AMINO PYRAZOLE COMPOUND Janus kinase 2 (JAK2) is a member of the tyrosine kinase
family which is involved in cytokine signaling. JAK2 has a pivotal role in the erythropoietin (EPO)
5signaling pathway, including erythrocyte differentiation and Stat5 activation. Recent studies have
demonstrated that patients with chronic myeloproliferative disorders such as polycythemia vera,
essential thrombocytosis, and myelosclerosis with myeloid metaplasia and thrombotic disorders such
as activated protein C resistance, splanchnic vein tHrombosis, Budd-Chiari Syndrome, and portal vein
thrombosis frequently have 10acquired activating mutations in JAK2. The mutation, a
valine-to-phenylalanine substitution at amino acid position 617, leads to constitutive tyrosine
phosphorylation activity, by an unkndWANREBNEHsHY LEhe CdHSEIRIe activity of mutant JAK?2 leads to
increased levels of phosphorylated JAK2, pSTATS5, and STATS transcriptional activity, which leads to
the pathogenesis of myeloproliferative disorders and leukemias, such as 15atypical chronic myeloid

leukemia. In addititfnpg Aikzse hetvERd by mebsuririle: epsderkinastdemmty 58 bisther genetic
alterations ig salid AR HRMAIRGIG MRS SasHigRIaSImIR 1 PIGaSHARRGES My ERie myeloma,

prostate cancer, primary and secondary acute myeloid leukemia, T-lineage and B-lineage acute

lymphoblassigtelike path wayelpelpsingstaysyingronbiioovhnises @ inepydisii®rosine kinase
inhibitors haye been KGRI (e I fXaMBIS MARCRA BB ANINYORAANEAIR . disoriguever,

there is still a need for further compounds that inhibit tyrosine kinases such as JAIC2. The present

disclosure prstidesaysotimammirddpyiaouialdbmpiusttotfietedmy Hase ensiearidsasieidatment of
mye'0prO'if?ﬁ@&\ﬁ%@'ﬂé%@%&ﬁlmgfaﬂh%c?e?slél&?ﬁigawmgdgﬁé&mﬂ&@%@é@,dsﬁmwﬁkuch JAKISTAT
e

signaling is dysregulated. In a first aspect, there is provi
3-(4-chloro-zefubrendesis PrdddthirnSymdrome, and portal vein thrombosis frequently have

methyf L H:Ryazat A mRARGHDAMBRP Aol L VRS RN Bhe Phaimaceutiall
acceptable salt thereof
substitution at amino acid position 617, leads to constitutive tyrosine phosphorylation
activity, by an unknown mechanism. The constitutive activity of mutant JAK? leads to
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?2 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 WO2007064797.
However, there is still a need for further compounds that inhibit tyrosine kinases
such as JAK2, The present disclosure provides a novel amino pyrazole compound
believed to have clinical use for treatment of myeloproliferative disorders in which the
25  JAK2 signaling pathway is activated or in which JAK/STAT signaling is dysregulated.
In a first aspect, there is provided 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-
methyl-1H-pyrazol-3-y1)-8-(morpholinomethyl)imidazo{1,2-blpyridazin-6-amine, or a

pharmaceutically acceptable salt thereof.



-la- In another aspect, there is also provided a compound as defined above which is 3-
(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-1H-pyrazol-3-y1)-8-
(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine. In another aspect, there is also provided a
compound as defined above which is 3-
5(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-1H-pyrazol-3-y1)-8-
(morpholinomethypimidazo[1,2-b]pyridazin-6-aminelhydrochloride. The present disclosure provides
3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5- '
methyl-1H-pyrazol-3-y1)-8-(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine or a pharmaceutically
acceptable salt thdreaiathén anethaherspeelsthieneyidedl sopravided 2 cofipslain v weitheéd above, or a

pharmaceutigally &ngﬁﬁ?&l&éﬂﬁp’-‘ir—%?él&?& 5_5@% t ]t_rigsﬁt_ 1 af ﬂ#%tz@stoma, breast cancer,

multiple myeloma, prostate cancer, and letUkemias such as atypical clironic myeloid leukemia, primary

and secondanpmboienmyedait)imidernis, 2Toipeddpeiantt Brimeage acute lymphoblastic leukemia,
o e o e A BlORI A RIB AR S d TS PERRAL BGIRE r ctes @
method of treating chronic mye]Joproliferative disorders selected from the group consisting of
polycythemid-vétascedsdniabezyl)-2-methyl-N-(5-methyl-1H-pyrazol-3-yl)-8-
(morpholinomethyl)imidazo{1,2-b]pyridazin-6-amine hydrochloride.

The present disclosure 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.

10 In another aspect, there is also provided a compound as defined above, or a pharmaceutically
acceptable salt thereof, for use in the treatment of glioblastoma, breast cancer, multiple
myeloma, prostate cancer, and leukemias such as atypical chronic myeloid leukemia,
primary and secondary acute myeloid leukemia, T-lineage and B-lineage acute
lymphoblastic leukemia, myelodysplasia syndrome, and myeloproliferative disorders.

15 The present disclosure provides a method of treating chronic myeleproliferative

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-chloro2-fluorobenzy1)-2-methyl-N-(5-methyl-1H-pyrazol-3-y1)-8-
(morpholinomethyDimidazo[1,2-b]pyridazin-6-amine or a pharmaceutically acceptable 5salt thereof.
The present disclosure also provides a method of treating glioblastoma, breast cancer, multiple
myeloma, prostate cancer, and leukemias, such as-&typical chronic myeloid leukemia, primary and
secondary acute myeloid leukemia, T-lineage and B-lineage acute lymphoblastic leukemia,
myelodysplasia syndrome, and myeloproliferative 10disorders in a patient comprising administering to
a patient in theed wfoytichstraatmertenl effettivetlampeintdmetaplasta in a mammal comprising

3-(4-chloro-24fl -2 N-(5- A H- 1-3-yA): . P
B (morphol B e L b B o e L SR R thereor.
In another dsfisototirzyis ssthrdvidEnaghdrifdasutiod Eomdosition comprising 15a compound as
defined abg AGS [ > I t A ical ptable
carrier, dilu nt0 f)%ﬁ@g%?ént. Hﬁlﬁgﬁg}ggggﬁﬁiﬁ%@ﬁgﬁi@gB?g\%ﬁgg%gg%g%r%g&%%alggol%mposition
compri§ing $:l{akehdofro-2-fluorobenzy1)-2-methyl-N-(5-methyl-1H-pyrazol-3-y1)-8-

(morpholinomethygimidazal 4RIy Hdazi0 2 ine RS A PRAIMBSRUHERINACGRRLAble 20salt thereof,

and a pharmaceutically acceptable carrier, diluent or excipient. This disclosure also provides
3-(4-chloro-Zuksr B AP Y PRRFESMBRGRTHASY I atinian) B Rsr A B SALFHERRIA)imidazo[ 1,2-b]
pyridazin-6-aming OkARRAMARRLCANY ALeRRIAD |§c§ﬁ3‘§ﬁ'ﬂ'@f&9ﬁe@tﬁ@r§iﬂhﬁqm@§§1y§§w acceptable

carrier, diluent or excipient in combination with another therapeutic ingredient. 25In another aspect,

there is alsqipragisds bormbobligticseammig. aprredsrrAss R ANEIR BrelabiEsiitthereof, for

use ag@ MegieABRNh 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-y1)-
8-(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine or a pharmaceutically acceptable
salt thereof.

In another aspect, there is also provided a pharmaceutical composition comprising

15  acompound as defined above, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier, diluent or excipient.

The present disclosure also provides a pharmaceutical composition comprising 3-
(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-1H-pyrazol-3-y1}-8-

{morpholinomethyl imidazof 1,2-b]pyridazin-6-amine or a pharmaceutically acceptable
20 salt thereof, and a pharmaceutically acceptable carrier, diluent or excipient.

This disclosure also provides 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-
1H-pyrazol-3-yl)-8-(morpholinomethyl Yimidazo[ 1,2-b]pyridazin-6-amine or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier,
diluent or excipient in combination with another therapeutic ingredient.

25 In another aspect, there is also provided a compound as defined above, or a
pharmaceutically acceptable salt thereof, for use as a medicament.

In another aspect, there is also provided a compound for use as defined above, or a
pharmaceutically acceptable salt thereof, in the treatment of chronic myeloproliferative
disorders selected from the group consisting of polyeythemia vera, essential

30  thrombocytosis, and myelosclerosis with myeloid metaplasia.



In another aspect, there is also provided a compound for use as defined above, or a phalaceutically
acceptable salt thereof, in the treatment of chronic myeloproliferative disorders selected from the
group consisting of polycythemia vera, essential 30thrombocytosis, and myelosclerosis with myeloid
metaplasia. -2a- In another aspect, there is also provided the use of a compound as defined
above in the manufacture of a medicament for treating conditions associated with activity of mutant
JAK2. This disclosure also provides 3-(4-chloro-2-fldarobenzyl)-2-methyl-N-(5-methyl-
51H-pyrazol-3-y1)-8-(morpholinomethypimidazo[1,2-b]pyridazin-6-amine or a pharmaceutically
acceptable salt thereof for use as a medicament. Additionally, this disclosure provides use of
3-(4-chloro-2-fluordibengtiky-2speetiipleN-{Sate thrplidett tyeasolof a compound as defined above

>y 8- (mophalpomatitirasellicst Ryl aciR:Amine dhe Aharmaasiicalinapgptable sal
thereof in the manuracture of a medicament for treatln% chronic 10myeloproliferative disorders. In
particular thesgashiéié myeloproliferative disorders are selected from the group consisting of
polycythemia verasrggseniial fhremboauiosiss and myalesslerosiswilh myelaid.mgtaplasia.

