AM NO PYRAZOLE COVPOUND Janus kinase 2 (JAK2) is a nmenber of the tyrosine
ki nase famly which is involved in cytokine signaling. JAK2 has a pivota
rol e in twe 2erit7ig4opoi eti n (EPO signaling pathway, i nclPaaiusgooegtohs ocyt e
differentiation and Stat5 activation. Recent studi es have denonstrated that
patients with chronic nyeloproliferative disorders such as pol ycythem a
vera, essential thronbocytosis, and nyelosclerosis with nyeloid netapl asia
and thronbotic disorders such as activated protein C resistance, splanchnic
vein thronbosis, Budd-Chiari Syndrone, -and portal vein thronbosis
frequently have acquired activating nutations in JAK2. The nutation, a

val i ne-t o- phenyl al ani ne substitution at amno acid position 617, |leads to

constitutive tyrosine phosphouyletrv®nAaste #oMpolypan unknown mechani sm
The constitutive activity of nutant JAK2 | eads to increased | evels of

phosphoryl at ed JAK2, pSTAT5, and STATS5 transcriptional activity, which

leads to the patJEﬁ%‘TcHﬁ?é LS(JkaBT)é%'rﬁ’é?ﬁH?:!r bf ®E %Ird)sYrﬁe 1GHaR0R AR SviAids | eukem as,
such as atypical chronic nyeloid | eukem a. addition, "JAK2 Is activat ed

by i nt er| eukveivalingepederignaing ob%K%baSIadnwt@ﬂolmmfée elgémmeéméﬂf@r ations in
solid and hg hﬁ’ée gtHHRlﬁE]g ngnﬁo?te%lﬁ%%hﬁ%%ﬁgﬁd s@(s%@&&anﬁﬁncer mul tiple
at can

nyel oma, pro d secondary acute nyeloid | eukem a,
T-1ineage afacB-shidirehge @wn@rateﬁﬁm;ameasstw@ dheanicemy doprofyfetatdydpirdess a

Pundrore. JaEi s QLR RUCEALE KGOS DREB, UMBLA AL BetSPEcr,
still a needethdasid uﬁttmembom@mndmlssuchas aqtmditbd)pm)teﬂry@ osistack plashsicsuch as
2. T D 0BT SR BB AT B BEREPEBE cor gr
i n whi cho t hequiAld2csiaging Irnutvgomh ABY. ITBe amtanmtae/dhmm;prhewmalmhnal AK/ STAT
gl ?Zalc Ih |ngr Iossugsgt ﬁ?tifﬂe}%bﬁghggflf p?gfﬁcg} (ﬁl?re{gf\gsltg\cloeng%ltlug\r/‘e {"0%1\1/’16 pﬁosphorylatlon
met hyl - | H- pastia@g by 3n Mhkino®n (seRdahal. | THersehdiviltve B tHas of nu@nblAxx kalRzd n- 6- ami ne
or a increased levels of phosphorylated JAK2, pSTATS, and STATS transcriptional activity,
which leads to the pathogenesis of myeloproliferative disorders and leukemias, such as
15  atypical chronic myeloid leukemia. In addition, JAK? is activated by interleukin-6-
depedent autocrine loop or other genetic alterations in solid and hematologic tumors,
e.g., glioblastoma, breast cancer, multiple myeloma, prostate cancer, primary and
secondary acute myeloid leukemia, T-lineage and B-lineage acute lymphoblastic
leukemia, myelodysplasia syndrome.
20 Various amino pyrazole tyrosine kinase inhibitors have been reported. See for
example, WO06087538 and W0O2007064797.

However, there is still a need for further compounds that inhibit tyrosine kinases
such as JAK2. The present invention provides a novel amino pyrazole compound
believed to have clinical use for treatment of myeloproliferative disorders in which the

25  JAK?2 signaling pathway is activated or in which JAK/STAT signaling is dysregulated.

The present invention provides 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-
methyl-1H-pyrazol-3-yl)-8-(morpholinomethyl)imidazo[ 1,2-b]pyridazin-6-amine or a
pharmaceutically acceptable salt thereof.

The present invention provides a method of treating chronic myeloproliferative

30  disorders selected from the group consisting of polycythemia vera, essential



pharmaceutically acceptable salt thereof. The present invention provides a
nmet hod of treating chronic nyeloproliferative disorders selected fromthe
group comsping4al pol ycyt hem a vera, essenti al t hr onboegramseay/oarede

nyel oscl erosis with nyeloid netaplasia in a mammal conprising adm ni stering
to a mammual in need of such treatnent an effective anount of 3-(4-chloro-
2-fluorobenzyl) - 2-nmet hyl - N- (5- et hyl -1 H pyrazol - 3-yl ) - 8-

(mor phol i nonet hyl )i mi dazo[ |, 2-b] pyri dazi n-6-am ne or a pharmaceutically
acceptabl e salt thereof. The present imuention also provides a nethod of
treating glioblastoma, breast cancer, multiple nyel oma, prostate cancer,
and | eukem as, such as atypical chronic nyeloid | eukem a, primary and
secondary a@kinfobediQ sl mPUERIEQis Wit hPQ&E enctpthsBlih NBRABaREMMBising

| ynphobl asti c | eukem a, nyel odyspl asi a syndrone, and nyeloproliferative

di sorders iHmHnipEHRERE REHIY B RGEY OAtHeh Hicdment angTieeive apiatnteah 8-(Fshigked of
such treat § I f

3-(4-chlor g?gﬁ?llaﬁhgr%gﬁ)g%é;w Z{Qng?tﬁ}gllﬂ-Hl\lP}(Ir%%Orlygtyﬁw -1 H-pyrazol -3-yl ) -

8- ( nor phol i (waEohyomethyldaidapal 1.2-0pypidesiprAnHnGorgriihpenageutigalbhaceensabdt i cal | y
accept abj e gplgt..djpereof . The present invention also provides a

phar maceuti cal conposition conprising 3-

(4- chl or o- 2- f | udihelpemeny live@iomedoyiroviies B-nregtold\oif trkdting gholdwiter®s, Picpst8-

acoept abl o SR PHEML BFERk, Aot AT E TR R, MBLRAE ) “ 41 Y wemt

or exci pi enhyeldidilesikemepmrimon aal Soomplagacate snyeloid leukemia, T-lineage and B-
3-(4-chloro-2-fl uorobhenz - 2- et hyl - 5- et hyl ] H o

ok azol 9. yiaes R AR Pl Y Fbia s s, and myclersliferive, 4

phar maceut i disdrdeys megeptabbepsald aditieisteodg toapdtiat phaedateul reaintyt aaccept abl e
carrier, dily eﬁ?\f@ q‘ﬂgwgﬁﬁ3géﬁ%§[o§%95&§%§§§ 1oR L anob et ther apeuti

i ngredi ent.®

3-(4-chlor %—@nérbh&fn@ﬁ@tﬂ?l}ﬁh)ida%omwyﬁd&ziﬁl%—ifﬂfhbw a{lb'llra_rmacel_ltically acceptable
pyrazol - 3-yl L{ 8- (nor phol i nonmet hyl )1 m dazo[ |, 2- b] pyri dazi n-6-am ne or a
phar maceut i € Iﬂfefoéccept able salt thereof for use as a nedi canent.

Addi tional l'y, thipS present invention also provides a pharmaceutical composition comprising 3-

15  (4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-1H-pyrazol-3-yI)-8-
(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable carrier, diluent or excipient.

This invention also provides 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-
1H-pyrazol-3-yl)-8-(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine or a

20  pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier,
diluent or excipient in combination with another therapeutic ingredient.

This invention also provides 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-
1H-pyrazol-3-yl)-8-(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine or a
pharmaceutically acceptable salt thereof for use as a medicament. Additionally, this

25  invention provides use of 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-1H-pyrazol-
3-yD)-8-(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine or a pharmaceutically
acceptable salt thereof in the manufacture of a medicament for treating chronic
myeloproliferative disorders. In particular these chronic myeloproliferative disorders are
selected from the group consisting of polycythemia vera, essential thrombocytosis, and

30  myelosclerosis with myeloid metaplasia. Furthermore, this invention provides a



i nvention provides use of

3-(4-chl oro-2-fl uorobenzyl)-2-net hyl -N- (5-net hyl -1 H pyrazol -

3-yl) - 8- (worptval7kaenet hyl )i m dazo[ |, 2- b] pyri dazi n- 6- am RETAIS2@9/067056
pharmaceutical ly acceptable salt thereof in the manufacture of a nedi canment
for treating chronic nyeloproliferative disorders. In particular these
chronic nyeloproliferative disorders are selected fromthe group consisting
of polycythem a vera, essential thronbocytosis, and nyel osclerosis with

nyel oid metapl asia. Furthernore, this imvention provi des apharnmaceuti cal
conposition for treating chronic nyeloproliferative disorders selected from
the group consisting of polycythem a vera, essential thronbocytosis, and

nyel oscl er Osasmabedtalaoglpslido Bt 8BJ(AS kRrofRMeloptdi@erative disorders selected

3-(4-chl oro-2-fl uorobenzyl)-2- . . '

met hyl - N- ( 5rertieyareupqopyyiag of payithema yeib cpiplial Hopmbesylosismndazol |, 2- b] pyri d
azi n-6- am [e.|QklcfosRIAMTREEME hiedblaYia 2GEEREAN]-&1-8adb oL iRE&RAzAS-an active
ingredient. 1t will be understood by the sKkilled reader that the conpound
of the presasthylifyeEmeihghlilPyteaplabyle-ddmornhehpampthydlimilazotha-biygeme- of t he
present 4 nv, i i 1 i i any of a nunber
of inoré%ni%B%%§QU¥%g%#gﬂg%@5gmggg?ggﬁﬁ% %?%g%%%??ggérﬁhggceptable aci d
addi tion salts. ISuthbephderraedlot the siillyd mate hettbé eorapiudd atile picemt sal ts and

b St anl - oo arioe s TR s B R AP B Bl s B G
AND USE, I( VioiiA¢, Whd soco@id]ly 2002Vith bnyDhf aBiugibbeyf indbgdvlic d8d oggnicBeids tovbnkhouse,
in "Encyc op

edi a of Pharnmaceutical. T Kgol Ve Egs. J .. rbri % and J.C

Boyl an. vl T gher e BRRAERHIbE Acia MERETGE pionglilmereuigil Mechioss . pp.
453- 49910 S. &dd Bditge salstandbommbinartwddody foapreSaing Sheni' ard ol kadwioh thhar ma
ceutical Sciences, ﬁglagg, 5&5&# % E@Q¥§$§EEO|| i pr epar ations
and exanpl UL 46 “ared! Fﬁﬂg-? @Q#%F]%/? 2 i %W@%hem 1:
Pr epar at i onPROAEK AENES oxylienzAND-USHTey O/ Wilky-PyHa 20029.3. baBighRy,

S.M. Berge, D.C. Monkhouse, in “Encyclopedia of Pharmaceutical Technology’. Eds. J.

Swarbrick and J.C. Boylan, Vol. 13, Marcel Dekker, Inc., New York, Basel, Hong Kong

15 1995, pp. 453-499; SM. Berge, et al., “Pharmaceutical Salts, “ Journal of Pharma-
ceutical Sciences, Vol 66, No. 1, January 1977.

The following preparations and examples are named using ChemDraw Ultra,
Version 10.0.

