TREATMENT OF METASTASI ZED TUMORS FI ELD OF THE

I NVENTI ON [ 0001] This invention pertains generally to
woreddhosis4and conpositions for treating netast aBCwed2006/002979

tunors in subjects. More particularly, the present

i nvention provides the use of conpound such as

4-am no-5-fluoro-3-[6-(4- nethylpiperazin-1 -yl)-1

H benzi m dazol - 2-yl ] qui nolin-2(1 H)-one and tautoners,

salts, and m xtures thereof jn treating and preparing

medi canents for treating nefdstasized tunors.
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[0002] Capsll aries reach into almost al} éfssues of tﬁle hulman body and

supply tissues with oxygen and nutrients as well as removing waste products.
Under typical conditions, the endothelial cells lining the capillaries do not divide,
and capillaries, therefore, 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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Pat hol ogy, Haartman Institute, (1999).[0003]
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growth of cancer cells. It is known that once a nest

of cancer cells reaches a certain size, roughly 1 to 2

mmin dianeter, the cancer cells nust devel op a bl ood

supply in order for the tumor to grow |arger as

diffusion will not be suff|0|€nt to supply the cancer
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Institute, (1999); Ullrich, A. et al., Cell 61, 203-212 (1990). Binding of the ligand
to the RTK results in receptor trans-phosphorylation at specific tyrosine residues
and subsequent activation of the catalytic domains for the phosphorylation of
cytoplasmic substrates. Id.

[0005] Two subfamilies of RTKs are specific to the vascular endothelium.
These include the vascular endothelial growth factor (VEGF) subfamily and the
Tie receptor subfamily. Class V RTKs include VEGFR1 (FLT-1), VEGFR2 (KDR
(human), FIk-1 (mouse)), and VEGFR3 (FLT-4). Shibuya, M. et al., Oncogene 5,
919-525 (1990); Terman, B. et al., Oncogene 6, 1677-1683 (1991); Aprelikova,
O. et al,, Cancer Res. 52, 746-748 (1992).

[0006] Cancer is a disease that involves multiple genetic defects that drive
tumor-cell proliferation. Therefore, strategies that simultaneously inhibit multiple



(human), Fl k-1 (nouse)), and VEGFR3 (FLT-4). Shibuya,
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al ., Cancer Res. 52, 746-748 (1992). [0006] Cancer is
a disease that involves multiple genetic defects that
drive tunor-cell proliferation. Therefore, strategies
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(BM and osteolytic : (
3)('3%/&§pl ant (ASCT) and advances in supportive care have
had a significant inpact on the disease and |ong-term
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longsterousanvivishr §étbk M. ef al., N. Engl. J. Med., 1996; 335:91-97; and
Barlogie, B. et al., Blood, 1997; 89:789-793. However, patients invariably
relapse, and MM remains a universal fatal disease. The identification of
nonrandom chromosomal translocations in MM has resulted in the development
of powerful prognostic tools and the identification of novel molecular targets.
Nearly half of patients with MM overexpress a putative oncogene, dysregulated
by one of five recurrent immunoglobulin heavy (IgH) translocations: 11913
(cyclin D1), 6p21 (cyclin D3), 4p16 (FGFR3 and MMSET), 16923 (c-maf) and
20911 (mafB). Kuehl, W. M. et al., Nat Rev Cancer, 2002; 2:175-187; and Avet-
Loiseau, H. et al., Blood, 2002; 99:2185-2191. These translocations likely
represent an early and possibly seminal event in the development of MM. More
recently, it has become clear that these specific IgH translocations impart
prognostic significance. Particularly, the t(4;14) translocation which occurs in
approximately 15% of patients appears to confer a particularly poor prognosis for
MM, with no apparent therapeutic benefit of ASCT. Fonseca, R. et al., Blood,



Nearly half of patients with MM overexpress a putative
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M. et al., Blood, 2001; 97:729-736: and Li, Z. et al., Blood, 2001; 97:2413-2419.
In vitro studies suggest that FGFR3 can impart chemoresistance, an observation
supported by clinical data that demonstrate poor responses to conventional
chemotherapy and shortened median survival of t(4,14) MM patients. Fonseca,
R. et al., Blood, 2003; 101:4569-4575; Keats, J. J. et al., Blood, 2003; 101:1520-
1529; Moreau, P. et al., Blood, 2002; 100:1579-1583; and Chang, H. et al., Br. J.
Haematol., 2004; 125:64-68. These findings suggest that ectopic expression of
FGFR3 may play a significant, albeit not a singular, role in myeloma
oncogenesis thus making this RTK a target for molecular based therapy.

[0009] Inhibition of FGFRS3 in t(4;14) MM cell lines induces cytotoxic
responses demonstrating that these cells remain dependent on FGFR3 signaling
despite the complexity of genetic alterations in these cells derived from end
stage patients. Trudel, S. ef al., Blood, 2004; 103:3521-3528; Paterson, J. L. ef
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tyr%@ge}pn@se &It3/§|ll$2/§tk-2) l}gjdpaitonSRerhereas a larger fractlon (>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 (1996); Yokota, S. et al.,
Leukemia, 11:1605-1609 (1997). FLT3 receptor is a member of Class |l|
receptor tyrosine kinases (RTK) that includes CSF-1 R, ¢-KIT, PDGFR, and are

functionally known to 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
kinase insert domain. Blume-Jensen, P. ef al., Nature, 411:355-365 (2001).
Signal transduction following ligation of FLT3 modulates multiple downstream
pathways, including STATS5 (signal transducer and activator of transcription 5),
Ras/MAPK (mitogen-activated protein kinase), and PI3K. Hayakawa, F. et al.,



Anticancer. Ther., 3:695-710 (2003). Cytotoxic agents
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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,
A.M. 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. et 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, A.W. and Molema, G.,
“‘Angiogenesis: Potentials for Pharmacologic Intervention in the Treatment of
Cancer, Cardiovascular Diseases, and Chronic Inflammation,” Pharmacol. Rev.,
52, pp. 237-68 (2000); Ferrara, N.. “VEGF: an Update on Biological and
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40: 707-721 (2004). Ml ecular characterization of these
Wo-R008/0s1tmt | ons have reveal ed either internal PeENUsIM6/002979

duplications (1 TD) in the juxtanmenbrane region of FLT3

or point mutations in the kinase domain (ASP835/836),

Wth 17-34% being FLT3 I TD and approxi mately 7% poi nt

nmut ati ons. Yamanoto, Y. et al., Blood, 97:2434-2439
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[00&3 ect s, 'VaRious. in@plynsubiBtiaiteg eBApoundd ha@ refdriyeen
discfSEed ih WE'B729025, 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 quinolone 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, I. et al., Khimiya Geterotsiklicheskikh Soedinii, 2, 239-
241(1992). Ukrainets has also disclosed the synthesis, anticonvulsive and
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Gowmh Factor Systemas a Potential Target for Therapy

in Human Prostate Cancer," Br. J. Cancer, 92, pp.

320-7 2005). Alterations in fjbroblast growth factor

(FGF) signaling have been i n‘pﬁ"i cated in the

pat hogenesis of prostate cancer. Ozen, M, Gri, D.,
aRBWYQQ!dtaCtIFIty ofvaiien BHaydroxyaquinalomestandsihio aMangé Rakk as 1H-2-

B0 558 s A b tluSine Uiaiie Exgtd, i
GieratsiklicheSRikAB 4RI )1, 108- 1081 ggsse@kl@iﬁb% at et sfiWéﬁimea

referenti alhiké net ast asi zes to boné, and patl ents’ thus

grotsiklichesktkbnaeedinis 8, f 510214108 61399&;) kedinets) |. et al., Chem.
I—Fe@éFBEg&R:tCBRIZ)f 3%§g@go4re§r?§r) which is one of the

mal n tauses rmrtallty in patients
wi th prostate cancer. A need exi sts for nethods of
[QQ1ddt | ng ﬂ'heﬂyatf&aamofzmrlmjsohmmhnmdid&rwmvefs iPUReRIREHIE WO

Q%D@ﬁgg S@{ as! S o ss%rgﬁ%ﬁggé{f %gfggpgalgcegf;hqndlﬁélto ntuglear
hethGhe | @campyéiﬂ JB8KR 16120 R MY G BERARE nSHRErdldn and

WO 01/ 29025, WD 01/6 251,
boae grwthbelhe apmagungs aceaaﬁsomdmoskmi/as bemgwmmfublae‘the

g L A T ——

fangifjed.at i ng si gnal transduction of both receptor-type
and non-receptor tyrosine kinases. Sone of the
ounds cont ai n_a qui nol one fragnment

I d
m@é%ﬁegste oV g‘ﬁ@ $ AHnoline gleriyativasnin yuhieh yhe seazene fiog of te
I
oo a8t 5 0 U TR NS oo,
Theseecempesnds aohdiscloskdiasthding aseful & phlayadeitiebPlofRulations

their. entirety for all purposes as if fully set
a'?cg? ?é?%mﬁ Moy

[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-yl]quinolin-2(1H)-one or a
tautomer thereof are disclosed in the following documents which are each



exanpl e, Ukrainets et al. ha\éeddi scl gsed tIIe synt hesi s
of 3-(benzi m dazol -2-yl)- 4-hydroxy-2-oxo-
WQZGOdA'OéﬂyIaB oqui noline. Ukrainets, | . et al., TRCT/UREDE/002979
42, 7747- 7748 (1995); Wkrainets, |I. et al., Khimya
Get er ot si kl i cheski kh Soedinii, 2, 239- 241(1992).
Ukrai nets has al so di scl osed the synthesis,
anti convul sive andantithyroid activity of other
4- hydr oxy qui nol ones and thi(_) anal ogs such as 1H 2-
0x0- 3- (2- benzi m dazol yl ) - 4- hydr oxyqui nol i ne. _
Wkrainets, |. et al., Khimya Geterotsiklicheskikh .
hefehy 'HF?prI?teng’- referenes g jheiritireties andfor all patpases as if fully

SSOET  AMENTEESS U202 bapdy b e

Patentatyplisation _(\1999@)1.1&M%dYFgQWV?S%%%EQ%, as US

2RI Bl 1 08 (v ot
1920041 S et g8k SOEBASIBRS, Bl st

Phd0cESepb 'déSaP@teIItWFdipaﬁxbm?legj @gdﬁeimg%gfg?g%g 5’“
oMbl 2004, 4 2BhEUR20AE Dl s RaEr Epeflonion Noajoise.757;

angiLh8! PatendAppliedtioreNol 10/682®Bx3t he benzene ring of the
qui nol one is substituted with a sulfur group are

Lsel d.in WO 92/18483. These conpounds are
[O§:1 gﬁl gingLa%P'@gthﬁ;r egeBt advancestametbeds iof tieating tumors and

S T L DI

counmari n derivatives have Y|
especiallyder newy methaaplammdmasiWﬁoam@tihg n’i@l‘é'sf%itiﬁ%a@@gr such
i cal forMu at j ofns. Ref erences that describe
aﬂo E‘%Eﬁéﬁgé%f%ﬂr Sof &hﬂd& Bhiseating puttinje snyalemas ecutme
| i I hid scen
O b< RKG, i BoRRRg cefBer Qo fuBtheh HERUASE ssued
to Ckanoto et al.; JP 8-29973; JP 7- 43896; JP 6-9952;

-258903; EP_797376; and DE 23 63 459 which are
;ﬂ 03-2 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 |, a tautomer of the compound, a



herein incorporated by reference in their entirety for

all purposes as if fully set forth herein. [0017]
wa00608E4F Ui Nol i none benzi m dazol e conpounds UBET/UB20061002979

i nhi bi ti ng angi ogenesi s and vascul ar endot hel i al

growt h factor receptor tyrosine kinases and in

inhibiting other tyrosine and serine/threoni ne kinases

i ncl udi ng 4-am no- 5-

quoro-3-[5-(4-nethyIpiperazig-l-yl)-l

H-benzim'dazol-2-y|]quino|in"-1 (1 H-one or a tautomner
pbhereof are disclosed in the follow ng docunents which

AEMeeRyiRAlly acheptable $a1tc@frtib@rcmnmpw, |aepha_r$‘na]c¢oelutinally
SR O el e LS TRR Bkl e

followitg freB83; U. S. Patent Application No. 10/1 16,1
17 filed (published on February 6, 2003, as US
2003/ 0028018 Al); U.S. Patent Applicatjon No.
10/ 644, 055 (published on May 13, . S. JPatent
Application No. 2004/0092535); U. £ plication
No. 10/983,174; W S. Paygnt AR No. 10/ 706, 328
(publ i shed on Novjenber 4, 2004 664/ 0220196) ; U. S.
. and U. S. Patent
137, 5831 00T3Y Despite the recent
of tredting thhmors and cancer, an
exist; for new net hods of
treati ng cancenas ' for new net hods and
conpositions for treatigg netdstatic cancer such as
net ast asi zed tunors. Methods for treating nultiple
nmyel oma, acute myel ogenous ITukenia, and prostate
cancer are further required. “SUMVARY OF THE | NVENTI ON
W%gph?] The present invention provides nethods of
& 'ing nmetastatic cancer and particularly
nmet ast asi zed tunors. The invention further provides

A tde group having one of the following Structures:

I/O
—%—N N—R' or —%—N N—R

_/ n/

Appl i cation
advances in

I mportant neeg

wherein,

R'is selected from H or straight or branched chain alkyl groups having from 1 to
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.



use of conpounds, tautoners thereof, salts thereof,

and m xtures thereof in the use of pharmaceuti cal
wo cooaoBatd ons and nedi canents for treating metBST/aE2006/002979

cancer. [0020] In one aspect, the present invention

provi des a nethod of treating netastatic cancer in a

subj ect, such as a human cancer patient. In sone

enbodi nents, the cancer is breast cancer, liver

cancer, |lung cancer, or pros! gte cancer. I n ot her

enbodi nents, a nethod of treating netastasized tunors
[q@girovi ded. In otBer. (ae%rgé)%nﬁnts, a net hod of

ting o SAWICLTORAIMENS R nistanmesay! gseup.anst thescompound of

Siuetliré @ thasAHE ISt AR |aMbodi nents provi de net hods of
treating hematol ogic tunors. O her enbodi nents provide

nmet hods of treating solid tunors. The nethods include

admi ni stering to a subject g fectiy’e*arh{unt of a

conpound of Structure I, a !» Rf the gonppund,

aphar rraceutipcallymgceph N of Khe cgnpound, a

phar maceuticlal |y dccCept fble S of th utomer, or a

m xt ure t herleof . has the follow ng

formul a: gher?® Noup having one of the
foIIovvin wherein, RL is selected fromH
or strai gk -~ chai n al kyl groups having from

1 to 6 carboh atonNs. [0021] I n various enbodi nents of
the nethods of thE invention, the growm h of the cancer
or the netastasized tunors {jn the subject) is
inhibited after adm nistration.[0022] In sone

087555, e B by B BenS0eh.  FEBN Y o

Structure | has the Structure IB

N NH
F NH2 N\ \ /

IB

[0024] In some embodiments, R is a methyl group, and the compound of
Structure | has the Structure IC



[0023] In sone enbodinents, Rl is a hydrogen, and the

conpound of Structure | has the Structure 1B I B [0024]
wo poososE4nbodi nents, RL is a nmethyl group, aneCT/082006/002979

conmpound of Structure | has the Structure |1 0025]

O her enbodi nents provide nmethods of treating a

subj ect having a netastasized tunor conpri sing:

contacting the nmetastasized tunor with a conpound of

Structure A IBor IC [oozqé In sonme enbodi nments,

the conpound is administered'§ystenically. Mre

particularly the conpound of Structure | is

adm ni stered orally or intraxesgusly. ]oln some

enbodi nents, a second agent il higtere 0 the

subj ect . dcondvagent N s T the
treatnent o as a é}—s-pbx{sphonat e.
I n other agent is an anticancer

pogl nrents, the conmpound is a
conpound ¢ 1, IR 1B or IC and the

| actate ¢ conpound or the tautoner is

adm ni st ereg”1 e S hect. [0029] In sone

enbodi nents, the Hunor s nmultiple nmyeloma and the

subject is a multiple nyel OEE patient wwth a t(4;14)
chronbsomal transl ocation. re particularly, the,

tunpr is a hematologic tunor. [0030] In sone
[087Bbdi menPhertemebediments pravide meltieodsyef tesating & 8ubject having a

' ' [ tipl.e el,oma patient, and the
mEt e flufortomblRattensing e metassasied traer with a
compeyricbof StriORrd 1A |IB &qoe enbodi ments, the tunor is

mul ti ple nyeloma, the subject is a nmultiple nyel oma

og%]' ent, and the nultiple nyel oma has netastasized to
; In some embodiments, the compound is administered systemically.

agent. [Q

More particularly the compound of Structure | is administered orally or
intravenously.

[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 lactate 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 multiple myeloma, the subject

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



bone of the patient such as to the bone marrow. [0032]
In some enbodi ments, the tumor is multiple nyelong,
wo b@cssiapect is a nultiple nyel oma patient, anBCT/82006/002979
patient is a human. [0033] In sonme embodinments, the
tunor is acute nyel ogenous |eukenm a (AM.) and the
subject is an acute nyel ogenous |eukem a patient. In
some such enbodi nents, the subject is a mamal which
in some enbodi nents, is a huggn and in other such
enbodi nents is a dog or cat. 'P0034] In sone

diments, the tunpr or cancer is selected froma .
[@‘%’ cani’é?omﬁ ghgdimanisrthe dumar ks maliple an(ednma the subject

rost
o il P8R S fre b{fiple Ridrba B8 TudieStasized to 2
boneqﬁthmpahm‘ntnbezs todhe boheshasowed to a bone of the

patl ent. [0036] In some enbodi ments, the tunor is
the.s rostate cancer

R ent - ERRSTRerpatiRiants dha ek il mypiprondhe subject
lsa@nﬁnﬁplehh\,féld)m‘é%ﬁeﬂﬂ é?fool’ﬁbg?aglehh% é‘ﬁﬁp{g a conpound

of Structure | |, ut oner of the

ound, a phar maceutlcall acceptabl e salt of the
[@gggound nasqg’ﬁﬁﬁmme@ﬁ |t§:e IwﬁeplSeetﬂlﬂe sraﬂaiogrfnddsdeukemla

(Al\ﬂlé‘} A& the b IJéctrﬂs U Gutd %ei(géer*on Hgﬁ artge%r%tg E@gpme such

canent har mace
embgbdmmmtb,ethemnmghctwasnarhnwlwméh tik %omﬁ 8RB dthenlsis a
| nvent| an I n anot her aspect the invention
g0afddn é’ﬂ{@rts a‘fmpﬁ@'mﬁﬂi% is,a dogtasiosér conprising a

corrpound of Structure I, I B, and/or IC, a tautoner

[00B4] he comRRImE enﬂ)d?fﬁéﬂf%‘:% L{H% acccgéﬁt%g g’%lggfe%&'orﬁ a liver

t he conpound, a pharnmaceufi ca
C&ﬂ%r.taamr@rmncearoraa hfeastlcand;érereof The kitmay include
anot her conpound for use in treating a metastasized

[0635f€" Ofn&ome 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.

