-methyl-1H-pyrazol-4-amine. LCMS (ESI) m+H
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N-N-"z=:?, 0\ ,0--- NNS/ 0 HNHF --< 5-(2,5-Difluoro-

benzenesul fonyl am no) pyrazol o[ 1, 5 a] pyri m di ne-3- carboxylic acid
tert-but wermnoes449. 1 250 NN N --..". . ... ... , NNH2 o NHPOT/USRD09/0630C!

5- Ami no- pyrazol o[ 1,5- a] pyrimdi ne- 3-car boxylic acid yl]-am de 355.1 WO
2010/ 051549PCT/ US2009/ 063014 251 N, Cl NNHF NH O 6-Chl oro-5-(2,5-difl uoro-

(ot anytrotopt AR Rl T a8 K SRl T YR R . 724 7.0

(m, 2H), 3.57 (s, 3H), 2.71 (s, 2H), 2.15 (s, 3H).

N~
4 N7
— g
N™ ~CI
O ™\H cl
=
/
NN

5-Chloro-N-(3-(5-chloro-2-methylphenyl)-1-methyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-

5 a]pyrimidine-3-carboxamide

To a solution of 3-(5-chloro-2-methylphenyl)-1-methyl-1H-pyrazol-4-amine
(182.9 mg, 0.4826 mmol, 1.2 equiv) in dichloromethane (5 mL) was added 5-
chloropyrazolo[1,5-a]pyrimidine-3-carbonyl chloride (91.2 mg, 0.411 mmol, 1.0 equiv) and
triethylamine (0.30 mL, 2.2 mmol, 5.2 equiv) at room temperature. After 16 hours, the

10  reaction mixture was partitioned between ethyl acetate and saturated aqueous sodium

bicarbonate solution. The organic layer was dried over magnesium sulfate,filtered, and
concentrated to give 143.1 mg (87%) of 5-chloro-N-(3-(5-chloro-2-methylphenyl)-1-methyl-
1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrimidine-3-carboxamide which was carried forward
without purification. LCMS (ESI) m+H =401.0.

N~
4 N N
— e
N NH,»
7 M\H cl
@
/
N-N
15 g

5-amino-N-(3-(5-chloro-2-methylphenyl)-1-methyl-1H-pyrazol-4-yl)pyrazolo[1,5-

a]pyrimidine-3-carboxamide

Ammonia gas was bubbled through an ice-cooled suspension of 5-chloro-N-
(3-(5-chloro-2-methylphenyl)-1-methyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrimidine-3-

20  carboxamide (143.1 mg, 0.3566 mmol) in 3.0 mL isopropanol for 20 minutes. The reaction

121



NH 5- Am no- 6- chl or o- pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid

(tetrahydro-pyran-4-yl)-amde 296.1 253 NNH2 o. NH O-N11 F F F

5- Ami no- pyoaamlosjisse5- a] pyri m di ne-3-car boxylic acid PCT/US2009/063014

[3-(2-trif| uor onet hyl - phenyl) - i soxazol -4-yl]-am de 389.1 254 FF F N N |
".... NNNHONH----1\19 5- (4 Trifl uororrethyl pyri di n-2-

{'sa?e? h{ﬂsspe? 555 S0 875 SR EY G HagRARY Kl D €30 minyes. The w1y
NH2  NHGEacBloM mixture was concentrated to dryness. The crude product was purified by reverse
phase HPLC and lyophilized to give 76.4 mg (56%) of 5-amino-N-(3-(5-chloro-2-
methylphenyl)-1-methyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrimidine-3-carboxamide. LCMS
5 (ESI)m+H = 382.1; "H NMR (400 MHz, DMSO) & 9.34 (s, 1H), 8.63 (d, J=7.6, 1H), 8.16
(d, /=9.6,2H), 7.41 (m, 3H), 6.37 (d, J=7.6, 1H), 3.89 (s, 3H), 2.26 (s, 3H).

Example 223

N~
; Nﬁ\
— P
N™ “NH,
o cl

10 5-Amino-N-(5-(5-chloro-2-methylphenyl)-1-methyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-

a]pyrimidine-3-carboxamide

Using 5-(5-chloro-2-methylphenyl)-1-methyl-1H-pyrazol-4-amine and
following the procedures described for Example 222, the title compound 5-amino-N-(5-(5-
chloro-2-methylphenyl)-1-methyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrimidine-3-carboxamide

15  was obtained. LCMS (ESI) m+H = 382.1; '"H NMR (400 MHz, DMSO0) & 9.16 (s, 1H), 8.61
(d,J=17.6,1H), 8.13 (s, 1H), 7.83 (s, 1H), 7.50 (m 3H), 6.35 (d, J=7.6, 1H), 3.60 (s, 3H),
2.13 (s, 3H).
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5- Ami no- pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid
[ 4- (3-chl oro-phenyl)-2-nethyl- thiazol-5-A-amde 385.1 256 N-N--??., 0, /0

-- -*-s' WOSh1oHsSNHI - - - - - c 5-(Tol uene- 2-sul fonyl am no) - PCT/US2009/063014
pyrazol o[ 1, 5-a] pyri m di ne-3- carboxylic acid isopropylamde 374.1 WO
2010/ 051549PCT/ US2009/ 063014 257 -- NNH2 ONHCl -- N--NC
5- Am no- pyrazol o[ 1, 5- a] pyri m di ne; 3-c r?i)ryl ic acid
[ 2- (3, 5-di chl oro- phenyl) -2H  raZ8f™® 12 anide PYY i 388.1 258 N....NCl
-- NNH2 o
/N\N \
— N/ NH2
O cl
=
N /
~ N
5-Amino-N-(3-(5-chloro-2-methylphenyl)-1-(2-methoxyethyl)-1H-pyrazol-4-
yl)pyrazolo[1,5-a]pyrimidine-3-carboxamide
cl
0
\/o
7]
—0 N-N
5 N/

Ethyl 3-(5-chloro-2-methylphenyl)-1-(2-methoxyethyl)-1H-pyrazole-4-carboxylate

A solution of ethyl 5-(5-chloro-2-methylphenyl)-1H-pyrazole-4-carboxylate
(0.2286 g, 0.8636 mmol), cesium carbonate (359.1 mg, 1.102 mmol, 1.276 equiv) and 1-
bromo-2-methoxyethane in N,N-dimethylformamide (6 mL) was heated at 50 °C. After 2.5
10 hours, the reaction mixture was partitioned between ethyl acetate and water. The organic
layer was dried over magnesium sulfate, filtered, and concentrated to yield 257.7 mg (92%)
of ethyl 3-(5-chloro-2-methylphenyl)-1-(2-methoxyethyl)-1H-pyrazole-4-carboxylate, which
was carried forward without purification. LCMS (ESI) m+H = 323.2.

N~
4 N7

— ~
N” “NH,

o)
NH cl

—

N /
\O/\/ N

15 5-Amino-N-(3-(5-chloro-2-methylphenyl)-1-(2-methoxyethyl)-1H-pyrazol-4-
yl)pyrazolo[1,5-a]pyrimidine-3-carboxamide
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NHF ----- "4. 5- Ami no-6-chl oro-pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid
[ 2-(2,5-difluoro-phenyl)-2H pyrazol-3-yl]-amde 259 N,,NCI NNH2 O NH N 11
5- Ami no- 6wohbowvosifayr azol o[ 1, 5- a] pyri m di ne- 3- car boxyl i ®@Caaisdo09/063014

(5-net hyl-2-o-tol yl- 2H pyrazol - 3-yl)-amde 382.0 260 N--N---:-"--,.... 0"0
[ ---SI...,.NNNNH ........ NH ---< 5-(2-Methyl-2H pyrazol e- 3-

S AT PR b A T ST AR o
(2-methoxyethyl)-1H-pyrazole-4-carboxylate and following the procedures described for
Example 222. LCMS (ESI) m+H = 426.2; 'H NMR (400 MHz, DMSO) & 9.34 (s, 1H), 8.63
(d,J=17.5,1H), 8.16 (d, J= 1.6, 2H), 7.41 (m, 3H), 6.37 (d, /= 7.6, 1H), 4.31 (t,J=5.2,
5 2H),3.74(t,J=5.2,2H), 3.27 (s, 3H), 2.26 (s, 3H).

Example 225

N~
v’ NS
= ~

N “NH,

O
NH

=
v

SN-N

5-Amino-N-(3-(2,5-dimethylphenyl)-1-methyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrimidine-3-

carboxamide

N(Boc),

10

Di-tert-butyl 2-(2,5-dimethylphenyl)-2-oxoethyliminodicarbonate

To an oven-dried flask charged with di-tert-butyl iminodicarboxylate (2.566 g,
11.81 mmol, 1.10 equiv) in N,N-dimethylformamide (30 mL) was added sodium hydride
(0.586 g, 14.6 mmol, 1.37 equiv, 60% in mineral oil) at room temperature. After 1.5 hours,
15  2-bromo-1-(2,5-dimethylphenyl)ethanone (2.432 g, 10.71 mmol, 1.00 equiv) was added to
the reaction mixture at room temperature. After an additional 1.5 hours, the reaction mixture
was partitioned between ethyl acetate and water. The organic portion was washed with water
and saturated aqueous sodium chloride solution, dried over magnesium sulfate, filtered, and
concentrated. The crude product was purified by flash column chromatography on silica gel
20 (0 to 40% ethyl acetate in heptanes) to obtain 3.01 g (77%) of di-tert-butyl 2-(2,5-
dimethylphenyl)-2-oxocthyliminodicarbonate. LCMS (ESI) m+Na = 386.2.
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pyrazol o[ 1, 5-a] pyri m di ne-3- carboxylic acid cycl ohexylam de 414.1 262 N
0"0 NN:'S/ 10 H NH 5-Benzenesul f onyl am no- pyrazol o[ 1, 5-a] pyri m di ne- 3-

car boxyl iwoaeiodhscisel ohexyl am de 400.1 WD 2010/ 051549PCP(DSR0@10/0663014 263
N, N NNH2 O NH -- . 5-Am no-pyrazol o[ 1,5- a]pyrimdine-3-carboxylic acid

[ 2- (2-1o0do- phenyl)-2H pyrazol - 3-yl]-amde 446.0 264 - NNH2 NH -- N .F
----"N 5-Am no-pyrazol o[ 1, 5- a] pyri mdi ne-3-carboxylic acid

[ 2- (2, 4-difluoro-phenyl)-2H pyrazol - Nyl]-am de 355.7 265 "' "' N NNH2

N(Boc),

Di-tert-butyl 1-(dimethylamino)-3-(2,5-dimethylphenyl)-3-oxoprop-1-en-2-

yliminodicarbonate

A solution of di-tert-butyl 2-(2,5-dimethylphenyl)-2-

5  oxoethyliminodicarbonate (3.0076 g, 8.2752 mmol, 1 equiv) and 1,1-dimethoxy-N,N-
dimethylmethanamine (6.0 mL, 45 mmol, 5.4 equiv) was heated at 70 °C for 17 hours and
then 100 °C for 24 hours. After the evaporation of excess 1,1-dimethoxy-N,N-
dimethylmethanamine, the crude product was purified by flash column chromatography on
silica gel (0 to 50% ethyl acetate in heptanes) to yield 1.305 g (38%) of di-tert-butyl 1-

10 (dimethylamino)-3-(2,5-dimethylphenyl)-3-oxoprop-1-en-2-yliminodicarbonate. LCMS
(ESI) m+H =419.3.

3-(2,5-Dimethylphenyl)-1H-pyrazol-4-amine

Di-tert-butyl 1-(dimethylamino)-3-(2,5-dimethylphenyl)-3-oxoprop-1-en-2-

15  yliminodicarbonate (1.305 g, 3.118 mmol, 1.0 equiv) and hydrazine (0.20 mL, 6.4 mmol, 2.0
equiv) were dissolved together in ethanol (15 mL). The reaction mixture was heated at 70 °C
for 1 hour and then evaporated to dryness. The solid residue was dissolved in
dichloromethane (8 mL) and hydrogen chloride (8.0 mL, 100 mmol, 40 equiv, 4.0 M in 1,4-
dioxane) and stirred at room temperature for 3.5 hours. The solvent and excess hydrogen

20  chloride were evaporated, and the crude product was partitioned between saturated aqueous
sodium bicarbonate solution and dichloromethane. The aqueous layer was extracted once
with dichloromethane, and the combined organic extracts were dried over magnesium sulfate
and concentrated to yield 605.4 mg (104%) of 3-(2,5-dimethylphenyl)-1H-pyrazol-4-amine,
which was carried forward without purification. LCMS (ESI) m+H = 188.3.
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O NH --- 5-Am no-pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid
[ 2- (2-fluoro-phenyl)-2H pyrazol-3-yl]-amde 338.2 266 N - N

---- .., .. W0.2010/051MDH2 O NH : - N 4*F 5- Ami no- pyrazol o[ 1, R€T/US2009/063014

a] pyrimdine-3-carboxylic acid [2-(2,4-difl uoro-phenyl) 5-

met hyl - 2H pyr azol - 3- A-am de 369.9 267 --,...- "... NNH2 O NHCI r-C zN

4. ---14 C 5- Am no-pyrazol o[ 1, 5- a]Np md| ne 3 carboxylic acid

[ 2- (2, 5-di chl oro- phenyl)-5- net hyl - azoI 3-A-anm de 402.2 268 - N ---
/N‘N/

5-Chloro-N-(3-(2,5-dimethylphenyl)-1-methyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrimidine-3-

carboxamide

To a solution of 5-chloropyrazolo[1,5-a]pyrimidine-3-carbonyl chloride (400.4

5 mg, 1.853 mmol, 1.16 equiv) in dichloromethane (6 mL) was added 3-(2,5-dimethylphenyl)-
1H-pyrazol-4-amine (300.0 mg, 1.602 mmol, 1.0 equiv) and triethylamine (0.70 mL, 5.0
mmol, 3.1 equiv) at room temperature. After 14 hours, the reaction mixture was partitioned
between dichloromethane and half-saturated aqueous sodium bicarbonate solution. The
aqueous layer was extracted once with dichloromethane. The combined organic portions are

10  dried over magnesium sulfate, filtered, and concentrated to yield 5-chloro-N-(3-(2,5-

dimethylphenyl)-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrimidine-3-carboxamide, which was
carried forward without purification. LCMS (ESI) m+H =367.1.

To a solution of the above crude material in N,N-dimethylformamide (12 mL)

was added cesium carbonate (0.890 g, 2.73 mmol, 2.0 equiv) and methyl iodide (0.135 mL,

15  2.17 mmol, 1.61 equiv). The reaction mixture was then heated at 40 °C. After 5 hours, the
reaction mixture was partitioned between ethyl acetate and water. The organic portion was
washed with water and saturated aqueous sodium chloride solution, dried over magnesium
sulfate, filtered, and concentrated. The crude product was purified by flash column
chromatography on silica gel (20 to 90% ethyl acetate in dichloromethane) to obtain 45.5 mg

20 (9%) of 5-chloro-N-(3-(2,5-dimethylphenyl)-1-methyl-1H-pyrazol-4-yl)pyrazolo[1,5-
a]pyrimidine-3-carboxamide. LCMS (ESI) m+H = 381.2.

N~
4 NI
— ~

N” “NH,

O
NH

=
/
NN
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-- 5-Am no- pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid

[ 2- (3, 5-di net hyl - phenyl)-2H pyrazol -3-yl]-amde 347.9 .-1\1' WO

2010/ 0515406RCIV0SBR009/ 063014 269 - NNH2 o NH --- 5- Am necpyusamoloefols 5-

a] pyri mdi ne-3-carboxylic acid (2-mtolyl-2H pyrazol-3-yl)- amde 333.9 N
---N, 270 - NNH2 O NH --- 5- Am no- pyrazol o[ 1, 5-

al pyr I Irnqgo &a&bé) é%ﬁll tﬁylgl(l:elngll)(lzmethy? l¥llpyrazdrf yr ﬁfpyrazolo[}f% a]pyrlrm%me% 4. 0

carboxamide

Ammonia gas was bubbled through an ice-cooled suspension of 5-chloro-N-
(3-(2,5-dimethylphenyl)-1-methyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrimidine-3-

5  carboxamide (45.5mg, 0.119 mmol) in ethanol (3.0 mL) for 20 minutes. The reaction vessel
was capped and heated at 100 °C by microwave irradiation for 30 minutes. The reaction
mixture was concentrated to dryness, and the crude product was purified by reverse phase
HPLC and lyophilized to give 4.0 mg (9.3%) of 5-amino-N-(3-(2,5-dimethylphenyl)-1-
methyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrimidine-3-carboxamide. LCMS (ESI) m+H =

10 362.1; '"H NMR (400 MHz, DMSO) & 9.47 (s, 1H), 8.62 (d, J=7.5, 1H), 8.16 (d, J="7.1,
2H), 7.30 (d, J=8.2, 1H), 7.19 (d, /= 6.2, 2H), 6.36 (d, J = 7.6, 1H), 5.75 (s, 2H), 3.88 (s,
3H), 2.29 (s, 3H), 2.21 (s, 3H).

Example 226

/N N /ﬁ\
O H Cl
!
\N'
15 5-Amino-N-(1-(5-chloro-2-methylphenyl)-3-methyl-1H-pyrazol-5-yl)pyrazolo[1,5-

a]pyrimidine-3-carboxamide

ZT

~

NH,
HCI

Cl

(5-Chloro-2-methylphenyl)hydrazine hydrochloride

To an ice-cooled suspension of 5-chloro-2-methylaniline (1.4362 g, 10.143
20  mmol, 1.00 equiv) in water (10 mL) was added concentrated hydrochloric acid (10 mL). To

this reaction mixture was added dropwise a solution of sodium nitrite (0.791 g, 11.5 mmol,
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271 N /N NH2 ONH C --.pyrazol -3-yl]-am de 5- Am no-pyrazol o[ 1, 5-
a)l pyri m di ne-3-carboxylic acid [2-(3-chloro-phenyl)-2H 354.0 272 OCH3 NN

[ . --..-;WO0.2010/051549. . . . . e NNN H NH 5- (4- Met hoxy- py PCaUS2@9/063014
yl am no) pyrazol o[ 1, 5- a] pyr| m di ne- 3- carboxylic acid cycl ohexyl am de 367. 2
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a stirring ice-cooled solution of tin chloride dihydrate (5.88 g, 25.8 mmol, 2.55 equiv) in
concentrated hydrochloric acid (8§ mL). Water was added as needed to maintain the stirring
while solids formed. The reaction was kept at 0 °C for 45 minutes. The white solids were
5  filtered and rinsed with diethyl ether (2 x 50 mL). The solids were dried under vacuum to
provide 1.49 g (76%) of (5-chloro-2-methylphenyl)hydrazine hydrochloride. 'H NMR
(400MHz, DMSO-dp) 6: 10.08 (s, 3H), 7.98 (s, 1H), 7.13 (d, 1H), 6.97 (s, 1H), 6.91 (d, 1H),

2.14 (s, 3H).
NH, Cl
— IN
=N
10 1-(5-Chloro-2-methylphenyl)-3-methyl-1H-pyrazol-5-amine

To a solution of (5-chloro-2-methylphenyl)hydrazine hydrochloride (1.49 g,

7.72 mmol, 1.00 equiv) in ethanol (8 mL) was added hydrogen chloride (4.0 mL, 20 mmol, 2
equiv, 5 M aqueous solution) and 3-aminocrotonitrile (0.664 g, 8.09 mmol, 1.05 equiv). The
reaction mixture was stirred at 80 °C for 16 hours and then brought to neutral pH with

15  saturated aqueous sodium bicarbonate solution. The resultant solution was extracted twice
with dichloromethane, and the combined extracts were dried over magnesium sulfate,
filtered, and concentrated to yield 1.41 g (82%) of 1-(5-chloro-2-methylphenyl)-3-methyl-
1H-pyrazol-5-amine, which was carried forward without further purification. LCMS (ESI)
m+H = 222.2; "H NMR (400MHz, DMSO-d;) 8: 7.39 (d, 1H), 7.37 (d, 1H), 7.25 (s, 1H), 5.22

20 (s, 1H), 5.00 (s, 2H), 2.04 (overlapping s and s, 6H).