20 Scheme I:
Preparation 1
1-(4-Methoxybenzyl)-5-methyl-1H-pyrazol-3-amine
Method 1:
In a 1 L round bottom flask, combine 5-amino-3-methylpyrazole (22.8 g, 234.8
25  mmol) and N-methylpyrrolidone (200 mL). Cool flask to 0 °C and place under nitrogen.
Add sodium hydroxide (9.39 g, 1.0 equivalent (equiv.)) to the flask and stir for 30
minutes (min). Add a solution of alpha-chloro-4-methoxytoluene (31 mL, 1.0 equiv.) in
N-methylpyrrolidone (100 mL) to the flask drop-wise. Let the reaction warm to room
temperature (RT) slowly overnight. Dilute the reaction with water, and extract with ethyl
30 acetate (EA). Wash the organics with aqueous saturated sodium chloride. Concentrate in

vacuo. Purify on a plug of silica (hexane = 2:1 hexane:EA = 3:2 hexane:EA - 1:1



Method 1: In a 1 L round bottom flask, conbi ne 5-am no-3-net hyl pyrazol e
(22.8 g, 234.8 mmol ) and N-net hyl pyrrolidone (200 m.). Cool flask to 0 OC
and pl acewOondavo7s4rr ogen. Add sodi um hydr oxi de (9. 39 g, PCTAISe@iovAbEnt
(equiv.)) to the flask and stir for 30 mnutes (mn). Add a solution of

al pha- chl or o- 4- net hoxyt ol uene (31 ni, 1.0 equiv.) in Nnethylpyrrolidone
(100 m.) to the flask drop-wi se. Let the reaction warmto roomtenperature
(RT) slowy overnight. Dilute the reaction with water, and extract with
ethyl acetate (EA). Wash the organi cs wi-t h agueous saturated sodi um
chloride. Concentrate in vacuo. Purify on a plug of silica (hexane - 2:1
hexane: EA ->3: 2 hexane: EA - 1: lhexane: EA - 1:2 hexane: EA - EA). Concentrate
the desiredhkiRGtA 603 2tex Gk A bh@A)t I@dn@er@@ﬁnpéub@uédl&cﬁo@,to 2% he VS (4
mn) = 218.0 (Mtl). Method 2 ; E)-tert-But

2- (4- et hoxSPHwRY K%&Pﬁﬁrhgmééﬂlbbx%lgaﬁW*Aéd 4- met hoxybenzal dehyde (400
g, 2.94 nol) over 20 mn to a solution of tertbutyl carbazate (400 g, 2.94
nol) in toluene (750 nL) at 50 OC. Heat to reflux over a period of 1 hour
(h), coIIecMieﬁhgd ater in an azeotrope with the toluene. After no further
water is collected, cool to 60 OC. Add hexanes until the product

preci pi tat ed. f r sh-erBrtylon4-rasnxybenay ienehydipziseserbpeylsty 0C. Col | ect t he
solids by filtration and dry using a nitrogen press to afford the title

conpound ( 750. 5 Afld 4ameghoxybppzridrnyde 060 2-9dinkedk ¢yt 2Gminfto riselatien & rHVEO- d6) |
d 10. 6-10. d, x 0 (d,

21 1. a5 (RAGPAGRE 7ol ByghPlg 7o ALfeeR LS g reindtiera. 0

2- (4- met hoxyeiedel/] by dbacilleeoerizosyi ait ee@dure POYbthratoluank. ubitesmo dathison (wat er
wet, 20 0, r via vacuum
transfer. 9 H@!ﬁgﬁeé @%ﬁ%&erﬁé}tg t C”kﬁd L&r%ﬁ%sﬁﬁlﬁl BgpR dﬁ@%@%ﬁ%@%@r ge

(B) - t er 0 butoputioR- cmlnmwwxmuhﬂzw@ &Ién@@lllﬁpdtﬁlazohdebaﬁbmmw atdedryaﬁﬁ)gg 1.28
nol ) dissol ved in o ran (T 1 r and

ri n?se l'i ne %r?gﬁmgre” Fll a%% Cptlil lHe Eo O d% ?{ES&S’ %g%il izllle }gﬁ eac% Jé}% 0 PSI
with H2 andsutfbxidé- b@(DMSO d6) 6 10.6 10.8 (bs, 1H), 7.88-8.0 (S, 1H), 7.5-7.55 (d, 2H), 6.95-

7.0 (d, 2H), 1.45 (s, 9H). ES/MS (m/z): 249 [M-H].

15 B. tert-Butyl 2-(4-methoxybenzyl)hydrazinecarboxylate
Add 10% palladium on carbon (water wet, 20 g) slurried in EA (100 mL) to a

sealed pressure reactor via vacuum transfer. Rinse transfer line with a minimal amount of
EA. Charge (E)-tert-butyl 2-(4-methoxybenzylidene)hydrazinecarboxylate (320 g, 1.28
mol) dissolved in tetrahydrofuran (THF, 1000 mL) via vacuum transfer and rinse line

20  with a minimal amount of THF. Pressurize the reactor to 50 PSI with H, and mix the
contents of the reactor at 20 + 10 °C. Continue the reaction, maintaining the hydrogen
pressure at 50 PSI, until no further hydrogen uptake is observed. Filter the reaction
solution to remove the catalyst and wash the catalyst filter-cake with THF (500 mL). Add
the wash to the reaction filtrate. Concentrate the solution in vacuo to obtain the title

25  compound (337 g, 86%) as an oil. "H NMR (400 MHz, DMSO-de) & 8.1-8.3 (s, 1H), 7.1-
7.3 (d, 2H), 6.8-6.9 (d, 2H), 4.4-4.6 (bs,1H), 3.7-3.8 (s, 2H), 3.6-3.7 (s, 3H), 1.3-1.5 (s,
9H).

C. (4-Methoxybenzyl)hydrazine dihydrochloride



contents of the reactor at 20 10 OC. Continue the reaction, mnaintaining

t he hydrogen pressure at 50 PSI, until no further hydrogen uptake is

obser ved.wBi2btogr7444he reacti on sol ution to renove the catralystonaodash t he
catalyst filter-cake with THF (500 nL). Add the wash to the reaction
filtrate. Concentrate the solution in vacuo to obtain the title conpound
(337 g, 86% as an oil. 1H NWR (400 MHz, DVsO-d6) d 8.1-8.3 (s, IH), 7.1-
7.3 (d, 2H), 6.8-6.9 (d, 2H), 4.4-4.6 (bs.IH), 3.7-3.8 (s, 2H), 3.6-3.7 (s,
3H), 1.3-1.5 (s, 9H). C. (4-Met hoxybenzyl ) hydrazi ne di hydrochl ori deTo a
solution of 4 N hydrogen chloride in dioxane (2000 nL., 8.00 nol HO), add
tert-butyl 2-(4-methoxybenzyl)hydrazi necarboxylate (324 g, 1.09 nol)

di ssolved in a mgy srasainoﬁlepmthxl&fogai EYGHIR in SoRMe Y2000HL, & (O8R4 BLINRAL h. A
precipitate ]graduall forns |l ow the solution to stir 16 h at 20 5 0C

Col | ect t hetddrivgS-(hyrethorybeppilbidragpesaibpxylre (3619 489 mebikselapkinE2000 ni)

and i sol at eyf}Ra138lolttS M xidel 6@k QB XdBf‘?hSR Ui AR okhQgen press
to give the tnltalle (?{(;ms))ounX (e %’ aIQh grfg%l %il R }ﬂo VHz

DVBO-d 6) dABovpthg solutigysto SBH)6hart2§i75‘2C @011621141}16 sapids Wﬁbra(l@n Sém)fy tha 0 (s,2H),
3.7 (s, r o and
|- ( 4( nmet hoxsogg)sn%l hle[§t§%el\@ @ﬁtfﬁﬂ%ﬁlgte fﬂékxﬁ'ltﬁ'u@{ %éﬁ% g)}Ohdglot assi um
tert - but oxi mmgemn_ess@ gyye the ﬁtie <mmlp)0ulah(d42' BIE, (09001 A8%6).atH EMK)(@OO MBe, until a

honbgeneou [ o ol ution of
acet gnl tri I‘Q’%ﬁ@gﬁ&%g@éég&gﬁﬁﬁb?? a‘ﬁ@’ ima)t’ ﬁ'&f Q@é%@fgo(a(i%?? {%71 mol) to

t he pot assi um tert but oxi de sol ution over 45 mn maintaining a tenperature

| ess t han fie l.et e aIIo actign to warm
to 20 5 oand P Ehen BB HE SN ifS R AT e s sk B e b

di hydr othl oméettd- (F2p@ragl-Spoiihé on-w se to the reaction over about 5 mn,

foll owed by 4 N rogen chloride i.n di 26 arate
that maintains t%q’l‘@a’ﬁéats%{‘flﬂrteét' @‘lé?ﬂb%g ﬁéﬂé&&?ﬁ%%@%gogﬁﬁﬁi@te al | ow
to stir at 25 Mk 6 4 BsmaRNdus ddution id shiade dddetosld. dsddwprbinlxed at i on and

wash with THF (500 nL), Slurry the crude solids in dichloromethane (DCM 4
L) and wat eSrOU(tl(Ql’lB aceto)nltrlle (84. 25y g, 2.05 mol) and methyl acetate (126.7 g, 1.71 mo}) to the (

potassium tert-butoxide solution over 45 min maintaining a temperature less than 10 °C.

15  After the addition is complete, allow the reaction to warm to 20 = 5 °C and stir for about
2 h. Add (4-methoxybenzyl)hydrazine dihydrochloride (250 g) portion-wise to the
reaction over about 5 min, followed by 4 N hydrogen chloride in dioxane (262.5 g, 1.00
mol) at a rate that maintains the temperature <30 °C. When the addition is complete,
allow to stir at 25 + 5 °C for about 16 h. Isolate the solids by filtration and wash with

20  THF (500 mL). Slurry the crude solids in dichloromethane (DCM, 4 L) and water (2 L)
adjusting the pH to >10 with 5 N NaOH. Allow the layers to settle and collect the
organic phase. Wash the aqueous phase with DCM (2 L). Combine the organic phases
and dry over anhydrous sodium sulfate and concentrate the solution to a solid in vacuo to
afford 165 g of the crude. Heat the crude in isopropyl acetate (660 mL) to reflux to

25  dissolve as many solids as possible. Cool to 33 °C and add hexane (600 mL) slowly over
1 h. Cool to 10 °C and maintain the temperature at 10 °C for 10 min. Isolate the solids
by filtration, wash with hexane (200 mL), and dry using a nitrogen press to afford a
mixture of the title compounds (91.5 g, 0.4 mol, 47%). 'H NMR (400 MHz, DMSO-de)
8 7.2-7.3 (d, 2H), 6.7-6.9 (d, 2H), 5.1 (bs, 2H), 5.0 (s, 1H), 4.9 (s, 2H), 3.6-3.8 (s, 3H), 1.9

30 (s,3H).



adjusting the pHto >10 with 5 N NaCOH Allow the layers to settle and

col l ect the organi c phase. Wash the aqueous phase with DCM (2 L). Conbi ne

t he orgarwo 2phviasesti7and dry over anhydrous sodi um sul f at @Carus2@0067586 r at e
the solution to a solid in vacuo to afford 165 g of the crude. Heat the
crude in isopropyl acetate (660 nL) to reflux to dissolve as many solids as
possi ble. Cool to 33 0C and add hexane (600 m.) slowy over 1 h. Cool to 10
OC and nmaintain the tenperature at 10 OC for 10 min. Isolate the solids by
filtration, wash with hexane (200 nmL), -.@nd dry using a nitrogen press to
afford a mxture of the title conpounds (91.5 g, 0.4 nol, 47% . 1H NWVR (400
MHz, DMSO-d 6) d 7.2-7.3 (d, 2H), 6.7-6.9 (d, 2H), 5.1 (bs, 2H), 5.0 (s,
IH, 4.9 (s, 2H), 3.6-3.8 (s, 3H), 1.9 (s, 3H).Note: these internediates
can be separated by chromat ography; however in this case, they are isolated
as a m xt urBotgrifiese AHcBsdigice gan e seprsated hyaghrerpaiempriy: baYer it erse.nlyl ves

removal of LDR.RRAZYH nR¥RE8EE ERAbARQLR (KBM {cyBhck Pelb D &/ niATRy dWRduct .
Preparation 2 2-Chloro- 1-(4-chloro-2-fluorophenyl)ethanone In a 1 L round

bot t om f | asikmewatief the banzybpioiseteonrovn rgoitarde thsphappivduqt40 g, 231.8 nmol ),
hept ane {120 nL), and nethanol (16 nL). Cool to O OC and place under
nitrogen. Dissolve sulfuryl chloride (21.5 nm., 1.15 equiv.) in heptane (120
m.) and charge to an addition funnePrepatgtebndr op-wi se to the reacti on over 60

mn. Stir for 2.5 h at 0,06, a W :-\ﬁth?org-ﬁ%io oiphé}l&g)etfh%{o% during this tine.