[0036] 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 [, 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 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 |, 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



tunor. The kit may further include a witten

description with directions for carrying out ay of the
woreihosig4®df the invention. In some enbodi ment SPCT/082006/002979

witten description may be included as a paper

docunent that is separate fromthe container of the

kit, whereas in other enbodinents, the witten

description nay be witten on a |abel that is affixed

to the container of the kit. [0039] Further objects,

features and advantages of tHé-invention will be

apparent fromthe foll owi ng detail ed description and

e piichgio anBﬁhEFc@Eﬁ&ﬁihd’Tdr@ﬁeGE twéagia@@g«dtﬁﬁa{sﬁeé@]ancer ora
.S a ow ng t nhat el
turmoec g ki may Hudier indide SQuittan daeciRteR e Areriions for

B80T AP el CURE IR EIT e fbdaimerys, e
venitterbd e ssatiphion ingay be drciaded bswepapwaimcpmmb thatdsi Bepantm from
tlé,e:a1 ggﬁgatlriqe{at ?ﬁ%%h&hé@mﬁsﬁh OOA}%@ R":tﬁe%\_/rﬁfte%r gescription
rﬁé‘%ﬁ@vﬁﬁféd@r’i 8- l%élﬁhéﬁs rﬂﬁiéd ﬂ%' tH@rci%'télnér dﬁ thekit.

enzi m dazol -2-yl ] quinolin- 2(1 H-one (Conpound 1)
i n_a subcutaneous xenograft nodel of human MV4;1 1 or

[0830]1 1 | dunther objasie feaiuresantarivanisaces of (e nveation will be

et rdth e i bo iR b eliiort el LB 2"

mce/group). In W4;1 1 studies, Vehicle (O or

Conmpound 1 at doses of 1 (), 5 (A), or 30 ( ) ng/kg/d
for 15 days vBRIEKIDESGRIFHONOH THEDRAWINGSS were ~
300 mB. In RS4;1 1 studies, Vehicle (O or Conpound 1

F465° oy T1akRE D 4 rpbiisnonmy fat SicIb-Pelh riRa fetied with
KIS-1TRic de‘ﬁb@dﬁ&rééte&ﬁnﬁmq aﬁfmé’-@ fll)’orol-SltESige eéftﬁ{/]b p@?@'zm -1-yl)-

1b¥C|IC dosa e regi mens_of Conpound on 't f1cac

bepamidazq a-nd}csun@m-r%(dltrﬁcpm.e (Rsmgda/a) exhibitar arswmfysantly
I&keﬁn%gﬁeph%ftoﬁ QOW thgn %6&e{re§{t%dlv¥|ﬂ{ véhlcle.

[0041] FIGURES 2-5 are graphs showing the antitumor activity of 4~
amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-ylJquinolin-
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 (C) 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 e;nd

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)



every other day/q.o.d. () or cyclic 7 day on/7 days
off (X). (FIGURE 5)Conpound 1 induces regression of

wo a00gestN3l; 1 1 tunors. MV4;1 1 s.c. tunors (n=ROT/US2006/002979
m ce/ group) were staged at 300 (A), 500 ( ) or 1000 ()
mmB8. Data are expressed as nmean tunor volunme SE (n =
10 mice/group). [0042] FIGURE 6 is a graph show ng
t hat 4-am no-5-fluoro-3-[6-(4- methyl pi perazin-1-yl)-1
H benzi m dazol - 2-yl ] qui nolin-2(1 H)-one (Conpound 1)
prol ongs survival of SCID NCdoni ce bear | ng i ntravenous
MW4;1 1 cells. Irradiated SCI D-NOD m ce were inplanted
Garnpoutunect 1 induq‘esjregrassbrtef largge MV4;7 1 tumors. Tiéét remc.dumors

(%iq?e%néé oy vesgasase at 330 bl fééé@ (mEer 00 (o) AyorData are
23 - 98.
ce eidﬁ% rtz.‘le%g'}{ga yg@%%g(gé (41 (gh%%gﬁ'%gl ysi s or

poor health condition were euthanized. FIGURE 6
[0042]st r at ¢4GKIRIE 8ris ldgreph stoeény thel dvamito-8$luotd-BE6-(4-

r&tﬁ%ﬁéeﬂrﬁaﬁﬁkéﬁﬂ%ﬁen% Hﬁ%mérﬁomﬁéwﬁ{-%ﬁgmééééﬁgﬁém 1)
g Syl o S RPE I hp T MBI PLO R AT ool

IItra@latasblSﬁlID+NG)@hnmIeeA/erteamlanted v@ttanﬂnm 11 xTIIﬁ)e? agllspig), i.v.

Tshowthat treatment with Conpound 1 (1542
cﬂ%ﬂ*ﬁ?@l"? ol {c] "H“@‘ieé*rﬂﬁ day 2%h¢%1&lstm@‘|\#lth% %ﬂoVQJHCle (#)or

R85 120 MalkGOVeR BSIEHES of saaadUies & sveson/2days Of ()
ROy 2R3 SRy MiGk ETEHIS B2 sl drHER-T dtBKsis or poor heatth

cpnéditientwens\authaniredr SIGURE dnillustadtesokaplaaaiieiry percent survival
nmetastatic c ticylarly metastasized tunors,
VEultRe O%Pagﬁaféﬂagefsm%ngm e myel oma and net ast asi zed
prostate cancer. The invention also provides the use

[0043]0NMPOURISURE Y iREBASs gFdpHsSshoMifg Mditilu&SpHdteh €8lints (in
in the preparation of

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 treating metastatic cancer,
particularly solid tumors or hematologic tumors.



medi canments or pharmaceutical fornulations for
treating netastatic cancer, particularly solid tunors
W@rookh®8EED| ogi ¢ tunors. [0046] The follow ng  PCT/US2006/002979
abbrevi ations and definitions are used throughout this
application: [0047] "AM." is an abbreviation that
stands for acute nyel ogenous | eukem a. [0048] "ALS" is
an abbreviation that stands for amyotropic | ateral
sclerosis. [0049] "AD' is an1%bbr evi ation that stands
for Al zhei mer Disease. [0050]'""APP" is an abbreviation
st an for anyl oid precursor protein. [0051]
[‘3@?' i sﬁﬁ fahwegi%hr@wa@w ard detisitipns aseitisbd fuosghout
trii§ applcdtiont r anspl ant . [0052] "BM' is an abbreviation
that stands for bone marrow. [0053] "bFGF" is an
abbreviation that stands for basic fibroblast growth
(404 or . [ WL} is wGabreviationdhatstends dott acute rfRbGendLEs
IciiRke reviation that stands for a tyrosine kinase that
Interacts with the fibroblast growh factor FG-.
[[0055] "Cdc 2" is an abbreviation that stands for cell
048] si on Al ds 2in J8MIEO6HtOSWatBtar é@m i@
that .stands for cyclin dependentaﬁl](cigssngge : t%&@%t%bdk
SYETOSIS- an abbrevi ation that stands for cyclin dependent
ki nase 4. [0058] "Chk 1" is an abbreviation that
osygnds f oy, i ki JainCKL et lis a
[serpne/ t hf‘ e[gﬁigne ala}%\s/ileéh?ﬁzﬁats %ﬁcgsg’)ﬁn?&lz@g@r PR3t e
1 &epsi I on). [ 0060] "c-ABL" is an abbreviation for a
[0P9bsi ne ‘KiRREYe antrhbreviatids thatrstamds 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.,

[0055] “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).



oncogene product originally isolated fromthe Abel son

| eukem a virus. [0061] "C-Kit" is also known as stem
wa@edob/08eet or receptor or mast cell growth factBeT/US2006/002979

receptor. [0062] "FGF" is an abbreviation for the

fibroblast growh factor that interacts with FGFRL .

[0063] "FGFR3" is an abbreviation that stands for the

tyrosine kinase fibroblast growth factor receptor 3

that is often expr essed in multiple nyel omatype

cancers. [0064] "FI k-1 " is dd-abbrevi ati on t hat

@lsands for fetal l|iver tyrosine kinase 1, also known
Qi nase-¢-ARL is apmbbrevigiiesfara tyrosise kmasté[tﬁht stands for an

f‘ Q%T?B P ecep? 8559% @@é@@ﬁ(’i@ﬁe‘?ﬁﬁfﬁﬁ 'I l?‘ﬁ?fﬁ{a%\/%us

(nouse)). [0065] "FLT-1" is an abbrevi atl on t hat
[GAGdlds f ofC4Kiti$ alse knovarsba etdth el factdr redeplordtnastasel|

@%&%a{ endot hellal growth factor receptor-1 or
g "FLT-3" is an abbrew ation that stands

for fns- Ilke tyr03| ne kinase- 3, also known as stem

[0082] tyr oFGE” ig éraésbﬂev{a%ﬁ fb) thd @&g%iatst EbTNtﬁ fa

abbrevi ation that stands for fms oSl he |nas -

'nierastsszt*kﬁéiﬁRhs VEGFR3. [0068] "Fyn" is an
abbr eviation that stands for FYN oncogene ki nase

tdt . "GSK-3" 1S .an .
abb eS| ath: on Yha ‘: Cﬁ] 5@‘%&%%&%‘&8& i‘}rnfbﬁég@smqn'ﬁaase
filroplat gfowtRARE b réceptor alitay oftbh @xpkdedsih aﬁmﬁpﬂ‘eorhyéioma-

ki nase al so known as dlsheveled associ at ed ki nase

YRPLGNERGIn as HDAK. [0071] "Lck” is an abbreviation
that stands for |ynphocyte-specific protein

[0064] “FIk-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), Flk-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.



tyrosi ne kinase. [0072] "MEK1" is an abbreviation that
stands for a serine threonine kinase in the MAPK

wQ@ MobogEms acti vat ed protein kinase) signal trapeTius100€002979
pathway in a nodule that is forned of the
Raf - MEK1- ERK. MEK1 phosphoryl ates ERK (extracel | ul ar
regul ated kinase). [0073] "MM' is an abbreviation that
stands for multiple nyeloma. [0074] "NEK-2" is an
abbrevi ation that stands for N M A related ki nase.

[0075] "NIMA" is an abbrevi-dfron that stands for
"PDGF" is an abbreviation

rin pfQasj,s. [0076] "F
[qaﬁg) st angss'&gbi’ '%Ia[ﬂt%hté’]ﬁwét!@lﬂ hat sfanda for eddnase aRBHnown as

dishteslagtasshtialed Kihas, i S and PDGFR .
[0077] ™ Rs?kZ" t%iwlgﬁég’gﬁ?é\lfﬁgﬁlﬁo% lfqﬁg\%‘st ands for
ribosonmal S6 kinase 2. [0078] "Raf is a

[OQ(ZII] ne/ t hil&snisman Rbbeesdatiom thaestdABK for Ign@ihocyt pecific protei
e-s
[0079] "RTK" is an abbrevi at(‘il (I)CIIp otein

Lon pat hway.
tyﬁsgt?ég{ﬁ%%gs for receptor tyrosine kinase. [0080]
[OHQ-i;j'ﬂ:g- 2" is an abbreviation that stands for tyrosine
se wi tMEKY israh &6reiRi® ' " VEGE" .

i /Ng_'?tz vi ation that stlahggaﬁ‘%r%@%@uq élé)l%etheonme kinase
ingia BIARK togeB Ackvatgetuptein Geep) SgReRraTsdudtionaathway in a

a8bleamsef| | i c endot hel i al
O e o omed 8l i RIS AR MEK LB hemansvinies ERK

g \
(epinaeglvlanregustedkinbsepf ers to the spread of cancer
cells froma tunor to other parts of the body. The

cer cej/f,$».are neral |y spread systemically by way
[ng the | yiphatidl %3%’?&%“8 thatodands Errmultipsmleloma.

[ Inhibition of the growh of a netastasized tunor is
00Nt t o “NEK-2akcerthbielidiBRithht 4 DRI, . awE b
and/ or the systenmic inhi EilPﬁgﬁé%#tg@%%?:oerrMWA Riated kinase.

[0075] “NIM-A” is an abbreviation that stands for never in mitosis.

[0076] ‘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 serine/threonine 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.



cell s which have originated fromthle turr:)r. [gogg]
ly, reference to a certain elenment suc
wﬁ«q}%glmsyor His meant to include all isotopeRCDS100&002979

el enent. For exanple, if a group on the conpound of

structure | is left off or is shown as H then this is

defined to include hydrogen or H, deuterium and .

tritium [0086] The phrase "straight or branch:hed chain

al kyl groups having from1l tg 6 carbon atons" refers

to al kyl groups that do not 8htai n heteroatons and
carbon atons. Thus the phrase incl udes

[d.éﬁéirgﬁt 1ghﬁlﬁhrﬁ$¢<we@5tﬁﬁﬂﬁ' refera tatherepiead, ofemngkr cells from a

hr ase

thPﬁ@rl%'othﬁ é(rlts of anc%édc}/ Chalérgchggg ssa@;g%qqrg-l—)éﬁprp i n

al so inc
Sygt Ilcagliydnypaay phtHeligmphatiosysiein bi Blobgdtrtam. t he
fO|?IOWI ng which are provided by way of exanpl e:

1008, & 1 TR e e b2 eRs DS FBRaat 10
m%%ﬁé&ﬁhlbrt@ﬁ(%ﬁ%ﬁ??&?g@@wcﬁg@%?mlc%mbmon of cancer

'@M@Pb@@mwnat@m(fmyr@@m(mn and ot hers.
sonme enbodi nents, al kyl groups include straight and

ogsspches 64bes. KileAelps DBk & Eiafﬁﬁﬁy”qregmor His
meanletocaclbde alltisotepes of tHit |d|erﬁéﬁtechﬂ‘@@i|h %rb[]g op the
rai ght chain al kyl roup h
(é.lrgg?ﬁ%ﬁ] @?}Elsaq;ﬁsp Pr inshewngs Hyrtbep thislis definéd to include
hy@m&n srhodbRALf, drdrglity| 9r oup hggsgln'{\ 1 carbon

atomand is a net group” (- CH3)

Qég)har maceutical ly accept able salt" includes a salt
[0

Glh an iThs phiaise “stasight or bramchet @bain amwgmnw hﬁ@ing »from 1
ic amno acid

to %r‘%a’lﬁéé’? gag"r?l”% Wi%régasei'@égfwa}gn ebAoiNgé Pgaf@@ hetaroatoms and
inaludarte Ga¢arbbh aAGha! th%ciﬁe Ph écéaqﬂmﬁlﬁ‘d%% ggﬂﬂkglr

al kaline earth netals such cium an

IrolRFm$YRIMGS Bihynsihl, Propd, buatiyt, peoatyl ohepeh :mcbﬂt@elﬂqe The
phrase also includes branched chain isomers of straight chain alkyl groups,
including but not limited to, the following which are provided by way of example:
-CH(CHa)z, -CH(CH3)(CH,CHs), ~CH(CH2CHa)s, -C(CHa)s, -CH2CH(CHa),,
-CH2CH(CH3)(CH.CH3), -CH2CH(CH2CHg)2, ~CH2C(CH3)a,
-CH(CH3)CH(CH3)(CH,CHs), -CH2CH2CH(CHj3),, ~CH2CH>CH(CH3)(CH,CHa),
-CH2CH2C(CHa)a, -CH(CH3)CH2CH(CHg),, and others. in some embodiments,
alkyl groups include straight and branched chain alkyl groups having 1 to 6
carbon atoms. In other embodiments, alkyl groups have from 1 to 4 carbon
atoms. In still other embodiments, the alkyl group is a straight chain alkyl group
having 1 to 2 carbon atoms (methyl or ethyl group). In still other embodiments,
the alkyl group has only 1 carbon atom and is a methyl group (-CHs).

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,



the invention includes, for exanple, trinethylanine,
triethylam ne, pyridine, picoline, ethanolam ne,
walc@blosraas am ne, and triethanol am ne. As sal t SPOF/US2006/002979
inorganic acids, the instant invention includes, for
exanpl e, hydrochloric acid, hydroboric acid, nitric
acid, sulfuric acid, and phosphoric acid. As salts of
organic acids, the instant invention includes, for
exanple, formc acid, acetic acid, trifluoroacetic
acid, fumaric acid, oxalic a®0d, tartaric acid, maleic
acid, lactic acid, citric acid, succinic acid, malic
alisliometals sucheasisbdiine oapbtasshmmzaikmm darth metalsduchnrs
c% tol uenesul foni c acid s of basic anino acids,

i RO SRl Seaitmiaiaand aypoRida it salts:efergrRic bases,
they fiveation thedide, %F@(arﬁﬁl'edtrﬁnéiﬁyﬁ%ﬂé ! ﬁ%tw‘%ﬁag%e pyf:&fne

exanpl e, aspartic acid and glutam c aci
pispdingspleano aﬂméepdléﬂlﬂmlamlr@ntahdrﬁn@henolaﬁmna st Sadis aff

BN AR I AR b BrBat Réhrere-rteRetfts acie

hiyd rdbiogig Hcid; Emlt(tleramd | SUAUIri6 ARRE and! pHaSpRaAE gbld OAs salts of
rostate cancer. In ot her embodi ments, a net of

gani¢ ARgsnihedastant inventigrindudes, feoexaraple, fomm Reid, acetic

ST ERSE T o S50ty BT ol e, ot
apidocitriacid; sockinicfadcid enalum@cm,emﬁ@thdnwhﬁohl@@vé beiAzéABsulfonic

nbod d, h f treating solid tunors.
2 S PRt 2 e Se0F ohBass NSRS, the mekel

lﬁv@ﬁh@ﬁ’fnclLﬂ!bsefféﬁéﬁdrﬁﬁleaﬁyﬁihﬁolf)/sﬁecé?m’&‘hntﬂ if¥. Acidic amino

Structure 1, a tautomef ound
apudénmlu@@tfot example; @spedis acid ahd guﬂtan’ne acighpound, a
pharmaceutical |y acceptable salt of the tautomer, or a

T <. REDREhoo St HL BBl R0t PARAASY inod o veating
nfei)!aétatM: Oan&rrm@wtﬁéct whiér 86 B 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 in need thereof, an
effective amount of a compound of Structure I, 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:



Rl is selected fromH or straight or branched chain
al kyl groups having from1l to 6 carbon atons, and
WO 0080314k sone enbodi nents, the growth of thePCENSEN6/002979
or the nmetastasized tunors is inhibited after
adm ni stration of the conmpound of Structure |I , the
tautoner of the conpound, the pharmaceutically
acceptabl e salt of the conpound, the pharmaceutically
acceptable salt of the tautoger, or the m xture
thereof.[0090] In sone enbodnénts, Rl is a nethyl
group, and the conpound of Structure | has the
Structure A [0091] In sone enbodi [ffe Rl js a
hydr ogen, and the conpound of Stry t he
Structure 1B I B [0092] \pg song-err ts, RLis a
nmet hyl group, and the conpoung Strueture | has the
Structure ICIC | O her erfbodi flents provi de
nmet hods of tre ' avi{ng a net ast asi zed
tunor conpri si g t he Met ast asi zed tunor
Wi th a conpou IB or IC [0094] In
some enbodi nment ﬁ ATOD [
system cally. More parﬁqcularpy t he conpound of
Structure | is admnistered orally or intravenously.
[0095] In sone enbodi nents, a second agent is
adm nistered to the subject.lMre particularly the
econd agent is for the treatnment of osteoporosis,
VIR as a bi sphosphonate. In other enbodi nents the
second agent is an anticancer agent. [0096] In sone

A B QfbUERAVng bhe &QHB%R)%EQ Srefipegund of Structure |

/—\/

—é—N N—R' or —g N—R!