Furthermore, this disclosure provides a -3-ﬁfharmaceutlcal composition for treating chronic

myeloproliferheg digbrdshs SERemR Herm HlR g HEHe R R THE YOGy S HBIRE dra, essential

thrombocytesigma@utically acceptable salt thereof for use as a medicament. Additionally, this
disclosure provides use of 3-(4-chloro-2-fluorohenzyl)-2-methyi-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
10 myeloproliferative disorders. In particular these chronic myeloproliferative disorders are
selected from the group consisting of polycythemia vera, essential thrombocytosis, and

myelosclerosis with myeloid metaplasia. Furthermore, this disclosure provides a



myeloselerosis with myeloid metaplasia comprising 3-(4-chloro-2-fluorobenzy1)-2-
methyl-N-(5-methy1-1H-pyrazol-3-y1)-8-(morpholinomethyl)imidazo[1,2-b]pyridazin-6- 5amine or a
pharmaceutically acceptable salt thereof as an active ingredient. It will be understood by the skilled
reader that the compound of the present disclosure is capable of forming salts. The compound of the
present disclosure is an amine, and accordingly reacts with any of a number of inorganic and organic
acids to form pharmaceutically acceptable acid addifion salts. Such pharmaceutically acceptable 10
acid addition salts and common methodology for preparing them are well known in the art. See, e.g.,
P. Stahl, et al., HANDBOOK OF PHARMACEUTICAL SALTS: PROPERTIES, SELECTION AND USE,
(VCHA/Wilayar@rie2002) contpoBidpidpr Sautimerbeonis ayviopkhdorssivin dBpidgeioséatiedf
Pharmaceufical FRebAIon Soine b GURKI 00 L Boxian Y. Marcel ekicr, Inc., New
York, Basel, Hong Kong 151995, pp. 453-499; S.M. Berge, et al., "Pharmaceutical Salts, "Journal of
Pharma- ceuticiStaeseeyonpe oMan dapkasiseymprsing Rel following grepraiaivnd @nd examples are
named using, GaROraw | .,ﬁﬁ@&%e&%-.%nzgm RlfoiRRRAANMN ol L2 b pyridazin 6.

1-(4-Methoxybenzy1)-5-methyl-1H-pyrazol-3-amine Method 1: In"a 1 L round bottom flask, combine

5-aminé-s-mnylpym@zg@a%as@ez@mm ot ifedh gy EdREBHEY00 mL) Cool flask to 0
C and place underpifspaen, LAdeRAWINHY oxide d39Ha il COMYARRILLHLY DI dhe flask and stir

for 30 minutes (mm) Add a solution of alpha-chloro-4-methoxytoluene (31 mL, 1.0 equiv.) in
N-methylpyFighleRdreiy to0RsLOf foriHeeralk drssammeand &f thiorressetidiriRamaitdToom temperature (RT)

slowly overnighfe Ritdtedhe deatioem it itniar; andexbaat sithoeghylc and organic acids to

form pharmaceutically acceptable acid addition salts. Such pharmaceutically acceptable

10 acid addition salts and common methodology for preparing them are well known in the
art. See, e.g., P. Stahl, er al.,, HANDBOOK OF PHARMACEUTICAL SALTS:
PROPERTIES, SELECTION AND USE, (VCHA/Wiley-VCH, 2002); L.D. Bighley,
S.M. Berge, D.C. Monkhouse, in “Encyclopedia of Pharmaceutical Technology’. Eds. .
Swarbrick and J.C. Boylan, Vol. 13, Marcel Dekker, Inc., New York, Basel, Hong Kong

15 1995, pp. 453-499; S.M. 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,
Verston 10.0.

20 Scheme 1:
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 mIL.). 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



30acetate (EA). Wash the organics with aqueous saturated sodium chloride. Concentrate in vacuo.
Purify on a plug of silica (hexane 4 2:1 hexane:EA 43:2 hexane:EA 4 1:1 hexane:EA 4 1:2 hexane:EA
4 EA). Concentrate the desired fractions to give the title compound (10.8 g, 21%). LCMS (4 mm) =

218.0 (M1). Methog@ssdhwilslstert-Butyl 2-(4-methoxybenzylidene)hydrazinagarheosdate  Add
4-methoxybenzaldehyde (400 g, 2.94 mol) over 20 min to a solution of tertbutyl carbazate (400 g, 2.94
mol) in toluene (750 mL) at 50 C. Heat to reflux over a period of 1 hour (h), collecting water in an
azeotrope with the toluene. After no further water is collected, cool to 60 C. Add hexanes until the
product precipitates from 10 solution. Cool the bath fugther to 20 C. Collect the solids by filtration and
dry using a nitrogen press to afford the title compound (750.5 g, 91%). 11-1 NMR [400MHz, dimethyl
sulfoxide-d6 (DMSO-c16)] 8 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 BRiRIEBAGPTMR rpers B St EB bl PR SR XYL OB i He Eboxylate Add
10% palladium on cachorririatErdget] 20 ¥ sRiftiadin BAQP60HmL) to a sealed pressure reactor via
vacuum transfer. Rinse transfer line with a minimal amount of EA. Charge (E)-tert-butyl
2-(4-methoxybenzylidepe)hydrazinecarboxylate (320g, 1.28 mol) dissolved in tetrahydrofuran (THF,
1000 mL) via vacuum transfer and rinse line 20 with a minimal amount of THE. Pressurize the reactor
to 50 PSI with H25and mix thetcobrehis bhtferdamdiiatgdroecatsrtititie the reaction, maintaining

the hydrogen pressure at 50.PSl. until.no fH{thh [ rogen uptake-is observadLiligLthe reaction
solution to remove the cata dgt zf?le %5%%“%5 ga%gs}/{stgﬁ 'ter-néﬁe W%ﬁ THI% (500 ?nL). Add the wash to

the reaction filtrate. CB&HHREES (Y 8AGASHIHVAEERS (o OBAIR e tidE®E SRPSERd (337 g, 86%) as
an oil. 1H NMR (400 Mg, cDMSOII6) BRI R sn i Jzeptiopvith trrnlue8-8 {51 DI 4.4-4.6 (bs,1H),
3.7-3.8 (s, 2H), 3.6-3#af&,id)ecdeB<bd f509H) AGd (dbethosyhanaibhyetpizirefdihydrochloride To
g ?zlutio?] of AE) N nydag%ﬁlanglagﬂq;% ﬂ,gt@itgqﬁépfz i@%%@h&t%aﬁ&@ﬁ’&‘k@@hﬂ% teytabndyl f
-(4-methoxybenzyphydrazine,carboxylat o) Q Img unt o
dioxane, slowly over é}{ tﬁcégrﬁ%areg?% ﬁi%,ﬂ\xgree%&%)ﬁ%?gumr‘da%g% f?)qr!fﬁfs %ﬁg{w{ﬁoﬂ%ﬁl&tﬁggtir 16 h at 20
5 C. Collect the SO|IdSS‘6§9ngIW@- ﬁt}l'(é@iﬂ.g (bs, 1), 7.88-8.0 (8, 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-methoxybenzylhydrazinecarboxylate
Add 10% palladium on carbon (water wet, 20 g) slurried in EA (100 mL)to &

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

20 with 2 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 iz vacuo to obtain the title

25  compound (337 g, 86%) as an qil. ' NMR (400 MHz, DMSO-de) 8 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 (5, 3H), 1.3-1.5 (s,
9H).

C. (4-Methoxybenzyhhydrazine dihydrochioride




5solids in heptane (2000 mL) and isolate the solids by filtration. Dry the solids using a nitrogen press
to give the title compound (242.3 g, 1.08 mol, 98%). Ifi NMR (400 MHz, DMSO-d6) 88.2-9.0 (bs, 5H),
7.3-7.4 (d, 2H), 6.8-7.0 (d, 2H), 4.0 (s,2H), 3.7 (s, 3H).

D.l-(4-Methoxybenrey jhemethyl-11-1-pyrazol-3-amine and 1-(4-methoxHsaryiBgpadic7056
10methyl-1H-pyrazol-5-amine Combine potassium tert-butoxide (191.89 g, 1.71 inol) and THF _
(2000 mL) at 22 C. Mix until a homogeneous solution is obtained. Cool to 5 C. Add a premixed solution
of acetonitrile (84.25 g, 2.05 mol) and methyl acetate (126.7.g, 1.71 mol) to the potassium
tert-butoxide solution over 45 mm maintaining a temperature less than 10 C. 15After the addition is
complete, allow the reaction to warm to 20th 5 C and stir for about 2 h. Add

(4-methoxybenzyl)hydrazine dltlgl/drogﬂ%r 250 gg l_fgortl nxgyigas&&% H«f éggctlm&veg about 5 min,

followed by 4 N hydrogen Lol dioxan at a rate that maintains the

temperature <30 C. Whé‘fﬂﬁé"a@&h%ﬁ%?é‘a’i*ﬁ %BW‘I’B St &' P8 ISR 16 h. Isolate the
solids by filtration anehmiashuwvitint20dbkdke, (ﬁ@ﬂymte) aStipdotidcrumeristtic sriduaig itoromethane (DCM,
4 L) and water (2 L) agiustingothepld 0 rldayith 5oN Nahlndllma: thaikayers snssetile and collect the

organic phase. Wash,iig aqueauis-hase Wi RiMd& b Gambine m@@w&m&l es and dry over

anhydrous sodium sulrate and concentrate the solution 5 g of the crude.

