-~

WD 2006/ 081445PCT/ US2006/ 002979 -1 - TREATMENT OF METASTASI ZED TUMORS
FI ELD OF THE | NVENTI ON [0001] This i nvention pertains generally to
met hods andocomwesisi ons for treating netastasized tunBCI/IS2006/002979
subj ects. Mre particularly, the present invention provides the use
of conpound such as 4-am no-5-fl uoro-346-(4-

met hyl pi perazi n-1-y1)-1H benzi m dazol - 2-yl ] qui nol i n-2(1H) - one and
tautoners, salts, and mxtures thereof in treating and preparing
nedi caments for treating metastasized funors. BACKGROUND OF THE

| NVENTI ON [ 0002] Capil l aries reach into alnost all tissues of the
human body and supply tissues with oxygen and nutrients as well as
renmovi ng waste products. Under typical conditions, the endotheli al
cells lining the capillaries do not divide, and capillaries,
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tissue is damaged, or during certain parts of the rrenstrual cycle,

the capillaries begin to prolg Eﬁ@%fﬂ-?IWE/N 1O\ s process of formng

new capillaries ffom pre-exi stl ng vesse S I's known as
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Factor s arfiteran mRiOBg Bee0) In EATngaRd PARRETH Meganenic g feating
Academ c %g@gfgsﬁteuqumowl versity of Hel sinki, Mol ecular/Cancer

Bi ol ogy Laboratory and Departnent of Pathol ogy, Haartman Institute,
(1999). -2- [0003] Angi ogenesis also plays an inportant role in the
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and capillaries, therefare, do not normally increase in number or size in a human

adult. Under certain normal conditions, however, such as when a tissue is
damaged, or during certain parts of the menstrual cycle, the capillaries begin to
proliferate rapidly. This process of forming new capillaries from pre-existing
blood vessels is known as angiogenesis or neovascularization. See Folkman, J.
Scientific American 275, 150-154 (1996). Angiogenesis during wound healing is
an example of pathophysiological neovascularization during adult life. During
wound healing, the additional capillaries provide a supply of oxygen and
nutrients, promote granulation tissue, and aid in waste removal. After
termination of the healing process, the capillaries normally regress.
Lymboussaki, A. “Vascular Endothelial Growth Factors and their Receptors in
Embryos, Adults, and in Tumors” Academic Dissertation, University of Helsinki,
Molecular/Cancer Biology Laboratory and Department of Pathology, Haartman
Institute, (1999). '
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pol ypepti des that regul ate devel opnental cell growth and
differentiation, renodeling and regeneration of adult tissues.

Must onen, WO 2806/081445 J. Cel | Biol ogy 129, 895-898 (199FCT/N&N6HEI979
Geer, P. et al. Ann Rev. Cell Biol. 10, 251-337 (1994). Pol ypeptide

| i gands known as grow h factors or cytokines, are known to activate
RTKs. Signaling RTKs involves ligand binding and a shift in
conformation in the external domain of the receptor resulting inits
di meri zation. Lynboussaki, A 'VascularpgEndothelial Gowh Factors
and their Receptors in Enbryos, Adults, and in Tunors” Academ o
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[ 0008] The t(4;14) translocation is unusual in that it appears to
dysregul ate two potential oncogenes, MVSET on der(4) and FGFR3 on
der (14). CNOI0)6/§r44t al, Nat. Genet, 1997; 16: 260- 265;PCAAEB2@6H83979 M
etal”., Blood, 1998; 92:3025-3034. \Wether dysregul ation of either or
both of these genes is critical for MM pathogenesis is not known,
however several |ines of evidence support a role for FGFR3 in tunor
initiation and progression. Activation of WI' FG-R3, a RTK, pronotes
proliferation and survival in nyeloma cglls and is weakly

transform ng in a hematopoetic nouse nodel. Plowight, E. E. et al.
Bl ood, 2000ell$igrig Pahw 3
and PoI lett, %fg ge% @@q(ﬁ;%)aley%g%ﬁ&%é% §§@§ tg%%?émg:g %stééﬁgé %TK
acqui si ti or?"&f‘eéE'i“ﬁS?ﬁQf'laf‘i’G ohaciyatingsnuteticas Re ofterspreseMihdumor cells and
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of t(4;14) ts Fonseca . et at,
101: 4569- 4§%ag°%ﬁé' ”aﬁe dgmajns thﬁt me@ﬁiﬁ)ﬁUfOEb@@hom&i%wsmm%t of
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lines i ndu@bBTK)‘Bt ot oxi ¢ responses denonstrating that these cells
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2004; 18: 9{@{[8 %Sﬁ’ﬁ @bservatl or}ﬁ_lta{e congruent with the results -
of recepto FosPR S OPNG SG5s Qloggus atem celltanspianti(fBETe asd
wher e cl i nadwnces dt sgrstiVyse hees GHSTE af5PRE

clinical devel o ment H’L""L '&%’R&? nhi l?létgors l?‘iﬁ?‘éhtﬁ@ﬂt reat nen B%E%hese
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9: 274- 281 Leuk 10:.1911-1918 (1996
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MM, with no apparent therapeutic benefit of ASCT. Fonseca, R. et al., Blood,



Rosnet, 0. et al., Acta Haematol., 95:218-223 (1996). In cells wth
mut ant FLT3, oncogeni c signaling has been |inked to constitutive

ki nase actwoanisaaiqsn t he absence of FLT3 |igation) arimimigs260600979
dysregul at ed ki nase activation and/or |oss of function of the

autoi nhibitory domain. Stirewalt, D.L. et at, Nat Rev. Cancer,
3:650-665 (2003); Brown, P. et at, Eur. J. Cancer, 40:707-721 (2004).
Mol ecul ar characterization of these FLT3 nmutations have reveal ed
either internal tandemduplications (ITB) in the juxtanenbrane region
of FLT3 or point nmutations in the kinase donmain (ASP835/836), with
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survival. Thiede, C. et at, Blood, 99:4326-4335 (2002); Schnittger,
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key stromalFLER3, #eRTK| proomtes praiiféraiion and servileviel mpaeita @&l and is
honeost asi ﬁle@f(l

rostate. Affioen, A W_and Mlem, G,
" Angi ogene;i’ s%ﬁ%ﬁes%@ﬁ%&% eﬁ?ﬁ‘?ﬂ?%%f‘l%‘?@ modely Plawid, E«Erefal,
Tr eat ment &focdaB060; 9578921008 SKEEIAN. &} S . §PEroniaa.
| nf | anmat i " hagracol Eleﬂ'.s 512 E}é'i %%g@?gb%?ﬁgﬁpf%?%Pok?ﬁ
' VEGF: an %pn%a‘?ea-o#?‘%f‘g?% cﬁ?di%‘b%@%-z%d@qunhmiwoﬁmmwg
- 7- Ther apautatonddd 3 i i ) op. 7- 24
(2000) : kvabi ddo, g?mgzgﬁﬁﬁl\l/?@r?ge ?%%ﬁaaﬁﬁ&%b,proé’#és'ﬁﬁﬁ%?%? sfage
Fi br obl ast MEPEMMhaRE sfesisongiv traneformirg depeveral éxpefinustialtraodisicehed],

boug) as, | DVAC! AiaReEd 206 oPfraolP: 8o L £ o) ot o2 e SR Siussy
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rostate " . o ncer . - . terations In
i PL obl as %&ﬁﬁ "E{a"él{“éﬁ' %@52&?%%4?%%;&5@%61%|qoeae1£@t&pnrah t he
at hogenes aidesHorRRes méan 1D, .
IIC\)/IamsuEhani % pragitzb n M me Rol 2u of E“Fi l’)[(rlpc')lﬁal\gt lc?\q/hvt*% f;oaﬂéteg?,
Recept or éﬁg Al %80‘? HS%?%%%%F’[@E@ Kasts, Jodr of alalBlood) 20881 101:(BeG-er
Inst., 93,1589; M&E&i‘@%t(a?.ﬁ)gﬁodbhﬁoﬂﬁ%:@@%E@ gﬁ@g’{@nﬁg ggéa/,, Br. J.

preferentiglly netastasizes to bone, and patient

hei ght ened"?¢/8RI0f.o20RfE\IQ0:i4-68. Thesefindingnsqdgesathiad estopaneiméssion of
fractures, i i 3 I uses of norhidity and nortality
in pati enti@#\?\nRtg#%ﬁ%@?g‘t%&gg@é%b&t ﬁ@te%SIggplgf,sroFadp Ias of

treating pmsoganesis tusamaking tio RTie4 kargst of mlQyAIHERSd heapFt ast asi s
of prostate cancer to bone in patients with prostate cancer.

[ 0012] Vari i ndol yi.:S: } .C have recently been
di scl osed [?n 01/ %@ESﬁW§%E§@Pﬁmmﬁém§%M@?saw@t%qi ous
benzi mi dazespydnses temomdtratiay that etszatdey inH | 993.
These co n?s are r ﬁgo.gtgl ,a%?blee.sg?ﬁ ?Iﬁﬁ%%?%g&ﬁnggrﬁasgﬂé@lﬂa
and/ or rggﬁga ‘?H'E S %?aﬁ%lﬁ%@ terations isvthrse eelpderivedyfpem and

stage patients. Trudel, S. ef al., Blood, 2004; 103:3521-3528; Paterson, J. L. ef



WO 2006/ 081445PCT/ US2006/ 002979 -8- anti t hyroi d activity of ot her
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0X0- 3- ( 2- bepzoosiods@d| yl ) - 4- hydr oxyqui nol i ne. Ukrai nets PdTJUsaooﬁmb2979
Khi mi ya Geterotsiklicheskikh Soedinii, 1, 105-108 (1993); Ukrainets,

. et al., Khimya Ceterotsiklicheskikh Soedinii, 8 1105-1108
(1993); Wkrainets, |. et al., Chem Heterocyclic Conp. 33, 600-604,
(1997). [0014] The synthesis of various quinoline derivatives is

di scl osed in WO 97/48694. These conpoungds are discl osed as capabl e of
bi ndi ng to nucl ear hornone receptors and being useful for stinulating

ost eobl ast gr b g c s are also
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£ 1 uor o- 3452 P4CaSeR ANerH S8 H10, (200R).1Cviokandc agents ¢AraL yiantracydine) 2( 1
Whi oh are aach V0 S00e, DaIT eI S00RF soi5y Marduer aalge freeter "
apse retlecting the need for more effective therapies. Weick, J.K. et al,,
Blood, 88:2841-2851 (1996); Vogler, W.R. ef al, J. Cfin. Oncol.,.10:1103-1111
(1992). Tumor-cell genotyping indicates 25-35% of AML blasts carry fms-like
tyrosine kinase (fit3/FIk2/Stk-2) mutations, whereas a larger fraction (>70%)
express wild-type FLT3. Gilliland, D.G. et al,, Curr. Opin. Hematol., 9:274-281
(2002); Nakao, M. et al., Leukemia, 10:1911-1918 (1998); Yokota, S. et al,,
Leukemia, 11:1605-1609 (1997). FLT3 receptor is a member of Class |II
receptor tyrosine kinases (RTK) that includes CSF-1R, c-KIT, PDGFR, and are
functionally known o play an important role in proliferation, differentiation, and
survival of hematopoietic cells, dendritic cells, natural killer (NK) cells and
progenitor B cells. McKenna, H.J. et al. Blood, 95:3489-3497 (2000);
Mackarehtschian, K. et al., Immunity, 3:147-161 (1995). FLT3, like other RTKs
is characterized by five IG-like extracellular domains and contains a hydrophilic
kKinase insert domain. Blume-Jensen, P. ef al., Nature, 411:355-365 (2001).
Signal transduction following ligation of FLT3 modulates multiple downstream
pathways, including STATS (signal transducer and activator of transcription 5),
Ras/MAPK (mitogen-activated protein Kinase), and PI3K. Hayakawa, F. ef al,
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Novenber 4, 2004, as 2004/0220196); U. 86 Pat ent Application No. _

No. 10/982,543. [0018] Despite
10/ 982, 757; and U.S. Patent Application
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metastatic @é@c@5 (W@Z(ﬁfpwnoﬁeewpﬁw Jt@wa&rsﬁ?‘?grgxgm}gg n Cuch as
st ast nce

gr (f)l\lj Irrgﬁs c g% pat('fhe F\gt‘&&?inét@ g r?iﬁi t'oﬂﬁ bayg ﬁ%‘@alffds@ﬂ?@aﬁemal

cancer, |i tﬁ}deoadnmtcatld)meTl)imaé Juﬁam@h'fb‘iér?é RGGSEELTA 8r ShRET

t t, f tr atlng tastasized tunors is rowded In
other emborAidE NG Bhatd 03l aRHeAS 550) duite - 436 e FLT3 TD and

ot hode of epbm”'{“ﬁme"ym bout gﬁfi%t'?%dn{)‘ﬁir%@bh&mﬂ%@&sﬁ%ﬁ%ﬁ‘ﬁ%@
met hods of (idpgg I"r‘l%desg-lrm@f‘iu agl, 9‘9?@2&4%@002&:%@@?& .9 ef 4Mg
L0 onbl e ARaEhERSH, 118 BIN chlf FOMRAHRIe theR L UBhEE b % |

f th ound, - 10
E ﬁgt gge mrooﬁ% efgpegtﬁa mnil@ata REVE! LTDamnlmﬂoablae as;aégatma pirdsg?hdsﬁla'ﬁr?ﬁm or

a mxture éd??eﬂﬁtmg withh Iidfdddel disd2aS L a%scfe A g\écrgased overall survival,
Thiede, C. et al.,, Blood, 99:4326-4335 (2002); Schnittger, S. et al., Blood, 100:
99-66 (2002). Given the relevance of FLT3 mutations in AML, a number of
targeted approaches utilizing small molecules kinase inhibitors/antibodies to
FLT3 are being currently explored in preclinical or early phases of drug
development. Brown, P. et al ., EUr. J. Cancer, 40:707-721 (2004); O'Farrell,
AM. et al., Clin. Cancer Res., 9:5464-5476 (2003); Weisberg, E., et al., Cancer
Cell, 1:433-443 (2002); Smith, B.D. et al, Blood, (2004); Kelly, L.M. ef al,,
Cancer Cell, 1:421-432 (2002).

[0011] In prostate tumors, in addition to the role of VEGFR, and PDGFR in
angiogenesis, several fibroblast growth factors (FGFs) and their receptors
(FGFRs) expedite key stromal-epithelial communication in the development and
homeostasis of the human prostate, Griffioen, AW. and Molema, G.,
“Angiogenesis: Potentials for Pharmacologic Intervention in the Treatment of
Cancer, Cardiovascular Diseases, and Chronic Inflammation,” Pharmacol. Rev.,
92, pp. 237-68 (2000); Ferrara, N.. “VEGF: an Update on Biological and



[ A is a group having one of the follow ng Structures:
\IA/n\ngirﬁl, ni?l s sel gct eg froma or straight or branched chain alkyl
groups havwogolasmist o 6 carbon atons. [0021] I n vari ougcavmmﬁr:mms
of the nmethods of the invention, the growth of the cancer or the
nmet astasi zed tunors (in the subject) is inhibited after ;
adm ni stration. [0022]1n some enbodi ments, Rl is a nethyl group, an

t he conpound of Structure | has the Structure IA
-7-
Therapeutic Aspects,” Curr. Opin, Biotechnol., 11, pp. 617-24 (2000); Kwabi-

* Addo, B., Ozen, M., and lttmann, M., “The Role of Fibroblast Growth Factors and
their Receptors in Prostate Cancer,” Endocr. Relat. Cancer, 11, pp. 709-24
(2004); and Gowardhan, B., Douglas, D.A., Mathers, M.E., et al., “Evaluation of
the Fibroblast Growth Factor System as a Potential Target for Therapy in Human
Prostate Cancer,” Br. J. Cancer, 92, pp. 320-7 2005). Alterations in fibroblast
growth factor (FGF) signaling have been implicated in the pathogenesis of
prostate cancer. Ozen, M., Giri, D., Ropiquet, F., Mansukhani, A., and lttmann,
M., “Role of Fibroblast Growth Factor Receptor Signaling in Prostate Cancer Cell
Survival,” J. Natl. Cancer Inst., 93, pp. 1783-90 (2001). In many cases prostate
cancer preferentially metastasizes to bone, and patients thus have a heightened
risk for developing skeletal complications, and/or fractures, which is one of the
main causes of morbidity and mortality in patients with prostate cancer. A need
exists for methods of treating prostate cancer and for methods of preventing the
metastasis of prostate cancer to bone in patients with prostate cancer.

[0012] Various indolyl substituted compounds have recently been
disclosed in WO 01/29025, WO 01/62251, and WO 01/62252, and various
benzimidazolyl compounds have recently been disclosed in WO 01/28993.
These compounds are reportedly capable of inhibiting, modulating, and/or
regulating signal transduction of both receptor-type and non-receptor tyrosine
kinases. Some of the disclosed compounds contain a quinolone fragment
bonded to the indolyl or benzimidazolyl group.

[0013] The synthesis of 4-hydroxy quinclone and 4-hydroxy quinoline
derivatives is disclosed in a number of references which are being incorporated
by reference in their entirety for all purposes as if fully set forth herein. For
example, Ukrainets et al. have disclosed the synthesis of 3-(benzimidazol-2-yl)-
4-hydroxy-2-oxo-1,2-dihydroquinoline. Ukrainets, I. et al., Tet. Lett. 42, 7747-
7748 (1995); Ukrainets, |. et al., Khimiya Geterotsiklicheskikh Soedinii, 2, 239-
241(1992). Ukrainets has also disclosed the synthesis, anticonvulsive and



/\ NhiG—B | A [0023]In sonme enbodi ments, SI is a hydrogen, and
t he conpound of Structure |I has the Structure IB / \ NNH IB
[0024] I n swoeo@risnds nents, al is a nethyl group, and trETousmue0md7Of

8-

antithyroid activity of other 4-hydroxy quinolones and thio analogs such as 1H-2-
oxo0-3-(2-benzimidazolyl)-4-hydroxyquinoline. Ukrainets, 1. et al., Khimiya
Geterotsiklicheskikh Soedinii, 1, 105-108 (1993); Ukrainets, 1. et al., Khimiya
Geterotsiklicheskikh Soedinii, 8, 1105-1108 (1993); Ukrainets, I. et al., Chem.
Heterocyclic Comp. 33, 600-604, (1997).

[0014] The synthesis of various quinoline derivatives is disclosed in WO
97/48694. These compounds are disclosed as capable of binding to nuclear
hormone receptors and being useful for stimulating osteoblast proliferation and
bone growth. The compounds are also disclosed as being useful in the
treatment or prevention of diseases associated with nuclear hormone receptor

families.

[0015] Various quinoline derivatives in which the benzene ring of the
quinolone is substituted with a sulfur group are disclosed in WO 92/18483.
These compounds are disclosed as being useful in pharmaceutical formulations
and as medicaments.

[0016] Quinolone and coumarin derivatives have been disclosed as
having use in a variety of applications unrelated to medicine and pharmaceutical
formulations. References that describe the preparation of quinolone derivatives
for use in photopolymerizable compositions or for luminescent properties
include; U.S. Patent No. 5,801,212 issued to Okamoto et al.; JP 8-29973; JP 7-
43896; JP 6-9952; JP 63-258903; EP 797376; and DE 23 63 459 which are all
herein incorporated by reference in their entirety for all purposes as if fully set
forth herein.

[0017] Various quinolinone benzimidazole compounds useful in inhibiting
angiogenesis and vascular endothelial growth factor receptor tyrosine kinases
and in inhibiting other tyrosine and serine/threonine kinases including 4-amino-5-
fluoro-3-[5-(4-methylpiperazin-1-yl)-1 H-benzimidazol-2-yljquinolin-2(1H)-one or a
tautomer thereof are disclosed in the following documents which are each



Structur; | has the Structure IC -12- z\ 110 N-CH3 | C

WO 2006/081445 PCT/US2006/002979

-9-

hereby incorporated by reference in their entireties and for all purposes as if fully
set forth herein: U.S. Patent No. 6,605,617; U.S. Patent No. 6,756,383: U.S.
Patent Application No. 10/11 6,117 filed (published on February 6, 2003, as US
2003/0028018 A1); U.S. Patent Application No. 10/644,055 (published on May
13, 2004, U.S. Patent Application No. 2004/0092535); U.S. Patent Application
No. 10/983,174; U.S. Patent Application No. 10/706,328 (published on
November 4, 2004, as 2004/0220196); U.S. Patent Application No. 10/982,757:
and U.S. Patent Application No. 10/982,543.

[0018] Despite the recent advances in methods of treating tumors and
cancer, an important need still exists for new methods of treating cancer and
especially for new methods and compositions for treating metastatic cancer such
as metastasized tumors. Methods for treating multiple myeloma, acute
myelogenous leukemia, and prostate cancer are further required.

SUMMARY OF THE INVENTION

[0019] The present invention provides methods of treating metastatic
cancer and particularly metastasized tumors. The invention further provides the
use of compounds, tautomers thereof, salts thereof, and mixtures thereof in the
use of pharmaceutical formulations and medicaments for treating metastatic
cancer.

[0020] In one aspect, the present invention provides a method of treating
metastatic cancer in a subject, such as a human cancer patient. In some
embodiments, the cancer is breast cancer, liver cancer, lung cancer, or prostate
cancer. In other embodiments, a method of treating metastasized tumors is
provided. in other embodiments, a method of treating a subject having a
metastasized tumor is provided. Additional embodiments provide methods of
treating hematologic tumors. Other embodiments provide methods of treating
solid tumors. The methods include administering to a subject an effective
amount of a compound of Structure I, a tautomer of the compound, a
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[ 0025] O her enbodi nents provide nethods of treating a subject having
a netastasized tunor conprising: contacting the netastasized tunor
wi th a conwouwnab/sfs4st ructure A [IB or IC [0026]1n sormeTarsaadioomnt s,
t he -conpound is admi nistered systemcally. Mre particularly the
conmpound of Structure | is admnistered orally or intravenously.
[0027] I n sone enbodi nents, a second agent is adm nistered to the
subject. Mire particularly the second agent is for the treatnent of
osteoporosis, such as a bi sphosphonate.,q4 n other enbodi nents the
second agent is an anticancer agent [0 28] In sone enbodi nents, the

compound i 1B,, or |IC andthelactate
salrr}t) gf tlh}r%orﬁr#%gg%g}’%%%tégg ”esc%lﬁ‘?”rﬂ%laé?r@(ﬂmﬁﬁe'#tﬁ@ ¥ubj ect .
[ 0029] I n scmeptabtajsaremae tauwmtenrmra BiuTe thénabe QM&&tGE@‘I Rakhghe

c

subject is ]@Prrult % nyel oma patient with a t(4;14) onosonal
transl ocati "B'g ticularly, the tunor is a hematol ogic tunor.

[0030] I n sone enbodi nents, the tunor is nmultiple nyelonma, the subject

is anultiple nyel oma pati ent, and the nulti el ona expresses
fibroblast growh factor receptor 3. -13- A

NH, N\

N

AN N

N o

H

I
wherein,

A is a group having one of the following Structures:

/ \/

—%—N N—R! or —% N—R |

wherein,

R'is selected from H or straight or branched chain alkyl groups having from 1 o
6 carbon atoms.

[0021] In various embodiments of the methods of the invention, the growth
of the cancer or the metastasized tumors (in the subject) is inhibited after
administration.



[ 0031] I n sone enbodi nents, the tunor is nultiple nyel oma, the subject
is anultiple nyeloma patient, and the multiple myel oma has

nmet ast asi zwo 20as/81439ne of the patient such as to the bawausissowes7e
[0032] I n sone enbodi nents, the tunor is nultiple nyel oma, the subject
is anultiple nyeloma patient, and the patient is a human. [0033]1In
sonme enbodi nents, the tunor is acute nyel ogenous | eukem a (AM.) and
the subject is an acute nyel ogenous |eukem a patient In sonme such
enbodi nents, the subject is a mammal whjch, in some embodinents, is a
human and i n other such enbodinments is a dog or cat. [0034]1n sone

enbodi nent e tu ReE:Tae hected froma |iver cancer

| ung cance?loo%i;l a mgg&canceﬁlmﬁl}?ﬁ%%}? E@I@IM|WEB§°°W@UM%r
is prostat Stospiieer] hasttbe Sifvicare JAs a prostate cancer patient, and
the prostate cancer has netastasized to a bone of the pati ent.

[ 0036] I n sone enbodi nents, the tunor is_prostate cer, the subject
is a prostate cancer patient, and the i4 a hyman. [0037]1In

one aspect, the invention provi des th Wldn‘ Structure
frpoun a/pharmaceutical ly

I, IA 1B, and/or IC, & tautther
ofNin the preparation of a

orrrulhhtlon for use in any of the

of the tautoner, or
medi canent or a phar

enbodi nents of any met hofds of the invention.
H o}
IA
[0023] In some embodiments, R is a hydrogen, and the compound of
Structure | has the Structure 1B
N NH
IB
[0024] In some embodiments, Ris a methyl group, and the compound of

Structure | has the Structure IC
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[0038] I n another aspect, the invention provides a kit that incl udes a
cont ai ner c rgﬁrlsi ng a conpound of Structure I, 1A 1B, _and/or

t aut oner 0Bl ound, a pharnmaceutically accept abl ep(grélllstzo%foo%gﬁ%
conpound, a pharmaceutically acceptable salt of the tautonmer, or a

m xture thereof. The kit -14- may include anot her conpound for use
in treating a netastasized cancer or a tunor. The kit may further
include a witten description with directions for carrying out ay of
the nmet hods of the invention. |In sone et@®odi nents, the witten
description may be included as a paper docunent that is separate from
t he container of the kit, whereas in ot enbod; {sp the witten
description may be witten on a | abel is affixed ko the

contai ner of the kit. [0039]Further
of the invention will fr'zent

t ur esNam@Hadvant ages
f ol | ow detail ed

1H benzi m dazol - 2-yl 4
significantly | ower nean phdion count than those treated with
vehicle. [0041] FI GURES 2-5 are graphs I%ZhOWi ng the antitunor activity
of 4-

am no-5-f1 346- (4- et hyl pi perazin-1-y1)-1H benzim dazol - 2- yl 1 quin
ol i n2(1H) - m%émrrpo H?Prﬁ“hqsilraegféwwéwmibodeemfdmeamg ansutiéet tlavingnean

W4; 11 GURE 2) M4, 11
or (Fl a)JrRER%aéRﬁhﬁ&l%f% wer encq CBP tlg%mg_j@g]cqsﬁqs qAUMAr§dih 3 | ank

of SCI D- NOFPPRUNq AEStroctreld, gysonm In MV4; 11 studies, Vehicle (0)
or Conpound 1 at doses of 1 (0), 5 (A), or 30 (m ng/kg/d for 15 days

was admi ni d oralyl - 300, mB, In R4 11

st udi es, ehl BF Z;% 8&9:5% f?%?ﬁ‘%gg@gowﬁd IFRqmiistergd sygtemieally.
(+) or 150Mots patick |Mth©c018pdm}¢oﬂmuc&dm s abATESePERbIay WReN tunors
wer e' - 3oolnff’5§enc(@lPJRE 4) Effect of daily, intermttent and

[0027] In some embodiments, a second agent is administered to the
subject. More particularly the second agent is for the treatment of osteoporosis,

such as a bisphosphonate. In other embodiments the second agent is an
anticancer agent.

[0028] In some embodiments, the compound is a compound of Structure |
IA, IB, or IC, and the Iactate salt of the compound or the tautomer is
administered to the subject,

[0029] In some embodiments, the tumor is multiple myeloma and the

subject is a multiple myeloma patient with a t(4,14) chromosomal translocation.
More particularly, the tumor is a hematologic tumor.

[0030] In some embodiments, the tumor is muitiple myeloma, the subject

is a multiple myeloma patient, and the multiple myeloma expresses fibroblast
growth factor receptor 3.



cyclic dosage regi mens of Conpound 1 on the efficacy of W4; 11
tunors. Conpound 1 was administered orally at a dose of 30 ng/kg

ei t her daiwp2005081485very ot her day/q.o.d. (1) or cyclic PtrdEszoosnidro
days off (X). (FIGURE 5) -15- Compound 1 induces regression of |arge
W4; 11 tunors. W4;11 s.c. tunors (n=10 m ce/ group) were staged at
300 (A), 500 (.)or 1000 (4) mrs. Data are expressed as mean tunor
volume -1 SE (n = 10 mce/group). [0042]FIGURE 6 is a graph show ng
that 4-am no-5-fl uoro-346- (4- 13-

met hyl pi perazi n-1-y1l) - 1H benzi m dazol - 2-yl ] qui nol i n-2( 1H) - one

wa: 11 cel 10317 oo o e el Do, e isfov Bl avelorme. dhessuioqt

x 107 cel | 95 aimultiple ryslomErpagient ahg e Hilt g(m)\é n?ggrr?gvﬂalﬁgso ﬁ‘%‘fg?%gsié?c\l/ toa

consi sting,of either oral Vehicle (4) or

daily (1) obron?cqila%P@féergsHﬁl}@ } BAFIOMn) from days 23- 98. Mce
eliciting early signs of hind-linb paralysis or poor health condition
wer e eut haifd@3d]. Fl AiRkorfie iehbeslirmentesthEaahapid\ai '

vs. time plot S"’H-ﬁ]{izl 10-12 m Ce/géOUp%-ﬁ [ 0043] Fs:\@jﬁgle%ﬁ@mﬁdgsw%qbi%#s
showi ng i ndf i Wemgﬁa@éﬁlﬁ'ﬁ apd the priient i @ hugener at ed from t he
abdom nal, head and |l eg areas of nude mce injected wiwth PC-3M I uc
cell's and {0ES8]t r eat Rsorhé BrmbRAIKERs, thet r CG‘PéTH'&H hs
show t hat éﬁ}ibmsg wi t h Conpound 18(15462“1'5135%ciaermns ralb%eeglogg[éﬁgg@?qoo
inhibit PC ge ﬁ)?ﬁy?lbme%td%ﬁwcatednvﬂhg@mw lebikergiacpatient f InRGnVelicre
cel I's that efboRlirAbMs fe bRt | whhi E 80 S raph of
t unor vol une ve;sus_ t he trjenég:% %ﬁ‘aﬁgﬁ% %&%ﬁﬁéB%(ﬁﬂe%’%ﬁTHE

| NVENTI ON hotnen) argkin sithereauch iemkmdimentspis adoges cmet hods of treating
metastatic cancer, particularly metastasized tunors, such as

net ast asi z I tipl o [ zed prostat ancer. The
i nvention glrbsag]yprovi Ig’es t%‘leﬁc@gg 0 ﬂ%ﬁﬁ%&ﬂﬁé@f ?%\?FBWE‘?EE‘?C%C%P@,& Hyey
m xt ures t RRNASTa jungtgamcpr, eparkreastreantenedi cament's or phar maceut i cal
formul ations for treating netastatic cancer, particularly solid

tumors or  [eyg| ol 091G doiPEMbodiments, the tumor is prostate cancer, the subject is

a prostate cancer patient, and the prostate cancer has metastasized to a bone of
the patient.