__/ /

wherein,

1. .
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 1, the tautomer of the compound, the pharmaceutically acceptable salt

of the compound, the pharmaceutically acceptable salt of the tautomer, or the
mixture thereof,



A IB, or IC and the lactate salt of the conpound or
the tautoner is admnistered to the subject. [0097] In
wa@ oos/0gntddi nents, the survival rate is extendedr/us200ée2979

subject after admi nistration of the of Structure I,
the tautonmer of the conpound, the pharmaceutically
acceptabl e salt of the conpound, the pharmaceutically
acceptable salt of the tautonmer, or the m xture
thereof. [0098] Various netastasized tunors may be
treated in accordance with t#&-i nventi on. Exanpl es of
hemat ol ogi ¢ tunors and cancers incl ude, but are

[0@AA]i M t edn SOEneB&ml bﬁdlmélﬁtgqehigL@ mbeﬂgy : éf%dhmeltoé&npound of
elomg, a e |ike n sone enbodi nents, e tunor

Si%chugﬁi'}ﬂsgﬂﬁﬁfwedﬁd the subject is a multiple

nmyel oma patient with a t(4; 14) chronosonal

transl ocation. [0099] In some—exbodi ne t he tunor

is multiple nyel oma, the supject\ m.l|tlﬁ |lqyeloma

patient, and the rrul tiple 7 exgJ esses T b1 Bbl ast

gr ow h factol= ‘ \ In so Odl ment s,

, the subject is a

aid the nultiple nyel oma has

Because t he conpounds of
7 e|nthe bone, they are
particul arly usef : and efficacious in treating
net ast asi zed hemat ol ogi ¢ tumgrs. [0101] In sone
enbodi nents the tunor is a idtunor. In other .
enbodi ments the patient is sufferl ng from breast
[0O%ter, | Inveomesmaleodiments) R'ascehydrogeny arsd titeccarapoend of
i n odi nents, the cancer or tunor is
Sﬁng{uzéﬁ]%yﬁ%gmnﬁ{ g@her errbodi ments, the cancer or
tunor is a liver cancer. In still other enbodi nents,
the cancer or tunor is a |lung_ eanger. | N | other
enbodi nents, the cancer or t a m,gl_lcancer.

I n ot her

/

Iz

IB

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



enbodi nents the patient is suffering fromgastric

cancer, endonetrial cancer, salivary gland cancer,
wa@cdooesi44Tancer, non-snall cell lung cancer, pROTUSED6/002979

cancer, renal cancer, ovarian cancer, peritonea

cancer, prostate cancer, head and neck cancer, bl adder

cancer, colorectal cancer, or glioblastonas. The

nmet hods described herein are useful in the treatnment

of any such cancer. The nethg s are particularly

useful in treating cancer thH&P has netastasized to the

bone such as treating prostate cancer that has

net ast asi zed to the bone of pat i ent . 2P In sone
enbodi nents, the invention p y nmet h of
treating a patient that hag cerﬁkgg;J2§§‘CH3

net ast asi ze§ to tHE - B ! aAncer s e

henmat ol ogi cal 30l i . some enbodi nment s,

t he cance oma and in other

enbodi ne 3 [0103] In sone

enbodi e e tumpr is nultiple nyelonma, the

subj ect i P é\-eelona patient, and the patient
is a human. [01 Oﬁ] I n Sone enbodi nents, the tunor is

acute nyel ogenous | eukem a (AM.) and the subject is an
acut e nyel ogenous | eukem a tient. In sone such
enbodi ments, the subject is a mammal which, in sone

[086Bbdi mer®theriesnkodinments providemetisls sfurdht %hﬂj‘éﬁf Raving a
mbis sgg‘%a%?r cat. [0105] In sone enbodi ments,” the ‘tunor
'S g? HNYSRBPrIsIpgcaniasting thegnatastasized tuncamwith a
copapaLaet of SidctiRe| RNRdraEe cancer has netastasized to a
bone of the patient. [0I06] In some enbodi ments, the

Oéé:{ﬁor Is prostate cancer, the subject is a prostate
[ cer pdRiseme embedimentsathieestmpsurad sLadninidteAi’sy stémically.

. . , the ¢
MERATEREHY 1 EoBERRb o SRR i bpmistioced aralbuaromer
intefvenioaistyonpound, a phar maceutical |y

[0095] 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.

[0096] In some embodiments, the compound is a compound of Structure |,

IA, 1B, 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 l, the tautomer of the compound, the
pharmaceutically acceptable salt of the compound, the pharmaceutically
acceptable salt of the tautomer, or the mixture thereof,

[0098] Various metastasized tumors may be treated in accordance with

the invention. Examples of hematologic tumors and cancers include, but are not



table salt of the compound, a pharnaceutically

ggg:gt abl e salt of the tautomer, or a mxture thergofb
WO pooblog14ps epar ati on of a nedi canent or a phar nBCEUS100&@02979

formul ation for use in any of the enbodi nents of any
of the nmethods of the invention. [0108] In another
aspect, the invention provides a kit that includes a
cont ai ner conprising a conpound of Structure | , IA
I B, and/or IC, a tautoner of the conpound, a

[ E d, a
har maceuti cal |y acceptabl e 24rt of the compound,
- y acceptable salt of the tautoner, or a

“ﬁlrﬂ@@[fggae‘%ﬁ#i%m'ggw%wkﬁwa,irnultin@emaal@maerarrdoﬁmaggred In

Fe i i ance or . oun . .
Sbte PO i RS R S BB i R
myielee ipatient with @ei(4:y14) ghamtosomalfirdrisodaibRods of the

[ tion. In sone enbodi nents, the witten
Gocer a paper docunent that

R ST, RS o RS e
o et SR RSB g

He .
gmhlf?‘fpr[mr%onpounds of Structure | are readily

synt hesi zed using the procedurez_defcriged i? ;he
i BsAR! [ I scl os in ]
(071D} o ng "o e eRm LR 138 it SBRERIP Myelbrye tae subiect
isiymuliipte aTyetoma patient, aﬂﬂtthéeﬁwlﬁfleqrﬁgelﬁﬁ{a Rad nRHAR8S8Ed to a
1{ full) et forth herein: U S. atent_.No.

bcgfeGQStpg ffat')éﬁﬁ BY¢h AE do thesbom%ﬂaﬂom_pf)tha:mmm. Iﬂecau$e the
cozﬁwrﬂﬁmréié,in%rﬁonpﬁixﬁgh}ré%"ib!tﬁé%& Y A pARGRATY useful

publ i shed U. S. Patent pl'Ication . c
and efficagipusin wpating meatastabized HehR8lodfiunisrd. U. S.

Pat ent Application No. 10/982,543. [01 10] The

O raceur ou §bolientsth SuPPErc Soik boompobraiber
emibadimentsthecpatiant @§§@ﬂf§rﬁﬁbﬁoﬁa&%§§toéar{r%?, alﬁ\%chﬁgér? lung
and m xtures thereof nay "be use O prep
cancer, or prostate cancer. Theréfore, 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 still
other embodiments, the cancer or tumor is a prostate cancer. |n 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



nmedi canents, that may be used for the purposes
descri bed herein, and nay be used to treat various
whi@bogi4seml conditions as described herein. [ORCLL$2006/002979

Phar maceutical fornulations may include any of the
conpounds, tautoners, or salts of any of the

enbodi nents descri bed above in conmbination with a
pharmaceutically acceptable carrier such as those
descri bed herein. [01 12] The_ nstant invention also

provi des for conpositions whi may be prepared by
ounds of the instant invention,

m xj ng _one or, npre co
ny Eﬁﬁg?mﬁe@%!C@ Pr §oligk wiperablle sore: embadinoends sthe cancer is
nidigsle thyel8maBnd i Ghel Bﬁ{b&%&ﬂ%\fgttsqﬁgﬂcgs&%%%{c{eggmg or

acceptable carriers, excl
the like to treat or aneliorate disorders related to

H3st asi il”eaomegmnbodig‘lwts,dhpmrinb;[ W‘ﬁlulﬂfptlé hﬁ/eloma,dthte subject
; : e .us tp create fornul ati ons use 0
Islté]ea{ ﬂg@%ﬁz@'wgﬁ]‘&h&&%@%ﬁ HBYM@.ei n. Such
conpositions can be in the formof, for exanple,

[0gi0dhul es, Irpsovdlersmbddfepits the ﬁJﬁﬁHP Raculd ?ry%rlc%genous leukemia

osi,tories, jinjections, emulsions,
@ﬂ&%’ﬁ%&%?@?%@m a@fie myelegénnisdrukemigpaiidntons sea such

em [ utes af administration, .
P Mot ST S e i B smbociments. s a
hyman @instin athenmsudhyernbodiateriel ig élidébfcﬁftda?_n, subcut aneous
i njection, intravenous injection, intranuscul ar
i njection. The

[O'Faj]sfcti ons, . of [ ntd??ﬁgri t oneal ;
oM owi ng "RELGEM Hise the ey prestatsf cancerpthe suldect is
a plustéite dapicel S L 4 | nst ant

?nve.nt ion. [ ?Lﬁ?g] éé%?%?%%té%]u%ég ggr P‘%ﬁ&"@ﬁﬁﬁsﬁgﬁﬁp a bone of
thgpatignkt r at i on, powders, suspensions, granules,

tablets, pills, capsules, gelcaps, and caplets are

ofg&§ePt abl :Qg sage, forns. .These can be o

[ fc:{?éré‘lpared,lﬁfS %?”93%‘ P&‘?e@'%’ m%wrdﬁérwam@%@émct is

a prostate canserpatisnyvand i@paﬂ&iﬁﬁéfﬁ%%%r?m |y acceptabl e
salts, tautonmers, or mxtures thereof, with at |east

[Ogm addi tlive such as a _starch or other additive.
i't abl e "AQAPESPESE b invigation provides txeyse of huwoagmund of

Structure |, 1A, 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 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 I, 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 is separate from



sugar, mannitol, maltitol, dextran, starch, agar,

al ginates, chitins, chitosans, pectins, tragacanth
w@ove/084n3 ar abi ¢, gel atins, coll agens, casei n, PEl/D8I0061002979

synthetic or sem -synthetic polyners or glycerides.

Optionally, oral dosage forns can contain other

ingredients to aid in admnistration, such as an

i nactive diluent, or lubricants such as nagnesi um

stearate, or preservatives such as paraben or sorbic

acid, or anti-oxidants such #-ascorbic acid,

toco Fagol or cysteine, a disintegrating agent,
the FaBtaineriafiter kil ewheraasfin otiser ambedieeetts, the lvaritesri @scription

] . T t d pill be
"REF DR Qriterk b thASE AiiaclP b8 cPnfined eithad: known
in the art. [01 14] Liquid dosage forns for oral
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[0111] Pharmaceutical formulations may include any of the compounds,
tautomers, or salts of any of the embodiments described above in combination
with a pharmaceutically acceptable carrier such as those described herein.

[0112] The instant invention also provides for compositions which may be
prepared by mixing one or more compounds of the instant invention, or
pharmaceutically acceptable salts tautomers thereof, or mixtures thereof with
pharmaceutically acceptable carriers, excipients, binders, diluents or the like fo
treat or ameliorate disorders related to metastasized tumors. The compositions
of the inventions may be used to create formulations used to treat metastasized
tumors as 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



suspension fornul ations. [01 16] For nasal
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appropriate solvent(s) and optionally other conpounds
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carbon dioxide, or a hydrocarbon based |ow boiling
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O St RN 2 A
pataveP R goibic 68, bPhRFbkiERts SUEH R Qs&r%fcué&d, tocopherol or
cysteine, a disintegrating agent, binders, thickeners, 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.
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may include compressed air, nitrogen, carbon dioxide, or a hydrocarbon based
low boiling solvent.

[0117] Injectable dosage forms generally include aqueous suspensions or
oil 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,
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dependi ng on conditions of di2ease, the age, body
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glycerols may be employed in the preparation of suspension formulations which
may also contain suspending agents such as pectins, carbomers, methyl
cellulose, hydroxypropyl cellulose or carboxymethyl cellulose, as well as buffers
and preservatives.

[0120] Besides those representative dosage forms described above,
pharmaceutically acceptable excipients and carriers are generally known to
those skilled in the art and are thus included in the instant invention. Such
excipients and carriers are described, for example, in “Remingtons
Pharmaceutical Sciences” Mack Pub. Co., New Jersey (1991), which is
incorporated herein by reference in its entirety for all purposes as if fully set forth
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.
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theproliferation of capillaries feeding the tunor(s)

or di seased tissue, an alleviation of synptons rel ated

to a cancerous growth or tunor, proliferation of

capillaries, or diseased tissue, a halting in
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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 LDsy and EDsg.
The LDs is the dose lethal to 50% of the population and the EDs is the dose
therapeutically effective in 50% of the population. The LDso and EDs are
determined by standard pharmaceutical procedures in animal cell cultures or

experimental 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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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-1 1), alkylating agents,
topoisomerase | and || inhibitors, and radiation treatment. Therefore, the
invention provides pharmaceutical formulations that include the compound of
Structure | and tautomers, salts, and/or mixtures thereof in combination with an
anticancer drug. The invention also provides the use of the compounds,
tautomers, salts, and/or mixtures in creating such formulations and
medicaments.
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As the chemical structures within this specification
can only represent one of the possible tautoneric
forms, it should be understood that the invention

[ dr awn
enconpasses any tautoneric formof the
stru::r?ure. For exanple, Structure IAis shown bel ow
with one tautoner, Tautomer ¥&:-1a OQther tautomers of
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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
carnivores such as felines, canines, and ursines. In some embodiments, the
subject or patient is a 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 eéncompasses any tautomeric form of
the drawn structure. For example, Structure IA is shown below with one
tautomer, Tautomer la:



HPLC. Hi gh Pressure Liquid Chromatography | C50val ue:
The concentration of an inhibitor that causes a 50 %
WO e@ao8i4eh i n a neasured activity. KHVDS: Pot aBGT/UR2006/002979
bi s(trinmethylsilyl)amde LG Ms: Liquid
Chr omat ogr aphy/ Mass Spectroscopy THF: Tetrahydr of uran
Purification and Characterization of Conpounds [0133]
Compounds of the present invention were characterized
by hi gh performance |iquid chromatography (HPLC) using
a Waters M I | eni um chr omat og'|3§phy systemw th a 2690
Separation Mddule (MIford, Massachusetts). The
anal ytical colums were All t/ C 18/re0xgr sed phase,
4.6 x 250 m*nfromAIItech [ INGHs) . A
gradi ent el utidn wa§tused Nepi ¢ rting with 5%

acetonitrile pf 40 nminutes. Al solvents
cont ai ned O. | i fl ur oacetic acid (TFA). Conpounds

e %0l et light (UV) absorption at
ei ther 220 or 254 nm HPLC sol vents were from Burdi ck
and Jackson (Miskegan, M chijgan), or Fisher Scientific
(Pittsburg, Pennsylvania). I n some instances, purity
was assessed by thin | ayer ~ 0g y (TLC) usi ng
glass or plastic backed sil m such as,
for exanple, Baker-§l ex B2- K T18%i bl e

sheets. TLC rebults| werd det ed visually
under ul travi N ar/ by enpl oyi ng well known
i odi ne vapor, var Hous st ai ni ng techni ques.
[0134] Mass neiry anal ysis was performed on one
of two LCVS i nt ssona Waters System (Al liance HT

HPLC and a M cronass ZQ mass spectroneter; Col um:
Eclipse XDB-C18, 2.1 x 50 nfm Sol vent system 5-95%
acetonitrile in water with 0.05% TFA;, Flow rate 0.8

Other teutemers abStecctlas |AVS @dmer Ib and Tautomer Ic, are shown below:

c&g

N—CHj

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 invention,



range 150-850; Cone Voltage 20 V; Colum tenperature
400C) or a Hew ett Packard System (Series 1100 HPLC
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1-95% acetonitrile in water with 0.05% TFA; Flow rate
0.4 nL/m nute; Mlecular weight range 150-850; Cone
Vol tage 50 V; Colum tenperature 30C). Al masses are
reported as those of the protonated parent ions.
[0135] GCMs anal ysis was perforned on a Hewl et Packard
i nstrument (HP6890 Series ga‘§4chrorrat ograph with a
Mass Sel ective Detector 5973; Injector volune: 1 ni;
Initial colum tenperaturRXABBPLES i nal col um
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r 322: 1 m/ ?nfélﬁst?'g?g %@ gﬁ%\%ﬁ‘fl% Prtiad heeyghousithe applisation

Wilh dlespetito themical dekfindlogpnsi ons: 30.0 mx 25 mm x
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ICso value: The concentration of an inhibitor that causes a 50 %
reduction in a 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,
Massachusetts). The analytical columns were Alltima C-18 reversed phase, 4.6
X250 mm from Alltech (Deerfield, Ilinois). A gradient elution was used, typically
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:



with N2. The flask was placed in an oil bath at
gggggdand heated until the 5-chloro-2-nitroaniline vvagb o
weomphetied y reacted (typically overnight) as dEdT”HU];mO:]ﬁ 2
by HPLC. After HPLC confirnmed the di sappearance o e
5-chloro- 2-nitroaniline, the reaction mxture was
poured directly (still warm into 2500 nL of room
tenperature water with nechanical stirring. The

[ hed room
resulting m xture was stlrreg until it reac _
ten‘peratgre and then it was PPrtered. The yel |l ow solid

s obt ai ned was added to 1000 nL of water and
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ot ELEHER LGS wef ko dthentens Bgwcotber variaus saiing tochniques.
(97.8% of the title conpound as a yell ow
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1.79 nol) was a
m%t(ggmgn’%tq WiatersaSystem (Adlianvaet IHTdﬂPb&@HMMu@rUMé@fZQ mass

p“éaﬂg n! n.fun and t her nonet er .
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agetenitrlleimeaterivith 0.058 TFa; FRAPr lf/ﬁnﬁﬁ’t]e) yquf%?ﬁar Weight
f._et hanol (508 ni wer e ad e rea
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til the reaction was conpletée (
mla(eHBn;Slﬂet i g’)‘}Vﬁ'ﬁhHéﬂ@aﬁ%%(abeﬁM‘/ol’rAbé@’O Vh€olumn

heat | vvas di scont i nued and
torhpaf 0T M RBLTs o B roRn Finess of hpbratonatedatarent
ionshout 2(1)Cto 25va|th stirring, and the reaction was
stirred for 2 to 3 hours Seed crystals (0.20 g, 0.85
) of pi perazin-1-yl)-2-nitroaniline
[01\%)? G%)I\&IASl anatl was performed on a Hewlet Packard instrument

(HP6890 Series gas chromatograph with a Mass Selective Detector 5973;
Injector volume: 1 pL; Initial column temperature: 50°C; Final column
temperature: 250°C; Ramp time: 20 minutes; Gas flow rate: 1 mL/minute;
Column: 5% Phenyl Methyl Siloxane, Model #HP 190915-443, Dimensions: 30.0
m X 25 pm x 0.25 pm).

