X-18321 WO -1- COVPOUNDS USEFUL FOR I NHI BI TING CHKI The present invention
rel ates to an am nopyrazol e conpound, or a pharmaceutically acceptable salt
t her eof owoaomal7vese of the salt, that inhibits Chkl an#ciraseeehoi43f or
treating caxaess Waracterized by defects in deoxyribonucleic acid (DNA)
replication, chronosone segregation, or cell division. Chkl is a protein

ki nase that |ies downstream from Atm and/or Atr in the DNA damage

checkpoi nt signal transduction pathway. In manmalian cells, Chkl is
phosphoryl ated in response to agents that cause DNA damage i ncl udi ng
ionizing radiation (IR), ultraviolet (W) light, and hydroxyurea. This

phosphoryl ati on whi ch @@MPEIRDS CYHFUINFORTRMIBEIING (K1 S dependent on
Atr. Chkl plays a role in the Atr dependent DNA danage checkpoint | eading

to arrest in S phase and at &M Chkl phosphoryl ates and inactivates

Cdc25A, the dUﬁ'Th%?Fe%éJth&bﬁﬂon&@l@é?fb%%ﬁnép%tzol@@Brﬁﬁéulnb{ cﬁ'%phosphor yl ates
cyclin E/Cdk2, halting progression through”S-phase. Chkl al so

phosphor yl athesmagavficalneacivel esltdr s or a shleateiofahe sedpfinkipity Cldgedirat ase
t hat depf'os&gﬂﬂ YOII‘ %ﬁﬁl@%@(&lefs%hﬁ/a%gﬁ%? %%g%ctg(ﬂl% Oﬁl S%lé acd (]ﬁ@z&j ng cell

cycl e progression at e boun and mt ernery et al,
Sci ence, 27#plicadn, throm@f)e Segmgm@nmr@a%émsmnegul ation of Cdk activity

nduces @ cel ! AR & ANLERLS: RLENEORELLS JhPILEMEL 0TI BT [ the

presence of unre rious | n i ors ofA Chkl have
been repor t@mhag&d@clﬁmmme»gaﬂpﬂaesduanﬁﬂﬁaﬁlﬁ&namm#o@%mBI, isWD 03/ 093297

a0 0 021 043t SO 2R 28, SorSTUMRRY TSP L 07
i nhi bitors tabiatior(lR), potaeiotet (W) 1ht, andhyafrodtyeeac Ehik pﬁ%@h@ykﬂh@ﬁk{@l@h nts that
can 2ct Siestixel 3t ottt alors, of LA doma g, cocLe, Thg,present
accept abl e &pbddeht@NAAEMEFe Bodkpainelcading arsalii S phoxatind & GeNpOCRAL | nhi bi t or
of Chkl . Tp@leosphorylates and inactivates Cdc25A, the dual-specificity phosphatase that normally
dephosphorylates cyclin E/Cdk2, halting progression through S-phase. Chkl also
15  phosphorylates and inactivates Cdc25C, the dual specificity phosphatase that
dephosphorylates cyclin B/Cdc2 (also known as Cdkl) arresting cell cycle progression at
the boundary of G2 and mitosis (Fernery et al., Science, 277:1495-7, 1997). In both
cases, regulation of Cdk activity induces a cell cycle arrest to prevent cells from entering
mitosis in the presence of DNA damage or unreplicated DNA.
20 Various inhibitors of Chk1 have been reported. See for example, WO 05/066163,
WO 04/063198, WO 03/093297 and WO 02/070494. In addition, a series of
aminopyrazole Chkl1 inhibitors is disclosed in WO 05/009435.
However, there is still a need for Chk1 inhibitors that are potent inhibitors of the
cell cycle checkpoints that can act effectively as potentiators of DNA damaging agents.
25  The present invention provides a novel aminopyrazole compound, or a pharmaceutically
acceptable salt thereof or solvate of the salt, that is a potent inhibitor of Chkl. The
compound, or a pharmaceutically acceptable salt thereof or a solvate of the salt, potently
abrogates a Chk1 mediated cell cycle arrest induced by treatment with DNA damaging
agents in tissue culture and iz vivo. Furthermore, the compound, or a pharmaceutically
30  acceptable salt thereof or a solvate of the salt, of the present invention also provides
inhibition of Chk2, which may be beneficial for the treatment of cancer. Additionally, the

lack of inhibition of certain other protein kinases, such as CDK1, may provide a



conpound, or a pharmaceutically acceptable salt thereof or a solvate of the
salt, potently abrogates a Chkl nediated cell cycle arrest induced by

t r eat mrentwoi2oto/@iASdanagi ng agents in tissue cul ture an@Crnsee09067437

Furt her nor ex-185@ &appound, or a pharmaceutically acceptable salt thereof or
a solvate of the salt, of the present invention also provides inhibition of
Chk2, which may be beneficial for the treatnent of cancer. Additionally,
the lack of inhibition of certain other protein kinases, such as CDKl, may
provi de aX-18321 WO -2- therapeutic benefit by m nimzing undesired
effects. Furthernore, the conpound, or a pharnmaceutically acceptable salt

thereof or @egfuviabénctt by RMidRlnsun@dsirbdEfdRise F@AhermBNEME cHMpdunli Rlat s cel |
proliferation of cancer cells by a nechani sm dependent on Chkl i nhibition.
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corrpound5 %ﬁgg}n c§ut§al(lyr’a& té‘t;fe am ngcgf%p9§éﬁ/atgof the salt, %mt is an arltaégomst of

met hoxyphe H pyr azo pyrazine-2-carbonitrile, or a
phar maceut i €&l )SudcwmoaﬂmoenCSacbuldtdﬂ@ﬁEolﬁe ped forsok vad effagfive theatsalts of
Preferred e ‘g]? | ments are 5-(5-(2-(3-

ani nopr opox - met hoxyphenyl ) -1 H pyrazol - 3-yl am no)

pyrazi ne- 2- car bdﬁmeprasérm invat{da-pr{vadds 3 compomxdmlm@nxfj)@@ (%arhm&grpmy@
1H pyrazol - ) razines 2-.carboni tr.
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pyrazi ngy 2- az:aesﬂmmm startltﬁeeeodbhg/@hmlgmf thehiaﬁr Il’daéerﬁaalehlbadildlents are 5- (5 (2-(3-

oyt azt ne- 2 CHPUORCY 1 SRR ¥ RIE ey i) by edi) S, 3%

2-pyr azi neC(aF(BQﬂilﬂd’ptdp@xy) 6-methoxyphenyl)-1H-pyrazol- 3—ylam1n0) pyrazme -2- carbonltrlle
6- net hoxyphenyl ] -1 Hpyr azol

rSmLEJrSr;es;/I 2t bie I%H%’# ate: <3-ﬁé-alamﬁarr09?%16d?et Bk p&f%@-é L6SBHD | nvent i on
provi des t he r&aEnedsbniilcCdinydfogen chloride salt and 5-(5-(2-(3- ammopropoxy) -6-
5- (5-(2-(3-anm noprop ox@ 6- met _hoxyphenyl ) -1 H pyrazol - 3-yl'am no) pyrazi ne- 2-
car boni ¥ i | ®ethoxyphenyl)-TH-pyrazol-3 ylamlno) pyrazine-2-carbonitrile methanesulfonic acid
salt, and 2-pyrazinecarbonitrile, 5-[[5-[-[2-(3-aminopropyl)-6-methoxyphenyl]-1H-
pyrazol-3-yl]Jamino] monomesylate monohydrate.
As a particular embodiment, the present invention provides the compound which
is 5-(5-(2-(3-aminopropoxy)-6-methoxyphenyl)-1H-pyrazol-3-ylamino) pyrazine-2-
20  carbonitrile.
The present invention provides the formic acid, dihydrogen chloride, and
methanesulfonic acid salts of 5-(5-(2-(3-aminopropoxy)-6-methoxyphenyl)-1H-pyrazol-
3-ylamino) pyrazine-2-carbonitrile.
The present invention also provides the compound which is 2-
25  pyrazinecarbonitrile, 5-[[5-[-[2-(3-aminopropyl)-6-methoxyphenyl]-1H-pyrazol-3-
yl]Jamino] monomesylate monohydrate.
The present invention provides 2-pyrazinecarbonitrile, 5-[[5-[-[2-(3-
aminopropyl)-6-methoxyphenyl]-1H-pyrazol-3-ylJamino] monomesylate monohydrate in
crystalline form characterized by a X-ray powder diffraction pattern having peaks at 26 +
30 0.02=12.64,21.25, and 26.15.
The present invention provides a pharmaceutical composition comprising 5-(5-(2-

(3-aminopropoxy)-6-methoxyphenyl)-1H-pyrazol-3-ylamino) pyrazine-2-carbonitrile, or



The present invention provides the formc acid, dihydrogen chloride, and
met hanesul fonic acid salts of

5- (5- ( 2- (Soanimoprsepoxy) - 6- net hoxyphenyl ) -1 H pyrazol - 3Pgirarseeoo)e7437

pyrazi ne- 2-xagponW®i |l e. The present invention also provides the conpound
which is 2- pyrazinecarbonitrile,

5-1[5-[-[2-(3-am nopropyl ) -6-net hoxyphenyl ] -1 H pyrazol -3- yl]am no]
nononesyl at e nonohydrate. The present invention provides
2-pyrazinecarbonitrile, 5-[[5-[-[2-(3--3-

am nopropyl ) - 6- met hoxyphenyl ] -1 H pyr azol - 3-yl ] am no] nononesyl ate

nmonohydr at e, pHarfscketically hddg tﬁts;é @IGHabE 8561386 oPe Sl RnbRAWGEWitklAf f ract i on
pattern having peaks at 2 02 = 12.64, 21.25, and 26.15. The present

i nvention ri?l’@()?%é'é“callip??&?H?ﬁd"e%ﬂr‘il‘?fa@U@WFlﬁ)leéh conpri sing 5-(5-(2-

(13- am nopr opoxy )y F@éﬂ?%léﬂ%?ﬂ)\)ldes Ja'fhd@lifordeb?%at%g MMRACHBPrising

pyrazi ne- 2- car boni tprl | e pharmaceuti cal | y accept abl e
salt ther ecidmipistgrisgiowaptonsfn neké theegof an ¢ff¢0@mﬁ@ilwat fon(Svivtbr a

phar maceyut i . ue esent

i nvent i % pﬁb%%%@%gfg%mogy@{lt r eatplyﬁ%&(ﬁﬂ%g}&5 gg)én%lrl?g?%ogt m@r?lpét ering to
a patient |pharmessdutichlly swtpteric eiftiteaedfvea acvi"mmof th¢ salit- (Ibaddion3the present

ani nopr opox e

oyt o e - Berallih P RURRE Mo O RULAZ Ghcel MM bniaierivg fqe St or or o
sol vat e of iheedsthértof ahreffaddzletamomm of he&5402- é’eanmoprnptem Bmmetlajxymepylm\mdes a

met hod of treat] g cancer.. COURLLSAg. 20T 1l SLELkOM, 8RR L PP Need

5- (5- (2tq 3- (amsnb/ptre@;ﬁmeyalf @ndridh ey pdigtiopl Fuft]lr&@tsﬂbﬁzthb presery inabdhtivn) f
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invention phevbiiasRetRbmhodntof S{(5€at3- ﬂ@n@@ﬂp@m 661wmwxgy§heﬁgl)aﬂtp}mzst ering to
a patient in need t hereof an effective anount

5- (5- ( 2- ( 3-aniEAdlY BYERYS 2@3%%6%%?1ghﬁmycqullﬁaw@%ffaiablegalyﬁharﬁpm)a
pyrazi ne- 2- GRS salt &ind @ch@ndih@ipgyaeemt i cal I y acceptable salt thereof or a

sol vat e150f t he ST%l t, and a chenot herapy P
¢ present invention provides the use of 5- (5 (2-(3-aminopropoxy)-6-
methoxyphenyl)- 1H-pyrazol-3-ylamino) pyrazine-2-carbonitrile, or a pharmaceutically
acceptable salt thereof or a solvate of the salt, for the manufacture of a medicament for
the treatment of cancer. In addition, the present invention also provides the use of 5-(5-
(2-(3-aminopropoxy)-6-methoxyphenyl)- 1H-pyrazol-3-ylamino) pyrazine-2-carbonitrile,
20  or a pharmaceutically acceptable salt thereof or a solvate of the salt, for the manufacture
of a medicament for the treatment of cancer wherein said treatment comprises
combination therapy with ionizing radiation. Furthermore, the present invention provides
the use of 5-(5-(2-(3-aminopropoxy)-6-methoxyphenyl)-1H-pyrazol-3-ylamino) pyrazine-
2-carbonitrile, or a pharmaceutically acceptable salt thereof or a solvate of the salt, for the
25  manufacture of a medicament for the treatment of cancer by combination therapy wherein
said combination therapy treatment comprises administration of said medicament and
administration of one or more other chemotherapy agents to the same patient.
The present invention provides 5-(5-(2-(3-aminopropoxy)-6-methoxyphenyl)-1H-
pyrazol-3-ylamino) pyrazine-2-carbonitrile, or a pharmaceutically acceptable salt thereof
30  orasolvate of the salt, for use in therapy. The present invention also provides 5-(5-(2-(3-
aminopropoxy )-6-methoxyphenyl)-1H-pyrazol-3-ylamino) pyrazine-2-carbonitrile, or a

pharmaceutically acceptable salt thereof or a solvate of the salt, for use in the treatment of



The present invention provides the use of 5-(5-(2-(3-am nopropoxy)-6-

nmet hoxyphenyl ) - | H pyrazol - 3-yl am no) pyrazi ne-2-carbonitrile, or a

phar macewocaldo7mscept abl e salt thereof or a sol vate ofcrhms2@alos743f or t he
manuf act ur exal®3a meoli canent for the treatnent of cancer. In addition, the

present invention also provides the use of 5-(5-

(2- (3-am nopr opoxy) - 6- net hoxyphenyl ) - | H pyr azol - 3-yl am no)

pyrazi ne-2-carbonitrile, or a pharmaceutically acceptable salt thereof or

solvate of the salt, for the manufacturge of a nedi canment for the treatnent
of cancer wherein said treatnment conprises conbination therapy with

oni zing raghédl ﬁfhddﬁféﬁttﬂ@ﬁﬂé%?mvéﬂ?@n RE6 pRMded 51\(51(@?%196196/15061? ¢t he use of
5- (5-(2-(3-anm nopropox - met hoxyphenyl ) - | H pyrazo I'am no yra2| ne-
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of the sal tyocdflbid AR MBERALIIN L &ﬁh@saﬁ%‘d%&ﬂﬁﬁ% raiffiod R uldigpRYt Of
cancer by conbi nation therapy wherein said nbi nati on therapy treatnent
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nor e ot her vention
provi degﬁ 5- ?Qﬁ@b?%g ?%tgl)gih ?mh&ﬁ'g?%oxypﬁgﬁnoglpgltel ﬁpﬁjrhgén%%&ﬂ alyn | ami no)
pyr azi ne- 2-asegtabhd aamtheeeofora@lwmfnhﬁ:@utandaldhqumremt@@ntefosu,sletmthereof or
sol vat e of 21%@ )§alt for use in therapy. The present invention also

provi des 5- 2 (3- am nopropoxy) - 6- net hoxyphenyl ) -1 H pyrazol - 3-yl am no)
pyr azi ne- 2- car bd?hleprdsére,inventioa gndnaalamqw?i(tmhinppmpmefp%abétbom]hmyt)hélr eof or
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met hoxym1engrla)solvb’ee|@ymasﬁjt -f&-twa iaarﬁm@aatrpym af caneer? {mardh:tmm the pteggnt Or a

phar maceutical | cce t her eof ol v te o t he lt, and

i oni zi ng raBY%‘flg% S‘?B iat(heatnﬁ'b‘gpmq@fﬂl %lee IR< e VS %P@?@‘ﬁ% i nvent i on
provi des g fl&mgla)Iﬁyaaza’lm-ll&ﬁb@mﬁkyh))rﬁphaffﬁichﬁi@lyi?ﬁ%yﬁ&blé k&étfzyéracmﬂra?»hyl arr:c no)
pyrazine-2-carbonitrile, or a pharnmaceutically acceptable salt thereof or
sol vate of Yhateithe saltfigd ioniusiat ARGy uss g e tegipe g opnee ﬁaﬁéﬁrylorerhe

pl’ esent i nv@apleQiht BvOMiod @fovides 5-(5-(2-(3-aminopropoxy)-6- methoxyphenyl) 1H-pyrazol-
o (5-( 2 ( 3 3a gfarrlll?n%g 8}%2%(1%(2 2 %arggrglgﬁé( %Fr)'? S}E]%Llééeutlca¥lg/aagceptable salt thereof or a
solvate of the salt, and a chemotherapy agent for use in the treatment of cancer.