[00386] In some embodiments, the tumor is prostate cancer, the subject is
a prostate cancer patient, and the patient is a human.

[0037] In one aspect, the invention provides the use of a compound of
Structure |, |A, 1B, and/or IC, a tautomer of the compound, a pharmaceutically
acceptable salt of the compound, a pharmaceutically acceptable salt of the
tautomer, or a mixture thereof in the preparation of a medicament or a

pharmaceutical formulation for use in any of the embodiments of any of the
methods of the invention.

[0038] In another aspect, the invention provides a kit that includes a
container comprising a compound of Structure I, A, IB, and/or IC, a tautomer of
the compound, a pharmaceutically acceptable salt of the compound, a
pharmaceutically acceptable salt of the tautomer, or a mixture thereof. The kit
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-16- [0046] The foll owi ng abbrevi ations and definitions are used

t hroughout this application: [0047]"AM." is an abbreviation that

st ands forWQéﬂ‘lﬁ@sﬁgél ogenous | eukemi a. [0048]"ALS" is HCTABBISPIRIT on
that stands for anyotropic lateral sclerosis. [0049]"AD"' is an
abbrevi ation that stands for Al zheimer D sease. [0050]"APP" is an
abbrevi ation that stands for anyloid precursor protein. [0051]"ASCT"
I's an abbreviation that stands for autol ogous stemcell transplant.
[0052] "BM' is an abbreviation that stangds for bone marrow

[ 0053] "bFGF" is an abbreviation that stands for basic fibroblast

ggg\r’\gci ;? fgﬁgyﬁgﬁ?@iﬁ? %l%??gﬁclc;mp@dn%of& Sgee fnrt?gatltn% She a':s%:éiqzed gancer or a
tumor. The kit may further include a written description with directions for
carrying out ay of the methods of the invention. In some embodiments, the
written description may be included as a paper document that is separate from
the container of the kit, whereas in other embodiments, the written description

may be written on a label that is affixed to the container of the kit.

[0039] Further objects, features and advantages of the invention will be
apparent from the following detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

10040] FIGURE 1 is a graph showing that SCID-beige mice injected with
KMS-11-luc cells and treated with 4-amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-
1H-benzimidazol-2-yf]quinolin-2(1H}-one (20 mg/kg/d) exhibited a significantly
lower mean photon count than those treated with vehicle.

[0041] FIGURES 2-5 are graphs showing the antitumor activity of 4-
amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-ylJquinofin-
2(1H)-one (Compound 1} in a subcutaneous xenograft model of human MV4;11
or RS4;11 leukemic tumors in SCID-NOD mice. (FIGURE 2) MV4;11 or
(FIGURE 3) RS4;11 cells were implanted s.c. into the right flank of SCID-NOD
mice (n= 10 mice/group). In MV4;11 studies, Vehicle () or Compound 1 at
doses of 1 (@), 5 (A), or 30 (m) mg/kg/d for 15 days was administered orally
when tumors were ~ 300 mm?®, In RS4:11 studies, Vehicle (<) or Compound 1 at
doses of 10 (A), 30 (m), 100 (#) or 150 (®) mg/kg/d for 8 days was administered
orally when tumors were ~ 300 mm®, (FIGURE 4) Effect of daily, intermittent and
cyclic dosage regimens of Compound 1 on the efficacy of MV4;11 tumors. ’

Compound 1 was administered orally at a dose of 30 mg/kg either daily (m),

every other day/q.o.d. (®) or cyclic 7 day on/7 days off (X). (FIGURE 5)



for a tyrosine kinase that interacts with the fibroblast growth
factor FG-. [0055]"Cdc 2" is an abbreviation that stands for cel

di vi si on ocyoles@8149056] "Cdk 2" is an abbreviation thatpcatignes/of2or9
cycl.in dependent kinase 2. [0057]"Cdk 4" is an abbreviation that
stands for cyclin dependent kinase 4. [0058]"Chic 1" is an

abbrevi ation that stands for checkpoint kinase 1. [0059]"CKle" is a
serine/threonine kinase that stands for Casein kinase 1 (epsilon).
-17- [0060]"c-ABL" is an abbreviation f a tyrosine kinase that

stands for an oncogene pr oduct originall¥y isolated fromthe Abel son
| eukem a VI 0061]"C-Kit" is, aI known as stemcell factor
receptor or %EPL gql' rﬁgﬂeéﬁ'PBP ge et 11 hwoers; M1 5.6 wnors

abbrevi ati qR=f 8" 15@@r5dp§%%i’é§§atgegraq%h (A3CEE6 ('3 1000 (@) mme. Data are

expressed as mean tumor volume + SE (n = 10 mice/group).

[0042] FIGURE 6 is a graph showing that 4-amino-5-fluoro-3-{6-(4-
methylpiperazin-1-yl)-1H-benzimidazol-2-yiJquinolin-2(1H)-one (Compound 1)
prolongs survival of SCID-NOD mice bearing intravenous MV4:11 cells.
Irradiated SCID-NOD mice were implanted with MV4;11 (1 x 107 cells, i.v.), i.v.

Treatments were initiated on day 23, consisting of either oral Vehicle (4) or

Compound 1 20 mg/kg given daily (A ) or scheduled 7 days on/7days off (m)
from days 23 — 98. Mice eliciting early signs of hind-limb paralysis or poor health
condition were euthanized. FIGURE 6 illustrates Kaplan-Meier percent survival
vs. time plots (n= 10-12 mice/group).

[0043] FIGURE 7 includes graphs showing individual photon counts (in
log scale) generated from the abdominal, head and leg areas of nude mice
injected with PC-3M-luc cells and then treated with vehicle, taxol, or Compound
1. The graphs show that treatment with Compound 1 (154258) demonstrated a
trend to inhibit PC-3M-luc photon counts and inhibits the growth of PC-3M-luc
cells that have disseminated into bone.

[0044] FIGURE 8 is a graph of tumor volume versus the treatment day.

DETAILED DESCRIPTION OF THE INVENTION

[0045] The present invention provides methods of treating metastatic
cancer, particularly metastasized tumors, such as metastasized multiple
myeloma and metastasized prostate cancer. The invention also provides the
use of compounds, tautomers, salts, and mixtures thereof in the preparation of
medicaments or pharmaceutical formulations for freating metastatic cancer,
particularly solid tumors or hematologic tumors.



[ ts with FGFRL. [0063]"FGFR3" is an abbreviation that stands
}gﬁe{ﬁg tyrosi ne Ki nasEa fibroblast gromh factor receptgr 3 trlla_t IS
of ten exprwees/msn4sul tipl e myel omatype cancers. [0064]pdatszddsobzran
abbreviation that stands for fetal |iver tyrosine kinase 1, also
known as ki nase-insert domain tyrosine kinase or KDR (hurman), also
known as vascul ar endothelial growth factor receptor-2 or VEGFR2 (K(I;)R
(human), Fl k-1 (nouse)). [0065]"FLT-1" is an abbreviation that stands

i i i dot hel i al
for fms-1ike tyrosine kinase- 1, also kpown as v?s_cul ar en eli:
growt h factor ?/ecept or-1 or VEGFRL. [00bb]" FLT|-3 |ks an agbgte\élmaégloln

ase S0 _known a
Voo 1 TODE | TSI and oo e

- EG-RS.
tands for fhﬁﬁﬂpllmﬁldﬂyrom ne ki nase- 4, also known as VI
[50068] "Fyn" is an abbreviation that stands for FYN oncogene ki nase

" i t hat
related to FGR, «a4 [.O0 an abbrevi ation
stands f or [%c!ogen sy'ﬁ hl AN 3gl@l§ i that stands for acute myelogenous
leukemia,
[0048] “ALS" is an abbreviation that stands for amyotropic lateral
sclerosis.
[0049] “AD” is an abbreviation that stands for Alzheimer Disease.
[0050] “APP” is an abbreviation that stands for amyloid precursor protein.
[0051] "ASCT" is an abbreviation that stands for autologous stem cell
transplant.
[0052] ‘BM" is an abbreviation that stands for bone marrow.
[0053] "‘bFGF" is an abbreviation that stands for basic fibroblast growth
factor.
[0054] ‘FGFR1", also referred to as bFGFR, is an abbreviation that stands

for a tyrosine kinase that interacts with the fibroblast growth factor FGF.

[00565] “Cdc 2" Is an abbreviation that stands for cell division cycle 2.
[0056] “Cdk 2" is an abbreviation that stands for cyclin dependent kinase
2.

[0057] “Cdk 4" is an abbreviation that stands for cyclin dependent kinase
4,

[0058] “‘Chk 1" is an abbreviation that stands for checkpoint kinase 1.
[0059] ‘CK1¢" is a serine/threonine kinase that stands for Casein kinase 1

(epsilon).



-18- [0070]"PAR-1" is an abbreviation that stands for a kinase al so
known as di shevel ed associ ated ki nase, al so known as HDAK. o
[0071] " LckWoizeosami4abbr evi ati on that stands for |ynphocycaasnensiohises
protein tyrosine kinase. [0072]"MEK1" is an abbreviation that stands
for a serine threonine kinase in the MAPK (M togen activated protein
ki nase) signal transduction pathway in a nodule that is formed of the
Raf - MEK1- ERK. MEK1 phosphoryl ates ERK (extracel lular regul ated

ki nase). [0073]"MM' is an abbrevi at!on_{jlat stands for multiple

nyel oma. [0074] "NEK-2" is an abbreV| at1on that stands for HMA

[ 00751 " MA" bbreV| tion hat stands for
:]gllgf’ e:jnklm 08I s[ [ 00 @']N reé( QBB‘P%’R‘/ é‘t’ﬁ"@ﬁl inase that stanssifor an

| et desricogeng prosluist 6 h@lf zsaataaﬂrah%@%élstﬁh%u |8§/|r§ Ki nases
E’ng[:eRaeand PDGng?p [0077?QR5k2" I s an abbreviation %t S ands for

ribosomal  $6ok{|nase & i is also known as stem cell factor receptor or mast cell

growth factor receptor.

[0062] “FGF” is an abbreviation for the fibroblast growth factor that
interacts with FGFR1.

[0063] “FGFR3" is an abbreviation that stands for the tyrosine kinase
fibroblast growth factor receptor 3 that is often expressed in multiple myeloma-
type cancers.

[0064] “Flk-1" is an abbreviation that stands for fetal liver tyrosine kinase
1, also known as kinase-insert domain tyrosine kinase or KDR (human), also
known as vascular endothelial growth factor receptor-2 or VEGFR2 (KDR
(human), FIk-1 (mouse)).

[0065] “FLT-1" is an abbreviation that stands for fms-like tyrosine kinase-
1, also known as vascular endothelial growth factor receptor-1 or VEGFR1.

[0066] “FLT-3" is an abbreviation that stands for fms-like tyrosine kinase-
3, also known as stem cell tyrosine kinase | (STK .

[0067] “FLT-4" is an abbreviation that stands for fms-like tyrosine kinase-
4, also known as VEGFRS3.

[0068] “Fyn” is an abbreviation that stands for FYN oncogene kinase
related to SRC, FGR, YES.

[0069] “GSK-3" is an abbreviation that stands for glycogen synthase
kinase 3.



-

[ [ [ i [ PK si gnal
"Raf’ is a serine/threonine kinase in the MA
E?gzg]ducR?l on pathway. [0079]"RTK" is an abbreviation that stands for
recept or twoasixsidds nase. [0080]"Tie-2" is ﬁn albbrev:jat;;i(fnrrlusmmmozgw
tyrosi ne kinase with ig and EG- honol ogy do : _
[stoggg]s {/(I;E}:"yi s an abbreviation that stands for vascul ar endot hfel i al
growth factor. [0082] 1IVEG-- RTK" is an abbreviation th?'t stsgnds 18r
' ' I nase. -19-
r endothelial growmh factor receptor tyrosine
\[/ggggi 'zli'he phrase "netastasis" refers tolst he spread of cancer cells

f the body.” The cancer cells are
froma tunor to other parts o y et & Syet am or

' ' he |

Bl oodet rban 1 9084] kb 1 1oHn APOIHA P bt tedtione skl sa bowmas
oodstream I R 6T LT

is meant t dlisherlegtassdeintect kinads, LISo IaibvRf ag MK, 9F oWt ht 23d]{ or mt Pﬁe

system c inhibition of cancer cells which have origina

tumor. [0071] “Lek” is an abbreviation that stands for lymphocyte-specific protein

tyrosine kinase,

[0072] "MEK1” is an abbreviation that stands for a serine threonine kinase
in the MAPK (Mitogen activated protein kinase) signal transduction pathway in a
module that is formed of the Raf-MEK1-ERK. MEK1 phosphorylates ERK
(extracellular regulated Kinase).

[0073] ‘MM’ is an abbreviation that stands for multiple myeloma.
[0074] "NEK-2" is an abbreviation that stands for NIM-A related kinase.
[0075] “NIM-A” is an abbreviation that stands for never in mitosis.
[00786] “PDGF” is an abbreviation that stands for platelet derived growth

factor. PDGF interacts with tyrosine kinases PDGFRa and PDGFRg.

[0077] "Rsk2" is an abbreviation that stands for ribosomal S6 kinase 2.
[0078] "Raf” is a serinefthreonine kinase in the MAPK signal transduction
pathway.

[0079] ‘RTK” is an abbreviation that stands for receptor tyrosine kinase.
[0080] “Tie-2" is an abbreviation that stands for tyrosine kinase with Ig and

EGF homology domains.

[0081) "VEGF" is an abbreviation that stands for vascular endothelial
growth factor.
[0082] “VEGF-RTK" is an abbreviation that stands for vascular endothelial

growth factor receptor tyrosine kinase.



[ 0085] Generally, reference to a certain elenent such as hydrogen or H
i-s meant to include all isotopes of that elenent. For exanple, if a
group on twe 2emrpownd of structure | is left off or is miTowo@Hoide
then this is defined to include hydrogen or H, deuterium and
tritium [0086] The phrase "straight or branched chain al kyl groups
having from1 to 6 carbon atons” refers to al kyl groups that do not
contain heteroatons and include Ito 6 carbon atons. Thus the phrase

i ncl udes strai ght chain al kyl groups S h as nmethyl, ethyl, propyl,
butyl, pentyl, hexyl, and the like. The“phrase al so includes branched

hai n i f i hai | Kyl ., 1 ncl udi b
i ted tolBRD f ol | SRR GrPtartadiy (iada s Shiasd of cencensmbs from a
GG o) R PaS A RSy o gty S 002
- CH( CNCH( cﬁgﬁqé'@ﬂ@b@%)‘@’a! %&m@i@/ﬁtﬁm oChiRoHgIBHIraH3) ( CH2CHB)
-CH2CH2C( CH3) 3, - CH(CH3) CH2CH(CH3) 2, and others. In sonme enbodi nents,

al kyl gr oufao84icl udelrmtmtmm@ﬂtha@%\hh%%hﬁeggg%}ié&dathh%'r i%i.\%éﬁftphavi ng

Ito 6 carbgn,a 055. [.n ,B_t_her enbodi nent s, groups omlto
4 carbon at&ifgte pirectinhi itigp 1ok furapr@amiieand/or thessyatdmic igibition iof cancer

strai ght cbdiswhick HWav8 o ' carbon atons (nethyl or
ethyl group). In still oﬁﬁgﬂfﬁ@géﬂ%ﬁ?éﬁ the al kyl group has only 1

car bon at OfBanfl is a_net h}/l group (-CH3). 0087] A "pharmaceutically
accept abl el%95Pt " i ndPaRRIaly referencs tora eertdim elegaenit cubaae hyafdg@Aigr H is

base, i norgaBhEtodR! ' i€ or acidi.,c amno acid. As
salts of inor gar?iq gb]ggggg?@t% ,gesﬁgﬂvtg%tt@%W%ﬁﬁcfﬂoe@?mm%r'g%ﬁm‘é'",' thepnp

2006/ 0814 4BPTHPWEROTBLELAS 1 ds leA®f arl ik showneisd, ghenehs ASISTREHYS diude
ot assi un i e Jret al uch as cal ci um and magnesi um or
P oo ARG S BB Bt :

al um num uHF'gani c bases, the invention
i ncl udes, for exanple, trinnethylamne, triethylam ne, pyridine,

pi col i ne, [BP8Bhol aniTie, phiase Fetrabdte wr beanchad chbirﬁéli@ﬂ'@?&@ﬁé ﬁﬁfinﬁoﬁoﬁl ts

of i norgany i he, I nstant, invention includes, for exa e,

hydlr ooht orPe g‘%"gﬁ 9@8?6‘8@%’? o QU:‘%»"QEVWHP% hat dagtog conlairt hteroatwne andnd

phos phor i dnaiatlel 1 168 cuabors arime! DA thedfirddo inblifeb SBLAA chAl 24 O
M c

i ncl udes, for exacgpl e, formc acid, acetic acl uor

acid, fumd PSR! a3 ngthyl, efhylaprapih ba, oeatylchexyhlaskddhadkel, Thact i c
aci d, citrgheaseaido irdhedddw ' j [ . nesul f pni c acid,
benzenesul,pf (?ni_c agild, and 'ﬁp%ﬂ%mﬁtﬁom‘%ggg%%w '%Q‘kﬁ’ggrBPP%asi C
ami no aci d&cluding buhsetimitechipe e followinglwdels ard provigedrhiy way af iample:

adpart i o ac KoL SR TR EREkE BB e oG Ghasm ent
D o P OO oh- O GO, TBHEDITHYE, cancer 1N 2
canter | s BN ERBHRTES cBREbEEH GHe b bCHChetiacHs)
cancer. | HCHE(EHEC@HDJ)Qi-GBMCEIg)C&ig@_I(CPH)[ggén& bﬁ*%}[i'%g% éﬁ-ﬁ?%fg@ﬂjﬁ@&g&

tunors is @&ﬁ\/i ded. |n, other enbodinents, a ne
subj ect hEUYHhEOLPRINCdesrsight and#ranchedeimin atiyl gradgs hiaoing!1 to 6

enbodi mentarbiRhRAthHS. i 0 ict rs. her
enbodi nent sr provi @g ﬁ?ﬂ%?nﬁmﬁrﬁ@%i ﬂg"'gﬁ% %%\%Dﬁ%mq%efﬁ%ﬁ%ds

i ncl ude adfam-sestillagherembeditests, thenalkgieptoth iy £ efraighicriif L @g’l‘%up
anount of : re | t.aut oner of the conpound, a
phar matceult-I ?‘(’:‘g ﬁ;&eaccgg{)%%c{anq%Qﬁ?tﬁxlforteﬁ@yl(% v stilhothes embodimenia) | v
accept abl thesalkyl gpbup has balytiorarbon atond afi X4 HinfethfIrE@p (-CRijucture |
has the following formula: -21- )

0087) A “pharmaceutically acceptable salt” includes a salt with an
inorganic base, organic base, inorganic acid, organic acid, or basic or acidic
amino acid. As salts of inorganic bases, the invention includes, for example



=

| wherein, Ais a group having one of the follow ng Structures:
wherein, IN \NRL \/ or 1-N( >11-1R1 , Rl is selected fromH or
strai ght oWOBPWABHEE chain al kyl groups having from 1 tRCTAUSSO0GI03979
atons, and [0089]In some embodi ments, the growth of the cancer or the
net astasi zed tunors is inhibited after administration of the conpound
of Structure |, the tautoner of the conpound, the pharnmaceutically
acceptabl e salt of the conpound, the pharmaceutically acceptable salt
of the tautoner, or the mxture thereofsq _

alkali metals such as sodium or potassium; alkaline earth metals such as
calcium and magnesium or aluminum; and ammonia. As salts of organic bases,
the invention includes, for example, trimethylamine, triethylamine, pyridine,
picoline, ethanolamine, diethanolamine, and triethanolamine. As salts of
inorganic acids, the instant invention includes, for example, hydrochloric acid,
hydroboric acid, nitric acid, sulfuric acid, and phosphoric acid. As salts of
organic acids, the instant invention includes, for example, formic acid, acetic
acid, trifluoroacetic acid, fumaric acid, oxalic acid, tartaric acid, maleic acid, lactic
acid, citric acid, succinic acid, malic acid, methanesulfonic acid, benzenesulfonic
acid, and p-toluenesulfonic acid. As salts of basic amino acids, the instant
invention includes, for example, arginine, lysine and ornithine. Acidic amino
acids include, for example, aspartic acid and glutamic acid.

[0088] In one aspect, the present invention provides a method of treating

- metastatic cancer in a subject, such as a human cancer patient. In some
embodiments, the cancer is breast cancer, liver cancer, lung cancer,'or prostate
cancer. In other embodiments, a method of treating metastasized tumors is
provided. In other embodiments, a method of treating a subject having a
metastasized tumor is provided. Additional embodiments provide methods of
treating hematologic tumors. Other embodiments provide methods of freating
solid tumors. The methods include administering to a subject in need thereof, an
effective amount of a compound of Structure |1, a tautomer of the compound, a
pharmaceutically acceptable salt of the compound, a pharmaceutically
acceptable salt of the tautomer, or a mixture thereof, Structure | has the
following formula:



| dinments, Rl is
81445PCT/ US2006/ 002979 -22- [0090] I n sonme enbo :
Z\Drrétogsall 0group, and the conpound of Structure | has the Structurem;A
| A [0091] Iwo=oosmsembodi nents, RL is a hydrogen, and thecrorgaasnoke

StrLcture | has the Structure IB [\ NNH \/

-21.
A
F NH, Nl
N
\ N
N o)
H
I

wherein,
A is a group having one of the following Structures:

/S N\A

—%-—N N—R! or —g—N , N—R!

-/

o

wherein,

R'is selected from H or straight or branched chain alkyl groups having from 1 to
6 carbon atoms, and

[0089] In some embodiments, the growth of the cancer or the
metastasized tumors is inhibited after administration of the compound of
Structure |, the tautomer of the compound, the pharmaceutically acceptable salt
of the compound, the pharmaceutically acceptable salt of the tautomer, or the
mixture thereof.



I B [0092]In sonme enbodi ments, R1L is a nethyl group, and the conpound
of Structwe | has the Structure 1C _ WO 2006/ 081445PC
T/ US2006/ O9pdss/o823s N\ //\i N CF13 PCT/US2006/002979

22

[0090] In some embodiments, R is a methyl group, and the compound of
Structure | has the Structure 1A

E N N\/Q
Off\ﬁ
N O
H

IA

N N—CH
/O

[0091] In some embodiments, R! is a hydrogen, and the compound of
Structure | has the Structure 1B

N NH
NH, N‘ \ /
\ H

O

Iz

IB

[0092] In some embodiments, R' is a methyl group, and the compound of
Structure | has the Structure IC



her enbodi ments provide nethods of treating a subject
Lgp{gggg]gitastasized tunDrpconprising: contacting the netastasized
tunmor wi t hwa 20mropoind of Struct ure IA IBor IC [ 0094 ]80T/ (E2008/002979
enbodi nents, the conpound is admnistered systemically. Mre
particularly the conpound of Structure | is administered orally or
i ntravenously. [0095]1n sone enbodinents, a second agent is _
adm ni stered to the subject. Mre particularly the second agent is
for the treatnment of osteoporosis, sucg%gs a bi sphosphonate. 1n other
enbodi ments the second agent is an antiCancer agent. [0096]1n sone
enbodi ments, the conpound is a conpound of Structure I, IA 1B, or
IC, and the lactate salt of the conpouge= ris val
adm nistered to the subject. [0097]In .__pe surviva

' ' ' e ' f thd of
rate is extended in the subjggt af tion/of ti
Structure |, the tautofer of|the gpnpoSne-the &-raﬁléceutlcally

acceptabl e salt of thelg ne pharnmaceutically acceptable salt
of the tautoner, or < - 24-
N O
H
IC
[0093] Other embodiments provide methods of treating a subject having a

metastasized tumor comprising: contacting the metastasized tumor with a
compound of Structure A, IB or IC.

[0094] In some embodiments, the compound is administered systemically.
More particularly the compound of Structure | is administered orally or
intravenously.

[0095] In some embodiments, a second agent is administered to the
éubject. More particularly the second agent is for the treatment of osteoporosis,
such as a bisphosphonate. In other embodiments the second agent is an
anticancer agent.

[0096] In some embodiments, the compound is a compound of Structure |
IA, IB, or IC, and the lactate salt of the compound or the tautomer is
administered to the subject.

[0097] In some embodiments, the survival rate is extended in the subject
after administration of the of Structure , the tautomer of the compound, the
pharmaceutically acceptable salt of the compound, the pharmaceuticalily
acceptable salt of the tautomer, or the mixture thereof.,

[0098] Various metastasized tumors may be freated in accordance with
the invention. Examples of hematologic tumors and cancers include, but are not



<

limted to, acute nyel ogenous | eukem a, multiple nyeloma, and the
like. In sone embodi nents, the tunor is nultiple nyeloma and the
subj ect i sWQ 2646081485 e nmyel ona patient with a t(4;14) cHAOIMEERNEEN2979
transl ocation. [0099]1n sone enbodi ments, the tunor is nmultiple

nyel oma, the subject is a nultiple nyelom patient, and the nmultiple
nyel oma expresses fibroblast gromh factor receptor 3. [0100]In sone
enbodi nents, the tunor is nultiple nyeloma, the subject is a

mul tiple nyeloma patient, and the nultige nmyel ona has netastasized
to a bone of the patient such as to the bone marrow of the patient

B t hgj | ' entrate in t b , th
ar e parti cular Ty pacrarel e e PR AT Rpharddhaliacn

hemat ol ogi SOMMBMEOdIEITS.|the tuverisendtple TRyiomb b dtHERNbjest i@ aﬁﬂh{tﬂle

tunor. In ghixgs ' atient is suffering frombreas

cancer, Iive%crgﬁ?grﬂ?ﬂ%gégﬁ?@r&rwoﬁqrﬂgﬁéﬁr@%%&. Therefore, in

sone enbodi nents, the cancer or tunor is a breast cancer. In other

enbodi ment $009%e cantiesorve embomimestsathkitueior fEARbRible ﬂq?el%}rH Ehé)%]ﬁbﬁéct
' "ot he

enbodi ment g4 : mr is.a lu cancer. In”sti
enbodi ment s, -t He 'Fggn@e rlorﬁ% pftﬂﬁ%tr ai@ the 'E'ng’ieawe@a}ﬂ:@mr%seso‘immlast
enmbodi ment grawid factor cepiar suffering from gastric cancer, endonetri al

cancer, salivary gland cancer, adrenal cancer, non-snmall cell |ung
ncer, ovarian cancer, peritoneal

cancer, pa tic cancer, rengl c | )

cancer, prm@? e can@&oﬁ%ggﬁc’a%@rﬁ%&eMﬁ@%ﬁs,mlﬁitlalédnyelomacﬁle,subject
col or ect al iscameiiple myeim® phesitosmbthe THEILBRL ribed. herein are
useful in I’@ﬁ thﬁat ﬁgnt of bany suchh(l:earh;lgléI : ’{Pﬁée‘a%g?ﬁao%db‘g%s?&zed toa
parti cul ar PY"0EENG PAURNE $4cht ap thabese marmw bhthenmitient. aBecmaket et he
bone such esmpt@ais ¢Tahe’ tastasi zed to the
bone of a aéi nt .. [Oloﬁﬁﬁggncg e&@%&% Fr‘e?th?gb%ﬁfeh QVW%R?ﬁﬁHl%Wd@P@éS

a met hod ofNY PUISEFIAYS in ireatinermetastasidedshematalogey tuhttas, has
met ast asi zed to the bone. Such cancers -25- may be hematol ogi cal or

P et O e R 8 A0 Ui e

the tumor $r8bediments ibernadientis, suffeeng frojretsreast cancer, liver cancer, lung
cancer, or prostate cancer. Therefore, in some embodiments, the cancer or
tumor is a breast cancer. in other embodiments, the cancer or tumor is a liver
cancer. In still other embodiments, the cancer or tumor is a lung cancer. In stili
other embodiments, the cancer or tumor is a prostate cancer. In other
embodiments the patient is suffering from gastric cancer, endometrial cancer,
salivary gland cancer, adrenal cancer, non-small cell lung cancer, pancreatic
cancer, renal cancer, ovarian cancer, peritoneal cancer, prostate cancer, head
and neck cancer, bladder cancer, colorectal cancer, or glioblastomas. The
methods described herein are useful in the treatment of any such cancer. The
methods are particularly useful in treating cancer that has metastasized to the

bone such as treating prostate cancer that has metastasized to the bone of a
patient.

[0102] In some embodiments, the invention provides a method of treating
a patient that has a cancer that has metastasized to the bone. Such cancers



-~

is a multiple nyeloma patient, and the patient is a human. [0104]1In
sonme enbodi nents, t-he tunor is acute nyel ogenous | eukema (AM.) and
t he subj ecwoizsosasisasut e nyel ogenous | eukem a patient. |y ISEEBcRHLDR
enbodi ments, the subject is a manmal which, in some enbodinents, is a
human and i n other such enbodinments is a dog or cat. [0105]1n sone
enbodi nents, the tunor is prostate cancer, the subject is a prostate
cancer patient, and the prostate cancer has netastasized to a bone of
the patient. [0106]In sone enbodiments, éhe tunmor is prostate cancer,
the subject is a prostate cancer patierﬁ , and the patient is a human.