to @
Heat the crude in isoPtBES HESKE GBS TS FEH I s 85 d‘?gérbﬂv%% many 56 s as’possible. Cool
to 33 C and add hexdeSEO0 i) Gy 1 HICH6E 1DE AU HA&AERIA THe t8Mmperature at 10C

for 10 mitt isolate the solids by filtration, wash with hexane (200 mL), and dry using a nitrogen press to

afford a mixture of the title COMRARASLDD-5 ettt M radol Hohmlde MYIR {400 Min DM SO-(16) 87.2-7.3
(d 211), 6.7-6.9 (d. 2H), 5.1(bs, 2b), 5.0 (s, 1li, 4.9 (s, 2H), 3.6-3.8 (s, 3H), 1.9 30(s, 3H).

pyrazol-3lamife
Combine potassium tert-butoxide (191.89 g, 1.71 mol) and THF (2000 ml.) at 22

°C. Mix until 2 homogencous solution is obtained. Cool to 5 °C. Add a premixed
solution of acetonitriie (84.25 g, 2.05 mol) and methyl acctate (126.7 g, 1.71 motl) 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 Add (4-methoxybenzyDhydrazine dihydrochioride (250 g) pertion-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. Aliow the layers to settle and collect the
organic phase, Wash the agueous 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 isopropy! 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 sokids
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-ds)
&7.2-7.3 (d, 2H), 6.7-6.9 (4, 2H), 5.1 (bs, 2H}, 5.0 (8, 1H), 4.9 (s, 2H), 3.6-3.8 (g, 3H}, 1.9

30 (s, 3H).




Note: these intermediates can be separated by chromatography; however in this case, they are
isolated as a mixture and can be used in the final sequence below which involves removal of the
benzyl protection group resulting in the same product. 5 Preparation 2 _
2-Chloro-1-(4-chlowa 2efeiephenyfiethanone . In a 'l L round bottom feagkugmestsiiess
4'-chloro-2'-fluoroacetophenone (40 g, 231.8 mmol), heptane (120 mL), and methanol (16 mL). Cool to
0 C and place under 10nitrogen. Dissolve sulfuryl chloride (21.5 mL, 1.15 equiv.) in heptane (120 rilL)
and charge to an addition funnel. Add drop-wise to the reaction over 60 min. Stir for 2.5 h at () 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 15needles. 11-INMR (DMSO-d6) 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)-N1-(6-Chloropyridéssninsymyernadizmsat iy epatipd it o mby: b a6t idhEsasrT fask combine
3-chloro-6-pyridazinasinel{d3:2 :gi333. ;i ambt)ystal inemeifB08qnatcy; mivd Nhkikdimebthylacetamide

dimethyl acetal (67.8 Blovh-SGne Sl pebitiaieh doteflnsendensarthembeat to reflux for 2 h. Let cool to
RT. Concentrate ig vacuo. Triturate the crude material with hexanes and filter to isolate the title
compound (60.4g, 91%) as a light tan solid. MS =_199.0 (M+1). 25

Preparation 2
2-Chloro-1-(4-chloro-2-fluorophenylethanone
In a | L round bottom flask combine 4’-chloro-2’-fluoroacetophenone (40 g,

231.8 mmol), heptane (120 mL), and methanol (16 mL). Cool to 0 °C and place under
10 nitrogen. Dissolve sulfuryl chioride (21.5 mi, 1.15 equiv.) in heptane (120 mL) and

charge to an addition funnel. Add drop-wise fo the reaction over 60 min. Stir for 2.5 h at

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

sodium bicarbonate (400 mL) then add o 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. 'H NMR (DMSO-ds) § 5.00 (d, 2H, J = 2.5 Hz), 7.43 (m, 1H), 7.63 (m, 1H),

7.89 (1, 1H, I =8.4 Hz}).

Preparation 3
(E)-N'-(6-Chloropyridazin-3-y1)-N,N-dimethylacetimidamide
20 In a2 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 2h. Let cool io 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-chioro-2-methylimidazo[ 1,2-b pyridazin-3-yDmethanone
I a round bottom flask combine (E)-N'-{(6-chioropyridazin-3-yH-IN.N-
dimethylacetimidamide (36.61 g, 184.3 mmol), 2-chloro-1-{4-chlore-2-
30 fluorophenyl)ethanone {(38.15 g, 1 equiv.), and dimethyiformamide (150 mL)j. Place




“Preparation 4 (4-Chloro-2-fluorophenyl)(6-chloro-2-methylimidazo[1,2-14yridazin-3-yl)methanone In a
round bottom flask combine (E)-M-(6-chloropyridazin-3-y1)-N,N- dimethylacetimidamide (36.61 g,
184.3 mmol), 2-chloro-1-(4-chloro-2- 30 fluorophenyfiethanone (38.15 g, 1 equiv.), and
dimethylformamioe¢&@emky7 Place under nitrogen then heat at 120 C f@CH¥s2¢00€88 to RT and stir
overnight. Dilute with EA (I L) and water (500 mL). Extract organics three times with water followed by
aqueous saturated sodium chloride aqueous. Thy organics over anhydrous magnesium sulfate. Filter
and concentrate in vacua Purify by silica plug (hexane 4 4:1 hexane:EA 5 9 3:1 hexane:EA 9 2:1
hexane:EA 4 1:1 hexane:EA) and isolate the title compound (33.8 g, 57%) as a fight green solid.
LCMS (4 min = 324.0, 326.0, M+1). : Preparation 5
246-Chloro-3-(4-chloro-2-fluorobenzoyl -2-rpe;[h3£/1li}[niﬁjazofl 1’%’}blﬁ)<}/rti‘dgzeigﬁr't Difute with
10yfimethyflisoindoliHEl SaeHEe" b BriRing for™ b Let cool o RT abd strovemight

(4-chloro-2-fluoroph &y ibeethicre-S0hstny Frttrh oEreio- BIPAATRETREA M M EHShe (5.6 g, 17.3
mmol), N-phthaloylghgisaes (eua6d teduetiivsdaestonitiile (GGmat Jyavaterd(ds mbissinfluoroacetic acid
(%36 mLf, 0.2 lequg/-)suﬁﬁlg %E!&MU&L%&%%MQ-m@%\f@aﬁe@ﬁgm@maﬁm flaskewith att;iched
addition funnel and place under 15nitrogen. Heat.to. 7. intai i GMRgEature for 15 min.
Dissolve am monlgum ggf‘iﬁffaa?g'%.ig E;?E%‘ge%.l)i?f lvvl%}f%?g(%%)?n% Qéﬁ% %%g%sg{)to anéaddition funnel.

Add drop-wise to the ?éﬁétii?ﬁ("?l%f’ﬁ%ié%}e%‘eﬁ*b i I Frmit et feddtbn 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 off-white solid. LCMS (4 min) = 483.0préBmén20 M+1). Preparation 6

(8-(Aminomethyl)-6-chlorpr2-methWimigaz oblasRiridaz tadny Midaclior @1dvridazin-8-
10 yhmethyi)isoindoline-i,3-dione
Combine (4-chloro-2-fluorophenyl)(6-chloro-2-methylimidazo[ 1,2-b]pyridazin-3-
yDmethanone (5.6 g, 17.3 mmol), N-phthaloylglycine (6.0 g, 1.7 equiv.), acetonitrile (60
mL), water (15 mL), trifluoroacetic acid (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
funne!. 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
fitle compound crude (7.3 g, 87%) as an off-white solid. LCMS (4 min) =483.0, 485.0,

20 M+
!
Preparation 6
(8-(Aminomethyl}-6-chloro-2-methylimidazol 1,2-blpyridazin-3-yl)(4-chloro-2-
' fluorophenylymethanone
25 Combine 2-({6-chloro-3-(4-chloro-2-fluorobenzoyl)-2-methylimidazo[1,2-

bipyridazin-8-yhmethyl)isoindoline-1,3-dione {7.30 g, 15.1 mmoi}, ethanot (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 hat 50 °C then concentrate the reaction i vacuo. Ditute
with BEA. Wash the organics with 1 N HC! (aq) to pull product into the aqueous layer.
30 Make the agueous layer basic with 1 N NaOH (aq) and extract with EA. Wash the EA