NN

/ /

55

5-Amino-N-(1-(5-chloro-2-methylphenyl)-3-methyl-1H-pyrazol-5-yl)pyrazolo[1,5-

a]pyrimidine-3-carboxamide
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0 NHF ---N 4. 5-Am no-pyrazol o[ 1,5- a] pyri m di ne-3-carboxylic acid

[ 2- (3, 5-difluoro-phenyl)-2H pyrazol-3-yl]-amde 356.6 WO

2010/ 0515406RCIVIIB009/ 063014 275 N, /- NNH2 NH HN- N11 \ PCNUS2009/063014
5- Ami no- pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid

[ 3-(3-cyano- phenyl) 1H pyrazol -4-yl]-am de 345.1 276 N-N |

o azol b 1 5 a] pyFieitls soimeind B pieprted vsimbd- Sy SR a3 5 277 -

NNHZ o Nt 1- TE-pyrazol-5-amine and following the procedures described for Example 222.
LCMS (EST) m+H = 382.1; "H NMR (400 MHz, DMSO) 5 9.73 (s, 1H), 8.63 (d, J=17.5,
1H), 8.18 (s, 1H), 7.58 — 7.45 (m, 3H), 6.41 (s, 1H), 6.37 (d, J=7.6, 1H), 2.22 (s, 3H), 2.04
5 (s,3H).

Example 227

N~N

N-(3-(3-Chlorophenyl)-1-methyl-1H-pyrazol-4-yl)-5-
(cyclopropylmethylamino)pyrazolo[1,5-a]pyrimidine-3-carboxamide

10 O/\g o
2-(2-(3-Chlorophenyl)-2-oxoethyl)isoindoline-1,3-dione

A solution of 2-bromo-3’-chloroacetophenone (0.9271 g, 3.971 mmol, 1.0

equiv) and potassium phthalimide (0.8129 g, 4.389 mmol, 1.1 equiv) in N,N-
dimethylformamide (15 mL) was heated at 50 °C. After 1 hour, the solvent was removed by

15  rotary evaporation. The resultant solids were triturated with ethyl acetate and filtered. The
collected solids were dried under vacuum to yield 1.19 g (117%) of 2-(2-(3-chlorophenyl)-2-
oxoethyl)isoindoline-1,3-dione, which was carried forward without purification. "H NMR
(400MHz, DMSO-dp) 6: 8.13 (s, 1H), 8.05 (d, 1H), 7.96 (m, 2H), 7.93 (m, 2H), 7.83 (d, 1H),
7.65 (t, 1H), 5.29 (s, 2H).
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p4. N Cl 5- Am no-pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid

[ 2- (2, 5-dichl oro-phenyl)-2H pyrazol -3-yl]-amde 388.0 278 NNH2 NH -
F 5- Ami nowpyoszwshsapl, 5- a] pyri m di ne- 3-carboxylic aci d PCT/US2009/063014
[2-(2-trifluoromethyl-phenyl)- 2H pyrazol-3-yl]-am de 388.0 279 "NO O
-- NNNSOHNH----- 5- (Tol uene- 2- sul f onyl am no) -

pyrazol o[ 1, 5-a] pyri m di ne-3- car boxyl ic acid tert-butylam de 388.2 280 "NO

0\

I/ -- NNNS O HNH ----- < 5- Bepuenesyl f onyl ani no-

pyrazol o[ 1, 5-a] pyri mi di ne- 3- ca?'%oxyl} C\@ t ert-butyl ani de 374.2
0 0

10

15

20

2-(3-(3-Chlorophenyl)-1-(dimethylamino)-3-oxoprop-1-en-2-yl)isoindoline-1,3-dione

A stirred mixture of 2-(2-(3-chlorophenyl)-2-oxoethyl)isoindoline-1,3-dione
(782.2 mg, 2.610 mmol, 1 equiv) and 1,1-dimethoxy-N,N-dimethylmethanamine (1.5 mL, 11
mmol, 4.3 equiv) was heated at 100 °C for 18 hours. Excess 1,1-dimethoxy-N,N-
dimethylmethanamine was removed by rotary evaporation. The crude product was purified
by flash column chromatography on silica gel (50 to 100% ethyl acetate in heptane) to yield
740 mg (80%) of 2-(3-(3-chlorophenyl)-1-(dimethylamino)-3-oxoprop-1-en-2-yl)isoindoline-
1,3-dione. LCMS (ESI) m+H = 355.2; '"H NMR (400MHz, CDCls) &: 7.90 (d of d, 2H), 7.77
(d of d, 2H), 7.57 (s, 1H), 7.44 (d, 1H), 7.37 (overlapping d and s, 2H), 7.31 (t, 1H), 3.00 (s,
6H).

NH, Cl

.
/>_< />
/N‘N

3-(3-Chlorophenyl)-1-methyl-1H-pyrazol-4-amine

A solution of 2-(3-(3-chlorophenyl)-1-(dimethylamino)-3-oxoprop-1-en-2-
yl)isoindoline-1,3-dione (2.30 g, 6.48 mmol, 1.0 equiv) and N-methylhydrazine (1.4 mL, 26
mmol, 4.0 equiv) in ethanol (50 mL) was heated at 80 °C. After 2 hours, the reaction mixture
was concentrated, and the resultant crude mixture of regioisomers was separated and purified
by flash column chromatography on silica gel (0 to 80% ethyl acetate in dichloromethane) to
yield: 715.0 mg (53%) of 3-(3-chlorophenyl)-1-methyl-1H-pyrazol-4-amine. LCMS (ESI)
m+H = 208.2; "H NMR (400MHz, CDCls) &: 7.78 (s, 1H), 7.63 (d, 1H), 7.33 (t, 1H), 7.25
(overlapping with CDCl3, 1H), 7.04 (s, 1H), 3.84 (s, 3H), and 274.6 mg (20%) of 5-(3-
chlorophenyl)-1-methyl-1H-pyrazol-4-amine. LCMS (ESI) m+H = 208.2; '"H NMR
(400MHz, CDCls) o: 7.43 (t, 1H), 7.38 (overlapping d and s, 2H), 7.27 (d, 1H), 7.23 (s, 1H),
3.76 (s, 3H).
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N-(3-(3-Chlorophenyl)-1-methyl-1H-pyrazol-4-yl)-5-
(cyclopropylmethylamino)pyrazolo[1,5-a]pyrimidine-3-carboxamide

To a solution of 5-chloropyrazolo[1,5-a]pyrimidine-3-carbonyl chloride (0.166
5 g, 0.768 mmol) in dichloromethane (8 mL) was added 3-(3-chlorophenyl)-1-methyl-1H-

pyrazol-4-amine (73.6 mg, 0.354 mmol) and triethylamine (0.20 mL, 1.4 mmol) at room
temperature. After 1 hour, the reaction mixture was partitioned between dichloromethane
and half-saturated aqueous sodium bicarbonate solution. The organic layer was dried over
magnesium sulfate and concentrated to yield 5-chloro-N-(3-(3-chlorophenyl)-1-methyl-1H-

10 pyrazol-4-yl)pyrazolo[1,5-a]pyrimidine-3-carboxamide, which is carried forward without
purification. LCMS (ESI) m+H = 387.1.

A solution of the above crude 5-chloro-N-(3-(3-chlorophenyl)-1-methyl-1H-

pyrazol-4-yl)pyrazolo[1,5-a]pyrimidine-3-carboxamide, cyclopropylmethylamine (0.1 mL,
1.0 mmol), and N,N-diisopropylethylamine (0.20 mL, 1.1 mmol) in ethanol (5 mL) was

15  heated at 120 °C by microwave irradiation. After 30 minutes, the reaction mixture was
concentrated to dryness, and the resultant crude product was purified by reverse phase HPLC
and lyophilized to give 95.7 mg (64%) of N-(3-(3-chlorophenyl)-1-methyl-1H-pyrazol-4-yl)-
5-(cyclopropylmethylamino)pyrazolo[ 1,5-a]pyrimidine-3-carboxamide. LCMS (ESI) m+H =
422.1; "TH NMR (500 MHz, DMSO0) 8 9.62 (s, 1H), 8.58 (d, J = 7.6, 1H), 8.20 (s, 1H), 8.14 (s,

20 2H),7.75-7.59 (m, 2H), 7.46 (t, J=7.8, 1H), 7.42 — 7.34 (m, 1H), 6.41 (d, /= 7.6, 1H),
3.90 (s, 3H), 2.62 — 2.54 (m, 2H), 0.76 (s, 1H), 0.38 — 0.24 (m, 2H), -0.14 (m, 2H).
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F 5-(6-Trifluoronethyl-pyridin-2- ylam no)-pyrazol o[ 1, 5-

a] pyri m di ne-3-carboxylic acid (3-nethyl-isoxazol-5-yl)-am de 404.2 284 |
NNN H Wbl 2010051M9- F F F 5-(6-Tri fl uoromet hyl - pyri di nP24/US2009/063014

yl am no) - pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid

(2,5-di net hyl-2H pyrazol-3-yl)- amde 417.2 285 /...-",..., [/ I NNN H NH/
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a] pyri m di ne-3-carboxylic acid pyrigMM¥%$% ani de 400.2 286

5-Amino-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid [3-(2,5-dichloro-
phenyl)-1-methyl-1H-pyrazol-4-yl]-amide

5-o0x0-4,5-dihydropyrazolo[ 1,5-a]pyrimidine-3-carboxylic acid

To a stirred solution of 5-amino-1H-pyrazole-4-carboxylic acid (10.0 g, 71.4
mmol) in ethanol (100 mL), was added sodium ethoxide (17.0 g, 245 mmol) followed by 1,3-
dimethyluracil (11.0 g, 78.6 mmol). The reaction mixture was then stirred at reflux overnight

10 under an argon atmosphere. The mixture was poured into ice-water, and the resultant

solution was acidified to about pH 3-4 with concentrated HCI. The suspension was stirred for
2 hours and then filtered to afford the intermediate, which was used without further
purification (10.0 g, 58% yield). 'H NMR (400MHz, DMSO-dy): 8.54 (d, J=9.2 Hz, 1 H),
8.06 (s, 1H), 6.11 (d, /= 7.2 Hz, 1 H).

15 Cl

5-Chloropyrazolo[1,5-a]pyrimidine-3-carbonyl chloride

A suspension of 5-0x0-4,5-dihydropyrazolo[1,5-a]pyrimidine-3-carboxylic
acid (9.5 g, 53.1 mmol) and diisopropylethylamine (17.1 g, 132.6 mmol) in phosphorus(V)
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(dichloromethane) to afford 5-chloropyrazolo[1,5-a]pyrimidine-3-carbonyl chloride as a solid

(8.0 g, 70% yield). 'H NMR (400MHz, CDCl3): 8.72 (d,J=7.2 Hz, 1 H), 8.65 (s, 1 H), 7.17
5 (d,J=7.6Hz, IH).

5
aJ
20
5-

[

Cl

Br
0]

Cl
2-Bromo-1-(2,5-dichlorophenyl)ethanone

To an ice-cooled solution of 2°,5’-dichloroacetophenone (1.0 g, 5.0 mmol) in
acetic acid (10 mL) was added HBr (~ 1%) followed by a solution of bromine (0.80 g, 5.0
10 mmol) in acetic acid (3 mL). The resultant mixture was warmed to room temperature and
stirred overnight. The mixture was poured into ice water and then neutralized with saturated
aqueous sodium carbonate solution. Saturated aqueous sodium thiosulfate solution was then
added to the mixture. The resultant mixture was extracted with ethyl acetate. The organic
phase was washed with saturated aqueous sodium chloride solution, dried over anhydrous
15  sodium sulfate, filtered, and concentrated. Purification by flash column chromatography
afforded 2-bromo-1-(2,5-dichlorophenyl)ethanone as an oil (0.70 g, 50% yield). 'H NMR
(400MHz, CDCls): 7.54 (d, J=2.4 Hz, 1 H), 7.43 (m, 1 H), 7.40 (m, 1 H), 4.68 (s, 2 H).

2-(2-(2,5-Dichlorophenyl)-2-oxocthyl)isoindoline-1,3-dione

20 To an ice-cooled solution of 2-bromo-1-(2,5-dichlorophenyl)ethanone (0.10 g,
0.37 mmol) in N,N-dimethylformamide (8 mL) was added potassium phthalimide (76 mg,
0.41 mmol). The mixture was warmed to room temperature for 2 hours. The resultant

mixture was then poured into water and extracted with ethyl acetate. The organic layer was
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NN oH NH ----- < 5-(2-Trifluoronethyl-pyridin-4- ylam no)-pyrazol o[ 1, 5-
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diethyl ether afforded 2-(2-(2,5-dichlorophenyl)-2-oxoethyl)isoindoline-1,3-dione as a white
solid. (110 mg, 88% yield). "H NMR (400MHz, CDCls): 7.92-7.94 (m, 2 H), 7.78-7.80 (m, 2
H), 7.72 (m, 1 H), 7.45-7.46 (m, 2 H), 5.08 (s, 2 H).
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2-(3-(2,5-Dichlorophenyl)-1-(dimethylamino)-3-oxoprop-1-en-2-yl)isoindoline-1,3-dione

A solution of 2-(2-(2,5-dichlorophenyl)-2-oxocthyl)isoindoline-1,3-dione
(0.10 g, 0.30 mmol) in 1,1-dimethoxy-N,N-dimethylmethanamine (8 mL) was heated at
reflux for 2 hours. The resultant mixture was then concentrated. Purification by flash
10 column chromatography afforded 2-(3-(2,5-dichlorophenyl)-1-(dimethylamino)-3-oxoprop-1-
en-2-yl)isoindoline-1,3-dione as a solid (0.90 g, 77% yield).

3-(2,5-Dichlorophenyl)-1-methyl-1H-pyrazol-4-amine

To an ice-cooled solution of 2-(3-(2,5-Dichlorophenyl)-1-(dimethylamino)-3-
15 oxoprop-1-en-2-yl)isoindoline-1,3-dione (0.050 g, 0.13 mmol) in ethanol (6 mL) was added
40% aqueous methylhydrazine solution (45 mg, 0.39 mmol). The mixture was then heated at
reflux for 3 hours. The reaction mixture was then concentrated and purified by flash column
chromatography to afford 3-(2,5-dichlorophenyl)-1-methyl-1H-pyrazol-4-amine as a solid
(12 mg, 38% yield). "H NMR (400MHz, CDCls): 7.50 (d, J=3.6 Hz, 1 H), 7.38 (d, /= 8.8
20 Hz, 1H),7.28 (m, 1 H), 7.06 (s, 1 H), 3.86 (s, 3 H), 2.98 (s, 2 H).
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5-Chloro-N-(3-(2,5-dichlorophenyl)-1-methyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrimidine-3-

carboxamide

To an ice-cooled solution of 3-(2,5-dichlorophenyl)-1-methyl-1H-pyrazol-4-

5 amine (121 mg, 0.50 mmol) and tricthylamine (101 mg, 1.00 mmol) in dichloromethane (15
mL) was added 5-chloropyrazolo[1,5-a]pyrimidine-3-carbonyl chloride (162 mg, 1.5 mmol).
The reaction mixture was warmed to room temperature for 3 hours. The mixture was then
washed with saturated aqueous sodium chloride solution. The collected organics were dried
over anhydrous sodium sulfate, filtered, and concentrated. Purification by preparative HPLC

10  afforded 5-chloro-N-(3-(2,5-dichlorophenyl)-1-methyl-1H-pyrazol-4-yl)pyrazolo[1,5-

a]pyrimidine-3-carboxamide as a solid (110 mg, 52% yield). "H NMR (400 MHz, DMSO-
ds): 9.34(d,J=7.6 Hz, 1 H), 9.21 (s, 1 H), 8.69 (s, 1 H), 8.33 (s, 1 H), 7.71 (d,/=9.2 Hz, 1
H), 7.60 (d,/=9.2Hz, 1 H), 7.54 (s, 1 H), 7.36 (d, /= 6.8 Hz, 1 H), 3.93 (s, 3 H).

N~
/ N

15 5-Amino-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid [3-(2,5-dichloro-phenyl)-1-methyl-
1H-pyrazol-4-yl]-amide

A solution of 5-chloro-N-(3-(2,5-dichlorophenyl)-1-methyl-1H-pyrazol-4-
yl)pyrazolo[1,5-a]pyrimidine-3-carboxamide (110 mg, 0.26 mmol) in ethanol saturated with
ammonia (4 mL) was heated at 95 °C for 30 minutes with microwave irradiation. The

20  mixture was concentrated. Purification by flash column chromatography afforded 5-amino-
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----C 5-(6-Trifluoronethyl-pyridin-2- ylam no)-pyrazol o[ 1, 5-
a] pyri m di ne-3-carboxylic acid isopropylamde 365.1 295 | .--;

- .WO0.2010/151549 . . . . . . yFF NNN H F NH 5- (6-Tri f | uor omeChusz@ynsuiin- 2-
yI am no) pyrazol o[ 1, 5- a] pyri m di ne- 3-carboxylic acid cycl ohexyl am de 405. 2
2906 | F . HFFNH---- 5-(5-Trifluoronethyl -pyridin-3-

Iamno 1,5-..a |ne | | 379.2
Yoo " Dol bR PO G TR o B Lt b ite 3L
pecar bagyliagmidcasth (i@t BGRSTP JRNERNMHANNAR (A0 MEIZ3BRISD-ds): 9.37 (s, 1 H),

8.63 (d,J=7.6 Hz, 1 H), 8.14-8.16 (m, 2 H), 7.70 (m, 1 H), 7.52-7.55 (m, 2 H), 6.39 (d, J =
8.0 Hz, 1 H), 3.91 (s, 3 H).

5 Example 229

5-Benzenesulfonylamino-pyrazolo[ 1,5-a]pyrimidine-3-carboxylic acid isopropylamide

A mixture of 5-chloro-N-isopropylpyrazolo[ 1,5-a]pyrimidine-3-carboxamide

(95.5 mg, 0.40 mmol, 1.0 equiv), benzenesulfonamide (62.0 mg, 0.40 mmol, 1.0 equiv) and

10 cesium carbonate (312 mg, 0.96 mmol, 2.4 equiv) in 1,2-dimethoxyethane (8 mL) was heated
to 85 °C for 72 hours. The solvent was removed in vacuo, and the resultant residue dissolved
in water. The pH of the solution was then adjusted to about 5 by the addition of 1M HCI
aqueous solution and extracted with dichloromethane (2 x 30 mL). The organic extracts were
concentrated under vacuum and the residue purified by flash column chromatography on

15  silica gel (gradient: 0 to 10% methanol in dichloromethane) to afford 57.0 mg (40%) of 5-
benzenesulfonylamino-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid isopropylamide as a
solid. LCMS (EST) m+H = 360.3; "H NMR (400 MHz, DMSO-ds) &: 12.2 (s, 1 H), 8.97 (d, 1
H), 8.30 (s, 1 H), 8.01 (d, 2 H), 7.64 (m, 4 H), 6.64 (m, 1 H), 4.13 (m, 1 H), 1.21 (d, 6 H).