[0107]1In o . Lnventiqn provi des the use of a conpound of
Structure Pﬁa@?ﬁ%}a@ﬁ@lﬁéf o @'dgu'ing[ﬁ* dheomst emkedigiane the cancer is
phar maceut iruliblp rpelomiaairicingthér @hbddiReRRBYHlateoplagt maceut i cal |y
acceptable salt of the tautonmer, or a mxture thereof 11 the
preparatio a nedicanment qr har maceutical formulation for use
in any of Rﬂgésénbodi ﬁ?@eﬁ“%ﬁﬁﬁ'”g'f‘tstﬁ@tﬁﬁpﬁdﬁj@uﬁlplﬁ mgelomes e subject

[0108] | n an®aeultipie pedloms RatibR BRY M p A it that includes a
cont ai ner conprising a corrpm%und of Strﬂctétwliead%?'uﬁ.f!ﬁ'lB, and/or 1C, a

t aut omer of; conppund, a pharmaceutically acceptable salt of the

conmpound, Qo*pq*]ﬁr macelt FEHE F"Q[%‘Qgﬁ'@?ﬂtﬁdﬁé tampt !S(ﬂcwmmyghlfgennas leul®mia

m xt ure t h¢hkih) andiee sibi ' nd for use in
ot et ch oLy @B ASLS OB b, 50 e

treating a nr%tngstasu d cancer or a . i
i ncl ude a SPIHOCERCRHIESERISYPIashisg maminalavhiclyria sbate embbdiet W aay of

t he met hodBugfantdiRy ih%w?ggﬂgé%ﬁﬂ%S?%go :Qgﬁ'?é , the witten

description may be inclu a paper hat is separate from
- 26- .
[0105] In some embodiments, the tumor is prostate cancer, the subject is
a prostate cancer patient, and the prostate cancer has metastasized to a bone of
the patient.
[0106] In some embodiments, the tumor is prostate cancer, the subject is

a prostate cancer patient, and the patient is 2 human.

[0107] In one aspect, the invention provides the use of a compound of
Structure I, IA, 1B, and/or IC, a tautomer of the compound, a pharmaceutically
acceptable salt of the compound, a pharmaceutically acceptable salt of the
tautomer, or a mixture thereof in the preparation of a medicament or a

pharmaceutical formulation for use in any of the embodiments of any of the
methods of the invention.

[0108] In another aspect, the invention provides a kit that includes a
container comprising a compound of Structure |, IA, IB, and/or IC, a tautomer of
the compound, a pharmaceutically acceptable salt of the compound, a
pharmaceutically acceptable salt of the tautomer, or a mixture thereof. The kit
may include another compound for use in treating a metastasized cancer or a
tumor. The kit may further include a written description with directions for
carrying out ay of the methods of the invention. in some embodiments, the
written description may be included as a paper document that js separate from



the container of the kit, whereas in other enbodinments, the witten
description may be wi4ten on a |label that is affixed to the

cont ai ner wb 206s@skdss . [ 0109] Conpounds of Structure | armmeRoisky2979
synt hesi zed using the procedures described in the foll owi ng Exanpl es
section and disclosed in the foll ow ng docunents which are each
hereby incorporated by reference in their entireties and for all
purposes as if fully set forth herein: U S. Patent No. 6, 605,617,
publ i shed U S. Patent Application No. 32%4/ 0092535, U.S. Patent
Application No. 10/983, 174, published Pat ent Application No.

2004/ 02201 at Application No. 10/982, 757, and U.S. Patent
Appl i cat i O%ﬁ%ﬂn%%ﬁ%@%gﬁ ‘F'E‘ﬁr?@? fh%thébﬁ'ﬂ?mﬂwr@s e muittenrdestription

t aut omer s ahay be veritteposi g $abed frf: I, Y alts of the
conpounds, pharmaceutically acceptgﬁ ﬁgﬁhkscog'@ﬁ%&:%é%#ﬁners and

m Xt ures ”I i@@f mayé)qe used to gﬁire medi canments, that may be used
for the purg s des "JC @Ilﬁmﬂ&@dll)ﬂsmthemzed eeihg\tﬁél ous
bi ol ogi cal promﬁllreﬂ']és@ﬁae@%%éﬁbﬂ har paceut |
formulation é i ncl ude an’)ﬂ/ ﬁwng)rrpo égéé&% igclo 5?8%11[193 of
any of t he 1QIRARe AeRvEertssy Iplb@ce aadvberebymmcnatem Wférénée in their

har maceut i I ose descri bed herein.
F0112] The |e?1]gté§nr?ts %?ﬁ\?gt]tél?}gﬁrp% &858 fJ@'r E'E?t'ﬂ)ogrﬁ iRftent¥e.ch may
be prepar &LE6 M, xublishatkUs. Raienﬁ 0p00D60dTEHEANS. Pate

i nventi on, | e salts tautoners t 'ereo ?t

m xt ur es tﬁ%rggm rﬁﬁeﬁ%ﬁgt%ﬁq%ﬁﬁﬁ?iﬁia%fé}i@%%@lwahtm Aos,

exci pi ents 20496, d.SuPatent Applidiohi NG 1

di sorders hﬁh éagd ﬂ\z rr&@@g}cg%azed tulrmrs bﬂgeé é?ﬁ%ggﬁt[?ge?ag?n?t he

i nventions @ GRS te formul ati ons used to treat

net ast asi zed tunors as descri bed herein. Such conpositions can be in

the form of0110br exafid eompbamdy RSIIRANES! St 6rﬁ5’t|sec}f‘°the %é'lﬁ'g(?%
XiTs ns or

syrup, sup |tor|f ections, enul siohs,

sol uti ons. mq?y G|ty i‘lt?ﬁﬁ@?iﬁt $Qiﬁ$s°fdfa¢10@@pbumdmlp@aﬂtlaémlc§mﬂ ous
routes of achEptitis cakd f ﬁ@%rrg dmi ni strati on,
by nasal adm rﬂmét rati oﬁﬂhgytgir]tgct al’ a Bﬁy%rfg‘? gﬁ%ﬂrzmglﬁgél}{s%é%%epafe
i nj ection, mieﬁtcﬁm%dﬁaﬁfﬁﬁbbe iusad fcnn‘the@utmse‘s@i@sbﬂ‘bé@ﬁér@ﬁﬁ an8'may be
mtrapent,gg&% fornms are given ‘by
way of exanple aﬂr’l%t%ﬁhb bloqb?%ég ‘ﬁé\g?'ﬁgr%% %P%hemg t he i nstant

i nvention. [10113] For oral, buccal, and sublingual adm nistration,
powders, [QliHensi ofthar @Haﬁluﬁtmtformlzitiehs me@l |hbl&de%1ﬁ2%‘ﬂ|tf?eseor9€$ﬁ?d%s

d | t f T
P epar od. TamnierS RIS IS T SHeodient Lxsohpe ahave i1 combination ant
i nvention Wlﬁhaphammamlahﬂwamﬁﬁwbémeﬁ lidas Hﬁié%qﬁgﬁﬁbetf h%l? xtures
c

thereof, with at | east one addltlve such as a star

additive. i 41abl e rose, | actose, cellul ose sugar,
manni t ol , [§PH]i tol, %ggﬂlﬁ‘?‘tgﬂ lnge% S%B@Mdeélf@f erImpesitiarts whiok may be
chi tosans prﬁmredﬂw mibch'@gﬂmm{rhommwmogr cal | agens,
casein, umn e'-ﬁ%g hetic or sem -synt het??‘%&sgﬂt?@e@?o@ﬂfcerl des.

Opti onal | y, afpag acqspiahle salis tavitnnaens theteef, armgmnlemdmm d in

adm ni st r ahamac&ifichl Iub cants such
nmagnesi un;’_st ea?%t e %G(?géééwgﬁr}/ég%%hféﬁ%gss bb%q'eé u@FtssertBP(Uk%& d,

or Janti - oJPaLeR amelicrAtedisaren tiated 6o thetdstasiz® ihore! TR iiticRs

di si nt egr ck rs uffers, sweeteners,
flavori ngafatgﬁéaﬁ? ggglr%gglr? ﬂ%gﬁge%gdﬂﬁteég HBP'@? Q"%Haeqbtq ﬂF%atrmqtabESIzed

further tHhwaereds described herein. Such compositions can be | in the form of, for
example, granules, powders, tablets, capsules, syrup,

=

. suppositories, injections,
emulsions, elixirs, suspensions or solutions. The instant compositions can be

formulated for various routes of administration, for example, by oral
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wWith suitable coating materials known in the art. [0114]Liquid dosage
forns for oral admnnistration may be in the form of pharmaceutically
accept abl eWOrkoHi8bHE, syrups, elixirs, suspensions, andPGUIIDIGENLITS
whi ch may contain an inactive diluent, such as water. PharMaceuti cal
formul ati ons and nedi canents may be prepared as |iquid suspensions or
solutions using a sterile liquid, such as, but not Iimted to, an
oil, water, an al cohol, and conbi nati ons of these. Pharmaceutically
suitabl e surfactants, suspendi ng agent sy emnul sifying agents, may be
added for oral or parenteral admnistration. WO

2006/ 0814456 = 28- 115] As not ed _above, suspensions
may incl ude Ogﬁlﬁsgﬁ% éﬁ@%ﬁﬁ%@gr@ﬁ%ﬂ[ﬂ ugiéchal Injsietier, subcuisaanus
oi I, sesamdnigrtion,dntravemses dhjection, ﬁﬁwafnuﬁcblaaﬂﬁe&idng,eoﬁhha é‘rtﬁﬁﬁ si on
preparatioqn- I fcg tai ndester of fatty acids suc gs et hyl

ol eate, i soﬂrgg%‘gfﬁ m? Wng d¢ OHR§ greygiven by wey of example ghdiskolild
fatty aci d ngit heeonsged Su iRy OB inaMuh@rigRsS My include al cohols,
such as, but not linmted to, ethanol, isopropyl alcohol, hexadecyl

al cohol , dl ol an ropyl ene gl ycol . Ethers, such as but not
limted to,[é{ﬁﬁ]y(et h%PEH Brasel, and sublinasghedpinisteationopswdesh as

m neral oi lsugpshdieis, eraiies, tameisaiiier I d_in. suspension
for nul at i ons.%&oflﬂlm I%r_ nasal a(?\!\n?n[lg’st ﬁatﬁie%h,aagﬁgs':% SR Al al

f or mul at i oRSCERIALEAsFAigiHAsege ferns eTheseprambeprepare; fbr SRk, Myng an
appropri at gnigial weetdr i er. conpounds such as, Dbut
not |imted to#’ st abi ?r%erl?)g%éjrﬁalg%lfl& eo@%%"{ %@ﬁﬁ)@,' pgﬁf"f‘@‘k‘?‘ﬁﬁ’ﬁﬂ!é, pl-1
modi f i er s, a§eaAtakiesalts, tabianaeraj drerixturey therdof, weth ot At 6AERGARYL Q0SH Of
these. Ap t..f I 0SOl. rmyl.ati on may i nclude conpressed
air, nitr ogg%;%t%'g;ﬁ bc“cgr?(?ﬁdtla 'ﬁ%aﬁ&e‘ §U'§BWQW%ﬂ sHESE. lasteseoteliuinpe
sol vent . [ SUgaf] maineitola hiadtitolo degearf, tareh GRRR! AbinktdsN ChitE FRUEYS
suspensi onﬁe&r ﬁ'il su%ﬁgnsi ons whi ch ma¥ b;@ﬁrepat’e using a

sui t abl e dF €pePs HATAANNSIM. QYMaAEhic. gplatins. nodagens, cgseigealbumin,

| nj ect abl esyrihatic oreserhiesynthaR! pHivRs: Ln LRy mof, a
suspensi on, which is prey ar ed FivJ\:it[)t h g%%&ﬁpe%r Oélnﬁﬂ%! tprai\éi&’ﬁ?ﬂeabl e
sol vent s ofPTR&IFRRIG084In ethardnaredientsi taeil ineadminisRiatige; suchaisir PRCHRS
an i sot oni gluafY R USbricdintd i Alternativel sterile oils may
be enpl oyed as sol vent.é1 q%@ﬁés%@ﬁgﬁ%sd%gsgﬁ?rée'ﬁf@%l%tp’?sts%h 88l or
fatty aci dP3rgbaar seibie acid, or andi-wddags Bathiag bsesrbRYALNabSHHRIbIGr

fatty aci dgsidiRd; disﬁl'nltégrg{iné ébér‘cﬁl, Biager (,jﬁ'nslékeners, buffers, sweeteners,

flavoring agents or perfuming agents. Tablets and pills may be further treated
with suitable coating materials known in the art.

[0114] Liquid dosage forms for oral administration may be in the form of
pharmaceutically acceptable emulsions, syrups, elixirs, suspensions, and
solutions, which may contain an inactive diluent, such as water. Pharmaceutical
formulations and medicaments may be prepared as liquid suspensions or
solutions using a sterile liquid, such as, but not limited to, an oil, water, an
alcohol, and combinations of these. Pharmaceutically suitable surfactants,

suspending agents, emulsifying agents, may be added for oral or parenteral
administration.



[0118] For injection, the pharmaceutical formnulation and/ or nedi canent
may be a powder suitable for reconstitution with an appropriate

sol uti on awodesmsidhed above. Exanpl es of these incl ude,pdrais:e0s@01904
limted to, freeze dried, rotary dried or spray dried powders,

anor phous powders, granules, precipitates, -29- or particul ates. For
I njection, the fornmul ations may optionally contain stabilizers, pH
nodi fiers, surfactants, bioavailability nodifiers and conbi nati ons of
these. [0119] For rectal adm nistration, é{he phar maceut i cal

formul ati ons and nedi canents nay be i #&he formof a suppository, an

oi nt ment, ata,lig]ema, rT2‘\tal%l gt or a creamfor release of conmpound in

the intestimess si gndSd"GPL AP sHaPRsionsmaminghids eils. sSygiosil inoluides

are prepar dilitlaye ndiimigedRe pes e A an .
0 pOANUTIIS s@éﬁfﬁ?gfp%tﬁﬁséﬁ?lg[}?mlﬁ ang plive, il

i nventi on, V&or ghar maceutically acceptabl e 'salts or
conpound, WYSHCEER prefarationriayiakss cardainessterslof fattyoauids Sudi eiﬂF/I

pol yet hyl erfedb Vis ol PN ' sol i S nor ma
storing tenper a’%’lu%rg p%g%g?%s g%lt@sfc?la gwp?%soéﬂﬂgﬁéﬂﬁédﬁ}ﬁg& gcid

t enper at ur éycgliflespBuspensien feawalations omyiindide aldaRolRosYch é%‘,%t Agtin
t he rect umy.fa S I in the preparation o

formul at i o#z@n%hqggr%“%@ltgag'ﬁg‘?@c&ﬁgh%egﬂ ol @ycesol angitropylene
sal i ne, aq@ea gts, sseh andut pbEinGitbdSia0po | erol s
may be errplhﬂ n%g llbg %he ﬁr epar ation of Sg?gﬁf#&g%ﬁ?ﬁgﬁﬁgﬁ%ﬂ% i ch
may al so co %al Ao pERaBsnagE) Y agd petralatye: anchwaterandpoatso be wsedhy |
cel | ul ose, shysbnsionbapMiatiegs,| ul ose or car boxynet hyl cel |l ul ose, as

wel | as buffers and preservatives. [0120] Besi des those representative

dosage for 1§fscri ﬁ_ed abO}/e, pharnmaceutical ly acceptabl e excipients
and carriets afte gené 1453 RdmpiRstiatonibeehsrmbtedticahfarinalaibhs and ar e

t hus i ncl unedidamente MaRBEH Epi | . i pients. and carriers
are descri %iebgll f or eg‘ggpl e, %?@'\'{%%H%&g 8@%@@%%@89"@9 e%Y%’ﬁ{Sés"
Mack Pub. &3¢ OPkenally ofhercomumynyls suph ab, but ioh imitee tetstsbifeirgi n by

reference amirhic ' ; k ROS as i ully set forth

her ei n. [012!L] ITﬁ)gﬁ%‘]toapﬁﬁ étaf]g(?]xs'&%) ts’ﬁﬂiﬂlq@s ?*i%ﬁfaﬁ%ﬂt%i’@%@ﬂ@tﬁbf& to be
short- actMAgifiersand eemblrstions of thage.aAtprogeliant bremsibad fomsliSasi N9
as descri he, phar maceuti cal fornul ati ons nmay al so be
f or mul at egﬁ' g %Ir%;l([:@n%t ?%P#%&S%%F'E'a@&o%‘?“ﬁéfb% @ipXide] @i Bydrocatbon based

low boiling solvent.

[0117] Injectable dosage forms generally include aqueous suspensions or
oif suspensions which may be prepared using a suitable dispersant or wetting
agent and a suspending agent. Injectable forms may be in solution phase or in
the form of a suspension, which is prepared with a solvent or diluent.

Acceptable solvents or vehicles include sterilized water, Ringer's solution, or an
isotonic aqueous saline solution. Alternatively, sterile oils may be employed as
solvents or suspending agents. Preferably, the oil or fatty acid is non-volatile,
including natural or synthetic oils, fatty acids, mono-, di- or tri-glycerides.

[0118] For injection, the pharmaceutical formulation and/or medicament
may be a powder suitable for reconstitution with an appropriate solution as
described above. Examples of these include, but are not limited to, freeze dried,
rotary dried or spray dried powders, amorphous powders, granules, precipitates,



- «

[0122] The i nstant conpositions may al so conprise, for exanple,
m celles or |iposones, or sone-other encapsulated form or nmay be
adm ni st erwo 2006/8nt48xt ended rel ease formto provi de a pECIERyB®02979
storage and/or delivery effect. Therefore, the pharnaceuti cal
formul ati ons and nedi canents nmay be conpressed into pellets or
cylinders and inplanted intramuscul arly or subcutaneously as depot
injections or as inplants such as stents. Such inplants may enpl oy
known inert materials such as silicones_and bi odegradabl e pol yners.
[0123] Speci fi c dosages may be adjusted*ﬁ%pending on conditions of
di sease, the a body .wej ght, general health conditions, sex, and
RS FOE nertiony

diet of the GtiepyieJormidationssmey optionallywontain ebiliebispn

rate, and qshriowfierensuribtats) i i age. for
containing effecti \;e anount sygjﬁeavée%[m&jré#fﬁ&?%égbcg’%gﬁ S §5Fe
experi rrentet M@ and ﬁ]_her efore, well within the scope of the instant

i nventi on. F 4] A t REF Egséaladeninistration, dee pharminseticaforaulstishenandi ng
upon the rohédic&herBhaN B i form .The preferred
conpound or co?rpoSnds g&;ﬁ%h@ﬂ{eﬁg{@% a%ﬁééﬁ%%% quo’apm%ﬁnﬁ'l‘ﬁf‘?@ﬁ'@hat
exhi bits a t@PIgHOL : efegprlarirelensalokcorpauridiarntag gitestheasnagnoidadiee dose

rati o bet i ic effects ich can be expressed as
the ratio ooe/drRebing IRectaURARE Y os Srppberared i Tse ana oo 50%

of the pop&patiogndantitheinstaRbivéstidnhe ; Etgdc tive
in 50% 8f pttélﬁoﬁ%g%{)ﬂbi on: The t ,baanaggoéd&?g@édl ter %?{r?lgge %{;{Seoq'
standard phar receuti CICOpIPoLBd Wil aceentiahievehisias, farexampiss cotoa butter
exper i ment af palyethylene dIRaVAIdH RAbreSeht Mistddig ,?{';?%ﬁ%’l)ﬁéﬁ%,sgf . Lhe

instant inyenti Oﬁ'&' means an alleviation of sy W with a
di sorder of°BPTELULES: &5 pasentdn afliguidehaseral dhesssiempevaturey SE@RBROGOT

t hose synprdglesse 24 t4f Vi i f t di sease or
di sorder. For eexan{)ﬁiﬁgﬁetth?Plogil'es%}g%e‘ﬁ?}ﬁo?ec?qrﬂa?ﬁ'ﬁd“%glﬁgﬁes with a
met ast asi zEWPAYRENN thaprepsetion of fermulativhsraiyhé seft yelatiatyRo | on in

the WD 20 002979 -31- roliferation of

capi |l ari egﬁéﬁﬁ?ﬁggﬂé‘%%ﬁ&%@ ‘if‘é%@ég at"ﬂ%@@ét?d sgasIsolions; and
of synpt onglyeasbla ey be emplayarindtie psbibro6f SusiBhsioR FoHi RIS e
capillari eSn %ﬁsodc';o;rﬁﬁﬁed tissue, a halting in capillary
proliferatiohoor FUPRYNIIRY egents sugh as seshinefcabamsreametisilich as

cancer or Geiluldse, bydrokypropyl GaNGIBSOBE c41® LS
i ncl ude adm pi steri n? them[/)har maceut | ca})kﬁg?%rag%@(;ﬁrgse’ g?ﬁaﬂéasg?%&t
i nventi on 1 RESENVEEYSSN with other therapies. For exanple, the
conpounds and pharmaceutical fornulations of the present invention

Anl of Tagat ton thotamy . T oo R o8 i s BRS ERo s be

and/or radiation therapy. The conpoun
adni ni st erRi@MACRWGaAlly avaniakieencipients ancarriemiars gatioralsy ki@l No

t hose usedhoge hfd [ o ropriate conbi nations
can be deterni neiclzlééf)@r’tfﬁ ﬁg@ﬁgﬁ?‘ﬁ]ﬁfﬁﬁﬁﬂé%@g NYRALIORE dPUehe

arts. [O01Z3Fipiriterand garrisas afexdendribed doserartpke i ‘Wwﬁn@%ngccordi ng to
t he i nventg LAG [ofe1pq8]0) of Structure | or e tautomers,
sal tls, Vor tprﬁrtnh?%% t g?@ﬁ?eﬁ W%‘gﬂr}'g‘i"ﬁé%‘?-owg%%ﬁs@ (98 jradhich il;cal I ys
accept abl éauporiated hefbinsby ighsreROPO EIirefy hPS) pipoSks 88 i Ty 88 3%

to prepar?l Fredi canments and pharnaceuti cal "fornu ons.
medi cament'§" 4id pharmaceutical fornulations may be used in the nethod
of treatnent described herein.

[0121] The formulations of the invention may be designed to be short-
acting, fast-releasing, long-acting, and sustained-releasing as described below.

Thus, the pharmaceutical formulations may also be formulated for controlled
release or for slow release.



[0127] The conpounds and fornul ations of the present invention are
particularly suitable for use in conbination therapy as they have
been showwbDaoexisidast synergi stic effect when used in cariisedsioory7o
wi th anti-cancer drugs such as canptothecin, doxorubicin, cisplatin,
i rinotecan (CPT-11), al kylating agents, topoisonerase | and 1|1

I nhibitors, and radiation treatnment. Therefore, the invention

provi des pharnmaceutical formulations that include the conpound of
Structure | and tautoners, salts, and/or m xtures thereof in

conmbi nation with an anticancer drug. “#2 i nvention al so provi des the
use of the conpounds, tautoners, salts, and/or mxtures in creating
such form@tR2ons ahbe st sREPOSItions gray glen semprise.for examplepmigelles he

D oot 1 B e oh Kbt Aol BdApSubRI) fohfob: Ay BRIZRIALIGAAEET Y

admi ni stering a conp the present Inventio onal
ant i canceexindgd rdleaserfirhoio provitiedgyomdgedskirage agdioo delismppfedt. i n

dth f il . ted f nimatini b | at
(& covec) TherefR: BoendleghucH Kk mifhs R Ak BR) .
t hal i dom demprésedrintd)pelidonioyieders Tay tinglatted Rittafilstilbry bar ceva) ,

vatalinib TK-787), VEGF-trap, . fenretidine, bortezom b, bevaci zumab
(Avastin)$ @#@'&%Qﬁ?&b?s Sémtdwepﬁ'qwr@@dmp@w §UE AP StANdS- oPushanplants

| nvent i onmay &gl KAbWATInéM IR Yith adshiddrestind BiBdeqaBaLRY, 2 salt
of the tautoner, & m xture thereof, or a pharmaceutical conposition

conpri si n§oWAr8onpound, the tautoner, the salt of the conpound, the
salt of the tautoner, or the m xture. [0129] The conpounds of the

|1 nvent 1 onigper e Ussediftc iseRfesTniFbe &HjisRld diRlRfiPon S of

subj ects Include anihmal's such a mral's and hu urtabl'e manmmal s
i ncl ude, Higeagedhaggel bedy waight geperarhiestth sonditions, sextantbdiet dfitheed t o

| , . : . ) e
erurs, liece MRS, AR B iak Ry, BIS A oLese
mar supi al ef daigs. dayofitbe ebowuddsane fHehs cestainfreffestiveantounts areewell | n
Zﬂb”g d ? gg?vlétﬂ?ntnfhébgfygﬁ% 3? Pc[ﬁ%tﬁ g?({)gﬁ%tebt%ﬂtgn 'and e%’ne!;:]rlé:-!f’roarg,' wél?w%aetﬂe scope

of the instant invention.

[0124] A therapeutically effective dose may vary depending upon the
route of administration and dosage form. The preferred compound or
compounds of the instant invention is a formulation that exhibits a high
therapeutic index. The therapeutic index is the dose ratio between toxic and
therapeutic effects which can be expressed as the ratio between LDsg and EDsg.
The LDsg is the dose lethal to 50% of the population and the EDs; is the dose
therapeutically effective in 50% of the population. The L.Dsg and EDsq are
determined by standard pharmaceutical procedures in animal cell cultures or
experimenial animals.

[0125] “Treating” within the context of the instant invention, means an
alleviation of symptoms associated with a disorder or disease, or halt of further
progression or worsening of those symptoms, or prevention or prophylaxis of the
disease or disorder. For example, within the context of treating patients with a
metastasized tumor, successful treatment may include a reduction in the
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rodent such as a nnuée or arat In sone enbodi nents, the subject or

patient is

t he subj ecwoauispaigent

other than a human and in some such enbodi nents,

an ani mal is a manmal other than a human. FEiG2hs002979

shoul d be understood that the conpounds used in the invention may

exhi bit the phenonenon of tautonmerism As the chem cal

structures

within this specification can only represent one of the possible

tautoneric

[ f the drawn structure.
onpasses any tautoneric fo_rmo :
g{]furc?ure |Ais shown bel ow with one t?ﬁ]t’orrer, Tautoner | a

la G her t
shown bel o

i tood that the invention
it should be unders oy examl 6.

-33- 1
e ]A Tautoner |Ib and Tautoner |lc, are

%ﬂ&lﬁ%ﬁﬁﬁp gt@%iflgrﬁqt?u eeding the tumor(s) or diseased tissue, an alleviation

of symptoms related to a cancerous growth or tumor, proliferation of capillaries,

forns,

or diseased tissue, a halting in capillary proliferation, or g haiting in the
progression of a disease such as cancer or in the growth of cancerous cells.
Treatment may also include administering the pharmaceutical formulations of the
present invention in combination with other therapies. For example, the
compounds and pharmaceutical formulations of the present invention may be
administered before, during, or after surgical procedure and/or radiation therapy.
The compounds of the invention can also be administered in conjunction with
other anti-cancer drugs including those used in antisense and gene therapy.
Appropriate combinations can be determined by those of skill in the oncology
and medicine arts.

[0126] Pharmaceutical formulations and medicaments according to the
invention include the compound of Structure [ or the tautomers, salts, or mixtures
thereof in combination with a pharmaceutically acceptable carrier. Thus, the
compounds of the invention may be used to prepare medicaments and
pharmaceutical formulations. Such medicaments and pharmaceutical
formulations may be used in the method of treatment described herein.

[0127] The compounds and formulations of the present invention are
particularly suitable for use in combination therapy as they have been shown to
exhibit synergistic effect when used in combination with anti-cancer drugs such
as camptothecin, doxorubicin, cisplatin, irinotecan (CPT-11 ), alkylating agents,
topoisomerase | and | inhibitors, and radiation treatment. Therefore, the
invention provides pharmaceutical formulations that include the compound of
Structure I and tautomers, salts, and/or mixtures thereof in combination with an
anticancer drug. The invention also provides the use of the compounds,
tautomers, saits, and/or mixiures in creating such formulations and
medicaments.
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I\ N\ /NCl-13 lc [0131] The present invention, thus generally

i t he
[ i 11 be understood nore readi1y by reference to
ggflccr):/mbﬁg,%'géﬁ?ﬂﬂék“,ﬁ which are provided by way of il ustBGHVBAHANTHr e

. S . tion . VO
not intended to be limting of the present inven
2006/ 081445PCT/ US2006/ 002979 - 34- EXAMPLES
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[0128] In another aspect, the present invention provides a method for
treating metastatic cancer by administering a compound of the present invention
and an additional anticancer drug. The method includes administering to a
subject in need thereof, an anti-cancer drug selected from imatinib mesylate
(Gleevec), BAY43-9008, Brostallicin, lenalidomide (Reviimid), thalidomide
(Thalomid), docetaxel (Taxotere), erlotinib (T arceva), vatalinib (PTK-787),
VEGF-trap, fenretidine, bortezomib, bevacizumab (Avastin), pertuzumab, and/or
rituximab, and a compound of the invention, a tautomer of the compound, a salt
of the compound, a salt of the tautomer, a mixture thereof, or a pharmaceutical
composition comprising the compound, the tautomer, the salt of the compound,
the salt of the tautomer, or the mixture.

[0129] The compounds of the invention may be used to treat a variety of
subjects. Suitable subjects include animals such as mammals and humans.
Suitable mammals include, but are not limited to, primates such as, but not
limited to lemurs, apes, and monkeys; rodents such as rats, mice, and guinea
pigs; rabbits and hares; cows; horses: pigs; goats; sheep; marsupials; and
camivores such as felines, canines, and ursines. In some embodiments, the
subject or patient is 2 human. In other embodiments, the subject or patient is a
rodent such as a mouse or a rat. In some embodiments, the subject or patient is
an animal other than a human and in some such embodiments, the subject or
patient is a mammal other than a human.