fluorophenyflmethanone 25Combine 246-chloro-3-(4-chloro-2-fluorobenzoy1)-2-methylimida20[1,2-
Npyridazin-8-ylimethyllisoindoline-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 concerirmiedhesfeaction in vacua. Dilute with EA. Wash the mrgariesedtisd. N MCI (aq) to
pull product into the aqueous layer. 30 Make the aqueous layer basic with 1 N NaOF1 (aq) and extract
with EA. Wash the EA layer with aqueous saturated sodium chloride, and dry over anhydrous
magnesium sulfate. Filter and concentrate in vacuo to give the title compound crude (1.2 g, 23%) as a
light green solid. MS = 355.0, 353.0 (M+1). 5Preparation 7
(4-Chloro-2-fluorophenyl)(6-chloro-2-methyl-8-(morpholinomethypitnidazo[1,2-
b]pyridazin-3-yOmethanone Combine ) _
(8-(aminomethyl)-6-cRSTBih-FaetHy Msaag S ShAMa AR SE) Y8 G227 BFophenyOmethanone
(1.15 g, 3.3 mtnol), wsalfer ( Fwrin)| potatsicin W arbonttei(d 08wmgndenddui/g) 23hktEP2bromoethyl
ether (0.47 ml, 1.1 eqyiy hiRa0dmugnigsawaveoraaction vessel. Seal with a crimp cap then heat in a
microwave reactor at 120 C for 20 min. Cool to RT and partition between EA and water. Wash EA
layer with aqueous saturated sodium chloride, ang dry over anhydrous magnesium sulfate. Filter and
concentrate in vatuo. Purify on silica gel (4:1 hexaft %’lla:t}im-é 2:1 hexane:EA1:1 15 hexane:EA) to give
the title compound (0.434CBem0}-HucwthshtieibiRrdoamthy s phetnayethybarganfslo M+1.
Preparation 8 (4-Chloro-2-fluorophenyl)(6-ciMpyad2zmeitydeBimoerpholinomethyOimidazo[1,2-
(20bEleridaZif?'3‘yor2netk:an@J)mf)in&@miﬁﬁncthyi)—é-chlom—2I-methylinﬁdiizo[1,2—b]pyridazin-3—yl){4»
4-chloro-2-fluorophe -chlorg-2-methy1-8-(mar inome > :
imidazo[l,z-b}pyridazél]%{(-))é%_ ‘ﬁﬁ‘é’q‘g‘ﬁ@ﬁné%%‘fé&%_g%rﬁﬁ@é%ﬁ%{éﬁhﬂaﬁb {EthSsnrlrI]nL in a round bottom
flask. Place unddP nitf 88 add con b oue.) Ao -Bemsshpsin et se MYV ABE4dN.) in one
portion. Stir for 5 mmraitrivisvterapenatsse. tReah vihiorswep|ibrg heat in a microwave reactor at 120

°C for 20 min, Cool to RT and partition between EA and water. Wash BEA 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 <3 2:] hexane:EA -» 111

15  hexane:EA) to give the title compound (0.43 g, 31%) as a light yellow foam. L.CMS (4
min) = 423.0, 4250, M+1.

Preparation 8
{4-Chloro-2-fluorophenyl)(6-chloro-2-methyl-8-(morpholinomethyl)imidazof1,2-
20 blpyridazin-3-yDmethanol
Combine (4-chloro-2-fluorophenyi)(6-chioro-2-methyl-8-(morpholinomethyl)-
imidazo[1,2-blpyridazin-3-ylymethanone (0.43 g, 1.0 mmol) and methanot (15 mL) ina
round bottom fask. Place under nitrogen and cool to 0 °C. Add sodium borohydride (38
mg, 1.5 equiv.) in one portion. Stir for 5 min at this temperature then remoeve cooling
25  bath and let warm to RT. Afier 15 min, guench 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




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) = 43 S ev4s® M+1. 30Preparation 9 PCT/US2009/067056
4-06-Chloro-3-(4-chloro-2-fluorobenzy1)-2-methylimidazo[1,2-bliwridazin-8- yOmethyl)morpholine
Combine (4-chloro-2-fluoropheny1)(6-chloro-2-methy1-8-(morPhOlinomethyl)-
imidazo[1,2-b]pyridazin-3-yemethanol (0.4 g, 0.94 mmol), 1,2-dichloroethane (25 mL), 5triethylsilane
(0.45 mL, 3 equiv.), and trifluoroacetic acid (0.57 nil-,§8 equiv.) in a round bottom flask and place under
nitrogen. Heat at 70 C overnight. Concentrate reaction in vacua. Load onto a Varian MegaElutt 10
gram SCX ion exchange cartridge (prewashed with methanol). Elute with methangl to remove

non-basic impurities. Elute i dritteia i RistRArom e iagat é WS 1o give the title
compound (0.36 g, 94%). 10 LCMS (4 min) = 48&8yamombolive+ 1. Preparation 10

3-(4-ChIoro-2-fluorobenzyﬂ;)ﬂhiﬂ(.l(@%B@h@?&%b@ﬁ&ﬁ%hm@tm%dhﬁpwﬁmhﬁmﬂaﬁyl}
methyl-8-(motpholingmett é&[ﬁrﬂzyﬁl%){ﬁbg@lz(@ @@H%&@@Qmﬁi@%ethane (25 mL),

44(6-chloro-3-(4- chloro 2 Iuor nzyl)-2- meth azo mgaBz Q- Qty%mnmorpholm (0.36
g, 0.88 mrnol), 1-14- mefWo}aBe% })Eg%hﬁnﬁ‘ t?rélgrc())- -ﬁr%cnqie 0.248 g o :2,/ quIV.), potassium

carbonate (0.30g, 2. S"éﬁ{ﬂlﬂaﬁ‘k&“@lﬁ%wpﬁh@ﬁ%ﬁhﬁhﬁh& %o ﬂ%ﬁ%ﬁﬂfﬁt&ﬁé‘ (’Gf’d% g, 0.15
equiv.), water (2 mL)yand LydddioxabeiédGireiblitead ¢aundBEtrerfhaste @elas @orsbtfhly with nitrogen
then add with methanol). Elute with methanol to remove non-basic impurities, Elute with 2 M

ammonia in methanol. Concentrate in vacuo to give the title compound (0.36 g, 94%).

10 LOMS (4 min) = 409.0, 411.0, M+1.,

Preparation 10
3—(4~Chloro—Z-ﬂuorobenzyl)—N-(1—(4-methoxybenzyl)—5-methy1—1H~pyrazol—3-yl)-2~
methyl-8-(morpholinomethyl)imidazo[1,2-b]pyridazin-6-amine -

15 Combine 4-{(6-chloro-3-(4-chloro-2-fluorobenzyl)-2-methylimidazol 1,2~
blpyridazin-8-yl)methylymorpholin (0.36 g, 0.88 mmol), 1-(4-methoxybenzyl)-5-methyl-
1 H-pyrazol-3-amine (0.248 g, 1.3 equiv.), potassium carbonate (0.30 g, 2.5 equiv.), 4,5-
bis(diphenylphosphino)-9,9-dimethyixanthene (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  bis(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 in 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, 391.2, M+1.

Example 1




20 bis(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 oxerasfygious magnesium sulfate. Filter and concentrate idyakidasd urify on silica
 gel (EA 4 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 | WO 2010/074947PCTIUS2009/067056 -10-
Cl 3-(4-Chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-111-pyrazol-3-y1)-8-
(morpholinomethypimidazo[1,2-b]pyridazin-6-amine Ggmbine
3-(4-chloro-2-fluorobenzyl)-N-(1-(4-methoxybenzyl)-5-methyl-IH- 5
pyrazol-3-y1)-2-methyl-8-(morpholinomethyDimidazop,2-b]pyridazin-6-amine (0.447 g, 0.76 mmol) and
trifluoroacetic acid (10 mL) in a 20 mL microwavmctor tube. Seal with a crimp cap then heat in a
microwave reactor at 120 C for 20 min. Partition en EA and water that is made basic with excess
NaOH aqueous. Wash the organic phase threg times with iNaOH aqueous followed by aqueous
saturated sodium chloride. 10 Dry over anhydious magngsitm sulfate. Filter and concentrate in vacua
Purify on silica gel (EA 4 10% methanol:EA) to"giv8 th&titl§ compound (0.246 g, 0.52 mmol) as a pale
yellow solid. LCMS (8 mm) = 470.0, M+1. Combin
344-chloro-2-fluorobenzyl)-2-methy1-N-(5-methyl-1H- |-3-y1)-8-
(morpholinomethypimidaw[1,2-b]pyridazin-6-amine (8.1 g, 0.21 mmol) and 1,4-dioxane (10 mL) in a
pear flask and place under pitiageie-AdshR¥gEggenehlends.gdhinlpdugioxang, 0.053 mL, 1.0 equiv.)
and let stir at RT under nitrogen fo[&éb@ﬁn@&&ﬁﬁﬁﬁ@&%[?,éb‘fp?,%%;m&@m%‘éaporate under vacuum from

[ en (60 C [

apsolute ethanol two times Drgz ogernlqht in a vacuum oven (60 )go give thehtiltle compound (0.11 g,
102%). LCMS (8 min) = A7 BORR £ SRt Bosebenzyl-N-(1-(4-methoxybenzyl)-5-methyl- 1H-

et
pyrazol-3-yl)-2-methyl-8-(morpholinomethyljimidazo[ 1,2-blpyridazin-6-amine (0.447 g,
.76 mmol) and trifluoroacetic acid (10 mL) in a 20 mL microwave reactor tube. Seal
with a crimp cap then hest in a microwave reactor at 120 °C for 20 min. Partition
between EA and water that is made basic with excess NaOH aqueous. Wash the organic

| phase three times with NaOH aqueous followed by agueous saturated sodium chioride.