Charge the addition funnel wWth sodi um brcarbonate (400 nL) then add to
t he reacti on dr dpawilseundidtem fidsk cgalsned’adhitro-@hflstrogstophénohefdOtghe bi phasi c

suspensi on collect the title c un 8.18 8 9/% as white needl es.
Th RNR ( DVt e mafareping b g, SOTRGUEN G5 R 5 84 afPoidyFn el
7.89 (t10 | Hitrdgen. Bisdolvz JulfulRrleplariad (2013 n3L, 1.15 equiv.) in heptane (120 mL) and
(E)-N -(6-(%% oro raiéﬁazi - 3- l%d- N-dimet hyl acetim dam de |.n_.a L round
bot t om {1 2SR EB AP HA SISO AT AT R AT o ins 47 &5 25 ot

0 °C; a white precipitate forms during this time. Charge the addition funnel with 1 M

sodium bicarbonate (400 mL) then add to the reaction drop-wise. After all gas evolution

stops, filter the biphasic suspension to collect the title compound (38.18 g, 80%) as white

15 needles. "HNMR (DMSO-dg) 8 5.00 (d, 2H, J = 2.5 Hz), 7.43 (m, 1H), 7.63 (m, 1H),
7.89 (t, 1H, ] = 8.4 Hz).

Preparation 3
(E)-N'-(6-Chloropyridazin-3-yl)-N,N-dimethylacetimidamide
20 In a 2 L round bottom flask combine 3-chloro-6-pyridazinamine (43.2 g, 333.5
mmol), toluene (500 mL), and N,N-dimethylacetamide dimethyl acetal (67.8 mL, 1.25
equiv.). Attach a reflux condenser then heat to reflux for 2 h. Let cool to RT.
Concentrate in vacuo. Triturate the crude material with hexanes and filter to isolate the
title compound (60.4 g, 91%) as a light tan solid. MS =199.0 (M+1).
25
Preparation 4
(4-Chloro-2-fluorophenyl)(6-chloro-2-methylimidazo[ 1,2-b]pyridazin-3-yl)methanone
In a round bottom flask combine (E)-N'-(6-chloropyridazin-3-yl)-N,N-
dimethylacetimidamide (36.61 g, 184.3 mmol), 2-chloro-1-(4-chloro-2-
30  fluorophenyl)ethanone (38.15 g, 1 equiv.), and dimethylformamide (150 mL). Place



mol ), toluene (500 nlL), and N, N-di net hyl acet am de di net hyl acetal (67.8
m., 1.25 equiv.). Attach a reflux condenser then heat to reflux for 2 h.
Let cool wo:2RN/07@ancentrate in vacuo. Triturate the crudeTrmst@vioatose t h
hexanes and filter to isolate the title conpound (60.4 g, 91% as a |ight
tan solid. M5 = 199.0 (M+ 1). Preparation 4

(4- Chl oro-2-fl uorophenyl) (6-chl oro-2-nethyli m dazo[ |, 2-b] pyri dazi n-3-yl ) net
hanone In a round bottom flask conbi ne

(E)-N -(6-chl oropyridazin-3-yl)-N, Ndi net.hyl aceti m dam de (36.61 g, 184.3
mmol ), 2-chloro-|-(4-chloro-2- fluorophenyl)ethanone (38.15 g, 1 equiv.),
and di net hyl formam de (150 niL). Placeunder nitrogen then heat at 120 0C for

4 h. Let cogldet QuréTendnd nedtiak 10ver R A Leddobtb RTVnkRtiEA efnidht LDilaR dimat er
(500 nL). Extract organics three times with water followed by aqueous

saturat ed sBUI Lk @¥VGsT 00 FudractpFganis gagsi tHRes VB VA HY MY ddYmagnesi um

sul fate. Fﬂhﬁﬁﬁwéﬁ%a%ﬁ@&ﬁﬁkkﬁ%ﬁdéﬂpM&ﬁU@kyE%&h&MmQVmﬁ&h%ﬁ@m,rﬁgu&hexane - 4
:1 hexane: EA - 3:1 hexane: EA - 2:1 hexane: - 1:1 hexane: EA) and i sol ate

the title coMpeuRdtcr 8. nepntrayip vaguo. Purifyyby siieacive Getdng > paNBX{g:Ffi n =

324. 0, 6.3, . : rat . on. : : : :
2-((6-Cﬁfor%E%P?%%%%Eésg?fﬁ%k%%ﬁ%%é?éégfﬁgﬁiﬁgfﬁgp?%$ %?gFr?g?BTg§ridazin-8
- yl) et hyl PBS@ hdto) dsndight Sedi sohié COMDI (Aenin = 324.0, 326.0, M+1).

(4-chl oro-2-fl uorophenyl) (6-chl oro-2-net hyl i m dazo[ |, 2-b] pyri dazi n- 3-

yl ) nmet hanone (5.6 g, 17.3 mmol ), N-phthal oylglycine (6.0 g, 1.7 equiv.),
acetonitrile (60 nm.), water (15 nl)Preparatidnfor oacetic acid (0.26 nmL, 0.2

equiv.), and silyer nityat 2 0.1 uiv..) .i.n nd. botg om fl ask
wth artached SR A I Rara i b el SRR R0 oc and
mai ntai o at this tenperature §iomethi)imdindolibe-$3aliste amoni um persul fate (7.1
g, 1.8 equiv.) in water 5 and char tqQ an additi funnel . Add

0t op-vi e t o't neumtasshior Roko 0t AR dab ol b PGt on a
70 0C for lyllmetifnpieGiqn, it a8 ench@ly, MepldbdldbNgyéitd &.0 & e, eqliivl )t &etoritdle Bschner

funnel to isolate the title conpound crude 67.3,9 879 as. an off-white
solid. LCNsn{J)gf Wﬁfeﬁ515:m14)8§!fblor0&%ﬂ§_c @eid (0.26 mL, 0.2 equiv.), and silver nitrate (294 mg,

0.1 equiv.) in a round bottom flask with attached addition funnel and place under
15  nitrogen. Heat to 70 °C and maintain at this temperature for 15 min. Dissolve
ammonium persulfate (7.1 g, 1.8 equiv.) in water (15 mL) and charge to an addition
funnel. Add drop-wise to the reaction flask over approximately 20 min. Heat reaction at
70 °C for 1 h. A precipitate forms during this time; filter via Buchner funnel to isolate the
title compound crude (7.3 g, 87%) as an oft-white solid. LCMS (4 min) = 483.0, 485.0,
20  M+1).

Preparation 6
(8-(Aminomethyl)-6-chloro-2-methylimidazo[ 1,2-b]pyridazin-3-yl)(4-chloro-2-
fluorophenyl)methanone
25 Combine 2-((6-chloro-3-(4-chloro-2-fluorobenzoyl)-2-methylimidazo[ 1,2-
b]pyridazin-8-yl)methyl)isoindoline-1,3-dione (7.30 g, 15.1 mmol), ethanol (200 mL),
and hydrazine (1.45 mL, 3 equiv.) in a round bottom flask and place under nitrogen. Stir
for 2 days at RT. Heat for 2 h at 50 °C then concentrate the reaction in vacuo. Dilute
with EA. Wash the organics with 1 N HCI (aq) to pull product into the aqueous layer.
30  Make the aqueous layer basic with 1 N NaOH (aq) and extract with EA. Wash the EA



M+l ). Preparation 6

(8- (Am nonet hyl ) - 6-chl oro- 2-net hyl i m dazo[ |, 2- b] pyri dazi n-3-yl ) (4-chl oro- 2-
f | uor ophewgl2proat7mnone Conbi ne PCT/US2009/067056
2-((6-chl oro-3-(4-chl oro-2-fluorobenzoyl)-2-nethylimdazo[l, 2-

b] pyri dazi n- 8-yl ) met hyl )i soi ndoline-1,3-dione (7.30 g, 15.1 mml ), ethanol
(200 m.), and hydrazine (1.45 nmL, 3 equiv.) in a round bottomflask and

pl ace under nitrogen. Stir for 2 days at RT. Heat for 2 h at 50 OC then
concentrate the reaction in vacuo. Dilwe wth EA Wash the organics with
IN HO (aq) to pull product into the aqueous |ayer. Make the aqueous | ayer
basic with 1IN NaOH (aq) and extract with EA. Wash the EAl ayer w th aqueous

saturat ed sgglirWihGQLut SRurad Sbadliny cl¥Ede, Al B%i%nlgﬂwﬁ%iagmsﬁw fate. Filter
and concentrate in vacuo to give the title conpound crude (1.2 9), 239% as a
%) as a

| i ght greensudaei §iltepmdeonssgtrge imwmmgugtoging the tits eopmonrd grder(1.2 g, 23

(4- Chl or o- 2k g,ggrpgym‘n)(,{s)zg%mlﬁgg(gﬁmpt hyl - 8- (nor phol i nomet hyl )i m dazo[ |, 2
- b] pyridazin-3 -yl )nethanone Conbi ne

(8- (am nonet hyl ) - 6-chl oro- 2- net hyl i m dazo[ |, 2- b] pyri dazi n-3-yl ) (4-

chl oro- 25 f1 uor ophenyl ) met hanone (1. f,léeag tiog:3 Mol ), water (12 nl),

pot assi um carbonate (495 ng, 1.1 equi , and 2-bronoethyl ether (0.47 m,
1.1 equiv) i n (4C2Bror-fiorspbeva)é-ehderot2-methyles@edrphcsamethy himidezeldi2ap cap t hen

heat in a m crowave reactor at ]2 % in. Cool to RT and partition
bet ween EA and water. Wash EA Pi?g?‘%v% ﬁ'bglég%%gﬁlse saturated sodi um chl ori de,

and dry over anlokbones S+faginesithph)-Sedhfoat-2-methyllinedazal ®-lclpydaninrlaylE4+ n vacuo.