[0130] It should be understood that the compounds used in the invention
may exhibit the phenomenon of tautomerism. As the chemical structures within
this specification can only represent one of the possible tautomeric forms, it
should be understood that the invention encompasses any tautomeric form of
the drawn structure. For example, Structure IA is shown below with one
tautomer, Tautomer la:



[0132] The fol |l ow ng abbrevi ati ons are used throughout the application
Wi th respect to chem cal term nol ogy: ATP: Adenosine triphosphate

Boc: N-t er twBub@sogo@as bonyl BSA: Bovi ne Serum Al bum n PCT/US2006/002979
DVSO. Di net hyl sul foxi de DTT: DL-Di t hi ot hreitol EI D50: Dose

t herapeutically effective in 50% of the popul ati on EDTA: Et hyl ene

di am ne tetraacetic acid EtOH: Et hanol HPLC. H gh Pressure Liquid

Chr omat ogr aphy 1 C50 val ue: The concentration of an inhibitor that
causes a 50 % reduct in a neasured activity.
KHVDS: Pot assi um bi s(trimethylsilyl)amnc LC/ VB: Li qU| d

Chr omat ogr aphy/ Mass Spect r oscopy

N‘_'CH3

N—CHj

Ia

Other tautorners of Structure IA, Tautomer Ib and Tautomer Ic, are shown below:

N N—~CH
F NH:  HN \__/ ’
N N
II}Il Q
Ib
N —CH;
F NHz HN
N N
P
N OH
Ic
[0131] The present invention, thus generally described, will be understood

more readily by reference to the following examples, which are provided by way
of illustration and are not intended to be limiting of the present inventjon.
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THF: Tet rahydrof uran Purification and Characterization of Conpounds

[ 0133] Compounds of the present invention were-characterized by high
per f or mancwol2oaposti4s hr omat ogr aphy (HPLC) usi ng a \Wat er dvlisemsioomyre
chromat ography systemwi th a 2690 Separation Mddule (M1 ford,
Massachusefts). The anal ytical colums were Alltim C 18 reversed
phase, 4.6 x 250 mmfrom Al ltech (Deerfield, Illinois). A gradient
elution was used, typically starting with 5% acetonitril e/ 95% wat er
and progressing to 100% acetonitrile oyer a period of 40 mnutes. All
sol vents contained 0.1%trifluoroaceti@”cid (TFA). Conpounds were
detected by ultraviolet light (UY) §§ orption at either 220 or 254
nm HPLC sol vents were from Burdick son (Muskegan, M chigan),

or Fisher §13tifi cTherrcwmbnngereﬁﬂéﬂé h Qe i nst ances,
-35- puri t%it\“ﬁ‘% SscjgssEd % thin | ayer cﬁ%’l(;urra otSk‘%l@\?HF‘Fﬁcappﬂ%tw

gl ass or plastrerhadREReTi%e eAmgelogyr at es, such as, for exanpl e,
Baker-Flex Silica Gel 1B2-F flexible sheets. TLC results were readily

detected vi sual AfPunder ul tr aviddngkinkit . by enploying well known
i odi ne vapor anﬂ ot her various stai r'?i ngal]tioesgﬁﬁltegues. [ 0134] Mass
spectronetric anarysis was pef-#riButoxygcarhenyf two LCMS i nstrunents:

a Waters SystenggAl!l i ance FI T%ﬁg@_ﬁ@%ucnomss ZQ mass

spectroneter; Columm: Eclipse PIB0 mm Sol vent system
5- 95% acet oni t riPMSQn wat er wiDimethy®u¥oXifd; Flow rate 0.8 ni/mi nute;

Mol ecul ar wei ghtyTfange 150-85 H&?@g Vo tlage 20 V; Colum tenperature
40C) or a Hew ett Packard Sys megihreltol 1700 HPLC, Col urm:  Ecl i pse

XDB- C18, 2.1 x HEBsohm Sol vent Deys tiesFapduiRai i hbe in water
with 0.05% TFA; Flow rate 0.4 ni/ni nu?e; I\/b? gﬁ%@r& '&épéﬁ?hﬂﬁnge
150- 850; Cone Vol tage 50 V; CBPRMI@UQenperature 30C). Al nmasses are

reported as t hd&daTAf the prot Eﬂ@;e% d?%%ttejfrggc?ﬁg[ 0135] GCMs anal ysi s
n

was perfornmed %? ﬁl'Her et Packard I nstrume Series gas
chromat ogr aph WitPh a Mass Sellehenok Detector 5973: Injector vol une: 1

pL; Initial coHPpC:tenperaturg; ~.Lnal .cal um tenperature: 250C,
Ranp tinme: 20 m nut es; Gas f|'§'ﬁhﬁ§%§‘ﬁ?1{ﬂ9ﬁﬁb{wafe@raﬂm 5% Phenyl
Met hyl Sil oxandysoVMBlE: #HP 19081 GonbeRtrafbrirers Mhbitop thad cghé(esznésgiq}f,ﬁer

0. 25 . [0136] Preparati ve arati.ons were carried out USI
a Fl aghm 40[ ] P Ye8GHdn in 3 measured activity.

KHMDS: Potassium bis(trimethylsilyl)amide

LC/MS: Liquid Chromatography/Mass Spectroscopy
THF: Tetrahydrofuran

Purification and Characterization of Compounds

[0133] Compounds of the present invention were characterized by high
performance liquid chromatography (HPLC) using a Waters Millenium
chromatography system with a 2690 Separation Module (Milford

Massachusetis). The analytical columns were Alltima G-18 reversed phase, 4.6

X 250 mm from Alitech (Deerfield, illinois). A gradient elution was used typicaily
starting with 5% acetonitrile/95% water and progressing to 100% acetonitrile

over a period of 40 minutes. All solvents contained 0.1% trifluoroacetic acid

(TFA). Compounds were detected by ultraviolet light (UV) absorption at either
220 or 254 nm. HPLC solvents were from Burdick and Jackson (Muskegan

Michigan), or Fisher Scientific (Pittsburg, Pennsylvania). in some instances
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' ' Charlottesville,
ography system and KP-Sil, 60A (Biotage, |
\Cﬁhiglmra\;[ a)g, 8ryb yHPI__C using a ﬁ éllg Eevsr;:dssgﬁzﬁq \ilce)lrgr;pdw[}l's%golﬁ)%?zlmg

sol vents eWRI2888814dr the Fl as i ota . o
[ hexane and tri et hyl am ne.
or onet hane, nethanol, ethyl acetate, _
'(Ij';/gihlcal sol vents enployed for the reverse phase HPLC were varyi tn_gC
concentrations of acetonitrile and water with 0.1%trifl uoroaceti

id. -38- Synthesis of . o o ]
chéfn no- 5-f| ugro-S[ 6- (4- met hyl pi per azi ggl- 14) - 1Hbenzi m dazol - 2-y1] - 1H

-qui nol i n-2-one /' \ NN A Synthesis of _ N
5?( 4- Met hy Ipupitywas assedsed by tRinh A mbRGrapRIe) Bising glasljslzoNr%lastic

backed silica gel plates, such as, for example, Baker-Flex Silica Gel 1B2-F
flexible sheets. TLC results were readily detected visually under ultraviolet light,
or by employing well known iodine vapor and other various staining techniques.

[0134] Mass spectrometric analysis was performed on one of two LCMS
instruments: a Waters System (Aliiance HT HPLC and a Micromass ZQ mass
specirometer; Column: Eclipse XDB-C18, 2.1 x 50 mm; Solvent system: 5-95%
acetonitrile in water with 0.05% TFA: Flow rate 0.8 mL/minute; Molecular weight
range 150-850; Cone Voltage 20 V: Column temperature 40°C) or a Hewlett
Packard System (Series 1100 HPLC; Column: Eclipse XDB-C18, 2.1 x 50 mm;
Solvent system: 1-95% acetonitrile in water with 0.05% TFA; Flow rate 0.4
mL/minute; Molecular weight range 150-850; Cone Voltage 50 V: Column
temperature 30°C). All masses are reported as those of the protonated parent

ions.

[0135] GCMS analysis was performed on a Hewlet Packard instrument
(HPB890 Series gas chromatograph with a Mass Selective Detector 5973;
Injector volume: 1 L; Initial column temperature: 50°C; Final column
temperature: 250°C; Ramp time; 20 minutes; Gas flow rate: 1 mL/minute;
Column: 5% Phenyl Methy! Siloxane, Model #HP 190915-443, Dimensions: 30.0
m X 25 um x 0.25 pm).

[0136] Preparative separations were carried out using either a Flash 40
chromatography system and KP-Sil, 80A (Biotage, Charlottesville, Virginia), or
by HPLC using a C-18 reversed phase column. Typical soivents employed for
the Flash 40 Biotage system were dichloromethane, methanol, ethyl acetate,
hexane and triethylamine. Typical solvents employed for the reverse phase
HPLC were varying concentrations of acetonitrile and water with 0.1%
trifluoroacetic acid.



[0137] 5-Chl oro-2-nitroaniline (500 g, 2.898 nol) and 1-nethyl

pi perazine (871 g, 8.693 nol) were placed in a 2000 nL flask fitted
with a condensersamsl purged with N2. The flask was pl acert/isao@nonird
bath at 100C and heated until the 5-chloro-2-nitroaniline was
conpletely reacted (typically overnight) as determ ned by HPLC. After
HPLC confirnmed the di sappearance of the 5-chloro2-nitroaniline, the

reaction mxture was poured directly (still warm into 2500 nlL of
roomtenperature water w th nechani cal irring. The resulting
m xture was stirred until it reached roth tenperature and then it was

filtered. (o) | i.d thys obtained was added to 1000 nlL of
wat er and %ﬁ‘{iﬁgﬁsf%yiﬁg‘q;/:gé'li}ﬂggrf”%ﬂ@'mﬁ%ﬂhwmBei‘ﬁzif!-l‘]F}d)'dﬂs filtered,
and the resul ting %8 *¥2E-qpivglin-2pre, TBVE (500 nL, 2X) and then
was dried under vacuum for one hour using_a rubber_dam The resulting
solid was transferred to a drying tra i
50C to a constant wei gHt 5
as a yell ow powder. -ChlQro-2-nitroaniline
(308.2 g, 1.79 nol) w ' a~-netk 5000 nmLround bottom fl ask
fitted wth an overhggad s condenser, gas inlet, addition
he flask was then purged with N2. 1-
Met hyl pi perazi ne (758 BAO-T 7.57 nol) and 200 proof ethanol
(508 nL) were added to the raactioﬂ flask with stirring. The flask
was again %;rge with N2, and the reaction was mai ntai ned under N2.
The flask flas he%pesisob5#éMethyl-piperazintoyb2-nitioanie t enper at ur e
of 97C (+/ 5 5C an%amai ntained at that tenperature until the reaction
was conpl el[)'éo‘?%w | 'y about 40 hours) as determ ned by HPLC. After
the reaction was conplete, heati was di scontinued and the reaction
was cool ed to a®eNint € t enpggiat uye_ of ag%pt 20C to 25C with
stirring, and the rg pn was stirred for 0 RQur s. Seed
crystals (0.20 g, O p| ) —of -
5-(4-rrethy|-pig%};| (s VN 2-nitroaniline were déd to_the reaction
m xture unless precipitati ofl had al ready obdaWrred? V\ata/j(\23450 m.)
was added to the stirred reaction m xture over a period of gbout one
hour while the internal tenperature was nmaintained at eLature
rangi ng frﬂ% bout 20C to 30C. After the addition of water was
conpl ete, [ r esul PrYoRR-Znitraaniline (500 grE@%wol@bn@ﬂ-méﬁlyhﬂrléra%n

|

t enper at uf87P { i ) X was then filtered,
anglTp t he fl(askbéﬁgﬁ?mlg\?@cea Igea(ﬁeﬁg ?Qgﬁg&nﬂa%f%&t%ﬁwﬁoad@@sam
The gol deRWRAd Wilh Boi iTheflaskiwets placeddinizndbit sath o€ 9061C 8he Web@tu @i 416

g (98. 6% yy el about. 50C i.n a vacuum oven. Procedure
C [0139] %ngsg%y Q%ﬁf’fr SRR CPHIE’T“‘@’?’ reacied fypicallseveraight) aso a

4-neck 12determinasthybidPt.6m After HKPIfd ' |
nec MARex HPIC toRfmbdtRe Ak pYeLRGRE Fg)?gfte; 5'%%";%0“

condenser o_ L.Alet, addi.tion funnel, and thernoneter
fl ask was Qt'ﬂgﬁaﬂd@*egi’?:e Wﬁ“hO’NQ‘!'XtEIe WES RpVisidsdivestly (siill(voatin)dnto 2508 rhl.

9. 75 ol ) obros Ghfipereluee Watdrtlith MebhdfES AAARE 1B FlthEAE L0 b2 SK

With stirrin The flask was agai n purge

was mai nt ﬁﬁ"ﬁ%%”%‘ﬂ&éﬁaa@drn@mtarawatmahemmﬁithmitbm.im ﬂ%w eto
an i nt er ngdlid 0P b + nd .mai nf al ned_at that

t enper at ur e unti [ thr_‘egdrevevg%ta ?é‘% \g\?aio%&oﬁ%'logt"@tﬂ giHred fos 36 upinu@s.
hours) asTRR{eEUNGgTXbye weadilteretl2Ad 1Aé resulimPsdliBasid fashaPwipP! ete,
heati ng WﬁBM@'r(%@g%i %%r@r{ﬁ t he rcﬁacti on was cooled to an Internal

t enper at unrugboEda oult’ i DR 43S qrieddindgr Maguitne for(@elffour usimgsa added
to the mmbbeedama The rasuliing eslid was Hed, of 1 hour while
the int er\{@gm&‘e era%gbraﬁ vva% mai nt a?ﬁggﬂégr%dggga?@ﬁb? )qndkfr{egﬁn\ﬁat er
addi tion o%"eq 0"4da @ Gryisian weight dayielLezn arié7 8P oftiastiieon

m xture vasngdunevRos EliPpbway e’ @ period of no less than 4 hours to
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vacuum at about 50C in a vacuum oven. B. Synthesis of ]

i i i - ] id ethyl
-(4- - Pi azin-1-yl)-1H benzi m dazol - 2-y1] aceti c_aci AN
Eagt faf gfé%h&ﬁ@%"d%lﬂ H Ny : [0140] A 5000 niL, 4-neck fIEJKUSFA/0p3 %% ed

with a stirrer, thermoneter, condenser, and gas :nl itloogtl)e'zn.c The
L Bty phaige?)mgtnifsgéZi?igé'éﬁdnglé5 T of 200 pr oof

- (4- et hyl -pi perazin-1-yl) - 2- : _

Et (()ﬁ Theyreguloti ng sol ution was purged with N2 f?rS&/SP(T/ rc]:u'zgg% H\2/\63
2006/ 081445PCT/ US2006/ 002979 -39- Next37-20.0 g o | 2 2

w w) was added. The reaction was vigorously sti rreh ?h 050G e
(i nternal tRiaseduraiBe) while H2 was bubbl ed throug e :

: , ' earance of

(i oty 1o o at 1 B0y T 227 et noc

reaction tia@®0 mL round bottom flask fitted with an overhead stirrer, condenser, gas inlet,
addition funnel, and thermometer probe. The flask was then purged with N,, 1-
Methylpiperazine (758.1 g, 840 mL, 7.57 mol) and 200 proof ethanol (508 mL)
were added to the reaction flask with stirring. The flask was again purged with
N2, and the reaction was maintained under No. The flask was heated in a
heating mantle to an internal temperature of 97°C (+/- 5°C) and maintained at
that temperature until the reaction was complete (typically about 40 hours) as
determined by HPL.C. After the reaction was complete, heating was
discontinued and the reaction was cooled to an internal temperature of about
20°C to 25°C with stirring, and the reaction was stirred for 2 to 3 hours, Seed
crystals (0.20 g, 0.85 mmol) of 5-(4-methyl-piperazin-1-yl)-2-nitroaniline were
added to the reaction mixture unless precipitation had already occurred. Water
(2,450 mL) was added to the stirred reaction mixture over a period of about one
hour while the internal temperature was maintained at a temperature ranging
from about 20°C to 30°C. After the addition of water was complete, the resulting
mixture was stirred for about one hour at a temperature of 20°C to 30°C. The
resulting mixture was then filtered, and the flask and filter cake were washed
with water (3 x 2.56 L). The golden yeliow solid product was dried to a constant
weight of 416 g (98.6% yield) under vacuum at about 50°C in a vacuum oven.

Procedure C

[0139] 5-Chloro-2-nifroaniline (401 g, 2.32 mol) was added to a 4-neck 12
L round bottom flask fitted with an overhead stirrer, condenser, gas inlet, addition
funnel, and thermometer probe. The flask was then purged with N,. 1-
Methylpiperazine (977 g, 1.08 L, 8.75 mol) and 100% ethanol (650 mL) were
added to the reaction flask with stirring. The flask was again purged with N, and
the reaction was maintained under No. The flask was heated in a heating mantle
to an internal temperature of 97°C (+/- 5°C) and maintained at that temperature
until the reaction was complete (typically about 40 hours) as determined by



-

was 6 hours. [O0l1l41] After all the

5- (4- met hyl - pi perazin-1-yl)-2-nitroaniline had disappeared fromthe
reaction, wbeomasus on was purged with N2 for 15 m nut acT/dsesds0o0zp49. O
g (2.25 nol) of ethyl 3-ethoxy-3-im nopropanoate hydrochl ori de was
added as a solid. The reaction was stirred at 40-50C (i nternal
tenperature) until the reaction was conplete. The reaction was

noni tored by follow ng the di sappearance of the diam no conpound by
HPLC. The typical reaction tine was 1- az‘id]ours. After the reaction was
conplete, it was cooled to roomtenperdire and filtered through a

pad of Cel iy il erial. The Celite filtering material was
washed vmth a é tﬁ?éh%gﬁ?ﬁcﬁ ot Was sgmp{sie, haading wastdiscardinaedand the

concent r at eeatnimwas e@blé@@b 8h ﬂﬁé%ﬁt&ﬁﬁ%ﬁ%&%@f gt?g,g @kg / or ange

oil. The r t was taken up in |mng and
sol uti on. %?ﬁl{ B(:‘r\%tﬂ \V28 agedimsthenaistusel isdan additien Aoiel @Fbrtﬁ@@eﬁod of

Phen T11 eroq Tine B0t abter ot bk Tl asl uf- shal anttert at

?gc( '4“ at \VIWJ rAdSIian e oomiplete, Tenting wa(sgdflscb?ﬁm@écll ﬁnd tl%e reaction mlxtHre
me azo acetic acl

ester as a as@[l@%ﬁ%{)%svbr%gr gﬁcﬁ% %s a[‘dibmyiw%emmtmam neck

j acket ed ft%ﬂkerﬂhﬂebf 20ét5°@4 tmeaeéﬁﬁmlﬁlﬁje wad! ﬁ%’hrreﬁ%}g%lqéc‘fci{gq(n%
P S

t enper at ur i,nlet, and oil bubbler. e equr p

char ged wi E%WS%%% '“%TE%GWBP atye of 20430+ hihe fﬂspﬁlngznmtu.’te was-tRen

ni t r oani | i filteradcarRithe ﬂ&k@hd?ﬂ%@ &4 I'fetdllﬁ and

has been c ducl':ﬁ ﬂ- 2% et hienoif&ﬁ, %t %gl S n'(t) g‘*ééi%f@@@%

200 proof VARG % br) BRF §5Pkeibanei(f x fihe Thesgdldémgsiool $B1id Qs was
f O/ P

(50% 120w - whe: s are e dridd i RSy WBitht of 46 g Todhs it

2006/ 08144 P Aleait 6620 rpa vacuumivesk. The reaction vessel was

purged with N2.for 15 mnutes. After purging with N2, the reaction

vessel wasBpur thbéia -8l a2 Showy but. constant flow of

H2 througmﬁagﬁ%r Tdﬁgsagac |gi a\%ﬁ%ﬁﬂ?bd’%f"’ﬂ%@@z?i “eriyracstic

t enper at ur I_) e H2 was bubbl ed through the mixture until the

5- (4- et hﬁﬁl"ﬁ@l‘&ﬁn 1-y1)-2-nitroaniline was conpletely consuned as

determ ned byo# The typical reacti on,_,er me was 6 hours.
[0143] After aI I (4- met hyI é:@?&az' n- -nitroaniline had

di sappear ed fro ’ eactj on lTutl on purged with N2 for 15
m nutes. The Banine in er diate is al ate |s al r i are was taken
to avoid exposure to ai 500 g (2.56 nol) of ethy{O\T

3-et hoxy-3-im nopropanoat hydrochl ori de was added the reaction

m xture over a period of about 30 minutes. The reactjon was stirred
at 45-55C (internal tenperature) under N2 untjl JHth i am ne was
conpl etely consuned as determ ned by HPLC. T pi'cal reaction tine
was about 2 hours. After the reaction was &enp e et [ he reaction was
filtered while warmthrough a pad of Celite, The reartion flask and
Celite were then washed with 200 proof EtO (3x 285 nlL). The

filtrates were conbined in a 5000 nL flask angake 300 nL of
et hanol was renoved under vacuum produci ng ra 0 I. Wat er (530

m.) and then 1M HCL (350 nL) were added to the and the
resulting mxture was stirred. The resulting so utlon vva orously
stirred while 30% NaOH (200 nlL) was added over a period tsoyt 20

m nut es ainin rna terrperat ure at about 25-30C while
the pH WgB l]%ﬁr]ought%t%&@e?\?veg Aask was fiitad m@asﬁnmgtmbmeron was
stirred fmndebmr; and Basy irs ﬂyguﬂbe he intern er ature
at about (igg Thebr esul tin mT]EttL' Er ebag@ﬁ?%l? Yay &gar ad""i 3712 er

at about - LG e S-ametabpipetazin-The)-2-altcepiing SRl 3 Bs1RE o i ed
200 proof EtOH. The resulting solution was purged with N; for 15 minutes.
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.- WD 2006/ 081445PCT/ US2006/ 002979 -41- neutral pH was then added to
the resulting oil, and the solution was cooled to about 0C. An
agqueous 20%WPNRAWSLES uti on was then added slowy with r HTAUSEP16/0pI97Y
to bring the pHup to 9.2 (read with pH neter). The resulting m xture
was then filtered and dried as described above. The alternative work
up procedure provided the light tan to light yellow product in yields
as high as 97% Method for Reducing Water Content of

[ 6- (4- Met hyl - pi perazin-1-yl)-1Hbenzoi nmgazol -2-yl |l -acetic acid ethyl
ester [0144][ 6-(4- Met hyl - pi perazin-1-yl1)-1H benzi m dazol -2-yl]-acetic

acid et hyl N@Q,tg],o@&q-,o A e eyi ously worked up

and dried tQ a water cozﬁtpgﬁ?r(%?/alﬁzgjwﬂ@%%e%%ﬁh%r BNiw§sa 2000

m. round bA9ERAYSlY §Bnted\ﬁtl4@l-i59§®I(mminélﬁembérﬁt!#e?\n@ﬁl@"l’-ﬁ%aém@ﬁ-)- The
ary

anber sol uty ntyated o a thick oil "'usinga ro

evapor at or ;’%\nﬁp ﬁ”ﬁ%ﬁ)ﬁé'%m figr egpklorg Wes erniieed heurinfod theTdieappazr ety e
was r epeat &fl St(denethylepipermm-1-1h2-hibskiiki Bl 0 ined.,was | eft in
the flask gnd placed in a vac-gll}m oven ﬂg%md asC'SEEngXPé? refftionime
Fi sher anal'ysSi's P¥8ults indicated a water content of 5.25% The

| ower ed water content obtained by this method provided increased

yi el ds in {0dipr ocedater Af the el plehim %ﬁ? : her. sql vents such
as tol uene and THF gaﬁ\r/rhbe use(_j( i]‘ri:I E@Q@@% @l)g%ﬂg m"l"&ﬁ"atdhi s
drying pr oggégpe%?gyr thg reagtion, the solution was purged with N» for 15 minutes.

4- Am no- 54Negt; 24866y (22 jperazin-L-yl1)-1H- i
benzi m dazol - 2- yllfbl qﬁﬁ]‘@y"{”}e?’}@g\%ﬁ%éﬁu{o@wanoafe hydrochloride was

[0145] [ 6- (2ddast 36,8 spliheThe rendtion Wasléth@@rmimW@diﬁtgﬁﬁﬁénﬁﬁ%é@?@gci d
ethyl est egnf %Feofe%ﬁﬂg@ m‘mlﬁi Ldried with ethanol *as descrt ove)
ond) i coe (}/.e H fe 8550 9[ e, Thegeaction was aokitbredtydfolldwinganhe
condenser , disateanarcs ofthé disthino CBARRLA 'eb e AGan ikl
argon. 2- %Q?‘zﬁﬁf | uor, % b%nzoni t_rm?)g) (gg’s’g*ﬂé’ ‘f’he%/plc reecf'cﬁlon time
-z hours,  After the reaction was complete, it was cooled to room
temperature and filtered through a pad of Celite filtering material. The Celite
filtering material was washed with absolute EtOH (2 x 250 mL), and the filtrate
was concentrated under reduced pressure providing a thick brown/orange oil.
The resulting oil was taken up in 850 mL of a 0.37% HCI solution. Solid NaOH
(25 g) was then added in one portion, and a precipitate formed. The resulting
mixture was stirred for 1 hour and then filtered. The solid was washed with H,0O
(2 x400 mL) and dried at 50°C in a vacuum oven providing 251.7 g (74.1 %) of
[6-(4-methyl-piperazin-1 -yl)-1 H-benzoimidazol-2-ylJ-acetic acid ethyl ester as a
pale yeliow powder.

Procedure B

[0142] A 5000 mL, 4-neck jacketed flask was fitted with a mechanical
stirrer, condenser, temperature probe, gas inlet, and oil bubbler. The equipped
flask was charged with 300 g (1.27 mol) of 5-(4-methyl-piperazin-1-yl)-2-
nitroaniline and 2400 mL of 200 proof EtOH (the reaction may be and has been
conducted with 95% ethanol and it is not necessary to use 200 proof ethanol for
this reaction). The resulting solution was stirred and purged with N, for 15
minutes. Next, 22.7 g of 5% Pd/C (60% H20 wiw) was added to the reaction



WO 2006/ 081445PCT/ US2006/ 002979 -42- g, 700 mml) was added to the
solution, and the internal tenperature was raised to 40C. Wen all

t he sol i dswpadesdesiddl ved and t he sol ution tenperature POA/TS2661082979
40C, solid KHWDS (376.2 g, 1890 nmol) was added over a period of 5

m nut es. \When addition of the potassium base was conplete, a

het er ogeneous yel | ow sol uti on was obtai ned, and the internal
tenperature had risen to 62C. After a period of 60 mnutes, the
internal tenperature decreased back to 40C, and the reaction was
determ ned to be conplete by HPLC (no starting material or uncyclized

i nt er medi atfiswaTha" ) j reacti o ILxture was then
quenched by Sourihﬁééi?(?%nﬁeggagﬁé{%@éﬁdmﬁ lg?n‘!é}’r iniPpies. tfter pargihg mith
m xt ure unt¥2 the reagtion veasiebwas pargedenite Ha b rn%;nfg}ﬁnqiaég%ﬁ a&giyétge

1 ’ . e

filtered, ' r d was_washed wi th water

bri ght yel ﬁ@\% (szo %_thh%h{a?‘f' th 3@%‘8 ihedeaglianiyas stiiyechatda+56e0 (intergalvacuum
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4- neck | aCWﬁbQﬁbiéé@éé‘Cﬂ%Sﬁn‘?QWaP%ﬁ?o%_t h a distillation apparatus, a’
et,

tenperature probe, a N2 gas In addition funnel, and a
mechani cal

tirrer.

[6;(4- ?/% gng‘lbi pa% Sﬁﬁﬁrﬁlvm?53£I4-meﬂnyl-pipd5mmt-?]gd)y2-hm?@ﬂm},g gltﬁ et hyl
ester .charged jinto the reactor, an e
reactor was gﬁ?%e.d &Bﬁ{rﬁf\é{?@&q%‘%‘f(ﬂﬂ{ﬂ%waﬁpyrgﬁqpmﬂzbbﬁmﬂ@mﬁnﬁe&.hen
char ged i n{le diggnine intermedisteds airsengtiveAssd eareAlvhs {4ens9 la.\/gidllasﬁd%
di ssol ved, 5i0bye Rt~ Was, [enpyed %y distillation (vacuum or atwospitdri c
(the hi gherdéa%gpgr at uﬁ‘goﬁgf)%@y't yeORsieimineprapeeeste iydraghlvsiat vass

adufaddo the fotibn alixees distillat]
wes st 3%% 0 the. oart o SR Db rbd S 0 ifueR, Toe racton s
was then a %"f ?‘ﬁ@-?é‘%&éfmf@ma}é@nper,atmayummzamﬁ;maigm‘@é as

di ssol ved,cowh st i v, ri was agai n conduct ed
unti | anotcherFﬁ 11%‘l O@Wﬂfgg}eﬁsﬁcﬁﬁﬁhg‘gb@r&ehﬁé@ﬂ’.'caflﬁg%cﬁpﬁdMWasf

?ﬁdi " ?hd& \APPHIE2 Bigbirss ohRtasribe :ﬂi[uﬁmalwe}mn?[ﬂ&%@f@reébgér?@g% ﬁ&%,relg;w,% ( on
e I 9 . solvent |s renoved I nstea S
40% as i n;i_ih;g} th%rdg ;ﬁ%p%‘?é{ ?PW& ﬁ&ﬁgﬁaﬁtfqrbﬂa&}&ﬁf&ﬁdﬁe welre thad wasl!led
2006/ 0814 CAOUBR200EITIY 2D % SEHEf; Fi sch
ot e e T e B0 o

anal ysi s ran er content. If t

sanpl e coﬂ? %’?%‘g %@é’&’%ﬁ"‘ﬁ?ﬁ@%ﬂﬁk\@@ﬁ rerheved eaderivaouwRré@dindg HE d
as descr i beahgeroilt N akexs3p Lecd I, the anal ysis showed
mor e than 0. 20% wat gr , )(t heﬁn__?%gagﬁ%ﬂ E@W%(?gé%%dsm&égv@f? ﬁaﬁg‘itﬂﬂh@ was
cont i nued (NI A RAY e tesutiigtmistire wes stined. ThaGke aslhtisy fs

[ 0147] Af t gigoo £ ; f an,or about 0.20% was achi eved
usi ng the2§r qgeé%r éregg@gﬁ%%ﬁ hu‘g‘n&ﬁi%é‘gmwﬁsad&&ﬂéyﬁaamenpﬂ@f about

di sti | | at feMiaggamaintainieg thedpleass dembs rgf ) . .and the

reacti on_‘wggbﬁﬂ%gg)d ‘\#Wt h ?gbg‘fgano- G-WU%;%?bagﬁ?gm%?ﬁ??@g? EhegPHMO

mol ) (i noSonedr BLRERYeER Sangs1Q.qlihe sessifing suspeasioh waEhetiricad6t | On

was then atealt dchduds aRile i of 38-42C, \When the

i nternal tenperature hayﬁgﬂ%ﬁg%ﬁqmgﬁgﬁl £PBHt 20r35°C.gThe . 32

mol . 20%RENES Fiktaryaodiiereddend o filts cR8 W Afstied illPHAY ¢ L4907

funnel o i m nut es intaining the interna

t enper at \Jﬁ%) gg“%%%%&%@&(‘f’%ﬁfﬁri‘%trg’ta%@%ﬁ!@ﬂftwfﬁght_ algenCanhdiet vacuuph t he

ours (1 ns0me exanm ae Tt ot 6290 (oRr 8 h- Pl Hinartnd-wiaPe ne.

react i onrbﬁz'ggﬁg@ﬂigr esficasichethibesten aey pals yelowapdWadmnimgnt he

i nt er nal dtemegivewsrie 42 anpl e of the reaction was

then remved and aﬁaf@?@%@@%&'ﬁ%ﬁ&ﬂé‘ﬁ%@%ﬂ*ﬁm% apd $henethapohipbet e,
rémoved under vacuum until at least about 90% had been removed. Water at a



i ni i nol i n-2- i vided by the area
ol -2-y1] - 1H qui nol i n- 2-one) di vide _

Egpf:a?pgﬁéi ng t)c/) %he uncyclized internediate). Once the _reactﬂlaglr)lzg\;\;as
conpl et e (WBGossasis@s > 20), the reactor vv;as cool ﬁd Eggdaimrﬂjf)u??le

- ter (350 mL) was char( _
tenperature of 25-30C, and wat _ S o e e i ntor nal

eriod of 15 minutes while mai g the
g?r?e?ét S\r/gra? 25- 35C (in one alternative, the reaction !: gggggct ed
at WD 2006/ 081445PCT/ USZO(@GI 002979h-44el- ucggct ﬁgdamnﬁbﬁ[ gf murity
i t hi I nutes. The qui cker quenc r_gq _
\ch;[” ?o?mrsn gverti nme) . '?’he reflux condeRger was then replaced with a

: : : d by distillation

distillati q];étuﬁr'gg@ﬂg\?#gpsggpﬁgé e rgSUling, Qlrastsl thAfsoition 50 cdoed o
vacuum o ng ! ; - i d t .
sorven Rasboukh.chmangees syl s ORLAME A
reaction By Hipdhd Hﬁgmmr%z m@diwitrephianeteenﬁaeaesmm@mtbagre?\%%
: e

The reacti tiremfilicred anaivasied ?g;ﬂr?gﬁitgefeoﬁ%édyaet ﬁ?‘n@ %%%ét%eﬁ&ﬁ?p?ﬁgﬁedure
before cooling it to an internal - p d the
ste irring fBFOV%%%P?IQW@M@%Myaﬂgwgzrﬁqiﬁtsn(; ?h{dﬁs fgtglata%nig)?‘.%_rﬁg sol id
flask and filter cake were washed w : under vacuum at 50C in a
thus obt ai Metho@SolRb8GCIG Wafd bt 8F Gl;-Mgihﬁ-piperazind-yl)-1H-
vacuum ovebtleﬁzbiﬁfig&*:l%@-%ﬁnec?ﬁ)g”a(cg'l Be %ﬁ r1 . y0- 1H
4- am no- 5- 0- o- -\ g AL . r
ponzi m dad149h 1] 1@ﬁéwwhy'@'ﬂef@ﬂ?ﬁ'%g YN0 2 B B
[ 0148] [ 6- (dstde{120! 7 HHanf) Wt Had Besh previously worked up and dried fo a water
ethyl content of about 8-9% H,0O was placed in a 2000 mL round bottom flask and

dissolved in absolute ethanol (500 mL). The amber solution was concentrated to
a thick oil using a rotary evaporator with heating until all solvent was removed.
The procedure was repeated two more times. The thick oil thus obtained was
left in the flask and placed in a vacuum oven heated at 50°C overnight. Karl
Fisher analysis results indicated a water content of 5.25%. The lowered water
content obtained by this method provided increased yields in the procedure of

the following Example. Other solvents such as toluene and THF may be used in
place of the ethanol for this drying process.