[0136] Preparative separations were carried out using either a Flash 40
chromatography system and KP-Sil, 60A (Biotage, Charlottesville, Virginia), or
by HPLC using a C-18 reversed phase column. Typical solvents 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.



added to the reaction m xture unless precipitation had
al ready occurred. Water (2,450 nL) was added to the
W@ Rio6/H08E4F eact i on m xture over a period of aboPCT/ORE06/002979
hour while the internal tenperature was naintained at
a tenperature ranging fromabout 200C to 300C. After
the addition of water was conplete, the resulting
m xture was stirred for about one hour at a
tenperature of 200C to 3Q0C. The resulting m xture was
then filtered, and the flask38nd filter cake were
washed with water (3 x 2.56 L). The gol den yel |l ow
S¥8?'j‘%§' (I drémingsS-iluosa-3-[6-t4-ethylpiperaiight-yni HLL6 g
beggingidagpl2ayl]-t Hoguinadini2+oret about 500C i n a vacuum
oven. Procedure C [0139] 5-Chloro-2-nitroaniline (401

g, 2.32 nol) was added to a 4 12 L/round bottom
flask fittedw th g over ‘ ng}ﬁ& gas
inlet, additjon fuhnel, 3 \ ter\ probg. The
flask was then purlged with Met hyl\ai-peZazi ne
08 9 : aifd 100% et hanol (650 )

d with N2, and the reaction was
mai nt ai ned YAder WZ, The flask was heated in a heati ng

mantl e to an inter"h;al tenperature of 97C (+/- 5C) and
erature until the reaction was

A ot BIBEEIS bt BAb i Batraiirryl)-2aittaniiingnc

P:g»e@ah%p(*fter the reaction was conplete, heating was
i sconti hued and the reaction was cooled to an

i nternal tenperatur :dgf_ebout 8Q0C with stirring, and
wat €22N(3. was ed o the gixture via an
addi ti onI over fhe/period of whi | e the

t

i nt ernal gr at are-was e mtai ned § g (+/ - 300).

Af t g yateLZadUL i on was conpl ete, hé gwas
di sconti nued and”t he reaction nibdNire s alinowe 0
cool over a period of no |less than 4 hours tqQ an

internal tenperature of 20-250C. The reactio ' NJJ\e
was then stirred for an additi onal hour at an internal

[0%Hiper at Gréhlofo-20MiB0aTIng (B0 §521808M8oINaKH UMty ifkazine
(871 g, 8.693 mol) were placed in a 2000 mL flask fitted with a condenser and
purged with N,. The flask was placed in an oil bath at 100°C and heated until
the 5-chloro-2-nitroaniline was completely reacted (typically overnight) as
determined by HPLC. After HPLC confirmed the disappearance of the 5-chloro-
2-nitroaniline, the reaction mixture was poured directly (still warm) into 2500 mL
of room temperature water with mechanical stirring. The resulting mixture was
stirred until it reached room temperature and then it was filtered. The yellow
solid thus obtained was added to 1000 mL of water and stirred for 30 minutes.
The resulting mixture was filtered, and the resulting solid was washed with
TBME (500 mL, 2X) and then was dried under vacuum for one hour using a
rubber dam. The resulting solid was transferred to a drying tray and dried in a
vacuum oven at 50°C to a constant weight to yield 670 g (97.8%) of the title
compound as a yellow powder.



[ nd the flask and filter cake were washed

{/vzlt:]e\?gtdéra( 1x 1L), 50%ethanol (1 x 1L), and 95% .
webdvanel44g 1 x 1L). The gol den yellow solid prOBk[IIUU_SWﬁGtEIO

placed in a drying pan and dried to a constant weig

of 546 g (99%yield) under vacuum at about 5Q0C in a1

vacuum oven. B. Synthesis of [6-(4-Methyl-piperazin-

-yl )-1 H benzi m dazol -2-yl]-acetic acid ethyl efst e[ ;

Procedure A [0140] A 5000 nL3 4-neck flask was fitte
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8gec} FF 112 mol. 1.0 eq) of iline an 2125
00 or bor Eep et 3g8.2 . 4o inaifead 89g6d g 4-nec
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on_was stirre

T ernar emer yieinay el Pt Bublate el wes

lgqgﬁynge@ anttbe reactidinromasesolsatot tRM| tfemg{eg%fll% of ABout

ce,.of th |am no, conpound
typ| ?216 @‘&n'}ls firsingy AR 'V@ée%t@nhw gtlrred fasrr2 toh@ hours. Seed

crysi'alst(o(m) §Ve®.85 WFP:OZ r5e "}q%@" ‘gﬁ%ﬁgg ‘P ¥ )%gﬂtm@glhne were
adfjﬁgpgirt |a¢t1 Eera%éfggrrmature'ﬂmﬁeﬂmb@ltétlblﬁ ﬁbd%ééﬁ&/%dcafre&a%ater
(2 WBP '?ﬁ@t WhS %déB& % !tlr%ees’cllzrtre%_| re(azctlonzrr51|(>)<tunr1é)ove?g perlod 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 yellow 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-nitroaniline (401 9, 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, 9.75 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 N2. 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 concentrated under reduced pressure providing a
thick brown/orange oil. The resulting oil was taken up
w0 20085814t of a 0.37% HCl sol ution. Solid NaOHPCREST)N6/002979

was then added in one portion, and a precipitate
formed. The resulting m xture was stirred for 1 hour
and then filtered. The solid was washed with H20 (2 x
400 nmL.) and dried at 500C in a vacuum oven providi ng

251 .7 g (74.1% of
[ 6- (4- net hyl - pi per azi n- 1- yl )38+ benzoi mi dazol - 2-yl ] - ac

"@{l-léf; gﬁl d ethyl ester as a pale yell ow powder.
etllpethe regetion msmmph _ lafe,, hf;ating wésa@ikgérﬁmlfédaaﬂa the
iohi ani.cal stirrer, condenser,
r%/%%nl'gfe] rvg%sﬁ?%éﬂ%lrj g% %pqﬁ%gnzir\]ﬁ?@p’eraom@ of by’ Grwittrstirring, and

weateri (Bpksdl ¥ was lad afRdumd bi i Lx. 8f
15?{'4‘? t 3§| e oo G e XK B atbadiiort indf Bybs period of
BWr@G %#’ﬁ@?ﬂ%ﬁ@p@mwermma@mtam Bt 2000(H128° De Sh¥ter
! i
WA iR Wt CompIGte) Aéh IR dienbfinig andites reaction mixture

wag aliowed do sobLoverra padodof b RsbsaREn %&ﬁgﬁg hh or
i . 22.7 g of 5% Pd/C (50% o8 W' n%\'/as
teérﬁ: c?g%fa? %%f ﬁg'lﬁ)eséctﬁlﬁﬁqag@ﬂn Miktsre @\&isg then atiamla‘b{\r%lo%m%dditional
h e ind } 2 t i ith N2,
Pheden erhaloridehatlre BF 201a8°6. i TesHid Rikeaves fien

filtgred. And thetflaskrandfiter icakeswire b sHadoEh mialfe@r (2%, 96%

b i t 45-55 0C (i nt ’
et?%ﬁ% ép g{1u%§nmq5@%ﬂ@ﬁ%gﬁ {SJ_EQH ga(e{gr@%;gltdvesmjd(pwcmct was
plaged ih & Ueyirg pdn BRdioHaai By é'&dhsriéntjw&l t ég@{éb&@g%@gﬁi) under

was_conpl etel y consunmed as determn
Va?%’i“cﬁi%%é@i@ﬂﬂ fiasuuEEOGmour s. [0143] After all
the. 5- (4-net hyl - pi perazin-1-yl)-2-nitroaniline had

B.di s&ype L action. the s tion was purged
achi éms))}%i%gl? ﬁg%ﬂ‘ln@t% E@ﬁhsp %ﬁ'ﬂhﬁm"ﬁ#’&"ﬁfﬂﬁlclﬂz@l'izsyll-acetic

air sensitive so care was taken to avoid exposure to
Pracedumpld g (2.56 nol) of ethyl

3-@hhoxys3-i m nopropanoat e hyd}g 'c\)lchl ori de was
2
Hp, Pd/C, EtOH
HoN N/ﬁ — Ha N/ﬁ
k/N\ k/N\

(o] NH- HC!

EtOMOEt

o]
EtO N
a9t
N N
.

[0140] A 5000 mL, 4-neck flask was fitted with a stirrer, thermometer,
condenser, and gas inlet/outlet. The equipped flask was charged with 265.7 g
(1.12 mol. 1.0 eq) of 5-(4-methy|-piperazin-1-yl)-2-nitroaniline and 2125 mL of
200 proof EtOH. The resulting solution was purged with N2 for 15 minutes.




added to the reaction m xture over a period of about
30 mnutes. The reaction was stirred at 45-55C

W@ 2ovbe8aad t enperature) under N2 until the di aP@TESWAE002979
conpl etely consuned as determ ned by HPLC. The typi cal
reaction tinme was about 2 hours. After the reaction
was conplete, the reaction was filtered while warm
through a pad of Celite. The reaction flask and Celite
were then washed with 200 proof EtOH (3 x 285 nmL). The
filtrates were conbined in a39000 nL flask, and about
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ter nt en
(29 @ was Wamadided pesee portibny bhd HheepRalE %524 The resulting
mixture was stirred for 1 hour and then filtered. The solid was washed with H.O
(2 x 400 mL) and dried at 50°C in 3 vacuum oven providing 251.7 g (74.1 %) of
[6-(4-methyl-piperazin-1-yl)-1 H-benzoimidazol-2-yl]-acetic acid ethyl ester as a

pale yellow 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-methy|-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 (50% H,0 w/w) was added to the reaction



2-yl]-acetic acid ethyl ester [01 44]

-(4- Met hyl -pi perazin-1 -yl)-1
W(Lgdm(egziﬁs dzlzolo- IE2)-yl ]-acetic acid ethyl ester BAROSA06/002979
grans) that had been previously worked up and dried to

a water content of about 8-9% H2O was placed in a 2000
m _ round bottom flask and dissolved in absolute o
et hanol (500 nlL). The anber sol ution was c_onceﬂtra_ e

to a thick oil using a rotary evaporator wth heating

[ vent was renoved0-The procedure was
vt ot ton The thick oil thus obtained

eajed t nore tines.
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indicated a water C
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pl%@-@:‘-ylﬁﬁﬁ\lﬁémmé waleo Igte?y X(I)r?s(%]rﬁec? as determined by HPLC,
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aunati thyl - pi perazin-1
Th?f};ﬁlﬁgiit: m drgig\lfd-\ﬁghslu]mell—lqu nol i n- 2-one Procedure

[ofas 4114§/]|9t " 3} her % i-metbyinipenazine h r2-titeamnile/hid ace
d'ﬁfpf cwed enint ekt S euichaRat BBlerkth Kz swoutes.
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TBUEG(5. 35 bl o Bl SrelhGion smmoRPBatos sy e orde s
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ture was raised to 40

Wag. AAE°C listeropltemperatmppurdare, Hagl th@@gﬂﬁﬂe was

ver

CO%%te@% {le‘nﬁﬂﬁ% ééterwﬂﬁ% %E%(L o %tm;alg‘gggm time was

perlo

abouis2 hwas c@ﬁmitﬁb&eaéttldlfiri]vglé% ée’t‘réz Wueftéq%ﬁ'aﬁ Oval b dSihile
wagrgéﬁ = Pad o r,(];equltjen o%hﬁmemtmmflask admecemaax/@@ then washed
with qusrabeEﬁ)H?ﬁ r)@f’é?%ﬁa%e Riraee were combined in a 5000 mL
flask, and about 3300 mL of ethanol was removed under vacuum producing an
orange oil. Water (530 mL) and then 1M HCL (350 mL) were added to the
resulting oil, and the resulting mixture was stirred. The resulting solution was
vigorously stirred while 30% NaOH (200 mL) was added over a period of about
20 minutes maintaining the internal temperature at about 25-30°C while the pH
was brought to between 9 and 10. The resulting suspension was stirred for
about 4 hours while maintaining the internal temperature at about 20-25°C. The
resulting mixture was filtered, and the filter cake was washed with H,O (3 x 300
mL). The collected solid was dried to a constant weight at 50°C under vacuum
in a vacuum oven providing 345.9 g (90.1%) of [6-(4-methyl-piperazin-1-yl)—1 H-
benzoimidazol-2-ylj-acetic acid ethyl ester as a pale yellow powder. In an
alternative work up procedure, the filtrates were combined and the ethanol was
removed under vacuum until at least about 90% had been removed. Water at a



and the reaction was determ ned to be conplete by HPLC

(no starting material or uncyclized internedi ate was
w@e@sosit4¥s The thick reaction m xture was thenPqUuesmoea2979

by pouring it into H20 (6000 ml ) and stirring the

resulting mxture until it had reached room

tenperature. The m xture was then filtered, and the

filter pad was washed with water (1000 nL 2X). The

bright yellow solid was placed in a drying tray and

dried in a vacuum oven at 506& over ni ght providing
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C. Synthesis of 4-Amino-5-fluoro-3-[¢ 4 i i
S - -3-[6-(4-methyl- ~1-yl)-1H-
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[0145] [6-(4-Methyl-piperazin-1 -y1)-1 H-benzimidazol-2-yl]-acetic acid ethyl
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-6-fluoro-benzonitrile (95.3



i nued as described in the next paragraph.

\Al—llg\?vesgpt if the analysis showed nore than 0.20% wat ezj, o
WO b@a/ostaes dr yi ng process descri bed above was cwl"/_Usmedooz

until a water content of |ess than 0.20% was achi eved.

[0147] After a water content of |ess than or about

0.20% was achi eved using the procedure described in

the previous paragraph, the distillation apparatus was

replaced with a reflux condenser, and the reaction was

charged with 2-anino-6-fluord2benzonitrile (66.2 g,

4 mol ) ( in some procedures 0.95 equivalents is
gungi)'UmQ’E)éf\/aSe&@ded)to thessdiirtiem, bedtthd inter) tbMbefdale was raised

' |t rature
tc{ﬁm@.r Wfﬁé&ﬁa@&eﬁ%l@éﬁﬁ@%&@g @Inggﬁé ggkltigiggﬁmeﬁﬁure had

ad T’'eac

; to the reaction via _
e 200 R HDF %0 SR e Bt G o o
Mifitee al¥heryadeition uff nepbtassiipe base Wastombiety s fsteeneous

' iti ddi t of the potassil
v SO 5 atieeng gfaétritémlaﬁ;?mnmnaturgd}édom%% & 62c
' I [t was stirre or 0 .
Afloa Potiod of B0 Ao 1T PG hahlnpib abumglasressac back to 40°C,
anchiite reantion wiisl deteRhineaitd bedniSletd by Lt bR i material
from38-42 0C. A sanple of the reaction
Orﬁ&w@?&?@ﬁ&ef qiedligteavaspragent), ITnfe_ thik reRalioh AiIXIRS Wklthen
. il 1 S a . .
LR o poiig it RS Ho L oD T8 Land Rthiaehe sesuting missre unti
it Rad reashedtroas: wRtpdraturd5THR rixiu: Qﬁa{)fﬂ%@hﬁféf?gﬁ,ta Vé fheflter
utian added was deternmined by the T0I10 g
paﬁfdb%g%gb%d P"é{ﬁ’l ‘Haldeé (220@0 88, 2Xh e'ﬁhe_l_bﬂghL)éeVamd "@"F‘;"gs gﬂaced in
i I ed; if 20.
Y trkahd rea s e oy Byt al bercSVamis meovidingoia53 g

(<o ot ey samonsote et o,
bej %ﬁ%@%‘?li ¥ ';jH'gli'” IB2rQNf-i n- 2- one) divided by the

' ' i nternedi ate).
area corresponding to the uncyclized int
PréreduiehB regction was conplete (IPCratio > 20), the

[0146] A 5000 mL 4-neck jacketed flask was equipped with a distillation
apparatus, a temperature probe, a N2z gas inlet, an addition funnel, and a
mechanical stirrer. [6-(4-Methyl-piperazin-1 -y1)-1 H-benzimidazol-2-yl]-acetic acid
ethyl ester (173.0 g, 570 mmol) was charged into the reactor, and the reactor
was purged with N, 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 N,. 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! distillation, 60% of the solvent
is removed instead of just 40% as in the first 3 distillations) after which a 1 mL



reactor was cooled to an internal tenperature of 25-30
0C, and water (350 nL) was charged into the reactor
W@W@B/O&Mp&sri od of 15 m nutes while maintai ni ngp¢HES2006/002979

[ rnal tenperature at 25-35C (in one alternative,
{Eéereactiogpis conducted at4Q0C and water is ﬁdded
within 5 mnutes. The quicker quench reduces t efI y
anount of inpurity that forns over tinme). The reflu
condenser was then replaced with a dISFI|!?fI0n ]
apparatus and sol vent was r ved by disti agloﬁdter
vagyun1or at npspheric) using heat as require

WES semeyed ot Kad & idshen analysisdo, ddenﬁnhb'v@étbpﬁoﬁ‘@ﬁt If the

aﬁal?§@ @hbg}(?g’dt m%fl ﬂwta%‘éﬁph §a Cééﬁ%'g ‘\g\?%ﬁ) 'i%'@% r(éaém%t \gmeffl thek reaction
WaR moetmmdw asidesodbéd i thet ﬁ)@ %'arégﬁ‘rﬂPﬁ r ﬂd%%/&?t %ﬁ@ gra%ysm

hen st

%&?é ﬁp{t@gﬁ%bglcﬁbe}] &?ﬁi@ﬁ n the drying IDmuceBs dlescribed above was
cargimped aindl 8 viitePednBht aﬂﬁmégﬁé,‘q ﬁ{z’gr/% r,@\fl%jh? |u;s K

The resul ti ng suspensi on
filter cgke were washed with water (3 x 650 ni).