Example 230
HsC
I<,o
<\

20 H5C
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298 N ... kl."...??2., NHNN H 6 5-Cycl opentyl am no-

pyrazol o[ 1, 5-a] pyri m di ne-3- carboxylic acid (tetrahydro- pyran-4-yl)-am de
330. 1 299we 2bidkdski4bdl 2 H O 5- (1 ndan- 1-yl am no) - PCT/US2009/063014

pyrazol o[ 1, 5-a] pyri m di ne-3- carboxylic acid (4-hydroxy- cycl ohexyl)-am de
392.2 WD 2010/ 051549PCT/ US2009/ 063014 300 N-N* -- N HN FI NH 4110
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Ethyl 5-Chloropyrazolo[1,5-a]pyrimidine-3-carboxylate

5 To a suspension of 5-0x0-4,5-dihydro-pyrazolo[1,5-a]pyrimidine-3-carboxylic
acid ethyl ester (prepared according to Gavrin, L.K. et al, J. Org. Chem. 2007, 72, 1043-
1046) (3.00 g, 14.5 mmol, 1 equiv) in phosphorus oxychloride (30 mL) was added
diisopropylethylamine (2.00 mL, 11.6 mmol, 0.8 equiv). The mixture was heated to 90 °C for
4.5 hours. After cooling, the mixture was carefully quenched with ice-water and extracted

10 with dichloromethane. The organic extract was washed with saturated aqueous sodium
bicarbonate solution, dried over anhydrous sodium sulphate, filtered, and concentrated under
vacuum to give a solid. Trituration (diethyl ether) afforded 2.38 g (73%) of ethyl 5-
chloropyrazolo[1,5-a]pyrimidine-3-carboxylate as a solid. LCMS (ESI) m+H = 226.2 (mono
chlorinated isotope pattern); '"H NMR (400 MHz, CDCl3) 3: 8.63 (d, 1 H), 8.56 (s, 1 H),

15 699(d, 1H), 443 (q,2 H), 1.42(t,3 H).

— ~ NS
i/kN N~ N7 CFs
o H

OEt

Ethyl 5-(6-(Trifluoromethyl)pyridin-2-ylamino)pyrazolo[1,5-a]pyrimidine-3-carboxylate

A 20-mL microwave vial was charged with ethyl 5-chloropyrazolo[1,5-
a]pyrimidine-3-carboxylate (1.28 g, 5.67 mmol, 1 equiv), 2-amino-6-
20 (trifluoromethyl)pyridine (1.10 g, 6.81 mmol, 1.2 equiv), 4,5-bis(diphenylphosphino)-9,9-
dimethylxanthene (132 mg, 0.22 mmol, 4 mol%), tris(dibenzylideneacetone) dipalladium(0)
(104 mg, 0.11 mmol, 2 mol%), sodium tert-butoxide (652 mg, 6.81 mmol, 1.2 equiv) and
toluene (12 mL). The vial was sealed and the contents degassed, purged with argon and then

heated in a microwave reactor at 140 °C for 20 minutes. After cooling, the mixture was
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HN NH o 410 5-(2, 3- D hydr o- benzof uran-3- yl am no) - pyrazol o[ 1, 5-
a)l pyri m di ne-3-carboxylic acid (tetrahydro-pyran-4-yl)-amde 380.1 302 --N
-- HN FI WoHob/Bysbohexyl am no- pyrazol o[ 1, 5-a] pyri m di meTars2@an0bsmiy!l i c
acid (4,4-difluoro- cycl ohexyl)-am de 378. 2 303 N i -- HN FOF *- NNH
a 5-Cycl opentyl am no- pyrazol o[ 1, 5-a] pyri m di ne-3- carboxylic acid
(4, 4-di (Iifu e with &Y&f E%Q%Z[(ey alukd-f?l?é‘rg({a th?o%i}gh]é pad of Celite®. The filtrate was washed with
water and saturated aqueous sodium chloride solution, dried over anydrous sodium sulphate,
filtered, and concentrated under vacuum. The resultant residue was purified by flash column
chromatography on silica gel (gradient: 0 to 20% ethyl acetate in dichloromethane) to give
5 344 mg (17%) of ethyl 5-(6-(trifluoromethyl)pyridin-2-ylamino)pyrazolo[ 1,5-a]pyrimidine-3-
carboxylate as an orange solid. LCMS (ESI) m+H = 352.1; 'H NMR (300 MHz, DMSO-ds)
d: 11.06 (s, 1 H), 9.16 (d, 1 H), 8.94(d, 1 H), 8.39 (s, 1 H), 8.10(t, 1 H), 7.57 (d, 1 H),

7.05(d, 1 H), 4.31(q,2 H), 1.40 (t, 3 H).
N H N~ “CF;
o OH

10 5-(6-Trifluoromethyl-pyridin-2-ylamino)-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid

A mixture of ethyl 5-(6-(trifluoromethyl)pyridin-2-ylamino)pyrazolo[1,5-
a]pyrimidine-3-carboxylate (344 mg, 0.98 mmol, 1.0 equiv), 2M aqueous sodium hydroxide
solution (1.50 mL, 3.0 equiv) and ethanol (15 mL) was heated to reflux for 5 hours. After
cooling, the precipitate was collected by filtration, washed with ethanol, and air dried. The

15  resultant solid was suspended in 1.25 M HCl in methanol (16 mL) and then concentrated
under vacuum. The residue was triturated (diethyl ether) to afford 355 mg (quant. yield) of 5-
(6-trifluoromethyl-pyridin-2-ylamino)-pyrazolo[ 1,5-a]pyrimidine-3-carboxylic acid which
was used without further purification. LCMS (ESI) m+H = 324.2; "H NMR (300 MHz,
DMSO-ds) 6: 11.03 (s, 1 H), 9.01 (d, 1 H), 8.95(d, 1 H), 835 (s, 1 H), 8.10-8.02 (m, 1 H),

20 7.54(d,1H), 7.16 (d, 1 H).

3

QY
— ~ NS
N N N CF
o H

NH
H5C

—

~ /o

N

H3;C

5-(6-Trifluoromethyl-pyridin-2-ylamino)-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (5-

methyl-isoxazol-3-yl)-amide
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304 - HN NNH * . 5-(1ndan-2-ylam no)- pyrazol o[ 1, 5-a] pyri m di ne- 3-

carboxylic acid (4, 4-difluoro- cycl ohexyl)-amde 412.1 305 --N --
FO F NNH woGbloas(s#o Hydr oxy- cycl ohexyl am no) - pyr azol o[ 1P&1/0S2009/063014

HN

a] pyri mdi ne-3-carboxylic acid (4, 4-difluoro-cycl ohexyl)-am de 394.2 306

"N--- NHN NHelb 5-(Indan-1-ylamno)- pyrazolo[1, 5-a]pyri m dine-3-

carboxylic acid FB/irislo%{ror]?)-yf;e-thylamine (101 mg, 0.78 mmol, 0.8 equiv) was added to a

suspension of 5-(6-trifluoromethyl-pyridin-2-ylamino)-pyrazolo[1,5-a]pyrimidine-3-
carboxylic acid (0.98 mmol, 1.0 equiv) in phosphorus oxychloride (6 mL) at 0 °C. The
mixture was then heated to 90 °C for 20 hours. After cooling, the solvent was removed under
5  vacuum and the residue azeotroped with dichloromethane, and then concentrated to yield the
crude acid chloride as a solid. Half of this crude material (assumed to be 0.49 mmol) was

used directly in the next step.

A mixture of acid chloride (0.49 mmol, 1.0 equiv) and 5-amino-3,4-dimethyl-
1,2-isoxazole (66.0 mg, 0.59 mmol, 1.2 equiv) in pyridine (4 mL) was heated to 60 °C for 90
10  minutes. After cooling, the solvent was removed under vacuum, and the isolated residue
triturated (water) and re-triturated (methanol) and the resultant solid was dried under vacuum
to give 56.3 mg (28%) of 5-(6-trifluoromethyl-pyridin-2-ylamino)-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid (5-methyl-isoxazol-3-yl)-amide. LCMS (ESI) m+H =418.1;
'H NMR (400 MHz, DMSO-dg) &: 11.12 (s, 1 H), 10.04 (s, 1 H), 9.04 (d, 1 H), 8.50 (s, 1
15 H), 841(d, 1H), 8.02(t,1H), 7.58(d, 1 H), 7.30(d, 1 H), 2.19 (s, 3 H), 1.88 (s, 3 H).

Example 231

N~
/ N7

— ~

5-Amino-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (2-methyl-4-o-tolyl-thiazol-5-yl)-

amide

CH; O O
OEt
20

3-Ox0-3-0-tolyl-propionic acid ethyl ester
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g, 180 mmol, 3.6 equiv) in toluene (300 mL) was slowly added diethyl carbonate (23.6 g, 200
mmol, 4.0 equiv) at ambient temperature. After stirring for 15 minutes, 2-methyl
acetophenone (6.70 g, 50.0 mmol, 1.0 equiv) was added, and the resultant mixture heated to

5  reflux for 18 hours. Glacial acetic acid (15 mL) was then added drop-wise over 10 minutes,
followed by the cautious addition of ice cold water (150 mL). The resultant mixture was
extracted with ethyl acetate and the combined organic extracts dried over magnesium sulfate
and concentrated under vacuum. The resultant residue was purified by flash column
chromatography on silica gel (gradient: 0 to 5% ethyl acetate in pentane) to afford 7.94 g

10 (77%) of 3-oxo0-3-o-tolyl-propionic acid ethyl ester as an oil (4:1 mixture of keto/enol

tautomers). "H NMR (Keto tautomer) (400 MHz, CDCl3) &: 7.66 (s, 1 H), 7.41 (s, 1 H),
7.30-7.25 (m, 2 H), 4.22-4.15 (m, 2 H), 3.96-3.94 (m, 2 H), 2.55 (s, 3 H), 1.28-1.22 (m, 3
H).

CH; O O

OEt
Br

15 2-Bromo-3-0x0-3-o-tolyl-propionic acid ethyl ester

Bromine (1.65 g, 10.3 mmol, 1.03 equiv) was added drop-wise to a stirred

solution of 3-0x0-3-o-tolyl-propionic acid ethyl ester (2.06 g, 10.0 mmol, 1.0 equiv) in 1,4-
dioxane (25 mL) at ambient temperature. The mixture was stirred for 1 hour and then diluted
with tert-butyl methyl ether (50 mL). The resultant solution was washed sequentially with

20  water, aqueous potassium carbonate solution and saturated aqueous sodium chloride solution.
The collected organic was dried over magnesium sulphate, filtered, and concentrated under
vacuum to afford 2.74 g (96%) of 2-bromo-3-0x0-3-o0-tolyl-propionic acid ethyl ester as a
dark brown residue. "H NMR (400 MHz, CDCl3) 8: 7.66 (d, 1 H), 7.46-7.37 (m, 1 H), 7.28
(m, 2 H), 5.62 (s, 1 H), 4.29-4.22 (q, 2 H), 2.52 (s,3 H), 1.28-1.19 (t, 3 H).

25
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tert-butylamde 234.3 310 --N I --..... 2. . Z 4, F

NNN HF F NH -"--< 5-(6-Trifl uoronethyl - pyr|d|n 2- ylan1no) pyrazol o[ 1, 5-
a] pyri m dvoeeBysassboxylic acid tert-butylam de 379. 2 31PCFRISE009MN6ID14
-0---,,.. NNNHNH ------ 5-(4-Trifluoromethyl-pyridin-2-

yl am no) - pyrazol o[ 1, 5- a] pyri m di ne-3-car boxylic acid tert-butylam de 379.2

312 NKI'"'.... 1IN Tetr dro ran-4-
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A stirred mixture of 2-bromo-3-0x0-3-0-tolyl-propionic acid ethyl ester (2.74
g, 9.60 mmol, 1.0 equiv) and thioacetamide (0.76 g, 10.1 mmol, 1.05 equiv) in ethanol (30
mL) was heated to reflux for 4 hours. The cooled mixture was filtered and concentrated under
5 vacuum. The residue was partitioned between ethyl acetate and water and the organic phase
was separated and then washed with saturated aqueous sodium chloride solution. The
collected organic was dried over magnesium sulphate, filtered, and concentrated under
vacuum. The resultant residue was purified by flash column chromatography on silica gel
(gradient: 0 to 20% ethyl acetate in pentane) to afford 0.84 g (34%) of 2-methyl-4-o-tolyl-
10 thiazole-5-carboxylic acid ethyl ester as an oil. LCMS (ESI) m+H = 261.9; "H NMR (400
MHz, CDCl3) 6: 7.31-7.18 (m, 4 H), 4.16 (q, 2 H), 2.76 (s, 3 H), 2.18 (s, 3 H), 1.14 (t, 3 H).

2-Methyl-4-0-tolyl-thiazole-5-carboxylic acid

A mixture of 2-methyl-4-0-tolyl-thiazole-5-carboxylic acid ethyl ester (0.84 g,
15  3.20 mmol, 1.0 equiv) and potassium hydroxide (0.36 g, 6.40 mmol, 2.0 equiv) in 50%
aqueous methanol (10 mL) was heated to 50 °C for 5 hours. The mixture was concentrated,
and the residue diluted with water and acidified to about pH 1 by the addition of 6N HCI
solution. The resultant solution was extracted with ethyl acetate (3x). The combined extracts
were dried over magnesium sulphate, filtered, and concentrated under vacuum to afford 0.61
20 g (81%) of 2-methyl-4-0-tolyl-thiazole-5-carboxylic acid as a solid. LCMS (ESI) m+H =
234.0; "TH NMR (400 MHz, CDCl3) 8: 7.32-7.17 (m, 4 H), 2.75 (s, 3 H), 2.17 (s, 3 H).

H3CYS >—Ot Bu

/NH

HsC
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368.

A mixture of 2-methyl-4-o0-tolyl-thiazole-5-carboxylic acid (300 mg, 1.29
mmol, 1.0 equiv), diphenyl phosphorylazide (DPPA) (354 mg, 1.29 mmol, 1.0 equiv), and
triethylamine (130 mg, 1.29 mmol, 1.0 equiv) in tert-butanol (10 mL) was heated to 85 °C for

5 4 hours. After cooling, the mixture was diluted with water and extracted with ethyl acetate
(3x). The combined organic extracts were dried over magnesium sulphate, filtered, and
concentrated under vacuum. The residue was purified by flash column chromatography on
silica gel (gradient: 2 to 25% ethyl acetate in pentane) to give 352 mg (90%) of (2-methyl-4-
o-tolyl-thiazol-5-yl)-carbamic acid tert-butyl ester as an oil. LCMS (ESI) m+H = 305.1; 'H

10 NMR (400 MHz, CDCl3) &: 7.33-7.24 (m, 4 H), 6.58 (s, 1 H), 2.64 (s, 3 H), 2.24 (s, 3 H),
1.48 (s, 9 H).

H,C

S
\l\lll// NH2

HsC

2-Methyl-4-0-tolyl-thiazol-5-ylamine

A solution of (2-methyl-4-0-tolyl-thiazol-5-yl)-carbamic acid fert-butyl ester

15 (340 mg, 1.12 mmol, 1.0 equiv) in dichloromethane (10 mL) was treated with trifluoroacetic
acid (0.7 mL, 9.00 mmol, 8.0 equiv) for 24 hours at ambient temperature. The mixture was
concentrated under vacuum and the resultant residue dissolved in dichloromethane and
washed sequentially with 10% aqueous potassium carbonate solution and saturated aqueous
sodium chloride solution. The collected organic was dried over magnesium sulfate and

20  filtered. The filtrate was passed through an Isolute® SCX-2 cartridge (eluting with
dichloromethane, dichloromethane/methanol (1:1) and 2M ammonia in methanol) to afford
62.0 mg (27%) of 2-methyl-4-o-tolyl-thiazol-5-ylamine as a brown residue. LCMS (ESI)
m+H = 205.0; "H NMR (400 MHz, CDCl3) &: 7.33-7.18 (m, 4 H), 3.54-3.45 (br, 2 H), 2.58
(s,3H), 2.29 (s, 3 H).
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5-Chloro-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (2-methyl-4-o-tolyl-thiazol-5-yl)-

amide

To an ice-cooled solution of 2-methyl-4-o0-tolyl-thiazol-5-ylamine (55.0 mg,
5 0.27 mmol, 1.0 equiv) and diisopropylethylamine (52.0 mg, 0.41 mmol, 1.5 equiv) in
dichloromethane (10 mL) was added a solution of 5-chloropyrazolo[1,5-a]pyrimidine-3-
carbonyl chloride (58.0 mg, 0.27 mmol, 1.0 equiv) in dichloromethane (5 mL). The reaction
mixture was warmed to ambient temperature and stirred overnight. The mixture was washed
with water and saturated aqueous sodium chloride solution, dried over magnesium sulfate,
10  filtered, and concentrated under vacuum. Purification by flash column chromatography on
silica gel (gradient: 0 to 3% methanol in dichloromethane) afforded 74.0 mg (73%) of 5-
chloro-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (2-methyl-4-o-tolyl-thiazol-5-yl)-amide
as a solid. LCMS (ESI) m+H = 384.0 (mono chlorinated isotope pattern); 'H NMR (400
MHz, CDCl3) 6: 9.73 (s, 1 H), 8.70 (s, 1 H), 8.63 (d, 1 H), 7.44-7.30 (m, 4 H), 6.93 (d, 1
15 H), 2.72 (s, 3 H), 2.31 (s, 3 H).

5-Amino-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (2-methyl-4-o-tolyl-thiazol-5-yl)-

amide

A mixture of 5-chloro-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (2-methyl-
20  4-o-tolyl-thiazol-5-yl)-amide (74.0 mg, 0.19 mmol, 1.0 equiv) and 2M ammonia in propan-2-

143



318 N, / NNHF HN 5-[(S)-1-(2,5-Di fluoro-phenyl)- ethylam no]-pyrazol o[ 1, 5-
a)l pyri m di ne-3-carboxylic acid (tetrahydro-pyran-4-yl)-amde 402.1 319 /
-- NNH HWORdth/0555401 ndan- | -yl am no) - pyrazol o[ 1, 5- a] pyr ipairaise@9863014
carboxylic acid (tetrahydro- pyran-4-yl)-amde 378.1 320 FI NN- -- NN\H
HN 14 5- (I ndan- 1- yI am no) - pyrazol o[ 1, 5-a] pyrim di ne-3- carboxylic acid
(4, 4-dif ol ( rnL% was sealg and’ he?ate%rpn glernicrowa%e reactor at 120 °C for 1 hour. The solvent
was removed under vacuum, and the resultant residue purified by flash column
chromatography on silica gel (gradient: 0 to 5% methanol in dichloromethane) to afford 11.0
mg (16%) of 5-amino-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (2-methyl-4-o-tolyl-
5 thiazol-5-yl)-amide. LCMS (ESI) m+H = 365.1; "H NMR (400 MHz, DMSO-ds) &: 10.35 (s,

1 H), 8.66 (d, 1 H), 8.23 (s, 1 H), 7.47-7.37 (m, 4 H), 6.38 (d, 1 H), 2.61 (5,3 H), 2.20(s, 3

H).

Example 232
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10 5-Amino-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid [5-(2-trifluoromethyl-phenyl)-

isoxazol-4-yl]-amide

3-Dimethylamino-2-(2-trifluoromethyl-benzoyl)-acrylic acid ethyl ester

A solution of 3-0x0-3-(2-trifluoromethyl-phenyl)-propionic acid ethyl ester,
15  prepared following an analogous procedure to that outlined in Example 231, (3.14 g, 12.1
mmol, 1.0 equiv) and 1,1-dimethoxy-N,N-dimethylmethanamine (5.60 mL, 42.2 mmol, 3.5
equiv) in N,N-dimethylformamide was heated to reflux for 5 hours. After cooling, the
mixture was partitioned between ethyl acetate and water. The organic phase was separated
and washed sequentially with water (4x) and saturated aqueous sodium chloride. The
20  collected organic was dried over anhydrous sodium sulfate, filtered, and concentrated under

vacuum to give 3.20 g (83%) of 3-dimethylamino-2-(2-trifluoromethyl-benzoyl)-acrylic acid
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(m, 1 H), 7.51-7.41 (m, 2 H), 7.35 (d, 1 H), 3.81 (q, 2 H), 3.42-3.17 (m, 3 H), 3.11-2.93 (m, 3

H), 0.78-0.69 (t, 3 H).