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

@
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5 Cl
3-{4-Chloro-2-fluorobenzyl)-2-methyl-N-(5-methyl-1H-pyrazol-3-y1)-5-
(morpholinomethyl)imidazof},2-bjpyridazin-6-amine hydrochloride




LOPreparation 11 (E)-14'(6-chloropyridazin-3-y1)-N,N-dimethylacetimidamide Combine
6-chloropyridazin-3-amine (1.500 kg, 11.58 mol); 1,1-dimethoxy-N,Ndimethylethanamine (2.313 kg,
17.37 mot) and cyclopentyl methyl ether (8.25 L) then heat to 98C while distilling off the resulting
methanol byprodugt; Atigr44; the reaction 15 mixture is cooled to ambiemctenspwsataess 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%; nip = 73C) Preparation 12
202-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, 5581 mot) with cooling to <5C. Add sulfuryl chloride
(0.608 L, 1.02 kg, 7.55 mot) as a heptanes (1,5 L) solution drop-wise to the mixture keeping the
reaction temperature <15C during the addition. After 2 h quench the 25 reaction at ambient
temperature to a pH of 6 vﬁﬂ'f‘%???dﬁi“ﬁﬁ&?ﬁﬂﬁ‘ﬁof‘gW%ﬂﬁ?"é’%‘r‘gﬁﬁ?‘él'@é%yﬁ%zﬁ%'r%i& lire with
methylene chloride (Zricirbsithauivdimidelhebxirdeite-forme £wbife sompDritd-béiertns the solid.
Preparation 13 30(4-gblgrgR-fluaropheniié shierand.methydimicazofli@:]pridarin-3-yemethanone
-12-  Combine 2-chloro-1-(dschiorg-2:AUnrRbeRyPRINABA G LeR & Drd ¢ shhrd W
(E)-N'(6-chloropyridazin-3- 1)-N,N-9im§th\ylaceti id%rpéggégﬁh%ag‘%m&zsz Olc)vie@%%h'\/'iﬁ {10.14 1) and
heat at 120C for 5 h."Aft&/ EB8IRG - ada Water (30 TJ Bnd stir to crystallize the product. Collect the
product by filtration ayigusmsssHEICEke sraiinaterrard Pdhe sHeptdidS@a® o iidn dry under
“vacuum to obtain titlevsampound. (1.490 kg, 84.44%; mp = 160C M+ =324).

Scheme 2:
10 Preparation 11
(E)-N'-(6-chloropyridazin-3-yI)-N,N-dimethylacetimidamide
Combine &-chioropyridazin-3-amine (L.500 kg, 11.58 mol); 1,1-dimethoxy-N,N-
dimethylethanamine (2,313 kg, 17.37 mol) and cyclopentyl methyt ether (8.25 L) then
heat 1o 98°C while distilling off the resulting methanol byproduct. After 4 I, the reaction
15  mixture is cooled to ambient temperature aad beptanes (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-chioro-2-fluorophenyl)ethanone
Stir 2 mixture of heptanes (1.5 L), methanol (0.4 L), and 1-(4-chioro-2-

ﬁuorophenyi)ethanonc (1 kg, 5.81 mol) with cooling to <5°C. Add sulfury! chioride
(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 chioride 2Ly and concentrate the extract to form a

white solid. Filter and dry the solid.

Preparation 13

30 (4-chloro-2-fiuorophenyl)(6-chloro-2-methylimidazo{ 1.2-b]pyridazin-3-ylmethanone




- Preparation 14 (4-chloro-2-fluorophenyl)(6-chloro-2-methyl- 84morphoI|nomethyp|m|dazo[1 2-
iOpryrldazm 3-yOmethanone  Add ethanol (12 L),
(4-chloro-2-fluorophenyl)(6-chloro-2-methylimidazo[1,2- b]pyridazin-3-yDmethanone (897.70 g, 2.77
moD and bis (2,4-pentasiedéenato)- oxovanadium (V) (146.81 g, 553.67 PREAGHHE/¢ 1aCtion 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 23-33C; then heat the reaction
at 40C 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 th&n dry. (728 g, 66.25 %; rap 145-147C; M+ =
423). 20Preparation 15 4-((6-chloro-3-(4-chloro-2- fluorobenzyl) 2 methylimidazol[l,2-bjpyridazin-8-

yl)methyl)morpholine hydrochlo e At 2 mgt e t 46 m od) and (4-chloro-2-
fluorophenyl)(6-chloro-2-niaStAyEs: rr%S?&EghF?c%rﬁoe A ]fpg)k%a%nné )m l)methanone (50.1

g, 117.06 rnmol) to fEHMYaS: “S&&d iﬂﬁlﬁ%%@ﬁ@ﬁ?ﬂﬁ“@%@%ﬂw f‘%é [t %8’ reaction mixture
then heat at 78C for 24. 1 IC el thea ¢ Gder G anitsientitenrderaten S Hndsepbirergstiizmixture to
remove the top layeryRisspbtedhedotomitaysranthoetayacatateidwli ane agjlestithe pH to 11 with

sodium hydroxide (4 |N,.200 8tk SeRaEtG DS RIgaNCIavRRLRANHAC I M kinethy! ether) to the
organic layer -13- to orm tipe Fi 3§%It Filter and dry the HCI salt (100 g (96%); rap = 237-238C; M+

= 409). Preparation 1%"3 I8 enbio uorobenzy0-2-methyl-N-(5-methyl-11-1-pyrazol-3-y1)-8-

Preparation 14
(4-chloro-2-fluorophenyl)(6-chloro-2-methyl-8-(morpholinomethyl)imidazo[ 1,2~
10 blpyridazin-3-ylymethanone
Add ethanol (12 L), (4-chioro-2-fluorophenyl}6-chloro-2-methylimidazo[1,2-
b]pyridazin-3-yhmethanone (897.70 g, 2.77 mol) and bis (2,4-pentanedionato)-
oxovanadium (TV) (146.81 g, 553.67 mmol) to a reaction vessel with a nitrogen
atmnosphere. Add an ethanol (6 L) solution of 4-methylmorpholine 4-oxide (3.8% 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 removel 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-chioro-3-»(4~chloro-2—ﬂuor0benzyi}~2-methylimidazo[1,2-b]pyridazin-8—
yihmethylymorpholine hydrochloride
A1 26°C, combine triethylsilane (110 g, 946 mmol) and (4-chloro-2-
fluorophenyl)(6-chloro-2-methyl-8-(morpholinomethylimidazo[ 1,2-b]pyridazin-3-

25  yDmethanone (30.1 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 HC1 (4 M in ethyl ether) to the organic layer




(morpholinomethyfiimidazo[1,2-b]pyridazin-6-amine hydrochloride and freebase Prepare active
catalyst by combining palladium chloride (160 mg, 0.90 mmol) and
4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (1.10 g, 1.84 mmol) in DMF (25 InL) and warming to

form a solution. Agg, tha,prefermed catalyst to a solution of 3-methyl- 101j-pycamabaeasnine (3.0 g,
9.65 mmol), 446-chloro-3-(4-chloro-2-fluorobenzyl)-2-

ethylimidazo[1,2-blpyridazin-8-yfimethyfimorpholine hydrochloride (9.0 g, 20.19 mmol), potassium
bicarbonate (6.0 g, 59.93 mmol) in DMF (65 niL) and heat to 150C for 1 h. Cool the reaction to 60C
and add mercaptopropy! fitnctionalized silica (500 mg)and stir for | h then filter to remove the silica.
Cool to ambient temperature, add 2- 15 methyltetrahydrofuran (125 mL) and extract with water to
remove DMF. Add HCI to the organic solution to form the

3-(4-chloro-2-fluorobefzytfbe Fietrly 1 fitesA din e HGhtaz0 905 96 8: RGrpHAM oty imidazoll,2-b]p
yridazin-6-amine hydwghloride salt. Add the HC1 salt (1.1 g) to sodium hydroxide (10 mL, IN) 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, eparation |

31(4-chloro-2-fluorophenyfimethyli-2- methyl N- 5 methyl- 1H 3-371)-8 (4 morpholinylmethyl),
(22 % yield, M+13 = 470). EXARBIES> RGNt Blﬁt%%N SRR RS

3-(4-Ch1loro-2-fluoroberimpihdlizpetiybishidgzehietriivTijasnyframile Bygrpigoride and frecbase
25(morpholinomethyl)imidazphis 2:blpysidar y-Grashingpaliad@pibhady( pAssg, 0.90 mmol) and
3-(4-chloro-2-fluorobgrzyd, &ﬁ.&ﬁ}%ﬁ'&é{gﬁt&&%@@%&llﬁxmmh -30 g, 1.84 mmol) in DMF (25 mL)

y1)-8- (morphollnomqu #%gg?ézf%h"f’“%%n g |n% d%g%hgxglpg%pttsoﬁh@uggh?p appropriate

screen. Combine an& oro uoro

methyl-111-pyra?®l- 3@%9%%%%%@@&%8@%6‘{1@0&6% d]?;f?fﬁ BRE=E0°Pregelatinized
Starch, and Pregelatinizgti-Staradh, wilbyB8¢Dindihidoheandivig alydrddlorige $résrté®tumble bin (with or
without intensifier bary,QEpHIeLauUH 8RGO g, 59.93 mmol) in DMF (65 mL) and heat to 150°C

for 1 h. Cool the reaction to 60°C and add mercaptopropy! functionalized silica (500 mg)
and stir for 1 h then filier to remove the silica. Cool to ambient temperature, add 2-

15 methyltetrahydrofuran (125 mL} and extract with water to remove DMF. Add HClto the
organic solution to form the 3-(4-chioro-2-fluorobenzyl)-2-methyl-N-(5-methyl-1H-
pyrazol-3-yI)-8-(morpholinomethyl)imidazo{ 1,2-b]pyridazin-6-amine hydrochioride salt.
Add the HCI salt (1.1 g) to sodium hydroxide (10 mL, IN} in n-butancl (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-fluorophenylymethyl}-2-methyl-N-(5-methyi-1H-pyrazol-3-y1)-8-
(4-morpholinylmethyl), (22 % yield, M+1. = 470).