C. Synthesis of 4-Amino-5-f] uoro-3-[6-(4-methyl-piperazin-1 =yl}-1H-
benzimidazol-z-yI]-1 H-quinolin-2-one

Procedure A

F
NC.

0 / \
EtO N ﬁ F NHp N N—
T == O
KHMDS, THF Ry N
M N —
k/”\ oo

[0145] [6-(4-Methyl-piperazin-1~yl)-1 H-benzimidazol-2-yl]-acetic acid ethy!
ester (250 g, 820 mmol) {dried with ethanol as described above) was dissolved
in THF (3800 mL) in a 5000 mL flask fitted with a condenser, mechanical stirrer,
temperature probe, and purged with argon. 2-Amino-8-fluoro-benzonitrile (95.3



t [ I NO- 6- -Benzonitrile
, 2.01 mol) (dried) and 2-am no-6-fluoro )
(e;;lelrg(6280% nol ) were)charged into a 4-neck 12 L flask seated on a
heat i nig nﬁwblzeomﬂmﬁi tted wwth a condenser, mechianl cgl pmurgmesgmvﬁogﬁﬁz
[ tion vessel wa _ :
inlet, and tenperature probe. The reac : : ed wth
’ the reaction m xture [
and toluene (7.7 L) was charged into _ X1 ure whi
i i n purged wt a
was stirred. The reaction vessel was agai ed wth fe and
' I ned under N2. The internal tenperature o . \
pg: gtegl until a tenperature of 63C (;r/_-rf’:e%?g) a}[/vaZBgc?L/evegb) T\kllwe1i : gt er nal
' S maintai -
o on et el 2 o Lot tol Vvae”was distilled fromthe flask under

appr oxi mat .6 L.of tolue St )
"eGucen pr & Y6ParaNres AT B4FR Solien anding o tempeaid v RS
(Karl Fi SCheﬂP]?(D.?th%rﬁ?fg?r%c%b?]i?g rl]1tf18 \gg%%gég And the sqlutign demperagigg had
the m xture. e wat € o .
spocher 2, S0 G et a0/ 560889 o 7Bk
Thi s_proe 52@91‘9@% p@%ﬁéﬁﬁy@?% RORSSHIM base V\Hsmnﬂpl@l@%\erag@fém,
was : : ; 0 an
heat i ng wagellbus solation e ool 1, RBGHEALY %eﬁr@%@%pﬁr}%%tq 68%.i n
i rature o - : )
TF. 330 G5 8 Poowsr 69 routesshoriniord) e deoWeerddien 1BAleabes | e
11 DRl Wit [ essgocr
reaction . h " - i 1. Nt
{but oxt deouncyelinad iatermedato eRqirbamurmoridy Bdodln ARG MRlen, .o,
LoD A U Guenef Y Aol P Ao Q8000 Mk ) sad siimingtiné essulting o RGP
: ; i re
t enper at ur ihadseddhed roginerhpefatiRC THIMNI Vif&fichMorSs 254 he St
At Teast 30 s Walhed with water (1000 mL 2X). The bright yellow solid was placed in
a drying tray and dried in a vacuum oven at 50°C overnight providing 155.3 g
(47.9%) of the desired 4—amino—5-ﬂuoro-3-[6—(4-methyl-piperazin-1—yl)-1 H-
benzimidazol-2-y{]-1 H-quinolin-2-one.

" Procedure B

[0146] A 5000 mL. 4-neck jacketed flask was equipped with a distillation
apparatus, a temperature probe, a Nz gas inlet, an addition funnel, and a
mechanical stirrer, [6-(4-Methyl-piperazin-1 -yI)-1H-benzimidazol-2-ylj-acetic acid
ethyl ester (173.0 g, 570 mmol) was charged into the reactor, and the reactor
was purged with Ny for 15 minutes, Dry THF (2600 mL.) was then charged into
the flask with stirring. After all the solid had dissolved, solvent was removed by
distillation (vacuum or atmospheric (the higher temperature helps to remove the
water) using heat as necessary. After 1000 mL of solvent had been removed,
distillation was stopped and the reaction was purged with No. 1000 mL of dry
THF was then added to the reaction vessel, and when all solid was dissolved,
distillation (vacuum or atmospheric) was again conducted until another 1000 mL
of solvent had been removed. This process of adding dry THF and solvent
removal was repeated at least 4 times (on the 4™ distiliation, 60% of the solvent
is removed instead of just 40% as in the first 3 distillations) after which a 1 mL
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reaction was then nonitored for conpletion using HPLC to check for
consunption of the starting materials (typically in 2-3 hours, both
starting YHRX2896/981445 wer e consuned (Il ess than 0.5% by arRGI/G52p5(003979
If the reaction was not conplete after 2 hours, another 0.05

equi val ents of potassiumt-butoxi de was added at a tinme, and the
process was conpleted until HPLC showed that the reaction was
conplete. After the reaction was conplete, 650 nL of water was added
to the stirred reaction mxture. The rgagtion was then warmed to an

i nternal tenperature of 50C and the THF was distilled away (about 3 L

by vol une) sangss waeg SS84H action m xture. Water
(g 6 L) \M)iS t&sn ddgﬁﬁgﬁgﬁcw Serﬁlsgﬁ%%&{ﬁ% Cf?tt‘ﬁﬁ"%%?ﬁ@f%rsq%ergn If the

addition f R seasple Icentaumdl lesk ﬂ'l@n@@@%tvﬁ‘émﬁ ARG ge%[cﬂ&‘?

stirred fon evvas n filtered, an
filter cakgv ﬁ%"”ﬁﬁié%é %5%" E{}ﬁ tI[;g(‘ FL%fagf\ﬁP%h ver Hibihel analyss L)

d with 959owedmwe than .20 wate, e T
Spy'\rl‘mg trayomfiliedni m.\%;% Ea%v%l% vgghéa?wodcﬂmc%% Hg c‘é?(ﬂ;%gt %&g\m@isgh?

was obt ai ned pr OVI SSJhaﬂﬁeZQ%waseath[eved
4- am no-5-f1l uor o- 3-

[ 6- (4- met hiA148] per azAdteria wijer tonkeen af B8 87 orzapbtt 020% was achieved

I f
'f ?\%' ho- %n%‘%ug %ﬁ’&é?&ifedngL @?%t'@%gazgwous paagLiie tize disdlihitidn 2-y1]-1

H | i napparats[vidsHe BESL d

cogg;ggelr " Elersc[it b&;r%gglgtﬂ“@}réh as | r‘ﬂae@ %ﬁ%”ﬁg e&“&bﬁ’ﬁsﬁﬁ%r

was pl aced” | f@@gﬁﬁé‘”ﬁﬂﬁﬂz@mtﬁﬁ §.2a5K70mmmol ¢ sdine @rsk u?ébOi?f
1

H- 33} 28| i n- tiubgag]?t\z:&uééd) g 'J%&Hii §“3§§f?&jﬂ%ig4/é% ?'g!rbztérgﬁl %ﬁgmature of

suspended 3&1433% heartbe lr(temwtemperaflﬁe 12Ty rré%ﬁed'&‘h @ §§ % lon
| t t te

Pt Lo (1 o®3 ar1825001, 208 RHBRRS PR Wes ﬁﬂgg@tae)t?lerreacumwmd?@f

about 1 hdedjtionakbfunealodverm pddt dFe miudd ﬁglngﬁﬁlnéﬁp%ﬁgmmg &S V"gt'ul!.;e

refl uxed. r?At thta?q g&éﬁ t he heat was renove

suspensi o FRau dyeing thel addition. t Wines raitlition P the potdQ&ium se was
suspensi o th I ad was washed wth

wat er (2 xm’me e r&f?\(lg%ﬁ?%w séb Od'%vég)‘i ﬁé}?ﬁfﬁ e samMeexamples wasr ay

o S st s sl 95t 5
purified pr og n%?ﬁ %'@69‘& Pfﬁﬁ?‘@&?\ﬂ@?rﬁt‘ﬂ)’eﬁ@m @B844@ACofA samplecfiiss d

Sal t of 4reaction wasithenvemad arid BRI ?i‘{é‘m—’ HPLG1 1f fhereggtion wag ngt

pi per azin enzj m dazol -
chngl%e)ce a'é-dt%lonai KHMDS solutlon was added to the flask over a period of 5

minutes and the reaction was stirred at 38- 42°C for 45-60 minutes (the amount

of KHMDS solution added was determined by the following: If the IPC ratio is <
3.50, then 125 mL was added; if 10.0 =IPC ratio >3, 50, then 56 mL was added:
if 20.0 =IPC ratio =10, then 30 mL was added. The IPC ratio is equal to the |
area corresponding to 4-amino-5-fluoro-3- -[6-{(4-methyl-piperazin-1- -y1)-1H-

benzimidazol-2-y{J-1H- -quinolin-2-one) divided by the area corresponding to the

uncyclized intermediate). Onge the reaction was complete (IPC ratio > 20), the
reactor was cooled to an internal temperature of 25-30°C, and water (350 mL)

was charged into the reactor over a period of 15 minutes while maintaining the

internal temperature at 25-35°C (in one alternative, the reaction is conducted at
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[ 0150] A 3000 nL 4-necked jacketed flask was fitted with a condenser,
a tenper aworeospsol®, a N2 gas inlet, and a nmechani cal mtrvuszeansoo0zbine
reaction vessel was purged with N2 for at |east 15 m nutes and then
charged wi th 4-am no-5-

fl uor o- 346- (4- et hyl - pi perazi n-1-y1)-1H benzi m dazol - 2-y1] - 1H qui nol i
n-2-one (484 g, 1.23 nol). A solution of D/ L-lactic acid (243.3 g,
1.72 nmol of nononer-see the follow ng paragraph), water (339 nL), and

[ -

et hanol (1211 nlL) was prepared and then'**Charged to the reaction

flask. Stirgge L0kt d at. a nedium_rate, and the reaction was -
heated to an P%n\g?ﬁ%qeptse@gﬁé‘y’&f‘%%dﬁ’”ﬂ@ﬁﬂ'@e quicker quenciateduzap ¢hat ur e

of the read@mamtwhinporitytrait isehsid CrQlofBr i nut es _and then
heating was, veb ImelThe reﬂlﬁ(@%déhﬁﬂ‘g?% %hr ough

i ntJ nued, The resulting mxture
a 10-20 ni c?@%é‘?c‘?\”{th @o‘ﬁ%&'@i‘%@ppﬁr@tw and soheeritwas rbendvetilBadistiBien 12 L
flask was épduppedr stidy ic r.at ur r , refl ux
condenser, ,an addition Pﬂﬁ%@%ﬁ%@%ﬁgwﬁl{ﬁ %%% ﬁ%’% ’Bﬁ@féﬁlvéﬂfefﬂafbad
stirrer. THESR{¢MPYad digillationwas discortinuad mm@iré%tfﬁ@aéﬁgﬁ%@%iﬁp to
fl [ bout, . 78C) . Wi | i nt
gent e | LP%@@%@W@%@%@&@% 1§ ipasion Temlewhilsiainaisngthe
peri od of el Boperatutecat 20MBe°C.eakb | ; : ol ed an
i nt er nal tgéq@foags re. ranging from aﬁ%&f%rbggh%guwwﬁlﬁlgﬁﬁéﬂbgﬁéecﬁ?%es
and this tenpeé 55_ @r’@'w&g‘?ﬁ?rﬁt%oﬂwﬁﬂoanéﬂmm&l températlre o 530 41 es-
The react ?"‘f‘g’@ﬁ"'{@ﬁfsﬁﬁgﬁﬁi Phe FEAMR SuspbhsiBR Wi FEAS an e Pcs et
4-am no- S-ﬁﬂ & §Ake weee washed with wiiteeBaz650 m.l)rhé'énl@@gﬁjsr%iﬁmgb?a;s
to the Tl ask,

y1ll- 1H quididd 8-La 484 0.1 nole %9 were adde
and the reactdl onag(\:/\ﬂ{sg?% ti"?‘?'%@qgldeéﬁa%@ £bP0%DinrA vacuskn beém teepayhien

i nspect i nglG3R gf(HASRs field) of 45érﬁih§-5-ﬁ&‘t§8.igﬁgsya§,%ﬁy}§ﬁlrp e b 'g't I_eyht_ Ut o

stirring uc t | ow rate an eac

64- 70C f0%3'%{@38%(1%53{4@@%"%!@&@9@ aslaeyallencpovwaterwas t hen cool ed to
about OC over a period of about 2 hours, and the resulting m xture
was filtefyocetdamugh a 25-50 nmicron fritted filter. The reactor was
washed with ethanol (484 nL) and stirred until the internal

tenperature wap about 0C. The co|d et hanol was used to wash the
wa peated 2 nore tj

filter cakep—and tli s procedure ed 2 R -
col | ected soli s qri ey to a gg t we|ght]at Z der\vacHum in
a vacuum oven yi eNdig 510.Z.g WO 2006/ 08344 {1S200€¢/ 002 - 48-
Nk/ K C+Bu (THF}
N\Toluene ﬂ -
[6-(4-Methyl-piperazin-1-yi)-1 H-benzimidazol-2-yl}-acetic acid ethyl

ester (608 g, 2.01 mol) {dried) and 2-amino-6-fluoro-benzonitrile (274 g, 2.01
mol) were charged into a 4-

[0148]

. neck 12 L flask seated on a heating mantle and fitted
with a condenser, mechanical stirrer, gas inlet, and temperature probe. The

reaction vesse! was purged with N2, and toluene (7.7 L) was charged into the

reaction mixture while it was stirred. The reaction vessel was again purged with

Nz and maintained under N». The internal temperature of the mixture was raised

until a temperature of 63°C (/- 3°C) was achieved. The internal temperature of

the mixture was maintained at 63°C (+/~ 3°C) while approximately 2.6 L of

toluene was distilled from the flagk under reduced pressure (380 +/- 10 torr

distilling head t = 40°C (+/- 1 0°C) (Karl Fischer analysis was used to check the



(85.7% of ;he crystalline yellow lactic acid salt of
-am no- 5-f | uor o- 346- (4- _ _
?re?hmyln?p;speoaudﬁmssMyl§ - 1H benzi m dazol - 2- yH -1H ggl galr :Hrt::gaisagwoozﬁw
[ it typically us
rubber damor inert conditions were t) _ Lo ot 19 baC ery
[ ion process. Wiile the dry solid did no pp
L;gﬁggéggicP the wet filter cake tendsdto p:cﬁggg 2§Lg;u?2do?efﬁgemet
' autions were taken to avoid prolo . :
?}:fgychL:Cto t he at nosphere. [0151] Co rcial lactic acid generally

i nt'ai ns di mers and trinmers in
contai ns about 8-12% w w water, and conta fLmersin

S 1 eS8 el WPt i o
18, e bt ch oy i S0 Nl ATV,
mxt Ure. | SERy PPPRER L B GO Cblbsp U103t wes abhievoe After
T bonsi m dorol Ayt T gt hol e Seg el Bt v risgantsuis. anc
ort 1 ol vt oo ot o vt gm gt
e oo ARG it Dol S S s i
(Conpound bytoxisle) wae therl adeedid t&é@d%éé_r@?i%}gg%gg&ggggg@]&{cﬁ)gbgﬂﬂmmema!
bel ow. Oof&%g}gtu%e omezrgggt/io%mlrgé Eept below 20°C. After addition of the
potassium t-butoxide was complete, the reaction was stirred at an infernal
temperature of less than 20°C for 30 minutes. The temperature was then raised
to 25°C, and the reaction was stirred for at least 1 hour. The temperature was
then raised to 30°C, and the reaction was stirred for at least 30 minutes. The
reaction was then monitored for completion using HPLC to check for
consumption of the starting materials (typicaily in 2-3 hours, both starting
materials were consumed (less than 0.5% by area % HPLC)). If the reaction
was not complete after 2 hours, another 0.05 equivalents of potassium t-butoxide
was added at a time, and the process was completed until HPL.C showed that
the reaction was complete. After the reaction was complete, 650 mL_ of water
was added to the stirred reaction mixture. The reaction was then warmed to an
internal temperature of 50°C and the THF was distilled away (about 3 L by
volume) under reduced pressure from the reaction mixture. Water (2.6 L) was
then added dropwise to the reaction mixture using an addition funnel. The
mixture was then cooled to room temperature and stirred for at least 1 hour. The
mixture was then filtered, and the filter cake was washed with water (1.2 L), with
70% ethanol (1.2 L), and with 95% ethanol (1.2 L). The bright yellow solid was
placed in a drying tray and dried in a vacuum oven at 50°C until a constant
weight was obtained providing 674 g (85.4%) of the desired 4-amino-5-fluoro-3-
[6-(4-methyl-piperazin-1 ~yh)-1 H-benzimidazol-2-y}-1 H-quinalin-2-one,



( - [ tivity of a |
d 3 1C0s of Conmpounds 1-3 [0153] The ki nase ac
Sagglrmof protein tyrosine kinases was measured using the progedur;ars]
set forth wel2zomboms Conpounds 1-3 to provide the 1C50 \mmﬁoolscgzgm
the follow ng Table. Table. IC50s of Conpounds 1-3 Conpou

(PM VEGFR fit VEGFR fl k1l bFGFR
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Purification of 4-Amino-5-f|uoro-3-[6-(4-methyl-pi perazin-1-yl)-1H-
benzimidazol-2-yl]-1H-quinolin-2-one
[0149] A 3000 mL 4-neck flask equipped with a condenser, temperature
probe, N2 gas inlet, and mechanical stirrer was placed in a heating mantle, The
flask was then charged with 4—amino-5-ﬂu0ro-3-[6-(4-methyl-piperazin-1 -yl)-1H-
benzimidazol-2-yil-1H-quinolin-2-one (101.0 g, 0.26 mol), and the yellow solid
was suspended in 95% ethanol (1000 mL) and stirred. In some cases an 8:1
solvent ratio is used. The suspension was then heated to a gentle reflux
(temperature of about 76°C) with stirring over a period of about 1 hour. The
reaction was then stirred for 45-75 minutes while refluxed. At this point, the heat
was removed from the flask and the suspension was allowed to cool to a
temperature of 25-30°C. The suspension was then filtered, and the filter pad
was washed with water (2 x 500 mL). The yellow solid was then placed in a
drying tray and dried in a vacuum oven at 50°C until a constant weight was
obtained (typically 16 hours) to obtain 97.2 g (96.2%) of the purified product as a
yellow powder.

D.  Preparation of Lactic Acid Salt of 4-Amino-5-ﬂuoro-3-[6-(4-methyl-
piperazin-1-yl)-1H -benzimidazol-2-yl]-1H-quinolin-2-one

F NH. N N N—
socalin
Ny
hl O

’ D.i-Lactic Acld
EtOH, H,0
— |_. —
F F NH, N N N o
/ A

QAN N o

H o OH
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PDGFR FIt3 c-kit (-Oorrpound 1 0.010 0.013 0.008 0.027 0.0001 0.0015

Conmpound 2 0.004 0.009 0.005 0.010 PCT/US2006/002979
WO 2006/081445
47-
[01560] A 3000 mL 4-necked jacketed flask was fitted with a condenser, a

temperature probe, a Nz gas inlet, and a mechanical stirrer. The reaction vessel!
was purged with N for at least 15 minutes and then charged with 4-amino-5-
ﬂuoro-3-[6-(4-methyl-piperazin—1-yl )-1 H-benzimidazol-2-yl}-1 H-quinolin-2-one
(484 g, 1.23 mol). A solution of D,L-lactic acid (243.3 g, 1.72 mol of monomer-
see the following paragraph), water (339 mL), and ethanol (1211 mL) was
prepared and then charged to the reaction flask. Stirring was initiated at a
medium rate, and the reaction was heated to an internal temperature of 68-72°C.
The internal temperature of the reaction was maintained at 68-72°C for 1545
minutes and then heating was discontinued. The resulting mixture was filtered
through a 10-20 micron frit collecting the filtrate in a 12 L flask. The 12 L flask
was equipped with an internal temperature probe, a reflux condenser, an
addition funnel, a gas inlet an outlet, and an overhead stirrer. The filtrate was
then stirred at @ medium rate and heated to reflux (internal temperature of about
78°C). While maintaining a gentle reflux, ethanol (3,596 mL) was charged to the
flask over a period of about 20 minutes. The reaction flask was then cooled to
an internal temperature ranging from about 64-70°C within 15-25 minutes and
this temperature was maintained for a period of about 30 minutes. The reactor
was inspected for crystals. If no crystals were present, then crystals of the lactic
acid salt of 4—amino-5-ﬂuoro-3-[6-(4~methy!-piperazin-1 -y1}-1H-benzimidazol-2-
Yll-1H-quinolin-2-one (484 mg, 0.1 mole %) were added to the flask, and the
reaction was stirred at 64-70°C for 30 minutes before again inspecting the flask
for crystals. Once crystals were present, stirring was reduced to a low rate and
the reaction was stirred at 64-70°C for an additional 80 minutes. The reaction
was then cooled to about 0°C over a period of about 2 hours, and the resulting
mixture was filtered through a 25-50 micron fritted filter. The reactor was
washed with ethanol (484 ml.) and stirred until the internal temperature was
about 0°C. The cold ethanol was used to wash the filter cake, and this
procedure was repeated 2 more times, The collected solid was dried o a
constant weight at 50°C under vacuum in a vacuum oven yielding 510.7 g
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iy/r&%hﬁz S-wbuoremsBd6- (4- met hyl- 4- oxi) dopijper azi n-1-y1l) - Jdaamszoosiooszol -
-yliquinolin-2(1H)-one (Conpound 2) an o

i- eri ﬂo- 5-fl uorf)B-H% 6-pi perazin-1 -yl1l-1 H benzi m dazol - 2-yOqu -
i nolin-2(111)-one (Conpound 3) [0154] To confirmthe structures of the
identified netabolites of Conmpound 1, the netabolites were bolit
i ndependent |y synt hesi zed. [0155] Conpound 2, the N-oxide netabolite |
of Conmpound 1, was synthesized as showft-n the scheme bel ow. Conpoun

[ ) xture of ethanol, dinethylacetam de and hydrogen
ée‘r”?f(i Qf‘t Leﬁgélr?g/eﬁqﬁ%épn@;alline yellow lactic acid salt of 4-amino-5-fluoro-3-6-(4-

methyl-piperazin-1-yl)-1 H-benzimidazol-2-yl}-1H-quinolin-2-one. A rubber dam
or inert conditions were typically used during the filtration process. While the dry
solid did not appear to be very hygroscopic, the wet filter cake tends to pick up
water and become sticky. Precautions were taken to avoid prolonged exposure
of the wet filter cake to the atmosphere.

[0151] Commercial lactic acid generally contains about 8~12% wiw water,
and contains dimers and trimers in addition to the monomeric lactic acid. The
mole ratio of lactic acid dimer to monomer is generally about 1.0:4.7.
Commercial grade lactic acid may be used in the process described in the
preceding paragraph as the monolactate salt preferentially precipitates from the
reaction mixture.

Identification of Metabolites

[0152] Two metabolites of 4-amino-5-fluoro-3-[6-(4-methyl-piperazin-1 ~yl)-
1H-benzimidazol-2-yi]-1H-quinolin-2-one (Compound 1) have been identified and
characterized in pooled rat plasma from a 2 week toxicology study as described
in the references incorporated herein. The two identified metabolites were the
piperazine N-oxide compound (Compound 2) and the N-demethylated
compound (Compound 3) shown below.

N N/O
F NH N -
XN
H

N~ ~O
H

Compound 2



-50- of the reaction, Conpound 2 was isolated by filtration and
washed with ethanol. If necessary, the product could be further
purified bYO2eR§k4Ehr omat ogr aphy. H202 HN Et OH, DNVAHN RITVES2006002979

[ 0156] Conmpound 3, the N-desnethyl netabolite of Conpound 1, was

synt hesi zed as shown in the schene bel ow. 5-Chloro-2-nitroaniline was
treated with piperazine to yield 4 which was subsequently protected
with a butyl oxycarbonyl (Boc) group to yield 5. Reduction of the
nitro group followed by condensation wjd 3-ethoxy-3-im nopropionic
acid ethyl ester gave 6. Condensation of 6 with
6-fluoroanthranilonitril e using potassi umhexanet di silazide as the

base yielded 7. Crude 7 tregted wt NCl\to yield the
desired netabolite as a yé ; purihf“'hation. Assay
Procedures Serine/ Threoni ge Ki e ki}\-aee/activi ty of

Compound 3

IC50s of Compounds 1-3

[0153] The kinase activity of a number of protein tyrosine kinases was
measured using the procedures set forth below for Compounds 1
the ICsq values shown in the following Tabie.