[0%2] sol | d“ﬁﬁ@%&agmﬂdni\éﬁszﬁ Lrﬁﬂo({/r?nb%)tlg@%%l daé"‘i:%}ggged
éth‘t?%e A) )E/!{ilg?ledée%qr &d'in the previous paragraph, the dlstlllailﬂlck))lze .
appaaaige g:‘éﬁ" l‘fép@fé_@fl \i&tlﬁ EI r%gugﬁbgéféné@rpgﬁimf refaé%ob Jascharged
wut;}n%@gﬁup- -éu?rglbg]zomtrlle (66.2 g, 470 mmol) (i én sorlne 2procedures 0.95
eq{uﬁrg@ﬁg% 2%’%)?'12@5{ cﬂgaé{yags) th%#d‘%%,rﬂezﬁl {0 @S ﬁr?t@rj)al derdperature of
385420, nwrﬁ:-nftheﬁmt@ﬂb@ﬁéﬁ*ﬂ?bi*étu}e[ehéiz dgsé’%}zg?i KEE3S solution
into a 4-neck ask sea h
(1 %91 iggﬁﬂok 2OVe{HMDS ia TMMaddemg@#e‘_l‘@\%hon via the
adéftlbhéﬁﬁnngla&/érrél élarlo%afl 8 & %ﬁ_ﬁa.ﬁ{m% tﬁgun’r@ml (temperature

reacti on vess

at ahouta8-50eC gedng i aHBﬁiohef\Wﬁéﬁ %dmtl)éhtgfgn? thaegﬁqrﬂ%e was

rre The reaction vessel was again
CORFITreiNRaREHAN WAGSHITRD fomB.S tont. & hoats IREBAEEAIRORE it was
'Hﬁl?‘fmt fres i a tenpera%ure of %

stlﬁrétﬁfdiﬂ t‘drfﬁ) P‘@gﬁ%g @igqhéﬁééétmnépﬁmbet carpeleta wptblmihat time)

whﬁe malntalnlng the internal temperature at from 38-42°C. A sample of the
reaction was then removed and analyzed by HPLC. If the reaction was not
complete, additional KHMDS solution 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, 90, 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- -yl)-1H-
benzimidazol-2-yl]-1H- -quinolin-2-one) divided by the area corresponding to the
uncyclized intermediate). Once 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 g period of 15 minutes while maintaining the

internal temperature at 25-35°C (in one alternative, the reaction is conducted at



the m xture was mai ntained at 63C (+/- 300 while
approximately 2.6 L of toluene was distilled fromthe
wo b@sksuntler reduced pressure (380 +/- 10 torrPCT/US2006/002979
distilling head t = 40C (+/- 10C) (Karl Fischer
anal ysis was used to check thewater content in the

m xture. If the water content was greater than 0.03%
then another 2.6 L of toluene was added and
distillation was repeated. This process was repeated
until a water content of |esé#4than 0.03% was

chieved). After a water content of |ess than 0.03%
afrioi@t bP Y@ -

ten'pedr attrurre %?@;S%%B %E)E"Q?%i Eﬁ?t@@-ﬂ?ﬁ exndrnsen wastthen
repdaced with ardistiladidnkappapatdd el ﬁﬂvé}ﬂt,@ﬁ' ide)..

t.o, the reaction under *égﬁb\é%é?@sglﬁ%%on

dd
N@@Qy FT{] fﬁ@at?nﬂszv RHF) YEiRg dieat as seqyiracheAfteat50® mivessdesit had

béen fna i ot i t he assi um t - but oxi de

Nmﬁ{,{i 0 gﬁ%ﬁt:?ﬁgﬁ?\gdi 'lgg%rﬂ!‘/%'? qurﬁf{h@cf eﬁFHq% wiagtrirged with
el i) Wasshemadded @ treg i i intaing

intSHREE ﬁ,h%r Sunas é&ar&r aised to _Zgécél{,&t'gngh%ﬁg\’hr"ég@? lln(t)ar{nmg the
WaST ST INEERUFS At 29-308Gs  The Fesgtion Thisture myaer thonretinedsat 20-

e o REIEPOCHP oBfhd P b6 Fiial et o7 Bic and

| east 30 m nutes.

thew stigtngpioeti hmuru i sBkiRgt f - i an. of

filtteF ﬁgarti nI rtjelrr,?gles (Eg;?'gglbﬁﬁbpr%-@%%gﬁdglﬁﬁaSKand
S §?‘? fid %&%@Eggwfh/waterdé piffeonl)! ke sdiidrihGs bYdived was

dri 7 ; [ t | et ft

1;2‘{52 fﬁ‘?ﬁ'ﬁ?ﬁ%@%@b%ﬁ Ber FREURT 8- 28% 13 weaumaven to provide
Dat(d2i istdh) afdidachirgs- 603, 0

ot e S SRR L1
co'% %%@? ')&'?11 -qyiRglin2-ene 3a ayellovoppiasre, 650 ml of
wat er was added to the stirred reaction m xture. The

Proeedtiteo@ Was then warned to an internal tenperature of
50C and the THF was distilled away (about 3 L by

vol yme) under reduced Rregsure fromthe reaction
iyture., Water (2.6 L) hen added dropwi to ;/t're‘\
reacti i re using di tipn fifanel): \@ N N—
N L / \__/
N
H N/ﬁ K O-'Bu (THF)
k/N Toluene
~

[0148] [6-(4-Methyl-piperazin-1-yl)-1 H-benzimidazol-2-yl]-acetic acid ethy

ester (608 g, 2.01 mol) (dried) and 2-amino-6-fluoro-benzonitrile (274 g, 2.01
mol) were charged into a 4-neck 12 L flask seated on a heating mantle and fitted

Et

N
N (o}

with a condenser, mechanical stirrer, gas inlet, and temperature probe. The
reaction vessel was purged with N», and toluene (7.7 L) was charged into the
reaction mixture while it was stirred. The reaction vessel was again purged with
N2 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 flask under reduced pressure (380 +/- 10 torr,
distilling head t = 40°C (+/- 1 0°C) (Karl Fischer analysis was used to check the



i Xture was then cooled to room tenperature and

;nti rred for at least 1 hour. The m xture was theg 6002970
wo pdobesads and the filter cake was vvashed_ V\/IthPG()Z}H 87

(1.2 L), wth 70%ethano! (1.2 L), and Wlth 95c|) ;

ethanol ( 1.2 L). The bri gh_t yel | ow solid was DSSS?Z

inadrying tray and dried in a vacuum oven at 299

until a constant weight was obt zéu Plegofgmél di ng g

.4% of the desired 4-am no-5-
fgs(j/arret hyI pi perazin-1 yI')451 H benzi m dazol -2-yl]-1

f f
vs)#%rﬁqqﬁe@t in) la% %xt;% I(;lfl(tl(zig1 :\f:@?gwd?omepawas Igrea’lter thé:\ln4% f)3°A/o then
andihlsr QF@E'&%&EQ?%W s dddéd 5 disf %ﬁ @gﬁ dg;géq_ied This process

0 nL equip
wgg ﬁg@e%teermtqb autzﬂer bénteatof I@b@‘than’io ‘@)3“/? 9\%%@@ ekd)Wéfter a

heati ng mant| e.
W? L o@ﬁ%&é’%aﬁ 683° was reached, heating was discontinued, and
thé-reathich fak! Ep&@rw fon%ﬁ E%f%rﬁgl %ezrla&ré of 3)7_2@135%%”2

i m dazol - 2-yl qU'

qqtgs;;lunahbutdx&qul TR (30% iel 'M-zls :fﬁ@s ﬂgﬁgla@g)é’e% ap/c‘itgsﬁlum t-
btﬁb{?@gm’v %B?% agb)egzg@es nt-éafg%gu dindes Norat warmtd bach ﬂﬁﬁ&l@é’ internal
tebrperatttd bf the RacHdn Wa%rﬂéﬁ{t ggqu?ZQICBD etr @égﬁ:p@\gﬁ:th@n

stlrrlng over a perio

| f
p%lwmérbtﬁwl:iﬁ:msf g?maggé ftgéngsg%@r\)oo’?né tsﬁrr[e? dt% éeigﬁgnal

ten{nﬂg?%tﬁgepgﬁ@ﬁg m%go‘é@ fWimirutesoThedempeeates aasrtReR faised

and t he

d,
to %@eé O%nd # {'Aefaa;é%Bﬁ gﬁéesdsrhchﬁfqtﬁ%? fslé lgthegtgod' h@l)empﬂnature was

|ter pa

thgaeralsmd BB v ﬂt@%a?ﬂlé}??%&'s[ﬁn%d%yag%ﬁg{ gf}glmlwéﬁeéhﬁhe

drjed in a vacuum oven at untl

re%@ﬂdﬁ@%th%umﬁptedafor yofr@létmmrlﬁs)mg PIFIT &) 6h \Aﬁ)

duct as a yell ow po D.
coé@.@géﬁ@ar% IBf) tnﬁeg aﬂgmg't FeAa?%axg{ég@ Yin 2r -3 hcl)Burs both startmg
mﬁe%}w&éﬁgg?ﬁ@ﬁjﬁs@fﬁ&mﬁ? nét%}pé“%% One E)Cb lgb%q eactign

was no(la‘ complete after 2 hours, another 0.05 equivalents of potassium t-butoxide
was added at a time, and the process was completed until HPLC 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 (1.2L). 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 ~yl)-1 H-benzimidazol-2-yl]-1 H-quinolin-2-one.



EtOH, H2g 01 50] A 3000 ml _ 4-necked jacketed flask
was fitted wiwth a condenser, a tenperature probe, a N2
w@amoeiogil4et , and a nechanical stirrer. The reacP@DNS2006/002979
vessel was purged with N2 for at |east 15 m nutes and
then charged with 4-am no- 5-
fluoro-3-[6-(4-nethyl-piperazin-1 -yl)-1
H benzi m dazol -2-yl]-1 H quinolin-2-one (484 g, 1.23
nmol). A solution of D /L-lactic acid (243.3 g, 1.72 nol
of nononersee the foll owi ng ¥&agraph), water (339
Pﬂqﬁ)@and ﬂtggnol (121 1 nl) was prepared and then
lcpdton o ina-SHloord-346 4 4-rhethyllgipe iniyhified
bgnzunwlamlrm-ylarﬂﬂ-qambumejéct i on ﬂa@gh}éﬁigdﬂm 121'?1

' rnal te ature of 68-72C.  The internal
ﬂ%@%er at u?‘e&z@ Pe 'P@&Etﬂﬁ‘élﬁ eqripPedivithha sendens@s tefdpérature
pfalre, Np- i) e 3 ' i scont.i hued.

Tt}g rl\gsgﬁét Ii ng%m@t_ur ea&aﬁgp? i ter%% P l/%r%gﬂbﬁ' Heaftigpantle. The
i weR then cheigedawith Agarnine-5-fllorad 461(-raethl-bipbkask-1-yi)-1H-

DAkl 2o BiEin Gt R i dlerd 2B mah, anstiing yefiow sold

wasistepended)xs95%| ethandl Q000 %LR %’Fﬁlﬁﬂﬁe&?‘éﬁf g&ﬂg FAsRs an 8:1

St rreﬁ.. .The filtrate was the
SQuer raH i%dge@d The suspension wasdhealhaatepty aigehte 96flux

itl-2oRR[ At ai.ni.ng a gentle refl ux, ethanol
(RBLtatditdr adllt BT WAy MiriEo ferc Rotiodof absust 1 bauot The

reabtion wag then stigred 34578460k t cool.e
rnal tenperature P?ﬁgﬁh@éﬁ%‘%&gﬁﬂh@&% ~the heat

t i |
Wﬁo {q?f!]ﬂ\lleﬁfrggﬂ therflaskanghihetsuspensiopavag allewed o cool to a
h . . i od_of about 30 nminutes. Th
teplePatBl 1825 Hp-@ e:jéqutﬂ%ngaﬁng\py _er]n%il?gfggialy@ﬂ; flter pad

reactor was i nspéc
wagewasped séthtwatieh €2 x@o0stha) ST I [ id salt, of
ar: agi no- 5- f | uor 0@3- [ 6- (4- ?ret ﬁ‘évbﬁ%?’ﬁé iﬁqsit?\?f‘)p-s'ﬁced ina
P et e g et Cu oo (o s
b i ’ o
obt rcrl g%p}agt%ngl%%% $1iP Oatga'l'?i %ﬁ &-(96e2%) ef thgapurified product as a
yellow pewtdeng the flask for crystals. Once crystals were
present, stirring was reduced to a low rate and the

b reaE’“ on a‘%ﬁs StL”e'd at 64-700C for an additional 90
- i nhyeRaration o eptl.gpf-\md Salt of 4-Amino-5-fluoro-3-[6-(4-methyl-
piperazin- -yI)-1H-benZImldazol-Z-yl]-1H-quinolin-2-one
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hen cool ed to about 00C over a period of about 2

\rqgarts, and the resulting mxture was filtered thro;023002979
W@ 2@6/080431 cron fritted fil ter. The reactor V\/_aBC’WHﬁal

with ethanol (484 ni) and stirred until the inter g

tenperature was about 00C. The cold ethanol was use

to wash the filter cake, and this procedyre vvasOI - od

repeated 2 nore tines. The collected soli d_ was dri eum

to a constant wei ght at 500C under vacuum:i n a vacluI m

oven yielding 510.7 g(85.7% -44f t he crystalline ye

5-fluoro-3-[6-(4-
Gy - ot Beadl nLséyiepked jackerer flacianab s ithla condenser. a
tdmpriat@el dtoB ORRy kP c{dam or |nerlt condi ti onst I
vve?e typu@fgle §e‘% Sof m%]" Adneshanical sifrepr dbegeaction vesse

t -
voREge vl e 0N 19 O 80yt i

ﬂ@%@;f gzg-nbééggngpgfngw-ylbi lénbﬂﬂzimldgzmki!ql]tﬁk@mmmm-z -one

(4@.409 o2 Pl A RO . Ot B3 d . 78 areh atimgnomer-
ﬂ{% gwmgragralm% wamr\(aBQ mL)a8Ad @ﬂﬁﬁrﬂil %24 FR' g%vaas

pr%ﬁgrédr ?ﬁ'@ terl gha?[dd'pgé? ”%tr%ﬁugng&ggf nSﬁ{grlni?@mg;telm%ahad ata

era

mgdiuen &i:tbyaﬂ@mé rebcBioft was @5@8&8 agéa%naa b%%}é@é%%ﬁ@S 72°C.

may be used in the process descrl

Tl}ﬁam@mabtenmeraMemﬁ (1)) eea*@rtbﬁ \ﬁé?dmh)?{iﬁut?@% édrilif‘?%?f% for.15-45
n
mﬁﬁ%ﬁ@@@fgﬁ@é&tﬁr@l@%‘f’ dissentiedemolhe asesuiflng mixture was filtered
thrbug 10050 iR 7k ch@ %ﬁ@ﬂé‘rﬁ%ﬁéﬂ. qlgg%pﬁ.m 42 Lyflask
1H benzi m dazol - 2-
WagQuiBReGh Withean intéradl mmwberbﬂrréfﬁr@t?éa éeeﬁbﬂL& ifidehicer, %
adeh@?{ﬂé élg%] %pt’éﬁ Q{ %dﬁ&l @pslﬁrhefaldeﬁtlrlm |Tdimrﬁliréieaﬁas

therestirbed &t amemum :talf@aﬁa m%%@@%ﬁeaﬁﬁég’t@g Oﬁ%g%gm@bout

un and the N-de
8‘%(53 gﬁﬁ/&uﬁ m@ntﬂAnlngEa)®Me @Jimpéthﬁﬁoll(?%% 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-methyI-piperazin-1 -y)-1H-benzimidazol-2-
yl-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 90 minutes. The reaction
was then cooled to about 0°C over g 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 to a

constant weight at 50°C under vacuum in a vacuum oven yielding 510.7 g



[01 53] The kinase activity of a nunber of protein
tyrosi ne ki nases was neasured using the procedures set

wo eooblostags ow f or Conpounds 1-3 to provi de the PCFBS2006/002979
val ues shown in the follow ng Table. Table. |C50s of
Compounds 1-3 Synt hesi s of

4- Am no- 5-f | uoro- 3-[ 6- (4- et hyl - 4- oxi dopi per azi n-1-yl)

-1 Hbenzi m dazol - 2-yl]quinolin-2(1H)-one (Conpound 2)
and 4- Am no-5-fluoro- 3-(6-piperazin-1 -yl-1

H benzi m dazol - 2-yl ) qui nol i m48¢1 H) - one (Conpound 3)

(ggl 54] To confirmthe structures of the identified

7 %ofithe srystaltoepellow Iactictaud salt @bﬂlérhiﬂé-ﬂlﬂﬂérho-s-[&(4-
t he

BB T S b1 LRSI S o o
OB IO NERERICHRY Aot RFRBURY shrafEh fIEBLEE Ui the ary

. xture of ethanol”, difethylacetam de and

sglid did net apgesh te fbﬂ‘lryeat hmr@fscoﬁéie, theanh déii filter I::@kéﬁenmﬁ.ito?pilgk up
WARS: 4 L Ed L Erati an an shed with ethanol. |

nec e%@g?%&ﬂﬁle%%ﬁ'%d a gﬁpﬁi “f%‘\aﬂ??}ﬁm@r ayaid prolenged exposure
otthieunet filterwakeagtiephinodgherg] Cormpound 3, the

N- desnet hyl netabolite of Conpound 1, was synthesized

Ca; Thovvn in the schene bel ow. 5-Chl oro-2-nitroaniline
[PR4T ¢ eat EQMyNerciglilagtic-asic seneralysiontainsiabott 8e2% wiw water,

Sl . I ' : oxycar bonyl (Boc,
o SRR Lo oM DGR ok BBl e
mpés rafigeef lagticacid etirmet toomonotrter is generally about 1.0:4.7.