Example 3
Formulation of 3-(4-Chloro-2-fluorobenzyl)-2-methyl-N-(5-methyi-1H-pyrazol-3-yh-8-
25 (morpholinomethylyimidazo{1,2-b]pyridazin-6-amine
Optionally pass 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(S-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-y1)-8-(morpholinomethybimidazo[ 1,2-bjpyridazin-6-amine,

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



equipment. Alternately, add dirnethicone during blending via a liquid addition system. Fill the blended
powder into capsules using suitable encapsulation equipment. Monitor weight uniformity and
appropriate in-process parameters during the filling process. 50ptionally dedust the final capsules or
polish by either magualear@itomated processes. JAK2 EPO-TF1/pSTATE zaisoepstissay -

- Cellomics ArrayScan(r) HCS = JAK2 EPO-TF 1/pSTAT5 cell-based assay mimics the constitutive
activation of 10 JAIC2-STATS5 in erythroid progenitor cells, which drives the overproduction of red
blood cells, a marker of polycythemia vera (PV). IT-1 (human erythroid leukemia) cells are -
maintained in RPM' 1640 (RPMI- 1640 was 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 aming acids and vitamins.) with 10% fetal bovine serum
(FBS), 0.075% sodiFARBREEASERR e M SHRrs B HhGr s Ai Bsle) O SRSt S cotic (Invitrogen,
Carlsbad, CA) and Oc458tagiuddsmadinadh didiethirisesiuppdinainetiagitiqudpldassystem.
(granulocyte-macrophage ialgnystirtuatingiasionptnbinalapneantratipmot. 2vighml. Cells are kept

at 37 C with 5% COZ, Callsais Rlaned i seimbiies Mediimk @20 iaeMe sadagenous growth
factors. TF-1 cells are counted and cells are ollect q} 0 gl(a]ed 2x107 cells pe 96-well plate at a

density of 2 x105° cellPIEPWARTHE S8Ry Fivs R Bics With Uneupplemented RBIY/d 1640 (RPM!
1640 with 0.075% sodium bicarbonate, 1 BIM sodium pyruvate, Ix antibiotic/antimyeotic, and 0.45%
glucose) before suspending cells at afikal ERShEENDERAGH ofBrid@Bssells/mL in RPMI with 0.6% FBS.
The diluted 25cells are added back to tissuegislisesfiasksangddscubated overnight at 37 C. Test

compounds are prepared i, d0B%A MR Rt 0 ANRREPRIEALIN. LoamaRUade s serially diluted 1:3
with 100% DMSOQO in a 10 %%S_t-‘ Ox c _ncentratlon-resgonse range gplgléVl- 2(%0 ‘I[!\Q{IJO In a separate
96 deep well plat® 2. BB IO BBIFEORIARFUSRGh T8 SHIRE (8° P28 R SF Eomplete PMI 1640
media with 10% FBScfs, a dxkeorfaehidbietizeredipound plate. To perform the assay,
serum-starved cells are coltegtedrandrvasiiedieres ik runsiipptedieRIad0 RRMREGAB40edium. Cells

are suspended in 109,FRS; compleie, REM| medivn i insheencentrationof8x108 cells/mL. An

alquotof 250 pt of e el (o105 sl s acied p.sachial e 45 eonsgnraton

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
2x107 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 difuted

95 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 160% DMSO in a 10 point-200x concentration-response range {4
mM- 200 nM). In a separate 96 deep weli piate 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.




f .
5 are mixed by vortexing and the plate is incubated in a 37 C water bath for 10 min. A fresh 4x working
.solution of Erythropoietin (EPO) at 6.4 Units/nth is prepared by using pre-warmed 10% FBS complete
RPMI 1640 medium After the cells are treated with compound for 10 min, 125 pL of EPO medium is
added into each vwed) anektia-plate is vortexed. Cells are incubated in a 3FaT/usatevoHts for 20 min and
mixed every 5 min LOduring the incubation time. Final 10 point concentration-response range is 20
pM-1 nM at a final concentration of DMSO at 0.5% and EPO at 1.6 U/mL. After cell treatment, 500 pi
of 1% formaldehyde solution (made freshly with phosphate-buffered saline (PBS) and kept warm at 37
C) is added to each well. Plates are sealed and invertgd 8-10 times to mix. Plates are placed ina 37 C
water bath for 10 min. After incubation, cell plates 15are spun at 1200 rpm for 5 min at room
temperature (RI). The supernatant is aspirated leaving 100 pL of cells (2x105 cells). The cells are
vortexed and washed twicE R BHEE S PEE 1y Fe SE S g HE ShIRSTEBE AT I€5Ving 100 pi,
containing -2 x105 celiserfitarctind RRME W48 medipralieiotorgooiad BIEGHFDTIRRRRANDI is added to the
cells and placed at -2@-&0vemighitcdiaiesareSpun’ andmiethanbhis sepoMed! delé are washed 20

S 7551 GG S0 Ak 80 1 10 S
of Mouse anti-p ) exa r 647(n).in fluorescence acti | sorfing uffer
is added to the célls.*‘&éﬁ‘é‘*&?’ Zfﬁ%ﬁ‘%m%ﬁ%%‘éafﬁ(é%%%‘t%‘gt RT in thagé{jga%&e%rq% hé.lcjélls are washed
once with PBS and 1ftx spikinesdrbontt Eyiierrisiy COOHHS- 6F 35t ekt t¥&os Organics,
Morris Plains, NJ) is glsprepatebwits RBBlel RIAIG L0 ok @00. phisrdddel wedrastbdwilhl and cells are

ih_cu bated at Rl in the:dayk{eko} Qonin, Gels anepoyasties widid B, camdvolapd of @Eydefix (BD
Biosciences, San JO%‘?n%éQ is.added e he:cels A Nesells are dansiRTatiaRs wall black tissue

culture plates and sealed. The plates are %oun down. Mean fluorescent mteQi[%%?g%ﬁre collected

and analyzed usilg CBIBHIE SRPEDR AT EXM B tRE ST TraRnERtTE 86 o the vehicle to
determine percent intsiflesh aegentrine PRIPIHRCTH 0P8 SIHFRRAACER-(MERTHERAEER two test
compounds with diffeseniil GRS ianaiateyainadidobed Rsiheitepativeat Codkiecaldu sl using a 4
i e T e ——
-(4-chloro-2-tfluorobenzyl)-2-methyl-N-(5-mgthyl-1H- PYrazol-3-y1)-8-(mar In yl)imiaazo
If,2-b]pyridazin-6-amir%%f‘%/i%el?f‘f)qie‘»(3)‘"‘3’—%1&25%§1 gh?\/lte/ﬁv geﬁ?%@%@sﬂﬁ ts %?%Hsc%sasl%% c(ig,rrgﬂnﬁgénsstrate that
3-(4-chloro-fluordBen25Ijeen FhiZfpmfes S Al eorHemRsawE BN 1 25 TR R BRI ) imidazo
[?_‘|_’2-b|pyridazin-6- amiadns mm@megmqﬁmtbﬂomhe cells are vortexed and washed twice with 800

L of PBS by repeating the spin steps and leaving 100 pL containing -2 %105 cells after
the final wash. An aliquot of 800 pL 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 pL. of
1 to 10 dilution of Mouse anti-pSTATS (pY694) Alexa Fluer 647® in flucrescence
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, Morris Plains, NJ) 18
25  prepared with PBS. An aliquot of 200 pL is added to each well and cells are incubated at
£T in the dark for 10 min. Cells are washed with PBS, and 50 ub of Cytofix (BD
Riosciences, San Jose, CA) is added to the cells. The cells are transferved to 96 well
black tissue culture plates and sealed. The plates are spun down. Mean fiuorescent
intensity data are coliected and anatyzed using Cellomics Arrayscan® VTi. Compound

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




JAK3 1L-2-NK-92/pSTATS5 cell-based assay - 10Cellomics ArrayScan(r) HCS IL-2 activates the
JAK3 pathway in natural killer (NK) cells to drive the NK and CDS lymphocyte proliferation. Therefore,
IL-2 stimulated NK92 /pSTATS cell-based assay enables the evaluation of the JAK3 cellular activity
0fJAK2 compoundggnoviiiassiK-92 (natural killer) cells (ATCC, Manassag oA aeamasmtained in
minimum 15 essential medium (MEM) Alpha with 15% fetal bovine serum, 15% Horse Serum and Ix
antibiotic/antimycotic (Invitrogen, Carlsbad, CA). The medium is supplemented with 1L-2 (R&D
systems, Minneapolis, MN) for a final concentration of 4 ng/mL. Cells are kept at 37 C with 5% 001.
Cells are starved in serum free medium to remove engiogenous growth factors. NK-92 cells are
counted and collected to seed 2x107 cells 20per 96-well plate at a density of 2x105 cells per well. The
cells are rinsed twice with unsupplemented MEM Alpha (MEM Alpha) before suspending cells at a final

concentration of 8x 186 ALY YRR RANKIPHE LIRh G BYE NN 45595 em &SI B8t se serum). The
diluted cells are addedbbackie tissive Iy iuwddiasids:gmck houbetediaissrmgi @87REyTiest compounds

are prepared in 1009 Ot 10,7 N t0R, Be are.sexiallyidiluted 1:3 with
100% DMSO in a 10%%%52%% #0418 M SnECRIR O RBCMAAHAKLR QI et