P Y, o0 b5 S8kub PR RO 1 2R SR TS o 51
= 423. 010 42&Hdnathi495 i, @ dadqaivi)pand@-bromoethyl ether (0.47 mL, 1.1 equiv) in a 20 mL
(4-Chl or o-2. 1 wor ophenyl | (& 1LY % 25 058 il 9% BNSLLDIEE YL pfazol 1. 2
°C for 20 min. Cool to RT and partition between EA and water. Wash EA layer with
aqueous saturated sodium chloride, and dry over anhydrous magnesium sulfate. Filter
and concentrate in vacuo. Purify on silica gel (4:1 hexane:EA > 2:1 hexane:EA = 1:1

15  hexane:EA) to give the title compound (0.43 g, 31%) as a light yellow foam. LCMS (4
min) =423.0, 425.0, M+1.

Preparation 8
(4-Chloro-2-fluorophenyl)(6-chloro-2-methyl-8-(morpholinomethyl)imidazo[ 1,2-
20 b]pyridazin-3-yl)methanol
Combine (4-chloro-2-fluorophenyl)(6-chloro-2-methyl-8-(morpholinomethyl)-
imidazo[1,2-b]pyridazin-3-yl)methanone (0.43 g, 1.0 mmol) and methanol (15 mL) in a
round bottom flask. Place under nitrogen and cool to 0 °C. Add sodium borohydride (58
mg, 1.5 equiv.) in one portion. Stir for 5 min at this temperature then remove cooling
25  bath and let warm to RT. After 15 min, quench the reaction with water then extract with
EA. Wash the organics with water followed by aqueous saturated sodium chloride. Dry
the organics over anhydrous magnesium sulfate. Filter and concentrate in vacuo to give

the title compound (0.4 g, 93%). LCMS (4 min) = 425.0, 427.0, M+1.

30 Preparation 9



b] pyri dazi n- 3-yl ) met hanol Conbi ne

(4-chl oro-2-fl uorophenyl) (6-chl oro- 2- net hyl - 8- ( nor phol i nonet hyl ) -

i m dazo[ Iwe-2bjopyudddazi n- 3-yl ) met hanone (0.43 g, 1.0 mmolPTArsdoowsteaenol (15
m.) in a round bottom flask. Place under nitrogen and cool to 0 OC. Add
sodi um borohydride (58 ng, 1.5 equiv.) in one portion. Stir for 5 mn at
this tenperature then renove cooling bath and et warmto RT. After 15 mn,
guench the reaction with water then extract with EA. Wash the organics with
wat er followed by aqueous saturated sodj-umchloride. Dry the organics over
anhydrous magnesium sulfate. Filter and concentrate in vacuo to give the
title conpound (0.4 g, 93%. LCM5 (4 mn) = 425.0, 427.0, Mtl. Preparation

94- ((6-Chl oro- 3 éccgm@mt emblouofi@hesrayy1)- z%remlh]ydalzm@a@mrld,a&nm pyridazin-8
- yl) et hyl ) nor phol i ne Conbi ne

(4-chl oro- 2- 1 uor ophenyl ) ( 6- chl o¥brethiepaphelge( mor phol i nonet hyl ) -
i m dazo[ |, 2-Db] pwdnﬁﬁ?e' (E! cﬁl’o}'cl 2 blaphal)(sd h‘fbrS-Q nQetl%ﬁ 8%’Qhohnomethyl)

12d|chloroethane( , triethylsi ) ., eU|v8

trifl uor oaceudazolder ldpgm)iagrp %ﬂ)m@h'@qmo\ﬂg 0|9|4 nan@lbdr?ddlbléﬁltoéthﬂﬁel é%mléznd pl ace
under nigr 0 r acuo.
Load ont% a \) %sz;%%tl%% ’I]—_Jliﬂ% %%19)1/%ﬁ&{rrgfr%@&%a?gﬁegxﬁglﬁgg llﬁa Hun‘ﬁ
(prewashed lwittotn fiask hwjrmme ung&rpiteogen. tﬂieatrett?rﬁ)efﬁcﬂvemcght e@mweltnmemgn (12

impurities. te Wb %q DR gﬁen 0
give the t i f eOucoancO)u %C?QV @m ng‘w 5—% & %&gh‘(ﬁ ('p%ﬁﬁﬁﬁ
Prepar at i onwﬂ.l@mBﬂl(mbl)CtElme @Htﬁmelthmolabmmzqwe Inpn- hhs@d 1mp@14msetﬂhne<ylhh Al ) - 5
- et hyl rr%jgr}{rnazo nﬁ ) neen Vacyo thg title compo 0.3
met hyl - ot | n%?r%at |§% SERISAF ey 6‘]% F GAYF SoBeorhe! (b BT e
4- ((6- ch} orIoCIﬂSﬂfh@hd 4000, 21 1.0 tM)HobenzyI )-2-met hyl i m dazo[ 1, 2-
b] pyri dazi n- 8-yl ) net hyl ) norpholin (0. 36 g, 0. 88 mmol ),
| - (4- met hoxybenzyl)-5-nethyl Il H pyrazol-3 -anmine (0.248 g, 1.3 equiv.),
pot assi um car bonat e (0. 30 g, 2.5 equépération 40 5-
bi s(di phenyl hos hi ng - di net hyl xant hene (0. 076 15 equiyv wat er
(2 gﬂ_) P ané p -( hloro 2) ﬂuorobenzyl) -N- (Y (4- methoxybenéyl) S5- meth%lll 1H-pyrazol g3—yl) 22
methyl-8-(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine
15 Combine 4-((6-chloro-3-(4-chloro-2-fluorobenzyl)-2-methylimidazo[ 1,2-
b]pyridazin-8-yl)methyl)morpholin (0.36 g, 0.88 mmol), 1-(4-methoxybenzyl)-5-methyl-
1H-pyrazol-3-amine (0.248 g, 1.3 equiv.), potassium carbonate (0.30 g, 2.5 equiv.), 4,5-
bis(diphenylphosphino)-9,9-dimethylxanthene (0.076 g, 0.15 equiv.), water (2 mL), and
1,4-dioxane (20 mL) in a round bottom flask. Degas thoroughly with nitrogen then add
20 Dbis(dibenzylideneacetone)palladium (0.10 g, 0.2 equiv.). Attach a reflux condenser and
place under nitrogen. Heat the reaction at reflux overnight. Pass reaction through a
Celite plug. Wash the plug with EA. Transfer to a separatory funnel and wash with
water. Wash the organic layer with aqueous sodium chloride, and dry over anhydrous
magnesium sulfate. Filter and concentrate iz vacuo. Purify on silica gel (EA = 10%

25  methanol:EA) to give the title compound (0.447 g, 86%) as a pale yellow solid. LCMS (4
min) = 590.2, 591.2, M+1.

Example 1



1,4-dioxane (20 nmL) in a round bottom flask. Degas thoroughly with nitrogen
then add bi s(di benzyl i deneacetone)palladium (0.10 g, 0.2 equiv.). Attach a
refl ux comoensdr74snd pl ace under nitrogen. Heat the rea®Cirars2ew/06m5é ux
overnight. Pass reaction through a Celite plug. Wash the plug with EA
Transfer to a separatory funnel and wash with water. Wash the organic | ayer
w th aqueous sodiumchloride, and dry over anhydrous magnesi um sul f ate.
Filter and concentrate in vacuo. Purify on silica gel (EA - 10%

met hanol : EA) to give the title conpoundo(0.447 g, 86% as a pale yellow
solid. LCM5 (4 mn) = 590.2, 591.2, Mt . Exanple

13- (4- Chl oro-2-fl uorobenzyl)-2-net hyl - N-(5-net hyl -1 H pyrazol - 3-yl ) - 8-

(mor phol i nomet hyl )i mi dazo [ 1, 2- b] pyr.~dazi n- 6- am ne Conbi ne

3-(4-chl oro-2-fl uorobenzyl)-N-(I-(4-nmek hoxybenzyl)-5-nethyl -1 Hpyrazol -

3-yl)-2-net hyl - 8- (nor phol i nonet hyl )™N#"t8zo[ | , 2- b] pyri dazi n- 6- am ne (0. 447

g, 0.76 mol) and trifluoroaceti¥ acid (10 rrL) ina 20 nL m crowave reactor
tube. Seal with a crinp cap then at fh @by crowave reactor at 120 OC for
20 min. Partition between EA and: bet/i s made basic with excess NaCH

aqueous. \Wash the organic phase three tineswith NaOH aqueous fol |l owed by
aqueous saturated sodium chloride. Dry grex anhydrous magnesi um sul fate.
Filter and concentrate in vacuo. Purify sid ica gel (EA - 10%

met hanol : EA) to give the title conpou .246 g, 0.52 mmol) as a pale
yellow solid. LCMS (8 min) = 470.0, M.

3- (4- Cnl or o- 2- f | yauahes Yl fuodobeEiymyl- m%ngfﬁNf(BInli’bYﬁy'l-llﬁ-pﬁryz[z@ZB)Jy})%' yl)-8-
(mor phol i nonmet hyl )i m dazo gl 2- b%hbi ri.dazi n- 6-am ne hydrochl ori deConbi ne
3- (4- chl or o- 2- f | uor obe ARIPROIBORE §1mlfl&2(°§ %BlpmqlaZ}nFﬁ EJ‘WISZOI 3-yl)-8-

(mor phol i nonet hxdo)ﬂﬂ'ﬂecba@oc[hh &2&1@%% Lo BeAmLMe 1)&5-meehgd1ppmol ) and
1, 4-di oxane (10 rrL? in eoz;r fl ﬁj@? 7(aE:e und)gébgrrl]%’t)r orélen; Add hydr ogen

chl ori deb (4yazoh3-¥DA- maﬁlblx%ﬁéomhplm%ethﬂ)md@o[édub pyrjdaginch-qraipe 4447 @t RT

under ni tr o@eNmhY) akd RiffhorOREL R IS’% ﬁLbﬂlaVﬁﬁHEn{lH@Qav%\%@&Wr%tﬁ gpger vacuum
from absol ute ethanol two tines. y overnight in a vacuumoven (60 0C) to

gi ve t he tivitlea erynpearibenlpat inp ngcroppeseacter@VE2( 8 fer A) min. £agitpn
between EA and water that is made basic with excess NaOH aqueous. Wash the organic
phase three times with NaOH aqueous followed by aqueous saturated sodium chloride.
10 Dry over anhydrous magnesium sulfate. Filter and concentrate in vacuo. Purify on silica
gel (EA = 10% methanol:EA) to give the title compound (0.246 g, 0.52 mmol) as a pale
yellow solid. LCMS (8 min) =470.0, M—+1.