5 5-(2-Trifluoromethyl-phenyl)-isoxazole-4-carboxylic acid ethyl ester

A mixture of 3-dimethylamino-2-(2-trifluoromethyl-benzoyl)-acrylic acid

ethyl ester (3.10 g, 9.80 mmol, 1.0 equiv) and hydroxylamine hydrochloride (683 mg, 9.80
mmol, 1.0 equiv) in methanol (25 mL) was heated to reflux for 90 minutes. After cooling,
the mixture was partitioned between water and ethyl acetate and separated. The aqueous

10  layer was extracted with ethyl acetate. The combined organic extracts was washed with
saturated aqueous sodium chloride, dried over anhydrous sodium sulfate, filtered, and
concentrated under vacuum. Purification by flash column chromatography on silica gel
(gradient: 0 to 30% ethyl acetate in cyclohexane) gave 1.43 g (51%) of 5-(2-trifluoromethyl-
phenyl)-isoxazole-4-carboxylic acid ethyl ester. "H NMR (300 MHz, CDCls) 8: 8.38 (s, 1 H),

15  7.69(d, 1H),7.61-7.47 (m,2 H), 7.27 (d, 1 H), 3.93 (br, 2 H), 0.87 (br, 3 H).

[5-(2-Trifluoromethyl-phenyl)-isoxazol-4-yl]-carbamic acid fert-butyl ester

A mixture of 5-(2-trifluoromethyl-phenyl)-isoxazole-4-carboxylic acid ethyl
ester (1.43 g, 5.01 mmol, 1.0 equiv), 6M HCI aqueous solution (34 mL) and acetic acid (20
20  mL) were heated to reflux for 5.5 hours. After cooling, the mixture was partitioned between
water and ethyl acetate and separated. The organic phase was washed sequentially with water

and saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate, and
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isoxazole-4-carboxylic acid which was used without purification.

A mixture of 5-(2-trifluoromethyl-phenyl)-isoxazole-4-carboxylic acid (745
mg, 2.90 mmol, 1.0 equiv) and thionyl chloride (8 mL) was heated to reflux for 3 hours. The
5  mixture was cooled to room temperature and concentrated under vacuum. The residue was
dissolved in acetone (8 mL), cooled with an ice bath and sodium azide (339 mg, 5.20 mmol,
1.8 equiv) was added. The mixture was stirred for 1 hour at this temperature, then 1 hour at
ambient temperature. The reaction mixture was diluted with ethyl acetate, and the resultant
solution was washed sequentially with water and saturated aqueous sodium chloride solution.
10 The collected organic was dried over anhydrous sodium sulfate, filtered, and concentrated
under vacuum. The resultant residue was dissolved in fert-butanol (8 mL) and heated to
reflux for 16 hours. The reaction mixture was concentrated under vacuum. Purification by
flash column chromatography on silica gel (gradient: 0 to 20% ethyl acetate in cyclohexane)
gave 345 mg (36%) of [5-(2-trifluoromethyl-phenyl)-isoxazol-4-yl]-carbamic acid ferz-butyl
15  ester. '"HNMR (300 MHz, CDCls) &: 8.89 (s, 1 H), 7.88-7.84 (m, 1 H), 7.72-7.66 (m, 2 H),
7.54-7.49 (m, 1 H), 5.98 (s, 1 H), 1.48 (s, 9 H).

N~
4 N7

— S

Cl

5-Chloro-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid [5-(2-trifluoromethyl-phenyl)-

isoxazol-4-yl]-amide

20 A mixture of [5-(2-trifluoromethyl-phenyl)-isoxazol-4-yl]-carbamic acid tert-
butyl ester (345 mg, 1.05 mmol, 1.0 equiv), 4M HCI in dioxane (2 mL) in 1,4-dioxane (3 mL)
was heated to 40 °C for 20 hours. The mixture was concentrated under vacuum affording a
residue which was dissolved in dichloromethane (12 mL) and treated with
diisopropylethylamine (271 mg, 2.10 mmol, 2.0 equiv). The mixture was cooled with an ice-

25  bath, and a solution of 5-chloropyrazolo[1,5-a]pyrimidine-3-carbonyl chloride (1.05 mmol,
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1.0 equiv) in dichloromethane (6 mL) was added dropwise. The resultant mixture was stirred
at ambient temperature for 18 hours. The solution was washed sequentially with 1M HCl
aqueous solution, saturated aqueous sodium bicarbonate solution and water. The collected
organic was dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum.
The residue was triturated (methanol), and the isolated solid was washed with methanol and
diethyl ether before drying under vacuum to give 367 mg (86%) of 5-chloro-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid [5-(2-trifluoromethyl-phenyl)-isoxazol-4-yl]-amide. LCMS
(EST) m+H = 408.0 (mono Cl); "H NMR (400 MHz, DMSO-dq) &: 9.50 (s, 1 H), 9.35 (d, 1
H), 9.22 (s, 1 H), 8.71 (s, 1 H), 8.03 (d, 1 H), 7.97-7.82 (m, 3 H), 7.38 (d, 1 H).

N~
4 N™™
=z

N” NH,
NH

T N
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5-Amino-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid [5-(2-trifluoromethyl-phenyl)-

isoxazol-4-yl]-amide

A mixture of 5-chloro-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid [5-(2-
trifluoromethyl-phenyl)-isoxazol-4-yl]-amide (200 mg, 0.49 mmol, 1.0 equiv) and 2M
ammonia in propan-2-ol (4 mL) was sealed and heated in a microwave reactor at 120 °C for
40 minutes. The solvent was removed under vacuum and the resultant residue was purified by
flash column chromatography on silica gel (gradient: 0 to 5% methanol in dichloromethane)
to afford 58.6 mg (31%) of 5-amino-pyrazolo[ 1,5-a]pyrimidine-3-carboxylic acid [5-(2-
trifluoromethyl-phenyl)-isoxazol-4-yl]-amide. LCMS (ESI) m+H = 389.1; 'H NMR (400
MHz, DMSO-ds) 6: 9.60 (s, 1 H), 9.07 (s, 1 H), 8.63 (d, 1 H), 8.18 (s, 1 H), 7.99 (d, 1 H),
7.95-7.77 (m, 3 H), 7.70-6.60 (br, 2 H), 6.39 (d, 1 H).
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5-Amino-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (3-o-tolyl-isoxazol-4-yl)-amide

|
oL
CHs
5 2-Methyl-benzaldehyde oxime

A mixture of o-tolualdehyde (5.00 g, 41.6 mmol, 1.0 equiv), hydroxylamine
hydrochloride (3.18 g, 45.8 mmol, 1.1 equiv) and pyridine (3.29 g, 41.6 mmol, 1.0 equiv) in
ethanol (100 mL) was stirred at ambient temperature for 2 hours. The pH of the mixture was
adjusted to about 1 by the addition of 1M HCI aqueous solution. The resultant solution was

10 extracted with dichloromethane. The collected organic extracts were dried over anhydrous
sodium sulfate, filtered, and concentrated under vacuum to give an oil (6.30 g), which was
used directly for the next step. LCMS (EST) m+H+MeOH = 168.0; 'H NMR (400 MHz,
CDCl3) o: 8.42 (s, 1 H), 7.70-7.63 (d, 1 H), 7.29-7.16 (m, 3 H), 2.43 (s, 3 H).

.OH
I
Cl
CH,

15 N-Hydroxy-2-methylbenzenecarboximidoyl chloride

N-Chlorosuccinimide (2.22 g, 16.6 mmol, 1.0 equiv) was added to a stirred
solution of 2-methyl-benzaldehyde oxime (2.25 g, 16.6 mmol, 1.0 equiv) in N,N-

dimethylformamide (30 mL) at ambient temperature. Stirring was continued for 2 hours and
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aqueous sodium chloride solution (2x). The organic was then dried over anhydrous sodium
sulfate, filtered, and concentrated under vacuum to give 2.07 g (74%) of N-hydroxy-2-
5 methylbenzenecarboximidoyl chloride as a green oil. '"H NMR (300 MHz, CDClz) 8: 8.14 (s,
1 H), 7.48-7.44 (m, 1 H), 7.37-7.20 (m, 3 H), 2.43 (s, 3 H).

3-o-Tolyl-isoxazole-4-carboxylic acid ethyl ester

To a stirred solution of N-hydroxy-2-methylbenzenecarboximidoyl chloride

10 (2.07 g, 12.2 mmol, 1.0 equiv) in diethyl ether (15 mL) was added a solution of 3-pyrrolidin-
1-yl-acrylic acid ethyl ester (prepared according to the procedure described in U.S. Pat. No.
4,187,099) (2.06 g, 12.2 mmol, 1.0 equiv) and triethylamine (1.48 g, 12.2 mmol, 1.0 equiv) in
diethyl ether (30 mL) dropwise over 15 minutes. The resultant mixture was stirred at ambient
temperature for 16 hours, partitioned between water and diethyl ether and separated. The

15  aqueous phase was extracted with diethyl ether (2x), and the combined ethereal extracts were
dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. Purification
by flash column chromatography on silica gel (gradient: 0 to 20% ethyl acetate in
cyclohexane) gave 1.32 g (47%) of 3-o-tolyl-isoxazole-4-carboxylic acid ethyl ester. 'H
NMR (400 MHz, CDCls) 6: 9.02 (s, 1 H), 7.39-7.34 (m, 1 H), 7.32-7.24 (m, 3 H), 4.19 (q,

20 2H), 2.23(s,3H), 1.17 (t, 3 H).

(3-0-Tolyl-isoxazol-4-yl)-carbamic acid tert-butyl ester
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mmol, 1.0 equiv), 6M HCI aqueous solution (40 mL) and acetic acid (24 mL) was heated to
reflux for 5 hours. After cooling, the mixture was partitioned between water and ethyl
acetate and separated. The organic phase was sequentially washed with water and saturated

5 aqueous sodium chloride solution. The collected organic was then dried over anhydrous
sodium sulfate, filtered, and concentrated under vacuum to give 930 mg (80%) of crude 3-0-

tolyl-isoxazole-4-carboxylic acid which was used without purification.

A mixture of 3-o-tolyl-isoxazole-4-carboxylic acid (930 mg, 4.58 mmol, 1.0

equiv), diphenylphosphonic azide (1.26 g, 4.58 mmol, 1.0 equiv) and triethylamine (463 mg,

10 4.58 mmol, 1.0 equiv) in fert-butanol (40 mL) was heated to 85 °C for 16 hours. The mixture
was concentrated under vacuum and the residue taken up into ethyl acetate and sequentially
washed with 1M HCI aqueous solution, saturated aqueous sodium bicarbonate solution,
water, and saturated aqueous sodium chloride solution. The collected organic was dried over
anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was purified

15 by flash column chromatography on silica gel (gradient: 0 to 15% ethyl acetate in
cyclohexane) to afford 943 mg (75%) of (3-o-tolyl-isoxazol-4-yl)-carbamic acid fert-butyl
ester. LCMS (ESI) m+H = 275.0; "H NMR (300 MHz, CDCls) 8: 8.92 (s, 1 H), 7.47-7.29
(m, 4 H), 5.87 (s, 1 H),2.29 (s, 3 H), 1.48 (s, 9 H).

N~
Q4 NTS

— P

20 5-Chloro-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (3-o-tolyl-isoxazol-4-yl)-amide

A mixture of (3-o-tolyl-isoxazol-4-yl)-carbamic acid fert-butyl ester (500 mg,
1.82 mmol, 1.0 equiv), 4M HCl in dioxane (4 mL) in 1,4-dioxane (5 mL) was stirred at
ambient temperature for 22 hours and at 40 °C for 1 hour. The mixture was concentrated
under vacuum affording a residue which was dissolved in dichloromethane (15 mL) and

25  treated with diisopropylethylamine (523 mg, 4.05 mmol, 2.2 equiv). The mixture was cooled
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with an ice-bath and a solution of 5-chloropyrazolo[1,5-a]pyrimidine-3-carbonyl chloride
(1.82 mmol, 1.0 equiv) in dichloromethane (10 mL) was added dropwise. The reaction
mixture was warmed to room temperature after the addition. After 65 hours, the solution was
sequentially washed with 1M HCI aqueous solution, saturated aqueous sodium bicarbonate
solution, water, and saturated aqueous sodium chloride solution. The organic was dried over
anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was
triturated (methanol) to give 444 mg (70%) of 5-chloro-pyrazolo[1,5-a]pyrimidine-3-
carboxylic acid (3-o-tolyl-isoxazol-4-yl)-amide. LCMS (ESI) m+H = 354.2 (mono Cl); 'H
NMR (300 MHz, DMSO-dg) 8: 9.47 (s, 1 H), 9.36 (d, 1 H), 9.11 (s, 1 H), 8.72 (s, 1 H), 7.53-
7.40 (m, 4 H), 7.37 (d, 1 H), 2.31 (s, 3 H).

5-Amino-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (3-o-tolyl-isoxazol-4-yl)-amide

A mixture of 5-chloro-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (3-o-tolyl-
isoxazol-4-yl)-amide (200 mg, 0.57 mmol, 1.0 equiv) and 2M ammonia in propan-2-ol (3
mL) was heated in a sealed vial at 65 °C for 18 hours and then in a microwave reactor at 100
°C for 30 minutes. After cooling, the resultant precipitate was isolated by filtration. The
solids were sequentially washed with propan-2-ol and diethyl ether, and dried under vacuum
at 55 °C to yield 153 mg (80%) of 5-amino-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (3-
o-tolyl-isoxazol-4-yl)-amide as a solid. LCMS (EST) m+H = 335.1; "H NMR (400 MHz,
DMSO-ds) 8: 9.51 (s, 1 H), 9.34 (s, 1 H), 8.65 (d, 1 H), 8.21 (s, 1 H), 7.58-7.44 (m, 4 H),
7.01 (br, 1 H), 6.39 (d, 1 H), 2.27 (s, 3 H).
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5-Amino-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid [2-(3-trifluoromethyl-phenyl)-2H-
pyrazol-3-yl]-amide

o)

NH,
EtO —
=~ zN
N
5 CF3

Ethyl 5-amino-1-(3-(trifluoromethyl)phenyl)-1H-pyrazole-4-carboxylate

To a solution of ethyl 2-cyano-3-cthoxyacrylate (0.81 g, 4.8 mmol) in ethanol
(50 mL) was added 3-(trifluoromethyl)phenylhydrazine (0.85g, 4.8 mmol). The resultant
reaction mixture was refluxed for 24 hours under a nitrogen atmosphere. The mixture was
10 cooled to room temperature and concentrated under reduced pressure to afford 0.94 g (yield:

66 %), which was used without further purification. MS (ESI) m/z :300.3

1-(3-(Trifluoromethyl)phenyl)-1H-pyrazol-5-amine

A solution of ethyl 5-amino-1-(3-(trifluoromethyl)phenyl)-1H-pyrazole-4-
15 carboxylate (0.9 g, 3 mmol) in dioxane (20 mL) saturated with HCI was heated to 150 °C for
5 hours in a secaled tube. The reaction mixture was then cooled and concentrated in vacuo.
The residue diluted with water, and the aqueous solution was extracted with ethyl acetate (3 x

50 mL). The combined organic extracts was dried over magnesium sulfate, filtered, and
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acetate / petroleum ether) to afford product (430 mg, 63 %). MS (ESI) m/z :228.1

N~
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5-Chloro-N-(1-(3-(trifluoromethyl)phenyl)-1H-pyrazol-5-yl)pyrazolo[ 1,5-a]pyrimidine-3-

5 carboxamide

To a stirred solution of 1-(3-(trifluoromethyl)phenyl)-1H-pyrazol-5-amine
(200 mg, 0.88 mmol) in dichloromethane (30 mL) was added 5-chloropyrazolo[1,5-
a]pyrimidine-3-carbonyl chloride (215 mg, 1.0 mmol) and diisopropylethylamine (130 mg,
1.0 mmol). The mixture was heated to 50 °C overnight. After cooling to room temperature,
10 the mixture was concentrated to afford crude 5-chloro-N-(1-(3-(trifluoromethyl)phenyl)-1H-
pyrazol-5-yl)pyrazolo[1,5-a]pyrimidine-3-carboxamide (210 mg, yield 58 %), which was
used for the next step without further purification. MS (ESI) m/z :407.2

N~
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5-Amino-pyrazolo[1,5-a]pyrimidine-3-carboxylic acid [2-(3-trifluoromethyl-phenyl)-2H-
15 pyrazol-3-yl]-amide

A solution of 5-chloro-N-(1-(3-(trifluoromethyl)phenyl)-1H-pyrazol-5-
yl)pyrazolo[1,5-a]pyrimidine-3-carboxamide (210 mg, 0.52 mmol) in ethanol (20 mL)
saturated with ammonia was heated to 100 °C overnight in a sealed tube. After cooling to

room temperature, solvent was removed under reduced pressure, and the resultant residue
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acid [2-(3-trifluoromethyl-phenyl)-2H-pyrazol-3-yl]-amide (8 mg, yield: 4 %). "H NMR
(DMSO, 400 MHz ): 6 9.94 (s, 1 H), 8.62 (d, /= 7.6 Hz, 1 H), 8.16 (s, 1 H), 7.49-7.69 (m, 8
H), 6.53 (s, 1 H), 6.37 (d, J=7.6 Hz, 1 H). MS (ESI) m/z : 388.1

5 Examples 235-452 shown in Table 2 were prepared according to the above
methods.
Table 2
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244 NH carboxylic acid (3-methyl- 336.2
N, isoxazol-5-yl)-amide
\N/
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NNHN// N 5-[(3-Mthyl-3Him dazol -4- ylnethyl)-am no]-pyrazol o[ 1, 5-
a] pyri m di ne-3-carboxylic acid cycl ohexylam de 354.2 355 HN N, N NH N.N
5-[(2, 5- Dvoebiwisi2bt pyr azol - 3- yl met hyl ) - am no] - pyr azol @LT/U52009/063014
a] pyri m di ne- 3-carboxylic acid cycl ohexylam de 368.2 356 HN - NNHO
5-[(R)-1-(3, 5- D|f| uor o- phenyl) - et hyI am no] - pyr azol o[ 1, 5-
al pyri m di-re—3rearboxyri-e—aetd—pyrt+eip—3—yamde—395-3135+F—HNF+F—N
T e e e e LIS I B N ’ /N\ . ’

Z SN O NH,

5-Amino-pyrazolo[1,5-
245 NH a]pyrimidine-3-carboxylic acid 335.2
(5-o-tolyl-isoxazol-4-yl)-amide

1 N
N~g
/N\N o
SN NH, STAr.ni.no-pyrazolo[l?S- .
o a]pyrimidine-3-carboxylic acid
246 NH [2-(2-chloro-5-methyl-phenyl)- 382.1
= 5-methyl-2H-pyrazol-3-yl]-
<N amide
N
Cl

5-Amino-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid
[3-(2,5-dimethyl-phenyl)-1H-
pyrazol-4-yl]-amide

247 348.1

5-Amino-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid
[3-(2,5-dichloro-phenyl)-1H-
pyrazol-4-yl]-amide

248 388.0

5-(2,5-Difluoro-
benzenesulfonylamino)-
pyrazolo[1,5-a]pyrimidine-3-
carboxylic acid tert-butylamide

N~
S
— ~
N™ "NH; 5-Amino-pyrazolo[1,5-
O

250 NH a]pyrimidine-3-carboxylic acid
[3-(3-chloro-phenyl)-isoxazol-4-
yl]-amide

249 410.1

355.1

Cl
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O NH OF 5-[(S)-1-(3,5-Difluoro-phenyl)- propyl am no]-pyrazol o[ 1, 5-

a)l pyri m di ne-3-carboxylic acid (4, 4-difluoro-cycl ohexyl)-am de 450.2 358 F
HN F N. NvBiHoD)/B1§40R) - 1- (3, 5- Di f |1 uor o- phenyl) - propyl anpoojuspywazdiof 1, 5-
a] pyri m di ne- 3-carboxylic acid (4, 4-difluoro-cycl ohexyl)-am de 450.2 WO
2010/ 051549PCT/ US2009/ 063014 359 NNHHNO F F