X concentration- response, range (4, mM- 200 nM). In.a separate 96
deep well plate 2.5 FBF208% €61 %ﬂ%’ f‘fgfﬂ%‘gﬁﬁ%ﬂ}dg %gﬁﬁéﬂl 1?36‘3%%76 T:%%%:omplete RPMI
1640 medium forsa 4R¥gHténTisiBHiE ST fmpgstte 4e drBian Thereesa)€erum-starved cells
are collected and wasteg-dRGenatiti- UfsuppleindriddRPNI b 46 imedinam. 2O &g dra-$uspended in
10% FBS complete RRM i1 dselEA Medikton. for a final concentration of 8x105cells/mL. An aliquot of
250 p.L of diluted cells (2x105 cells) is added to each well in the 4x concentration compound plate.
Celts are mixed by vonexing and the plate is incubated in_a 37 C water bath for 10 min. A fresh 4x

working solution of 1L-2 at 2 rig/nth is pFepared udify BrE fAREd %96 FBS 5 complete RPMI
medium. After thicells are treated with confpdlamisiérraGaan® HE35 4 of 11-2 medium is added into

each well. Cells are mixed hy:vertexing: Erliaiednaubatadira8d ClwataivbathNgr0 min and mixed
every 5 min during th%ﬂ@?}igﬁg% iR HRRIRLEONCENERAIRFESROATE JANERS 20 MM -I nM at
a final concentration of DMSO at 0.56 and Piﬁezjﬁi(?élﬂ mL_After cell treatment, 500 pl. of 10 1% |
formaldehyde solutioA {MAYR TreSHY with phosphate-buffered Saline (PBS} and kept warm at 37C) is
added to each well. Plates Wre¥3 &gt s Aesrfdd Goaonmas 1 Tk Bitas Bl in a 37 C
water bath for 10Lninesédies inatibatiomyizalbates lavefsginvat 1200, 5P HorsdSemm atdRT. The

supernatant is aspiratgeygRMineh ka0 Pinat el b s ISie e issasgeveprx edrand washed
twice with 800 [I L of PI§§ (R&ﬁ%@s%gfys? ghlnhn%ag IIQ 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 Y6-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 8x1¢° 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% DMSG in a 10 point-200 x conceniration-
response range (4 mM- 200 nM). In a separate 96 deep well plate 2.5 L. of 200x
compound solution is added to 125 pL of 10% FBS complete RPMI 1640 medium for &
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




15steps and leaving 100 pi, containing -2 x105 cells after the final wash. An aliquot of 800 4, 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 pL of Ito 1GsaiioweiMouse antipSTATS (pY694) Alexa Fluor 64PgyTinzfuseressence activated
cell sorting (FACS) buffer 20is 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, NI) is prepared with PBS. An aliquot of 200 ML is added to
each well and cells are incubated at RT in the dark for;10 min. Cells are washed with PBS, and 50 pi
of Cytofix(r) (BD Biosciences, San Jose, CA) is added to the 25cells. The cells are transferred to 96
well black tissue culture plates and sealed. The plates are spun down. Mef%g?fr# scent intensity data

or

are collected and andff% @8 EHIR AR RHIE Leht SHY omb b tetiiedl is compared to the
vehicle to determine dietebntiihilitishstiarddoiie B RS HE R AACIRI BBt Aidttelative IC50 is
calculated using a 4 patainReired o slic.cu vei titt pgtais alysigodith ACtVityBcae 40L0mon.
(303-(4r;clhloro-2-gluI§>rg%ﬁ@ﬁ?&@ﬂg%@ig@ay&%Lm%tm@aﬁﬂrm@aggéay@fﬁmﬂéa 10% EBS < of th ;
morpholinornethyl)imidazo[1,2- ridazip-6-amine, the |C" =.0.94 RM,.n =4.. The.results of the JAK
1L2-NK92-pSTAT5 C%Oﬁz%%gég%g%lggxy e%%erﬁél%‘?é’?gst At a-!(%-_ﬁ RSrope I\ﬁ o RS
fluorobenzy1)-2-metiling cfiverinrlded ippeasbrdly £51s ArmBwsA B HoTRStRy A 8%zo[ 1, 2-b]pyridazin-6-a
mine is a less potentiinitibitdmefIK 3{utieh tokpercddwitre resuitsid dfitlgshd NKRERO-TFI/pSTATS
cell based assay withiah iGnali®33addedmiamnthesasaadiss thevatiomafdAKaIAK?2, the IC50 was

determined to be 28.5 f lg Whl%@&@g@%@@@%’tgﬁ IL-2 at 0.5 ng/mL. After cell treatment, 500 uL of
3-(4-ch|oro-2-f|uorobg%“%/fﬁalé?‘ﬁnethy|-|_\|-(5'-methy|-1|5T7 o "

(morpholinometH§)intiGAFBHS YIS Resediriie ‘?%%F/’ rg?é%’(l%f?\?%l]fgﬁ%@a}ﬁ’ﬁ (Bitor BYarIAKa. 10
Ba/F3JAIC2V6I7F Ce'fp:b'ggéa"ﬂ};gagﬂed to each well. Plates are sealed and inverted 8-10 times to mix.
Plates are placed in a 37 °C water bath for 10 min. After incubation, cell plates are spun
at 1200 rpm for 5 min at RT. The supernatant is aspirated, leaving 100 ulL of cells (2x1¢°
celis). The cells are vortexed and washed twice with 800 pl. of PBS by repeating the spin
15 steps and leaving 100 pl containing ~2 x103 cells after the final wash. An aliquot of 809
uL of cold 90% methanol is added to the cells and placed at -20 °C overnight. Plates are
spun and methano] is removed. Cells are washed with FACS buffer (PBS with 5% FBS
and (.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
§ 2  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 celis are left. A working solution of 2 pg/mL
Hoechst (Acros Organics, Morris Plains, NJ} is prepared with PBS. An aliquot 0f 200 uL.
is added 1o 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
25 celis. 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® VTL. Compound treatment is compared to the vehicle to
determine percent inhibition data. The MSR is determined to be 2.06. The relative 1Cs;
is calculated using a 4 parameter logistic curve fitting analysis with ActivityBase 4.0. For
30 3-(4-chioro-2-fluorobenzyl)-2-methyi-N-(5-methyl-1H-pyrazol-3-y)-8-



Cellomics ArrayScan(r) HCS JAK?2 target inhibition has been evaluated in Ba/F3 expressing JAK2
V617F by Western blot as reported in Wernig et al. (Wemig G, et al. Efficacy of 22G101348, a 15
selective JAK2 inhibitor, in treatment of a marine model of JAK2V617F-induced polycythemia vera,
Cancer Cell, Apr; ¥8(#)@1r19£0). A medium throughput Cellomics assay RaEEEtAHKIAEd to evaluate
the JAK2 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. 20BalF3
(murine pro-B) cells expressing JAIC2V617F maintained in RIM 1640 with 10% PBS, 0.07% sodium
bicarbonate, | mM sodium pyruvate, Ix antibiotic/antimgcotic (Invitrogen, Carlsbad, CA) and 0.45%
glucose (Sigma, St Louis, MO). Cells are kept at 37 C with 5% CO2. The test compound is prepared in

100% DMSO at 10 rnM concentratian, Th ound is serially dilutt :3 with 100% DMSO 25 in a
10 point 200x conceRBPRIEHIPE pefk LoD é’%%%?’ﬁ%m&é%nﬁ aﬁk'%#} £} §§%§tpa én9~64égh§p well plate 2.5 iLL
of 200x compound soiutiont ibed48& HLoNKIS pAT 6T TenthpleadeRPEMIB4Te Hediatitarad9% FBS for a 4x
concentration compaushRiaie.-2-methyPe-pentarmn theesshy.yhalisnantdoliectediantinashed twice with
final S0concentragon 3 4 ey he e I 96 10,
inal 30concentration X . L of cells (2x C are transferred into -19-
deep well plates,sFin%%)f)I}’,3 é".‘%zg%‘/’%ﬁf%esﬁfﬁﬁﬁﬁSp‘é E%?nssﬁ%ﬁn%aggéﬁ%b St?é%‘a%%ﬁégd to the cells and
are incubated with cetislin @3RICONAET Hth fer 60 wifrdctermadodeftreiitmekiel500 tiL of 1%
formaldehyde solutiop:garase-freshymith-phasphatezbufeted(Salvie/ (PBG)wesic-kogt warm at 37 C) is
added to each well. E&%&g&ﬁ%&&%ﬁ%&?im&ﬂ&%@%w%%E@zémxe RieiesigRiased ina 37 C

water bath for 10 min,, After incubation, cell plates are spun at 1200 rpm for 5 min at RT. The
supernatant is aspiralt‘ég?‘leaving 100 1ff of cells (2x105 cells). The cells are vortexed and washed
twice with 800 glff PBS by repeating the spin steps and leaving 100 gL containing -2 x105 cells after
the final wash. An aliquot of 800 pL of cok/BB%&mEthTarislissddesito

Cellomics ArrayScan® HCS
JAK?2 target inhibition has been evaluated in Ba/F3 expressing JAK2 V617F by
Western blot as reported in Wemig et al. (Wernig G, et al. Efficacy of TG101348, a

15 selective JAK? inhibitor, in treatment of a murine model of JAK2V 61 7F-induced
polycythemia vera, Cancer Cell, Apr; 13(4):311-20). A medium thronghput Cellomics
assay was established to evaluate the JAK2 target inhibition in Ba/F3 cells expressing
JAK2V617F. This assay enables the discovery of an effective therapeutic agent to treat
disorders associated with JAKZV617F mutation,

20 Ba/F3 (murine pro-B} cells expressing JAK2V617F maintained in RPMI 1640
with 10% FBS, 0.07% sodium bicarbonate, I mM sodium pyruvate, ix
antibiotic/antimycatic (Invitrogen, Carisbad, CA) and (.45% glucose (Sigma, St Lous,
M), 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 2 separate 96 deep
well plate 2.5 1L of 200x compound solution is added to 125 ul. of complete RPMI 1640
media with 10% FBS for s 4x concentration compound plate.