Example 2

Cl
O

~

N
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N ~
N N N,N

15 Cl
3-(4-Chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl- | H-pyrazol-3-yl)-8-

(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine hydrochloride



M+l . Schenme 2 : Preparation 11

(E)-N -(6-chl oropyridazin-3-yl)-N, N-di net hyl aceti m dam de Conbi ne

6- chl or opyoi2dezi7w943 - am ne (1.500 kg, 11.58 nol); PCT/US2009/067056

|, | -di met hoxy- N, Ndi met hyl et hanam ne (2.313 kg, 17.37 nol) and cycl opentyl
met hyl ether (8.25 L) then heat to 98C while distilling off the resulting
nmet hanol byproduct. After 4 h, the reaction mxture is cooled to anbi ent

tenperature and heptanes ( 11.2 L) is added to the reaction solution for

crystallizing the product. The title caompound is collected by filtration

and is dried. (1.494 kg, 64.95% np = 73C) Preparation 12 2-chl oro-

1- (4-chl oro-2-fl uorophenyl)ethanone Stir a m xture of heptanes (1.5 L),

met hanol (0.4 L)Gondt 3-¢4 o1 FIHUog g i 5.81
nol) wit h( cool i )ncgo t(l) <j5%(&kﬁgjzsutﬁ¥%fr§ly )chl gﬂrﬁ?gﬁgxg %&nga %Ira(zo > Eg S 7.55
hepsrels

nol) as a orpethy)imjdazef |l g thlipridariens-amiaeOt 1. O ni*ﬁl9<1§ Wel ‘ké’@b‘ifﬁg t he

reaction teqpeatiny feathak Al bla@&uﬁd@?n1ﬁ=|9_€é ht 'AQl'a hyﬁfotgélr ch?orfae 4 he
reaction at anbient tenperature to a o) |umh drOXI de (5N, 2.0

L). Extr actdiexpac 0l - Ohgaptvraad Vit sty aatrBtT hbyﬂ@rmérqghm il deh. (Qoneyntrgtgdn
concentrate, a%géethgﬁ( E\raﬂgltatetuﬂdér%éﬂuﬁl %Bﬁsoﬁ% étganoﬂvjottﬁﬁesaﬁqy g\'f’e¥n1§}n§n §O| id.

Preparation

(4- chl or o- 2vathuwo popHeh§O))¢ give Heditlo compamby0.i hiz,d&2%).| LEMS|(BymndaZiod, 3- y| ) et
hanoneConmnbi 12 chloro- 1-(4-chloro-2-fluorophenyl)ethanone (1.5 kg, 5.44
nol ), and (%; -(6-chl oropyridazin-3-yl)-N, Ndi net hyl aceti m dam de (1.19
kg, 5.72 nol) in DVF (10. 14 L) and heat at 1200C for 5 h. After cooling,
add wat er (%(}2l %] and stir to crystallize the product. Collect the product
by filtratidfi a & rinse the cake with water (2x12 L) and heptanes (2x10 L)
then dry under vacuumto obtain titArg@acmopound. (1.490 kg, 84.44% np =

1600C , Mk = 324). (E)-N'-(6-chloropyridazin-3-yl)-N,N-dimethylacetimidamide
Combine 6-chloropyridazin-3-amine (1.500 kg, 11.58 mol); 1,1-dimethoxy-N,N-
dimethylethanamine (2.313 kg, 17.37 mol) and cyclopentyl methyl ether (8.25 L) then
heat to 98°C while distilling off the resulting methanol byproduct. After 4 h, the reaction
15  mixture is cooled to ambient temperature and heptanes (11.2 L) is added to the reaction
solution for crystallizing the product. The title compound is collected by filtration and is

dried. (1.494 kg, 64.95%; mp = 73°C)

Preparation 12
20 2-chloro-1-(4-chloro-2-fluorophenyl)ethanone
Stir a mixture of heptanes (1.5 L), methanol (0.4 L), and 1-(4-chloro-2-

fluorophenyl)ethanone (1 kg, 5.81 mol) with cooling to <5°C. Add sulfuryl chloride
(0.608 L, 1.02 kg, 7.55 mol) as a heptanes (1.5 L) solution drop-wise to the mixture
keeping the reaction temperature <15°C during the addition. After 2 h quench the

25  reaction at ambient temperature to a pH of 6 with sodium hydroxide (5N, 2.0 L). Extract
the reaction mixture with methylene chloride (2 L) and concentrate the extract to form a

white solid. Filter and dry the solid.

Preparation 13

30 (4-chloro-2-fluorophenyl)(6-chloro-2-methylimidazo[ 1,2-b]pyridazin-3-yl)methanone



Preparation 14

(4-chl oro-2-fl uorophenyl) (6-chl oro- 2- net hyl - 8- ( nor phol i nonet hyl )i m dazo[l, 2
- b] pyri daoi2ot@7yd4y met hanone Add et hanol (12 L), PCT/US2009/067056

(4-chl oro-2-fl uorophenyl) (6-chl oro-2-nmet hyl i m dazo[ |, 2-

b] pyri dazi n- 3-yl ) met hanone (897.70 g, 2.77 nol) and bis

(2, 4- pent anedi onat 0) - oxovanadi um (1V) (146.81 g, 553.67 mmol) to a
reaction vessel with a nitrogen atnosphere. Add an ethanol (6 L) solution
of 4-nmet hyl nor phol i ne 4-oxide (3.89 kg,1233.21 nol) drop-w se over 150 mn
keepi ng the reaction tenperature at 23-33C;, then heat the reaction at 400C
for 48 h. Cool the reaction and concentrate by renoval of solvent (13 L).
Filter the resuldduiMheD- éﬁld%qr(4fdhlb$@21ﬂ%6rok/l+érﬁ/%th%|ﬁ@E) W kd) shexaigadd 1 L) and
then dry. (728 66. 25 % 145- reparation 15

4- ((6-chl or@a¢ ?&cléwoayr&aszﬂ ﬂbNdﬂrémh»lacquwﬂeu(inl%%ém pelhndMF dazi n- 8-
355'4)6”%2?” ) 2@30 @?@b amoe?ﬁéﬂr@@)d f0F 4 Heafbr R6fng, CRMDARE3H Lh &t &) drfRglid 110 g,
fl uor ophenyﬂh9 pededil oplecothapradyet-bg -fitmsiopaad finssiika dale Withivdtey G2 ) #1dpyr i dazi n
-3- yl)ng t §lfluoro
acetic aC|gﬂ?%ggwggﬂn?t%%“%%%yﬁpvgﬁ%ék?gggﬁgggkanéﬂﬁgél92eﬁfﬁ%é%/ét 78C for
24 h. Cool mpe I6Q°4CtNMobR 32). anbi ent tenperature and separate the mixture to
renove the top layer. Dissolve the bottomlayer with ethyl acetate ( 1 L)
and adjust the pHto 11 with sodium hydroxide (4 N, 500 nL). Separate the
organi c | ayer and add HO (4 Min dudpatatiethér) to the organic |layerto form
ihiog)cj E’I‘ale:)a r ugrogﬁe}{lyf){ge Il_écr:lo 2Sn?‘e|:tﬁyl 8((]m()ogp}%llgome{?lyl)igl})daz_o[%5—7 -238C M
3- (4-Chiooro- 2- quorobenzyI) 2- hﬁ@hytamB@Bﬂnﬂmmyk IFprrazoI 3-yl)-8-

trochase Propar S UelOR Cal s FGet Ok B8 aTsaR S R e (160 my.

0. 90 nmol ) ®p@idazin-3-yl)methanone (897.70 g, 2.77 mol) and bis (2,4-pentanedionato)-

oxovanadium (IV) (146.81 g, 553.67 mmol) to a reaction vessel with a nitrogen
atmosphere. Add an ethanol (6 L) solution of 4-methylmorpholine 4-oxide (3.89 kg,
15 33.21 mol) drop-wise over 150 min keeping the reaction temperature at 23-33°C; then
heat the reaction at 40°C for 48 h. Cool the reaction and concentrate by removal of
solvent (13 L). Filter the resulting mixture, rinse the filter cake with hexane (1 L) and

then dry. (728 g, 66.25 %; mp 145-147°C; M+ = 423).

20 Preparation 15
4-((6-chloro-3-(4-chloro-2-fluorobenzyl)-2-methylimidazo[ 1,2-b]pyridazin-8-
yl)methyl)morpholine hydrochloride
At 26°C, combine triethylsilane (110 g, 946 mmol) and (4-chloro-2-
fluorophenyl)(6-chloro-2-methyl-8-(morpholinomethyl)imidazo[ 1,2-b]pyridazin-3-

25  ylmethanone (50.1 g, 117.06 mmol) to form a solution. Add trifluoro acetic acid (150
mL, 1.98 mol) to the reaction mixture then heat at 78°C for 24 h. Cool the reaction to
ambient temperature and separate the mixture to remove the top layer. Dissolve the
bottom layer with ethyl acetate (1 L) and adjust the pH to 11 with sodium hydroxide (4 N,
500 mL). Separate the organic layer and add HCI (4 M in ethyl ether) to the organic layer



4, 5- bi s(di phenyl phosphi no) -9, 9-di net hyl xant hene (1.10 g, 1.84 muvol) in DW
(25 nm.) and warmng to forma solution. Add the preformed catalyst to a
sol uti on Wb 28tmetdayl | H pyrazol -5 -anmne (3.0 g, 29.65 medIUS2009/067056

4- ((6-chl oro-3-(4-chl oro-2-fl uorobenzyl) - 2-

met hyl i m dazo[ |, 2- b] pyri dazi n- 8-yl ) net hyl ) nor phol i ne hydrochl oride (9.0 g,
20. 19 mmol ), potassi um bi carbonate (6.0 g, 59.93 nmmol) in DMF (65 nL) and
heat to 1500C for 1 h. Cool the reaction to 60 OC and add mnercapt opropyl
functionalized silica (500 ng) and stin3for 1 h then filter to renove the
silica. Cool to anbient tenperature, add 2- nmethyltetrahydrofuran (125 nl)
and extract with water to renove DM-. Add HCl to the organic solution to

formthe 3-{4oehtheHe] Zaf |Fies: @ReMs Yho HEr AR RYdo No6S; %Wﬁﬁ hyk7 by geol -
3-yl)-8-( ZHﬁhol i nomet hyl )i m dazo[ |, 2- b] pyri dazi n- 6-ami ne hydrochl ori de

salt. Add t#¥)HO salt (1.1 g) to SOdI um hydroxide (10 nL, IN) in n-butanol
(10 m) and stir. Filter the resulting mxture to obtain 0 22 g of the free
base, im dazo[l, 2-b] pyridazin-6- am ne,

3-[ (4-chl oro- 2- fl uor ophenyl ) net hyl ]P-fglar?éltohw N- (5- et hyl - | H-pyrazol 3-yl)-8

- (4-norgphol i nyl ( i gFor nul ati on of
3- (4- i bro- o 11 oo 1%33%'@%50{9&{2 ?HII\I-MF;ENn(gt %&1 E‘Wgzo 3-yl)-8-

(mor phol i nonet(hrytpﬂlpmmh@zlo{l)hm@awlbgﬂbﬂmaﬂmn %meded@hlpoﬁﬁaanld;frep@ss

o1y s Chor pnot 1 RSl &1 BRIl bar Rb M o ROAER D o ang o

t hrough an za@bmompheaylph(splmwrf) 9 d‘mmﬁﬂiyrlvanmnnb @116red 1.84 mmol) in DMF (25 mL)

3-(4-chloro quor nzy .
met hyl - | H- py%v%l’f“% O)rmé‘ %ﬂr‘?f)? h%ﬁli]c?/t 8%%%“?3‘ PRI IGT 1O 15§ 71T n- 6- ani ne
,  Pregel@t i ni-pedzdtsaantihg (3a0ngl 2P166 @ehdsl, Mr((ézdﬂorSBa(maﬂilm TzhluBPAbEiizlsrBtzhi cone

i 19b1 0 RP R BHer bR et apars Ak e e e Gfs A1) onaing vi a

a liquid adldmbl)Opbt@sﬁaﬁlmarﬂahbtb (4.00g, §9|%r1ﬂ1ﬁ611) mme;r(& ﬂlmam&aubasoml ng
sui tabl e encafzul ation e prent. Monitor weight uniformty and appropriate

i n-process e Pelrtac e 10Hg§0 ¢hE andiadd W@rcawt%@@é funeiprabized Sieadefuae) t he
final caps Uc{n@%tnofor PalihenhilRY 8bhHRY th&BRA|CHRI oA bRANBlBcifuBS 8SSES .