-3 to provide

Table. ICsps of Compounds 1-3

ICsp (L)
Compound VEGFR flt | VEGFR k1 bFGFR PDGFR Flt3 c=kit
Compound 1 0.010 0.013 0.008 0.027 0.0001 | 0.0015
Compound 2 0.004 0.009 0.005 0.010 0.0004 | 0.0002

Compound 3 0.019 0.012 0.019 0.037

0.0001 | 0.0002

Synthesis of 4-Amino-5-fluoro-3 [6-(4~-m idopi
1the n0-5 =3-{0-{4-methyl-4-oxidopiperazin-1-vi}-1H-
I;e:;zu:n|daqu-2-yI]qumol|n-2(1 H)-one (Compound 2) an':l Z-Am;ng-g-?l:;{ro-
~(6-piperazin-1-yI-1 H-benzimidazol-z-yl)quinolin-2(1 H)-one (Compound 3)
[0154] To confirm the structures of the identified metabolites of Compound
1, the metabolites were independently synthesized,

[0155] Compound 2, the N-oxide metabolite of Compound 1, was

synthesized as shown in the scheme below. Compound 1 was heated in a
mixture of ethanol, dimethylacetamide and hydrogen peroxide. Upon completion



measured by providing ATP and a suitable peptide or protein
containing a serine or threonine am no acid residue for
phosphor yl WPi28/08k448 assayi ng for the transfer of phosditAVES2HA6083%P t o
the serine or threonine residue. Reconbinant proteins containing the
ki nase domai ns of GSK-3, RSK-2, PAR-1, NEK-2, and CHKl enzynmes were
expressed in Sf9 insect cells using a Bacul ovirus expression system
(I'nVitrogen) and purified via Gu antibody interaction (for

d uepi tope tagged constructs) or by Metg| I|on Chronmatography (for

H s6 (SEQ ID NO 1) tagged constructs). c2 (GST fusion construct)

and cyclin d43 ME ey B E i SE9 [nsect cells using a

Bacul ovi r u(sjf)expr%scgllsghég@@? gﬁgzlﬁ@dﬁ'ﬁlﬁtﬁﬁm ﬁlﬁ@??%@"@@ég@@wﬁhrﬂmﬂ@
avai | abl e conRegassag, ke producksouldibe RatRY pUFife BPebRy | y.
The purified Cdc2 enzynme used in the assgy wasygom‘rg?]c&a h@?@%ﬁg
avai l abl e, andfit may be purchased from New Engl and_Bi o Labs. For
each assay, t Menpounds were serially diluted | and t hen

US2006/ 002979, < 52- vvith PPRopL{ at e
us~5- 10 2 nma-Y4 /The
ki nase protein angl tthe apgrogriate U@t bmyl ated peptige HubsA at’ézl
were added to give a final hume of 150 L. Reactions Qwere inc&@ ed
for 3-4 hours at roomtenperature and then stopped by ,‘;ransferri ngto

a strept avi@ias] coat eGomipiouad 3j ﬂf@“ide@ﬁ"emﬁwet%&&és ?ﬁgbﬁ@?ﬁ itj g%ﬁf fer

cont ai ni ng L.l L _of stop reaction buffer. e

consi sts of ﬁ'%geWSE]ﬁFéB@WBJ’ Kgschiemesbelaw BeFhloroxtrétrodnilmewasfreated

i ncubat i onwithtpiEhave dd Yiel] 2 i S d 200 AL

M crosci nt b20 s‘ﬁrn il a?li on %waigﬁgﬁggn&p%? PC.I “‘?‘H@ pl ates were

seal ed andPd¥Ip¥erbgayi{Boehgronnie yiekhs. Reduetitr aft themites ?m@how&owd
i near

for 50% i nBbiddn X enpl oying non-
regres s(i) on u@ér?gsg?(?_l‘ %ﬁ%@?@%%gﬂnﬁﬁ@&%@?\%@&hwmQEW@ §.eacti on
buf f er confandeisation a6 withss-HabDapthraninitild usihdVB&Hasiud ™ DTI, 4 mM

EDTA, 25 : hate, 5 Cl2, 0.01%BSA/PBS, 0.5 gM
pepti de s%@3@%@%@8%&%@%EQ%Y‘E%E%CW-EWQMWW% ageebust
27 nM CH eldihe Adsitedimetlatithite 4 044
units/nL. For the GSK-3 assay, bioti n% e@é"’%@% 8@@@?%%@&3@0“'
SGSGKRREI LSRRP(pS) YR-NH2 (SEQ I D NO. 4)) was used. For the CHK1
assay, a biotin-Cdc25c peptide

(Bi oti n-[ AHX] SGSGSA.YRSPSMPENLNRPR] CONH2] (SEQ I D NO 5)) was used.
For the Cdc2 and the Cdk2 assays, a biotin-Hi stonelll peptide

([ 1cBi ot i n] GGGGPKTPKKAKKL][ CONH2] (SEQ ID NO 6)) was used. In the
Rsk2 assay, a biotin-p70 peptide, 15 mM MyC12, 1 nmM DIT, 5 nM EDTA,
2.7 JIM PKC inhibitor peptide, and 2.7 gM PKA i nhi bitor peptide were
used. Tyrosine Kinases [0159] The kinase activity of a nunber of
protein tyrosine kinases was neasured by providing ATP and an
appropriate peptide or protein containing a tyrosine amno acid

resi due for phosphorylation, and assaying for the transfer of
phosphate noiety to the tyrosine residue. Reconbi nant proteins
corresponding to the cytoplasm c domains of the FLT-1 (VEGFR1),
VEGFR2, VEGFR3, Tie-2,



-53- PDGFRa, PDGFIR)9, and FGFRL receptors were expressed in Sf9
insect cells using a Bacul ovirus expression system (InVitrogen) and
may be purwbizea/ogi4as A u anti body interaction (for G u-agmmpeciedeed
constructs) or by Metal |on Chromatography (for Hiss (SEQ ID NO 1)
tagged constructs). For each assay, test conpounds were serially
diluted in DMSO and then m xed with an appropriate kinase reaction
buf fer plus ATP. Kinase protein and an appropriate biotinyl ated
pepti de substrate were added to give aé' nal vol unme of 50-1004,
reactions were incubated for 1-3 hours~ room tenperature and then
st opped by addition of 25-50 sL f 45 mM EDTA, 50 nmM Hepes pH 7.5.
The stoppeoOzN tion i x thit e ( mwas transferred ¥ | treptavid
i n-coated m r—pf—a%e—éBo nn i ncu ed for 1
hour . Phospﬂ%oryl at Ed pepti de p?ﬂguct /N? feasur ed wi t hHNh 7Dy
time-resol ved fluorescence syst erq(V\aI I a or PE Bi osci ences),
Eur opi um | abel ed anti - phosphot yrosi ne anti body P166 wt h5the
nodi fication that the DELFI A assay buffer was suppl &rented with 1 niv
MyCl2 for the antimady dilution. Tigyre gesolved flu nce was read
on a Wallac 1 or one PE Vi ct or mul tiple signal
reader. The cogcen ragiten of BAcy dbmybund™y or 50% nilikition (1050)
was cal cul at ed g% non- | i near regresshlﬁem usi ngimd¥e. Fit data

anal ysi s software [0160] FLT-1, VHESR2, VEGFR3, FGFR3, Tie-2, and
FGFR1 ki nases were assayed in 50 mM Hepes pH 7.0, 2 mM MyC12, 10 nM
Md 2, 1 nf\/INaE 1 mMMDTI, 1 ng/nmL BSA, 2 p,MATP, and 0.20-0.50 |.LM
correspondi bi oy Nyl at ed pepti de substrate. FET-1, VEGFR2, VEGFR3,

Tie-2, and R \k|/ were added at 0.1 p , N8 05 ng/nmL, or 0.1
p g/m_ respechi g e PDCGER kiHghse as nm. enzyne

with the sane bufehI confil\tC Qns as above was us & changi ng
ATP and peptide substrate™>concentratiOns to 1.4 I\/MM'P and @25 p. M

bi ot i n- GGLFDDPSYYNVQNL- NH2 (SEQ I D NO. 2) peptide;substrate. WO
2006/ 081445PCT/ US2006/ 002979 -54- [0161] Reconbi nant and active

tyrosi ne ki nases Fyn, and Lck ar ava'r,l able commercially and were
purchased from Upstate Bi ot echnm assay, test conpounds
were serially diluted in DVMSO and then m xed with an appropriate
ki nase rea%%’i"%ﬁ”b[ﬁ%ﬂeﬁluasw nM 33P ganmma- | abel ed ATP. The ki nase

protei n angi&he app f bi.oti nyl af ed pepti de substrate were added
to give ar[fl nQI vol Hﬁg l4(')'?"’{3 INEY % ORALOUS Betefesasinertb ieoniredkinasesavds

hours at Mﬁw@*fb?m“ﬂlﬂgm Aiea sERANE ?‘y o E
streptavi %r%%ﬁi% crotiter pl a?gp ﬁéf ﬁ!@{ﬁ gb%ﬂ%? serine
cont ai ni ng Eg'f"ngtaﬁ regideeiferphaspherylationg aad et dfigormige 50 tt M
uni abel ed GaMBter of phosphaoHiod s i di L Dl ates were
washed with PBS an Zﬂn I\/?cr g%f:ér'éra{ﬁ f%ws?rce?hhe "esidiEn ﬁq%err@m@é
added per PIRIPINS cpp r@pgﬁ@ﬁm@dgmalmcbfﬁ&l(@pmﬂ PARD NERSOHAY -
The concemHet & nﬁ’ésﬁ@ gérf i 50 Lt oo (l o) has
cal cul ated enpl @%X ng non ’fpﬁg%%mg ggﬁe&' ‘?]g‘r Us#n9@ Bectloyised anal ysi s
sof t war e. €Xpression system (I nVrtrogen) and purified via Glu antibody interaction (for Glu-
epitope tagged constructs) or by Metal lon Chromatography (for Hiss (SEQ ID
NO: 1) tagged constructs). Cdc2 (GST fusion construct) and cyclin B were co-
expressed in Sf9 insect cells using a Baculovirus expression system,
Recombinant, active Cdk2/cyclin A is available commercially and was purchased
from Upstate Biotechnology. The purified Cdc2 enzyme used in the assay was
commercially available, and it may be purchased from New England Bio Labs.

For each assay, test compounds were serially diluted in DMSO and then mixed



[0162] The ki nase reaction buffer for Fyn, Lck, and c-ABL contai ned 50
mM Tris-HCI pH 7.5, 15 M wd 2, 30 mM M 2, 2 mM DYE, 2 nM EDTA, 25
nmM bet a- gl woemalosptapsphat e, 0. 01% BSA/ PBS, 0.5 pM of t hetapniepoissd e
pepti de substrate (biotinylated Src peptide substrate: biotin-
GGGGKVEKI GEGTYGWYK-NH2 (SEQ ID NO 3) for Fyn and Lek), 1 p.R4

unl abel ed ATP, and 1 nM ki nase. [0163] The ki nase activity of c-Kit
and FLT-3 were neasured by providing ATP and a peptide or protein
containing a tyrosine am no acid resi dqj‘%ofor phosphoryl ati on, and
assaying for the transfer of phosphate™fdiety to the tyrosine

resi due. R i.nan roteins corresponding to the cytoplasmc .
donai ns of Wﬁ'{ﬁ?%aﬁphgﬂ?ge EE}?@% reactign oyffer %Bé-lﬁmfﬂrﬁéaﬂgemmlﬂbabﬁe) .
For testi n\TRANTRe RiMBL8 pYoteRMEMIAE aphRprEXBRifiylated peptide substrate were

4-am no-5-f1l yor ? 316-(4-
met hy| pi peP49PA 1 giye)a final yelimewlithibbl 2RehbtiprisnoelnAbHEd RS.4 WBSrs

diluted i ] i t i . ti buf f
G N R b e s o
L ottt o SR i
reactions &gﬁ% iﬁ'&%ﬁtgpéﬁa?t&n bufigh Gersists of 58 Mmambeed dATPamd 30heIM

t d byE&dRN.t4 : HEPE H.7.5. Th
Stobbed roaoytor et Phodttmhobaién, Hedidh srtefUeiS ashedwith s,

stopped reaction mxture_

str ept avi dPRd e88ubdVierescinti2ecinilatian flBo elsi el JérRieiTHs @ s were

i ncubated § osph | at e ptide product was measure
with the Dg@?@ﬁnp%n‘éﬁ@s%ﬁ?%oﬁgﬁ‘??}ﬂeg E‘@r?@@‘?%@féﬂt@m qh\agich ommouRe for

Bi osci ence8(% iokibiiignd] Gy was vaicliakel &dnRYH mH?ﬁ.ﬂ-Ié%E ' nt i hody.
P166, vvithd%}Qe nﬁ,dlfi tion that the DELEIE asslay ﬁé@é?&%@sﬁqg% ¥'t
suppl enent e WP 12 for the antibody dilution. Time resol ved
fluorescence values were determned on a Wallac 1232 DELFI A

1 uor omet d0168] a PE Tiecteattiar bafridoRtne %?EW ;‘r‘gigﬁiﬁréggg‘ﬁ%go mM

concentr at 0 o] nd_for 50% I

cal cul at edhg%r %Wﬁﬂaglﬁgrf{%MgQrTAr egmeldietmglyseraphispitate, 8aiv Mwa,ysi s

11751, QOIRONTR bl e S e L

?Bd t1 pM FMZyBle Wapuset abi'&z)nhltsmy{mt@lnpgp%dbg%ﬁq qm’teaggteatst than

i otin- - i .. The concentratioh o

FLT-3 and;c i— is{%e %‘%‘ﬁ%’@kﬁ '&ié—r 5555%{}5&3\5@%% RiotineGRER; paptidadBiotin-

Conpr ehen KRR Ih§ RRR{p SR MHAB B ATNGS - 3

1644- et h Sgéyer @ztn#%ﬁ; 1Hh nzziq% dazol - 243{‘%]%?%%% ﬁ‘?"z‘(hf@*-'%}'me

Efficacy in & 'Prech CREPEYS e Myel oma Model
(Blotm-[AHX]SGSGSGLYRSPSMPENLNRPR[CONH2] (SEQ ID NO: 5)) was
used. Forthe Cdc2 and the Cdk? assays, a biotin-Histone H1 peptide
([lCBIOtIn]GGGGPKTPKKAKKL[CONHz] (SEQ ID NO: 6)) was used. In the Rsk2
assay, a biotin-p70 peptide, 15 mM MgClz, 1 mM DTT, 5 mM EDTA, 2.7 uM PKC
inhibitor peptide, and 2.7 uM PKA inhibitor peptide were used.

Tyrosine Kinases

[0159) The kinase activity of a number of protein tyrosine kinases was
measured by providing ATP and an appropriate peptide or protein containing a
tyrosine amino acid residue for phosphorylation, and assaying for the transfer of
phosphate mojety to the tyrosine residue. Recombinant proteins corresponding
to the cytoplasmic domains of the FLT-1 (VEGFR1), VEGFR2, VEGFRS, Tie-2,



o

[0165] Mul tiple nyeloma (MV), a B-cell neoplasm characterized by
clonal expansion of plasma cells in the hematopoietic bone marrow,
remai ns a YR843 ol ogi cal mali gnancy due to devel ofifaS2e/002979
intrinsic and acquired drug resistance despite introduction of
conventi onal hi gh-dosage chenot herapy. It has been denonstrated that
bone marrow m croenvironment, where MM cells preferentially hone and
grow, plays a crucial role in devel oping resistance to conventi onal
and novel therapies for MM Therefore, -ggl ecularly targeted agents
targeting g%l@%gl.y the MM cells but also MM cell-bone marrow -56-

m croenvir d, RDSERA, anti PEFRA racdibatdal r kY. to treat
MM Recent é%ﬂ,.\éﬁgées Iipn' understa_ndirg e’?ﬁe %ﬁ’%c@l}‘?g&rgséﬁlﬂﬁ%we%c
have provi dé EPUPNEYS B¥RIEFRIOR sYgems(in\Gtrogerlememty ok gufifisd via Glu
di sease. Tlemtibodppiterakiion & L. at FGFR- 3, which
occur in approxi mat e&%/ 15& %ﬁggﬁﬁgﬁp g@%iﬁ%@ﬁ@%ﬁﬂ%%?'ﬂ@?

chr onosonmalCTIPRRQGSRRAY Ger Hisd ( BRIBrNOat pagyéd ubmsthucts)o For BRO9YLSLS
in clinic, téa%o A8 . : h utic target for WM '
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2- yl] qui n8PPiePPiate-sinasrereaction bufier dliis ATPa IiRBsS pm@‘%iﬁggﬁldeawriﬁr
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gquantified by photons/second, were acquired at day 8 and once a week
thereafter, after injection of the luciferase substrate. Aninmal body
wei ght s wewe 20asro8i4as ed twi ce a week and clinical observait/use0sweroeo
recorded daily. In accordance with animl care regul ati on and

gui delines, mce were sacrificed by CO2 inhalation in the event of
paral ysis or major conpromse in their quality of life. Results
[0168] At day 8 after KMs-11-luc cells were intravenously injected
into SCl D-beige nice, whole body inmagi gﬂ denonstrat ed devel opnment of
cell growth and possibly MM I|esions naf y I ocal i zed in extraskel et al
regions i ngbgllghng | u | i ver and spl een. | cal diffuse nultiple
skel et al s i ncR&EPMPiRantand V@I}EO% Elpse&aFym,rmdtﬂ.tﬂ@din’ey
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met hyl pi pe?gz%ﬂﬁ%ﬂf?k Sﬁqﬁ%ﬁ%ﬂ%’ n]élsy'llcj ? Q?Hmi‘% ES?PJMTR/a§ he
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weekly base schedule. A signi |ca ower

4- ?m ng(? mfﬁfé’ﬂtﬁ@l&ﬁe@hmmmnﬁyptmm)lmnﬂmmﬁgaimbilpjtrmlgf@ %‘éw@bbﬁ#féxﬂdf'
nol i n- nstrated conpared to vehic
treat ment ngasrﬁﬁ\émﬁél P%Réﬁi’m%%??%dm B- é‘é@rﬂﬁougpmubehbmyhe

conpar i sons@éptbhﬂlrgblaié ey RHed W ngﬁﬁotﬂﬁ%oo 'BW'%?%{H 55% Clntllth[on
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di sper sed. I\/bt astasis was restricted to -59- areas € abdonen

and back BRS not exte n_cr nlal regi ons, vertebrae
or hind Ii bs. [01705'1‘-‘?0'516%‘? %ﬁ‘cﬁ éH&%’f(fﬁf EWricks ANGrEwBl: pnteingd 0t h

4- ami no- 5-MMibrisHE! pH 7.5, 15 mM MgCI2, 30 mM MnCl
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treat ed P-4¥arel RNagPRgtea 01Gn BSALRRS, 0.6q:1M af the apprbpnaarw val
Lime compaserslidb@ubte! (bRANAGH S e Bostilie I Blohl: © Out Of ©

animals in_those mce treate

am no- 5- fI@@ﬁﬁ@V@KlQEGWGW\ﬁ(MﬁSEQ[BN@ %%mﬁ@ Q@é @,fyl ] gw
lin- 2 th [ | t°h dr't
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contrast, anl maf group were sacrl f| ced
ar ound day 50 Furthernore, mce treated with

4-am no- 5-1016d]r o- 316'h(a4<mmhadt|pit ef eKitmi-pLh-
i -one, tol e? g\,![eert(ej rl;[t%asur?d b%lP Wé’hd['ng

ool o APl AR 7B oo s acbresiaon

i mpr overrer]w"losmdrklﬁtleu rafid/adsaying for the transfer of phosphate moiety to the
tyrosine residue. Recombinant proteins corresponding to the cytoplasmic
domains of the ¢-Kit and FLT-3 receptors were purchased (Proquinase). For
testing, an exemplary compound, for example 4-amino-5-fluoro-3-[6-(4-
methylpiperazin-1-yl)-1 H-benzimidazol-2-yl]quinolin-2(1 H)-one, was diluted in
DMSO and then mixed with the kinase reaction buffer described below plus ATP.
The kinase protein (c-Kit or FLT-3) and the biotinylated peptide substrate (biotin-
GGLFDDPSYVNVQNL-NH2 (SEQ ID NO: 2)) were added to give a final volume



o

time of mce treated with

4- am no- 5-fl uor o- 346- (4- net hyl pi perazi n-1-y1)-1Hbenzi m dazol - 2-yfi gui
nol i n- 2( 1Hyoanw/08iae st udy was term nated at day 91 forpquenticoadoro
considerations. [0171] Further studies with respect to kinase
inhibition in general, inhibition of FGFR3, and treatnent of cancers
including multiple nyeloma with 4-

am no- 5-fl uoro-316- (4- net hyl pi perazi n-1-yl)-1H benzi m dazol - 2-yl ] guin
olin- 2(1H) -one are set forth in published U S. Patent Application
No. 2004/0092535, and U.S. Patent Appli@®mtion No. 10/983,174, U.S.
Pat ent Application No. 2004/0220196, and U.S. Patent No. 6, 605, 617.
Ther ef ore, W%dOR ¢+ Thrsedepeionsemeresneubated 2 haee apRoAt ﬁéi'nﬁbfatu};e and
o e ence tfieh SRnBRk Y SRy 4 HAPEETA, 83 it HEPLE, 5 7.5 T he

herein. Activity
T U nol s haen ooy ume ambreri 14 SRR ar
I\/E)éel gugpo Jggoﬁigek@étgﬁoéhnn@%?'I{Fann%)eir}l)nand E‘l%lrjtlaan’;gg fc?r1 hgl.rlrrl.) Rt
0172] 4- AmiPhosphdylzdesd | Rk nzi m dazol - 2
E yl ]gui nol,j n- g%% - oﬁgn%ggﬁ%thﬁéa@gg%g\%ﬁ %éi%l%&%ﬁﬁ\ﬁm%,escﬁved
mul t i targe{lgar% e system (Wetiae o PE, Bioreieness); ising aEurepiinalebersktanti-
agai nst FLpBo&bH A/ . RT.Ks i nvol i n
e%dot hel i aE %ﬁ% tﬁrﬁg?@gaenﬁb 8%’?’0##4%?“] é%”&%%ﬁ\{' op I%aqrﬂé? é%iﬁ'& agsay| T3
nut ati ons PHT@loVae supriemgaieduith ¢ ukdilgCl, Addthe aﬁﬁml%kkﬂimti%n}"@'ﬁn%e“ ed
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status ( @f&@ﬁﬁ@fﬁ@ﬁ% a5 et Biesmigd ondW ks 133 BELba
activity oflugemstener aPRY&ctost] mbdpla ki f i d
to R84; 11, .1 gblﬁﬁ)i’o $oBPL 8 ot e@éﬂpnhil%ﬁir%{%%gf qrt‘%r?%f‘?‘?’ﬁ |t'\?g|(2’3%%ﬁ
acti vat ed ﬁ.@ ) sg- Q%Qﬁﬁjoétfﬂn @Pbl?"’ﬁ'ﬁic@rl?udﬁfe@ eswnying podpdarr yl at i on
and downst regaessiorgosihg Xy Riﬁﬂ%n@%iﬁﬂﬂ%ﬁ@ in M4;11 cells with
Conpound 1 confirmed nol ecul ar nmechani sm of action. Target nodul ation

f pFLT3, i .11 tymors. \ hi eved at biol ogical |y acti
doses o dBTERund 1 FLTitard cag kbgpenyernassavadiia G0inaW Hepesidh: o8, e
from the UNENAR] 2 o (G, Y AMIRRRISHAEY Sy §%§;§@P§gp§nﬁnﬂpﬁ'\&

engraftment_ | eukeni ¢ xenograft nodel’s. res

char act er i PEPESPPNAiBg higinytatedpeptider substiate @iatn-GoLEDDRDBVIVENL-NH2
| mrunohi st(@ETem f@): S1)amhi i ase- nd cl eaved PARP,
suggest i ng( cel | deat %})m@b%{]{:ﬁt@gﬁbi%ﬁ:ﬁgag F'sf.at %H@%@ Wateassaypdr t
the clini &2 ™Val uation of Compound 1 in AM.

Real-Time and Comprehensive Imaging Evaluation of 4-Amino-5-fluoro-3-
[6-(4-methyipiperazin-1-yl)-1 H-benzimidazol-z-yl lquinolin-2(1H)-one
Efficacy in a Preclinical Multiple Myeloma Mode!

[01685] Multiple myeloma (MM), a B-cell neoplasm characterized by clonal

expansion of plasma cells in the hematopoietic bone marrow, remains a fatal
hematological malignancy due to development of intrinsic and acquired drug

resistance despite introduction of conventional high-dosage chemotherapy. It

has been demonstrated that bone marrow microenvironment, where MM celis
preferentially home and grow, plays a crucial role in developing resistance to
conventional and novel therapies for MM. Therefore, molecularly targeted
agents targeting not only the MM cells but also MM cell-bone marrow



Cell Lines [0173] Human W4; 11 (FLT3 1 TD) and R54; 11 (FLT3 W)

| eukem< cells were obtained from Anerican Tissue Culture Collection
(Rockvi | | ewo)s/0@4426. M4; 11 cells were grown in | scowex/umadisfodzme
Dul becco nedium (1 MBM supplenented with 10 % fetal bovine serum
(FBS, G bco Life Technol ogi es, Gaithersburg, MD) containing 4 nM
L-glutam ne, 5 ng/m granul ocyt enmacrophage col ony stinulating factor
(GW CSF, R&D Systens, M nneapolis, MN) and 1% Penicillin and
Streptonycin. RS4; 11 were grown in RPM.,-1640 nedi a containing 10
%-BS, 1nM sodi um pyruvate and 10 nmM S (pH7.4). Cells were grown
as suspension cultures and nmaintained in a hum dified atnosphere at

37C and 5eRigiognvirqmeidatersetian ofiera msi@nj@l oppariunity da trepioitivh | Racentt r o
FLT3 ki

LTS ] nasByaRRNA UNRB R o AcBF bAPORB TR RBE B S i nove
serial di mﬁramﬁ!caiﬁrgeiﬁﬁwmtmwﬂ%fdb@megﬂsat direpmpopically expassatiandt a
f I h

ant phosphalRBba EaR R, RGN REcLah Rty 4o WP BAeRle RisEliRe
Bost on, M&pm f(&ﬁ4£uhésnglum\m&?dﬁltw@nc§mmscmﬁeﬁsl arpartieslatly dor prognosis

fl T was cal ¢ ed usi,n regr essi on.
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pl ates (10,000 cells/well) and serial dilutions of Conpound 1 were

added. RSH16b]cel | s4-wen[ﬁOéﬁ-ﬂmeb&[@d@\tméﬂ\ylﬁnﬁ'éiakmgﬁmh HihAidakol-228D
Syst ens, he I ncubat j on per| od (72 h

h
at 370), wln@ﬁhﬂﬂ)t ev(ggﬁi@b@ rilSﬁfea SPYR ltrﬂ@ewg Infikilgy tenselRe i,
Madi son, wmu PIEFRR IS tyl%‘éldéﬂ{‘l@as%%hﬁéih@hgﬁl/EGFRQ AR/NPORER (| gt:@o%r—ﬁﬁﬁ' on,

and defl ned as the contctentrati on needed for a 50% reduction in
absor bancBVoin kinasg assays) andhir GER:% Cen® N inddnase assays). It has been

| munopr egbpiohefrh @ tAAhL-YhRREAuBI 28 16 NSthTipiperazin-1-yl)-1H-
benzimidazol-2-yllquinolin-2(1H)-one inhibits FGFR-~3 autophosphorylation and
cell proliferation in FGFR-3 mutant MM cells in vifro (S. Trudel et al.; Blood; in
press). To evaluate the antimyeloma efficacy of 4-amino-5-fluoro-3-[6-(4-
methylpiperazin-1-yl1}-1H-benzimidazol-2-yllquinolin-2(1H)-one, an in vivo
preclinical MM model was developed in which multi-organ MM lesions developed
after tail vein i.v. injection of human KMS-11-luc cells expressing mutant FGFR-3
(Y373C) stably transfected with a construct of luciferase. Bioluminescent
imaging (BLI) was employed to non-invasively monitor the in vivo growth and
metastasis of KMS-11-luc MM tumors. Early detection and serial comprehensive
monitoring growth of metastatic lesions was successfully captured by BLI with
this model. Nearly altl KMS-11-luc tumor cell-injected animals were found to
develop MM lesions at as early as day 26, which were mainly localized in spine,
skull and pelvis resulting in frequent development of paralysis in this model. The
anti-myeloma efficacy of 4-amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-
benzimidazol-2-yl]quinolin-2(1H)-one in this i.v. injected in vivo KMS-11-luc MM
model was investigated and it was found that daily oral administration of 4-
amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-yljquinalin-
2(1H)-one at 20 mg/kg, a dose that was demonstrated to inhibit phosphorylation
of ERK in KMS-11-luc tumors in vivo, resulted in a significant inhibition of KMS-
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[0176] For in vitro experinments, M/4;11 and R54; 11 cells were treated
wi th Conmpound 1 for 3 hours. R54;11 cells were stinulated wwth FLT3

| i gand (109080688144 or 15 minutes after incubation w t PCISE3INGHE2TO
After incubation with drug, cells were harvested, washed with
ice-cold PBS and |Iysed with RI PA buffer (1% Noni det P-40, 0.5% sodi um
deoxychol ate, 0. 1% Sodi um dodecyl sul phate in 1X phosphate buffered
saline, pH 7.2) containing protease inhibitors (Roche Ml ecul ar

Bi ochem cal s, Indianapolis, IN and phgsphatase inhibitors (Signa,

St. Louis, MDJ). For in vivo target nodulation anal yses, resected

tunors wer {“ﬁﬁ}- stored -70C prior to
lysis wit hE111f50 rqu\la@ﬁ‘P%? c%ltgrﬁ\}? %é%g”ﬁg'l W%Qe?””ﬁﬁfmo'?, thepaptitumor
gl ycerol , Mrowdhractivity of(4mﬂmo-35-fh1}drEl3T[B (458etVIdiEErazif- mlﬁiﬁVa4 2 v
Pef abl oc ( %Qﬁ,‘)i %e If q € t ease |nh| Di tor coc (Roche)
Protein conten ?ﬁﬂ Y %?ﬂ 52(3,[5 -Opg t@nfiatacito s sigpificart IMPro\Ensent

Bi 0- Rad, Hke anines, | riesdoR 006/ 002979
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STAT5 (San dg[uz Bi ot echnol ogy, Santa Cruz, CA) overni ght at and
with protein A agarose for 2 hours at 4C FLT3 or STAT5

phosphoryl ati on was neasured by probing with an anti-phosphotyrosine
anti body (MethogFLT3 anti body from Cell Signaling, and anti-pSTAT5

anti body from Upstate). Proteins were detected using enhanced
cheni | umi nB46éhce (Hcohauref $&3&mﬁeQ§l§¢LﬁM§ek3fd khaah idft SCID-
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VEGF ELI SA [0179] W4; 11 cells were cultured in 10% FBS cont ai ni ng
media with various concentrations (0 -1 pM of Conpound 1 for 48
hours. Theweupwrmausants were col |l ected after centrifugatdTorszomnozo“EG
| evel s were neasured by ELI SA (R& Systens, M nneapolis, MN). Protein
concentrations were determ ned using the Bl O RAD protein assay
(Hercules, CA) and results were normalized to protein concentration.
In Vivo Efficacy Studies [0180] Fenal e SCI D-NOD mice (4-6 week-old,
18-22 g) were obtained fromCharles River (WImngton, MA) and
acclimated for 1 week in pat hogen-free'@'rcl osure prior to start of
study. Ani m Sfﬁefisi vEd sterile rodent chow and water ad |ibitum and
wer e housedATHHEE PY PBOTANSISeFond yvergeeguined Bt day Baud dricght weksk K

cycl es. Al lthercpster, BRef mi ' l.pes, of the Associjation
for Assessment. and Acc?“eéc,i#i?gt#gﬁée {l)jlp R%%Bg%g{;%@g%\ Niapl Redyaveights were

| nt er nat i orfBPNItoLedhBviea Aauerk amﬂelinitpalbaﬂaéwh‘noﬂslwar&reﬁ&‘ﬂe%i]daqlalfﬁ wer e

df ST ) L n SC.D-NOD mi ce. Ils (5 x
Eggsggﬁl s/ :{dgl%{?ihg\g&@ﬂr ecoﬁ‘s |r§‘l5%%'gg€§)'{ ﬁ"@gwg%!m fuce weee sagiificed (by
Di cki nson) ainhaiptiamirethessvent bhparalysrs drirakor ééragibn%e ﬁﬂh@#ﬁﬂgg&%‘?-

Treatmentspyere initiated when tunors were 200-1000 ne, as
outlined in specific study designs. Mce were randomy assigned into

cohorts (t%cally 10 mice/group for efficacy studies and 3-5
m ce/ gr oup pltshar macodynani ¢ (PD) studi es). Conpound 1 was
adm nistered as a solution via oral gavage. Tunor vol unes and body

}[/vei ghts wel®68§sess efit ¢33 witerkMEseklu6 c&l@'v&é&@ﬁnt%ﬁﬁgmé&ﬁ%nt‘i
unors wer cqlg_rh;]éa%@gc | nfho &? fumpr vol une usi ng the fornula: /2
(length x [gvm t ICemenRle POgY imaging demanstraies develnpirieat of cegrowth
conpar ed wanth pustiblyIMivitlesiohs thaMig ScalEsp re defined as
conpl ete rﬁ\;eﬁon es R (po, ?I pzlib?e ctaqm)r rl%)&?ra%gérl?faé ql%%sp'gﬁllé@g’gﬂﬁ’g,
(50- 99% shiihkageP %p&pé‘t% féfusgwaitiple|sketetal lesioresinoiding skt Eaien.
| nt r avenouandepie Mairé QW] - 0182] SCl D- NOD 'mi ce
were irradi atgg (3 : ). r?cimrjstg@}épgﬁﬁ%ﬁahdyﬁﬂﬁtﬂqeoﬁ een day 41 and
day 48 (as seen in the BLI images) which was associated with hind limb
paralysis, resulting in sacrifice of mice according to protocol.