The present invention provides use of 5-(5-(2-(3-aminopropoxy)-6-
methoxyphenyl)- 1H-pyrazol-3-ylamino) pyrazine-2-carbonitrile, or a pharmaceutically
acceptable salt thereof or a solvate of the salt, for the manufacture of a medicament for

20  the treatment of cancer, wherein the medicament is to be administered simultaneously,
separately or sequentially with ionizing radiation.

The present invention provides use of 5-(5-(2-(3-aminopropoxy)-6-
methoxyphenyl)- 1H-pyrazol-3-ylamino) pyrazine-2-carbonitrile, or a pharmaceutically
acceptable salt thereof or a solvate of the salt, for the manufacture of a medicament for

25  the treatment of cancer, wherein the medicament also comprises a chemotherapy agent or
is to be administered simultaneously, separately or sequentially with a chemotherapy
agent.

The present invention provides 5-(5-(2-(3-aminopropoxy)-6-methoxyphenyl)-1H-
pyrazol-3-ylamino) pyrazine-2-carbonitrile, or a pharmaceutically acceptable salt thereof

30  orasolvate of the salt, for use in simultaneous, separate or sequential combination with

ionizing radiation in the treatment of cancer.
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3-ylam no) pyrazine-2-carbonitrile, or a pharnmaceutically acceptable salt
thereof or a solvate of the salt, for use in the treatnent of cancer. In
addi ti on,wOhelopr7ersent i nvention al so provi des PCT/US2009/067437

5- (5- (2- ( 3-sutRpmipMapoxy) - 6- met hoxyphenyl ) -1 H pyrazol - 3- yl am no)

pyrazi ne-2-carbonitrile, or a pharmaceutically acceptable salt thereof or a
solvate of the salt, and ionizing radiation for use in the treatnent of
cancer. Furthernore, the present invention provides

5- (5-(2-(3-am nopropoxy) - 6- net hoxyphenyi.) -1 H pyrazol - 3-yl am no)

pyrazi ne-2-carbonitrile, or a pharmaceutically acceptable salt thereof or a
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cancer. The present invention provides use of 2- ( 3- am nopr opoxy) - 6-
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medi canent ¢hsmpthetgay agh initha teqaieens phasneineous| y, separately or sequential |y
with ionzing r p I 3
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pyrazi ne- 2-@sanbuaprepoky ed-methogyphhad Hd eutardad-y lymame teyyezast- écaghd)mtrlﬂd]er eof or a
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of cancer, %Aﬂ%?lg%eﬁtﬁ% lyaccgﬁglgblg?anﬁ{l&%% S&Lat?gf@gkﬁ@ﬁg%?j&gh agent or is
to be adm rplatmercedlcs]lmdce[aaté@mmgr ané ennwnamwtyerohermqmemgnedﬂehty WI th a

chenot her apy agent., r‘ln'lhe resent .| i) ti o0y ‘TD e(;‘ bodiments of th
5-(5-(2-(3-amno ro?) >?ye) PRathS Vf/‘ptlllo rR/?‘j IHp%/? o' Og fflﬁﬁ 3)

pyrazi ngy 2-methbdnnd nick @s deerited pb@mymoehith malclhqmoalmapptaghita @ktid fibar eof or a
sol vat e of Elhe salt,.for g in si thI aneous %gratehor sequenti al

conbi nat i on"%E1°HP F‘BHISE?%IL? HrArrdh by O’iyﬁéeaﬁeé%ft At MHoESHEer . X- 18321 WO
-5- The pr e@dﬁﬁtre;tddekbhib[tngl’e@}ébﬁl&%wplatm and taxol. Preferred emb0d1ments of the

5- (5-(2-(3-ani nopropoxy) - 6- net hoxyphenyl ) -1 Hpyrazaol - 3-yl am no)

pyr azi ne- 2- @%L%ﬁfl FP éesca?edélefﬂ%%rﬁﬁ%awéaw TR e T | CenEIng Of hereof or a
sol vate of gilRleS@hntor, doRin ddB®r,dastiit BAAcEARRR UshceS RAG LRI, RamRAHERAE Al

conmbi nation with a
1 melanoma, ovarian cancer, pancreatic cancer, mesothelioma, renal cancer, and uterine

cancer.
The compound, or a pharmaceutically acceptable salt thereof or a solvate of the
salt, of the present invention may exist as tautomeric forms. When tautomeric forms

exist, each form and mixtures thereof, are contemplated in the present invention.
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25 Unless otherwise defined, this invention includes pharmaceutically acceptable

salts of the compound of Example 3 as well as solvates of the free base of the compound
of Example 3 or a pharmaceutically acceptable salt thereof. The term “pharmaceutically
acceptable salt” as used herein, refers to salts of the compound of Example 3. Examples

of pharmaceutically acceptable salts and methods for their preparation are conventional in



chenot herapy agent in the treatnment of cancer. The present invention

provi des a pharmaceutical conposition conprising 5-(5-(2-

(3- am nopwopoemy)yr7B8smet hoxyphenyl ) - 1H pyrazol -3 -yl am n@LT/US2009/067437

pyr azi ne- 2-xagbnnwoil e, or a pharmaceutically acceptable salt thereof or a
solvate of the salt, together with a pharnmaceutically acceptable carrier
and optionally other therapeutic ingredients. Furthernore, the present

i nvention provides preferred enbodi nents of the methods and uses as

descri bed herein, in which the chenot heg.apy agent is selected fromthe
group consisting of 5-fluorouracil, hydroxyurea, gentitabine, nethotrexate,

penet r exed, thel g OSééQbﬁéxﬁmp%t SRRSH e “H@hc&iablabf F‘harrﬁdl@ut’ic@P(SDJIts Ipbﬁrﬁésr ed
enbodlnents of the met hods and uses descri bed herein are cancers sel ected
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l'iver cancejngd ’%@r&ﬁzﬂﬁcﬁ%umb{rn&é%% 33”@115‘21@3’?986?‘&% BallinGARCer ,
pancreatic cancer, nesotheliond, renal cancer terine cancer. The
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sal t, ofs th(? §921%%$9$es§ ﬁ%gd}%ﬁ?@ gfgaﬁu 257 tzt%’{iﬁﬁ@“ ¢ forms. Wen
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t he present i nvdmaddion thmh@g@thlhcéb'wp@etah@fSahtﬁedtheltSIaltsarﬁ mebded mrthé ncl udes
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accept abl e Shaat .as. Use r11ro:-z n, refers to salts of the conpound of Exanple
3. Exanpl es” 6f Cﬁ’hz RB(Q,elﬂﬂ E&T9 y acceptable salts and nethods for their
prepar atd on ar e AsQRyEhdréinnhd teimm Xpali8d2 te MO0 Bhuntdaer aoihun3e eabmdial eMarpl e,

Stahl et ah dbook of, Pharmaceuti Salts: Properties, Selection and
Use", VCI—WWCS%%\‘? C ey ot B o @ g}‘q}an "Salt selection for basic

drugs", Inter natﬂh@ﬁ@hﬂwmn@i’ (@ “trEdvasimrae e hC SrefodSto tRFodds/in(dI9B6); and
Bastin et al. "Salt Se]ection and timzation Proced res for
Phar maceut i %‘é"l’m&é{}\tﬁ‘@@‘r‘i‘gc"é‘les@ﬁ fQnirggmg, r@‘ﬁé{‘ﬁr ' IPYOTRS'SC ROSERY U hOTand

Devel opnment sevéity oftefmtpdim, (BRI}, -condition, or disease.

15 As used herein, the term “effective amount” refers to the amount or dose of the
compound, or a pharmaceutically acceptable salt thercof or a solvate of the salt, of the
present invention, described herein, alone or in combination with ionizing radiation or a
chemotherapy agent which, upon single or multiple dose administration to the patient,
provides the desired effect in the patient under diagnosis or treatment. An effective

20  amount can be readily determined by the attending diagnostician, as one skilled in the art,
by considering a number of factors such as the species of mammalj; its size, age, and
general health; the co-administration of other agents, if needed; the specific disease
involved; the degree or severity of the disease; the response of the individual patient; the
particular compound administered; the mode of administration; the bioavailability

25  characteristics of the preparation administered; the dose regimen selected; the use of any
concomitant medications; and other relevant circumstances. While not to be construed as
limiting the present invention in any way, 20-150 mg/m” represents an effective amount
of the compound, or a pharmaceutically acceptable salt thereof or a solvate of the salt,
described herein.

30 As used herein, the term “combination therapy” refers to separate, simultaneous,
or sequential administration of the compound, or a pharmaceutically acceptable salt

thereof or a solvate of the salt, of the present invention and chemotherapy agent.



In addition to pharmaceutically acceptable salts, other salts are included
in the invention. They may serve as internediates in the purification of
conpoundswonoiown7ttse preparati on of ot her pharnaceuti cal PgTasc@petaBe salts,
or are usefxliggor walentification, characterization or purification. As used
herein, the term"patient" refers to a human or nonhuman manmmal . Mre
particularly, the term"patient" refers to a human. The term "treating" (or
"treat" or "treatnment") refers to the process involving a slow ng,
interrupting, arresting, controlling, reducing, or reversing the
progression or severity of a synptom disorder, condition, or disease. As
used her ei NpyrthB@ndr& kB teih FREbinBoRINBUPY * refelf 8 k&patate, biRRIEBUNLr OF dose of
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single or nultiple dose adm nistration to the patient, provides the desired
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descri bed hekeidt cdAMas@dbhdingi(m9sy.he term "conbi nation therapy" refers to

separate, sinultaneous, qr sequential admnistration qof the conpound, or a
phar maceut i cal | yP4CeERIUAA & aPARMaCHLicy face%taiﬁ%saft%e@?%a% wiithe  of the

present i nvantdreR RERnCGREMALNEMARYIAGEMredbyL &34 dut¥Rhich makes it
15  bioavailable, including oral and parenteral routes. For example, the compound, or a
pharmaceutically acceptable salt thereof or a solvate of the salt, can be administered
orally, subcutaneously, intramuscularly, intravenously, transdermally, topically,
intranasally, rectally, buccally, and the like. Alternatively, the compound, or a
pharmaceutically acceptable salt thereof or a solvate of the salt, may be administered by
20  infusion. IV infusion is the preferred route of administration.

As used herein, the following terms have the meanings indicated: “BCA” refers to
bicinchoninic acid; “boc or t-boc” refers to tert-butoxycarbonyl; “BSA” refers to bovine
serum albumin; “CPMS” refers to counts per minutes; “DIAD” refers to diisopropyl
azodicarboxylate; “DMEM?” refers to dulbecco’s modified eagle’s medium; “DMF” refers

25  to dimethylformamide; “DMSO” refers to dimethylsulfoxide; “DPBS” refers to
Dulbecco's phosphate-buffered saline; “DTT” refers to dithiothreitol; “EDTA” refers to
ethylenediamine tetraacetic acid; “EtOH” refers to ethanol; “FBS” refers to fetal bovine
serum; “HEPES” refers to N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid;
“MEM?” refers to minimum essential medium; “MeOH” refers to methanol; “PBS” refers

30  to phosphate-buffered saline; “PBST” refers to phosphate-buffered saline Tween-20, “PI”
refers to propidium iodide; “RNAase” refers to ribonuclease A; “SDS” refers to sodium

dodecyl sulfate; “RT” refers to room temperature; “TBS” refers to tris-buffered saline;
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The effect of compounds on Chkl biochemical activity can be determined using a

15  TR-FRET assay. In this assay, a terbium-labeled antibody is used to detect
phosphorylated product formed from a reaction of kinase, fluorescein-labeled substrate,
and ATP. The antibody binds to the phosphorylated substrate, resulting in an increase in
the TR-FRET value calculated as the ratio of acceptor signal (fluorescein) to the donor
signal (terbium).

20 The kinase reactions (25 pL reaction volumes) are performed in 96-well half-area
black polystyrene plates (Costa, cat# 3694). Reactions are initiated with the addition of
ATP. Final reaction conditions are 50 mM HEPES pH 7.5, 0.005% (v/v) TRITON™ X-
100, 2 mM DTT, 2 mM MgCl,, 104 nM fluorescein-PKC substrate (Invitrogen, cat#
PV3506), 30 uM ATP, 1.5 nM active Chk1 enzyme (Millipore, cat# 14-346), 4% (v/v)

25  DMSO and serial dilution of the compound of Example 2 (1:3 serial dilution, starting at
20 uM, 10 points). Following ATP addition, the reactions are incubated at room
temperature for 75 minutes, and then terminated with the addition of 25 uL of TR-FRET
dilution buffer (Invitrogen #PV3574) containing 10 mM EDTA and 2.1 nM Tb-pSer
antibody (Invitrogen, cat# PV3574). Quenched reactions are incubated at room

30  temperature for 60 minutes, and then TR-FRET measured using an Envision plate reader

from PerkinElmer with filters for Ex340nm, Em495nm and Em520nm wavelength.
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the concentration of an agent which produces 50% of the maxi mal response
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reaction vol unes) are or med in hal f - area bl ack pol ystyrene
pl at es (CostﬂlaT W@lcuhé%é@ﬁ the asiogaf @cqepiof sigihad glugraseeintie thed@nei on of
ATP. Fi nal S;(ﬁ.ﬁp&érgﬁnﬁondl tions are 50 mM HEPES pH 7.5, 0.005% (Vv/v)
TRITON(tm) X-
15 The kinase reactions (25 pL reaction volumes) are performed in 96-well half-area

black polystyrene plates (Costa, cat# 3694). Reactions are initiated with the addition of
ATP. Final reaction conditions are 50 mM HEPES pH 7.5, 0.005% (v/v) TRITON™ X-
100, 2 mM DTT, 2 mM MgCl,, 104 nM fluorescein-PKC substrate (Invitrogen, cat#
PV3506), 30 uM ATP, 2.5 nM active Chk2 enzyme (Millipore, cat# 14-347), 4% (v/v)

20  DMSO and serial dilution of the compound of Example 2 (1:3 serial dilution, starting at
20 uM, 10 points). Following ATP addition, the reactions are incubated at room
temperature for 75 minutes, and then terminated with the addition of 25 uL of TR-FRET
dilution buffer (Invitrogen #PV3574) containing 10 mM EDTA and 2.1 nM Tb-pSer
antibody (Invitrogen, cat# PV3574). Quenched reactions are incubated at room

25  temperature for 60 minutes, and then TR-FRET measured using an Envision plate reader
from PerkinElmer with filters for Ex340nm, Em495nm and Em520nm wavelength.

For IC50 determination, the percent inhibition for each concentration is calculated

using the TR-FRET ratio from controls run on each plate. The ten-point compound
concentration data are subsequently fit to a four-parameter logistic equation using

30  ActivityBase 4.0. Absolute IC50 values are calculated from the resulting curve. The



100, 2 MM DTT, 2 mM Mygd 2, 104 nM fl uorescei n- PKC substrate (Invitrogen,
cat# PV3506), 30 nM ATP, 1.5 nM active Chkl enzynme (MIIlipore, cat#

14- 346) , wWe20w/ory7sBMSO and serial dilution of the conpoend/ustooerpt e 2
(1: 3 serialxdgput wam, starting at 20 mM 10 points). Follow ng ATP
addition, the reactions are incubated at roomtenperature for 75 m nutes,
and then termnated with the addition of 25 nL of TR-FRET dilution buffer
(I'nvitrogen #PV3574) containing 10 mM EDTA and 2.1 nM Tb- pSer anti body
(I'nvitrogen, cat# PV3574). Quenched reagtions are incubated at room
tenperature for 60 mnutes, and then TR-FRET neasured using an Envi sion
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run on each plate. The ten-point conpound concentration data are
subsequently fit to a four-paraneter |ogistic equation using ActivityBase
4.0. Absolute IC50 val ue§hh1AutlmﬂlomharsdatidwﬁtﬂBmdmwl ting curve. The
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pl at es (Cos@%V“r‘E%le%gh‘}aml%@'?q OSUBRIEMEHed Wish Hiyo (/Y rheptiBacky#ed i on of
ATP. Final pe MﬂM)c@ﬂMEM%ﬁe@éﬁlamnﬁMaH&P@ﬁbw)?1580&1{99%&8/ V)

TRITON(tm) X- 100, 2 TT, 2 nM Mgd 2, 104 nM fl uorescei n- PKC substrate
(Invitr oger&Gle@f%B and 1 x 10 cells plated in 600 uL of MEM culture media (above) per well of a
24 well cell culture plate. Cells are incubated for 24 hours at 37 °C, 5% CO, and 95%-
15 100% humidity. Sixteen uL of a 4 uM stock of doxorubicin (Sigma) in culture media are
added to each appropriate well to make a final concentration of 100 nM doxorubicin.
Plates are returned to the incubator for 24 additional hours prior to Chk1 inhibitor
compound addition. Compounds are solublized at 10 mM in 100% DMSO, then diluted
to 2 mM in 40% (v/v) DMSO and then diluted to 100 uM with culture media plus 4%
20  (v/v) DMSO. Subsequently serial dilutions of the compounds (1:3) are prepared over a
100 uM to 0.005 uM range. Sixty-six uL of compound stock is added to the appropriate
wells in the plate to produce a final DMSO concentration of 0.4% (v/v) and a final
compound concentration range between 1 uM and 0.0005 uM. The plates are returned to
the incubator for an additional two hours and then removed for cell lysis and processing.
25  The media is then removed from the plate, each well washed once with 0.5 ml of ice cold
DPBS (Gibco™), all liquid removed and the plate is placed on ice for the remainder of
the procedure. To each well is added 75 pL of ice cold lysis buffer, consisting of Cell
Extraction Buffer (Invitrogen) containing phosphatase inhibitors (Sigma) and protease
inhibitors (Roche Diagnostics). After 10 minutes each well is scraped and the lysate
30  transferred into a 1.5 mL polypropylene microcentrifuge tube on ice. Each lysate is

sonicated for 45 seconds with a plate cuphorn sonicator (Misonix) while suspended in a



PV3506), 30 nM ATP, 2.5 nM active Chk2 enzyme (M| Ilipore, cat# 14-347), 4%
(v/v) DVBSO and serial dilution of the conpound of Exanple 2 (1:3 serial
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15  membrane is washed four times with TBST for five minutes at 25 °C and then soaked at
25 °C for two hours in TBST/ 5% milk containing an appropriate dilution of donkey anti-
rabbit IgG conjugated to horseradish peroxidase (HRP; Amersham) to detect
autophosphorylated Chk1 protein. The membrane is washed again four times with TBST
for five minutes at 25 °C. Antigen-antibody-reporter conjugates immobilized on the

20  membrane are detected with the Super Signal Western Femto HRP-detection reagent
(Pierce) as recommended by the manufacturer using a chemiluminescent imager
(Fujifilm). Phospho-Chk1(ser296) band intensities are calculated using “Total Lab”
software (Nonlinear Dynamics). The percent inhibition of the doxorubicin induced Chk1
autophosphorylation is calculated by using the following formula: % inhibition = (sample

25  phosphoChkl band intensity — no doxorubicin negative control phosphoChkl band
intensity) / (doxorubicin positive control phosphoChk1 band intensity- no doxorubicin
negative control phosphoChk1 band intensity) x 100. The compound of Example 2 is
measured in this assay to have an EC50 of <0.0005 uM. This demonstrates that the
compounds of the present invention are potent inhibitors of Chk1.