- -3-im i oni id ethyl t 6.
CHTHREL P40 1608 3R Mo e irsnch b mameess esaribedis e

Hystigle il . ol oy
s e arares ) oSy RS S rom
regetion gixtweg.abol ite as a yel |l ow/ brown solid after

purification. KHVDS Assay Procedures Serine/ Threoni ne
Ki nases [0157] The kinase activity of various protein

IdeAtifieatibh' MeBbdiitggses was

[0152] Two metabolites of 4-amino-5-fluoro-3-[6-(4-methyl-piperazin-1 -yl)-
1H-benzimidazol-2-yl]-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.
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measured by providing ATP and a suitable peptide or
protein containing a serine or threonine amno acid
w0 e®ic@sid4$ or phosphoryl ati on, and assayi ng f or Pe@S2006/002979
transfer of phosphate noiety to the serine or
t hreoni ne resi due. Reconbi nant proteins containing the
ki nase domai ns of GSK-3, RSK-2, PAR-1, NEK-2, and CHK1
enzymes were expressed in Sf9 insect cells using a
Bacul ovi rus expression system (InVitrogen) and
purified via Gu antibody i mA€ract i on (for QG uepitope
tagged constructs) or by Metal _1on Chromat ography (for
Hs (SEQID NO 1) tagged cong
fusion constru@) amNHcYCcN-E e—eexpreg$gd in SfO
i nsect cells usling al Bacu ,ovi EXprexgsi o system

Reconbi nant, 3 O S n Ais avail able
d from Upstate

commercially

Bi ot echnol ogt c2 enzyme used in the
assay was co @ilable, and it may be
purchased from New Epgl and Bi o Labs. For each assay,
test conmpounds were serially diluted in DVSO and t hen
m xedwi th the appropri at Eokipvame 3 eacti on buffer plus
5-10 nM of 33P gamma-| abel ed ATP. The ki nase protein
and the appropriate biotinylated peptide substrate

ICYR 6f BaRSolRdgivg a final volume of 150 m _.
React i ons \A/er%gi1n:§ubat ed for 3-4 hours at room

[01%8Iper at uFhe kindsé etivist ofw AdmBer | i
m%é%?r@é%\” di p coat e \M?f te m crot .bltf Ef&%ﬁ;@g%glp%ses was
th@ﬁm;)sy ti%q hedwose i1e§ sedorin below blr@ommm;(tdsgg%t&pmvide
oAaluddsh KAk r consists o

unl abel ed AT%Mgﬁ]df 30 WMMI fter 1 hour of

%ﬂéuﬁ%i on, streptavidin plates were washed with PBS,
T s af Camposnsisnt-320 scintillation fluid was

added per well. The plates were seal ed and counted

uSi ng [TopCount—The—<conrcent+atton—of each conpound for

50% i nhi bition (1C50) was c u d enpl oyi ng
non- | ijnear regressi on usi ngqugo {'!m‘)edat a anal ysis

Compeund war ¥EGRRLIE]] VEGERTRACT | BRGER' T[EP BRR TR P
D q [ LA
= TrJs-HA 2 pH 7.5 10 nM i e
ompound 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-meth i i i
1the N0-5 ~(4~ yl-4-oxidopiperazin-1-yl)-1H-
ben2|m|daqu-2-yl]qu1nolln-2(1 H)-one (Compound 2) anlzi |E:I-Amino-5y-f)|l;l<|>-lro-
3-(6-piperazin-1-yl-1 H-benzimidazol-2-y|)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



MyCl 2, 2 mM DTT, 4 nM EDTA, 25 nM

bet a- gl ycer ophosphate, 5 nM WhCl 2, 0.01% BSA/ PBS, 0.5
workdopept4etie substrate, and 1 nM unl abel ed ATP. PCBKSRI06/002979

enzyme was used at 27 nM CHKL at 5 nM Cdc2 at 1 nM

Cdk2 at 5 nM and Rsk2 at 0.044 units/nL. For the

GSK- 3 assay, biotin-CREB peptide (Biotin-

SGSCKRREI LSRRP(pS) YR-NH 2 (SEQ I D NO 4)) was used.

For the CHK1 assay, a biotin-Cdc25c peptide

( Bi & Jn- [ AHX] SGSGSGLYRSPSMPERONRPR] CONH2] ( SEQ I D NO

5)) was used. For the Cdc2 and the Cdk2 assays, a

obths reactipet GampduhdZwhs (solated b%/] flltratlon and I\vgshg) WIth ethanol

KTPKKAKKL] CONH
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ein tyr03| ne kéogases was
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aty
phosphoryl at i onk/an\d assaying for the transf@r of K/N“’
phospHate noiety to the tyrosine residue. Regonbinant o

[G9561 60 the N-
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(I'nVitrogen)
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o at A G Ehhaticpionic apid elodt cvanpaverts
Covedensstivh af Bywith bbﬂﬂ@ﬁth%@hg@@ dw@gmégﬁ] th an

h ro r| at e ki nase reaction bu i nase
ea{%ﬁl eihydisilazids asdpedaseaielded gt |®5dd@t7éd/a3&rﬁaté§ with a%ueous

e ol une of 50-10
HOBYiR e HekeR 1ieehh g B udlaon Blows Rell grigt prcisation.
tenperature and then stopped by




addi tion of 25-50 ml _ of 45 mM EDTA, 50 nM Hepes pH
7.5. The stopped reaction mxture (75 m ) was
wo ec@as8ansed to a streptavi di n-coated m crotit BCT/PEAEDE002979
(Boehringer Mannheinm) and incubated for 1 hour.
Phosphoryl at ed peptide product was neasured with the
DELFI A ti nme-resol ved fl uorescence system (Wallac or PE
Bi osci ences), using a Europium | abel ed
anti - phosphot yrosi ne anti body PT66 with the
nodi fication that the DELFI A%dssay buffer was
suppl enmented with 1 nM Mgd 2 for the anti body
0214 i on. TiNe mesol P86 fuorescence was readyn a
123uEQﬂ,Af|u Jeter or_a F@c)mctorﬂla]@
”ﬁbl 9 pFe signal readé&" ohcentration of H N
conpound for 50% i nhi biti onk(vr 0) was cal cul ated K/NBoc
enpl oyi ng non-|linear regression using XL Fit data
anal ysis software. [01 60] FLT-1 , VEGFR2. VEGFRS,
FGFR3, Ti e 2, and FGFR1 k| nases were assayedcyn 50 nM
Hepds 20i4%7 0, 2 rer\/g(:l nM MhCl 2, 1 NaF, 1 mM

DT, 1 {anl-h-&:IBSA 20 é .20-0.5 Hp

corﬁespgn !!l bi ot i nylaat d pep suﬁw‘e—*ﬁt‘r 1,
VEG E QfR3, Tie-2, and FGIER’l Ki nases"Were added
at 0.1 rrg/ m., 0.05 ny/ rrL, or 0.1 ng/nL respectively.

For the PDGFR ki nase assay, 120 ng/nL enzyne with the
sane buffer conditions as above was used except for

ngNig ATP and peptide substrate c trations to
MdOZSHMblotlnGGL QNL- NH 2
( ptide_subBfrage. [ ant
and aotl’ﬂle tyr 'NE‘% ki nases Fyn, andHitck aeavaitabl e

commercially and were purchased from Up$tate K/NH
Bi ot ethnol ogy. For each assay, test conmpounds were
serially diluted in DVMSO and then m xed with an

appropriate kinase regction buffer plus 10 nM 33P

ganma- | abel ed ATP. Thg—ﬁ-ﬂiﬁ-ﬁﬂ&&ﬁn and t he

appropriate biotinylated peptide substrate were added
Serine/Threonine Kinases

[0157] The kinase activity of various protein serine/threonine kinases was
measured by providing ATP and a suitable peptide or protein containing a serine
or threonine amino acid residue for phosphorylation, and assaying for the
transfer of phosphate moiety to the serine or threonine residue. Recombinant
proteins containing the kinase domains of GSK-3, RSK-2, PAR-1, NEK-2, and
CHK1 enzymes were expressed in Sf9 insect cells using a Baculovirus
expression system (InVitrogen) and purified via Glu antibody interaction (for Glu-
epitope tagged constructs) or by Metal lon Chromatography (for Hisg (SEQID
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



give a final volunme of 150 m _. Reactions were

i ncubated for 3-4 hours at roomtenperature and then
wat@pped4dy transferring to a streptavi di n- coaPeriustvos/@2979

mcrotiter plate (Therno Labsystens) containing 100

m _ of stop reaction buffer of 100 nmM EDTA and 50 nmM

unl abel ed ATP. After 1 hour incubation, the
streptavidin plates were washed with PBS and 200 mi _

M croscint 20 scintillation fluid was added per well.
The plates were seal ed and c8dnted using TopCount. The

cﬁggentrati on of each conpound for 50% i nhibition
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seayedand eolARidiiing RBpEEBRKN ke Qﬁgégﬁt%?{o%gcﬁfoee%%%%ggund for

to.the cytoplasmc domains of 't
5°rgé'é'?ib'é'9§ (Kgﬂo)ewpa ceteatated EPnplqying ameMindztre g REIoMSIAG XL Fit

und, for exanple
el SFRRI GRS 6o 4™
nmet hyl pi perazi n-1-yl)-1H benzi m dazol - 2-yl ] qui nol i n- 2(
[0158]- one, Thesrediction dffencENBRANTD 'Trgirllfeg ﬁ}@rgf}; Eﬂ:f;)emM
. 'The

M@ggg g 4‘;RWE’Eéf&,ogdseEf&bg?aqgﬁie?d%%sgbmﬂ ANVEMINCI,,
0.REASKFEIYSH S9hEptPl Ok oo B BT A B
enTyresevasased ah27 Wi, CHKE Hh# @, Eat22t AuMScake SP8M. and
Rsi(E 'H%%Q?M Lﬁitﬁ%‘f_. For the GSK-3 assay, biotin-CREB peptide (Bio’;in-
SGSGKRREILSRRP(pS)YR-NH, (SEQ ID NO: 4)) was used. For the CHK1
assay, a biotin-Cdc25¢ peptide '
(Biotin-[AHX]SGSGSGLYRSPSMPENLNRPR[CONHzl (SEQ ID NO: 5)) was
used. Forthe Cdc2 and the Cdk2 assays, a biotin-Histone H1 peptide
([lcBiotinl GGGGPKTPKKAKKL[CONHS,] (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 pM 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 moiety to the tyrosine residue. Recombinant proteins corresponding
to the cytoplasmic domains of the FLT-1 (VEGFR1), VEGFR2, VEGFRS3, Tie-2,



t hen stopped by addition of 50 nL of 45 nM EDTA, 50 nM

stopped reaction mxture (75 ni)
W;/Sg)as)’sﬂggf gr ?édT?g a sltofept avi di n-coated mi chﬂ?T/ESIOO6/002979
pl ate (Boehringer Mannheim and incubated for 1h ?E(ra.
Phosphoryl at ed peptide product was neasured wt
DELPHI A time-resol ved fluorescence system (Wallac or
PE Bi osci ences), using a Europiuml abel ed

: i ti body, PT66, with the
?rgtd: ?szgihgtny{ ?13{ n?h:nDlEngl X5§Ssay buf fer was
emgnted with 1 mM MgCl 2 for the anti body
Pﬁ&'ﬁ%f’gﬁ BGI“T% ankbBIr&d receptass weare ]Eelxpaésmt iW@fg rins:cl’g 'c_:;ells
. er
Sl i ISR A TR Ao Al b ropbasmcri ol
agtifad\ciptraatioh (for Gho-¥plioms tégde@fbdds%%is)\@%tﬂ\aéfaﬁ”lcﬁ{ ed
i nop-1inegr regression using XL Fit data
CHP R SRe Mot i BB ebt N1 dasgen CoRStruds P Baroatty dssay,
e SR B S
apRyPPHaisiaase) reaationrbufiar eths&PP| dﬁné@ﬁ?dt?ﬁ'nean_l%gn appropriate

o R Y el o bt st .

regsgﬁﬂwlegé;ﬁgﬂfubétégnfoﬁg%@Pﬁg&g%gﬁ% tve(?n;%enrgﬁjlrggand then stopped by
aqaitiqmoh24-69I yii pe4SmM 'EF?TA(J 50 MWE@I ?ﬁ.ggpg's\fopped

i nol.i n- - cacy |
re 'ijéqnﬁ]li%ﬂmz, @;1?3) w%gggpn[sflm toMustreplaeidin.ebatesd ralMMtiteAplate

expansi on of

o il ARk

pl asnma ce

predycivds memsurdcbwitls the DELFYY %ﬁwr&é&véoofu?&‘é%@ﬁé&e&}st%
btri n?; and.acquired drug resistance de§p| e

(V\Hﬂl%p&gug B@?qﬁnc&k\;@eﬂg 3 mrMropiughlaeabantis-phospityine
tiboliaPTBBAHtH HIFRLE hé BELFIR as28y bufr
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supplemented with 1 mM MgCl, for the antibody dilution. Time resolved

fluorescence was read on a Wallac 1232 DELFIA fluorometer or a PE Victor I

multiple signal reader. The concentration of each compound for 50% inhibition

(ICs0) was calculated employing non-linear regression using XL Fit data analysis

software.

[0160] FLT-1, VEGFR2, VEGFR3, FGFRS3, Tie-2, and FGFR1 kinases
were assayed in 50 mM Hepes pH 7.0, 2 mM MgCl,, 10 mM MnCl,, 1 mM NaF,
1 mM DTT, 1 mg/mL BSA, 2 uM ATP, and 0.20-0.50 pM corresponding
biotinylated peptide substrate. FLT-1, VEGFR2, VEGFRS3, Tie-2, and FGFR1
kinases were added at 0.1 pg/mL, 0.05 pg/mL, or 0.1 pg/mL respectively. For
the PDGFR kinase assay, 120 pg/mL enzyme with the same buffer conditions as
above was used except for changing ATP and peptide substrate concentrations
to 1.4 uM ATP, and 0.25 pM biotin-GGLFDDPSYVNVQNL-NH, (SEQ ID NO: 2)
peptide substrate.



preferentially home and grow, plays a crucial role in
devel opi ng resi stance to conventional and novel

wo b@cagises for MM Therefore, nolecul arly targetBUS2006/002979
agents targeting not only the MMcells but al so MV
cel |l -bone marrown croenvironnment interaction offer a
potential opportunity to treat MM Recent advances in
under st andi ng the nol ecul ar pat hol ogy of MM have
provi ded novel therapeutic targets for treatnent of
this disease. The ectopical I+4p4expressed and
deregul ated FG-R-3, which occur in approxinmately 15%
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Tﬁ’@t‘%@ﬁ%ﬂbﬂ dHfiaCh Mﬂdu&?{fggﬁowm \{\Szliso pglgulated

veln I.v. 1IN

eroployingengn-tisasamegragsion usieh RL3F# M&@éﬁal%u@@o&‘tware
transfected with a construct of |uciferase.

| | oyed
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peffihe s EaBhtinyIRid e Peptdminubsisate: biotin.

GGGGKVEKIGEGTYGVVYK-NH; (SEQ ID NO: 3) for Fyn and Lck), 1 pM

unlabeled ATP, and 1 nM kinase.

[0163] The kinase activity of c-Kit and FLT-3 were measured by providing
ATP and a peptide or protein containing a tyrosine amino acid residue for
phosphorylation, and assaying for the transfer of phosphate moiety to the
tyrosine residue. Recombinant proteins corresponding to the cytoplasmic
domains of the c-Kit and FLT-3 receptors were purchased (Proquinase). For
testing, an exemplary compound, for example 4-amino-5-fluoro-3-[6-(4-
methylpiperazin-1-y1)-1 H-benzimidazol-2-y|]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



devel op MMl esions at as early as day 26, which were
mai nly localized in spine, skull and pelvis resulting
wo poobogguent devel opnent of paralysis in this pores2006/002979

The anti-nyel oma efficacy of

4- am no-5-fl uoro-3-[6-(4-nethyl pi perazin-1-yl)-1

Hbenzi m dazol - 2-yl]quinolin-2(1H)-one in this i.v.
injected in vivo KM5-1 1-luc MM nodel was investigated

and it was found that daily oral adm nistration of 4-
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gl— benzi m dazol -2-yl]quinolin- 2(1 H-one at 20 ny/ kg,
ofi 10031 tTredsewaactiei®owets Rich o bi Y
t ho%Bhor&/I ation, of ERK in K%/%fé]?i ﬂfF J?dtﬂrﬁr%rr%°rf‘ﬁe%%”,‘t”re and

Hs3PPREd by addiiofet3Q Hhiof #HMM EDGA, 60 MMSIERESIYH 7.5. The

T Y S ———
mr@HQﬂ@laief(Bloehmgl?r{Ma_(mh?‘m)fazdgfrl_mb@@b@téﬂ{foﬁ Y'I:oht?.l .

ol -, 2- ui nol i n- -one translated to a
PEB%‘#'W@E‘%% p?ﬂt&f%é WeRs roaeswad vith therDELRHIA dime-resolved
flusrepessst §3Pste¥|9f(Wéllﬁactélq@|*:' 'gf?é‘écier:ﬁé%ﬁ et‘;ﬁw %: %ﬁrg%?rx-llggeeled anti-

further preclinical basis for clinrc

phpsqu’wo_ginﬂ argibody, P66 Awitmétdriclifivettionithatithi DELFIA assay
baOIES BUfRERshfsR VL RBAMEST: far the Bntboay iton. Time
redobatlucheddonas vohudsbubs ARGRRIASK 33 ENdS Yodo Dy i

fl 1H benzi m dazol - 2-yl ] qui nol I n- one |
Yaremetsr afia REC\Uatasdk maliple signet remdenoThe wWoatkptration of each

i~ KM5-1 1- [ i V. del .
R ATYP s PO%0 bl o INES Batbulated euloifo sondisear
regregsiamusing déf it detd asl b eoatapé ce were obtai ned from

The Jackson | aboratory (Bar Harbor, ME) and were
lity in sterile filter-top

W@%Zi " tr]:r#a&g%h?kitif@%%awec@sﬁaysd im0 relpepe® pts?.5, 1
mMENSF CRRMANGDI,! 10 il ARAEL P G SSALY INIATP and 1 M of

Associ ati on Tor Assessmen

corgsbpadipgpictinyiated Peptide subsinate (bivtin-8 G ADDRSYYNIZIRE-NH2
(SE’d ib Rlld: Qﬁ.' df%le' c%%sée%{rahgg o%’ EIS_ I—I§ gﬁcli %?}%It kiﬁl.qalscransa Iwere assayed

at 2 nM.