To perform the assay, cells are collected and washed twice with unsupplemented
RPMI 1640. Celis are then suspended in 10% FBS completed RPMI medium for a final
30 concentratior of 4 x 10°/mL. Next, 500 uL of cells (2x105 cells} are transferred into 96




10 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 0.0% sodium azide). An aliquot of 200 AL, of 1 to 10
dilution of Mouse anti-pSTATS5 (pY694) Alexa Fluor 647 in fluorescence activated cell sorting (FACS)
buffer is added towezeshts«s@ells are mixed well and incubated at RT in thetddsrsds. Cells are
washed once with PBS and 100 p1 15 of cells are left. A working solution of 2 gg/mL Hoechst (Acros
Organics, Morris Plains, NJ) is prepared with PBS. An aliquot of 2001,114 is added to each well and
cells are incubated at RI in the dark for 10 min. Cells are washed with PBS, and 50 gL of Cytofix(r) (BD
Biosciences, San Jose, CA) is added to the cells. Thegells are transferred to 96 well black tissue
culture plates and sealed. The plates are spun down. Mean 20fluorescent intensity data are collected
and analyzed using Cellomics Arrayscan(r) VTi. Compound treatment |§ comopared 30 the vehicle to

determine percent inffitAtiSH AL FFT‘f'é]’?’@tﬁl‘i’%lr%f)@éhagﬂeﬁeﬁfg?@’&%gl%c 9ilufnlarame &logistic curve
fitting analysis with A(gﬂ\,ng@agé afe(nephsted with cells in a 37 °C water bath for 60 min.

3-(4-chloro-2-fluorobenzy 13 f2-wee thshida¢ S50 @thofl 1 bl foyraizly B solution (made freshly with

y1)-8-(morpholinomethy LEQ'Q%%&MEM&Q%%@ @-m&nﬁaMJQ%éQeQ&QwiThﬁt&Sresults of this
assay demonstra;e that oro -2~ T%ul%robe - -metmy lac gsnna?g;bx

i ter: bath fi
1H-pyrazol-3-y1)-8- (raﬁ%?% oI no}ﬁ‘g{ﬁ Imi létmzo Wil 6-amine ef%veagﬁvaey?ﬁﬂnblts the

JAK2V617F target |nnB‘b/¢§eE§1?§bé‘9&§‘ré%‘§ﬁlfﬁ"?lﬁ%?\‘}’6ai¥ ’@H’ef“rsrfﬂ“t?}r%'ffoﬁﬁcfg%‘?’ff‘?@tpresent
invention are preferablyformileteuk 46030 eaitn odtitictl) cThasdsitsreratihinistesed by a variety of
routes. Most preferalfyce w%@rsmhospﬁsnm&iwﬁsgaﬁesiﬁﬁ ﬁi@l adeinisinatian cSitchingharmaceutical

compositions and pr same are w e S REMINGTON: -
THE SCII:ENCE AND%&?&@%’?@%%@BW MACYR \rlg&(é%ame ;ih 1%6?1%‘5%]”'d Mack Publishing
Co., 1995). 5Thetontisseiidadaiarrd %r%%&f"iﬁ??@ﬂtr|cﬁlﬁﬁ?é‘§§1‘féféﬁ)‘7’8ﬁ@8 |\9é65’\9éﬁda%me dosage |

range. For example, dosagesd wisr D hoffen RS faltb/AHiB hed (Mg eodifaioit) 1 Anglkaabbut 1000 nag
total daily dose, preferghly, GA00m@dakA00MREdetal Sailr sigssomarapraterably600 mg to 1000 rug

total daily dose. In SO, INSIAOERRARSAASRLTI EJAMIDR IRweL LAl tearlarasall range may be

more than adequate, wh| e in other cases
| a "well and incubated at R n the dark for 2 h. Cells are washed once with PBS and 100 pL

| 15 ofcells are left. A working sclution of 2 pg/mL Hoechst (Acros Organics, Morris Plains,
| NI ) is prepared with PBS. An aliquot of 200 pl. is added to each weli and cells are
incubated at RT in the dark for 10 min. Cells are washed with PBS, and 50 pL of
Cytofix® (BD Biosciences, San Jose, CA) is added to the cells. The celis are transferred
10 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 IC,, is calculated using a 4 parameter logistic curve fitting analysis with
ActivityBase 4.0. For 3-(4-chloro-2-fluorobenzyl)-2-methyl-N-(S-methyl-1 H-pyrazol-3-
yl-8-(morpholinomethylyimidazo{ 1,2-bJpyridazin-6-amine, the {Cso = 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)imidazof 1,2-blpyridazin-6-amine effectively
inhibits the JAK2ZV617F target in Ba/F3 cells expressing JAKZV617F gene.

'The compounds of the present invention are preferably formulated as

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




10still larger doses may be employed. The above dosage range is not intended to limit the scope of
the invention in any way. It will be understood that the amount of the compound actually administered
will be determined by a physician, in the light of the relevant circumstances, including the condition to
be treated, the cheseniaaierof administration, the actual compound or c@eRfFIMdSEeIninistered, the
age, weight, and response of the 15individual patient, and the severity of the patient's symptoms. 21
We Claim: 1.3-(4-chloro-2-fluorobenzy1)-2-methyl -N-(5-methy -1H-pyrazo I-3-y1)-8-
(morpholinomethyDimidazo[1,2-b]pyridazin-6-amine, or a pharmaceutically acceptable salt thereof.

2. A compound according to Claim 1 which is 3-(4-chforo-2-fluorobenzy1)-2-
methyl-N-(5-methyl-IH-pyrazol-3-y1 )-8-(morpholinomethy I) imidazo [1,2-b] pyridazin-6- amine. 3.
A compound accordin%to Claim 1 which is 3-(4-chloro-2-fluoroben

L zyl)-2- .
methyl-N-(5-methy 15181 §S5RES RS KPP a fSRASTHSM SHS) B aez‘bxi)il Cgﬁf Sé???as%‘in-e- amine

hydrochloride. 15 processes for preparing same are well known in the art. See, e.g., RE GTON:
THE SCIENCE AND PRACTICE OF PHARMACY (A. Gennaro, et al, eds,, 19% ed.,
Magck Publishing Co., 1995).

5 The compounds of the present invention are generally effective over a wide
dosage range. For example, dosages per day normally fall within the range of about | mg
to about 1000 me total daily dose, preferably 500 mg to 1000 mg total daily dose, more
preferably 600 mg to 1000 mg total daily dose. In some instances dosage levels below
the lower limit of the aforesaid range may be more than adequate, while in other cases

10 still larger doses may be employed. The above dosage range is not intended to limit the
scope of the invention in any way. It will be understood that the amount of the compound
actually administered will be determined by a physician, in the light of the relevant
circumstances, including the condition to be treated, the chosen route of administration,
the actual compound or compounds administered, the age, weight, and response of the

.15 individual patient, and the scverity of the patient's symptoms.




20 25 22 4.A pharmaceutical composition comprising a compound according to Claim 1, 2 or 3, or a
phalmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier, diluent or
excipient. 55.A compound according to Claim 1, 2 or 3, or a pharmaceutically acceptable salt thereof,
for use as a medicament. 6. A compound acc%lding to Claim 1, 2 or 3, or a pharmaceutically
acceptable salt thereof, for use in the treatment of glioblastoma, breast cancer, multiple 10myeloma,
prostate cancer, and leukemias such as atypical chronic myeloid leukemia, primary and secondary
acute myeloid leukemia, T-lineage and B-lineage acute lymphoblastic leukemia, myelodysplasia
syndrome,Wﬁﬂ%l‘oproliferative disorders. 7. A compound for use according to Claim 6, or a
pharmaceutically 15acceptable salt thereof, in the treatment of chronic myeloproliferative disorders
selected from the group consisting of polycythemia vera, essential thrombocytosis, and myelosclerosis

with myeloid metaplasia. 3““‘@W@é%ﬁ&%(%?ﬁﬁé&%@”é’@%@ﬁdf%%‘@%‘iﬂﬂ&@?@zﬁ{'ﬁi@l?fﬁnufacture of

a (morpholinomethyl)imidazo[1,2-blpyridazin-6-amine, or a pharmaceutically acceptable

5 salt thereof.

2. A compound according to Claim 1 which is 3-(4-chloro-2-fluorobenzyl)-2-

methyl-N-(5-methyi-1H-pyrazol-3-y1}-8-(morpholinomethyl)imidazo| 1 ,2-b]pyridazin-6-

amine.

10

3. A compound according to Claim 1 which is 3-(4-chloro-2-fluorobenzyl)-2-

methyl-N-(5-methyl-1H-pyrazol-3-y1)-8~(morpholinomethyl)imidazo[ 1,2-b]pyridazin-6-
amine hydrochloride.
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30



20medicament for treating conditions associated with activity of mutant JAIC2.

10

15

20

22

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

carrier, diluent or excipient.

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

acceptable salt thereof, for use as a medicament.

0. 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 such as atypical chronic myeloid leukemia,
primary and secondary acute myeloid leukemia, T-lineage and B-lineage acute

Jymphoblastic leukemia, myelodysplasia syndrome, and myeloproliferative disorders.

7. A compound for use according to Claim 6, or a pharmaceutically
acceptable salt thereof, in the treatment of chronic myeloproliferative disorders selected
from the group consisting of polycythemia vera, essential thrombocytosis, and

myelosclerosis with myeloid metaplasia.

8. Use of a compound according to Claim 1, 2 or 3 in the manufacture of a

medicament for treating conditions associated with activity of mutant JAKZ.