30
Doxorubicin-Induced G2M Checkpoint Abrogation HeLa Cell-Based Acumen Assay



added to each appropriate well to nake a final concentration of 100 nM
doxorubicin. Plates are returned to the incubator for 24 additional hours
prior to vWbkbioathisgi t or conmpound addi ti on. Conpounds ar eCc3aiSadbiogmd7 at 10
mMMin 100% ONBE1 W@en diluted to 2 mMin 40% (v/v) DVBSO and then diluted to
100 MMwith culture nedia plus 4% (v/v) DMSO. Subsequently serial dilutions
of the conpounds (1:3) are prepared over a 100 nMto 0.005 nM range.

Si xty-six mL of conpound stock is added to the appropriate wells in the
plate to produce a final DMSO concentrapion of 0.4% (v/v) and a final
conmpound concentration range between 1 mM and 0.0005 mM The plates are
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15  in 100% DMSO and then diluted to a 10X stock starting at 50 uM in 4% (v/v) DMSO-
MEM. Subsequently serial dilutions of the compound (1:2) are prepared over a 50 uM to
0.39 uM range. Thirteen puL of compound stock is added to the appropriate wells in the
plate to produce a final DMSO concentration of 0.4% and a final compound concentration
range between 5 uM and 0.039 uM. The plates are returned to the incubator for an

20  additional seven hours and then removed for fixation. Liquid is carefully removed from
each well and 100 uL of PREFER™ fixative (Anatech LTD. Cat #414) is added. Plates
are retained at room temperature for 20 minutes, the fixative removed, and the cells are
then permeabilized by the addition of 100 pL/well of 0.1% (v/v) Triton® X 100 (Pierce
Cat# 28314) in DPBS (Gibco™ cat # 14040) for 10 minutes. The solution is removed

25  and the plate washed twice with 100 uL DPBS per well followed by the addition of 100
uL of DPBS containing 50 ng/mL RNAase (Ribonuclease A, Sigma Cat # R-6513) for
one hour at room temperature. The RNAase solution is removed and the cells stained for
the presence of histone H3 phosphorylated on serine 10 (pHH3) by adding to each well
50 uL of RNAase solution containing a 1:500 dilution of rabbit anti-pHH3 (ser10) (UBI

30  Cat# 06-570) plus 1% (w/v) BSA (Gibco™ cat# 15260). Plates are secaled and kept at 4

°C overnight. The primary antibody is removed by washing each plate twice with 100 uLL



0.05% (v/v) Tween 20 (TBST) and soaked for one hour at 25 O0C in TBST/ 5%
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15  cells with the maximum concentration of an inhibitor control compound at 100 nM to
determine the final % activity of each compound. 0% activity is based on no compound
treatment. The Relative EC50 is determined by using ACTIVITY BASE™, excel fit,
curve fitting using a four parameter logistic fit, equation 205, to determine the %pHH3
relative to control max at 100%. The compound of Example 2 is measured in this assay

20 to have an EC50 of 0.0105 uM. This demonstrates that the compounds of the present
invention will disable the G2M DNA damage checkpoint.

ECtfs (Two-Fold Sensitization) Assay

An inhibitor of Chkl1 can potentiate the anti-proliferative activity of gemcitabine
25  (or other cytotoxics) through abrogation of the intra-S phase checkpoint, resulting in
sustained and increased DNA damage. The capacity for continued tumor cell
proliferation after DNA damage can be analyzed by determining the ability of cells to
replicate their DNA. This assay assesses the ability of cells to replicate their DNA after
cells have had an opportunity to repair DNA damage. In this assay, cells are treated with
30  gemcitabine, and then with the compound of Example 2. Following a recovery period,

cells are assayed for the ability to incorporate radioactive thymidine into DNA during S



10% (v/v) FBS and plated at 2000 cells per well in poly D-1lysine coated
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15  2000x final concentrations, and then diluted 1:500 into RPMI medium to generate 4%
stocks for addition to wells. The volume of addition is 50 uL.. Compound dilutions
proceed by two-fold steps, starting at 5000 nM. Twenty-four hours after addition of the
compound of Example 2, the medium containing inhibitors is removed by aspiration and
replaced with 200 pL per well of fresh RPMI medium. Seventy-two hours after removal
20  of the compound of Example 2, tritiated thymidine labeling is initiated. *H-thymidine
(NET 027X001, PerkinElmer, specific activity 20 Ci/mmol) is diluted 1:20 in complete
RPMI to yield a concentration of 0.05 mCi/mL. 20 pL of this solution is added to each
well, yielding 1 uCi/well of *H-thymidine. Cells are labeled for twenty-two hours. The
medium containing *H-thymidine is thoroughly removed from the wells. The plates are
25 then frozen at -20 °C, for several hours. To harvest the DNA containing incorporated *H-
thymidine, plates are thawed for several minutes, and then 120 puL per well of 0.1 N
NaOH is added to each well. Each plate is then incubated at 37 °C, with slow mixing on
a rotator, for 10 minutes. DNA is harvested with a Filtermate 196 Harvester
(PerkinElmer) and collected on 96-well Unifilter GF/C plates (PerkinElmer #6005174).
30  The wells of the tissue culture plate on which cells had been labeled are washed with

water 5%. The Unifilter plate membranes are washed with an additional 4.5 mL per well



coupled to Al exa dye 488 (lnvitrogen cat# Al 1008) in DPBS plus 1% (w v)
BSA. Plates are kept for one hour at roomtenperature covered with alum num
foil to pwotzemro7fTsem | i ght. The plates are agai n washedPChiUse008i06133100 nlL
per wel | DPB3gamdw@pl aced with 100 nL of 15 nM propidiumiodide ( 1:100
dilution with PBS fromthe original solution, Mlecular Probes cat# P3566).
The plates are sealed with a black seal to protect the plates fromlight.
Plates are incubated for 30 minutes to stain nuclei. Plates are scanned
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15  action of the compound of Example 2 also increases the percentage of proliferation

inhibition from 52 for gemcitabine to 73 for the combination. Alone, 3 nM of the

compound of Example 2 has little effect on the proliferation of HT29 cells.

Chkl in vivo Target Inhibition Assay

20 Calu-6 cells (ATCC) are cultured in growth media (MEM with Earle’s salts
(Invitrogen) with L-glutamine (Gibco™) supplemented with 10% (v/v) heat inactivated
FBS (Gibco™), 1x MEM non-essential amino acids (Gibco™), 1x sodium pyruvate
(Gibco™)) and expanded. Cells are harvested and washed twice with phosphate buffered
saline and 1 x 10°cells in growth media (without serum) are mixed with equal volume of

25  BD Matrigel™ matrix (BD Bioscience, Franklin, NJ), then injected subcutaneously into
the flank of pre-irradiated (4.5 Gy) nude mice (athymic nude, from Harlan, Indianapolis,
IN). At day 15 after implant (tumor size = 150-200 mm®), gemcitabine formulated fresh
in saline (Hospira, Lake Forest, IL) daily is administered to animals by intraperitoneal
route at 150 mg/kg dose. Six hours later animals are administered the compound of

30  Example 2 formulated in molar ratio methane sulfonic acid/20% Captisol (CYDEX,

Overland Park, KS) by intravenous route varying dose from 15 mg/kg downward.



gentitabine, and then with the conpound of Exanple 2. Followi ng a recovery
period, cells are assayed for the ability to incorporate radioactive

t hym di newornvo/@kAsdur i ng SX- 18321 WO - 14- phase. The EECfraspawassBer is a
measur e of Xxhe3ziomo@ntration of a Chkl inhibitor necessary to reduce by
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15 lysate in sample buffer is apphed to E- Page 96 well gels (Invitrogen) and subjected to

clectrophoresis according to the manufacturer’s instructions. Proteins are transferred to
Nitrocellulose Protran BA83 membrane (Whatman) according to procedures well
understood in the art [Towbin ef al., 1979]. The membrane is then processed to measure
Chk1 protein autophosphorylated on serine 296. The membrane is rinsed briefly with

20  water, then 10 mM Tris/HCI pH 8.0, 150 mM NaCl and 0.05% (v/v) Tween 20 ( TBST)
and soaked for one hour at 25 °C in TBST/ 5% (w/v) reconstituted Carnation® instant
milk. The membrane is then washed four times with TBST for five minutes. The
membrane is soaked at 4 °C for 16 hours in TBST/5% (w/v) BSA in an appropriate
dilution of rabbit anti-phosphoChk1 (serine 296) (Cell Signaling). Next, the membranes

25  is washed four times with TBST for five minutes at 25 °C and then soaked at 25 °C for
two hours in TBST/ 5% milk containing an appropriate dilution of donkey anti-rabbit IgG
conjugated to horseradish peroxidase (HRP; Amersham) to detect phospho-Chkl1(ser
296). The membrane is washed again four times with TBST for five minutes at 25 °C.
Antigen-antibody-reporter conjugates immobilized on the membrane are detected with

30  the Super Signal Western Femto HRP-detection reagent (Pierce) as recommended by the
manufacturer.

Signals are detected and captured using the FUJI LAS-4000 imaging system.



then frozen at -20 0C, for several hours. To harvest the DNA contai ni ng
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15  (Gibco™), 1x MEM non-essential amino acids (Gibco™), 1x sodium pyruvate
(Gibco™)) and HT-29 colon cancer cells (ATCC) are cultured in growth media,
(McCoy’s 5A medium (Gibco™) supplemented with 10% FBS (Gibco™)) and expanded.
Cells are harvested and washed twice with phosphate buffered saline and 5 x 10° cells
(HT-29) or 1 x 10°cells (Calu-6) in growth media (without serum) are mixed with equal

20  volume of BD Matrigel™ matrix (BD Bioscience, Franklin, NJ), then injected
subcutaneously into the flank of nude mice (CD-1 nu/nu, from Charles River Labs,
Wilmington, MA). At about day 16 after implant (150-200 mm"), gemcitabine is
formulated fresh in saline daily and administered to animals by intraperitoneal route at 60
mg/kg dose. Twenty four hours later animals are administered the compound of Example

25 2, formulated in molar ratio methane sulfonic acid/20% Captisol (CYDEX, Overland
Park, KS) by intravenous route. After a day of rest, dosing is repeated for 3 more cycles
(Q3Dx4 with Chkl inhibitor offset +24 hours). Each dose group consists of nine animals.
Tumor response is determined by tumor volume measurement performed twice a week
during the course of treatment. Tumor growth inhibition (TGI) is calculated as the

30  percent reduction in mean tumor size of a compound treated group from the mean tumor
size of the vehicle-treated control group. The compound of Example 2 dosed alone and in

combination with gemcitabine demonstrates excellent dose dependent anti-tumor activity



(Invitrogen) with L-glutam ne (G bco(tn)) supplenmented with 10% (v/v) heat
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pol ypropyl eng m crocent ri tu contajning.0. 1 .of aemml i .sanpl e
Dot T or 1 20" Tt SR O syt RO b el G b ete Bos
w v SDSI (andsuBO&anudsty) inlvathaflamkr o apdcohice (G411 alunu, SamdiherlésRivdrdnabdyi xed and
heated for 5.m. nute t 95 0C and sonicate ol..one, nm nute using high power
on a M soni g'ﬂg’(b‘t%o%Me Al 8papt g@’n?@aﬁeb}mpelgﬁg’pﬁ[oé@oé?‘g )it %ﬁonéﬁofi‘fléﬂtgon ice, or
stored at -BQnle f Bdodedrafes mpMRiRbEitaROAHSSEI B AL lIBIDES t&f Nddkpt 3 The
remai ning lysate is used for determ nation of protein concentratjon
(BCA(tm) prothin HBYEFPRIEC,S J9EMSC 8 MRtV IUEy. Mg wem ey PefO@aL RV iFufror
| YE at et l 3 f@éﬂk'd@ribglﬁlfe 8burbSofaRRinlefd 1R cEmPABA 0P Exlé 2 86ded of kiRW dafy0gen) and
subjected to
: 15  BID schedule (15 mg/kg) provides superior growth inhibition to the gemcitabine plus the
compound of Example 2 combination schedule previously described. Complete tumor

regression is rapid and durable.

Monolayer Proliferation and Cytotoxicity Assay

20 One measure of potency of a Chk1 inhibitor is its ability to inhibit the
proliferation of cancer cells in culture due to uncontrolled replication origin activation.
(Conti et al. Cell Cycle 6: 2760-2767, 2007) Determination of Chk1 inhibitor
antiproliferative activity in cell lines derived from a broad range of tumor types is
indicative of which tumor types may be clinically responsive to chemotherapy with Chk1

25  inhibitors. The following described cellular proliferation assay is run at Oncotest, GmbH
in Germany. Thirty solid tumor cell lines are derived from 13 different tumor histotypes,
each represented by 1 to 6 different cell lines (Oncotest, GmbH). They are established
from cancer of the bladder, brain, colon, stomach, liver, lung, breast, ovary, pancreas,
kidney and the uteri body, as well as from melanoma and pleuramesothelioma. All cell

30  lines are established at Oncotest from patient-derived tumor xenografts (Roth et al. 1999).
The origin of the donor xenografts is described by Fiebig et al. (Fieberg et al. 1992 and

1999). Cell lines are routinely passaged once or twice weekly and maintained in culture



el ectrophoresis according to the manufacturer's instructions. Proteins are
transferred to Nitrocellul ose Protran BA83 nenbrane (Watman) according to
pr ocedur esoweldorarsder stood in the art [Towbin et ah, 19P@f/ustde/oamabrane is
t hen processad3iliow@asure Chkl protein autophosphoryl ated on serine 296.
The menbrane is rinsed briefly with water, then 10 mM Tris/HCO pH 8.0, 150
mvi NaCl and 0.05% (v/v) Tween 20 ( TBST) and soaked for one hour at 25 0OC
in TBST/ 5% (w v) reconstituted Carnation(r) instant m|k. The nmenbrane is
t hen washed four tinmes with TBST for fijye m nutes. The nenbrane i s soaked
at 4 OC for 16 hours in TBST/5% (w v) BSA in an appropriate dilution of

rabbit anti fopﬁipﬁ)%cb@bwges( 2@ deNNCard PRWn(a68Y PC B DNANiLIFG) atnfNSere WiEsIFENDI anes

is washed four times with TBST for five mnutes at 25 0C and then soaked at

25 0C for tWwe WAL 140 rdmm Gy rCioloe comtamnisueplapenigdpydptd’ateVdtlut i on of

donkey ant 'ca[f%%hI(PAQxGC%Pb@J G&ﬁﬁaﬁ’ﬁ ah&’oh n%ﬁi%@ht%&cﬂ?(%’ﬂ daaR, GHRRny)Aer sham)
to detect phospho-Chkl (ser 2 . rane | s washed agai n four tines