Real-Time and Comprehensive Imaging Evaluation of 4-Amino-5-fluoro-3-

[6-(4-methylpiperazin-1-yl)-1 H-benzimidazol-2-y|]quinolin-2( 1H)-one

Efficacy in a Preclinical Multiple Myeloma Model

[0165] 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 cells
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



Care and Use Committee and the Guide for The Care and

Use of Laboratory Aninmals (National Research Council).
WKRB6A8W43 uc MM cel | s harbori ng FGFR- 3 nut ant sPCTVBIR@)/002979
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whi ch was associated with hind |inDb
methylplperazm -1-yl)-1H-benzimidazol- 2-y|]qumoI|n-2(1 H)-one, an in vivo
preclinical MM model was developed in which muiti-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 all 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-yllquinolin-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-yl]quinolin-
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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H benzi m dazol - 2-yl ] qui nol i n-2(1H)-one was tested in
KM5-1 1-luc in this in vivo nodel. Mce started to
receive daily oral treatment of Conpound 1 at 20 ng/kg
at 48 hours after the KM5-1 1-luc cells were injected
(n= 9 mcel/group). Conprehensive and serial nonitoring
of photon counts in each ani®dt was performed on a
weekl y base schedule. A significant |ower nean photon
1d dumor growth, as detected by serial BLI imaging. Furthermore, the antitumor
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ebrae or hind linbs. [01 70] Reduction of phot
m}ég%lﬁ]t in mce treated with 4-am no-5-fl uoro- 3-
6- (4- et hyl pi perazin-1-yl)-1
Md[etlhzsn‘lzi m dazol - 2-yl ] quinolin-2(1 H-one treated was
well reflected by a significant increase in the
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A day 9 1 0t of gk (@R 8, B0 Pt e sci
bejge mice were obtained from The Jackson laboratory (Bar Halrllzl% ME) and
- enzim

weteHeys3gin WOSie ra i Sele BleBSPE *anns el 14 Bowt igntdark
cyolesr &l eXmintdm’cs wstdidon@léted! iR FRRHGRSECrelRSd by the
Association for Assessment and Accreditation of Laboratory Animal Care
International and in accordance with all guidelines of the Institutional Animal
Care and Use Committee and the Guide for The Care and Use of Laboratory
Animals (National Research Council). KMS-11-luc MM cells harboring FGFR-3
mutants (Y373C) were cultured in Iscove’s Media +10% FBS + L-glutamine and
passed twice/week in a range of 1:2 to 1:4. Cells were implanted by intravenous
injection into the tail vein at 10 x10° cells per 100 puL HBSS per mouse. Mice
were irradiated at 3 GY (3.2 minutes) on the day of cell implantation. Animals
received daily oral treatment of 20 mg/kg 4-amino-5-fluoro-3-[6-(4-
methylpiperazin-1-yl)-1 H-benzimidazol-2-yl]quinolin-2(1 H)-one or vehicle (n = 9
each group) starting at 48 hours after the KMS-11-luc cells were injected.
Bioluminescent images (BLI) were obtained using an IVIS® Imaging System
(Xenogen) that included a highly sensitive, cooled CCD camera mounted ina
light-tight camera box. Images and measurements of bioluminescent signals, as



animals in the vehicle-treated group were sacrificed

around day 50. Furthernore, mce treated with
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1H benzi m dazol - 2-yl ] qui nol i n-2(1H) -one, tolerated

this treatment well for the long period of this study.

Because of the obvious inprovenent in the survival

time of mce treated with

4- am no- 5-fl uoro- 3-[ 6- (4- net hyl pi perazi n-1-yl) - 1Hoenzi

m dazol - 2-yl]quinolin-2(1 HS8ne, the study was

termnated at day 9 1 for practical considerations.
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[0t89]Conpoine antimyeloma efficacy of 4-amino-5-fluoro-3-[6-(4-

methylpiperazin-1-yl)-1 H-benzimidazol-2-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-yI)-1H-
benzimidazol-2-yl]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-yl)-1 H-benzimidazol-2-yl]quinolin-2( 1H)-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



1 against W4;1 1 was ~24-fold greater conpared to
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nmodul ation of receptor phosphorylation and downstream
signaling (STATS and ERK/MAPK) in Mv4;1 1 cells with
Conmpound 1 confirnmed nol ecul ar nechani sm of acti on.
Target nodul ati on of pFLT3, pERK in MW4;1 1 tunors was
achi eved at biol ogically active doses of Conpound 1.
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tlrféérs1 (z)fl %&r@aiﬂdﬂﬁﬁﬂ%ﬁ%%-%&eo-éftg -(4- methylplperazm ~1-yl)-1H-
benzimidazol-2-ylJquinolin-2(1H)-one, the study was terminated at day 91 for
practical considerations.

[0171] Further studies with respect to kinase inhibition in general,
inhibition of FGFR3, and treatment of cancers including multiple myeloma with 4-
amino-5-fluoro-3-[6-(4-methylpiperazin-1 -yl)-1H-benzimidazol-2-yl]quinolin-
2(1H)-one are set forth in published U.S. Patent Application No. 2004/0092535,
and U.S. Patent Application No. 10/983,174, U.S. Patent Application No.
2004/0220196, and U.S. Patent No. 6,605,617. Therefore, each of these
references is hereby incorporated by reference in its entirety and for all purposes
as if fully set forth herein.

Activity of 4-amino-5-fluoro-3-[6-(4-methylpiperazin-1 -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 -yl)-1H-benzimidazol-2-
yllquinolin-2(1H)-one (Compound 1) is a novel, orally active, multitargeted small
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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) 24-26.
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



with 150 mM NaCl, 1.5 mM MgCl 2, 50 mM Hepes, pH 7.5,
10% gl ycerol, 1.0% Triton X-100, 1 mM EGTA, 50 mM NaF,
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protease inhibitor cocktail (Roche). Protein content
of the |lysates was determined using the BCA assay
(Bio-Rad, Hercules, CA). Western blotanalysis for pERK
was perfornmed with a nouse antibody to pERK (1:1000,
Cell Signaling, Beverly, MA) and incubated at 40C
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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 NaszVO., 2 mM Pefabloc (Roche),
and complete protease inhibitor cocktail (Roche). Protein content of the lysates
was determined using the BCA assay (Bio-Rad, Hercules, CA). Western blot



serum starved conditions (overnight in Opti MEM nedi a) .
For detection of pSTATd , cells were fixed with 1%
wo coormbdehyde, and perneabilized with 90% i ce- BOI/US2006/002979
met hanol . Perneabilized cells (0.5 - 1x1 06) were
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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 pSTAT5 was normalized to total FLT3, ERK or STAT5
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
pPSTATS, celis were fixed with 1% formaldehyde, and permeabilized with 90%
ice-cold methanol. Permeabilized cells (0.5 - 1x10°) 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 IgG (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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In Vivo Efficacy Studies

[0180] Female SCID-NOD mice (4-6 week-old, 18-22 g) were obtained
from Charles River (Wilmington, MA) and acclimated for 1 week in pathogen-free
enclosure prior to start of study. Animals received sterile rodent chow and water
ad libitum and were housed in sterile filtter-top cages with 12 hour light/dark
cycles. All experiments were under the guidelines of the Association for
Assessment and Accreditation of Laboratory Animal Care International.

Subcutaneous Model

[0181] MV4;11 and RS4;11 cells were passaged from subcutaneous (s.c.)
tumors in SCID-NOD mice. Cells (5x 10° cells/mouse) were reconstituted with
50% 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



survival time (MST) vs. vehicle treated control m ce.
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life span (ILS) of treated mice was calculated as a percent increase in median

survival time (MST) vs. vehicle treated control mice.

Target Modulation In Vivo

[0183] MV4;11 s.c. tumors in SCID-NOD mice (n= 3 mice/group) were
staged at 300 mm® and treatments consisted of either vehicle or Compound 1
was administered orally at 10 mg/kg for 5 days. To characterize the PD
properties of Compound 1, tumor samples were collected at various times (N=3
mice/ timepoint) following Compound 1 dosing.

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 (Pittsburgh, PA).
Bone (femur) samples were decalcified (ProtocolTM, Fisher Diagnostics,
Middletown, VA). Paraffin blocks were sectioned to 4 Mm thickness and placed



Statistical Analyses [0185] Linear regression was
performed using Mcrosoft Excel (Redmond, WA).
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Var i ous 1 87] The in vitro RTK assays used to
(O8BFEE on Bedcitfistsiih faliPerinsrliing Meio35t & xoeb (Redmond,
Weév)z piedertisdt-test was used to measure statistical significance between two
treatment groups. Multiple comparisons were done using one-way analysis of
variance (ANOVA), and post-tests comparing different treatment means were
done using Student-Newman Keul’s test (SigmasStat, 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



ATP as descri bed above. Phosphoryl ated peptide
substrates ( 1 M) were incubated wth
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fluorescence. Potent Antiproliferative Effects of
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[0187] The in vitro RTK assays used to prepare the above table were run
with various dilutions of Compound 1 in the presence of purified enzymes and
ATP as described above. Phosphorylated peptide substrates (1 uM) were
incubated with Europium-labeled anti-phosphospecific antibodies and Europium
was detected using time-resolved fluorescence.
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In Vitro Effects of Compound 1 on FLT3-Mediated Signaling in Leukemic
Cells

[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/ml) 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



Inhibition [01 91] To further characterize the effects

of Conpound 1 on FLT3 inhibition, nodul ation of
waolowasseam targets of FLT3, i.e., STAT5 and BERK/UStoebtn2979

are key proteins in cell survival and proliferation

were investigated. M4;1 1 cells were treated wth

i ncreasi ng concentrations of Conpound 1 for 3 hours

and processed by flow cytonmetry and Western bl ot for

detection of pERK and p- STAT5. Changes in pERK or

pSTATd are reported as perceff8-of baseline (no

treatnent). In MV4;1 1 cells, due to active signaling
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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.



(staged at 300 - 500 mMmB) were adm ni stered Conpound 1
(10 ng/kg/d) or vehicle for 5 days. Tunors were
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Compound 1 Inhibits Autocrine VEGF Production in MV4;11 Cells In Vitro

[0192] To address the effect of Compound 1 on VEGF production in vitro,
an ELISA was performed on MV4;11 culture supernatants. In these
experiments, MV4;11 cells were cultured in 10% FBS containing media with
increasing concentrations (0 — 1 uM) of Compound 1 for 48 hours. In the
absence of drug treatment, MV4;11 cells secrete substantial VEGF (180 pg/ml),
whereas, Compound 1 inhibited VEGF production in a dose-dependent manner,
with an EC5q between 0.001 and 0.01 uM and complete inhibition at
concentrations > 0.5 yM.

Compound 1 Modulates FLT3 Signaling /n 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



were 200-300 nmmB. | n dose-response efficacy studies,
Conmpound 1 was adm nistered orally at a dose range of
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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.c., 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 partial and complete responders
(1CR, 8PR). Modest tumor growth inhibition was observed at 1 mg/kg/d (23%)



(1CR, 9PR). Conpound 1 is Effective Agai nst Large M4;
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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
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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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tumor mass). In these studies, SCID-NOD mice bearlng 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 into 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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cé?fsf)(U%&@ﬁ )8 ‘Iﬁ%n glg\élpas bsﬁieggyllmrﬁ]un%hﬁggﬁérﬁ}sltr@ with an
antibody to human mitochondria which stains MV4:11 cells 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 celis (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 lll, IV, and V receptor tyrosine kinases (RTKs), the activity of
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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. Bioluminescent 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 inoculation (day 0 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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inoculation as deétected by serial whole bodly i lmagmg 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 cells

following 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 trend 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
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[0209] In 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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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 ~60%) 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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Metastases after 17 days of dosing
a Liver Metastases v Lung Metastases
# of % p values # of % p values
Corgp:suend 1 Incidence | Metastases | Inhibition vs. |Incidence | Metastases| Inhibition vs.
Mean * SD |vs. Vehicle | Vehicle Mean + SD |vs. Vehicle | Vehicle
Vehicle 8/9 18 +15 n/a n/a 9/9 27 +14 nfa nfa
(water) (n=9)
10mgrkg 7/8 22 + 32 0 0.810 8/8 36 + 32 0 0.926
(n=8)
30mg/kg 6/10 3+4 83 0.014 10/10 26 + 26 0 0.926
(n=10)
60mg/kg 5/10 1+1 94 0.002 10/10 24 + 11 11 0.606
(n=10)
100mg/;<g 110 4+13 77 0.010 10/10 24 + 30 13 0.756
(n=10 '




small nol ecule targeted agents imatinib (d eevec) in
CML (Bcr-Abl) and gastrointestinal stromal tunors

w@ eookloFiamnd gefitinib (Irressa) in refractoryPemvsnoea2979
or netastatic non-small cell lung cancer (EGFR).
Druker B.J. Oncogene, 2 1:8541-8546 (2002); G accone
G din Cancer Res. 10:4233S- 4237S (2004). Both
conmpounds target specific nolecular defects in tunor
cells and this success has driven research on
mol ecul ar targeted therapi es89o ot her oncogeni c

_kinases, including FLT3 15, 20-23. Miutations in the

150mglkg 13 e are Ottt npst 1@omfoh0eehetd O al t ez ai off 1 1v] <0.001
("=9) AM|1wher e nearly 35% of pat|i ents|harbor|activating
nutjati ons. | FLT3 nut ati ons have been shown to confer a

poor clinical prognosis tThus inplicating FCLT3as =

therapeutic target in AM.. Thiede C. et al., Bl ood,
9:4326- 4335 (2002), Schnittger S, et al., Blood, .
[O%G@.JE; 100/ssumpEry e xfficaryief|datynpral ddsmg:m‘ CGompound in the
[ ' Lnhi pi . Wit h nanonol ar pot ency.

ATY A ORESE i OrRBgelS ORimttd DR SPafnelinosiontfcant
primary fumnart growtiirhibitioh seR Gtsdctve BaRENS Haga lof eBfRENE.

assays denonstrate that Conpound 1 has potent activity
clfRtee "Feess pfad ed Tooand 15heciks ibecoprioanptumar gowr

; I ' I [ a rize .

o Aot ST AT, FSrekffEy "SR BoeRntigilied i
Siqni(icaﬂt?nh‘ibjtiorﬂm‘rqmmméouwgng Imgﬂivtb@ nfeftd%@ef.'axﬁiernr%r?]%er of

. i [ - dependent nanner,
IV ERARSSnRearpoRiely g by fre 165 s osa favel and

ihi B ' l i, 0
e B e 80,00 o AR A B asthes were
reFiHCQQ% withpstatisticet aighifisapee @wdssnhibitiosr) @s tieg5® mg/kg dose level.

activity on FLT3 target nodul ati on was nore pronounced

' idnl than RS4;1 1 cells as were the effects of
bf Mélle in cell cytotoxicity/proliferation assays.

(024 Th- £y pel 22051 2bBivaBL K iRLS T EkINGes Sraiing pedavays
imiptiatedtio twmot-tell 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 (Bcr-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. Clin Cancer Res. 10:4233S-
4237S (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).



reasoned that FLT3 ITD W4;1 1 cells have _
gggstbiet utively active signals (Ras, STAT5) which drive
weels/oprded i feration, and differ from FLT3 W (IRSHDS2029/002979
cell's which can sustain growth |Edepe22ggémo1; FLT3
[ [ nd/or may rely on other o
S;E Ihxgills?nManam' Y. gt al?/, Bl ood, 102: 2969- 2975
(2003); Kiyoi H et al., Oncogene, 2 1:2555-2563
(2002); Spiekermann K. et al., Cdin Cancer Res.
9: 2140- 2150 (2003). [0219] Fhd results fromin vivo

have denonstrated that Conpound 1 has potent
[@g;é?iuets y ngnmndbbtsfe smjliltargeiadklrmsé idhibiteriwitAtriRfoRMIar

p%ﬂ%&%gﬁf s Stéﬁgﬁ%/u%hcivﬁtﬁcm o lfgll \élg‘}qqg)?&@era%%u;ndd

I ni cal

amqgemems Bmdielnﬂyaltmﬁasé(é%ysa‘tféiné’h’ét té‘iﬁal?éortq%gﬁ& 1 has

1 was shown to substan

p%%ﬂﬁa‘?tté’lﬁlré&a@ i %S(i@aoeo fah M) ERKei activiiv o1 Cbnhpmmd81 (ljn two
letiR&BRS calR] M'egtvl/é’ep cﬁ%&i@?&e%gti’éggrﬁaﬁ?@gf%?% gﬁ% d\?l\r/] 4;11

was sustain Int

(F&TRdT®) @ﬁngs‘ﬂ ru(FLITRI WT<)|0®©$n;§lfur@01Tm¢r§thn to reduce FLT3
eff cts were al so evident fromtuno

pfﬁls@b §g’é§ R '6‘9%/ oﬁﬁglegeﬂg%'ﬂte’ﬁ§@ﬂeprRRﬁr f’@lngImOIecalalranEVIty in

collos IApIHD, CHRGRRP 9 MG BB S i ARSSH KE L

12dasof treat ment.

glpc%g in nytogamﬁ)MAF&@ aed §'Ib4n'§5 pa‘rhﬁve@ls$ boﬂL I i;éhb‘h?é*ors in cell
ossi bl €

pr&‘l‘uf&@tﬂewﬁ\g&/ y'ﬁg @?tl\@a,ﬁ;bﬁh‘g3 tanget masiulatiorawas

pot ent

mcrmcmbnumycea]‘ insi\/4e MTtrFéinr RSk; 1N&d kI 44 \ﬁgﬁe&{he %qc&s of Compound

th _inhibition of other
1 'E'p?'gﬂ t bﬁgﬂ%mmtmn @issays s Sirhitr duffélrehtlél efeddts agbal |

T RN F CSF- 1
LT P b e ol paitas.
carbe neRsaitd mett)FLél'wmn}MwEﬁéél?é Bale Eé‘ﬁ?ﬁﬁutn?éf)qa E\?eospnals

ar ponstrates that Conpound can’ in
(RES S TAT AR Ve el fexmtion, andi differ from LT3 wm?jsunl 1)
on.of. secrete

e A LA o R R Gp o i T4 BPRtio Rt dar may rely
on other oncogenic pathways Minami Y. et al., Blood, 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. Biological 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