C

nuyr aznl ~

5-[1- (3, 5brHHpoere—phenyl—propytant-pol—pyrazotof -5
a] pyri m dj ne- 3- car boxyT E\Em d (4,4-d|fluoro-cyclohexyl)-amde 450.2 N - N
-- NN H H\MO ZSNEONH 6-Chloro-5-(2,5-difluoro-
benzylamino)-pyrazolo[1,5-
0 y DYy )
251 NH a]pyrimidine-3-carboxylic acid 422.1
(5 (tetrahydro-pyran-4-yl)-amide
0 F
N~ Cl
y NTOS
=z
N™ NH; 5-Amino-6-chloro-pyrazolo[1,5-
252 a]pyrimidine-3-carboxylic acid 296.1
(tetrahydro-pyran-4-yl)-amide
5-Amino-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid
253 [3-(2-trifluoromethyl-phenyl)- 389.1
isoxazol-4-yl]-amide
FF
F
N-NTYy & , o
/ | 5-(4-Trifluoromethyl-pyridin-2-
— ~ NS .
N” N7 °N ylamino)-pyrazolo[1,5-
254 H S o 404.1
o a]pyrimidine-3-carboxylic acid
NH (3-methyl-isoxazol-5-yl)-amide
=
~ /O
N
N~
U
ZSNZ S NH ) 5-Amino-pyrazolo[ 1,5-
o a]pyrimidine-3-carboxylic acid
255 NH Cl [4-(3-chloro-phenyl)-2-methyl- 385.1
SN\ thiazol-5-yl]-amide
=N
PN o,
FNN7 N:S/ 5-(Toluene-2-sulfonylamino)-
256 o H pyrazolo[1,5-a]pyrimidine-3- 374.1
/QH carboxylic acid isopropylamide
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2is HO 360 5-[(R)-1-(3,5-Di fluoro-phenyl)-

et hyl am no] - pyrazol o[ 1, 5-

a] pyri m di ne- 3-carboxylic acid (4-hydroxy-cycl ohexyl)-am de 416.2 361 N

NNH H N OWB-2p{oR)s1su9( 3, 5- Di f | uor o- phenyl) -
a] pyri m di ne-3-carboxylic acid

et hyl am no] - pycaasb@p e 4
(tetrahydro-pyran-4-yl)-am de 402.2 362 -

N |

NNH2HN, 5-Amno- pyrazolo[l 5- a] pyri m di ne-3-carboxylic acid
(5- net hy 1—2-—pyrein—2-d P& Sy H—am-de—335—1-363 H-N—N
NNH 5-[ ( 2+ Di met hyl am n i;HTln 3- yl pethyl)-am noj - pyrazolo[1,5-
a]pyrlnldlne-B-carboxy Nhtert - butyl@g&ﬁgmﬂﬂddhi
a]pyrimidine-3-carboxylic acid
257 [2-(3,5-dichloro-phenyl)-2H- 388.1
/ N pyrazol-3-yl]-amide
Sl N’
Cl
/N N Cl
— o
N~ "NH; 5-Amino-6-chloro-pyrazolo[1,5-
258 0 NH F a]pyrlmldl.ne-3 -carboxylic acid
[2-(2,5-difluoro-phenyl)-2H-
N pyrazol-3-yl]-amide
\N'
F
/N N Cl
= N/ NH, 5-Amino-6-chloro-pyrazolo[1,5-
0O a]pyrimidine-3-carboxylic acid
259 NH (5-methyl-2-o-tolyl-2H-pyrazol- 3820
fN 3-yl)-amide
\N/
N~
N™X
4 _ /j\ O\\S’/O N/ 5-(2-Methyl-2H-pyrazole-3-
N™ °N y sulfonylamino)-pyrazolo[1,5-
260 H LN 378.1
0] NH Z a]pyrimidine-3-carboxylic acid ‘
/< tert-butylamide
N~
y N/fj\o¢;3
= A
i/k N N 5-(Toluene-2-sulfonylamino)-
261 o NH pyrazolo[1,5-a]pyrimidine-3- 414.1
f carboxylic acid cyclohexylamide
N~
y NTS NPS
— P’ .S
N N \© 5-Benzenesulfonylamino-
262 o NH pyrazolo[1,5-a]pyrimidine-3- 400.1
f carboxylic acid cyclohexylamide
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368.2 364 --

NNHHNO 5-[(R-1-(3,5-Di fluoro-phenyl)-

et hyl am no] - pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid tert-butylam de

374.2 365w0Noto/051MN H H N o

et hyl am no] - pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid
(4, 4-di fluoro-cycl ohexyl)-am de 436.1 WD 2010/ 051549PCT/ US2009/ 063014 366
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| ne- 3+ car boxy¥i ¢ agid (4, 4-djfluoro-cycl ohexyl)-am de 436.1 367
= ~
N™ "NH; 5-Amino-pyrazolo[1,5-
O a]pyrimidine-3-carboxylic acid
NH
263 [2-(2-i0odo-phenyl)-2H-pyrazol- 446.0
N 3-yl]-amide
\N/
|
/N\N \
= ~
N" "NH 5-Amino-pyrazolo[1,5-
o a]pyrimidine-3-carboxylic acid
NH
264 [2-(2,4-difluoro-phenyl)-2H- 3557
= F pyrazol-3-yl]-amide
F
/N\N S
= ~
N" "NHy 5-Amino-pyrazolo[1,5-
o a]pyrimidine-3-carboxylic acid
NH
265 [2-(2-fluoro-phenyl)-2H- 338.2
= pyrazol-3-yl]-amide
F
/N\N \
— ~
N™ "NHy 5-Amino-pyrazolo[1,5-
O a]pyrimidine-3-carboxylic acid
NH
266 [2-(2,4-difluoro-phenyl)-5- 3699
f<N E methyl-2H-pyrazol-3-yl]-amide
\N’
F
/N\N o
— ~
N™ "NH; 5-Amino-pyrazolo[1,5-
o a]pyrimidine-3-carboxylic acid
NH Cl pyr y
267 [2-(2,5-dichloro-phenyl)-5- 4022
ﬁN methyl-2H-pyrazol-3-yl]-amide
\N/
Cl
/N\N \
— s .
NH, 5-Amino-pyrazolo[1,5-
) a]pyrimidine-3-carboxylic acid
268 NH [2-(3,5-dimethyl-phenyl)-2H- 3479
-

pyrazol-3-yl]-amide
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NNZ* -- NNHHN O F F 5-(2-Methyl -benzyl am no) -
pyrazol o[ 1, 5-a] pyri m di ne-3- carboxylic acid (4, 4-difluoro-

cycl ohexywp-2amvdes4400. 1 368 "N -- , | 5-[(Pyridin-2-yl metrhyskjoomassono] -
pyrazol o[ 1, 5-a] pyri m di ne-3- carboxylic acid (4, 4-difluoro-
cycl ohexyl)-am de 386.9 369 N NNNH..."'7C
5- ri di—2—yHrethybramne—py+raz IG -5—alpy+rt-giner3——earboxy<
y YT N MYy I'MYy y
acid tertrbuty|l am de 2 4N9 70 N, NNH NH 0 HO 5-[1-(3,5-D fluoro-phenyl) -
. /
et hyl am np] - pyfr azol o[ 1, NH_ 5-Amino-pyrazolo[1,5-
o) a]pyrimidine-3-carboxylic acid
269 NH (2-m-tolyl-2H-pyrazol-3-yl)- 3339
f<N amide
\N/
/N TNTUS
O~ ~
N~ "NH; 5-Amino-pyrazolo[1,5-
o) a]pyrimidine-3-carboxylic acid
270 NH (2-0-tolyl-2H-pyrazol-3-yl)- 334.0
=\ amide
\N/
AN
— =
N™ “NH, 5-Amino-pyrazolo[1,5-
o a]pyrimidine-3-carboxylic acid
271 NH Py Y 354.0
[2-(3-chloro-phenyl)-2H-
— .
N pyrazol-3-yl]-amide
\N/
Cl
OCH3;
N ~N =
/ _ ~ | 5-(4-Methoxy-pyridin-2-
272 N H N ylamino)-pyrazolo[1,5- 3672
o) NH a]pyrimidine-3-carboxylic acid ‘
% cyclohexylamide
“‘“l PSR
5-(6-Methyl-pyridin-2-ylamino)-
273 NH pyrazolo[1,5-a]pyrimidine-3- 351.2
f carboxylic acid cyclohexylamide
/N TNTUS
— ~
N~ 'NH» 5-Amino-pyrazolo[1,5-
o) a]pyrimidine-3-carboxylic acid
F
274 N [2-(3,5-difluoro-phenyl)-2H- 3566
N pyrazol-3-yl]-amide
\N/
F
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a] pyri m di ne- 3-carboxylic acid (4-hydroxy-cycl ohexyl)-am de 416.2 371 - N N
O oHNHO F F 5-[1-(3,5-Di fluoro-phenyl)- ethylam no]-pyrazol o[ 1, 5-
a] pyri m dvoeeBysassboxylic acid ( 4, 4-difluoro-cycl ohexylPrrarseas/0des 0 372

NN HNHO 4 5-[1-(3,5-Difluoro-phenyl)- ethylam no]-pyrazol o[ 1, 5-

a] pyri m di ne-3-carboxylic acid cycl opropyl am de 358.0 WO
2010/ 051549PCT/US2009/-963014373 N—NN-0—H-o—NH—"¢
5-[1- (3,5-D|fluoro ph ?\'thylamno] pyrazol o[ 1, 5-
a] pyri m dj ne- 3t car boxy N, tert-butyl am de 373.9
5-Amino-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid
275 _ [3-(3-cyano-phenyl)-1H- 345.1
/ pyrazol-4-yl]-amide
HN~p
\
\N
soue
j\)\ 5-(Pyridin-2-ylamino)-
276 NH pyrazol.o[ 1, 5 -a]pyrimidine-3.- 337.2
f carboxylic acid cyclohexylamide
/N\N N
— ~
N™ "NH; 5-Amino-pyrazolo[1,5-
o a]pyrimidine-3-carboxylic acid
NH Cl pyT y
277 [2-(2,5-dichloro-phenyl)-2H- 388.0
“N pyrazol-3-yl]-amide
\N’
Cl
O
— s
N NH, .
0 5-Amino-pyrazolo[1,5-
278 NH a]pyrimidine-3-carboxylic acid 388.0
- [2-(2-trifluoromethyl-phenyl)- ’
N 2H-pyrazol-3-yl]-amide
N
£ F
N~
SR
= N7 N”S 5-(Toluene-2-sulfonylamino)-
279 0 H pyrazolo[1,5-a]pyrimidine-3- 388.2
NH carboxylic acid tert-butylamide
N~
y N \ O\\//O
SN S 5-Benzenesulfonylamino-
280 o H \© pyrazolo[1,5-a]pyrimidine-3- 374.2
% carboxylic acid tert-butylamide
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374 N- N-- NNHNHO j,N 5-(3,5-Di fl uoro-benzyl am no) -

pyrazol o[ 1, 5-a] pyri m di ne-3- carboxylic acid pyridin-2- ylamde 381.1 375
NNH NH 40w0201{08)5554Di f | uor o- benzyl am no) - pyrazol o[ 1, 5- appyruseoodiosss 8-
carboxylic acid cycl opropylamde 343.9 376 N / NNH OF NH2 O

5-(3,5-D fl uoro-benzyl am no) - pyrazolo[l 5-a] pyri m di ne-3- carboxylic acid

Q 277 N| " NN
> S

anm de 3039

Ll AL
LI O—TNI €

281

INI
T 7 7 N NN

"N
y N

5-Amino-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid
[2-(2,5-dimethyl-phenyl)-2H-
pyrazol-3-yl]-amide

348.0

282

5-Amino-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid
[2-(2-chloro-phenyl)-2H-
pyrazol-3-yl]-amide

353.9

283

5-(6-Trifluoromethyl-pyridin-2-
ylamino)-pyrazolo[1,5-

a]pyrimidine-3-carboxylic acid

(3-methyl-isoxazol-5-yl)-amide

404.2

284

kg
9

5-(6-Trifluoromethyl-pyridin-2-
ylamino)-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid
(2,5-dimethyl-2H-pyrazol-3-yl)-
amide

417.2

285

5-(6-Trifluoromethyl-pyridin-2-
ylamino)-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid
pyridin-3-ylamide

400.2

286

5-(4-Trifluoromethyl-pyrimidin-
2-ylamino)-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid
(tetrahydro-pyran-4-yl)-amide

408.2
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5- (3- Met

hyl

-pyridin-2- ylnmethyl)-am no]-pyrazol o[ 1, 5-

a] pyri m di ne-3-carboxylic acid isopropylamde 325.1 378 N, NNH HNr, O

3 F F 5- (Webnioidsuawonet hyl -

benzyl am no) - pyrazol o[ 1, 5-

PCT/US2009/063014

Sa.

a] pyri m di ne-3-carboxylic acid (4, 4-difluoro-cyclohexyl)-am de 454.1 379

NN --
al pyrim di
2010/ 0515
benzyl am
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NNHF HN O 5-(2- Fl uor o- 6- nethoxy benzyl am no) - pyr azol o[ 1, 5-

2
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A9 PCT|
no) - p
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i m di

vl am A~ 280 1
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- NNH HN O 5-(2-Di net

n g-’te?t’-]ﬁi@}ﬁm&)yﬂy}agolé E!S d
a]pyrimidine-3-carboxylic acid
[3-(3-chloro-phenyl)-1-methyl-

1H-pyrazol-4-yl]-amide

hyl am no-
tert-butylam

424.1

288

N\N R

f@

HN

o

5-(4,7-Difluoro-indan-1-

ylamino)-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid
(tetrahydro-pyran-4-yl)-amide

414.1

289

5-(4,7-Difluoro-indan-1-

ylamino)-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid
(4,4-difluoro-cyclohexyl)-amide

448.1

290

5-(2-Trifluoromethyl-pyridin-4-
ylamino)-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid
tert-butylamide

379.2

291

5-(4-Trifluoromethyl-pyrimidin-
2-ylamino)-pyrazolo[1,5-

a]pyrimidine-3-carboxylic acid

(4,4-difluoro-cyclohexyl)-amide

442.1

292

5-(6-Trifluoromethyl-pyridin-2-
ylamino)-pyrazolo[1,5-

a]pyrimidine-3-carboxylic acid

(4,4-difluoro-cyclohexyl)-amide

441.1

163

de



367.2 381 - NNH HN 101 5-(2,5-Di fl uoro-benzyl am no) -
pyrazol o[ 1, 5-a] pyri m di ne-3- carboxylic acid tert-butylam de 360.1 382 N
NNH HN O wo(ardsidaoxy- benzyl am no) - pyrazol o[ 1, 5- a] pyri rraiuseso8/63mas boxyl i c
acid tert-butylam de 354.2 383 NN -- NNH HN HO O
5-(2-FWdroxy-benzyIanino) pyrazolo[l 5- a]pyr|n1d|ne 3- carboxylic acid
tert - but ylam-d 384—N HN——HO

5-[(Pyridin-2-y|net yN n1 o] razolo[1,5-a]pyr|n1d|ne-3- car boxyl i
acid (4-hydroxy 5-(6-Trifluoromethyl-pyridin-2-

ylamino)-pyrazolo[1,5-
293 a]pyrimidine-3-carboxylic acid 407.2
(tetrahydro-pyran-4-yl)-amide

)

O

N ~
N
/j\ /(j\ﬁ 5-(6-Trifluoromethyl-pyridin-2-
294 ylamino)-pyrazolo[1,5- 365.1

a]pyrimidine-3-carboxylic acid
isopropylamide

/(j\ﬁ 5-(6-Trifluoromethyl-pyridin-2-
ylamino)-pyrazolo[1,5-

a]pyrimidine-3-carboxylic acid
cyclohexylamide

N ~
N
/j\ J/\%( 5-(5-Trifluoromethyl-pyridin-3-
296 ylamino)-pyrazolo[1,5- 3792

a]pyrimidine-3-carboxylic acid

/< tert-butylamide

295 405.2

/N\N N
PPN 5-(1In[d1ar51-2iylar.nil.1c(1).)- \
HN pyrazolo[1,5-a]pyrimidine-3-
297 o carboxylic acid (tetrahydro- 378.2
pyran-4-yl)-amide
0O
O
=N\ P 5-Cyclopentylamino-
N NH ..
208 HN pyrazolo[1,5-a]pyrimidine-3- 330 1
0 carboxylic acid (tetrahydro- ‘
pyran-4-yl)-amide
O
N~
S
— S .
N™ “NH 5-(Indan-1-ylamino)-
209 HN pyrazolo[1,5-a]pyrimidine-3- 3922
\ © carboxylic acid (4-hydroxy- ’
Q cyclohexyl)-amide
HO
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cycl ohexyl)-am de 367.1 385 N-N -- NNH N NH /

5-[ (Pyridin-2-yl methyl)-am no]- pyrazol o[ 1, 5-a] pyri mdine-3- carboxylic
aci d pyriwonreByosys4sam de 346.0 386 NNN -- NN H N NH, | \ PCT/US2009/063014
5-[(Pyridin-2-ylnmethyl)-am no]- pyrazol o[ 1, 5-a] pyri m di ne-3- carboxylic
acid pyridin-2- ylam de 346.0 WD 2010/ 051549PCT/ US2009/ 063014 387 0 NH N
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— s
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300 HN o ylamino)-pyrazolo[1,5- 414 1
a]pyrimidine-3-carboxylic acid ’
O (4,4-difluoro-cyclohexyl)-amide
P E
/N\N S
AN 5-(2,3-Dihydro-benzofuran-3-
301 NH ylamino)-pyrazolo[1,5- 3801
HN 0 a]pyrimidine-3-carboxylic acid ’
e} (tetrahydro-pyran-4-yl)-amide
O
OO
— ~ .
,z/k N~ "NH 5-Cyclohexylamino-
HN pyrazolo[1,5-a]pyrimidine-3-
302 © (j carboxylic acid (4,4-difluoro- 378.2
cyclohexyl)-amide
F
F
/N\N S
— = .
NH 5-Cyclopentylamino-
HN pyrazolo[1,5-a]pyrimidine-3-
303 © carboxylic acid (4,4-difluoro- 364.1
cyclohexyl)-amide
F
F
UL
— s .
i/kN NH 5-(Indan-2-ylamino)-
304 HN pyrazolo[1,5-a]pyrimidine-3- 4191
o carboxylic acid (4,4-difluoro- ‘
cyclohexyl)-amide
F
O
N
,z/kN NH 5-(4-Hydroxy-
305 HN o : cyclol?ex.yl.ammo)-pyraquo[ 1 ,.5- 394.2
a]pyrimidine-3-carboxylic acid
(4,4-difluoro-cyclohexyl)-amide
F OH
F
S9N
=\, & 5-(Indan-1-ylamino)-
N NH .
306 pyrazolo[1,5-a]pyrimidine-3- 3711
HN 0 carboxylic acid pyridin-3- :
- ylamide
N
N
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395.0 388 0O NHN\ HN\ N 5-[1-(3,5-D fluoro-phenyl)-
et hyl am no] - pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid pyridin-2-ylam de

395. 1 389widb1000513Mbi

pyrazol o[ 1, 5-a

] pyri m di ne- 3-

----- ¢ N-05-(3,5-Difluoro-phenyl am moXAIS2009/063014
carboxylic acid isopropylam de 332.0 390 -