Wi th TBST f&modified prﬁpﬁﬂmrésodeée @ywsed\m dsgrentha Ay Psigpci o cempaod ugat es
i mobi | 'Sze égﬁsttti?&e @Qm{e@.”ﬁn%f gr Cee?a?&@lg atld }ﬁhfegtt@(?fr?ﬂrégﬁonﬁhtw’]ng ¥§St ern

Fento HRP-detection reagent as recommende cturer.
Si gnal s ar eculfetce by sspsamzitiongburtediandsilateyl inl¥é wellFlat- hﬁ@m@mcmtr@gplnfgs at

syst em X 16524 iR - PGSR BEEO0) oBATH N ENEhLICS e, ool cul atec

usi ng "Tot 11 nea nani cs bition of
t he genti taﬂecoverﬁpwduat@ohll@iwkhe it mﬁuih&plamd golreﬁturrmrexpcswmadl guoivall,d@ pibyofusi ng t he
fol |l ow ng

: d inte y -
aver age. gent RBurotut LI PNOTE e BB B IRBRR Sin P 0RabPRERRSl V)
(aver ag®) negpaiplee? rscadldlerdo ISto(ck/kasl)mcplb osfhb @@hﬁdunbaﬂﬂxamﬁlem sietpyeparcdvier age
genti t abi n%%x posi ttl ve cggml hosphto | nt g nsi t]¥ e@l\% The
conmpound of PELNENBA SRS E’é%&? afe SWé &8 dul atory
Ef fective Dusio célocdltﬁl\ﬁﬁﬁﬂam hofollChk | thaDMSPasRROIuYbE ifigdd dDited1:03 no/ kg.
Human Tunor Xenogr af t
(containing 4.5% V/V) DMSO) Using this solution, serial dilutions (half-log or 2-fold)
in cell culture medium are made. For the final dilution step (1:15), 10 uL/ well of the
15  respective final compound solution is directly added to 140 pL/ well culture medium.
The final DMSO concentration is < 0.3% (v/v). The compound of Example 2 is applied
in triplicates in a ten point concentration curve and treatment continued for 4 days. After
4 days of treatment, the culture medium is removed and replaced by 200 pL of an
aqueous 7 pg/mL PI solution. To measure the number of vital cells, cells are
20  permeabilized by freezing, resulting in the death of all cells that had remained attached to
the well after the treatment with compound. Finally, PI fluorescence is measured using
the Cytofluor 4000 microplate reader (excitation A= 530 nm, emission A= 620 nm) to
determine the total viable cell number. Growth inhibition is expressed as Test/Control
x100 (% T/C) values. Based on the T/C values, relative IC50 values are determined
25  using non-linear regression (log[conc. of inhibitor] versus response (% T/C)). The
compound of Example 2 inhibits the growth of the majority of these tumor cell lines with

an EC50 under 20 nM, suggesting the potential of broad anti-cancer activity as a single

agent.

30 The following Preparations and Examples are provided to illustrate the invention
in further detail and represent typical syntheses of the compound, or a pharmaceutically

acceptable salt thereof or a solvate of the salt. The names of the compounds of the



The ability of Chkl inhibitors to effect tunor killing can be determned in
vivo using the Calu-6 lung and HT-29 col on tunor xenograft efficacy nodels.
Cal u-6 | uwg 20mmoersscel | s (ATCC) are cultured in growth meaits2qovEblI4ar

Earl e's salxg8§2inwodrogen) with L-glutamne (G bco(tnm)) supplenmented with
10% (v/v) heat inactivated FBS (G bco(tm), I x MEM non-essential am no
acids (G bco(tm), I x sodium pyruvate (G bco(tn))) and HT-29 col on cancer
cells (ATCC) are cultured in growh nedia, (MCoy's 5A medium (G bco(tm)
suppl emented with 10% FBS (G bco(tn)))-2and expanded. Cells are harvested
and washed tw ce wth phosphate buffered saline and 5 x 106 cells (HT-29)
or 1 x 106 &@éehtsiné&ﬂbﬁlal@geﬁdﬂalgr&c\!ﬁ&df@@}@m@m& Rk S0 M1 Reepl xed Wi th
equal volune of BD Matrigel (tm) matrix (BD Bioscience, Franklin, NJ), then
i nj ected subkut anedEsIRdicado the flank of nude mice (CD-1 nu/nu, from
Charles R ver Labs, WImngton, MA). At about day 16 after inplant (150-200
mB), gentitabi ne is formulated fresh in saline daily and adm nistered to
ani mal s by Remtedperitoneal route at 60 ng/ kg dose. Twenty four hours |ater
animal s are adm ni stered the conpoy) gps % %ﬁ* anple 2, fornulated in nolar
rati o met hane sul fonic aci d/ 20% Capt | CYDEX, Overland Park, KS) by

i ntravenous route. After a daythobyamewpyradoslugbpgtriepeated for 3 nore
cycles (Q@BDx4 with Chkl inhibitor offset +24 hours). Each dose group
consists of nine animals. Tunor kesp e gt erm ned by tunor vol une
measur enent perfor rred tvvi ce a week duri the course of treatnent. Tunor
grow h inhibition is calculated as the percent reduction in nmean

tumor size of a‘t @aﬁéﬂwpéla%g@eueg&?@pléP)&rﬁlklﬁéf%ﬂlh dhastded fpawie 14 he
vehi cl e- tre@;&dloﬁ@ngra&hnogy@ﬁae 2 Eh@ofiIP UL, 96 niRXA Bl yAdEesedr pnone and in

conbination wth 8 i ne denonstrates excel | ent dose dependent
anti -t ubfbr QEtGlvi2PY sl andTH{HG S mB) atjrepnp ipppetafie. HihezeacH A medyrg Istifiadror

xenograf t npA&ISenfelardiRr 88, &hs hnkkehi@hdonBGHERE Snd Me EMTDPro@i@ M diutephi bi ti on
over gentitabine alone. Single Agent Efficacy Dosing The ability of Chkl

i nhi bi t ors vith ethyleettate.disredieint Fonggntraday th givd dheditlgicamound. vi vo

Preparation 2

15 (tert-Butyl 3-(2-acetyl-3-methoxyphenoxy)propylcarbamate
O

/O O\/\/NHBOC

Diisopropyl azodicarboxylate (2.82 g, 14.0 mmol) is added to a stirred solution of
tert-butyl 3-hydroxypropylcarbamate (2.45 g, 14.0 mmol), 1-(2-hydroxy-6-
methoxyphenyl)ethanone (1.94 g, 11.7 mmol) and triphenylphosphine (3.66 g, 14.0

20  mmol) in THF (50 mL) at room temperature. After stirring for 18 h, the solvent is
removed under reduced pressure and the crude product is chromatographed (hexane-ethyl

acetate: 0 — 60% gradient) to afford 1.60 g of the title compound.

Example 1
25 5-(5-(2-(3-Aminopropoxy)-6-methoxyphenyl)-1H-pyrazol-3-ylamino)pyrazine-2-

carbonitrile formic acid salt



using the Calu-6 lung xenograft efficacy nodel. Calu-6 |lung cancer cells
(ATCC) are cultured as described above. Cells are harvested and washed

tw ce w twophmaphmse buffered saline and 1 x 106 cel |l s @Calus2@p/061337r owt h
media (w t heug3zlemwum) are mixed with equal volunme of BD Matrigel (tm) matrix
(BD Bi oscience, Franklin, NJ), then injected subcutaneously into the flank
of nude mce (CD-I nu/nu, fromcCharles R ver Labs, WIlmngton, MA). At
about day 16 after inplant (150-200 nmB), the conpound of Exanple 2 is
dosed at 15 ng/ kg (subcutaneously (SC)21bi-daily (BIDx5 rest 2 days) x 3
cycles. Tunor response is determ ned by tunor vol une measurenent perfornmed
twice a week during the course of treatnent. Tlve conpound of Exanple 2
dosed on the 5 day BID schedul e {15 Eg/kg)N vi des superior growh
inhibition to the gentitabine plu oyind of Exanple 2 conbination
schedul e previously described. & r regression is rapid and

dur abl e. Monol ayer Proliferatio d Cytdtoxicity Assay One neasure of
potency of a Chkl inhibitor is its @bility theohi bit the proliferation of
cancer cells in culture due to uncortrolled replication origin activation.
(Conti et al. Cell Cycle 6 : 2760-2767, 2007) Determ nation of Chk
inhibitor antiproliferative activityn#) cell lines derived froma broad
range of tunor types is indicative of which tunor types may be clinically
responsi ve to chiehdt fdutmpyof Wiihitm Bxkinethphdiglazaredn THRE?.6 oill, Gimgoldescr i bed
cel lular prglii i anH in Germany. Thirty
solid tunnrqma$§8ﬁ|ﬁggS%?%ﬁ%gﬁﬁ%éd%??%ﬁgqg?ggz erent tunor hi stotypes, each
r epr esent edmétyioxyphanoy diopflearbmhate €l.08 ¢ | hEBEMMOHdotheysEHF @iinH]).at fbk)my are
establlgﬁed fron1ca

r et DuarbSILES IGRE «flink RE 16 LAS e Brfopiiotyetbaifio b o
mel anona anﬂrpmﬁmbaﬂﬁﬂﬁmmﬁﬂnQﬂﬂdmﬂhﬂsﬁﬁmg1§mmﬁﬁmﬂﬁ@tﬂﬁhmbﬁhshﬁdmat Oncot est

from patient-derived tuno S ot t al. 1999) rigin of the
onor " xenogPERES Mecuttrd. gubag i yhato ¢ mPhsrdiir veid Am 51085 and
1999) . Cel | folibw&Bbyaddditio ¥t hytedihcPIZSARYL ION The AKultiMg RECHIVE ik tircaig

mai ntai ned in cul turex-18321 WO -19- . )
then heated to 120 °C for 2 min. The reaction mixture is then cooled to room

| ung,

10 temperature, diluted with water (100 mL), and extracted with ethyl acetate (2 x 100 mL).
The organic portion is dried over anhydrous Na,SOs, filtered, and concentrated. The
crude product is redissolved in dichloromethane (50 mL) and treated with trifluoroacetic
acid (10 mL) and stirred at room temp for 15 min. The solvent is removed and the crude
product (1.20 g) is purified using preparative HPLC to afford 0.046 g of the title

15  compound. LC-ES/MS m/z 366.1 [M+H]".

Route B

Preparation 3

1-[2-Methoxy-6-(4-methoxybenzyloxy)phenyl]ethanone
o N
-0 O\/©/

A flask is charged with 1-(2-hydroxy-6-methoxyphenyl)ethanone (30 g, 180.5

20

mmol), potassium carbonate, (49.9 g, 361 mmol), sodium iodide (2.68 g, 18.1 mmol), and
4-methoxybenzylchloride (27.0 mL, 198.6 mmol) in THF and the mixture is heated to

reflux overnight. The mixture is cooled to room temperature, diluted with water and



for up to 20 passages. All cells are grown at 37 OCin a humdified

at nosphere with 5% CQ2 in RPM 1640 nedi um ( PAA, Cdl be, Germany)

suppl emrenwecowia7h7s80% (v/v) fetal calf serum (PAA Cdl becT@seomnyuiand 0. 1
ng/ mL gent axiigin BWRAA, Cdl be, Germany). A nodified propidiumiodi de assay
is used to assess the cytotoxic activity of conmpounds agai nst these cell
lines. Briefly, adherent cells are harvested from exponential phase
cultures by trypsinization, counted and plated in 96 well flat-bottoned
mcrotiter plates at a cell density depending on the cell line (4.000 -
20.000 cells/well). After a 24 hour recovery period to allowthe cells to

adhere and §@astESWIR BYINRAGR! TAE cAiMdbreah dxXtrad ar6 Waliet SvifiBinbiAA( 6 contr ol
wel | s/ pl at e(i{ or of culture nedium containing the conpound of Exanple 2 is

added. St ockicdorefranbygousMetie. Blerpbardicarrentieispilbe orudg rogice parefed by DVBO at
a_concent r akiji Qe Odhrdmddrappy REBAM RN Cifl Uil QRBAHRxHRDS Md > AYBhese RPM
1640 cell culture nmediumas follows: the DMSO stock solution is first

di | uted 1: 20f ticdsnires mpdvgt 2. 2a5%iewold. DMSO). Using this sol ution, serial
dilutions (half-log or 2-fold) in cell culture nediumare made. For the
final dilution step (1:15), 10 nL/ well of the respective final conpound
solution is directly added to 140 rrepawatién ¢ul ture medi um The final DVSO

concentrati on; jS,,< % T f . . i ljied in
triplicates ilﬁt%Mteteh%X%éi(ﬁn' eﬁl)gjﬁ}ébél’ﬁ‘%rlaﬁ'ﬁo%hl}g '?gémgﬁgtﬂ?ﬂrthg%?ﬁ rrrovgﬁzf&gg'ﬁ T nued for

4 days. After 4 days of treatnent, thesculture mediumis renoved and

replaced by 200 nL of an aqueous 7 ng Pl solution. To neasure the nunber
of vital cells, cells are perneabilize freezing, resulting in the death
of all cells that had remai ned attache 0 the well after the treatnent

wi th conpound. Finally, Pl fluorescence i$ neasured using the Cytofl uor
4000 m cropl ate reader (excitation |= 53¢ nm emssion |= 620 nn) to

determne the total viable cell nunberq G-es
Test/Control x 100 (% T/ C) val uesMe he T/ C val ues, relative |1C50
val ues are determ ned using non-linear regression (log[conc. of inhibitor]
versus response (% T/C)). The compind of\ Exanple 2 inhibits the growth of
the majority of these tunor cell lines with an EC50 under 20 nM suggesting
t he potential ofA bioad ramtlibot@nclesk iacliaryadtvwithets YaNshl igLeg, 288 mmol) and

10 dry DMSO is added (170 mL). To the resulting heterogeneous mixture is added

h inhibition is expressed as

dropwise, 1-[2-methoxy-6-(4-methoxybenzyloxy)phenyl]ethanone (41.2 g, 144 mmol) in
dry DMSO (60 mL). The mixture is stirred at room temperature for 10 min, at which
time carbon disulfide is added dropwise (8.69 mL, 144 mmol), followed immediately by
methyl iodide (18.0 mL, 288 mmol). Heat and gas are evolved during the addition of

15  Dboth reagents prompting careful addition. The homogenous solution is stirred for 18 h at
room temperature and then poured slowly into three volumes of water. The solid product

is filtered and dried under high vacuum to give the title compound as an orange solid.

Preparation 5
20 5-Bromo-N-(5-(2-methoxy-6-(4-methoxybenzyloxy)phenyl)-1H-pyrazol-3-yl)pyrazin-2-

amine



agent. The follow ng Preparations and Exanples are provided to illustrate
the invention in further detail and represent typical syntheses of the
conpound,wonon/phmsmaceut i cal |y acceptabl e salt thereof por/ts2@olovase of the
salt. The nmma32lofwd®he conpounds of theX-18321 WD -20- present invention
are generally provided by ChenDraw U tra(r) 10.0 or 11.0, except where

ot herwi se indicated. Route A Preparation 1

5-1sot hi ocyanat opyr azi ne-2-carbonitrile A solution of thiophosgene (1.86 g,
15 mmol) in THF (4 nm) is added dropwise.-to a solution of

5-am nopyr azi ne-2-carbonitrile (1.20 g, 10 mmol) and pyridine (2 nmL) in
CH2Cl 2 (200 nl) and THF (25 nL) at room tenpermture. The reaction m xture
is stirred at roomtenperature foro3 th T{ﬁﬁxture is concentrated and the

crude product is diluted with ethy cea iltered and concentrated to
give the title conpound. Prepar @ (t’ﬁbrt Butyl 3-(2-acetyl-3

- met hoxyphenoxy) pr opyl car bamat e Drigppropyl azodi carboxylate (2.82 g , 14.0
nmol) is added to a stirred solution of tert-butyl 3-hydroxypropyl carbamate
(2.45 g, 14.0 mol ), |-(2-hydroxy- 6 t hoxyphenyl ) et hanone (1.94 g , 11.7
mol ) and tri phenyl phosphine (3.66 g 4.0 mol) in THF (50 nL) at room
tenperature. After stirring for 18 h, th€7 solvent is removed under reduced

dth - tate:
f’rééz?z”g?aﬁ.r‘em)%t%foéﬂﬁ%r%ﬂ%%é%@@’?% ALRPRRER IR ARG (S ) oot 2 ©
5-(5-(2-(3- Mequnﬂéﬁﬁxy% sofrtive bhokyiyHenyh )in hdtapy/(1830 M3 2§.5 aurhel pis pydedzi ne- 2-
carbonitrilsg0 'ﬂlereac'ds ItXJT

Glof nnQtute’ss 3 1rre%1 }/O\Ql t-er%lj)'érature for 15 min and then warmed
5  slowly to room temperature and stirred an additional one hour. The mixture is recooled to

0 °C and a solution of 1-(2-methoxy-6-(4-methoxybenzyloxy)phenyl)-3,3-
bis(methylthio)prop-2-en-1-one (8.39 g, 21.4 mmol) in THF (50 mL) is added via
cannula. The solution becomes homogenous and is stirred 15 min at room temperature
before being heated to reflux for 10 h. The solution is then cooled to room temperature

10 and the solvent is removed under reduced pressure. The solid residue is dissolved in
EtOH (150 mL) and glacial acetic acid (1.3 mL, 23.5 mmol) is added. Hydrazine hydrate
(5.25 mL, 107 mmol) is added and the solution is refluxed an additional 8 h. The mixture
is cooled to room temperature and concentrated under vacuum. The product is purified
by silica gel chromatography (CH,Cl, / MeOH) to give 5.76 g (74%) of a brown solid.