(i ncludi ng endothelial cells) may inhibit

proliferation and survival of these cells. Ferrara N
werooalosiddiNat Med., 9:669-676 (2003); Conpagni PCT/E52086/002979

Cancer Res. 60:7163-7169 (2000); Carneliet P. Nat

Med., 9:653-660 (2003). Additional activity of

Compound 1 in solid tunmors nay arise fromits potent

ef fects agai nst PDGFRb by in?agflng perlc?/teduring

recrui tment and maturation o ood vessels

angi ogenesis. Carneliet P. N8- Med. 9:653-660 (2003);

Gstman A. Cytokine G owh Factor Rev., 15:275-286

druptagtment. thhis p@vsubwmmwentwlamwmé&é 8f CBﬁg)o#]ngJ in the

MPAR? 5e] AL e from diée st dnibiientat FLTS ipatenbinatioroith
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di sease % direct anti- ‘erati v

ansgga;qpaesaa E@F%‘DMIWHPD@FI%&Q?@ERH eanha ,csrmwalwml potently

ikt CoBitiingoh) Comibeindr! Bae<T0 bk arfidly agmbsRVEGF1/213
kin@Sed, Hfbthe dé@é%@ar?&&@ﬁoﬁé’cr&t% t%%&ﬁﬁg%l‘?@ﬁ cad?)diahlblt

target jnhibition of Conpound 1, inter tent

aoerine Virdak leveleeinuMyd; bf inodtrp cultdres. vhr\evcsatam@e (t)r %aracrme
und,1 denpnstrate
o P VE BB et O Laney G 6C moy Sepmpbl
(lnglud;mg eosioiivial b@ls@@ﬁ@ﬁhh?dlt yﬁr@hfé‘rém gh& sﬂﬁﬁvé]%f these cells.
FERE Nopealh Rl Hed n Bia0y5 26 (2085 Commaoni &1 of GboGanasrcRos,
6RPY63.7960/(POGOY. gl PeNaP FARA 4883 Yool HBALIERLELS)

found to be e y sensitrve 1¢

adjivity of Gesmpounidntiimgalicetuenare Ineapatisé froht RO pbaIe @ffeetstﬁamst

as. sone AML patients have been sh

ettin

P %F‘Kﬁc @%Qﬁp%ﬂ' {oris FeqiiimeRt and @athfﬂtl@ntdrmo@dawisais
t | - @'%
by bl Tesmefl 0 Vg b i o200, (RORN
CMJ(mprﬁ@mﬁﬁcﬁa@ths‘ﬂ@w tha: I2l75|-28ﬁ (@004holn the AMLCEMhMbéIéI we
SSi on dr trapsporters such as

de‘éﬁér}é)g?éé% ‘rt’IJg) e(?ﬁ'ﬁf)ggpd ﬁd \gﬁ%&lrﬁlvlaﬂgp Mige and in some mice
eradicated disease. This represents the potential of Compound 1 to eradicate
both circulating blasts and BM disease by direct anti-proliferative effects or
regulation of bone marrow angiogenesis, which may play a role in blast survival.
Carow C.E. et al., Blood, 87:1089-1096 (1996); Drexler H.G. Leukemia, 10:588-
599 (1996).

[0220] Based on the pharmacology and target inhibition of Compound 1,
intermittent and cyclic dose schedules of Compound 1 were studied. Alternate
dosing schedules of Compound 1 demonstrated similar activity compared to
daily doses of Compound 1, suggesting the potential for flexible dosing regimens
in the clinic. Multiple doses of Compound 1 were able to continually suppress
growth of tumors and any recurring tumors after cessation of treatment were
found to be equally sensitive to re-treatment with drug. These findings are
relevant if translated in the clinical setting, as some AML patients have been
shown to relapse on treatment with kinase inhibitors despite continued



bi ndi ng domai ns of the enzyne active sites that

interfere with drug binding have been shown to
w@orcesat® W th resistance to kinase |nh|b|torBCTnB%mmm0mn9

Bagrintseva K. et al., Blood, 103:2266-2275 (2004);

Gundler R et al., Blood, 102:646-651 (2003).

Conpound 1 is not a P-GP substrate, and the durable

responses throughout the course of drug treatment may

imply that the devel opnment of resistance may be

avoi ded wi th Conpound 1. [0283% The cli nical
devel opnent of FLT3 inhibitors (SUL 1248 PKC412,

tregimenty Fiedlerid.oyt alo Blovd, (2804)t Cdols i a@/.g;%aziggﬁ Rbs, 64:6385-

OB ubblsThpEnariams Mo Bl metmbolsm anasioianetiu (va
B Ao o Stk ShPr ity OF gt the aTP

bi%’%g @%mgmiof@%@a,zymezoﬁsa sites tBt.intBefleee Withrdrag binding have

' ' t t produced .
T Oh Gt 26 BorrbI2E AR TSR Wiaad B ior. cBrgrintseva K. et
ald ellsioolp 18812266-F27E3(J00A); B fpidfer R. S/, B0 OREBUEB51 (2003).
i ni t hes ents with either cyfotoxi’c dugs o
ch'%ﬁg}mﬂg%@&ﬂ?éfpl%g? §ebglmtagand the dh@bzrl]mgﬁes}poapes glﬁ@ughout the
gﬁ?@é’tﬁﬁ&iﬂ t nhi bi.t r wi
Cd;ug%?? f gl:l}Ja acti vi tnéa%ﬁﬁlﬂgﬁﬁgﬂg\lﬁ%%@pmw q?(S?%?,tﬁ”ﬁetm%y be
avpidasbyith &xngpodindil. warrants its clinical eval uation.
[0222] Ot her conmpounds of Structure | such as

ound tructure | B ag C were prepared as
OFRRe e e edori  rabBhfoh A core
CER701 e MLING 18)FongMLhie sttt egﬁ#q BF\&S@':?.S?D“F %l &38 etal., Clin.
4- amino- 5-f | uor o- 3-_ [6- (4-methyl pi perazin-1 -y1)e1"

CalioRE R B4 5476 (30030 iuetlor Y 1ot 4. Biood T2008) Biseé FoM. ef

: e.alsg useful in _
o s AL PGSR SBOTRE AL 5R B, el b 0:aess.
36761{2064); DeArigeto Dhlinstia,, BisbdoY 0265EPI5Y. 28 RHEAbA BF 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 described 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-2-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.



[0223] All docunents or references cited herein are
hereby incorporated by reference in their entireties
wap@oefsrs4ml | purposes as if fully set forth  PCT/US2006/002979

herein.[0224] It is understood that the invention is

not limted to the enbodi nents set forth herein for
illustration, but enbraces all such fornms thereof as

come wWithin the scope of this docunent. CLAIMS What is
clainmed is: 1. A nethod of treating a subject having a
met ast asi zed tunor, conprisi®§- administering to the
[@%ﬁéect a conpound of Structure |, a tautoner of the

ound, ltds Mﬁ‘dﬁfﬁi@@@fhaﬁd?dl} mmﬁepgﬁgf)ﬁlirﬁﬂﬂ t&lfhe% ﬁﬁ,bodiments
: euti ca acceptable salt o e

R oo IR SIRAEH &b Ropliafes al e forms ihereotmoopme
within the smopeadf thiseldcoien Ng Structure: wherein, Rl is
sel ected from strai ght or branched chai n al kyl groups
having from1 to 6 carbon atons, and further wherein,
the growm h of the netastasized tunor is inhibited

after adm nistration of the conpound of Structure |

the tautomer of the conpound, thepharnmaceutically
acceptabl e salt of the conpound, the pharmaceutically
acceptable salt of the tautoner, or the m xture

thereof to the subject. 2. The nethod of claiml,
wherein RL is a methyl group, and the conpound of
Structure |I. has the Structure A 1A 3. The nethod of
claim1, wherein the conpound is adm nistered
systemcally. 4. The nethod of claim1, further
conprising adm nistering a second agent to the

subj ect .
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5. The method of claim1, wherein the |lactate salt of
t he conpound of Structure | or the tautonmer thereof is
wadiveossitered to the subject. 6. The net hod of pcl/asrmd02979
wherein the tunor is nmultiple nyeloma and the subject
is anmltiple nyeloma patient with a t(4;14)
chronosomal translocation. 7. The nethod of claim1,
wherein the tunor is nultiple nyelom, the subject is
a multiple myelonma patient, and the nultiple nyel oma
expresses fibroblast growh f8%tor receptor 3.8. The
met hod of claim 1, wherein the tunor is nultiple
nmyel oma, the subject is a nmultiple nyeloma patient,
and the nmultiple nyel oma h@LAIMSast asi zed to a bone of
the patient. 9. The nethod of claim4, wherein the
Whaldadlaamedtisi s for the treatment of ost eoporosi s. 10.
The nmethod of claim 1, wherein the tunmor is multiple

nyel oma, the sybje a multiple myel onma patient,
and the pati en%‘ h‘?ﬂ"éf’* featinga S‘#h@%@‘ﬂﬂﬁ We&%aiﬁztid tumor,
iel | |
cohpriging: BEmMinistERing & tﬁé% e@’ 8 c%ﬁﬁf&{hgiuc{)(em X pped %rl%utomer of

the subject is anTacute e ogenous
tr@comﬁ@um@tehQhama@adicaﬂmacw'pﬁabhemaiﬂm‘ therompcun, a

T od of clalml wher ei n
phftfocufihfy biERTanh sl HinETaN0meE! ace Rutuse tharapty 1
wherein the tunor has netastasi zed to a bone in the
subject. 15. The nmethod of claim l—whgrein the

subject is suffering from and/or
froma breast car;:cer, aNprost ate

aliver

I=

wherein,

A is a group having one of 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 is inhibited after

administration of the compound of Structure |, the tautomer of the compound, the



cancer, or a lung cancer. 16. The nethod of claim1,
wherein the tunor is prostate cancer and the subject

WO 3008/0pr4@5t at e cancer patient. 17. The net hod BET/TEENN6002979
1, wherein the tunor is prostate cancer, the subject
IS a prostate cancer patient, and the prostate cancer
has netastasized to a bone of the patient.18. The
nmet hod of claim9, wherein the second agent is a
bi sphosphonate. 19. The nethod of claim1l, wherein the
tunor is prostate cancer, thd&6subject is a prostate
cancer patient, and the patient is a human. 20. The

14 pmahhgde@tfcacnyaaceeésabwgélﬁbﬂthte%rﬁmrﬁftthé@hanhaaaﬁhcaﬂ

. The nethod of claim4, wherein the second agent |s
15 a&ﬁeatabie:aait: ef thedartomenz or theemidureiheseofdbdhensapject.
wherein the conpound of Structure is adm nistered
orally. 2 A t.
taut omer o thggp.'(;%oﬁ)'Ea’f)hg)rg‘:dEI ﬂiQHﬂgr% f%lrﬁfgagraf)'ngthy?group, and

tlae cemipabhd czfaStmotljretlmasdhe'fSIKUWreaAphar maceutical |y
acceptable salt of the tautoner, or a m xture thereof,

in the preparation of a nedi canent for ating a
nmet ast asi zed cancer in a sub wheyei n, is a

group having one of the fol

N

wher ei n, ,'< A unmor in the subject is
i nhi bited '

Structure he tadt onmer of the conpound, the

3 IA

3. The method of claim 1, wherein the compound is
2  administered systemically.

4. The method of claim 1, further comprising administering a
2 second agent to the subject.

1 5. The method of claim 1, wherein the lactate salt of the
2 compound of Structure | or the tautomer thereof is administered to the subject.

1 6. The method of claim 1, wherein the tumor is multiple
myeloma and the subject is a multiple myeloma patient with a t(4;14)
3 chromosomal translocation.

1 7. The method of claim 1, wherein the tumor is multiple
myeloma, the subject is a multiple myeloma patient, and the multiple myeloma
3  expresses fibroblast growth factor receptor 3.



pharmaceutically acceptable salt of the conpound, the
phar maceutically acceptable salt of the tautoner, or
WO b@oosmttire t hereof to the subject. 24. The uBeT/v§2006/002979
claim 23, wherein RL is a nethyl group, and the
conmpound of Structure | has the Structure 1A A 25.
The use of claim 23 wherein the nedi canent further
conprises a second agent. 26. The use of claim 23,
wherein the lactate salt of the compound of Structure
| or the tautonmer thereof is-8fsed to prepare the
medi canent. 27. The use of any one of clains 23-26,
wherein the cancer is multiple nyeloma and t he subj ect
is a nult i&al e nihel methqobofi adaim 8 whegein (He tuthor is multlple

Ry SOE: B e GHIS comipRoyaiases bRST Arghe M rayeloma

hbhenémbtﬁied@@bwéfdfﬂ@ H&itoma patient, and the
mul ti ple nyel oma expresses T1 brobl ast growth factor

receptor 3. 29. The use of any one of clains 23-26,
wherein the cancer is nmultiple nmyelom, the subject is
a mul tipl & nyelldampthadesfiiclaignd, wherei ihe seeond agentds for the

tr@?ﬁngﬁﬁ&s&qé fso a bone of the patient. 30. The use
0

any one o CPa%s 23- 26, wherein the cancer is
mul tiple nyeloma, the subject is a nultiple nyel oma
patient, and the patient is a human. 3 1. The use of
any one oflOcl ailine petiodl, ofwdiaimet ,rwhemiru:me:rnmrsisanuutiple

"ﬁ{?ﬁ'ﬁgeﬁ@u tp%ﬁﬁ%%rﬁhl‘ggﬁd@&g%rﬁau BEte nt, and e pa{tJ ent is a human.

11.  The method of claim 1, wherein the tumor is acute
myelogenous leukemia, and the subject is an acute myelogenous leukemia
patient.

12.  The method of claim 1, wherein the tumor is a hematologic
tumor.

13.  The method of claim 1, wherein the tumor is a solid tumor.

14.  The method of claim 1, wherein the tumor has metastasized
to a bone in the subject.

15.  The method of claim 1, wherein the subject is suffering from
and/or the tumor is selected from a breast cancer, a prostate cancer, a liver
cancer, or a lung cancer.

16.  The method of claim 1, wherein the tumor is prostate cancer
and the subject is a prostate cancer patient.

17.  The method of claim 1, wherein the tumor is prostate
cancer, the subject is a prostate cancer patient, and the prostate cancer has
metastasized to a bone of the patient.



32. The use of any one of clains 23-26, wherein the
cancer is a hematol ogic tunor. 33. The use of any one
w@booslosi4ns 23- 26, wherein the cancer is a sol i BCT/URING/002979
34. The use of clainms 23, wherein the cancer has
net astasi zed to a bone in the subject. 35. The use of
any one of clains 23-26, wherein the subject is
suffering and/ or the cancer is selected froma breast
cancer, a prostate cancer, a liver cancer, or a lung
cancer. 36. The use of any o#8-of clains 23-26,
wherein the cancer is prostate cancer and the subject
T isapr ost & e dhecmethmat ofcciaindd, wibeein ite sécary aget ioh
2 gEE 6 wherein the cancer is prostate cancer,
Jject’ is a prostate cancer patient, and the
prostate cancer has netastasized to a bone of the

patient. 38, Thheumettld Gruainne, Wﬁe@n@'tﬁ@ttﬁﬁd%@ rostate
cancer is prostate cancer, the subject 1's

wher e n

2 CQ"B? lzblgﬁfrf@j@r Progtate pancemprtians, and thﬁwlt)ahlezntas B Unmman.
39. The use of claim25, wherein the second agent is

1 for the tpgatmape t | of
cl ai m 39 wherein tlﬂét@gcon ggﬁn\tﬁheé% ﬂbe’hglf)tﬁ%gtdﬁ&%"fr@?n'
4 1. The use of claim25 wherein the second agent is
an anti caRder dfermethod of claim 4, wherein the second agent is an

2  anticancer agent.

22.  The method of claim 3, wherein the compound of Structure |

2  is administered orally.
1 23.  Ause of a compound of Structure |, a tautomer of the
2  compound, a pharmaceutically acceptable salt of the compound, a
3 pharmaceutically acceptable salt of the tautomer, or a mixture thereof, in the
4  preparation of a medicament for treating a metastasized cancer in a subject,
A
F NH, N\

AN N

N O

H
5 |
6  wherein,

7 Adis agroup having one of the following Structure:
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WO 2006/081445 PCT/US2006/002979
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—g—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 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.

24.  The use of claim 23, wherein R' is a methyl group, and the
compound of Structure | has the Structure 1A

N N—CH,

F NH, N n—/

/

Iz

IA

25.  The use of claim 23 wherein the medicament further
comprises a second agent.

26.  The use of claim 23, wherein the lactate salt of the
compound of Structure | or the tautomer thereof is used to prepare the
medicament.

27.  The use of any one of claims 23-26, wherein the cancer is
multiple myeloma and the subject is a multiple myeloma patient with a t(4;14)
chromosomal translocation.



WO 2006/081445 PCT/US2006/002979

-90-

28.  The use of any one of claims 23-26, wherein the cancer
is multiple myeloma, the subject is a multiple myeloma patient, and the

3 multiple myeloma expresses fibroblast growth factor receptor 3.

29.  The use of any one of claims 23-26, wherein the cancer
is multiple myeloma, the subject is a multiple myeloma patient, and the
3  multiple myeloma has metastasized to a bone of the patient.

30.  The use of any one of claims 23-26, wherein the cancer
is multiple myeloma, the subject is a multiple myeloma patient, and the patient

3 is a human.

1 31.  The use of any one of claims 23-26, wherein the cancer
is acute myelogenous leukemia, and the subject is an acute myelogenous

leukemia patient.

1 32.  The use of any one of claims 23-26, wherein the cancer

2 is a hematologic tumor.

1 33.  The use of any one of claims 23-26, wherein the cancer

2 s a solid tumor.

34.  The use of claims 23, wherein the cancer has

2  metastasized to a bone in the subject.

1 35.  The use of any one of claims 23-26, wherein the subject
is suffering and/or the cancer is selected from a breast cancer, a prostate

cancer, a liver cancer, or a lung cancer.

36.  The use of any one of claims 23-26, wherein the cancer
2 is prostate cancer and the subject is a prostate cancer patient.
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37.  The use of any one of claims 23-26, wherein the cancer

2 is prostate cancer, the subject is a prostate cancer patient, and the prostate

cancer has metastasized to a bone of the patient.

38.  The use of any one of claims 23-26, wherein the cancer
is prostate cancer, the subject is a prostate cancer patient, and the patient is a

3  human.

1 39.  The use of claim 25, wherein the second agent is for the

2 treatment of osteoporosis.

1 40.  The use of claim 39 wherein the second agent is a

2  bisphosphonate.

1 41.  The use of claim 25 wherein the second agent is an

2 anticancer agent.