N

NN H NHCl ----- c 5-[(3-Chl oro pyridin-2- vyl rrethyl) anmi no] - pyrazol o[ 1, 5-
a] pyri m di-ne—3rearboxyijc_get-a—sopropytam-ae—344-9-39% NNN—E—NHH
----C 5-[| 3-Fluoro-pyr dl\‘ - ylmet hy|)-am no] - pyrazol 0[1 5-
a] pyri m dj ne- 3-car boxy N@h i sopr opy| amiglmo-pyrazolo[l,5-
]pyrlmldme 3-carboxylic acid
307 [2-(2-chloro-5-trifluoromethyl- 436.0
phenyl)-5-methyl-2H-pyrazol-3-
yl]-amide
N~
p NTOS
— o
N" 'NH, 5-Amino-pyrazolo[1,5-
0 a]pyrimidine-3-carboxylic acid
NH F
308 [2-(2,5-difluoro-phenyl)-2H- 356.0
Y pyrazol-3-yl]-amide
\NI
F
N~
y NOS
SN SNH 5-Amino-pyrazolo[1,5-
309 o 2 a]pyrimidine-3-carboxylic acid 2343
NH tert-butylamide
NN
j/k/j\ /(jB(F 5-(6-Trifluoromethyl-pyridin-2-
ylamino)-pyrazolo[1,5-
310 a]pyrimidine-3-carboxylic acid 3792
/< tert-butylamide
FF
F
/N*N X = 5-(4-Trifluoromethyl-pyridin-2-
311 = ~ | ylamino)-pyrazolo[1,5- 379.2
N ” N a]pyrimidine-3-carboxylic acid ’
o /%4 tert-butylamide
U
— o
i/k N™ "NH 5-(Tetrahydro-pyran-4-
312 "N No ylamino)-pyrazolo[1,5- 380.1
a]pyrimidine-3-carboxylic acid
o) (4,4-difluoro-cyclohexyl)-amide
F
F
PARNIEN
— N/
o NH 5-Amino-pyrazolo[ 1,5-
313 NH aJpyrimidine-3-carboxylic acid 359 |
= [2-(3-cyano-phenyl)-5-methyl- ‘
\N'N 2H-pyrazol-3-yl]-amide
W
N
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0 5- BenzepesufenyamRe-—pyrazetol L b—alpyrimdine-—3—<carboxyHHe—actd
(1-nmethyl+ piperidin-4yl)-am de
N\ NH, 5-Amino-pyrazolo[ 1,5-
314 o a]pyrimidine-3-carboxylic acid 368.0
NH [2-(4-chloro-phenyl)-5-methyl-
= 2H-pyrazol-3-yl]-amide
N Cl
N
SO
=N P 5-(6-Fluoro-chroman-4-
N NH .
315 HN ylamino)-pyrazolo[ 1,5- 4121
0 F a]pyrimidine-3-carboxylic acid '
(tetrahydro-pyran-4-yl)-amide
(0]
O
L
=L = 5-(1,2,3,4-Tetrahydro-
N NH .
naphthalen-1-ylamino)-
316 HN 0 pyrazolo[1,5-a]pyrimidine-3- 426.2
carboxylic acid (4,4-difluoro-
. cyclohexyl)-amide
F
N~
S
— Z
N~ "NH 5-(6-Fluoro-chroman-4-
HN F ylamino)-pyrazolo[1,5-
317 © KD/ a]pyrimidine-3-carboxylic acid 446.1
) (4,4-difluoro-cyclohexyl)-amide
F
F
CUL
%N/ NH F 5-[(S)-1-(2,5-Difluoro-phenyl)-
thylamino]-pyrazolo[1,5-
HN . clhy DY ,
318 o] W aJpyrimidine-3-carboxylic acid 402.1
(tetrahydro-pyran-4-yl)-amide
o]
L
AN 5-(Indan-1-ylamino)-
N NH .
319 HN pyrazolo[1,5-a]pyrimidine-3- 378 1
0 carboxylic acid (tetrahydro- ‘
pyran-4-yl)-amide
O
N~
S
— ~ .
,%k N™ "NH 5-(Indan-1-ylamino)-
HN pyrazolo[1,5-a]pyrimidine-3-
320 o @ carboxylic acid (4,4-difluoro- 4122
cyclohexyl)-amide
F
F
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pyrazol o[ 1, 5-a] pyri m di ne-3- carboxylic acid (2-methyl- cycl ohexyl)-am de
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1 hi ~vel A
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pyrazol o &-5—alpyrm-dipe—3—earboxyHe—ac yetot2—2—tfhept—2—ytam de
412.2 398 N-| / NNH @03=0NH 0 N
%l\ NH F 5-[(R)-1-(2,5-Difluoro-phenyl)-
thylamino]-pyrazolo[1,5-
HN oty ’
321 o] aJpyrimidine-3-carboxylic acid 402.1
(tetrahydro-pyran-4-yl)-amide
© F
/N TNTTS
NN N 5-Amino-pyrazolo[1,5-
2 a]pyrimidine-3-carboxylic acid
322 [2-(1,1-dioxo-tetrahydro- 376.1
131%6&-thiophen-3-yl)-5-
<\ ’@ 0 methyl-2H-pyrazol-3-yl]-amide
SO
fk NZ > NH 5-(4-Methylsulfanyl-
HN phenylamino)-pyrazolo[1,5-
323 0 a]pyrimidine-3-carboxylic acid 3%6.1
tert-butylamide
S\
N~
.
ZSNPNH 5-(3-Trifluoromethyl-
HN phenylamino)-pyrazolo[1,5-
324 N 0 a]pyrimidine-3-carboxylic acid 420.1
Q CFs (4-hydroxy-cyclohexyl)-amide
HO
O
)%k N“>NH F 5-[1-(2,5-Difluoro-phenyl)-
HN ethylamino]-pyrazolo[ 1,5-
323 0 a]pyrimidine-3-carboxylic acid 3741
tert-butylamide
F
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FNNE NH 5-Amino-pyrazolo[1,5-
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N
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N-NO /p:)| NN =~
5-Amino-pyrazolo[1,5-
a]pyrimidine-3-carboxylic acid
327 = [2-(2-cyano-phenyl)-5-methyl- 3590
\N’N 2H-pyrazol-3-yl]-amide
//
N
/N\N \
— 2
N~ "NH. 5-Amino-pyrazolo[1,5-
o) a]pyrimidine-3-carboxylic acid
328 NH [5-(3-fluoro-phenyl)-1H- 338.1
\K\S’Q pyrazol-4-yl]-amide
N~N
H F
/N\N \
N
N™ NHa 5-Amino-pyrazolo[1,5-
o) a]pyrimidine-3-carboxylic acid
329 NH [5-(3-fluoro-phenyl)-1-methyl- 3521
TN 1H-pyrazol-4-yl]-amide
N~N
\ F
/N\N \
N
N™ NHa 5-Amino-pyrazolo[1,5-
o) a]pyrimidine-3-carboxylic acid
330 NH [3-(3-fluoro-phenyl)-1-methyl- 3520
@ 1H-pyrazol-4-yl]-amide
NN
F
UL
— P .
/2)\ N °NH F 5-[1-(2,5-Difluoro-phenyl)-
HN ethylamino]-pyrazolo[ 1,5-
331 N 0 a]pyrimidine-3-carboxylic acid 416.2
(4-hydroxy-cyclohexyl)-amide
HO F
CUOL
)%k N°>NH F 5-[1-(2,5-Difluoro-phenyl)-
HN ethylamino]-pyrazolo[ 1,5-
332 o) a]pyrimidine-3-carboxylic acid 395.1
— pyr Y
\ pyridin-3-ylamide
N F
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carboxylic acid tert-butylamde 375.1 402 ""-N -- NNH 0= =0 NH 110

5- Benzenaesol2zbmmshsmi no- pyrazol o[ 1, 5-a] pyri m di ne- 3- carbosskeoo/oesvil4

cycl opentyl am de 385.8 403 - NNH NHO==0 . . 5-Benzenesul f onyl am no-

pyrazol o[ 1, 5-a] pyri m di ne-3- carboxylic acid phenyl amde 393.7 404 "NO _ V)

NN 0 H NH-5—2-FHuereg: b'i‘.zenesul fopyamno)
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0 a]pyrimidine-3-carboxylic acid ‘
(tetrahydro-pyran-4-yl)-amide
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N~
p NTS
ZSNT NH, 5-Amino-pyrazolo[1,5-
334 o a]pyrimidine-3-carboxylic acid 3340
NH (5-methyl-2-phenyl-2H-pyrazol- ’
fN—Q 3-yl)-amide
\N’
N~
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= N/ NH, 5-Amino-pyrazolo[1,5-
o a]pyrimidine-3-carboxylic acid
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f ——@F 2H-pyrazol-3-yl]-amide
N
=N
N~
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N™ “NHy 5-Amino-pyrazolo[1,5-
o) a]pyrimidine-3-carboxylic acid
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F
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p NS
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N™ “NH, 5-Amino-pyrazolo[1,5-
o) a]pyrimidine-3-carboxylic acid
NH
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Cl
N~
S BN
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N
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(4,4-difluoro-cyclohexyl)-amide
F L S
N~
.
— ~ .
fN NH F 5-[(R)-1-(2,5-Difluoro-phenyl)-
HN ethylamino]-pyrazolo[ 1,5-
340 0 a]pyrimidine-3-carboxylic acid 436.1
(4,4-difluoro-cyclohexyl)-amide
F F
F
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)%k N°>NH F 5-[1-(2,5-Difluoro-phenyl)-
HN ethylamino]-pyrazolo[ 1,5-
341 0 a]pyrimidine-3-carboxylic acid 402.1
(tetrahydro-pyran-4-yl)-amide
© F
N~
S
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/2)\ N™ 'NH; 5-Amino-pyrazolo[1,5-
HN a]pyrimidine-3-carboxylic acid
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[ 2- (2-cycl opr opyl - phenyl)-5- nethyl - 2H pyrazol - 3-A-am de 373.8 409 N-O p: 31
NN- O H NWb 26t(B1549Di f | uor o- benzenesul f onyl am no) - PCT/US2009/063014

pyrazol o[ 1, 5-a] pyri m di ne-3- carboxylic acid cycl ohexylam de 436.1 410 -j N

- 4 u
NN- 0 HNHCI C 5- 34D|chloro benzenesul f onyl ani no) -
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HN. N/ pyrazol-4-yl]-amide
Cl
/N\N N
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o N© R 5-Amino-pyrazolo[1,5-
346 NH a]pyrimidine-3-carboxylic acid 348 1
3 [5-(3-chloro-phenyl)-1-methyl- ‘
N 1H-pyrazol-4-yl]-amide
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Cl
/N\N S
— ~
o N™ NH; 5-Amino-pyrazolo[1,5-
347 NH a]pyrimidine-3-carboxylic acid 368.1
= [3-(3-chloro-phenyl)-1-methyl- ‘
_N. N/ 1H-pyrazol-4-yl]-amide
Cl
/N\N ~
= 5-[N’-(2,5-Difluoro-phenyl)-
348 NN hydrazino]-pyrazolo[ 1,5- - 361.1
HN o HN F aJpyrimidine-3-carboxylic acid ’
7< D/ tert-butylamide
F
L
FNNP O NH 5-(N’-Pyridin-2-yl-hydrazino)-
349 HN HNL N pyrazolo[1,5-a]pyrimidine-3- 326.1
0 = carboxylic acid tert-butylamide
7< | boxylic acid butylamid
=
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= NZ  NH 5-(1-Pyridin-3-yl-ethylamino)-
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=
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N F
/N TNTTS
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361 0 a]pyrimidine-3-carboxylic acid 402.2
(tetrahydro-pyran-4-yl)-amide
© F
N~
Lo
SN SNH 5-Amino-pyrazolo[1,5-
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371 /IJ a]pyrimidine-3-carboxylic acid 325.1
isopropylamide
N\N X
Nig 5-(2-Trifluoromethyl-
378 HN o benzylamino)-pyrazolo[1,5- 454 1
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5- (2- Fl uoro- benzenesul fonyl am no) - pyrazol o[ 1, 5-a] pyri m di ne- 3- carboxylic
i but\H-ar-de—392 429 i NNH2—NH-FN
aCI d tert _yl artt UC JJ . J. T LA LI LI 7 B B D R I y L)I
5- Anmi no- pyrazo rlmdl ne- 3- carb
2-(2-b Py -6- ﬁ | _ [?%3)’5 Dl%uoro phenyl)-
[ 2-( r ono )-5
387 ethylammo] -pyrazolo[1,5- 395.0
HN—\\ / aJpyrimidine-3-carboxylic acid ’
NM pyridin-3-ylamide
N= 0
NH 5-[1-(3,5-Difluoro-phenyl)-
N= ethylamino]-pyrazolo[ 1,5-
388 ﬁN N\ J a]pyrimidine-3-carboxylic acid 395.1
5/& pyridin-2-ylamide
= 0]
N
F
NN
_ /j\ 5-(3,5-Difluoro-phenylamino)-
389 N™ °N F pyrazolo[1,5-a]pyrimidine-3- 332.0
0 NH H carboxylic acid isopropylamide
PN .
o y N 5-[(3-Chloro-pyridin-2-
= - 1 - -
390 N N | ylmethyl.) .ammo] pyrazo.lo[l,.S 344.9
o) NH o a]pyrimidine-3-carboxylic acid
/« isopropylamide
PONTS .
o N 5-[(3-Fluoro-pyridin-2-
z - 1 - -
391 . H | ylmethyl.) .ammo] pyrazo.lo[l,.S 329 4
NH X a]pyrimidine-3-carboxylic acid
/K isopropylamide
N~
S
fN/ NH, | STAr.gi.no-]é)yrazlg)lo[lfS- ”
o a]pyrimidine-3-carboxylic aci
392 NH (2-tert-butyl-5-methyl-2H- 3141
f(N pyrazol-3-yl)-amide
\N/
S o |
o A% 5-Benzenesulfonylamino-
. N N/ bo) pyrgzol(;[1,5-%pzrirr§%ne-3-
393 NH carboxylic acid (4, -difluoro- 436.2
cyclohexyl)-amide
o
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met hyl

- 2H pyr azol

-3-A-am de 429.1 430

'\ NNH2 ONH C -

5- Am no- pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid

[ 2- (2- chiwoaeByasus4b| uor onmet hyl -

, 11 N F

436.1 431 -- NNH2 NH Cl -.... ,N. N 5-Anino-pyrazol o[ 1, 5-
a] pyri mdi ne-3-carboxylic acid [2-(2-chl oro-6-fl uoro-phenyl)-5-
met fyl - 2H pyrazol - 3-A-apide 386. 1 WD 2010/ 051549PCT/ US2009/ 063014 432
NNH , 1 C 1) NHL:D ----- k¢ - N%’?Let hanesul fongbam NQfonylam
pyrazol o[ 1, 5-a] pyri m difiex3-~ngar boxyl | c,ach [fts pﬁ,n Mﬁﬂygarr de 312.1
394
0=5=0 carboxylic acid (1-methyl-
Lo . 415.1
piperidin-4-yl)-amide
/N\N o
= _ 5-Benzenesulfonylamino-
N™ "NH pyrazolo[1,5-a]pyrimidine-3-
O 0=8=0 i i - -
395 NH carboxylic acid (4 methyl 4141
cyclohexyl)-amide
NN .
4 5-Benzenesulfonylamino-
SN NH pyrazolo[1,5-a]pyrimidine-3-
\ A
o 0=8=0 carboxylic acid (2-methyl-
396 NH cyclohexyl)-amide 414.2
N-N"X .
v _ 5-Benzenesulfonylamino-
NT NH pyrazolo[1,5-a]pyrimidine-3-
0 0=8=0 carboxylic acid
397 NH bicyclo[2.2.1]hept-2-ylamide 422
/N\N N
= _ 5-Benzenesulfonylamino-
N™ "NH pyrazolo[1,5-a]pyrimidine-3-
0 0=S=0 ic acid piperidin-4-
308 NH carboxylic ac@ piperidin-4 401.0
(ﬁ t ylamide
N
H
S
= N/ NH 5-Amino-pyrazolo[1,5-
2 S o
o a]pyrimidine-3-carboxylic acid
399 NH (2-chroman-4-yl-5 -me‘thl-ZH- 389.8
_ pyrazol-3-yl)-amide
o~ O
N
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433 NN NNH2 NH Br - , N Z----N Br 5- Am no-pyrazol o[ 1, 5-

a)l pyri m di ne-3-carboxylic acid [2-(2, 6-di brono-phenyl)-5-

met hyl - 2Hvpynazisls48- A-am de 491.7 434 NN -- NNH2 O NH PCUS2009063014
5- Ami no- pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid

[2-(2- nethoxy 6- met hyl - phenyl) 5- nethyl 2H pyrazol -3- ] -amde 378.2 435
- NNH2 N Z N-Br—5—Am pyt+azotol--5—alpyrm-dinre-—3rearboxyHe—aci d
[ 2-(2- bronD-6-nethyI I) 5- et hy| - 2H. Ry f.azRhoRA:
NH, a]pyrimidine-3-carboxylic acid
[2-(2-cthynyl-6-fluoro-phenyl)-
400 5-methyl-2H-pyrazol-3-yl]- 376.1
/E< amide
N~ .1 .
N 5-(Pyridine-3-sulfonylamino)-
= é < pyrazolo[1,5-a]pyrimidine-3-
401 0 | . carboxylic acid tert-butylamide 375.1
NH N
,N‘N = 5-Benzenesulfonylamino-
ans el aprmiines |y
402 © NH 0=3$=0 cyclopentylamide
/N TNTUS
. _ 5-Benzenesulfonylamino-
N™ "NH pyrazolo[1,5-a]pyrimidine-3-
403 o NH 0=5=0 carboxylic acid phenylamide 393.7
NN o
g//o 5-(2-Fluoro-
S benzenesulfonylamino)-
404 H s
0 pyrazolo[1,5-a]pyrimidine-3- 418.1
NH F carboxylic acid cyclohexylamide ’
/N TNTUS :
. 5-Amino-pyrazolo[1,5-
N™ "NHp a]pyrimidine-3-carboxylic acid
405 o NH [2-(2-ethynyl-6-methyl-phenyl)-
5-methyl-2H-pyrazol-3-yl]- 372.0
N\ amide
\N/
7
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amde 425.8 436 N L. NNH2 NH C -40Z---N Cl 5- Am no- pyrazol o[ 1, 5-

a] pyri m di ne-3-carboxylic acid [2-(2, 6-dichl oro-phenyl)-5-

met hyl - 2Rvpynazisls48- A- am de 402.1 437 N- NH2 NH Z. 1\ 11 | PCTlUS2009/063014

5- Ami no- pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid

[ 2- (2-chl or o- 6- net hyl - pheny1) - 5-nethyl -2H pyrazol -3-A- am de 382.1 WO

2010/ 0515A9Pf“1‘l | IC’)Of\nII 052’301/1 /1’)0 r\\l II ANLD M) Ir\\lH 1 N o

TNINT 12 O \¥J
5- Ami no- pyrazo| o[ 1, 5- N he- 3- car boxylic acid
[ 2- (2- met hoxy- pheny1X- t hy="2H py| aZol-Benpl-saetidde -1364. O
406 pyrazolo[1,5-a]pyrimidine-3-
carboxylic acid cyclohexylamide 376.2
NH
/N\N \
—_ 5-Amino-pyrazolo[1,5-
407 N "NH a]pyrimidine-3-carboxylic acid
O NH | [2-(2-chloro-6-iodo-phenyl)-5- 1937
methyl-2H-pyrazol-3-yl]-amide ‘
~ N
N
Cl
O
ZSNT ONH 5-Amino-pyrazolo[1,5-
2 C o
408 o a]pyrimidine-3-carboxylic acid
NH [2-(2-cyclopropyl-phenyl)-5- 3738
2\ methyl-2H-pyrazol-3-yl]-amide ’
\NI
N c.),o 5-(3,4-Difluoro-
= N/ N” F benzenesul fonylamino)-
409 N oo
0 pyrazolo[1,5-a]pyrimidine-3- 436.1
NH F carboxylic acid cyclohexylamide :
NN o :
4 g//O 5-(3,4-Dichloro-
NN N benzenesulfonylamino)-
410 H s
o pyrazolo[1,5-a]pyrimidine-3- 468.0
NH Cl carboxylic acid cyclohexylamide :
Cl
NN o :
4 g/,o 5-(3,5-Difluoro-
ZNNE N F benzenesul fonylamino)-
411 H s
0 pyrazolo[1,5-a]pyrimidine-3- 436 1
NH carboxylic acid cyclohexylamide :
O
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439 NN/ -- NNH2 O NHON .. ... "N411 Z---N Cl 5- Am no- pyrazol o[ 1, 5-

a)] pyri m di ne- 3-carboxylic acid [2-(2-chloro-5-cyano-phenyl) - 5-

met hyl - 2HvpyenazBis43- A-am de 393.2 440 NN / -- NNH2 NHpNT/UA2d09/063014 N / /

5- Ami no- pyrazol o[ 1, 5- a] pyri m di ne-3-car boxyl ic acid

[ 2-(2-ethynyl -phenyl) 5- rret hyl - 2H-pyrazol - 3-y1] -am de 358.0 441 -- NNH2
m 1 D2 _ N~y hn\/ul P~