15

Preparation 6

2-(3-(5-Bromopyrazin-2-ylamino)- 1H-pyrazol-5-yl)-3-methoxyphenol

N N r
H
2 My £
\\ N N
H
OH

5-Bromo-N-(5-(2-methoxy-6-(4-methoxybenzyloxy)phenyl)-1H-pyrazol-3-

20  yl)pyrazin-2-amine (3.1 g, 6.43 mmol) is dissolved in MeOH (100 mL). HCI gas is
bubbled through the reaction mixture for 20 min. The mixture is stirred for 2 h and
solvent is removed under reduced pressure. The residue is redissolved in 3:1 chloroform /
isopropanol (100 mL) and combined with saturated NaHCOj3 solution (100 mL). The

layers are separated and the aqueous layer is extracted with ethyl acetate (3 x 50 mL).



Al Msolution of lithium hexanethyl disilazane in THF (7.6 nL, 7.6 mmol)
is added slowy to a stirred solution of tert-butyl 3-(2-acetyl-3-

met hoxyphwoaryyqprmpyl carbamate (1.08 g , 3.17 nmmol ) i n @&cy/UsRMIORE3ITL) at
room t enperstlgs®. WAbter stirring for 10 mn,

5-1i sot hi ocyanat opyr azi ne-2-carbonitrile (0.510 g, 3.17 muol) in THF (4 nl)
is added and stirring is continued for 30 mn. The reaction mxture is
concentrated, and redissolved in ethanol (50 nL) and acetic acid (5 nmL),
foll owed by addition of hydrazine hydrage (2 nL). The resulting reaction

m xture was then heated to 120 OC for 2 min. The reaction mxture is then
cooled to f@m%%hﬁHE@B%&H&@nwﬁhkukﬁ&mwwk@aM@&@ﬁm&ﬂQﬁhHkﬂmmﬂ@ﬂg@éﬁﬁ%&ted with
et hyl acetate g2 x 100 nlL). The organic portion is dried over anhydrous
Na2SO , fil©éredtabrynedlifcent rat ed. The crude product is redissolved in

di chl oronet hane (50 nlL) and treated with trifluoroacetic acid (10 nL) and
stirred at roomtenp for 15 mn. The solvent is renoved and the crude
product (1.20 g) is purified usingByergyatien7ve HPLC to afford 0.046 g of
the title conpoun 1 [ VB, nd I M RO Rraparation 3
I-[2-N@tﬁoxy-6-(49ﬁgkﬁggéégﬁg é&& gﬂéﬁéP?g%ﬁgggﬂg%%a?ﬂgiﬁp?s charged with
| - (2- hydr oxy- 6- net hoxypheny| Jetheayrbneoxy Boonylcad8®28 nmol ), pot assi um
carbonate, (49.9 g, 361 nmol), sodiumiodide (g.68 g, 18.1 nmol), and

4- met hoxybenzyl chloride (27.0 m_,~d98: 6 ‘giin THF and the mixture is
heated to reflux overnight. The mxtyre
diluted with water andX-18321

iSﬁ*ledtoroomtemmrmur&
Nacted with ethyl acetate. The
conbi ned organic extracts are wa with brine and dried over anhydrous
MySO , filtered, and concentr at ed. e crude product is purified by silica
gel chromatography with an eluent of\ethyl acetate / hexanes to give 32.5 1
g (57% of the desired product as a NLée solid. Preparation 4
oC
Diisopropyl azodicarboxylate (1.73 mL, 8.76 mmol) is added to a stirred solution
of tert-butyl 3-hydroxypropylcarbamate (0.83 mL , 4.83 mmol), 2-(3-(5-bromopyrazin-2-
10 ylamino)- 1H-pyrazol-5-yl)-3-methoxyphenol) (1.59 g, 4.38 mmol) and polystyrene
triphenylphosphine (5.91 g, 8.76 mmol) in THF (50 mL) at room temperature. After
stirring for 45 min, the reaction is filtered, and the solvent is removed under reduced
pressure. The resulting residue is chromatographed (methanol/CH,Cl,) to afford 1.27 g
(54%) of a yellow solid.
15
Preparation 8
tert-Butyl 3-(2-(3-(5-cyanopyrazin-2-ylamino)-1H-pyrazol-5-y1)-3-
methoxyphenoxy)propylcarbamate

N
4
N ’ N
O N-N j; \
\\N N
H
o)

NHBoc
20 A solution of tert-butyl 3-(2-(3-(5-bromopyrazin-2-ylamino)-1H-pyrazol-5-y1)-3-
methoxyphenoxy)propylcarbamate (0.378 g, 0.730 mmol) and zinc cyanide (0.10 g, 0.870

mmol) in DMF (10 mL) is degassed with a stream of nitrogen for one hour and then



1- (2- Met hoxy- 6- (4- net hoxybenzyl oxy) phenyl ) -3 , 3- bi s( et hyl t hi 0) pr op- 2- en-
1-one A 500 nL round bottomflask is charged with 95% NaH (7.28 g, 288
nmol ) andworg10BVB®8i s added (170 nlL). To the resulting IreTASOEOOETIZD
mxture i s addsd w@pw se,

| - [ 2- met hoxy- 6- (4- met hoxybenzyl oxy) phenyl ] et hanone (41.2 g , 144 mol) in
dry DVBO (60 nL). The mxture is stirred at roomtenperature for 10 mn, at
which time carbon disulfide is added dropw se (8.69 nL, 144 mmol), foll owed
i medi ately by nethyl iodide (18.0 nL,.2288 mvl ). Heat and gas are evol ved
during the addition of both reagents pronpting careful addition. The

honmogenous g@lelitd Q@ STShk Fdabihnli95ddb8 PAPALP)| @D LENDRY rﬁﬁlﬁltj?anafﬂﬁ t hen poured
slowy into three volunmes of water. The soli1d product is filtered and dried

under ~ hi gh RE&Umegedpiranigie The Iopeiog siselrddo E9mEAMBEalEfeind Gpicgntrated
Preparat | 0nurﬁeﬁé@[c@@?r_‘e%‘ufé‘l(h%Tré’é‘ﬁfuxg%g%ﬁ'ii%é(\ﬁ/\%? %@a@é&ﬁ&ﬂﬂéﬁﬁlw) phenyl) -

1H pyrazol - 3-yl ) pyrazi n-2- am nexX- ' 3- 5- Bronopyr azi n- 2- am ne
(3.73 g, 21(Ckﬁﬁ¥zﬂ\rfe)ofﬂ)stoaivg§oa5\}@d73%) ofide {tBocomppund cool ed to -78 0C. A
sol ution; of wbutyllithiumin hexane (10.32 nmL, 23.5 mmol) is added slowy.
The reaction mxture is stirred at |ow tenperature for 15 mn and then

war med sl owRqute & room tenperature and stirred an additional one hour. The

m Xture is recooled to O OC and a | ut i f
| - (2- met hoxy- 6- (4- net hoxybenzyl oxy?%ﬁ‘gzﬁf}ﬁ&g, 3-

bi s( et hyl t hi @){5r(d2-R4athvxly-6eAendtBoxIBengyloRy) piengrhd Hmethylthiel-3 {05Qprop-)- i s added
via cannul a. The sol ution becones. honpbgenqgus an ‘li S stirred 15 mn at room
t enperature before being heat® alplgo}pg UXFBIP°T8 . The solution is then
cooled to roomtenperature and the sol vent, i syNenoved under reduced
pressure. The solid residue is dissolved@nyEtOH (150 nL) and gl aci al
acetic acid (1.3 nL, 23.5 mmol) J_s dq_ﬁgj.:\ drazi ne hydrate (5.25 nL, 107
mol ) is added and the solution ijs rjefljuxed an additional 8 h. The m xture
is cooled to roomtenperature aonen‘slmat ed under vacuum The product is
purified by silica gel chronmatog 2pl)) (CH2A / MeOH) to give 5.76 g (74%
of a brown solid.

7~

10 ©
A 5 liter flange-neck flask equipped with an air stirrer rod and paddle,

thermometer, water condenser and nitrogen bubbler is charged with sodium hydride (22.4
g, 560.1 mmol) and anhydrous THF (3 L). To the well stirred mixture is added 2-amino-
5-cyanopyrazine (67.0 g, 557.8 mmol) portion-wise over 1.5 h while allowing for any

15  foaming. The internal temperature remains at 22 °C throughout. The mixture is stirred
for 35 min. Then 1-(2-methoxy-6-(4-methoxy-benzyloxy)-phenyl)-3,3-bis-
methylsulfanyl-propenone (146.0 g, 373.9 mmol) is added at 22 °C over one hour. The
yellow suspension is stirred for 45 min at room temperature and then heating is applied
until the reaction is at a gentle reflux. After 19 h at 65 °C the reaction mixture is cooled

20 to 15 °C. The mixture is then split in two halves and each lot is quenched into water (2 L)
and extracted with ethyl acetate (2 x 1 L). The organic extracts are combined and washed
with brine, dried over anhydrous Na,SQ,, filtered, and concentrated under reduced
pressure at 40 °C to give 196 g of a yellow/orange solid which is used in the next step
without further purification. LC-ES/MS m/z 463.2 [M+H]".
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Preparation 10



Preparation 6

2- (3-(5-Bronopyrazi n-2-ylam no) -1 H pyrazol - 5-yl ) - 3- met hoxyphenol

5- Br onp- WWO20(02vmBs8hoxy - 6- ( 4- met hoxybenzyl oxy) phenyl) - | IHcCpyusamoloeB37

yl) pyrazi n-R-18mmn&v@¢3.1 g, 6.43 mol) is dissolved in MeOH (100 nmL). HC
gas i s bubbled through the reaction m xture for 20 mn. The m xture is
stirred for 2 h and solvent is renoved under reduced pressure. The residue
is redissolved in 3 :1 chloroform/ isopropanol (100 nL) and conbined with
saturated NaHCg 3 solution (100 nlL). The | ayers are separated and the
aqueous |l ayer is extracted with ethyl acetate (3 x 50 niL). X-18321 WO - 24-
The conbi neds Qs gaMcthokABEE R yE! h el 180 rdbi-3 Ylag hAike-7ret hanol
to give 1.5 (%4@? of aﬁbsomm sorid%ﬁggggarg?}oﬂg% ter?-Bdfg?ﬂw

3- (2- (3- (5- bromopyr azi n- 2- yl ami no) - IAbEYiEES ol - 5-yI ) - 3-

nmet hoxyphenoxy) propyl carbamat e Di i sopropyl azogi carboxylate (1.73 nL, 8.76

nmmol ) is added to a stirred sol ution of tent-Hutyl 3-hydroxypropyl carbamate
(0.83 nL , 4.83 mml), 2-(3-(5-br8nopykazifn-

yl am no) - | H pyrazol - 5-yl ) - 3- net \61.59 g, 4.38 mmol) and

pol ystyrene tri phenyl phosphi ne 1 g ,H8.76 mol) in THF (50 nL) at room

tenperature. After stirring for 45 @¢in, the reaction is filtered, and the
solvent is renoved under reduced pressure. The resulting residue is
chr omat ogr aphed (et hanol /CH'C") to rd 1.27 g (54% of a yellow solid.
Preparation 8 tert-Butyl —
3-(2-(3-(5-cyanopyrazin-2-y|anino)-|Fij?azoI-S-yl)-3-
net hoxyphenoxy) pt opy flgagddaarEigskAcdupdd Wan a@hir kgfdr r@idndlpadde,
3-(2-(3-(5-bronopyrazin-2-ylam no) -1 H pyrazol -5-yl) - 3-
met hoxy phen8X) IRyt cpaltate 46 nirpgerybubblen sochtst V- 2{he- cyani de (0. 10
g, 0.870 mylthod -g\ﬁeﬂl&@b@z)yldx@pq&g@ﬁﬁ@ﬂetwlthlib)@-&Jofn%m of nitrogen for one
hour and thenX-18321 WO .

enylamino)pyrazine-2-carbonitrile (196 g, 423.8 mmol) and absolute ethanol (3 L). To

the stirred suspension under nitrogen is added hydrazine hydrate (41.0 mL, 838.7 mmol)

and glacial acetic acid (66.0 mL, 1.15 moles). A small exotherm is noted. The yellow

10 suspension is warmed up to 65 °C. Heating is then discontinued and the reaction mixture

is allowed to cool to room temperature. The mixture is allowed to stand overnight under

a nitrogen atmosphere. The solid is collected by filtration, washed with fresh ethanol, and

dried in vacuo at 45 °C to give 140 g (87% yield for two steps) of a bright yellow solid.

The product is used in the next step without further purification. LC-ES/MS m/z 429.2

15 [M+H]".

Preparation 11

5-(5-(2-Hydroxy-6-methoxyphenyl)-1H-pyrazol-3-ylamino)pyrazine-2-carbonitrile

N
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N H N
QO N-N j; \
X ) N N
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20 A 10 L flange-neck flask equipped with an air stirrer rod and paddle,
thermometer, water condenser, and outlet to caustic solution gas scrubbers is charged
with 5-(5-(2-methoxy-6-(4-methoxybenzyloxy)phenyl)-1H-pyrazol-3-ylamino)pyrazine-
2-carbonitrile (140 g, 326.76 mmol) and 4 N hydrogen chloride (2500 mL, 10.0 mole)



-25- heated to 80 OC. To the reaction is added Pd(Ph3P)4 (0.080 g, 0.070
nmmol ), and the m xture is heated overnight. The reaction is cooled to room
t enper at we 2arud7csacent r at ed under reduced pressure. Thecraseawmeiss?
purified byxdaikbiica&v@el chromatography (CH2C 2/ MeOH) to give 0.251 g (73%
of the title conmpound. Route C Preparation 9 (E)-S -(3

- (2- Met hoxy- 6- ( 4- net hoxybenzyl oxy) phenyl )- 1-(nethylthio)-3 -oxoprop- 1-
enyl am no) pyrazi ne-2-carbonitrile A5 liter flange-neck flask equi pped with
an air stirrer rod and paddl e, thernoneter, water condenser and nitrogen
bubbl er is charged with sodi um hydride (22.4 g, 560. 1 mmol) and anhydrous

THF (3 L) . sbutiohén Weldlox@id. rimhe thiRhuelity8il stﬁreacad@@l 458195 R1ENAROPY T azi ne
(67.0 g, 557.8 rrm)l) portion-wi se over 1.5 h while allowi ng for any

f oanmi ng. Th&ixtyie srafaved eppelrtatdre Adp gl eft4 pmact Nydmgpbehlorideie i xt ure

is stirred f@d10§§herﬁ Q(i]dea-bﬁ)@o mL) and h atln to 65 °C resumed, After ehour at this
| - (2- met hoxy- 6- (4- met hoxy- benzyl oxy) - yl ) -3, 3-Dbi snet ylsu fanyl -

pr openone (tmﬂllﬁer@tug? th@ratigg imvtspped @déhﬁd@ldtuatt alpved © @vbto roere tdmngraturThe yel | ow
suspension e nrheat.j;ng is
apol i od Ln ) TrTRLAERIEAE, th ALREl: ARRT SRR BRI BRE TRREHTE | F
reacti on modlested is svagiwdiveth frosh 13- cﬁx@anél' g thenqtulleddiy ritfie nllediuik filten t wo

hal ves andechlot u to wat e an tracted with ethyl
acetate (2 ils “)‘tumﬁ%%tg? ?@%%&exﬁva%{ous rSten(r?:%‘ﬁ%l? ne rgr?ﬂ)a\lf\lgg glaac\?\nta{éh bri ne,
dried over @rhydmbe mlmmhe;n hdd @kadide bypadlirponeantratad edmaonidé440rmelduced

pressure at 405\Rf“$t0 (Z& of .a | ora which is used in
Phe next ot Bi5 SHTRD G et ARL PR o TelEy b L Beay (R 4ot o
Pr epar ato Ol’hs 3@%1‘31@312&- eMEcted @gain with ethyl acetate (0.5 L). The combined organlc layers
-(5-(2- h 4- h nzyl o n - | H- r I | am razin
_5 §5 (20 et a[rg ;(xy @ed gwthrtr)?l}le Cc)l)r(lg(g) OeVe%XOdl )sﬁgt }Ll‘tgred an naclezrgrated %hg sohrglcig pyrazine
2- car boni
dried in vacuo at 45 °C to give 101.3 g. The crude product is suspended in warm
anhydrous tetrahydrofuran (2.2 L) and loaded onto a pad of silica (1 kg) wet packed using
iso-hexane. The product is eluted with ethyl acetate. The combined fractions are

15  partially concentrated and the resulting precipitate is collected by filtration and dried in

vacuo at 40 °C overnight to give 60.9 g. LC-ES/MS m/z 309.2 [M+1]".