[0169] The antimyeloma efficacy of 4-amino-5-fluoro-3-[6-(4-
methylpiperazin-1-yl)-1 H-benzimidazol-Z-yl]quinolin-2(1 H)-one was tested in
KMS-11-luc in this in vivo model. Mice started to receive daily oral treatment of
Compound 1 at 20 mg/kg at 48 hours after the KMS-11-luc cells were injected
(n=9 mice/group). Comprehensive and serial monitoring of photon counts in
each animal was performed on a weekly base schedule. A significant lower
mean photon count in 4-amino-5-ﬂuoro-3-[6-(4-methylpiperazin~1-yl)-1 H-
benzimidazol—2—y[]quinolin-2(1 H)-one treated group was demonstrated compared
to vehicle treatment as shown in FIGURE 1. This was easily observed by
comparison of the whole body BLI images taken of mice injected with KMS-11-
luc treated with vehicle and those treated with 4-amino-5-fluoro-3-[6-(4-
methylpiperazin-1-yi)-1 H~benzimidazol-2-yl]quino!in-2(1 H)-one..Interestingly, the
dissemination of pattern of KMS-11 multiple myeloma cells in Compound 1 —

treated mice was also significantly less dispersed. Metastasis was restricted to



1x107 MW4;11 cells in 0.2 mM saline. Conmpound 1 or vehicle treatnents
were initiated 3 weeks post-cell inoculation. Mce were nonitored

dai |l y and wenreoseatsdamni zed when nori bund or early signs mfriisassofors
hind linb notility. Increased Iife span (ILS) of treated m ce was

cal cul ated as a percent increase in nedian survival tinme (MST) vs.
vehicle treated control mce. Target Mdulation In Vivo [0183] W4, 11
s.c. tunors in SCID-NOD mce (n= 3 mce/group) were staged at 300
nmmB and treatnents consisted of either yehicle or Conmpound 1 was

adm nistered orally at 10 ng/kg for 5 s. To characterize the PD

properties Compound, 1, tu sanpl es were collected at various
times (N=3 %@%P%F mﬂwa'ﬁi{’@m%wéﬁﬁﬁbmdd extensively in cranial

| mmunohi st aegiens sigriebrad 8chiRgSigHsed tunors were placed in 10% neutr al
buffered formalin overnight at RT, transferred to 70% et hanol and

processed f araffin enbeddi ng using a Therno El ectron Excel sior
ti ssue pr oé@tscgr (Pi REQHEV%‘?f RbRfon souns i Micritrpated vyithes-amine 5-fluoro-3-

ool e P e tpans o | os, M ddl et VA .
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posi ti vel y Welldpeded by assignificant inFessaiisthaesiavistlatinie dompiaRd #® mice
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Activity of 4—amino-5-ﬂuoro-3-fB-(4-metthpiperazin-'l -yl)-1H-benzimidazol-

2-yllquinolin-2(1H)-one (Compound 1 ) in Experimental Tumor Xenograft

Models of Human AML

[0172] 4-Amino-5-fluoro-3-[6-(4-methylpiperazin-1 -y)-1H-benzimidazol-2-
yllquinolin-2(1H)-one (Compound 1) is a novel, orally active, multitargeted small



RESULTS Conpound 1 Denonstrates Potent Inhibition of FLT3 Ki nase
Activity [Orlrg6 The specificity of Conpound 1 was testeelga a%@hogw

di ver se paN@I20%f08RtKs usi ng ATP- conpetitive binding asd4k ‘
purified enzymes as described above. Conpound 1 was found f[o_te

hi ghly potent against FLT3 (1 -66- nM w th nanonol ar aet ID\EIJIGZBIQI 1 (27
against c-KIT (2 nM, VEG-R1/2/3 (10 nM; FG-R1/3 (8 nM; .

nM and CSF-1R (36 nM (See the following Table). To confirm

I Vi [ d 1 was tested
lectivity against Class IIl, IV and \WARTKs, Conpoun
Zgai nst otKergkl nases in the P 3K/ Akt and MAPK(K) pat hvvays and was

found t OTh g}ﬁ@leagl%% ?l%'t Qkﬁibﬁ&bbfé'ni Yothvity3Bainst PLP kinesS Gny Qﬁagso IlllI ?\\;\A and
'I4'a2|mea]0 5af\{' %JMIBVQI‘@ menﬁdﬂyeltpl pred umar-cellypkdlifératibn. Given the relevance

?ecgé '( ;nh/;ialzz @{ﬁgﬁ%@t‘é’tﬁ% Lé%EQ £ A laemie EAI\I\%E)S Cmpound 1 was
tested on two human leukemic cell hnes with differing FLT3 mutational status
(MV4;11 FLT3ITD vs. RS4:11 FLT3 WT). Antiproliferative activity of Compound
1 against MV4;11 was ~24-fold greater compared to RS4;11, indicating more
potent inhibition of constitutively activated FLT3. Dose-dependent modulation of
receptor phosphorylation and downstream signaling (STAT5 and ERK/MAPK) in
MV4;11 cells with Compound 1 confirmed molecular mechanism of action.
Target modulation of pFLT3, pERK in MV4;11 tumors was achieved at
biologically active doses of Compound 1. Tumor regressions and eradication of
AML cells from the bone marrow (BM) were demonstrated in subcutaneous and
BM engraftment leukemic xenograft models. Tumor responses were
characterized by decreased cellular proliferation and positive
immunohistochemical staining for active caspase-3 and cleaved PARP,
suggesting cell death was mediated via apoptosis. These data support the
clinical evaluation of Compound 1 in AML.

Cell Lines

[0173] Human MV4;11 (FLT3 ITD) and RS4;11 (FLT3 WT) leukemic cells
were obtained from American Tissue Culture Collection (Rockville, MD) 24-28,
MV4;11 cells were grown in Iscoves modified Dulbecco medium (IMBM)
supplemented with 10 % fetal bovine serum (FBS, Gibco Life Technologies,
Gaithersburg, MD) containing 4 mM L~glutamine, 5 ng/ml
granulocytemacrophage colony stimulating factor (GM-CSF, R&D Systems,
Minneapolis, MN) and 1% Penicillin and Streptomycin. RS4;11 were grown in
RPMI-1640 media containing 10 %FBS, 1mM sodium pyruvate and 10 mM
HEPES (pH 7.4). Cells were grown as suspension cultures and maintained in a
humidified atmosphere at 37°C and 5% CO..

Kinase Assays
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[0174] In vitro FLT3 kinase assays were run with 2 nM FLT3 enzyme
(Upstate Biotechnology, Charlottesville, VA) in the presence of 8 yM ATP and
serial dilutions of Compound 1. Phosphorylated peptide substrate at a final
concentration of 1 uM was incubated with a Europium-labeled anti-
phosphotyrosine antibody (PT66) (Perkin Elmer Life Sciences, Boston, MA). The
Europium was detected using time resolved flucrescence. The ICs, was
calculated using nonlinear regression.

Proliferation Assays

[0175] Cells were plated in 96-well microtiter plates (10,000 cells/well) and
serial dilutions of Compound 1 were added. RS4;11 cells were stimulated with
FLT3 ligand (100 ng/ml, R&D Systems, Minneapolis, MN). At the end of the
incubation period (72 h at 37°C), cell viability was determined by the MTS assay
(Promega, Madison, WI). ECsp vailues were calculated using nonlinear
regression, and defined as the concentration needed for a 50% reduction in
absorbance of treated vs. untreated control cells.

Immunoprecipitation and Western Blot Analysis

[0176] For in vitro experiments, MV4:11 and RS4;11 cells were treated
with Compound 1 for 3 hours. RS4;11 cells were stimulated with FLT3 ligand
(100 ng/mL) for 15 minutes after incubation with Compound 1. After incubation
with drug, cells were harvested, washed with ice-cold PBS and lysed with RIPA
buffer (1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% Sodium
dodecylsulphate in 1X phosphate buffered saline, pH 7.2) containing protease
inhibitors (Roche Molecular Biochemicals, Indianapolis, IN) and phosphatase
inhibitors (Sigma, St. Louis, MO). For in vivo target modulation analyses,
resected tumors were flash frozen, pulverized and stored at —70°C prior to lysis
with 150 mM NaCl, 1.5 mM MgCl,, 50 mM Hepes, pH 7.5, 10% glycerol, 1.0%
Triton X-100, 1 mM EGTA, 50 mM NaF, 1 mM NazVO,, 2 mM Pefabioc (Roche),
and complete protease inhibitor cocktail (Roche). Protein content of the lysates
was determined using the BCA assay (Bio-Rad, Hercules, CA). Western blot



. i 1/3, Raf
EG-FR1 2 c-MET >3 EphA2 4 TIE2 4 1GFR1, HERZZ Pl - 3K Akt , ,
ERK-1/2, MEK, p38- gft ,y >10 [0187] The in vitro RTK assays used to
prepare thwoabewsi&abl e were run with various dilutionseafusZomposnsl 1
in the presence of purified enzymes and ATP as descri bed above.

[ ' d with
Phosphoryl ated peptide substrates (1 ,uM were incubate _
EuroBi un}rll abel ed anti - phosphospecific anti bodi es and Europi um was
detected using tine-resolved fluorescence. -67-

-52.

analysis for pERK was performed with a mouse antibody to pERK (1:1000, Celi
Signaling, Beverly, MA) and incubated at 4°C overnight. Total ERK level was
evaluated by re-probing with antibody against total ERK (Cell Signaling). The
membranes were then incubated for 1 hour at RT with 1:5000 horseradish
peroxidase-conjugated anti-rabbit IgG (Jackson Immunoresearch, West Grove,
PA). For immunoprecipitation to detect FLT3, equal amounts of proteins (500 ug
for STATS; 1000 g for FLT3) were incubated with antibodies against either
human FLT3 or STAT5 (Santa Cruz Biotechnology, Santa Cruz, CA) overnight at
4°C and with protein A- agarose for 2 hours at 4°C. FLT3 or STAT5
phosphorylation was measured by probing with an anti-phosphotyrosine
antibody (anti-pFLT3 antibody from Celi Signaling, and anti-pSTAT5 antibody
from Upstate). Proteins were detected using enhanced chemiluminescence
(ECL; Amersham Biosciences, Buckinghamshire, England) and visualized after
exposure to Kodak film. Scanning densitometry was performed to quantify band
intensities. To verify equal loading, blots were stripped and re-probed with
antibodies to either anti-FLT3 (Santa Cruz Biotechnology) or anti-STAT5 (BD
Biosciences) to measure total FLT3 or STAT5 protein, respectively, The amount
of pFLT3, pERK or pSTATS was normalized to total FLT3, ERK or STATS
protein levels, and compared to vehicle or untreated controls.

Flow Cytometric Assays

[0177] MV4;11 cells were treated with Compound 1 for 3 hours under
serum-starved conditions (overnight in OptiMEM media). For detection of
PSTATS, cells were fixed with 1% formaldehyde, and permeabilized with 90%
ice-cold methanol. Permeabilized cells (0.5 - 1x1 0°) were incubated with anti-
PSTATS antibody (Cell Signaling) for 30 minutes. Purified rabbit lgG (Oncogene,
San Diego, CA) at the same concentration was used as isotype control.
Secondary antibody was a PE-conjugated goat F(ab’)2 anti-rabbit I9G (Jackson
Immunoresearch). Samples were stored at 4°C in the dark prior to analyses
using a FACScan flow cytometer (Becton Dickinson, San Jose, CA). Mean
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Potent Antiproliferative Effects of Conpound 1 on WMW4; 11 (FLT3 |ITD)
Cells [0188] To determ ne whether inhibition of FLT3 translates into
growt h i nhWBi%96gf144h vitro, the activity of Conpound 1 RGHSUS2e05{062979
agai nst W4; 11 and RS4;11 cells using the MS assay. W4; 11 or RS4;
11 (in presence of FLT3 ligand) were incubated with serial dilutions
of Conmpound 1. Cell viability was determ ned by the MS assay after a
72 hour incubation period. EC50 val ues were cal cul at ed usi ng

nonl i near regression, and defined as tlgz concentrati on needed for a
50% reduction in absorbance of treated vs. untreated control cells.
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WI FLT3 vs. | TD. Conplete inhibition was obtained with concentrations

> 0.5 uM[0184) 2006/M184 440 TREPIQQRNIAR Bassaged from subcutaneous (
tumors in SCID-NOD mice. Cells (5 x 10°
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s.C.)
cells/mouse) were reconstituted with
Matrigel (Becton Dickinson) and implanted s.c. into the right flank of SCID-
NOD mice. Treatments were initiated when tumors were 200-1000 mm?®, as
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Conpound 1 Mbdul ates ERK and STAT5, Downstream Targets of FLT3
I nhibition [0191] To further characterize the effects of Conmpound 1 on
FLT3 i nhi biwbizomosmmsiul ati on of downstreamtargets of Flpl&yudzo®/oo2979
STAT5 and ERK, which are key proteins in cell survival and
proliferation were investigated. MW4;11 cells were treated with

i ncreasi ng concentrations of Conpound 1 for 3 hours and processed by
flow cytonetry and Western bl ot for detection of pERK and p- STATS.
Changes in pERK or pSTAT5 are reported as percent of baseline (no
treatnment). In M4;11 cells, due to act@4re signaling of FLT3, cells
have high basal |evels of pERK and pSTATS5. Conpound 1 inhibited
phosphor yl sR4tedin serkifigsitdymiesionsn Mice veare demdomdly@ssigasddnito cohorts
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FLT3 Signaling In Vivo [0193] To exam ne target nodul ation in vivo,
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Immunohistochemistry

[0184] Resected tumors were placed in 10% neutral buffered formalin
overnight at RT, transferred to 70% ethanol and processed for paraffin
embedding using a Thermo Electron Excelsior tissue processor (Pitisburgh, PA).
Bone (femur) samples were decalcified (Protocol TM, Fisher Diagnostics,

Middletown, VA). Paraffin blocks were sectioned to 4 pm thickness and placed



Dose Response Effects of Conpound 1 on MW4;11 and RS4; 11 Tunors In
Vivo [0194] To ascertain if the in<vitro effects of Conpound 1

correl at e wiptzhostosanmas growt h inhibition in vivo, effica®cmiszé@anpnund
1 was exam ned agai nst MV4; 11 or RS4; 11 tunor xenografts in SCI D- NOD
mce. Mce were inplanted s.c., with tunor cells and Conpound 1
treatments were initiated when tunors were 200-300 mma. In
dose-response efficacy studies, Conpound 1 was adm nistered orally at
a dose range of 1 -30 ng/kg/d for W4, tumors, and 10 - 150 ngy/kg/d
for RS4; 11 tunors. [0195] Conpound 1 waS™i ghly potent agai nst W4; 11
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my/ kg/ d i nditedatedrelide TRAEHHSS [\Pehthd mdtdénsystgﬁ%w??@?, %@Qﬁg%&

consi sted of both rtial and conpl ete responders

tunor gr owtY Pﬁ{ﬂaﬁﬁff?wgﬁh Ciieade bytfer 8) in1a prgergred SteaWr to trieveaf t er

2 ks of ' ' infrd 0| tatisticall

cffooti ve qongetfor BT, WERH ST RARF fafind. oREasbRe b et rltayed g

RS4; 11 t undfefitana wegreh€Cili tThequimanyrantibodies ubee ters KI-BWE1 760 Aittition,

i nhi bition, - ©S S| _ red (FIGURE 3). Th

i bi  or y SFPCEF 04 LPBRE RIS D RENK (180 BLliSh Siaseime: Chmariia ca)

tunors congatiddiman RBdchdndriand 1200, Gk esh, trénideid, %,eé}g%\gd eg.glj@gg?
; % , p<0.

ffecti . ' h.nodel , (.d 8. / kgl d;
ggaie(r:\slt VeRSi?‘?ﬁa‘t G%‘BSE&\?Q"Q 136%&?%})’/‘?1! Pé@%(‘f%l%,f), gmpgméégﬁenendemm: 11
t . Aahtib $a LToEY ' L ent
[ 6796 The o o oar TR FAIAEF P2 Btk Aitboff 10 ol
agai nst ,cggor;( EReyPaReseaikb) sSlides weresounterstabd(itlChBRatb)ylin and

Co d1 i | 1 / N t h d
(0 0.4, o moBRed iR £Cetorp CetholisalRnigohtlny afieiiq yatustod ™

cycl es (FI gsirg hgmatgxydinland easinisiaininglosi ng, internittent dosage
regi mens produced significant tunor regressions within days of drug

t reat ment SP%O&CE%&;@%; hree regimens resulted in equival ent

antitunor activity , p0.05) and nunbers of responses seen with
g.o.d. (6PRngsnd 7 days % @E@ re.sim.l t hgose
seen wit hPEci@;l‘i I y tr eat nent ieg% oF {Je guﬁ"%”ﬁ%m fé&?&&@eﬁwﬁst
Lar ge W4; WMAITSwdentsddest wasuséd trmsasire Gtatisticalcsignifdancaawddittndl
tumors of yarying groups. Muitiple comparisons were done using one-way analysis of
variance (ANOVA), and posi-tests comparing different treatment means were

done using Student-Newman Keul's test (SigmaStat, San Rafael, CA). For
survival studies, log rank test was used to determine significance between

survival curves of various treatments vs. vehicle groups (Prism, San Diego, CA).
Mice sacrificed with normal health status at termination of study were considered

long-term survivors and censored in this analysis. Differences were considered
statistically significant at p < 0.05.

RESULTS
Compound 1 Demonstrates Potent Inhibition of FLT3 Kinase Activity

[0186] The specificity of Compound 1 was tested against a diverse panel
of RTKs using ATP-competitive binding assays with purified enzymes as
described above. Compound 1 was found to be highly potent against FLT3 (1



si zes; 300, 500 or 1000 mmB was al so investigated. Treatnent with .
Compound 1 (30 ng/kg/d) induced signi-ficant regression in all W4; 11
tunors whiwb 20@msimsiependent of initial tunor sizes at HdTRUISLE@IGH29004
treatment (FIGURE 5). Tunor regressions were evident within 3-5 days
of drug treatnent. Al treated tunors responded (n=27), with 15%
conpl ete responses and 70% partial responses. The remai ning 15% were
m nor responses or renai ned stable. Dosing was discontinued after 50
days. No tunors regrew duri ng t he 50-dgé§rtreat ment, i ndicating

resi stance agai nst Conpound 1 did not el op. The durability of
responses after discontinuation of treatnent was al so exam ned. One
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tunors were "F statned— pXxyl in and Eosin or

i mmunost ai ned \t;?ﬁ'&m Ki 67 (pr 99y ati on nar ker), pERK (nechanistic
phar macodynanFEGFR8r ker), cl|da®d caspase-3 (for apoptosis) or PARP
(for apopt ot sf)geﬁzmymﬂhenat cmy{ In coupter stain). Tenporal effects of
Compound 1 aJVEQFR?} L1l ot ] ke were investigated in W4; 11
tunors after ses. 1\ Q ol ogical eval uation using H&E

stai ning, rey¥BRER3UM4t veni®PA8 treatpd tunors consisted of M4; 11
tunor cells APDh;Fmpr ked hyp el lularjty indicative of nmyeloid
hyper pl asi a. P vehi Tl O[é,lt‘dt memnt| gr oup, tunor cells stained
strongly with recat-HAg—a—tunpr| conposition of highly
oroliferatingEGERIs By 24 |ours aftel dosing, tunors treated with
Conmpound 1 sphewET a reducti|leid i n densgly packed cells and consi sted
of sparse ar ngﬁhﬁ apoptoti c;,{necrori Tl cells (day 1) . Areas of
apopt osi s/ necrosts—were—fgre—proneunced after 5 doses with

si gni fi cant qT s of nonvidWl e tunor coincident with reduced Ki67
stai ni ng. Taf GRIybiER2aP-on >w@s confifrmed in vivo from -73-

i mrunohi st och@kiAl&l/3,Rafi ni ng of pERK.| Phospho- ERK was significantly
| ower ed i n R MEK,r eatled tunors (during the 5-day dosing period
corroboratingP B¢t n_anal yses of pERK in tunors. Conpound 1-induced
apoptosis, evidenced fromincreased activated caspase-3 and cl eaved
PARP staining in tunors on day 5 conpared to vehicle-treated

controls. 0487 S0 expine megird 'FHK agaay@mséa@&?%ﬂa% fhe é’éoﬁ%glje]\%ér‘érmﬁs

fol |l ow ng atment with 30 ound treat ment tunors

(n= 3-5 / gY"Sﬁ YRS Gll%tmat%@qmnwnél 1t Wdhe peerence of pudiiethennyngs 26

i 6o ey e e Dy P ARt et Rt LB FRRE L ZIMATR W 1

Ki 67, or piaRibigd witskuiopisum-abeledanti-pdsptioapecifid antitodiés set EeaspRsin
cell ulari t a8 et LdiRG Bhle2sBRedFLbrdiiendslUced PERK were evident in




[ 0200] Ef fi cacy of Conpound 1 was tested in the W4; 11 | eukem a nodel
in which cells were inoculated into the-tail vein of irradiated

SCl D- NOD nwoeodsis3WRE 6). I n this nodel, W4;11 cells dicaseEsrmabted o
t he bone marrow (BM, , WD 20061081445PCT/ US2006/ 002979 - 74-

pat hol ogically m mcking a disease pattern simlar to human | eukem a.
Mce were injected with W4; 11 cells on day 1 and treatnents of
Compound 1 (20 ngy/kg, daily or 7 days on/7 days off, n=10-12/group)
were initiated on day 23, after MW4;11 Eg;’.;ells engraft in BM Control
(vehicle-treated) mce typically elicif*Aind linb paralysis as a

ls.infiltrating the B i th di
curvivar ¢ aent Aftespfierdug treefscos @Smpound b on WVAT14FLIB4ED) Galisy
&{22;2§”Er§'g1§9;§?2ﬁ°?‘é%ﬁ%ﬁ§éw§§m%?? R BEFCES rabsigtes giety
control s (NTbitiod In diérps Ihe(autivitPoPO8Mbouse" d@gfehr%)aens}w.w%gased
lif 5), (FIGURE 6). Strik , Itiﬂﬁﬁ '
roat mont. RS 65 Ene e MTS a8t WA S of REH:H (16 Greingr o of FLT3
Hi st ol ogi céijandiaberedpciided bvﬁwssﬁéﬁ{mh@r)(s éﬁé%@ﬁﬁﬁqﬁg a\{%}%@ the %

n | a

engr af t ment Pf W4: 11 cells in BM I 'ow Wasuman
Wa4; 11 cel Agtafained bithe MTS@ssay atiersa 72Mour tnoubaticpéridt BO, Hisydd, B C

i bod ' ' : ; h . hi cl e- d
i co, abpr et nonaly 5! 1958 nBRidRfedtEa ol cecltiieriap (96 ancewimton
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I cacy qéu@@g%lég% \éﬂ{lﬁ_ﬁﬂ %ah:qﬂ}g IPr ostate Cancer Ce I nes
[ 0201] Because Compoun LONFUHYRlY petivrotesapiar being metessnisitiveyto

agai nst Cliafsibitbhl , 1V, and V receptor tyrosine kinases (RTKs), the
activity of WD 2006/ 081445PCT/ US2006/ 002979

lé:e}fitro Effects of Compound 1 on FLT3-Mediated Signaling in Leukemic
s

[0189] The in vitro cellular activity of Compound 1 was investigated on two
human leukemic cell lines MV4;11 and RS4;11 with contrasting FLT3 mutational
status (confirmed using RT-PCR). In these experiments, serum starved MV4:11
(ITD) or RS4;11 (WT) cells were incubated with an increasing concentration of
Compound 1 for 3 hours prior to cell lysis. RS4;11 cells were stimulated with
FLT3 ligand (100 ng/mi) for 15 minutes. Whole cell lysates were
immunoprecipated with anti-human FLT3 antibody, resolved by SDS-PAGE.
Immunoblots were probed with anti-phosphotyrosine antibody. Membranes were
also stripped and reprobed with anti-FLT3 to demonstrate equal loading of FLT3.
Changes in pFLT3 are reported as percent of baseline (no treatment) using
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-75- Conpound 1 was examined in a netastatic nodel of prostate
cancer. The antitunor efficacy of Conpound-1 was eval uated using
PC- 3M t unowe 2dwshisexpr ess key RTKs VEGFR and FGFR t hatraves2ooshbbid ed
by Conpound 1. PC-3M cells have been shown to netastasize to the
bone, and this nodel was thus used to investigate the activity of
Compound 1 in an experinental netastatic xenograft nodel of hunman
prostate cancer in nude mce. [0202]Cell lines. Metastatic human
prostate cell |ine PC3M expressing null p53, del PTEN, VEGFR, FG-FR
and stably transfected with a construct®®f |uciferase were obtained
under a licensing agreenment w th Xenogen. LOZOB] In vivo efficacy
studi es. Mdfensigietny; MV4;dd/celly have an insemablandenmidutization metation (ITD)

bt ai ned fr;j ' {1 - ' d f 1
veek 1n 2 pathohenor e ratidihashounl) aBREar FLIF™ | s o i
Ani mal s r edBlipeddd9%B835-8891 (R00R); Ofameh Achinet aii, Bidod,i10i1t3597:3605142063),
A exper nilie 2ofiioh BB iR aBaPhonlatign e bl T st dtgos B °
Associ at i orexogendss gsrestimaatiorAcSsreth-tepied M{/419ahI8 r¥ tA3 W kith
Care Inter r@tl onal ﬁPnQ\f ﬁ%{l}%ugp one tastatic _nodel. Human prostate

cancer cel |“9TRRURE! ePnQ diractsigctsom Elel$ gceptanadiivationidasct ed

Wi th a constetewtingd bﬂ(%bfy@fs?&@ts%b@pﬁ&kﬁ%ﬁgta‘@% %)?;chsq{fé‘[)flm;ﬂ cell
i njections. Biolum nescent imaging (Xehogen's ' S('r)” T magi ng sys? gm
was used t dOHHHeRsNG spReanjrations ebompeund 1\notentlyriohibliedpHL Tidiras dasé s

of PG 3M | %*Hmﬁﬂﬁfﬁ]'ﬁﬁ!a"}"g?ﬁbﬁd l?%‘ggéﬁt'i_.mﬁnMNearl y all PC 3Mluc

tumor cell-1njecte eve prostate | esions, which were
mainly localized in the fenur, and nmandi bl es. Conpound 1, taxol, or

vehi cl e trd@i9lnt s ( MEvledrlolihTDeeare prevalénitie approxireaisiy20%-of AML
i nocul at i ony A f : i daily_and re
eut hani zedrb\?)ﬁlgﬁy%%?tlgb@ggg@%&%@m%&%&rﬁﬁwmg?hﬁfﬁgﬁﬁsﬂ ated 4
weeks af t erCanapourichbou|leuliennic Ryt Dealls veéredyido ihvedadiited eFLTERIT) _ VO
2006/ 08144 US2006/ 002 - 76- und 1,50 ng/ kg, p.o., daily
(n=7) 3. ngg‘%,'#@%"?%ﬂ?&?%&&'!gaﬁdt%ﬂ%&gpﬁgr 1&@3‘&“*@?.)2%)%%&% FLT3
receptor phosphorylation. RS4;11 FLT3 WT cells have low basal levels of
PFLT3 in the absence of FLT3 ligand stimulation. Compound 1 treatment
diminished pFLT3 levels in RS4;11 cells. However, comparatively, higher

concentrations were required for modulation of WT FLT3 vs. ITD. Complete
inhibition was obtained with concentrations > 0.5 pM.



Endpoints. Efficacy (real-tine imaging of tunors in vivo using
Xenogen's IVIS(r) imaging system. [0204]| nmmurohi stochem stry. Bone
(femurs, mgodbdlogisesanpl es were decal ci fied (Protocol TMcrhisshanozoro

D agnostics, Mddletown, VA). Paraffin blocks were sectioned to 4 nm
t hi ckness and pl aced on positively charged glass slides. Tissues were
stained with hematoxylin and eosin for general tissue norphol ogy and
identification of PC-3Mcells in bone. [0205] Mal e nude m ce

i noculated with PC-3MIluc cells via intracardiac injection showed

di ssem nated grow h of PC-3Mcells af t &% ntracardi ac i nocul ation as
detected by_serial whole body imaging of PC-3MIluc tunor cells in
vivo and hi CPRRe4Ngs] Madulatesi BRI and STAES, Downstream Tavgeks opBET3

i nocul ati orfNBBIBEN3M cel I's in nude nice, whole body i maging

denonstr at eﬁ gﬁvel opnent of cell growth and netastatic |esions mainly
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i etol oo b ¢ e y .
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Compound 1 Modulates FLT3 Signaling In Vivo

[0193] To examine target modulation in vivo, MV4:11 tumor-bearing mice
(staged at 300 — 500 mm®) were administered Compound 1 (10 mg/kg/d) or
vehicle for 5 days. Tumors were resected on day 5 at 4, 8, 24, and 48 h post-
dose, pulverized and immediately flash frozen (-70°C). Tumors that were
harvested after selected time points, were homogenized and analyzed for pFLT3



[0209] In the mice treated with Conpound 1, the mice showed a trend of
decreased photon count relative to vehicle and taxol treated m ce.
The nedi anwphodsmeiaount s and a graph generated from t heedveestosnozoreg
areas of the mce are shown in FIGURE 7. This experinent establishes
that treatnent with Conpound 1 potentially inhibits the growth of
PC-3M 1l uc cells that have dissem nated into bone. Efficacy of _
Compound 1 in the 4T1 Mirine Breast Tunmor Mdel [0210] The foll ow ng
study evaluated daily oral dosing of Conpound 1 in the spontaneous
metastatic 4Tlnurine breast tunor nodet{0- WO

2006/ 081445PCT/ US2006/ 002979 -78- [0211] Fenal e BALB/c m ce, aged 9
weeks (ChararsspEIAED levals by RWasteribiot. \Wer @ FLTP loa pSTATE mbd@afiort dhda

on the. 11 gHISHEEERE pnBitheeReL fih Sitbey & Afaen LT3 et B EAE o
vol une was drtibodg, reSbived by SDBFHAIBR! dfimanoblbtiiy¥edrobed WatHRPAShribtdas

formulated ag. a solytion in purified water and adm nistered by oral
gavage onc ea'ﬁ'&‘%P?g‘?%ymf'f‘e(ﬂvg.c’df-M?Wﬁ@&t%ﬁtﬁ@mﬁ&b@q Feepighed with
(n=10/ gr ouditne¥ahtiFLT3(OMIBISTATS Ff Q%T&Hﬁ%ﬂbh &%@PPF% ElP&?ﬁT%ﬁpr&t%in
30, 60, 100 and 150 np/kg. [0213] Study endpoints Included tuno
growt h, ani gtdpadingcionielse iigrifieant reductions in pFLT3 and pSTATS levels were

observed as early as 4 hours post dose with either a single dose or multiple
doses of Compound 1, with no effects on total FLT3 or STATS protein.
Phosphorylation of both FLT3 and STATS declined relative to baseline reaching
a maximum inhibition of ~90% at 8 hour post dose and remained suppressed for
24 hours (~85% inhibition). Phospho-FLT3 returned closer to baseline levels,
whereas, p-STATS was still inhibited (~60% inhibition) 48 hours post dose.
Decreases in pERK levels were also observed, indicating blockade of
downstream FLT3 signaling.