15  methyltetrahydrofuran (125 mL) and extract with water to remove DMF. Add HCI to the
organic solution to form the 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-1H-
pyrazol-3-yl)-8-(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine hydrochloride salt.
Add the HCl salt (1.1 g) to sodium hydroxide (10 mL, 1N) in n-butanol (10 mL) and stir.
Filter the resulting mixture to obtain 0.22 g of the free base, imidazo[1,2-b]pyridazin-6-

20 amine, 3-[(4-chloro-2-fluorophenyl)methyl]-2-methyl-N-(5-methyl-1H-pyrazol-3-yl)-8-
(4-morpholinylmethyl), (22 % yield, M+1. = 470).

Example 3
Formulation of 3-(4-Chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-1H-pyrazol-3-yl)-8-
25 (morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine
Optionally pass 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl- 1H-pyrazol-3-
y1)-8-(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine and excipients through an
appropriate screen. Combine and blend 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-
methyl-1H-pyrazol-3-yl)-8-(morpholinomethyl)imidazo[ 1,2-b]pyridazin-6-amine,

30  Pregelatinized Starch, and Pregelatinized Starch with 5% Dimethicone using an



JAK2 EPO- TF |/ pSTATS cel | -based assay - Cellom cs ArrayScan(r) HCS JAK2
EPO- TF | / pSTAT5 cel | -based assay mmcs the constitutive activation of
JAK2- STASOI2n10407y44hr oi d progenitor cells, which drives Phe/use@vpsmdacti on
of red blood cells, a marker of polycythem a vera (PV). TF-1 (human
erythroid | eukema) cells are maintained in RPM 1640 (RPM - 1640 was
devel oped by Moore et. al. at Roswell Park Menorial Institute. The

formul ation is based on the RPM -1630 series of nedia utilizing a

bi carbonate buffering systemand alteragions in the anbunts of am no acids
and vitamns.) with 10%fetal bovine serum (FBS), 0.075% sodi um

bi carbonate, 1mM sodi um pyruvate, Ix antibiotic/antinycotic (Invitrogen,

Carl sbad, Gfhriphste QYo @l(WER SewitHdve etk SorSuRPLERBIR hedn t h GMCSF
(granul ocyt e- macr ophage col ony-stinmul ati ngm]é actor) at a final concentration

of 2 ng/ nl.caupmest. AHlieTieighy, add dimethaongidynesolgndae, vige |iquid additiopsyytedd i n serum

free medi UnFiIl%Jtﬁéﬁ&‘é@p@s%?%@%%l&%ﬂ?@uifta%@ééﬁE§psulIt'1:o'd eqPhledt. AiGniPuUNt ed and
cells are collected to seed 2xIO7 cell's per 96-well plate at a density of 2

x| 06 cel | s paghtweifprmityrpad geirpryiagy ia-procassagramgiesed uiing thefHsugpppeasent ed RPM
1640 (RR i 759 ' K - ' te, |
(RPM %ﬁfag#ycaéaug ﬂ%afﬁl qgafgglkgggeé bEARARAL anaalfs%a%g@n Regate, | x

anti biotic/ otic, ucosé) before suspendi s at a
final concentration of 5xI G cells/m in RPM with 0.6% FBS. The dil uted

cells are added back to t&gﬁg%Pgﬁﬁlefﬁg%a%g%g pcubat ed overnight at 37
(] a

a .
0OC. Test compounds are prepared in M concentrat i on.
Conmpounds are serially dil utedCali@nivd AtlaySo@¥%® BRISO i n a 10 poi nt-200x

concentration-r 200 nM .. In separate 96 .deep wel |
oo 2 o - of IBREoshEDHRE Lo hedal B huimid B TBE RSP et e Rom
1640 neth a MKNASTAY MRSythoid @rodenitciarie nihichtdrions the bpoprodugibabred lopér f or m

t he assay, serums ar\ée(g cells are c\?))llected and washed once with
unsuppl enentcdt 2PRNFCT PERYY RERYS & )s are suspended in 10% FBS conpl et e

RPM nedi um f or T&F-f {Hadlan 68aGESIATdREMRNCOE afPthddaided InSKINEL 1640 (RPMTUeto of 250
. of dil Utxg'gs developed by Moore et. al. at Roswell Park Memorial Institute. The formulation is
based on the RPMI-1630 series of media utilizing a bicarbonate buffering system and
15  alterations in the amounts of amino acids and vitamins.) with 10% fetal bovine serum
(FBS), 0.075% sodium bicarbonate, 1 mM sodium pyruvate, 1x antibiotic/antimycotic
(Invitrogen, Carlsbad, CA) and 0.45% glucose. The medium is supplemented with GM-
CSF (granulocyte-macrophage colony-stimulating factor) at a final concentration of 2
ng/mL. Cells are kept at 37 °C with 5% CO,. Cells are starved in serum free medium to
20  remove endogenous growth factors. TF-1 cells are counted and cells are collected to seed
2x10” cells per 96-well plate at a density of 2 x10° cells per well. The cells are rinsed
twice with unsupplemented RPMI 1640 (RPMI 1640 with 0.075% sodium bicarbonate, 1
mM sodium pyruvate, 1x antibiotic/antimycotic, and 0.45% glucose) before suspending
cells at a final concentration of 5x10° cells/mL in RPMI with 0.6% FBS. The diluted
25  cells are added back to tissue culture flasks and incubated overnight at 37 °C. Test
compounds are prepared in 100% DMSO at 10 mM concentration. Compounds are
serially diluted 1:3 with 100% DMSO in a 10 point-200x concentration-response range (4
mM- 200 nM). In a separate 96 deep well plate 2.5 uL. of 200x compound solution is
added to 125 uL of complete RPMI 1640 media with 10% FBS for a 4x concentration
30  compound plate.



cells (2x1 05 cells) are added to each well in the 4x concentration
conpound plate. Cells are m xed by vortexing and the plate is incubated in
a 37 0C waoenionasd7f or 10 min. A fresh 4x worki ng sol ut iPOm/USR009/067056
Erythropoietin (EPO at 6.4 Units/nL is prepared by using pre-warnmed 10%
FBS conpl ete RPM 1640 nedium After the cells are treated with conpound
for 10 mn, 125 nL of EPO nediumis added into each well and the plate is
vortexed. Cells are incubated in a 37 OC water bath for 20 m n and m xed
every 5 mn during the incubation tinejsFinal 10 point
concentration-response range is 20 M1 nMat a final concentration of DVSO
at 0.5% and EPO at 1.6 UnlL. After cell treatnent, 500 nL of 1%

f or mal dehyde solt ge%rnﬁ tmcaﬁsa; r @i MarVbd Q1P RESBMRLR-hulEake dngaline ( PBS)
and kept warmat 37 0C) is added to each well. Plates are seal ed and

i nverted 8-wouRnicRsited KAMLLOApmedim. Lells prespwanded i 187 FBS complsic BAh for 10

mn. After hoGuRR8HOthal &RbdntRlic §S3:a08ceIRMIL. 3hn él-lglggt JfRRY E}E"of élltﬁécp at room
t enperature ;RT) JJhe supernatant is aspirated, |eaving cells

(2x1 OB cel I es)ls (PRAQ csBy)late added tpspehexdbin A veeseratratian) C@@pwndmlfagoCﬁb of PBS

o ter e (s BRe RO AR E R ARt 7 TP BG4 10 Cded o
the cells aﬁmhﬁkmddnaiolu@ﬁ Oﬁﬁydvepqwtglf(EPOPhtaﬁéb@m&r‘reLmuwaeﬂdd)ymmbanol is
R O T L i e

anti - pSTAT5coﬁTm‘6619141)or ,110 exeg | H pubof EEG(Ire)hurms hddediires eehcellaod thm)ﬂmﬁscel I
cubated a0 e PG  Seiiut e Bl RS HBes "and 100
mL of cHl | sduihg theghidubatfonwiniek i Highl $O poibi @lﬂc@frat?onn@épmhsd-ﬂ@@hszo (Me]rm}ﬂ

Organics, Mrris Plains P Al all uot of 200 nmL is
mtded o eath Mahcongnftiea NS GRAGES lDur 1 P en e Bt 10 ni n
Cel | s are vwamhew f@rlﬁﬁ&hyaélgblﬁﬂmr(hlaw fr@uty%tw@hbﬁma@ttmﬂ@ﬂee@ﬂﬁ@ (PN Jose,
CA) is added to the cells | s are transferred to 96 wel | black

el
tissue cul ta&epgrat %o@éﬁ%ﬂd@@to eprin Wl of lates g sealgdh Agd digried qubdyHmes
f 1 uor escentoinilk ePRict ¥reGRicad A3 700l VA& B kel Mz thclisding, CiblaRE1 Cs

Arr ayscan( r) VTi. Conpound

are spun at 1200 rpm for 5 min at room temperature (RT). The supernatant is aspirated,
leaving 100 pL of cells (2x10° cells). The cells are vortexed and washed twice with 800
uL of PBS by repeating the spin steps and leaving 100 pL containing ~2 x105 cells after
the final wash. An aliquot of 800 uL of cold 90% methanol is added to the cells and
placed at -20 °C overnight. Plates are spun and methanol is removed. Cells are washed

20  with FACS buffer (PBS with 5% FBS and 0.02% sodium azide). An aliquot of 200 uL of
1 to 10 dilution of Mouse anti-pSTATS (pY694) Alexa Fluor 647® in fluorescence
activated cell sorting (FACS) buffer is added to the cells. Cells are mixed well and
incubated at RT in the dark for 2 h. Cells are washed once with PBS and 100 uL of cells
are left. A working solution of 2 pg/mL Hoechst (Acros Organics, Motris Plains, NJ) is

25  prepared with PBS. An aliquot of 200 uL is added to each well and cells are incubated at
RT in the dark for 10 min. Cells are washed with PBS, and 50 uL of Cytofix (BD
Biosciences, San Jose, CA) is added to the cells. The cells are transferred to 96 well
black tissue culture plates and sealed. The plates are spun down. Mean fluorescent
intensity data are collected and analyzed using Cellomics Arrayscan® VTi. Compound

30  treatment is compared to the vehicle to determine percent inhibition data. The minimum



treatnment is conpared to the vehicle to determ ne percent inhibition data.
The m ni nunsignificant ratio (MSR) between two test conpounds with

di fferentwbDCbB/54943 determ ned to be 2.2. The rel ative PCHUS2@Imaiosal at ed
using a 4 paraneter logistic curve fitting analysis with ActivityBase 4.0.
For 3-(4-chl oro-2-fluorobenzyl)-2-nethyl-N-(5-nethyl-|Hpyrazol -
3-yl)-8-(norpholinonethyl)imdazo[l, 2-b] pyridazin-6-amne, the 1C50 = 0.033
mM n = 4. The results of this assay denonstrate that

3-(4-chl oro-fluorobenzyl)-2- -16-

met hyl - N- (5- net hyl - | H pyrazol - 3-yl ) - 8- (nor phol i nonet hyl )i m dazo[ |, 2- b] pyri d
azin-6- amne is a potent JAK2 inhibitor. JAK3 |L-2-NK-92/pSTAT5 cell -based

assay - Celdi@micasit i BYSOFBEREeh thECR s dompodiscds Wit derbli€C J ARSidRaminedy in
natural killer (NK) cells to drive the NK and CD8 | ynphocyte proliferation.