Preparation 12
tert-Butyl 3-(2-(3-(5-cyanopyrazin-2-ylamino)-1H-pyrazol-5-y1)-3-
20 methoxyphenoxy)propylcarbamate

‘o H /N\{//
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A 5 L flange-neck round-bottom flask equipped with an air stirrer rod and paddle,
thermometer, pressure-equalizing dropping funnel, and nitrogen bubbler is charged with
5-(5-(2-hydroxy-6-methoxy-phenyl)-1H-pyrazol-3-ylamino)-pyrazine-2-carbonitrile (47.0

25 g, 152 mmol) and anhydrous THF (1.2 L). The stirred suspension, under nitrogen, is
cooled to 0 °C. A separate 2 L 3-necked round-bottom flask equipped with a large



Al OL flange-neck flask, equipped with an air stirrer rod and paddl e,

t hernoneter, water condenser, and nitrogen bubbler, is charged with

(E) - 5- ( 3-wD-2010/077758 PCT/US2009/067437

met hoxy- 6- (¥-1882lhewybenzyl oxy) phenyl ) - | - (net hyl t hi 0) - 3- oxopr op- | enyl am no)
pyrazi ne-2-carbonitrile (196 g, 423.8 mmol) and absol ute ethanol (3 L). To
the stirred suspension under nitrogen is added hydrazi ne hydrate (41.0 ni,
838.7 mml) and glacial acetic acid (66.0 nL, 1.15 noles). A small exotherm
is noted. The yell ow suspension is warnpgd up to 65 0C. Heating is then

di scontinued and the reaction mxture is allowed to cool to room

t enper at ur emaghific i’ﬁrﬁi ngtSa@ th&mdhleRWRHd hi@fogéMbm/ﬁrcﬁurgmwmder a nitrogen
at nosphere. e solidis collected fritration, washed with fresh

et hanol , an@PEYPHOIPRING L4 (bE; ah68au5n<dtar1d&n@ycv@wﬂw §0Q 8796 Vheettigred or t wo
st eps) of & oRftiof NMind Y&l Ddh, %%doqjed Jb@cl%@ Qﬁ's%g oS?lak’cﬁlﬁqrﬂogylﬁtla e31exl165t ep

wi t hout further purification. LC Preparation 11

5- (5-(2- Hydm@lﬁép-ls@dﬁed WMﬂ@rﬁ)@lu)twn rsrfpsmeélz &fwswlr@m ) yipp A i-PsyIN€&r boni tr |
le Al ﬂﬁﬁj&?gr ﬁflb(c {)Qﬁéhe @glﬁ'gr)@%j Woﬁ)hn%ﬂl dus ﬁ’fﬂ?rf m]!:)olg a@dEQa @ddl e,

t her nonet er con enser and outlet to caustic s uti‘on gas scrubbers
i s charged thi tofixture is stirred for 3 4m1n This mixture is then added over 5 min to the stirred

5- (5 (2- net Lox |_aymi,n0) pyr azi ne
7t bon LraaSy M AGRRE G ARG kR RR BN SLEY
10 0 nol e) )@oh&@ﬁﬁnd/@auézsved te Glowdly warmutptibrdomitempanmre TA]&errﬁlen umtoeei s well
stirred at 60 - 1.5 rels aIIo o0.cool to 50
0C. After re%%efltglared?repﬁlreﬁl,asﬁ%orvg uﬁlnﬁBE o(ﬁggen C org)andf gl“og}zane is
added (1000O0OaniJroasTHINESD inilg. The HxtE iy @idetimedhe idtien nﬂﬂ&rehﬂlﬂ»leda@ -39 s
tenperature ttie heating is sto&lged and th%%] ni_xtu [.e allowed to cool to room
t enper at ur eyt VG URite FPogt FRPFTATYTC OF RSN R SQIVCR 1y Fomo¥rdd YiHPough a

| arge sint e‘rl&:desfulltﬁigezlls-coﬁﬁfseluﬁﬁrh 1sdoa@1@d1 b6 b el ofsilvashepronid: ik dwteswitd, 4- di oxane
and t hen puIIed dry briefly, bulk filter cake is returned tg the 10 L
flask and ViyBreriat- yTlgethP?e@HaW frﬁptwa% P Sqparafyly it Hith methepeliaad (3.5 1) .
The m xt ur erchdtid@Nds B IRLERDY NRrabvh. 20 BELHOMN AL hRlUGHr AW &vi(hd40 nl) .

15  methanol (400 mL) and then isolated by filtration and dried iz vacuo at 50 °C overnight to
give 31.3 g of desired product. LC-ES/MS m/z 466.2 [M+1]".

Example 2
5-(5-(2-(3-Aminopropoxy)-6-methoxyphenyl)-1H-pyrazol-3-ylamino)pyrazine-2-
20 carbonitrile dihydrogen chloride salt

7
N N z
O N-N S\\
\\ N N
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A 5 L flange-neck, round-bottom flask equipped with an air stirrer rod and paddle,
thermometer, and air condenser with bubbler attached, is charged with tert-butyl 3-(2-(3-
(5-cyanopyrazin-2-ylamino)-1H-pyrazol-5-y1)-3-methoxyphenoxy)propylcarbamate (30.9

25 g, 66.3 mmol) and ethyl acetate (3 L). The mechanically stirred yellow suspension is
cooled to just below 10 °C. Then hydrogen chloride from a lecture bottle is bubbled in



The solution is filtered and then transferred to a 5 L separatory funnel.
The aqueous | ayer is separated and extracted again with ethyl acetate (0.5
L). The cwobmad7msgani c | ayers are washed with brine, acras2ewes743pdi um
sul fate, fiktiegmdw@nd concentrated. The solid is dried in vacuo at 45 0C
to give 101.3 g. The crude product is suspended in warm anhydrous
tetrahydrofuran (2.2 L) and | oaded onto a pad of silica ( 1 kg) wet packed
usi ng o-hexane. The product is eluted with ethyl acetate. The conbi ned
fractions are partially concentrated and-the resulting precipitate is
collected by filtration and dried in vacuo at 40 OC overnight to give 60.9
9. LG ES/ M5igdraushPf@rotigh Mshd inlePiuBO % a5 hdwikid tﬁe%etbaailitﬂﬂ in place. After 5h
3-(2-(3-(5-cyanopyrazin-2-ylam no) -1 H pyrazol -5-yl

net hoxy phen8% {16 pyratiseablithickensd ;m appeargicge Therokid ﬂwﬁaat%lm @ﬁﬁtﬂqnas k

equi pped W {Rnadwith Eth?lta!cétﬁt%ranﬁ%n%l?l@d pASH)Eat 6b h@fo%m%h% ’glve 30.0 g.
pressure-equal i zi ng unnel , and nitrogen bubbler is char ed wth

5- (5- ( 2- hy dNMR/460 Mﬁm@%’iﬁ%g@r@?{ ()SQHH-ZHQr?a%)(m3H9/I3a‘ih(ﬁ(§)ﬂ)p‘§/1?a(zﬂne5 -carboni t
rile (47; 0 0 ( t pensi on,
under n|5t rolgzer%%I§26 6@1@% 33@% ﬁgQ%@f 8?;12"@#)61%%@22@1 -gn%éclfi 1Hﬁroun(gl'l%ottom
flask eqU|pﬁéﬁ7ﬁﬂﬂhJa8BdﬁgéH)ﬁS@Zﬂrw@H)zsﬁ(hthﬁlBdlétﬂﬂbﬂﬁ§3daﬂﬂ)

t her nonet er (A o] harged with triphenyl phosphine (44.0
g; 168 rrm)lzé?S @lﬁédggggmgggb%é%%fﬁﬁ)ﬁ The stirred sol ution, under
nitrogen, is cooled to 0 O0C and d||sopropylazodicarboxylate (34.2 g; 169
nmmol ) is added and a m | ky solutlonlis d. After 3-4 mn, a solution
of 7- butyl - N- (3- hydroxypropyl) - carbanan’? 0.3 g, 173 muol) in anhydrous
THF (10 ) iss(saddednengprogorynd Ntethl’oeyphSn)Sl i Hapeazsld-yldm#boypyruzinid- s m xt ure
is then added over 5 mn to the stirr spension of starting material at
0 OC. The reaction mxture quickly 6@%8%@@ a dark solution and is all owed
to slowy warmup to roomtenperature. After 6!\6 h, nore reagents are
prepared as above using PPh3 (8 g), DI AD g) and carbamate (5.4 g) in
anhydrous THF (150 nlL). The m xtuye NSNadgéd\ to the reaction m xture,
cooled to -5 0OC

5-(5-(2-(3-Aminopropoxy)-6-methoxyphenyl)- 1H-pyrazol-3-ylamino)pyrazine-2-

carbonitrile dihydrogen chloride salt (3.0 g, 6.84 mmol) is suspended in 200 mL of

15  CHCl,. 1 N NaOH is added (200 mL, 200 mmol). The mixture is magnetically stirred
under nitrogen at room temperature for 5 h. The solid is collected by filtration and
washed thoroughly with water. The filter cake is dried in vacuo at 50 °C overnight to
give 2.26 g (90%) of the free base as a yellow solid. 'H NMR (400 MHz, DMSO-d6) 3
1.81 (m, 2H), 2.73 (t, ] = 6.2 Hz, 2H), 3.82 (s, 3H), 4.09 (t, J = 6.2 Hz, 2H), 6.76 (t,J =

20 8.2 Hz 2H), 6.93 (brs, 1H), 7.31 (t, ] = 8.2 Hz, 1H), 8.52 (brs, 1H), 8.67 (s, 1H). LC-
MS /ES m/z 366.2 [M+1]".

Example 4
5-(5-(2-(3-Aminopropoxy)-6-methoxyphenyl)-1H-pyrazol-3-ylamino)pyrazine-2-

25 carbonitrile methanesulfonic acid salt



and left to warmup to roomtenperature overni ght. The solvent is renoved
in vacuo. The resulting viscous solution is |oaded onto a pad of silica and
product iwoebiuwedssi t h et hyl acetate. The concentrated PCaaiSR@PcHBE
separatel y xyngsur &#@d wi th nethanol and resulting solids are collected by
filtration. The conbined solids are triturated again with nmethanol (400 ni)
and then isolated by filtration and dried in vacuo at 50 OC overnight to
give 31.3 g of desired product. LCGES/MS mlz 466.2 [ M1]+. Exanmple 2 5-(5
-(2-(3 - Am nopr opoxy) - 6- met hoxyphenyl ) 30d1H pyrazol -3 -yl am no) pyr azi ne- 2-
carbonitrile dihydrogen chloride salt A5 L flange-neck, round-bottom fl ask
equi pped with an air stirrer rod and paddl e, rmoneter, and air condenser
wi th bubbler attached, is charged with ter- yl 3-(2-(3-

(5- cyanopyr azi n- 2-yl am no) - | H pyr & 5 yl/l- - met hoxyphenoxy) pr opyl car bamat
e (30.9 g, 66.3 nmmol) and et hyl 3 . The nechanically stirred

yel | ow suspension is cooled to beI oW 10 OC. Then hydrogen chloride
froma lecture bottle is bubbled inX-18321, WO -29- vigorously through a gas
inlet tube for 15 min with the ice-Rath still in place. After 5 h the

m xture is noticeably thickened in pearance. The solid is collected by
filtration, washed with ethyl acetateyn,and then dried in vacuo at 60 0C
overnight to give 30.0 g. 1H NWR (400 MHz, DMSO-d6) d 2.05 (m 2H), 2.96
(m 2H) 3 81 ( S (53BN3-aminbPropoxy)H-metbogphiny)2H)-pyrézod 8- }(labmin@)py@ki)u; -26. 777 (d,

2 8 g 152,05 ol i ol T 1 Boudit ()
12. 43 ( br &nethi-ﬂ)esulfo@tclﬁﬁidl\/ﬁ MéQH 8584 dL[ MH mmobxanglee tathd mi:Bure (@R>pfhdse

;:Q;n bg(r)llpi ) Iplox)éXﬁ stirring mst OXle(Y| nea ly cémﬂ]‘é‘c_egfyc{isasgl(\)f!es_ 'c?r’ld_ig/ so?nrpat@g 211?&/ srt@rzced rtlor 1%

5- (5- (2- ( 3- A, AgredROXYOncértiaRd ho 3y phe Mt jolhtkdndy t@2dl ov3myghasi- DI Eyidazi ne- 2-
gg‘rob(r)”r_" E)][ H e sohféyl(ljat?cgrglrs? 1sccrlolllggtcle({jt)ey f?l?flattlon(. 3i'hg sSid ig 'dgéld imlaguulmsovseuspended in
overnight to give 0.938 g (74%) of a yellow solid. "H NMR (400 MHz, DMSO-d6) &
1.97 (m, 2H), 2.28 (s, 3H), 2.95 (m, 2H), 3.79 (s, 3H), 4.09 (t, ] = 5.9 Hz, 2H), 6.753 (d, J
10 =8.4Hz 1H), 6.766 (d, ] =8.4 Hz, 1H), 6.85 (br s, 1H), 7.33 (t,J = 8.4 Hz, 1H), 7.67 (br
s, 3H), 8.49 (br s, 1H), 8.64 (s, 1H), 10.70 (s, 1H), 12.31 (s, 1H). LC-ES/MS m/z 366.2
[M+1]".

Route D
15 Preparation 13
1-[2-Methoxy-6-(4-methoxybenzyloxy)phenyl]ethanone

_0 o)

1-(2-Hydroxy-6-methoxyphenyl)ethanone (1300 g, 7.82 mol) and
dimethylformamide (10.4 L) are added to a 22 L flask and stirred to obtain a solution.
20  Potassium carbonate (2700 g, 19.54 mol) is added in portions, then stirred for at least 30
min. Using an addition funnel, 4-methoxybenzyl chloride (14700 g, 9.39 mol) is added
dropwise over 2.5 h to the mixture while maintaining the temperature <30 °C. The
reaction mixture is warmed to 35 °C and that temperature is held for 12 h. The reaction

conversion is monitored by HPLC and deemed complete after 13 h at 35 °C. The slurry is



CH2Al 2. 1IN NaOH is added (200 nL, 200 mmol ). The m xture is magnetically
stirred under nitrogen at roomtenperature for 5 h. The solid is collected
by filtravoanicard7ssashed t horoughly with water. The fil trer/usasoe/06m3dri ed in
vacuo at 50xQ€nvermi ght to give 2.26 g (90% of the free base as a yellow
solid. 1H NWR (400 MHz, DVMsO-d6) d 1.81 (m 2H), 2.73 (t, J = 6.2 Hz, 2H),
3.82 (s, 3H), 4.09 (t, J =6.2 Hz, 2H), 6.76 (t, J = 8.2 Hz, 2H), 6.93 (br
s, IH, 7.31 (t, J =8.2 Hz, IH), 852 (br s, IH, 867 (s, IH. LCVM5 /ES
mz 366.2 [ Mtl]+. Exanple 4 5-(5 -(2-(31- Am nopropoxy) - 6- met hoxyphenyl ) -

1H pyrazol -3 -yl am no) pyrazi ne-2- carbonitrile methanesulfonic acid

sal t X- 18321ﬁ%@d’a%@‘the resultmg solids washed with dimethylformamide (1 L) Extractive work-
5- (5-(2-(3-am nopropoxy met hoxy enye%a pyrazol - 3-yl am no) pyr azi ne- 2-
\alod

car boni t ri |'® qfthafiljate witpethyhpqefats @dw@fﬁ 4 By qupeopriticpopigyiled AWpxM
sol ution of emf@maﬁtﬁswtw%gy?&lb@ sbiid N%ﬁ!réd(lﬁet Cﬁt%‘[{yl &het 4. @‘E‘?'Thé s added to

t he mxture dropwi se with stirring. The solid neafly conpletely dissolves
and is sonilaté Bnty isegiratedd Tﬁl@nowﬁeﬁﬂﬁwmg|smtréﬁ5e@1terwdwﬂt@n’f1ﬂlat ed to 50

m. The sol Métﬁﬂp Hugrtll iy (‘i“ir)]o’r‘ﬁé \thga%héﬁ va&é@m?&&l@@el&ﬁ%lé?@ Irfind (394, %f orms is

col l ected by tr e so In a‘vacu en overnight to
gi ve 0. 938 ¢ tiferiatdgcompoendy edd W& -s817i°. 1H NVR (400 MHz, DVSO-d6) d 1.97 (m
2H), 2.28 (s, 3H), 2.95 (m 2H), 3.79 (s, 3H, 4.09 (t, J = 5.9 Hz, 2H),

6. 753 (d, J=84Hz IH), 6.766 (d, J = 8.4 Hz, IH, 6.85 (br s, IH), 7.33
(t, J = 8.4 Hz, 7.67 (br s, 3Piepaativd 1dbr s, IH), 8.64 (s, IH), 10.70

| 12.3 L]+ t P ti 13
11 2" Wi hoxy- 6t ﬁfe%l&?%g% GO0 5o vai s mins TR0 61 Ry 211
| - (2- Hydr oxy- 6- nethoxyphenyl)ethanong (1300 g, 7.82 nol) and

di met hyl fornmami de (10.4 L) are added $o a 2MeL flask and stirred to obtain

a sol ution. —
SMe

O
O

)

10 /

To a mixture of lithium fert-butoxide (602.4 g, 7.52 mol) in anhydrous DMSO

(11.0 L) under a nitrogen atmosphere is added 1-(2-methoxy-6-(4-
methoxybenzyloxy)phenyl)ethanone (1000.0 g, 3.49 mol). The resulting mixture is
stirred 30 min and CS, (259 mL, 4.296 mol) is slowly added over 1 to 1.5 h while

15  maintaining the internal temperature below 30 °C. After stirring for at least one hour at
ambient temperature, iodomethane (1000 g, 7.045 mol) is added slowly while maintaining
the internal temperature below 30 °C. The resulting mixture is stirred at ambient
temperature for 30 min to one hour. Reaction completion is confirmed by HPLC. The
resulting reaction mixture is cooled, followed by extractive work up with water and ethyl

20  acetate. The resulting organic portion is concentrated to provide a slurry which is filtered
and washed with ethyl acetate (1 L), followed by methyl #-butyl ether (2 x 1 L). The
isolated solid is dried at 40 °C in a vacuum oven to provide 1057 g (77%) of the title
compound. mp 93 — 94 °C; ES/MS m/z 391.2 [M+1]".