NH N N 5' II_\\III IIU n\lr S v ,\} p LILILI T IIC JT CUTJUAYTTC (1\.: u

[2-(2-ethyl- phenyl )}'\tﬂi‘ hy é:/\o/\/ 5-(Butane-1-sulfonylamino)-

N/

—_

412 pyrazolo[1,5-a]pyrimidine-3-
O NH carboxylic acid cyclohexylamide 380.1

N~
y NS cg),o 5-(2,4-Difluoro-
413 = N/ N~ benzenesulfonylamino)-
0 H pyrazolo[1,5-a]pyrimidine-3-

F carboxylic acid cyclohexylamide 436.1
N~
4 N/j (I?//O 5-(2,5-Dichloro-
414 NSNS cl benzenesul fonylamino)-
o) H pyrazolo[1,5-a]pyrimidine-3- 468.0
NH Cl carboxylic acid cyclohexylamide :
N~
4 N/ﬁ\ ﬁ//o 5-(2,4-Dichloro-
415 NN benzenesul fonylamino)-
0 H pyrazolo[1,5-a]pyrimidine-3- 468.0
NH Cl Cl carboxylic acid cyclohexylamide :
NN o :
% g//o 5-(2,5-Difluoro-
Al6 SN ONT F benzenesul fonylamino)-
0 H pyrazolo[1,5-a]pyrimidine-3- 436.1

NH F carboxylic acid cyclohexylamide

N~
) N/i (g)'/ o © 5-(2,6-Dichloro-
i = N/ N benzenesulfonylamino)-
0 H pyrazolo[1,5-a]pyrimidine-3- 468.0

carboxylic acid cyclohexylamide

418 pyrazolo[1,5-a]pyrimidine-3-

NH carboxylic acid cyclohexylamide

O cl

468.0

NN o .
g .0 5-(3,5-Dichloro-
ZNN N’ \©/C| benzenesulfonylamino)-
O
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2H pyrazol -3-yl]-am de 362.2 442 -- NNH2 ONH 1- N4. N -S
5- Am no- pyrazol o[ 1, 5- a] pyri m di ne-3-carboxylic acid
[ 5- met hy Iwd-202yase34by| sul f anyl - phenyl) - 2H pyrazol - 3- A- arcatas3@0/0430443 -
NNH2 NH 1- N 4. N 5- Am no-pyrazol o[ 1,5- a] pyri m di ne-3-carboxylic acid
[ 2- (2, 6-di met hyl - phenyl)-5- nethyl -2H pyrazol - 3-A-am de 362.2 WO

|

2010/ 0515Anr)f""l'l | |c0nnnl nR’)n’l /1 /1/1/1 r\| Il ~ II‘\\ll_l - NA

5- Anmi no- pyrazo| o[ 1, ] p r| djl ne- 3- car bo>6y(12,8<1)1<a1®rod
[ 2- (2-i odosgheny1l) - 5 yrazpl - deydiesulipiybheing60. 1| 445
pyrazolo 1,5-a]pyrimidine-3- 468.0
carboxylic acid cyclohexylamide ‘
N-N"SY o F :
4 g‘//O 5-(2,6-Difluoro-
420 SN ON benzenesul fonylamino)-
o H pyrazolo[1,5-a]pyrimidine-3- 436.1

carboxylic acid cyclohexylamide

N™ “NH, a]pyrimidine-3-carboxylic acid

SN .
f _ 5-Amino-pyrazolo[1,5-
O

421 NH [2-(2-fluoro-6-methyl-phenyl)-5- 366.1
methyl-2H-pyrazol-3-yl]-amide ’
~ N
N
F
L
NN NH 5-Amino-pyrazolo[1,5-
2 . . .
o a]pyrimidine-3-carboxylic acid
422 NH [5-methyl-2-(2-
_ trifluoromethoxy-phenyl)-2H- 418.1
- N pyrazol-3-yl]-amide
N
XF
FF

4 1.0 5-(3-Trifluoromethoxy-
ZNSNE N benzenesulfonylamino)-
423 H s
o pyrazolo[1,5-a]pyrimidine-3- 484 1

carboxylic acid cyclohexylamide

N (g .0 5-(2-Trifluoromethyl-
424 = N/ N” benzenesulfonylamino)-
HF pyrazolo[1,5-a]pyrimidine-3-
0 F 468.1

carboxylic acid cyclohexylamide
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- NNH2 o NH N Z----N Br 5- Am no-pyrazol o[ 1,5- a] pyri m di ne-3-carboxylic
acid [2-(2-brono-phenyl)-5-nethyl- 2H pyrazol -3-yl]-am de 412.1 446 - NNH2
0 NH 5- Amvoaepyosaszel o[ 1, 5- a] pyri m di ne- 3-car boxyl i ¢ aciPdT/US2009/063014
[ 2- (2-chl or 0- 4- cyano- phenyl ) -5- net hyl - 2H pyrazol - 3- A-anmi de 393.0 C 447
NN -- " NNH2 NH - - 115Amno pyrazolo[l 5-
[
L

al pyri m di-ne—3 carb'““" Ee—acta—{2—(2-t+sopropy—phenry)—>5
met hyl - 2H pyr agzol - ' 5. 3 448 5-(3-Trifluoromethyl-
benzenesulfonylamino)-
425 oo
pyrazolo[1,5-a]pyrimidine-3- 468 1
carboxylic acid cyclohexylamide ‘
5-(Toluene-3-sulfonylamino)-
426 pyrazolo[1,5-a]pyrimidine-3-
carboxylic acid cyclohexylamide 414.1

/N‘N SN 0 5-(2-Chloro- .
-0 benzenesulfonylamino)-

]
427 NPy
NTN § o

carboxylic acid tert-butylamide

NN o 5-(2-Fluoro-
{ 120 benzenesul fonylamino)-
428 N YA 1 yiamin
N H pyrazolo[1,5-a]pyrimidine-3- 3921
0 NH F carboxylic acid tert-butylamide ‘

N™ "NH; a]pyrimidine-3-carboxylic acid

PN
f P 5-Amino-pyrazolo[ 1,5-
O

429 NH E [2-(2-bromo-6-fluoro-phenyl)-5- 429 1
methyl-2H-pyrazol-3-yl]-amide ’
N
N
Br
AN .
= 5-Amino-pyrazolo[1,5-
N” “NH, a]pyrimidine-3-carboxylic acid
430 O NH Gl [2-(2-chloro-6-trifluoromethyl- 436.1
phenyl)-5-methyl-2H-pyrazol-3-
f N yl]-amide
F
& F
/N\N N
. 5-Amino-pyrazolo[1,5-
431 N™ NH; a]pyrimidine-3-carboxylic acid
o NH Gl [2-(2-chloro-6-fluoro-phenyl)-5- 386.1
methyl-2H-pyrazol-3-yl]-amide ’
N
N
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NN oHNH 5-(1-(3,5- difluorophenyl)ethylam no)-N phenyl pyrazol o[ 1, 5- a]
pyrimdine-3 -carboxam de 394.1 449 N NN H NHS ita] 5-(1-(3,5-
di f1 uor ophenyioysisayl am no) - N( 3-f | uor ophenyl ) pyr azol o[ 1, PeTseéoiocione- 3
-carboxam de 412.1 WD 2010/ 051549PCT/ US2009/ 063014 450 o NH O HO NN H O
5- (3, 5-di fluorobenzyl am no)-N- (4- hydroxycycl ohexyl)pyrazolo [1,5

r Y

Avarm A~
\¥J

-a] pyri m gi-ne-3—€a *xapm \402.2 45 HN-N—— N-INH
v 5-Methanesulfonylamino-
432 NN SNH pyrazolo[1,5-a]pyrimidine-3-
1.0 carboxylic acid tert-butylamide 312.1
o) P
NH 0]
/N\N S .
= 5-Amino-pyrazolo[1,5-
133 NH, a]pyrimidine-3-carboxylic acid
o NH Br [2-(2,6-dibromo-phenyl)-5- 1917
methyl-2H-pyrazol-3-yl]-amide ‘
N
N
Br
N~
NT X
4 _ /j\ 5-Amino-pyrazolo[1,5-
N™ “NH, a]pyrimidine-3-carboxylic acid
434 o] [2-(2-methoxy-6-methyl-
NH phenyl)-5-methyl-2H-pyrazol-3- 378.2
= yl]-amide
Sl IN
N
O,
\
N\N X .
4 5-Amino-pyrazolo[1,5-
SN NH, a]pyrimidine-3-carboxylic acid
435 o [2-(2-bromo-6-methyl-phenyl)-
NH 5-methyl-2H-pyrazol-3-yl]- 4258
= amide
_— IN
N
Br
N~
y N = .
= 5-Amino-pyrazolo[1,5-
436 N™ "NH, a]pyrimidine-3-carboxylic acid
9 NH CI [2-(2,6-dichloro-phenyl)-5- 4001
methyl-2H-pyrazol-3-yl]-amide ‘
—
Cl
N\N X .
4 5-Amino-pyrazolo[1,5-
N NH, a]pyrimidine-3-carboxylic acid
437 o [2-(2-chloro-6-methyl-phenyl)-
NH 5-methyl-2H-pyrazol-3-yl]- 382.1
= amide
N
N
Cl
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F N H 40 5-(3,5-difluorobenzyl am no)-N (tetrahydro-2H pyran-4- yl)pyrazolo

[1,5-a] pyrimdine-3 -

carboxam de 387.9 452 N- NH/ NNHO

5- (3, 5- diwbuoroaises¥zyl am no) - N- (pyridin-3 -yl)pyrazol o PCTARS2@pP/063014
pyrim di ne-3 -carboxam de 380.9 The conpounds of of Exanples 1-452 were
tested for the| r capaC| ty to |nh| bi t a JAK k| nase actl vity. The conpounds

Of Exa.rrpl S ’I \}L ‘v"verc I U LU IIQVC I\, UI I ess L IIG.II ab ut I T ul\vll ; LIL} VJ K
ki nase activitly assays 4 see Exarrpl e35 ey yr%ﬁ Csorrpounds of 5the
present ipventjon are t 3 Hg usefu cg}g(gi idJaRi pitors.
Tabl e 3 bet3dw shows t| c activity @t(gngllﬁ@;ay haknsert ai n compounds| of
the present invention in the abovenaﬁaslazfspy(dimarmLaaﬁdeA 0. e 3
Exanpl e JAK1 JAK21 JA 240 0. 086 uM 0. 0032 uM 0. 0951 uM 0. 0624 uM
231 0.0152 uMp. 0018
——O
/N\N N .
= 5-Amino-pyrazolo[1,5-
439 N™ "NH a]pyrimidine-3-carboxylic acid
O NH CN [2-(2-chloro-5-cyano-phenyl)-5- 393.2
methyl-2H-pyrazol-3-yl]-amide ‘
o
N
Cl
OO
= NZ “NH 5-Amino-pyrazolo[1,5-
2 . . .
440 a]pyrimidine-3-carboxylic acid
[2-(2-ethynyl-phenyl)-5-methyl- 358.0
/E< p 2H-pyrazol-3-yl]-amide ’
N‘N
== / 5-Amino-pyrazolo[1,5-
N~ NH, o o
441 a]pyrimidine-3-carboxylic acid
[2-(2-ethyl-phenyl)-5-methyl- 3622
/E< ; 2H-pyrazol-3-yl]-amide ’
N\N AN
— / 5-Amino-pyrazolo[1,5-
442 N" "NHy a]pyrimidine-3-carboxylic acid
O NH [5-methyl-2-(2-methylsulfanyl- 380 1
phenyl)-2H-pyrazol-3-yl]-amide ’
Ly
N
—S
N-N
L 5-Amino-pyrazolo[1,5-
443 NH, a]pyrimidine-3-carboxylic acid
0] [2-(2,6-dimethyl-phenyl)-5- 3602
NH methyl-2H-pyrazol-3-yl]-amide :
_ N
N
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0.0124 uM 0. 0438 uM 225 0. 0029 uM 0. 0003 uM 0. 0029 uM 0. 0073 uM 226 0.0074
uM 0. 0005 uM 0. 0157 uM 0. 0328 uM 248 0.0028 uM 0. 0001 uM 0. 0017 uM 0. 0041
uM 250 0.Wo&410ulsh390020 uM 0. 0556 uM 0. 0361 uM WO PCT/US2009/063014

2010/ 051549PCT/ US2009/ 063014 277 0.0176 uM 0. 0009 uM 0. 0254 uM 0. 0435 uM
343 0. 0299 uM 0.0042 uM 0. 0286 uM 0. 0976 uM 297 0. 0466 uM 0. 0016 uM 0. 0397

uM 0. 152

1A

A4

/N TNTUS
= 5-Amino-pyrazolo[1,5-
NH; a]pyrimidine-3-carboxylic acid
4a4 O NH [2-(2-iodo-phenyl)-5-methyl- 460.1
2H-pyrazol-3-yl]-amide
—
!
N
|
/N TNTUS
= 5-Amino-pyrazolo[1,5-
445 N™ "NH a]pyrimidine-3-carboxylic acid
o NH [2-(2-bromo-phenyl)-5-methyl- 419 1
2H-pyrazol-3-yl]-amide ‘
—
o
N
Br
/N TNTUS .
=l 5-Amino-pyrazolo[1,5-
446 N” "NH; a]pyrimidine-3-carboxylic acid
o NH [2-(2-chloro-4-cyano-phenyl)-5- 393.0
methyl-2H-pyrazol-3-yl]-amide ’
= —
N =N
=N :
Cl
L
= N7 NH 5-Amino-pyrazolo[1,5-
447 o 2 a]pyrimidine-3-carboxylic acid
NH [2-(2-isopropyl-phenyl)-5- 376.3
_ methyl-2H-pyrazol-3-yl]-amide ’
N
e
N~
.
448 SR 5-(1-(3,5-
o H difluorophenyl)ethylamino)-N- 3941
NH phenylpyrazolo[1,5- :
@ F a]pyrimidine-3-carboxamide
O
fN/ HJ\Q/F 5_(1_(3’5_
o difluorophenyl)ethylamino)-N-
NH
449 L (3-fluorophenyl)pyrazolo[1,5- H21
@Z a]pyrimidine-3-carboxamide
F
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299 0.0287 uM 0.0008 uM 0.0145 uM 0. 0509 uM
shows certain cellul ar

phar macol ogi cal

Tabl e 4 bel ow
activity data (EC50) for conpounds
of the prweento/smuenti on run in the above cellul ar assapsT(USz@9pbm®1D) .
Table 4 E xanple 5 pSsTATT2 E EPO pSTAT5 TF1 1L6- pSTAT3 TF1 1L12- pSTAT4

NK92 240 0.365 uMO0.735 uM 1.6 uM0.579 uM 231 0.0802 uM 0. 23 uM 0. 371 uM

3.3 uM 22500125 uM-0-—0404 M-O0-—13u4M-0-—119 4HM226—0-—017 M 102 M
N \VJ By N‘;’N U UiVl U, 1L J Uapvh U, L 1L J uIVI [Ay v UL uIVI U. LUJI v
uM 0. 336 UM 248 Y. - | |
N ”/\Q/ 5-(3,5-difluorobenzylamino)-N-
O
NH (4-
450 F hydroxycyclohexyl)pyrazolo[ 1,5 402.2
-a]pyrimidine-3-carboxamide
HO
L
f Z N/\Q/F 5-(3,5-difluorobenzylamino)-N-
H
0 (tetrahydro-2H-pyran-4-
451 NH yl)pyrazolo[1,5-a]pyrimidine-3- 3879
d F carboxamide
6}
N~
S
— P/ F
N 5-(3,5-difluorobenzylamino)-N-
452 0 ridin-3-yl)pyrazolo[1,5- 380.9
NH Y YOPY
_ E a]pyrimidine-3-carboxamide
A

The compounds of of Examples 1-452 were tested for their capacity to inhibit

a JAK kinase activity. The compounds of Examples 1-452 were found to have a K; of less

than about 1 uM in JAK kinase activity assays (e.g. see Examples A-C). The compounds of

5  the present invention are therefore useful as JAK kinase inhibitors.

Table 3 below shows enzymatic activity data (Kj) for certain compounds of the

present invention run in the above assays (Examples A-C).

Table 3
Example JAK1 JAK?2; JAK3 TYK2;
240 0.036 uM 0.0032 uM 0.0951 uM 0.0624 uM
231 0.0152 uM 0.0018 uM 0.0124 uM 0.0438 uM
225 0.0029 uM 0.0003 uM 0.0029 uM 0.0073 uM
226 0.0074 uM 0.0005 uM 0.0157 uM 0.0328 uM
248 0.0028 uM 0.0001 uM 0.0017 uM 0.0041 uM
250 0.0284 uM 0.0020 uM 0.0556 uM 0.0361 uM

188
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0.018 uM 0. 0553 uM 0. 165 uM 0. 158 uM 250 0.158 uM 0. 34 uM 0. 839 uM 0. 105 uM

277 0.0434 uM 0. 148 uM 0. 514 uM 0. 603 uM 343 0.301 uM 0.368 uM 0.380 uM5.3
uM 297 0.w6Qo1oMs054207 uM 1.4 uM 1.1 uM 299 0. 256 uM 0. 2P8Taig2d9B8B30wM 1. 77
Al t hough the invention has been described and illustrated
I s understood that the present

uM 5

with a certain degree of particularity,

it

di scl osure h
in the conbin
skilled in th
10i nventi on,

US Provisio

which is inco
VWHAT |I'S CLAIN
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299 0.0287 uM 0.0008 uM 0.0145 uM 0.0509 uM

Table 4 below shows certain cellular pharmacological activity data (ECsg) for

compounds of the present invention run in the above cellular assays (Example D).

Table 4
Example | PSTATS EPO pSTATS5 IL6-pSTAT3 IL12-pSTAT4
SET2 TF1 TF1 NK92
240 0.365 uM 0.735 uM 1.6 uM 0.579 uM
231 0.0802 uM 0.23uM 0.371 uM 3.3uM
225 0.0128 uM 0.0404 uM 0.13uM 0.119 uM
226 0.017 uM 0.103 uM 0.17 uM 0.336 UM
248 0.018 uM 0.0553 uM 0.165 uM 0.158 uM
250 0.158 uM 0.34 uM 0.839 uM 0.105 uM
277 0.0434 uM 0.148 uM 0.514 uM 0.603 uM
343 0.301 uM 0.368 uM 0.380 uM 5.3uM
297 0.170 uM 0.207 uM 1.4 uM 1.1uM
299 0.256 uM 0.228 uM 1.88 uM 1.77 uM
5
Although the invention has been described and illustrated with a certain
degree of particularity, it is understood that the present disclosure has been made only by way
of example, and that numerous changes in the combination and arrangement of parts can be
resorted to by those skilled in the art without departing from the spirit and scope of the
10  invention, as defined by the claims.