Ther ef or e, tolbe2.2sThamglativeC;NKS2lcylpET AR ¢ ¢ pirabeiseldgiabsayveitting axlyshe

eval uation of the.JAK3 cellular actiyi.t f JAK2 ¢ ds. i itro. NK-92
Crat ural ki P FRapRe (et Yokt outgonaif & naRIRR Fadoyhieks v o
essenti al npaaAens-NEMmdpHNaomethy )ikl de el praMbin®-mahéel fhe 1£5% dlosse Serum
and Ix antihbiotic/antinycotic (Invitrogen, Carlsbad, CA). The nediumis
suppl eneht etMui TH- 1 ?SWFQ&{{)ﬂ§§/%%S@’n‘?@oﬂﬁqﬁ%‘&bto”l‘é“s“??%ﬁ“?@e“éylﬁ‘nz‘nal

concent r at i QahPEN45-A@HYL1HGRFLSI-BY 1§ 8K BREphaLincAetRDiMdhid] BIbPPRdatieb] s are
starved in serumfree nmediumto renove endogenous grow h factors. NK-92

cel s are cHuift Bd Pakat {3 BBIbEN t 0 seed 2x1 O 7 cel s per 96-well plate at a
density of 2xIO5 cells per well. The cells are rinsed twice with

unsuppl enmrent ed MEM Al pha ( MEM Al pha) before suspending cells at a final
concentration of 8xl O 5 dAKBILANKP2WSIAAL shlkbetice Assay 6% ser um (0. 3% FBS,

0.3% hoyge serum. The dil ut edcgl@dlﬁgsg{rgysg%gr@ﬁdgack to tissue culture
oC

fl asks and incubated overnight at 31 0C.” Test conpounds are prepared in
100% DVBO at 10 Ihi? astvetesriba BtK opathv@yrp oundskill ere NKg el th rield theN&dand: 3 wi t h

1007 SN0 0k, S OMGEDH 1S G GAOBRSo RIGA R, 200 T
to 125 nL odssay09eirBShe ormplagoreoRRM AKLBADlukme ditivity DOFAKLR compounds in vitro.
NK-92 (natural killer) cells (ATCC, Manassas, VA) are maintained in minimum
15  essential medium (MEM) Alpha with 15% fetal bovine serum, 15% Horse Serum and 1x
antibiotic/antimycotic (Invitrogen, Carlsbad, CA). The medium is supplemented with
IL-2 (R&D systems, Minneapolis, MN) for a final concentration of 4 ng/mL. Cells are
kept at 37 °C with 5% CO,. Cells are starved in serum free medium to remove
endogenous growth factors. NK-92 cells are counted and collected to seed 2x107 cells
20 per 96-well plate at a density of 2x10° cells per well. The cells are rinsed twice with
unsupplemented MEM Alpha (MEM Alpha) before suspending cells at a final
concentration of 8x10° cells/mL in MEM Alpha with 0.6% serum (0.3% FBS, 0.3% horse
serum). The diluted cells are added back to tissue culture flasks and incubated overnight
at 37 °C. Test compounds are prepared in 100% DMSO at 10 mM concentration.
25  Compounds are serially diluted 1:3 with 100% DMSO in a 10 point-200 x concentration-
response range (4 mM- 200 nM). In a separate 96 deep well plate 2.5 pL of 200x
compound solution is added to 125 uL. of 10% FBS complete RPMI 1640 medium for a
4x concentration compound plate.
To perform the assay, serum-starved cells are collected and washed once with

30  unsupplemented RPMI 1640 medium. Cells are suspended in 10% FBS complete RPMI



4x concentration conpound plate. To performthe assay, serumstarved cells
are coll ected and washed once with unsuppl enented RPM 1640 nedium Cells
are suspewoediat4940% FBS conpl ete RPM 1640 nedi um for aPCirnsboooosmeant rati on
of 8xl G cells/nm. An aliquot of 250 nmL of diluted cells (2x105 cells) is
added to each well in the 4x concentration conpound plate. Cells are m xed
by vortexing and the plate is incubated in a 37 0OC water bath for 10 mn. A
fresh 4x working solution of IL-2 at 2 ng/nL is prepared using pre-warned
10% FBS conplete RPM nmedium After thg7cells are treated with conpound for
10 min, 125 nL of IL-2 nediumis added into each well. Cells are m xed by
vortexing. Cells are incubated in a 37 OC water bath for 20 mn and m xed

every 5 m nigdyidedfint f@@aﬁﬂﬁ'é@ﬁﬁeht@zﬂmh|oF®x10Fbc’£]@JmLJ-0A1E)91|icﬁ'1Tot of 250 pL of
concentrati on-response ran?e () -1 nMat a fi naI concentration of

DVBO at 0. 58uigqdgelly Crllacelly) & aﬁ@?%te eaq&fweélrmél@ﬁx rpEatiRcompegdplatyf 106
for mal dehyd@elﬁ%e‘-&fx@@b m%m% aﬁc‘[;ﬁllelf)la\fﬁ i ﬂlcgm&ﬂﬁatﬁﬂé%aft& bed fSalol g, (PBS)

and kept warm at 37 I's added t o each . Plates are seal ed and
i nverted 8-Adresl %@0¢mgﬁbl%tlowdee%atam€@ t&cpéfwated ugingpreo@rmad 9% EBSh for 10

The. supes nat ity &P O melifin, (fePiER-AtRs BB iy JedfpfPE I Phum 1B L e
cells are VerILémmﬂuan@ addghiet) cadti well. vﬁ3¢1h a&O@and_bsofort@B@gbgielﬂseqmeatl ng the
DL SLers, AR B8 0P AP ML R Bl e S by L2
pl aced at -t2fe. CRInai\lérpningd:mmermiaaores:slwnee BPLENS a@deliaod ﬁmaé renoved. Cells
a1 quor of DBt oy S S T B e dte A PERIE N o UBTA exa

Fl uor 64 ( r)%ifermklddioyde scletiee(naxie fNﬂlﬂ}edlﬂﬁlﬁlhdsplﬁaﬁﬁ’ lbufft:gad(sE]tMES)?Bb)Jirfdéd’epﬂ s added
Col I s are RERGE duoth e ot Sint Tt Sneb i esrds Bt 0 G i ng
sol uti on of plae@t Blacddoia @39 C (WAkdr BSth 1 J@hia s A fvbimtitatibl, atInslateNeh: sfm prepared

with PBS. An allquo of 200 L |s added to each wel| and cellqu@
i ncubat ed att R0 1R ohe MRk gPhesppematant sappitated leaving Filaph RTlpEEI0° 40 50

mL of Cyt of deq{)r )Thé B BHORS QNICAT waSiRA tw1RS Gith €80 i Sf AFY 8¢ rdpBatinB @he spin

15  steps and leaving 100 uL containing ~2 x105 cells after the final wash. An aliquot of 800
uL of cold 90% methanol is added to the cells and placed at -20 °C overnight. Plates are
spun and methanol is removed. Cells are washed with FACS buffer (PBS with 5% FBS
and 0.02% sodium azide). An aliquot of 200 uL of 1 to 10 dilution of Mouse anti-
pSTATS (pY694) Alexa Fluor 647% in fluorescence activated cell sorting (FACS) buffer

20  is added to the cells. Cells are mixed well and incubated at RT in the dark for 2 h. Cells
are washed once with PBS and 100 uL of cells are left. A working solution of 2 pg/mL
Hoechst (Acros Organics, Morris Plains, NJ) is prepared with PBS. An aliquot of 200 uL
is added to each well and cells are incubated at RT in the dark for 10 min. Cells are
washed with PBS, and 50 puL of Cytofix® (BD Biosciences, San Jose, CA) is added to the

25  cells. The cells are transferred to 96 well black tissue culture plates and sealed. The
plates are spun down. Mean fluorescent intensity data are collected and analyzed using
Cellomics Arrayscan® VTi. Compound treatment is compared to the vehicle to
determine percent inhibition data. The MSR is determined to be 2.06. The relative ICsg
is calculated using a 4 parameter logistic curve fitting analysis with ActivityBase 4.0. For

30  3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl- 1H-pyrazol-3-yl)-8-



cells. The cells are transferred to 96 well black tissue culture plates and
seal ed. The plates are spun down. Mean fluorescent intensity data are

col | ect edweandicariad4yzed usi ng Cell omi cs Arrayscan(r) VTi PCTarsp@gna7osé eat nent
is conpared to the vehicle to determ ne percent inhibition data. The MSR i s
determned to be 2.06. The relative 1C50 is calculated using a 4 paraneter

| ogi stic curve fitting analysis with ActivityBase 4.0. For

3-(4-chl oro-2-fluorobenzyl)-2-nethyl -N(5-methyl -1 H pyrazol - 3-yl ) - 8- (nor pho
| i nomet hyl )i m dazo[ |, 2-b] pyri dazi n-6-angne, the 1C50 = 0.94 MM n = 4. The
results of the JAK3 [|L2-NK92-pSTATS cel |l -based assay denonstrate that
3-(4-chl oro- 2-

fluor obenzy orrolBS dthyl iz e L WpyrldbbiRyraamd, 117l )= Bo4 por phal TRoMet hyl )i m

dazo- [I, ] pyridazin-6-anmine is a |l ess potent i thi bi tor of JAK3 (when
conpared t oremfe of ths UAKS Tlo3-NKIE-pFAKRT S EFIOLFEA hyspSTeatdstoad thatatlechlasgay with

an 1 G0 =O0. ﬁ)l?’oll)’ob"éh@yb) f 5‘%{%’ —&%?%Jt%ﬂﬁﬁéﬂ%h? )aSt n?orﬁﬁohﬁ@fﬁéc{l)‘}lﬂ%%daz& he 1C50

was deternmned to enon
3- (4- chl or oH 2-1] bwmhﬂhéhamh¢malasmhwhmhhmﬁmwﬁmh&BQhkmpymamedkﬁhyk$M8-

(oo e "o e R R RR b B R R0 Bl ot e o can( 1)
HCS JAK2 t alegeds, thdhikibot jo03/eg2 heeir pyal déﬁamfﬁeafm%azls%%mx%@ﬁSI ng JAK2
V617F by Western blot as reported in Wrnig et al § al .

Effi cacy ofdepamstiesdg4-chlosep dhprohenzyAomethrii(§-stethy thPb’@é@lngeﬂt) 8of a nurine
nmodel of J %%@%Kgmétﬂqﬁﬁwz%ebWrﬂgm B-fihSis a CARGRE JARD linhihRE oved 3(4) 1 3

11-20). A medi umt hr oughput | om cs assay was established to eval uate the
JAK2 targetﬂﬂﬁhlbltlon in Ba/F3 cells expressing JAK2V617F. This assay
enabl es;j he discovery of an effective therapeutic agent to treat disorders
associ ated with JAK2V617F nutation. Ba/F3 (murine pro-B) cells expressing
JAK2V617F mai ntai ned i n RPMBalls40KaV 6 i/ F1OH%- B8l AGap7% sodi um bi car bonate, 1

mM sodi um pyruvate, Ix antibio nvi trogen, Carlsbad, CA)
and 0. 45% g| ucose (SI gma, St Lb%]?({n%QSIAHX)rS%LI{éH@%

JAK2 target inhibition has been evaluated in Ba/F3 expressing JAK2 V617F by
Western blot as reported in Wernig et al. (Wernig G, et al. Efficacy of TG101348, a

15 selective JAK?2 inhibitor, in treatment of a murine model of JAK2V617F-induced
polycythemia vera, Cancer Cell, Apr; 13(4):311-20). A medium throughput Cellomics
assay was established to evaluate the JAK?2 target inhibition in Ba/F3 cells expressing
JAK2V617F. This assay enables the discovery of an effective therapeutic agent to treat
disorders associated with JAK2V617F mutation.