25 Preparation 15



Pot assi um car bonate (2700 g, 19.54 nol) is added in portions, then stirred
for at least 30 mn. Using an addition funnel, 4-nmethoxybenzyl chloride
(14700 g,we.28p/a10158 i s added dropwi se over 2.5 h to thePpoirsausaes/oetIBt e

mai nt ai ni ngxi18&21t &nperature <30 0C. The reaction m xture is warned to 35 0C
and that tenperature is held for 12 h. The reaction conversion is nonitored
by HPLC and deened conplete after 13 h at 35 OC. The slurry isX-18321 WO
-31- filtered and the resulting solids washed with dinmethylformam de ( 1
L). Extractive work up of the filtrate3gwmth ethyl acetate and water,

foll owed by concentration, provided a waxy yellow solid. To the waxy yell ow
solid is addeg)RebRyIvchRYIEUU- AR béZyBxbbhenya -(hRSHthioNg-ofbtos-Y- | S
agitated. The now free flowing slurry is filtered and washed wi th net hyl
?2-butyl ether ( 1 L). The whictd2m@ypipyrazgedaatheritdlei ed yi el di ng 1539 grans
(69% of the title conmpound np 105 - 107 O,S:. B/;\eparati on 14

1- (2- Met hoxy- 6- (4- net hoxybenzyl oxy) phenylF-%",3- bi s( net hyl t hi o) pr op- 2- en-
1-one To a mixture of lithiumterd-hutaxided(602.4 g, 7.52 nol) in
anhydrous DVSO ( 11.0 L) under a Jnitjfogen "t nosphere i s added

| - (2- met hoxy- 6-(4- met hoxybenzyyMé et hanone (1000.0 g, 3.49 nol).
The resulting mxture is stirredh3® mn and CS2 (259 nL, 4.296 nol) is
slowy added over 1 to 1.5 h while intaining the internal tenperature

bel ow 30 OC. After stirring for at | one hour at anbient tenperature,

i odonmet hane (1000 g, 7.045 nol) is ad slLowy while maintaining the
internal tenperature below 30 0OC. The res@lting mxture is stirred at

anbi ent t enper atwaedTr%,%e@& IMARskLaRe £48d im nRERELISON LRI £7 1S
confirmed by HPLC. e resulting reaction mXxture is cool ed, followed by

extractive @erdighired ¢18.-4dat dhe awduedtspoledsed atlé "CThdsacEgPYRAG20r gani ¢

. . ; ; AR . hed
W th ethyl SORCERLSE 9 PR REER By O so Tt 5 SRS
i sol at ed sobidebges, allpwing feamin®topabdide ketwegs addriionsend meingaioyg the 1057 g (77%

of the titl t%mﬁ&%&%%@ (iiO B PR mixtdte %gﬁrrgﬁLOWS %6 it White ilWllg-l_the

temperature to increase to 15 °C. To the reaction mixture is charged with 1-(2-methoxy-

10 6-(4-methoxybenzyloxy)phenyl)-3,3-bis(methylthio)prop-2-en-1-one (1036 g, 2.65 mol)
in portions to control foaming. The resulting slurry is stirred for 15 min. The mixture is
heated to a gentle reflux at 66 °C. The reaction conversion is monitored by HPLC. The
reaction mixture is quenched into chilled water (14.2 L) followed by extractive work up
with ethyl acetate. The organic portion is concentrated to form a slurry which is filtered

15  toprovide 957 g (78%) of the title compound. mp 128 — 135 °C; ES/MS m/z 463.2
[M+17".

Preparation 16
5-(5-(2-Methoxy-6-(4-methoxybenzyloxy)phenyl)- 1H-pyrazol-3-ylamino)pyrazine-2-

20 carbonitrile



Preparation 15X-18321 WO - 32-

(E)-5-(3-(2-Met hoxy- 6-(4-net hoxybenzyl oxy) phenyl)- 1-(nmethylthio)-3

- OXopr op-wo-208vyhEE1 No) pyr azi ne-2-carbonitrile To a drypPCrnsea9daras7 f | ask
are added sxdigemn Wyari de (159.2 g, 3.98 nol) and tetrahydrofuran (10.4 L).
The m xture is cooled to 5 - 15 0C. 5-Isocyanopyrazin-2- amne (382.2 g,
3.18 nol) is added in four portions over 30 mn to control the rel ease of
hydr ogen, allow ng foam ng to subsi de between additions and nmai ntaining the
tenperature at 10 OC. The m xture is sggrred for 15 - 90 mn while all ow ng
the tenperature to increase to 15 0C. To the reaction m xture i s charged
wth |-(2-nmethoxy-

6- (4- net hoxybenzyl oxy) phenyl) - 3,3- bi s(neth o)prop 2-en-|-one (1036 g,
2.65 nol) in portions to control Gfoaﬁlr{]lg ﬁ @ resulting slurry is stirred
for 15 mn. The m xture is heat reflux at 66 0OC. The reaction
conversion is nonitored by HPL ea t| on m xture is quenched into
chilled water (14.2 L) foll owed xtractive work up with ethyl acetate.
The organic portion is concentrated to forma slurry which is filtered to
provide 957 g (78% of the title co nd np 128 - 135 0C, ES/M5 nmlz 463.2
Preparation 16
5- (5- (2- Met hoxy- 6- (4- net hoxybenzyl ox yl ) -1 H pyrazol - 3-yl am no) pyr azi ne
-2- carbonitrileX-18321 WO -33- In a 20 L container are conbi ned ethanol (
11.28 L) and acétie0aagodtain@i8e pdmbisedAlfingiy|l }.28 Thendragetot dcah(3i&ment ed to a

bl each scru

( 2- Met hoxy- %Pfsrin Er%t'ﬁheare tlhlg%lgl%%e?%n eal(";“ % egwlllth[a Hrogfn%ur% 0(5?‘8631 enyl amin
0) pyrazi ne(22\/[eth0)b’%}(4—mbﬂheX}(b912ﬂz@'lcgy)phe®$) I]:(rrmhylthm)d dixloproetlhanol / acetic acid
solutio are dde n flask. T n wnslurry
o added ny BRI SR AR RS0 E, L5k 8 b BTl A% WG, Tt
exot herm Téﬂe addeg td 4 2nQg r@aeﬂldmﬂussl 1]45 thy r¢salt1ag omdwn shestieaddded hpdrazine/0 0C and
moni tor ed bl}{lor!_o@ﬁ&hte 51967 g 9%% Ii} resultlng in a slight exotherm. The resulting yellow

slurry is slowly heated to 65 — 70 °C and monitored by HPLC. The duration of the

reaction is less than one hour. The thick slurry is slowly cooled over 1 — 2 h to less than

10 30°C. The slurry is filtered and washed with cold ethanol. The material is vacuum dried
at 40 °C affording (820 g, 99.1%) of the title compound. mp 215 — 117 °C; ES/MS m/z
429.2 [M+1]".

Preparation 17
15 5-(5-(2-Hydroxy-6-methoxyphenyl)-1H-pyrazol-3-ylamino)pyrazine-2-carbonitrile
dihydrogen chloride salt

eral

All operations below are vented to a caustic scrubber system to control the HC1
gassing. 5-(5-(2-Methoxy-6-(4-methoxybenzyloxy)phenyl)-1H-pyrazol-3-
20  ylamino)pyrazine-2-carbonitrile (1.24 kg, 2.89 mol) and 4 N HCl in dioxane (26.06 kg,
99.28 mol) are charged to a 60 L glass reactor. The slurry is slowly heated to 60 — 70 °C.

The reaction is monitored by HPLC. After 9 h, the reaction is determined to be complete.



reaction is |l ess than one hour. The thick slurry is slowy cool ed over 1 -
2 htoless than 30 OC. The slurry is filtered and washed with cold

et hanol . Wbeorat7erssal is vacuumdried at 40 OC af f or di n@CT832009/06297 199 of
the title campaunsvop 215 - 117 0C, ES/IMS mz 429.2 [MHl] +. Preparation 17
5- (5-(2- Hydr oxy- 6- net hoxyphenyl ) -

| H pyrazol - 3-yl am no) pyrazi ne-2-carbonitrile di hydrogen chloride salt All
operations below are vented to a caustic scrubber systemto control the HC
gassi ng. 5-(5-(2-Methoxy-6-(4-nmet hoxybgazyl oxy) phenyl ) -1 H pyr azol - 3-

yl am no) pyrazi ne-2-carbonitrile (1.24 kg, 2.89 nol) and 4 N HO in di oxane
(26.06 kg, BR A&y AlcBolch &S Wed 4n@ hdld@erhight. a9% abRRGERKion HdQuSLIry 1s
slowy heated to 60 - 70 OC. The reaction is nonitored by HPLC. After 9 h,
t he reacti oftaresd and thergicmis avaplydydthesding pestase ((-l0g3hq woisakais vaqya icddm sl urry
i s cool ed t&&@m&%&@@dﬁb@ld@mwg 9)]%4‘”&%&6&1?1 fe) Bfgt‘ﬁgﬁﬂé)&n‘fﬂoﬁﬁd"rrﬁp' S

filtered and the cake is was ace The wet cake is
vacuum dri e®5t 0228 "Edfist kae); ﬁ/@fll\@?nlﬁl/zt@%rb&;ﬁlﬂie (1010 g, 91 84% corrected
yield) of the title conpound np 225 - 228 OC (free base); ES/M5 mz 309.2
[ MF1] +. Preparation 18 tert-Butyl

3-(2-(3-(5-cyanopyrazi n- 2- yl am no) Prépapatioazd| - 5-yl ) - 3-

net hoxyphenoxy) pr opy| anaL e N L

(50 (S Ry ar oxy. o MR SRaR T py e Zaag Hpyssel iAo
carbonitrile (618 g, 1.62 nomethosypheanxyjpechylaartaetireahydr of uran (6.18 L, 10
volunmes) and chilled to -5 to 0 OC with an acetgne/ice bath. Triethylam ne
(330 g, 3.25 nol) is added through an additjo unnel over 30 - 40 mn at
-5 to 5 0C. The resulting slurry ®S tlrrﬁ‘ -5to 5 0Cfor 60 - 90 mn.
The insoluble triethylam ne hydrdchl r\de iltered and the sol ution of

t he phenol ((5-(2-hydroxy-6-net phenyN) - I'H pyrazol - 3-

yl am no) pyrazi ne-2-carbonitril e}=tollected in an appropriate reaction
vessel . The cake is O

NHBoc

10 5-(5-(2-Hydroxy-6-methoxyphenyl)- 1 H-pyrazol-3-ylamino)pyrazine-2-
carbonitrile (618 g, 1.62 mol) is slurried in tetrahydrofuran (6.18 L, 10 volumes) and
chilled to -5 to 0 °C with an acetone/ice bath. Triethylamine (330 g, 3.25 mol) is added
through an addition funnel over 30 — 40 min at -5 to 5 °C. The resulting slurry is stirred
at -5 to 5 °C for 60 — 90 min. The insoluble triethylamine hydrochloride is filtered and

15  the solution of the phenol ((5-(2-hydroxy-6-methoxyphenyl)-1H-pyrazol-3-
ylamino)pyrazine-2-carbonitrile) collected in an appropriate reaction vessel. The cake is
rinsed with THF (1.24 L). The THF solution of the phenol is held at 15 to 20 °C until
needed.

Triphenylphosphine (1074 g, 4.05 mol) is dissolved at room temperature in THF

20 (433 L). The clear colorless solution is cooled with an acetone/ice bath to -5 to 5 °C.
Diisopropylazodicarboxylate (795 g, 3.89 mol) is added dropwise through an addition
funnel over 40 — 60 min, keeping the temperature below 10 °C. The resulting thick white
slurry is cooled back to -5 to 0 °C. tert-Butyl 3-hydroxypropylcarbamate (717g, 4.05
moles) is dissolved in a minimum of THF (800 mL). The tert-butyl 3-

25  hydroxypropylcarbamate/THF solution is added, through an addition funnel, over 20 — 30



rinsed wwth THF (1.24 L). The THF solution of the phenol is held at 15 to
20 OC until needed. Tri phenyl phosphine (1074 g, 4.05 nol) is dissolved at
room t enpoabiweEe7isa THF (4.33 L). The clear col orl ess seCmitisenios74dvol ed
wi th an acexaseglli O bath to -5 to 5 0C. Diisopropyl azodi carboxyl ate (795 g,
3.89 nol) is added dropwi se through an addition funnel over 40 - 60 mn,
keeping the tenperature below 10 OC. The resulting thick white slurry is
cool ed back to -5 to 0 OC. tert-Butyl 3-hydroxypropylcarbamate (717g, 4.05
noles) is dissolved in a mnimmof THB5(800 nL). The tert-butyl 3-

hydr oxypr opyl car bamat e/ THF sol ution is added, through an addition funnel,

over 20 - 3@wat83@% Ao 1RScaddhiiliity. The pRparedfeakht tsNart@AARNMce BAtHal ¥. The

prepared reagent is stirred in the ice bath at -5 to 0 OC until ready for
use. The priePafedtitsayefRf usl urry (20% is added to the substrate sol ution

at 15 to 20 OC. ﬂ]'a‘l%réb%méagélﬂsmﬁ?w},) it %d@@%&h@%sﬁr&e gdql?ﬂdn(églfbl%tj@ The
substrate solutionis stirred at anmbi'ent for mn, then sanpled for HPLC

A second appr oXieremanpg xRgsh syrefusied f the frs bﬁ@a&éﬁ gubisisate gduiipntinstirred at

substr at ]s[m e b f e

r eagent 5igs %%Bﬁ%lﬁﬁggqnvh&?ﬁénﬁ%ﬁfeg?? ng or‘gr %23{??5 g&g%l?rﬁ?%b(o&?%& 0IfltltDIJil}C The
conpl et ed rwagshi isndded tethn sentratatséidedaichntbrdnt ardzemdledias befovar iddgbimahol (4. 33

L, 50 - 60 tgtgea% q1llt [s c‘éﬁtﬁm@g w?tﬁ d)nﬂgrtn# éénl\/g é‘%é gn%ﬁ}el{ﬁ u’htll ng yel | ow

precipitate Ts rinse ‘driced to const ant
wei ght to promplaiel rodbfion is(coBEntrattd artdemmrattécbwmlowpmumdthml PAB E, PLEO0C, ES/ MS
mz 466.2 | razi.necar bonl

I . le.5 2-
S {5+ 1- [ 2- (3 IHRDY SpyIne 2t KR pRERgI T by PR s Gireshrinss
nononesyd at \eitmm«bhged)m&)(ﬁhelmbd;ml coﬁémdt mcghsmr]mmatmﬂatgt{rm%) bfah¢ tfBut yl

ﬁe'g ﬁoiipggn%i%gg‘? raz b%%aﬂ?&% §a[é£|1r1rol y! |)53-sl urried with acetone

(21.5 L) ina 30 L reactor I\/Ethanesulfonlc aC|d (1484 g, 15.36 nol) is

added through an addition
Example 5

2-Pyrazinecarbonitrile, 5-[[5-[-[2-(3-aminopropyl)-6-methoxyphenyl]-1H-pyrazol-3-

15 ylJamino] monomesylate monohydrate (Chemical Abstracts nomenclature)

tert-Butyl 3-(2-(3-(5-cyanopyrazin-2-ylamino)-1H-pyrazol-5-y1)-3-

methoxyphenoxy)propylcarbamate (1430 g, 3.07 mol) is slurried with acetone (21.5 L) in
a 30 L reactor. Methanesulfonic acid (1484 g, 15.36 mol) is added through an addition

20  funnel in a moderate stream. The slurry is warmed to reflux at about 52 °C for 1 to3 h
and monitored for reaction completion by HPLC analysis. The completed reaction is
cooled from reflux to 15 to 20 °C over 4.5 h. The yellow slurry of 2-pyrazinecarbonitrile,
5-[[5-[-[2-(3-aminopropyl)-6-methoxyphenyl]-1H-pyrazol-3-ylJamino] dimesylate salt is
filtered, rinsed with acetone (7 L) and dried in a vacuum oven.