In Vivo Efficacy Studies

Dose Response Effects of Compound 1 on MV4;11 and RS4;11
Tumors In Vivo

[0194] To ascertain if the in vitro effects of Compound 1 correlate with
tumor growth inhibition in vivo, efficacy of Compound 1 was examined against
MV4;11 or RS4;11 tumor xenografts in SCID-NOD mice. Mice were implanted
s.¢., with tumor cells and Compound 1 treatments were initiated when tumors
were 200-300 mm®. In dose-response efficacy studies, Compound 1 was
administered orally at a dose range of 1 - 30 mg/kg/d for MV4;11 tumors, and 10
- 150 mg/kg/d for RS4;11 tumors.

[0195] Compound 1 was highly potent against MV4;11 tumors, revealing a
good dose-response effect with significant tumor growth inhibition at doses > 5
mg/kg/d (FIGURE 2). Doses of 30 mg/kg/d induced tumor regression (9/10
tumor responses), which consisted of both partiai and complete responders
(1CR, 8PR). Modest tumor growth inhibition was observed at 1 mg/kg/d (23%)



ion of lung and liver netastases. Pairw se conparisons of
tepggﬂrgtnlt Ogroups vg. vehicle were evaluated using Student's t test.
D f f er encewoledowssns t r eat nent groups were conpar ed US| MCTACS2006/002979
nonparanetric ANOVA (Kruskal Wl lis) followed by Dunn's nethod f(ig
pairwi se nultiple conparisons. The study was term nated on day
based on tunor volume of vehicle group. [0214] Summary of Results. .
Primary tumor growth was statistically significantly inhibited in a
except the 10 ng/ kg dose gr(ﬁ_ug_st by 4f dg?/f_hgf agr ggeatégenaobn;;haaggn.
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1 Dose Mean Tunor Vol une (mB) day 18 SD
Alternate Dose Schedules of Compound 1 are Equally Potent
[0196] The effects of intermittent and cyclic doses of Compound 1 against
MV4;11 xenograft tumors was also examined (FIGURE 4). Compound 1 was
administered orally at 30 mg/kg daily, every other day (g.0.d.), or cyclically, 7
days on followed by 7 days off for 2 cycles (FIGURE 4). Similar to daily dosing,
intermittent dosage regimens produced significant tumor regressions within days
of drug freatment (>94% TGI). All three regimens resulted in equivalent anti-
tumor activity (day 29, p>0.05) and numbers of responses seen with q.0.d. (6PR)
and 7 days on/7 days off (9PR) were similar to those seen with daily treatment
(1CR, 9PR).

Compound 1 is Effective Against Large MV4;11 Tumors

[0197] The effects of Compound 1 on large MV4;11 tumors of varying
sizes; 300, 500 or 1000 mm"® was also investigated. Treatment with Compound
1 (30 mg/kg/d) induced significant regression in all MV4;11 tumors which was
independent of initial tumor sizes at the start of treatment (FIGURE 5). Tumor
regressions were evident within 3-5 days of drug treatment. All treated tumors
responded (n=27), with 15% complete responses and 70% partial responses.
The remaining 15% were minor responses or remained stable. Dosing was
discontinued after 50 days. No tumors regrew during the 50-day treatment,
indicating resistance against Compound 1 did not develop. The durability of
responses after discontinuation of treatment was also examined. One CR and



Treated/ Contr ol day 18 Max % I nhibition (study day) P value vs'

i hicle (n=9) 2248 780 10 ng/ kg (n=8) 1798 513
venicle VeWI()02006/0(81445) PCT/US2006/002979

-72-

approximately 50% of the PRs were durable for 40 days after cessation of
Compound 1 dosing. Ten tumors that re-grew {to 600- 2000 mm?) were re-
treated with 30 mg/kg/d Compound 1 starting on study day 90 (40 days after
cessation of dosing) and continued for 60 days. All tumors were responsive to
the second cycle of Compound 1 (2 CR, 8 PRY), clearly indicating a lack of tumor
resistance to Compound 1.

Histological Evaluation of Biological Activity In Vivo

[0198] In addition to tumor volume and target modulation endpoints,
immunohistochemical readouts were used as indicators of drug activity. We
assessed tumor apoptosis/necrosis and inhibition of cellular proliferation in
MV4;11 or R84;11 tumors in SCID-NOD mice treated with 30 mg/kg 4-amino-5-
fluoro-3-[6-(4-methylpiperazin-1-yl)-1 H-benzimidazol-2-ylJquinolin-2(1H)-one
(Compound 1) using histology and immunchistochemical analyses. In this study,
SCID-NOD mice bearing s.c. MV4;11 tumors (n= 3-5 /group) were freated with
either Vehicle or Compound 1 30 mg/kg/d for 5 days. Tumors were resected on
days 2-5. Paraffin-embedded tumors were either stained with Hematoxylin and
Eosin or immunostained with Ki67 (proliferation marker), pERK (mechanistic
pharmacodynamic marker), cleaved caspase-3 (for apoptosis) or PARP (for
apoptotis) (with hematoxylin counter stain). Temporal effects of Compound 1
administration (30 mg/kg/d) were investigated in MV4:11 tumors after 1 or 5
doses. Morphological evaluation using H&E staining, revealed that vehicle-
treated tumors consisted of MV4;11 tumor cells with marked hypercellularity
indicative of myeloid hyperplasia. In the vehicle treatment group, tumor cells
stained strongly with Ki67 indicating a tumor composition of highly proliferating
cells . By 24 hours after dosing, tumors treated with Compound 1 showed a
reduction in densely packed cells and consisted of sparse areas of
apoptotic/necrotic cells (day 1) . Areas of apoptosis/ necrosis were more
pronounced after 5 doses with significant areas of nonviable tumor coincident
with reduced Ki67 staining. Target modulation was confirmed in vivo from
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immunohistochemical staining of pPERK. Phospho-ERK was significantly lowered
in Compound 1-treated tumors during the 5-day dosing period corroborating
Western analyses of pERK in tumors. Compound 1-induced apoptosis,
evidenced from increased activated caspase-3 and cleaved PARP staining in
tumors on day 5 compared to vehicle-treated controls. We also examined the
immunohistochemistry of RS4;11 tumors following treatment with 30 mg/kg
Compound 1 treatment. RS4;11 tumors (n= 3-5 /group) were treated with either
Vehicle or Compound 1 30 mg/kg/d. Tumors were resected on days 9. Paraffin-
embedded tumors were either stained with Hematoxylin and Eosin or
immunostained with Ki67, or pERK (as described earier). Similar effects of
decreased cellularity and proliferation as well as reduced pERK were evident in
RS4;11 tumors treated with Compound 1 (30 mg/kg/d).

[0199] Additionally, we evaluated the histology of tumors that were
defined as a partial (>50% tumor inhibition} or complete response (no palpable
tumor mass). In these studies, SCID-NOD mice bearing s.c. MV4;11 tumors (n=
3-5 /group) were treated with either Vehicle or Compound 1 30 mg/kg/d.
Vehicle-treated tumors were resected on day 15 and Compound 1-treated
tumors were resected on day 89 (50 daily doses of Compound 1 + 39 days
without treatment). Paraffin-embedded tumors were either stained with
Hematoxylin and Eosin or immunostained with Ki67 (with hematoxylin counter
stain). Complete responders were totally devoid of MV4;11 tumor cells,
displaying only remnants of necrosis and/or scar tissue. In partial responses,
pockets of Ki67-positive proliferating tumor cells were observed at the periphery
of tumors.

Compound 1 Prolongs Survival Time of Mice Bearing Disseminated Human
Leukemia Cells

[0200] Efficacy of Compound 1 was tested in the MV4;11 leukemia model
in which cells were inoculated info the tail vein of irradiated SCID-NOD mice
(FIGURE 6). In this model, MV4;11 cells disseminate to the bone marrow (BM),
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pathologically mimicking a disease pattern similar to human leukemia. Mice
were injected with MV4;11 cells on day 1 and treatments of Compound 1 (20
mg/kg, daily or 7 days on/7 days off, n=10-1 2/group) were initiated on day 23,
after MV4,11 cells engraft in BM. Control (vehicle-treated) mice typically elicit
hind limb paralysis as a consequence of tumor cells infiltrating the BM, with a
median survival time (MST) of 51 days (FIGURE 6). [n survival studies, daily
treatment with Compound 1 (day 23-100) significantly delayed time fo disease
progression (MST = 134 days) compared to vehicle-treated controls (MST = 51
days) (p < 0.0001), demonstrating a 163% increased life span (IL8) (FIGURE 6).
Strikingly, with daily Compound 1 treatment, 4 mice were long-term survivors
(MST > 160 days). Histological analyses and flow cytometry were used to
quantify the % engraftment of MV4;11 cells in BM. In flow cytometric analyses,
human MV4;11 cells were identified in mouse BM with an anti-human HLA-A,B,C
antibody which binds to an epitope on human MHCI. In vehicle-freated mice,
approximately 2-19% of total isolated BM cells consisted of engrafted MV4;11
cells (day 51,). This was also corroborated by immunohistochemistry with an
antibody to human mitochondria which stains MV4;11 celis identifying the human
cells in the mouse BM matrix, Compound 1 dosed daily (20 mg/kg) over 25 days
significantly reduced leukemic burden (< 1% MV4;11 cells in BM) vs. vehicle
treatment. Interestingly, surviving mice after Compound 1 treatment
immunohistochemically showed no evidence of tumor cells (seen as an absence
of anti-human mitochondrial-positive cells on day 167) in the BM and were
defined as "cures”. Cyclic dosing of Compound 1 (7 days on/7 days off, 5
cycles) also resulted in significantly increased survival times (MST =118 days,
131 % ILS vs. vehicle, p = 0.0001), but was not as effective as the daily regimen
(p= 0.007, FIGURE 6).

Efficacy of Compound 1 in Treating Prostate Cancer Cell Lines

[0201] Because Compound 1 has a multitargeted kinase selectivity
against Class 1], IV, and V receptor tyrosine kinases (RTKs), the activity of
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Compound 1 was examined in a metastatic model of prostate cancer. The anti-
tumor efficacy of Compound 1 was evaluated using PC-3M tumors which
express key RTKs VEGFR and FGFR that are inhibited by Compound 1. PC-3M
cells have been shown to metastasize to the bone, and this model was thus
used to investigate the activity of Compound 1 in an experimental metastatic
xenograft model of human prostate cancer in nude mice.

[0202] Cell lines. Metastatic human prostate cell line PC-3M expressing |
null p53, del PTEN, VEGFR, FGFR and stably transfected with a construct of
luciferase were obtained under a licensing agreement with Xenogen.

[0203] In vivo efficacy studies. Male nude mice (nu/nu) (4-6 week-old,
18-22 g) were obtained from Charles River (Wilmington, MA) and acciimated for
1 week in a pathogen-free enclosure prior to the start of the study. Animals
received sterile rodent chow and water ad libitum and were housed in sterile
fiter-top cages with 12 hour light/dark cycles. All experiments were conducted
under the guidelines of the Association for Assessment and Accreditation of
Laboratory Animal Care International.

PC-3M luc bone metastatic model. Human prostate cancer cell line PC-3M-luc
cells (1.5 x 10° cells) stably transfected with a construct of luciferase were
injected via intracardiac injections. Bicluminescent imaging (Xenogen’s IVIS®
imaging system) was used to non-invasively monitor the in vivo growth and
metastasis of PC-3M-luc tumors after cell inoculation. Nearly all PC-3M-luc
tumor cell-injected animals developed prostate lesions, which were mainly
localized in the femur, and mandibles. Compound 1, taxol, or vehicle treatments
(n=7/group) were initiated 4 weeks post-cell inocuiation (day O of study). Mice
were monitored daily and were euthanized when moribund.

Group information.,
Dosing was initiated 4 weeks after cell inoculation (day 0 of study)
1. Vehicle (n=8)
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2. Compound 1, 50 mg/kg, p.o., daily (n=7)
3. Taxol, 15 mg/kg, i.p., 3 times per week (n=7)

Endpoints. Efficacy (real-time imaging of tumors in vivo using Xenogen'’s IVIS®
imaging system).

[0204] Immunohistochemistry. Bone (femurs, mandible) samples were
decalcified (ProtocolTM, Fisher Diagnostics, Middletown, VA). Paraffin blocks
were sectioned to 4 mm thickness and placed on positively charged glass slides.
Tissues were stained with hematoxylin and eosin for general tissue morphology
and identification of PC-3M cells in bone.

[0205] Male nude mice inoculated with PC-3M-luc cells via intracardiac
injection showed disseminated growth of PG-3M cells after intracardiac
inoculation as detected by serial whole body imaging of PC-3M-luc tumor cells in
vivo and histological evaluations (FIGURE 7). At four weeks post inoculation of
PC-3M cells in nude mice, whole body imaging demonstrated development of
cell growth and metastatic lesions mainly localized in the head and abdominal
areas, which was confirmed by histological evaluation that PC-3M cells
metastasize to bones (femur and mandibles). In some mice, tumor cells were
also detected in the thoracic areas, which are possibly some residual celis
foliowing intracardial inoculation.

[0206] Treatment with Compound 1 was initiated four weeks after cell
inoculation once tumors had metastasized to bone (day 0). The presence of
tumors in the bone was also confirmed by whole body imaging of mice.
Compound 1 was administered orally at a dose of 50 mg/kg/day and
demonstrated a frend to inhibit metastatic growth of PC-3M luc tumor cells in
nude mice compared to vehicle treatment as determined from serial scanning of
mice. Mice treated with Compound 1 exhibited a decreased mean photon
intensity (inhibition) compared to mice treated with vehicle on days 0, 8 and
15/18. Tumor growth inhibition with Compound 1 treatment was also evaluated



n/ca nfa 9/9 2714 14 _n/a n/a 10ng/kg (n=8) 7/8 22 + 32 0 0.810 8/8

36 + 32 _

WO 2006/081445 PCT/US2006/002979

-7~

using the median inhibition of photons counts (FIGURE 7). Daily treatment with
Compound 1 (50 mg/kg/d) was also more effective than taxol treatment (15
mg/kg} as shown in FIGURE 7. No difference in treatment efficacy was
observed between treatment with taxol and treatment with vehicle (FIGURE 7).

[0207] Summary of Results. The efficacy of Compound 1 in treating a
solid tumor that has metastasized into bone marrow was tested. In this model,
nude mice were inoculated intracardiacally with PC-3M-luc cells. PC-3M-luc
cells are a human prostate cancer cell line that has been stably transfected with
luciferase. Upon inoculation, PC-3-luc cells disseminated into multiple organs
including bone. The disseminated tumor cells were visualized using in vivo
imaging equipment commercially available from Xenogen, Corp.

[0208] Nude mice were inoculated with PC-3M-Luc cells intracardiacally
with 1.5 X 10° cells. Four weeks after inoculation, dosing was initiated (day 0)
with vehicle (n=8), Compound 1 at 50 mg/Kkg, p.o., daily (n=7), and taxol at 15
mg/kg, i.p., three times per week, (n=7). The PC-3M-luc cell lines were
purchased from Xenogen and the mice were imaged using Xenogen's IVIS®
imaging system.

[0209] [n the mice treated with Compound 1, the mice showed a trend of
decreased photon count relative to vehicle and taxol treated mice. The median
photon counts and a graph generated from the head and leg areas of the mice
are shown in FIGURE 7. This experiment establishes that treatment with
Compound 1 potentially inhibits the growth of PC-3M-luc cells that have
disseminated into bone.

Efficacy of Compound 1 in the 4T1 Murine Breast Tumor Model

[0210] The following study evaluated daily oral dosing of Compound 1 in
the spontaneous metastatic 4T1murine breast tumor model.
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[021 1] Female BALB/c mice, aged 9 weeks (Charles River, Wilmington,
MA), were implanted with 2.5x10° 4T1 cells (cells derived from a metastatic liver
nodule) subcutaneously on the right flank. Treatment began 13 days later when
average tumor volume was 140mm3. This was designated as study day 1.
Compound 1 was formulated as a solution in purified water and administered by
oral gavage once daily for 17 days.

[0212] Treatment groups included, (n=10/group): Vehicle (water); Five
groups of Compound doses at 10, 30, 60, 100 and 150 mg/kg.

[0213] Study endpoints included tumor growth, animal observations and
enumeration of lung and liver metastases. Pairwise comparisons of treatment
groups vs. vehicle were evaluated using Student's t test. Differences between
treatment groups were compared using a nonparametric ANOVA (Kruskal-
Wallis) followed by Dunn’s method for pairwise multiple comparisons. The study
was terminated on day 18 based on tumor volume of vehicle group.

[0214] Summary of Results. Primary tumor growth was statistically
significantly inhibited in all except the 10 mg/kg dose groups by 4 days after
treatment initiation. The maximum tumor growth inhibition for the 10, 30, 60, 100
and 150 mg/kg doses was 32, 45, 50, 74 and 82%, respectively (Figure 25,
Table X). A comparison between groups revealed differences (p<0.05) between
the 10, 30 and 60 mg/kg doses versus the 150 mg/kg dose level and between
the 10 and 100 mg/kg groups.

[0215] Lung and liver metastases were enumerated by visual inspection in
tissues removed on day 18. Vehicle treated control mice did not develop lung
tumors to the extent observed in previous studies (decreased by ~50%) which
influenced the statistical comparisons. Lung metastases were reduced by
administration of Compound 1 versus the vehicle, specifically: in the 150 mg/kg
dose group, by 91% and the 30, 60 and 100 mg/kg treatments reduced the
number of liver tumor nodules by >77% versus controls (Table Y).
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Table X. Summary of 4T1 Primary Tumor Growth Inhibition by Compound 1
Compound 1 Mean Tumor Max %
Dose Volume (mm®) | SD | Treated/Contr | Inhibition | P \‘g’h“glgs
day 18 ol day 18 (study day)
Vehicle (n=9) 2248 780
10 mgfkg (n=8) 1798 513 0.80 32(d11) 0.187
30 mg/kg (n=10) 1246 318 0.55 45 (d 18) 0.002
60 mg/kg (n=10) 1248 295 0.56 50 (d 11) 0.002
100 mglkg (n=10) 624 184 0.28 74 (d 14) <0.001
150 mgfkg (n=9) 402 95 0.18 82 (d 18) <0.001

Table Y, Efficacy of Compound 1 on 4T1 Spontaneous Liver and Lung
Metastases after 17 days of dosing

s Liver Metastases v Lung Metastases
# of % p values #of % p values
Co%p&ind 1 Incidence | Metastases | Inhibition vs. |Incidence | Metastases | Inhibition Vs,
Mean + SD |vs. Vehicle | Vehicle Mean + SD |vs. VVehicle | Vehicle
Vehicle B9 18+ 15 na nfa 9/ 27 +14 nfa n/a
(water) (n=9)
10mgfkg 7/8 22 +32 0 0.810 8/8 36 +32 0 0.928
(n=8)
30mgikg 6/10 3+ 4 83 0.014 | 10/10 | 26+26 o | 0926
(n=10)
60mg/kg 5M10 11 94 0.002 | 10/10 24 + 11 11 0.606
(n=10)
100mglkg 1/10 4+13 77 0.010 10/10 24 +30 13 0.756
(n=10) '
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150mg/lkg 0/9 0+0 100 0.002 | 5M0 2+3 91 <0,001
(n=9)
[02186] In summary, the efficacy of daily, oral dosing of Compound in the

4T1 murine breast tumor mode! was confirmed in this experiment. Significant
primary tumor growth inhibition was observed after 4 days of treatment.
Compound 1 doses of 30, 60, 100 and 150 mg/kg inhibited primary tumor growth
by 45%, 50%, 74% and 82%, respectively, Compound 1 treatment resulted in
significant inhibition of spontaneous lung and liver metastases. The number of
liver metastases was completely inhibited by the 150 mg/kg dose level and
significantly reduced at the 30, 60 and 100 mg/kg doses. Lung metastases were
reduced with statistical significance (91% inhibition) at the 150 mg/kg dose level.

DISCUSSION

[0217] Targeting aberrant intracellular kinase signaling pathways
implicated in tumor-cell proliferation can disrupt cellular processes and cause
inhibition of tumor growth. This has been exemplified by the approval of two
small molecule targeted agents imatinib (Gleevec) in CML (Ber-Abl) and
gastrointestinal stromal tumors (c-KIT) and gefitinib (Irressa) in refractory
advanced or metastatic non-small cell lung cancer (EGFR). Druker B.J.
Oncogene, 21:8541-8546 (2002); Giaccone G. Cfin Cancer Res. 10:4233S-
42378 (2004). Both compounds target specific molecular defects in tumor cells
and this success has driven research on molecular targeted therapies to other
oncogenic kinases, including FLT3 15,20-23. Mutations in the FLT3 gene are
the most common genetic alteration in AML, where nearly 35% of patients
harbor activating mutations. FLT3 mutations have been shown to confer a poor
clinical prognosis thus implicating FLT3 as a therapeutic target in AML. Thiede
C. et al,, Blood, 99:4326-4335 (2002); Schnittger S, et al., Blood, 2002;100:59-
66 (2002).
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FLT3-ITD and wild-type FLT3 have been reported for other FLT3 inhibitors. |t
can be reasoned that FLT3 ITD MV4:11 cells have constitutively active signals
(Ras, STAT5) which drive celi proliferation, and differ from FLT3 WT (RS4;11)
cells which can sustain growth independent of FLT3 activation and/or may rely
on other oncogenic pathways. Minami Y. ef al., Biood, 102:2969-2975 (2003);
Kiyoi H. et al., Oncogene, 21:2555-2563 (2002); Spiekermann K. et al., Clin
Cancer Res. 9:2140-2150 (2003).

[0219] The results from in vivo studies have demonstrated that Compound
1 has potent activity against both solid tumor and disseminated BM models of
leukemia. The molecular activity of Compound 1 in preclinical models was
addressed using PD endpoints to study the extent and duration of target
modulation. Compound 1 was shown to substantially down-regulate both pFLT3
and pERK in MV4;11 tumors. Target modulation (PFLT3) was observed by 4
hours and was sustained in tumors Up to 24 hours following a single dose or
multiple doses of Compound 1. Biclogical effects were also evident from tumor
histopathology, where decreased PERK, proliferation and apoptosis responses in
tumors were observed within 1-2 days of drug treatment. In solid tumor
xenografts of MV4;11, tumor regressions were also pronounced within days of
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scope of tBEE-fc MieNG18) for AML is still in early phases. O'Farrell A.M. et al,, Clin.
Cancer Res. 9:5465-5476 (2003); Fiedler W. et al., Blood, (2004); Stone R.M. et
al., Ann Hematol. 83 Suppl 1:389-90 (2004); Smith B.D. ef al., Blood, 103:3669-
3676 (2004); DeAngelo D.J. et af,, Blood, 102:65a (2003). Selection of single
agent therapies has not yet produced significant responses, and the future
clinical development of FLT3 inhibitors in AML may depend on combining these
agents with either cytotoxic dugs or other molecular targeted agents. The data
reported here for Compound 1, a potent FLT3 inhibitor with additional activity on

RTKs known to play roles in the pathogenesis of AML warrants its clinical
evaluation,

[0222] Other compounds of Structure | such as compounds of Structure
IB, and IC were prepared as describgd above. Studies using these compounds
are carried out using the methodology described above for 4-amino-5-fluoro-3-
[6-(4-methylpiperazin-1-yl)-1 H—benzimidazol-z-yl]quinolin-2( 1H)-one. These
studies will show that these compounds are also useful in treating metastasized

tumors including hematologic tumors, in mice, human, and other mammalian
subjects,

[0223] All documents or references cited herein are hereby incorporated
by reference in their entireties and for all purposes as if fully set forth herein.



- 85 - CLAIM5S What is clainmed is: 1. A use of a conpound of
Structure |, a tautonmer of the conmpound, a pharnmaceutically

accept abl eweabdsoefs4s he conpound, a pharnaceutical |y acaspt@hbeseslbd
of the tautoner, or a mxture thereof; in the preparation of a

medi canent for treating a netastasized cancer in a subject, wherein

t he netastasized cancer is a hematol ogic tunor, prostate cancer, |ung
cancer, nultiple nyeloma, or acute nyel ogenous | eukem a, and wherein
t he conpound of Structure | is: wherein, Ais a group having the
following Structure: / \ NN \/ wherei n;84- Rl is selected from
straight or nched, chai Kyl groups having from1 to 6 carbon
atons, and [Ogéﬂ f ur t P URAErSipqd thatibedrvantiands notiamitet tsthe SnagsdimhuRer
in the subjsetfortishérain for it WY Loj Skration.of the compound of
Structure | ..th tautorrrsr}g_gE‘IﬁI| ﬁbgggnﬁgﬁaﬁ%g a@ﬁé'cﬁﬁ%fmﬁa ELRAT @g|coyne
accept abl e V4 ﬁﬁsqoﬁé of ghipdlgadmenhe phar maceutical ly acceptabl e salt
of the tautoner, or the m xture thereof to the subject. 2. The
use of claiml1l, wherein RI is a nmethyl group, and the conpound of
Structure | has the Structure IA



- 8 - IA 3. The use of claim1l1l, wherein the |lactate salt of
t he conpound of Structure.l or the tautomer thereof is used to
prepare the nedi canent. 4. The use of claim1l wherein the
medi canent further conprises a second-&§ent. 5. The use of
claim4, wherein the second agent is for the treatnent of
osteoporosis, or the second agent i sCBAIMS i cancer agent. 6.
The use of claim5 wherein the second agent is a bi sphosphonate.
7. The use of any one of clains 1-6, wherein the subject is a
mul ti pl e nyaypias Paih&nt: With a t(4; 14) chronosonal translocation.
8. The use of any one of clains 1-6, wherein the nultiple nyel oma
expresses fibroblast growmh factor receptor 9. The use of

3.
any one of cl ai 1-6,, wherein the i ple el o has et ast asi zed
16”2 bone of ¢ e Ipat | éntseof a coripgnd g, lrfutredy & LRl al g orRoRaG £,
wher ei n t he phubhRebtidafly dctBtabl Nl oI QFBpoRAY] LpHarmARiEAIR, RBEAt&NE 1S
a human. 11. The use of any one of clains 1-6, wheréin the

cancer is armaljefithe tanfemneyenausxtum thetepf imthe premarationjof atmddicaarenbifont e

nyel ogenous .| eukem a, patient. -. 87 -. .12. The use of any one

of b o e 1 B R B bancetin S whiech, whgreit B i nd 4
hematologic tumor, prostate cancer, lung cancer, multiple myeloma, or acute

myelogenous leukemia, and wherein the compound of Structure 1 is:

A

/

wherein,

A is a group having the following Structure:
~§~—N N—R’

wherein,

R! is selected from straight or branched chain alkyl groups having from 1
to 6 carbon atoms, and

further wherein, the growth of the metastasized tumor in the subject is
inhibited after administration of the compound of Structure I, the tautomer of the
compound, the pharmaceutically acceptable salt of the compound, the
pharmaceutically acceptable salt of the tautomer, or the mixture thereof to the
subject. ] B

2. The use of claim 1, wherein R' is a methyl group, and the

compound of Structure I has the Structure 1A
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13. The use of any one of clainms 1-6, wherein the cancer has
nmet ast asi zed to a bone in the subject. 14. The use of any one
of clains 1-6, wherein the cancer is selected froma prostate cancer
or a lung cancer. 15. The use of6any one of clains 1-6,
wherein the cancer is prostate cancer and the subject is a prostate
cancer patient. 16. The use of any 5, 1-6, wherein
the cancer is prostate cancer, the subjg : A-CARGLr
patient, and the prostate canclgH ham ; N 0 aﬁone of the
patient. 17. The yse of |an y oppe cHdi s 1-6; erein the
cancer is prostate cancer, a prostate cancer patient,
and the patient is a

IA

3. The use of claim 1, wherein the lactate salt of the compound of

Structure I or the tautomer thereof is used to prepare the medicament.

4. The use of claim 1 wherein the medicament further comprises a

second agent.

5. The use of claim 4, wherein the second agent is for the treatment of

osteoporosis, or the second agent is an anticancer agent.

6. The use of claim 5 wherein the second agent 1s a bisphosphonate.

7. The use of any one of claims 1-6, wherein the subject is a multiple

myeloma patient with a t(4;14) chromosomal translocation.

8. The use of any one of claims 1-6, wherein the multiple myeloma

expresses fibroblast growth factor receptor 3.

9. The use of any one of claims 1-6, wherein the multiple myeloma

has metastasized to a bone of the patient.

10. The use of any one of claims 1-6, wherein the subject is a multiple
myeloma patient, and the patient is a human.
11.  The use of any one of claims 1-6, wherein the cancer is an acute

myelogenous leukemia and the subject is an acute myelogenous leukemia patient.
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12.  The use of any one of claims 1-6, wherein the cancer is a

hematologic tumor.

13. The use of any one of claims 1-6, wherein the cancer has

metastasized to a bone in the subject.

14.  The use of any one of claims 1-6, wherein the cancer is selected

from a prostate cancer or a lung cancer.

15. The use of any one of claims 1-6, wherein the cancer is prostate

cancer and the subject is a prostate cancer patient.

16.  The use of any one of claims 1-6, wherein the cancer is prostate
cancer, the subject is a prostate cancer patient, and the prostate cancer has

metastasized to a bone of the patient.

17.  The use of any one of claims 1-6, wherein the cancer is prostate

cancer, the subject is a prostate cancer patient, and the patient is a human.