Reference is made to U.S. Provisional Application Serial No. 61/110,497, filed

October 31, 2008, which is incorporated herein by reference in its entirety for all purposes.
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I a enantionmers, diastereonmers or pharnmaceutically acceptable salts
thereof, wherein: RLis H R2 is -0OR4, -NR3R4, -NR3N12R4, -NR3S(0)R4 or

- NR3S( 0) 2R8;2010/051549R3 is H or Cl1-C6 al kyl, C2-C6 al kenylPCcT@R2606/06d0ky nyl ,
wherein said al kyl, al kenyl and aIkynyI are optionally substituted by oxo,

F, ORa or NRaRb; R4 is H Cl-C6 al kyl, C2-C6 al kenyl, C2-C6 al kynyl,
- (Co- 05 aIkyI)(Ow&ﬂﬁiﬁmﬁ;ﬂg - (Co- 05 aIkyI)(C3C6cycIoaIkyI)
-(Co-05 al kyl) (G - (Co-05 alkyl)(C6-C o aryl), wherein

said al kyl, al kenyl and al kynyl are optionally substituted by R8, and said
aryl, cycl oal kyl A behpsoarofiFoandlaliet er ocycl yl are optionally substituted by
R9; or R3 and R4 are taken together with the nitrogen to which they
are attached to forma Cl1-C9 heterocyclyl optionally substituted by R13; Z
is -OR6 or -NRS5R6; R5 is Hor Cl-C3 al kyl; R6 is H Cl1-C10 al kyl,
C2-C10 al kenyl, C2-C10 al kynyl, -(Con05 aI |) (CR'CO heterocyclyl), -(Co-05
al kyl) (C3-C 8 cycl oal kyl ), -(C0-05 Ky 9 heteroaryl), - (Co-05

al kyl ) (C6-C9 aryl), wherein saiRl al keny|l and al kynyl are optionally
substituted by R19, and said aryl, kyla\pet eroaryl and heterocyclyl
are optionally substituted by R11; N’hal oR?C1- C3 al kyl, C2-C3

al kenyl, C2-C3 al kynyl or -0(GCi - C3 kyl); R8 is |ndependently oxo, hal o,
ORa or NRaRb RO is independent|§~0ox -CN, -CF3, halo, -C(0)C -C6 al kyl,
-C(0)0Ra, C(0)NRaRb, -(Co-05 al kyl)NRaRb, -(Co-05, al kyl)ORa, -(Co-05

al kyl)SRa, O[C(Ra)2]1_30-, C1-C3 alkyl optionally substituted by oxo or F,
-(Co-05 al kyl)(C3-C6 cycloal kyl) optionalaly substituted by oxo or F,
-(Co-05 alkyl)C -C9 heterocyclyl optionally substituted by hal o, oxo, Cl-C3
al kyl or C(0) G - Raidivdrs, diz(s@?e&ﬁer@bkiﬂlé&@c@lﬁﬂéh S)OMcbﬁ’tﬁﬁlUthM@r%bft uted by
halo or C1-C3 alkyl -0(Ci-C3 alkyl), or -(Co-05 al kyl)Cl het er oar yl
optional | y swisstintuted by halo or Ci-C3 alkyl; R o is independently oxo,

hal o, ORa or NRaRb R11 is |ndependently oxo, -CN, -CF3, hal o,
-0[C(Ra)2]1_30-, RGG(BI)O C6 al kyl, -C(0)ORa, -C(0)NRaRb, -(Co-05

al kyl ) NRaRb, (Co 05 al ky1) ORa, G-06 al kyl optionally substituted by oxo
or F, -(Co-05 al ki) CORCO MRS oNRENYR' oNR SR YorsMRSS{@pREd by hal 0, oxo,
C-C3 alkyl or C(0)GC -C3 alkyl, -(Co-05 alkyl)C -C9 heteroaryl optionally
substituted by hqms@rm@l @éalﬁylkmh&a(&a 06, & ktyh hwkelfppdla@m@ ly
substituted by Cl-C4 al kyl, ClC4aIken?, Cl-C4 a

cyeT ol Kyl - -@kay! 0 diymsiae artReulbr SUoNRURE by oo, £ CHRUT M) G- Cs

cycl oal kyl opti onaIIy substituted by oxo, -NRcRd, Cl1-C3 alkyl or F, Rl2 is
H or Cl1-C3 al kyl; RYis H, CR3kd, ©x6s allkaﬂlx}, CAs ajkyaylkcho-cse(lmll(nce al kyl ,

h(ca:'g gz gsscl yI? ?%@F@ﬁ @ Gy@‘%& %ﬁy&a%phe@;@?r&l%ﬁr 5?%‘ %é?a@ide)’cycl yl

are opti onal(bx c%taugn)é LEeHarbly, wherbh saldkitiyl, am@%%@m@&um& hal o or

NRc Rd; D.are i ndependentl
al kyl, C6 arsybstltm@dchymdcﬁald@Wl @Yd@tlkmheﬁerpélryéelythegttrocwhelra@ nptgmaﬂy al kyl ,

aryl and cycl |k a tionally substituted by C1-C4 al kyl, -(Co-C3
al ky1) oW oxoge{ﬁ ﬁ%db thﬂg or C4-05 heterocyclyl; or Ra and RD

together with th st o e at.tached for aCl 5 hterocyclyl
optionally substi g? E\%’E %ﬁetﬁgw%ﬁﬁllﬂ??gent%@l arﬁla%ﬁ? grto

-(0) ORa; angrma C;- Cﬁfet&ﬂ@chiﬂ o@ﬁ@ndll@r@@@ﬁﬂﬁi@@b R'H Cl-CG alkyl, C3-C6

cycl oal kyl or phenyl mhereln said al kyl, cycloal’kyl and phenyl are

optionally substl 5@6 CH3 OH, NH2 C(0)0(C1-C6 al kyl) or

C(0) NH(C1- C6 aIk 2Acorrpound of cIa|m1 selected fromFormula I: H |
enantioners, diasie har maceutical |y acceptable salts thereof,
wherein: R is HSéF}éﬁj&eﬂrj]o%ﬁdk?I NR3R4 R3is Hor Cl-C6 al kyI C2- C6

opt i onai 1y substi' U B b 6BV € oraeiin Rk o T SRINCIESs eyt
C2- C6 al kenyﬁeter&%mg@) at@@yélkyb(gcge (b@rcﬂ)lah%l)) %g @;9allaﬁ§(e:mzs;m@{eyéa)ryl) -( Co- 05

al kyl) (C3- cycl oal ﬁ het er oar

2l kyl ) ( C6- cg(camajkylméef:eaw sabas) otk ikagy! dmd QliamKdary Ppéeslopt - onal |y
substituted X ol A het er oar yl
and het er Ocys(l:l stﬁutg}i gygp%dg ,:?8/ 0%[!% %gltegoa?‘yl and h%%le%c%%iaflfwe _ON, - CF35
hal o, -C(0) (&bﬂaﬁaw dﬁ%ht;tute@&@)KiRa - C(0) NRaRb, -(Co-05 al kyl ) NRaRb, - (Co-05
al kyl)ORa, -0O[C(Ra)2]1_30- C1-C3 alkyl optionally substituted by oxo or F,
(Co-05 alkyl)C -C9 heterocyclyl optionally substituted by hal o, oxo, G -C3
al kyl or C(0)C1-C3 al kyl, or 190 (Co-05 alkyl)CG -C9 heteroaryl
optionally substituted by halo or G -C3 al kyl; or R3 and R4 are taken
together with the nitrogen to which they are attached to forma Cl-05

het er ocycl yl opti onal I y substituted by oxo, F, Cl1-C3 al kyl, -C(0)Cl-C6

~I M\ N~ N NS o RIS NS



R5 is Hor Cl1-C3 al kyl; R6 is H Cl1-Cl0 al kyl, C2-C10 al kenyl, C2-C10
al kynyl, -(Co-05 alkyl)(G -C9 heterocyclyl), -(Co-05 al kyl)(C3-C8

cycl oal kywd,20t0(0805405 al kyl ) (Ci - C9 heteroaryl), - (Co-05Ppalrhskyio@esocd aryl),
wherein said al kyl, al kenyl and al kynyl are optionally substituted by oxo,
F, ORa or NRaRb, and said aryl, cycloal kyl, heteroaryl and heterocyclyl are

Tyl {0y oRa, X or b kb -C: ¢B551 65 Ay R oo bSO RO YT, 1 o6

al kyl optionally substituted by oxo or F, b (Co-05 al kyl)C -C9
het er ocycl yl opt iforiaindgprendsatly exa dalopPRhar BR Bxo, C1-C3 al kyl or C(0) Cl-C3
al kyl , (Co-05 alkyl)C -C9 heteroaryl optionally substituted by

hal 0 or Cl-C3 al Klis independently oxo,(-CoN,0% Fal liafo,)-SHENG|-Coplkiyb ral(OYORUbSt i t ut ed
by C1-C3 al kyl , - hal o, ~CN, - or -NRaRp. , or . Co- 05
ki) G- 05 HONERY HGpts BRIV Enn b b o6r-C: ERER 1. G al Ky

& a1 o GAARERE LIRS Bhgaih oS (ARGl S, Y
and cycl oal %loﬁﬂ@l)%’b@ﬂ@i Mst&Uﬁéﬁ%Flbﬂb%ﬁpr e k&Y cy het%@éaggl al ky1) OW

oxo, hal o, Rd or -05 heterocyclyl; or 2010/ 051549PCT/ 009/ 063014
Ra and RD t agébhdly swbstituteddydtabmoke W calkylheC(EnE -6t tkghedCH-Or atkal)Ca - 05

het | yl ti. I bstituted b F, G- | kyl, -C(0)Cl-C6
e I S T R I D
C3-C6 I i ' I J d ph I

o 0 11 oS o, B SNy ey, e preni ere

O)NH(C1-C6 al k 3., Th d ofH ai 1-2, wh in R2 i
N o The ol dﬂ%enéff%w%iﬁaﬁg}%ﬂ?fé% s N2 5 The
conmpound of clains;1 and 3, wherein R4 is C1-C6 alkyl, -(Co-05 alkyl)(C 1
-C9 heterocycl y1)R Iyiedenygdentkagxp( cCh. @FD)}]&]%—Q[@@MI—SQ(—EISC()@%HR@/I )(C 1

-C9 heteroaryl), @5 2 6~ C nawherei i lakyl ~i s
optional ly saYulB’?slt i?@@cli{ byé@?ﬁlRafr{ld ég:%"gs E{k l)?,QRcydl (gg‘f'%/?,ﬁyﬁ(e)? e’lr%é?% and
het er ocycl ylaiaf @pastdlignabitued B bk Bt BA-0Y-RUlkyl)Ci-Co Reterbafel Hag, of
claim1, V\hearlgsinnpRS a?{d RA{ lzlitre ?aken tog(g%grgeg% V%A,)tﬁ t%eetﬁlg t?coggﬁﬁ?o %hi ch

t hey are at tsabstadted by helonveo, Cl-CGalkgtoe CHOYCI-§1 alepl i-6vall 3ikglBstGot ut ed by
R13. 7. The conpound of claim 1, wherein i s -NHS(0)2R4, 8.
The conpoundicirozyLenionallysbstituteghyrhalqory-Cs al-k?é?(@I@S gliyll)l?h%‘& ional l'y

substituted hy: . . C ogn aj rein Zis -NHR6.
10. The conp%lﬁggg?sugftgﬁtengbi’@ﬁc %Hg éb\%é?gﬁengllev?é%@%\i\lg‘gaﬁ%kyl, - (Co-05
al kyl) (C 1 -@98lohiklyerOEY Ghip1)}CN; (OB Gb—NRRE, bf G(3-CBalkyipt 0-Blckyibilkyt ( Co- 05
al kyl) (C 1 -C9 heteroaryl), -(Co-05_ al kg_I&?(CG-CQ aryl), wherein said al kyl

i s opti onal |optiepdbt substitegdhy oRe0NRIhdCshizdlkat 91 F; cycl oal kyl, heteroaryl
and heterocyclyl are optionally substituted by R11l. 11. The conpound
of claim1, wher&®AiFH or € 46; aYli s - NR3S(0)2R4; R3 is H and R4 is phenyl
optionally substituted by 1-3 substituents selected from Cl-C3 al kyl, -CF3
and halo; Z is - NRSRGsxoRRalbSCHC; kgl RE(OFC cysalRpl 0pyh)ORY Cfs @Bt s

cycl opentyl, cycl ohexyl, cycloheptyl or cyclooctyl, and wherein R6 is
optional | y subselkyLiCedCtietaroarsl @ Gubshétergeynlyl; sbbwet wid aybwyerelkyhal o and
Cl-C6 al kyl . 12.. The c ound. of . claim1, r ei 7} - R2 is
-NR3R4; R3 ihsetell—rf?arﬁsani%sheﬁ;m%g'il rep%})slg%l%“fu%g%tﬂf’s[etdibtvg'kl}telé@‘ %%73%55@?&/ *and further
optional Iy sgibgiorybes na NRRY; and wherein said phenyl is optionally
substituted by one or two substituents selected fromnethyl, halo, nethoxy,
cyano, trifluoro | Rb : i f bpor gk hos } . CA

phar maceut i cal cgfr?t?p%g }tki g%q%gﬁ%epﬁgﬂ%ﬁé gg?fpoundz’ opﬁafrliﬁ/céncé aél%ﬁ’cf:?iiaﬁg’ 1-12
and a phar maCe0¢ ceabddlyylagrc@pCalbberagclyl; evheraidj saidaaik yloraryd edhidadyeloalkyl are  14.
A method of treating or |essening the severity of a disease or ,condition
responsi ve tptiopaly sbshiutaddy 6f-Ca alkak #Cmbs lldiQR/b 030.ihitlay NAR @itCa-Cs
conpri sing g @r?éﬁfﬁ'rdrng to said patient a therapeutically effective anount
of a conpound of “cl’ai ns 1-12. 15. A compound of clains 1-12, for use
in therapy.
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R* and R together with the atom to which they are attached form a C;-Cs
heterocyclyl optionally substituted by oxo, F, C;-C; alkyl, —C(O)C,-C¢ alkyl or
—C(0)OR?; and

R¢ and R? are independently H, C;-Cj alkyl, C3-Cs cycloalkyl or phenyl,

wherein said alkyl, cycloalkyl and phenyl are optionally substituted by halo, CH; OH,
NH,, C(0)O(C;-Cs alkyl) or C(O)NH(C,-Cs alkyl).

2. A compound of claim 1, selected from Formula I:
H
H
N— N \
R1 /
/ /
N R?
O
Z 2
|

enantiomers, diastereomers or pharmaceutically acceptable salts thereof,

wherein:

R'is H;

R?is -OR* or -NR*R*;

R?is Hor C1-Cs alkyl, C,-Cg alkenyl, C,-Cg alkynyl, wherein said alkyl,
alkenyl and alkynyl are optionally substituted by oxo, F, OR* or NR*R";

R*is H, C;-Cg alkyl, C,-Cg alkenyl, C,-Cq alkynyl, —(Cy-Cs alkyl)(C;-Co
heterocyclyl), «(Cy-Cs alkyl)(Cs-Cg cycloalkyl), —(Cy-Cs alkyl)(C;-Co heteroaryl), —
(Co-Cs alkyl)(Cs-Cy aryl), wherein said alkyl, alkenyl and alkynyl are optionally
substituted by oxo, F, OR* or NR*R", and said aryl, cycloalkyl, heteroaryl and
heterocyclyl are optionally substituted by

0x0, —CN, —CF3, halo, —C(0)C-Cs alkyl, —C(O)OR?* —C(O)NR'R",
—(Cy-Cs alkyl)NR*RP, —(Co-Cs alkyl)OR*, —O[C(R*)2] 30—

C,-C; alkyl optionally substituted by oxo or F,
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—(Cy-Cs alkyl)C;—Cy heterocyclyl optionally substituted by halo, oxo,
C,-C; alkyl or C(O)C,-C;5 alkyl, or
—(Cy-Cs alkyl)C;—Cy heteroaryl optionally substituted by halo or C;-Cs
alkyl; or
R’ and R* are taken together with the nitrogen to which they are attached to
form a C;-Cs heterocyclyl optionally substituted by oxo, F, C;-Cs alkyl, —-C(O)C;-Cs
alkyl or —C(O)OR?,
Z is —OR® or -NR°R";
R’ is H or C;-Cs alkyl;
R6 18 H, Cl-Cl() alkyl, C2-C1() alkenyl, C2-C1() alkynyl, —(C()-C5 alkyl)(Cl-Cg
heterocyclyl), «(Cy-Cs alkyl)(Cs-Cg cycloalkyl), —(Cy-Cs alkyl)(C;-Co heteroaryl), —
(Co-Cs alkyl)(Cs-Cy aryl), wherein said alkyl, alkenyl and alkynyl are optionally

substituted by oxo, F, OR* or NR*R", and said aryl, cycloalkyl, heteroaryl and
heterocyclyl are optionally substituted by

0x0, —CN, —CF3, halo, —O[C(R");];.30—, —C(0)C;-Cs alkyl,
—C(0)OR?, =C(O)NRR®, —(C-Cs alky)NR*R®, (Co-Cs alkyl)OR?,
C,-C alkyl optionally substituted by oxo or F,

—(Cy-Cs alkyl)C;—Cy heterocyclyl optionally substituted by halo, oxo,
C;-C; alkyl or C(O)C;-C5 alkyl,

—(Cy-Cs alkyl)C;—Cy heteroaryl optionally substituted by halo or C;-Cs
alkyl,

—(Cy-Cs alkyl)phenyl optionally substituted by C;-C; alkyl, —CF3, halo,
—CN, —OR" or -NR'R", or

—(Cy-Cs alkyl)C3—Cs cycloalkyl optionally substituted by oxo,
—NR°RY, C}-C; alkyl or F;

R* and R" are independently H, —CF3;, —CHF,, —CH,F, C;-Cs alkyl, Cs aryl,

C;3-Cs cycloalkyl or C4-Cs heterocyclyl; wherein said alkyl, aryl and cycloalkyl are

optionally substituted by C;-Cy alkyl, (Co-C3 alkyl)OR®, oxo, halo, NR°R® or C4-Cs

heterocyclyl; or
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R* and R together with the atom to which they are attached form a C;-Cs
heterocyclyl optionally substituted by oxo, F, C;-C; alkyl, —C(O)C,-C¢ alkyl or
—C(0)OR?; and

R¢ and R? are independently H, C;-Cj alkyl, C3-Cs cycloalkyl or phenyl,
wherein said alkyl, cycloalkyl and phenyl are optionally substituted by halo, CH; OH,
NH,, C(O)O(C,-C¢ alkyl) or C(O)NH(C,-C; alkyl).

3. The compound of claims 1-2, wherein R? is -NHR*.

4. The compound of claims 1-3, wherein R? is —-NHj.

5. The compound of claims 1 and 3, wherein R*is C1-Cs alkyl, «(Cy-Cs
alkyl)(C;-Co heterocyclyl), -(Co-Cs alkyl)(C3-Cs cycloalkyl), —(Coy-Cs alkyl)(C1-Co
heteroaryl), «(Co-Cs alkyl)(Ce-C o aryl), wherein said alkyl is optionally substituted by R®,
and said aryl, cycloalkyl, heteroaryl and heterocyclyl are optionally substituted by R”.

6. The compound of claim 1, wherein R? and R* are taken together with the
nitrogen to which they are attached to form a C;-Cy heterocyclyl optionally substituted by
RS

7. The compound of claim 1, wherein R? is -NHS(O),R*.

8. The compound of claims 1 and 7, wherein R* is ~(Cg-C o aryl) optionally
substituted by R’

9. The compound of claims 1-8, wherein Z is -NHR®.

10. The compound of claims 1 and 3-9, wherein RS is C1-Cy alkyl, —(Cy-Cs
alkyl)(C;-Cy heterocyclyl), -(Coy-Cs alkyl)(C5-Cg cycloalkyl), —(Cy-Cs alkyl)(C,-Cy
heteroaryl), -(Co-Cs alkyl)(Cs-Cy aryl), wherein said alkyl is optionally substituted by R,
and said aryl, cycloalkyl, heteroaryl and heterocyclyl are optionally substituted by R*.

11. The compound of claim 1, wherein R’ is H; R%is —NRSS(O)2R4; R*is H; and
R* is phenyl optionally substituted by 1-3 substituents selected from C;-C; alkyl, —CF3 and
halo; Z is -NR’R®; R’ is H; and R® is cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl, and wherein R® is optionally substituted by 1 to 3 substituents
selected from oxo, halo and C;-Cs alkyl.

12. The compound of claim 1, wherein R’ is H; R%is —NR3R4; R*is H;R’is H; RS
is pyrazolyl substituted by phenyl and further optionally substituted by methyl, and wherein
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said phenyl is optionally substituted by one or two substituents selected from methyl, halo,

methoxy, cyano, trifluoromethyl, hydroxy and trifluoromethoxy.

13. A pharmaceutical composition comprising a compound of any one of claims

1-12 and a pharmaceutically acceptable carrier, adjuvant or vehicle.

14. A method of treating or lessening the severity of a disease or condition
responsive to the inhibition of a JAK kinase activity in a patient, comprising administering to

said patient a therapeutically effective amount of a compound of claims 1-12.

15. A compound of claims 1-12, for use in therapy.
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