20 Ba/F3 (murine pro-B) cells expressing JAK2V617F maintained in RPMI 1640
with 10% FBS, 0.07% sodium bicarbonate, | mM sodium pyruvate, 1x
antibiotic/antimycotic (Invitrogen, Carlsbad, CA) and 0.45% glucose (Sigma, St Louis,
MO). Cells are kept at 37 °C with 5% CO,. The test compound is prepared in 100%
DMSO at 10 mM concentration. The compound is serially diluted 1:3 with 100% DMSO

25 ina 10 point 200x concentration-response range (4 mM- 200 nM.). In a separate 96 deep
well plate 2.5 uL of 200x compound solution is added to 125 pL of complete RPMI 1640
media with 10% FBS for a 4x concentration compound plate.

To perform the assay, cells are collected and washed twice with unsupplemented
RPMI 1640. Cells are then suspended in 10% FBS completed RPMI medium for a final
30  concentration of 4 x 10°/mL. Next, 500 uL of cells (2)(105 cells) are transferred into 96



M)). Cells are kept at 37 OC with 5% CO2. The test conpound is prepared in
100% DVSO at 10 mM concentration. The conpound is serially diluted 1:3 with
100% DVSQVOros/i@4poi nt 200k concentrati on-response ran@eT(U$20000680 nM ) .
In a separate 96 deep well plate 2.5 nL of 200x conpound solution is added
to 125 nL of conplete RPM 1640 nmedia with 10% FBS for a 4x concentration
conpound plate. To performthe assay, cells are collected and washed tw ce
wi th unsuppl enented RPM 1640. Cells are then suspended in 10% FBS
conpleted RPM nediumfor a final concgptration of 4 x 10 5/ nmL. Next, 500
m. of cells (2xIO5 cells) are transferred into 96deep well plates.

Finally, 2.5 nmL (1:200 dilution) of compound stock solution are added to
the cells angp %ﬂpla&@ubﬁﬁﬁ)d 2w 1 1980 lagutidh) 8f S ad& soRabibart @1de80 m n.
After cell treat ment, 500 of 1% f or mal dehyde soI ution (made freshly with
phosphat e- bigflcsiedyanzrg W@ut(aﬁéwthéﬁas Rapt “wardsrdethdor @apini s added to each

well. Plates ar %%@@él?@eaﬁﬂ&t'ﬁ@ﬁﬁi%@@% orfhlddh oilﬁiom%adeefeéﬁ?%wﬁr e placed
ina 37 OC water bath for 10 m After i1ncubation es are spun at

1200 rpm f mhowhﬁemuéﬁereﬂwlle%B%WékMtv@ﬁp af &7 49y addedty eaﬂewli nYatepo nL of
cells ( 2§(| Oalré séﬁﬁld aﬁ&l Vg-ljf'é%l 8C% 'JlrﬁesaLB Ghiy. 8151 t%§(§1g Rf’a@&i gﬁ%be@ &a%r%gth%lt lrb 800 L

of PBS by repeating the spin steps an eavi containing ~2 x as
cel | s aft ermmhe\ffer mahbatwa&h;ell Ahteahleqpmt atd20BOM fth ofin etdid DE%pendienol i S
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anti - pSTATS Y6 4) A e a Fluor 647(r) nOyLu%gofcence %? i vated cell

sorting (F ellieier i Snalariall A9 Hinet ebrY A0z me ¥4 t0and

i ncubat g aghe Rlisiald f)l'ﬁ@éddt@fj@ CQfverhight. 108k &e@ﬁtﬁl a\‘l@%ﬁﬁﬁn&lﬁ@'@nﬁ%éd’ d@$ and 100
m. of cells are left ut| on_of Hoechst (Acros

Organi cs, Mj? W@lefbwaﬁlﬁécsl\hwﬂ}fr& Smwgﬁsﬂpéﬂ%dm}x}%ﬂep qoRligpt o0 ni i s

added Lo easiy welh @19 JA6loh 81 DRHRAED (BY0STT alfigndAkf or 10 wip.

Cells are washed with S, r) (BD Bi osci ences, San
Jose, CA) iRuosgsernge @stﬂqéceibﬂortglg (ﬁ“h@sb@lffes lsaiﬂéedttpﬁrmkh rGils prs igedvel | bl ack

tissue cul tyne, RlifhBoeARRBHANEHK {18 HPLATES: Fhded MR WIRWES Mo L
15  ofcells are left. A working solution of 2 pg/mL Hoechst (Acros Organics, Morris Plains,
NI ) is prepared with PBS. An aliquot of 200 uL is added to each well and cells are

incubated at RT in the dark for 10 min. Cells are washed with PBS, and 50 uL of
Cytofix® (BD Biosciences, San Jose, CA) is added to the cells. The cells are transferred
to 96 well black tissue culture plates and sealed. The plates are spun down. Mean

20  fluorescent intensity data are collected and analyzed using Cellomics Arrayscan® VTi.
Compound treatment is compared to the vehicle to determine percent inhibition data. The
relative ICy, is calculated using a 4 parameter logistic curve fitting analysis with
ActivityBase 4.0. For 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-1H-pyrazol-3-
yl)-8-(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine, the ICso = 0.03 uM. The

25  results of this assay demonstrate that 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-
1H-pyrazol-3-yl)-8-(morpholinomethyl)imidazo[ 1,2-b]pyridazin-6-amine effectively
inhibits the JAK2V617F target in Ba/F3 cells expressing JAK2V617F gene.

The compounds of the present invention are preferably formulated as

30  pharmaceutical compositions administered by a variety of routes. Most preferably,



fluorescent intensity data are collected and anal yzed using Cel |l om cs
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3-(4-chl oro-2-fl uorobenzyl)-2-met hyl - N2¢5- et hyl | H
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P 15  individual patient, and the severity of the patient's symptoms.



salt thereof. 2. A conmpound according to Claim1l1 which is

3-(4-chl oro-2-fl uorobenzyl) - 2-

met hyl - NWO-208xd1yd471 H pyr azol - 3-yl ) - 8- ( nor phol i nonmet hyl Pcriusamoefob7026 b] pyri d
azin-6- amne. 3. A conpound according to Claim1l which is

3-(4-chl oro-2-fl uorobenzyl) - 2-

nmet hyl - N- (5- net hyl -1 H pyrazol - 3-yl ) - 8- (nor phol i nonet hyl )i m dazo[ |, 2-b] pyrid
azi n-6- am ne hydrochloride. 4. A nethod of treating chronic

nyel oproliferative disorders selected hromthe group consisting of

pol ycythem a vera, essential thronbocytosis, and nyel osclerosis with

nyel oid nmetaplasia in a mammal conprising admnistering to a manmal in need
of such treatnent an effective anount of

3- (4- chl or op2didisor obenzyl ) - 2- met hyl - N- ( 5-

met hyl -1 H- pyrazol - 3-yl ) - 8- (nor phol i nonet hyl )i m dazo[ |, 2- b] pyri dazi n- 6- am ne
, or a pharmaceutically acceptable salt thereof. 5. A nethod of treating

gli obl astoma, brieast CaNGEfro- 2rﬂﬁ|o¥db91|1z?/1 @ﬁktﬂ?ﬁlﬂ-(?%ﬁﬁ@ﬁﬁ ARGET -y &Nd

| eukem as, such as atypical chronic nyelord eukem a, primary and secondary
acute ny5e| oimprphelikemdtayDimidaioldd dapyarlaziBotaniea gea d@mm@ceutmﬁh@meatgblpc

| eukem a, nmyglodyspl asia syndrome, and nyeloproliferative disorders in a
patient conprising adm nistering to a patient in need of such treatnent an
effective anount of 3-

(4-chlor 0- 2-flu Obeg d%/. n%nt)}mcgle %ﬁr&ng d&éumn? h¥clh 1% !;"‘(P Xhlgrocg ﬂuorgbe}l@ﬁ%

(nnrpholrnoneth azin- ically

accept abl e methyl- N#(@rreoﬂyl 6H -phrapdiad- yﬂ&@e{ntoqma]mcmmntpd))mnidazmm M)ﬂmrrhdszumg a
conmpoung, according to Claim1l1, 2 or 3, or a pharnmaceutically acceptable
salt thereof™4nd a pharmaceutical ly acceptabl e carrier diluent or
excipient. 7. A conpound according to Claiml, 2 or

pharmceut ol acbepianl sels Dherenly apuuee e o Tolcareny 5. A

methyl-N-(5-methyl-1H- pyrazol 3-yD)-8-(morpholinomethyl)imidazo[1,2-b]pyridazin-6-
amine hydrochloride.

15

4. A method of treating chronic myeloproliferative disorders selected from

the group consisting of polycythemia vera, essential thrombocytosis, and myelosclerosis
with myeloid metaplasia in a mammal comprising administering to a mammal in need of
such treatment an effective amount of 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-

20  methyl-1H-pyrazol-3-yl)-8-(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine, or a

pharmaceutically acceptable salt thereof.

5. A method of treating glioblastoma, breast cancer, multiple myeloma,
prostate cancer, and leukemias, such as atypical chronic myeloid leukemia, primary and
25  secondary acute myeloid leukemia, T-lineage and B-lineage acute lymphoblastic
leukemia, myelodysplasia syndrome, and myeloproliferative disorders in a patient
comprising administering to a patient in need of such treatment an effective amount of 3-
(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-1H-pyrazol-3-yI)-8-
(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine, or a pharmaceutically acceptable

30  salt thereof.



acceptabl e salt thereof,
cancer,
B- | i neagewacotm7kgarphobl asti c | eukem a, nyel odyspl asi a ®¢mAISeON/06WRE

9. A conpound for use according to Claim38
in the treatnent of chronic

nyel oproliferative disorders.
or a pharmaceutically acceptable salt thereof,

for use in the treatnent of glioblastom, breast

mul tiple nyel oma, prostate cancer, and | eukem as, T-1ineage and

nmyel oproliferative disorders. 10. A nethod of treating conditions

associated with activity of nutant JAK2 in a patient

in need thereof,

whi ch

conprises admnistering to said patienpra conpound according to Claim1l, 2

or

3.
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6. A pharmaceutical composition comprising a compound according to Claim
1, 2 or 3, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

carrier, diluent or excipient.

7. A compound according to Claim 1, 2 or 3, or a pharmaceutically

acceptable salt thereof, for use as a medicament.

8. A compound according to Claim 1, 2 or 3, or a pharmaceutically
acceptable salt thereof, for use in the treatment of glioblastoma, breast cancer, multiple
myeloma, prostate cancer, and leukemias, T-lineage and B-lineage acute lymphoblastic

leukemia, myelodysplasia syndrome, and myeloproliferative disorders.

9. A compound for use according to Claim &, or a pharmaceutically

acceptable salt thereof, in the treatment of chronic myeloproliferative disorders.

10. A method of treating conditions associated with activity of mutant JAK2
in a patient in need thereof, which comprises administering to said patient a compound

according to Claim 1, 2 or 3.