25 The dimesylate salt, (1608 g, 2.88 mol) is slurried in water (16 L). Sodium
hydroxide (aqueous 50%, 228 g, 2.85 mol) is slowly poured into the slurry. The slurry is



funnel in a noderate stream The slurry is warnmed to reflux at about 52 0OC
for 1 to 3 h and nonitored for reaction conpletion by HPLC anal ysis. The
conpl et edwpeaotd7orssi s cooled fromreflux to 15 to 20 OCrovars2eb9d6ta37 The
yel | ow sl urxyigafl ¥¥@yrazi necarbonitrile,

5-[[5-[-[2-(3-am nopropyl ) -6-net hoxyphenyl ] -1 H pyrazol - 3-yl ] am no]
dinesylate salt is filtered, rinsed with acetone (7 L) and dried in a
vacuum oven. The dinesylate salt, (1608 g, 2.88 nol) is slurried in water
(16 L). Sodium hydroxi de (aqueous 50% 3828 g, 2.85 nol) is slowy poured
into the slurry. The slurry isX-18321 WO -36- heated to 60 OC and stirred

for one hougeateli to 605°d HRINtIHEPIRUnd Koud 61t RGh&V&RD1ed th1 Aok hhenhgditerdiie Wet
filter cake is rinsed with acetone (4 L) and dried to constant weight in a

vacuum oven!gtwed filtesakeis singse vwigh 8ten¢)(4 10404 dged to cagstans RIghER BIATWHT | e,

S-[[5- 2-{Rn a 9 6@?9[53@ arboimi -[- | -
m)LE)me[syl[ at%\%mﬂ?hdy@ﬂraa?dé&ie)gggfgﬁmp 0G; Eiskyﬂl\}dl:s hd&‘rzmé @Z[gd %'r(lg] ] im E)C:!arrpl e 5a

2- Pyr azi necapibempryi-¢- glethoxyphenyl] 1H-pyrazol-3-yl]Jamino] monomesylate monohydrate.
S5-[[5-[-{ 2- 1(1132%5@ r%fcg Mgﬁyphenyl ]-1H pyrazol -3- yl]am noj

nononesyl at e rmnohy rate Abstracts nonencl ature) Crude

2- pyrazi necarbonitrile, 5-[[5- [ [2 (3-am nopropyl ) - 6- met hoxyphenyl ] -

| Hoyrazol - 3-yl] am no] nononesyl at %ngﬁgf% drate is purified using the
foll owi ng procedure. The technical gra -pyrazi necarbonitrile,

5-[[5-[-[ 2- ( 2-Bymzmeparbgiirie, 6-[ ia’@amémﬁﬁmxr@ﬂy])-d hietﬁlyxwheliyJ]BL}ypjzramﬁ3no] nono
mesyl ate nono hydyate &11221 rrled in a ﬁnt m xture

of 1: 1 acet onel vaeaio mrecingRugtid Renird s Ry gl (e
m xturel@o 50 - 55 OC The solution is polish filtrated while at 50 - 55 0C

Secdi ng +enper AR P HRSER B 7g DE GG e Beta - SRR s

conti nued omeszol-Bel]maMb] ﬁ@nom@ﬁlaf@nﬁbnb@ycﬁfﬁ@fslphﬁﬁmn%&hé fllowige thin slurry
is cooled from 38 tﬁ 15 QC over 3 h. A vacuum di stl lation is set up and
the acet onePPEHivedNatechies! Srdo ARG Mg GoT L EHAEPY) 05 cool ed

from 30 to &nOGpRMsI-1Hphtazdiglytamiinod BoREnk@Nate mbno Aytatt @n1 £id $ered. The

15  mol)is slurried in a solvent mixture of 1:1 acetone/water (14.7 L). The solid is dissolved
by warming the mixture to 50 — 55 °C. The solution is polish filtrated while at 50 — 55 °C
through a 0.22p cartridge filter. The solution is slowly cooled to the seeding temperature
of about 42 — 45 °C and seeded. Slow cooling is continued over the next 30 — 60 min to
confirm nucleation. The thin slurry is cooled from 38 to 15 °C over 3 h. A vacuum

20  distillation is set up and the acetone removed at 110 — 90 mm and 20 — 30 °C. The
mixture is cooled from 30 to 15 °C over 14 h, held at 15 °C for 2 h, and then filtered. The
recrystallized material is rinsed with 19:1 water/acetone (2 L) and then water (6 L) and
dried to constant weight in a vacuum oven at 40 °C to provide 1024 g (83.9%) of the title
compound. mp 222.6 °C; ES/MS m/z 366.2 [M+1]".

25 X-ray powder diffraction (XRPD) patterns may be obtained on a Bruker D8
Advance powder diffractometer, equipped with a CuKa source (A=1.54056 angstrom)
operating at 40 kV and 40 mA with a position-sensitive detector. Each sample is scanned
between 4° and 35° in °26 + 0.02 using a step size 0f 0.026° in 26 £ 0.02 and a step time
of 0.3 seconds, with a 0.6 mm divergence slit and a 10.39 mm detector slit. Primary and

30  secondary Soller slits are each at 2°; antiscattering slit is 6.17 mm; the air scatter sink is in

place.



recrystallized materi al

wat er

isrinsed with 19:1 water/acetone (2 L) and then
(6 L) and dried to constant wei ght

in a vacuum oven at 40 0OC to

provi de MWA40/78389% of the title conpound np 222. 6 OECTHES:LMS/067437 366. 2

[ MEI ] +.
Br uker

X-xXag3powder diffraction (XRPD) patterns may be obtained on a
D8 Advance powder diffractoneter,

equi pped with a CuKa source (I=I.

54056 angstron) operating at 40 kV and 40 mA wth a position-sensitive
Each sanple is scanned between 4 and 35 in 2Q 0.02 using a step

det ect or .

size of 0.026 in 2Q 0.02 and a step timge of 0.3 seconds,
di vergence slit and a 10.39 mm detector slit.
antiscattering slit

slits are

each at 2;

with a 0.6 Tm
Primary and secondary Sol | er
is 6.17 mm the air scatter sink

is in place. X-18321 WD -37- Characteristic peak positions and rel ative
i nt ensi ti esCharpofeistieppak apsidensapd Iptivaingpifiet ry (DSC) anal yses may be

carried out on a Mettler- Toledo DSC unit (Model

DSC822e). Sanples are

heated in ciqﬁgg#aiuningﬂlgans’m&pﬁ Bi1hole from25 to 350 0C at 10 C/'mn
Wi th a nitjpogen purge of ;70 trmhge fher nogravi netric analysis (TGA) nay be
carried out onza N%ttleg 40! do—F ti{ t (Model TGA/ SDTA 85le). Sanples are
heated in aealgd al-HA-Rg-pans mﬁ%%La—oinhole from25 to 350 0C at 10 OC
/mn wth anitrogen p'.cg ot 50—t/ mn. The thermal profile from DSC shows
a weak, brijead Andofhﬂrupéérn180 43.7400C fol | owed by a sharp nelting
endot herm jat 222 QC| ofd&® (225 A€4 peak). A mass 1oss of 4%is seen by the
TGA from 25 - P40 0C X218321 WD 648 CLAIM 1. A conpound which is
5- (5- (2- (3-am dopr opoxy)-H8- net hotY-phenyl ) - | Hoyr azol - 3-yl am no)
pyrazine-2-cartonitril €4.1édr a phdPfaceutically acceptable salt thereof or a
solvate of| the9salt| 2.24Fhe conpdOmd according to Claiml which is
5- (5-(2-(3Fam n@pr opoxp02 43.1
11 254 30.3
12 26.15 100
13 29.24 26.2
5 Differential scanning calorimetry (DSC) analyses may be carried out on a Mettler-
Toledo DSC unit (Model DSC822¢). Samples are heated in closed aluminum pans with
pinhole from 25 to 350 °C at 10 °C/min with a nitrogen purge of 50 mL/min.
Thermogravimetric analysis (TGA) may be carried out on a Mettler Toledo TGA unit
(Model TGA/SDTA 851¢). Samples are heated in sealed aluminum pans with a pinhole
10 from 25 to 350 °C at 10 °C /min with a nitrogen purge of 50 mL/min.

15

The thermal profile from DSC shows a weak, broad endotherm form 80 — 140°C

followed by a sharp melting endotherm at 222 °C, onset (225 °C, peak). A mass loss of
4% is seen by the TGA from 25 — 140 °C.



6- met hoxyphenyl ) -1 H pyrazol - 3-yl am no) pyrazine-2-carbonitrile, or a

phar maceutically acceptable salt thereof. 3. The conpound according to
Claim1 wochiow758( 5- ( 2- (3- am nopr opoxy) - PCT/US2009/067437

6- met hoxyphengs)- Wb pyr azol - 3-yl am no) pyrazi ne-2-carbonitrile. 4. The
conmpound according to Caim1 which is 5-(5-(2-(3-am nopropoxy) -

6- met hoxyphenyl ) -1 H pyrazol - 3-yl am no) pyrazine-2-carbonitrile formc acid
salt. 5. The conpound according to Claim1l which is

5- (5-(2-(3-am nopropoxy) - 6-nmet hoxyphenyl)-I|H pyrazol - 3-yl am no)

pyrazi ne-2-carbonitrile di hydrogen chloride salt. 6. The conpound accordi ng
to daiml weehamng 5-(5-(2-(3-am nopropoxy) -

6- met hoxyphenyl ) -1 H pyrazol - 3-yl am no) pyrazi ne-2-carbonitrile

met hanesul fonic acid salt. 7. The conpound according to Claim1l which is

2-pyrazi necar borli t r i Agompourdvhicly is S(5-(2-6 -arinapiePoRy LB rEpax)PReny | |

- 1H-pyrazol py%azo}/k -]y?amnrftg by@lﬂ@—@%ﬁﬂoﬂﬁﬁe g @%Hyrﬁfa@éuﬁcall% acérelﬁ?abﬁ:%mg glléﬂ:gf
according to aim1 which is 2-pyrazinecarbonitri

[ 2- ( 3- arl noprcplyrr-obthestlhoxyphenyl ] - 1H pyrazol -3 - yI]anlno] nnnonesylate

pattorn having peaks ht - DEeuRLPGRR5 LR, bt S ST LR uRRYSGR G ract T on
phar maceut i @aicthorynhomilt11bpyeertsrylginimg) pihezivelrpabordtridy, osapltarmiceainpllpne  of
Clainms 1-8, mmetﬁﬁﬂghnﬁﬁ%%n wi th a pharnmaceutically acceptable carrier,

di luent, or e ent A nmet hod of treating cancer, conprising
adnlnlsterlng td a pahé embpound seedlitghe Céamh lavhidf & a64(+€3-amimupopedy)t he

comounth O 38 s APLLPRG S PR A AR 5% R ol
effective anmount4. of Thecaapgodindolinggallaiafl variyh ©5€5¢2-(Lhinoproped)-and
6-methoxyphenyl)- 1H-pyrazol-3-ylamino) pyrazine-2-carbonitrile formic acid salt.

5. The compound according to Claim 1 which is 5-(5-(2-(3-aminopropoxy)-
6-methoxyphenyl)- 1H-pyrazol-3-ylamino) pyrazine-2-carbonitrile dihydrogen chloride

15 salt.

6. The compound according to Claim 1 which is 5-(5-(2-(3-aminopropoxy)-
6-methoxyphenyl)- 1H-pyrazol-3-ylamino) pyrazine-2-carbonitrile methanesulfonic acid
salt.

7. The compound according to Claim 1 which is 2-pyrazinecarbonitrile, 5-

20 [[5-[-[2-(3-aminopropyl)-6-methoxyphenyl]-1H-pyrazol-3-yl]Jamino] monomesylate
monohydrate.

8. The compound according to Claim 1 which is 2-pyrazinecarbonitrile, 5-
[[5-[-[2-(3-aminopropy]l)-6-methoxyphenyl]-1H-pyrazol-3-ylJamino] monomesylate
monohydrate in crystalline form characterized by a X-ray powder diffraction pattern

25  having peaks at 26 +0.02 = 12.64, 21.25, and 26.15.

9. A pharmaceutical composition comprising the compound or salt of any
one of Claims 1-8, in combination with a pharmaceutically acceptable carrier, diluent, or
excipient.

10. A method of treating cancer, comprising administering to a patient in need

30  thereof an effective amount of the compound or salt of any one of Claims 1-8.



ionizing radiation. 12. A method of treating cancer, conprising
admnistering to a patient in need thereof an effective anount of the
conmpound WO 2887738 any one of C ainms 1-8 and a chenot hecapg@gents37 13. The
met hod of Ckaiggmil&owherein the chenotherapy agent is selected fromthe
group consisting of 5-fluorouracil, hydroxyurea, gentitabine, nethotrexate,
penet rexed, doxorubicin, etoposide, cisplatin, and taxol. 14. The nethod of
any one of Clainms 10-13, wherein the cancer is selected fromthe group
consi sting of bladder cancer, colon canger, gastric cancer, |iver cancer,

| ung cancer, mammary cancer, nel anoma, ovarian cancer, pancreatic cancer,
nmesot hel i oma, reanal QAan&Rsd ofaRetit @héRRoAPAGEE adrdiRisteliREto eundnhQg salt of
any one of Clainms 1-8 for use in therapy. 16. The conpound or salt of any
one of O aithercatag cffgstivggmopnt of the compendedn palioff apy Arcet Claims 194dconpound or
salt of any;,ppfsfdiddoal ™ 1-8 for use in sinultaneous, separate or
sequential conmbination with ionizing radiation in the treatnent of cancer.
18. The conpoundZ2or dangthest ofgrpptingrranest, comarisg adngnisring e Rafic’jimigetlaneous,
separ at e; or i i j i {]ﬁgp : nt, iin the

treat rreﬁst otP égg%gg#ea%%&?ﬁg%?gﬂﬁggﬁﬁ@} ngroqlgag t %?@J@%@ggg dalnrqg to daim
18, wher ei rchemethetapyregener apy agent is selected fromthe group consisting of
5-fl uorouracil, Rydr r i tabi.ne, rexat : I

doxor ubi ci n, et olg'osi gﬁ?%@?ﬁ%@?ﬁ%E%ﬁvél%%énxtg?we Fh%a%g%g%lﬁrgsg%%at%%frg?al t for
use accor di thggtoop odnsatiyg diteflafrowChal, hgdrdb6ai, gonmeantgne) ntchhetrexancer i s sel ect ed
fromthe group, consisti g)% of . bl adder cancer, (iol on cancer, gastric cancer,
liver cancel’ efr%ea’ ARck mﬁte?ﬁ%sé eymépoj\?‘lgle?'l} AR anoma, ovarian cancer,

pancreatd c cancad, nEsobtbd ofamy ohenhCladanioer3, waadinuhetante ic@rced .

from the group consisting of bladder cancer, colon cancer, gastric cancer, liver cancer,
lung cancer, mammary cancer, melanoma, ovarian cancer, pancreatic cancer,

mesothelioma, renal cancer, and uterine cancer.

15.  The compound or salt of any one of Claims 1-8 for use in therapy.
15 16. The compound or salt of any one of Claims 1-8 for use in the treatment of
cancer.
17. The compound or salt of any one of Claims 1-8 for use in simultaneous,

separate or sequential combination with ionizing radiation in the treatment of cancer.
18. The compound or salt of any one of Claims 1-8 for use in simultaneous,
20  separate or sequential combination with a chemotherapy agent in the treatment of cancer.
19.  The compound or salt for use according to Claim 18, wherein the
chemotherapy agent is selected from the group consisting of 5-fluorouracil, hydroxyurea,
gemcitabine, methotrexate, pemetrexed, doxorubicin, etoposide, cisplatin, and taxol.
20.  The compound or salt for use according to of any one of Claims 16-19,
25  wherein the cancer is selected from the group consisting of bladder cancer, colon cancer,
gastric cancer, liver cancer, lung cancer, mammary cancer, melanoma, ovarian cancer,

pancreatic cancer, mesothelioma, renal cancer, and uterine cancer.



