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SUMVARY OF THE | NVENTI ON [ 0019] The present invention provi des nethods
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approximately 7% point mutations. Yamamoto, Y. et al., Blood, 97:2434-2439
(2001); Thiede, C., et al., Blood, 99:4326-4335 (2002); Abu-Duhier, F.M. ef al.,,
Br. J. Haematol., 113:983-988 (2001). Furthermore, there is considerable
evidence that implicate FLT3 ITD mutations as a negative prognostic in AML,
correlating with increased disease relapse, and decreased overall survival.
Thiede, C. et al.,, Blood, 99:4326-4335 (2002); Schnittger, S. et al., Blood, 100:
99-66 (2002). Given the relevance of FLT3 mutations in AML, a number of
targeted approaches utilizing small molecules kinase inhibitors/antibodies to
FLT3 are being currently explored in preclinical or early phases of drug
development. Brown, P. et al., Eur. J. Cancer, 40:707-721 (2004); O'Farrell,
AM. et al., Clin. Cancer Res., 9:5464-5476 (2003); Weisberg, E., et al., Cancer
Cell, 1:433-443 (2002); Smith, B.D. et al, Blood, (2004); Kelly, L.M. ef al,,
Cancer Cell, 1:421-432 (2002).

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



wher ei n,

groups having fromlto 6 carbon atons.

Rl is selected fromH or straight or branched chain al kyl

0021] I n various enbodi nents

of the net hods of the invention the gréwt h of the cancer or the

nmet ast asi z
adm ni strat

he subject) is inhibited after '
um)r ; "31 }’P g%% éimr@,l-. R, pps 647R4 (2P00) ikawgbi- and

t he conpou Df(tldﬁ BSt OEE, W€ ahd 'Tlﬁfﬁaﬁﬁ‘,‘?\n.,St"fﬁjé:lE{ereoflF/?bro%l{as} BrSHR Rdctors and

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

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

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



| A [0023]1In sonme enbodi ments, SI is a hydrogen, and the conmpound of
Structure | has the Structure IB / \ NNH\/ 1B [0024]1n sone
enbodi ments, al is a nethyl group, and-Bhe compound of Structure |

has the Structure IC -12-
antithyroid activity of other 4-hydroxy quinolones and thio analogs such as 1H-2-

ox0-3-(2-benzimidazolyl)-4-hydroxyquinoline. Ukrainets, 1. et al., Khimiya
Geterotsiklicheskikh Soedinii, 1, 105-108 (1993); Ukrainets, I. et al., Khimiya
Geterotsiklicheskikh Soedinii, 8, 1105-1108 (1993); Ukrainets, I. et al., Chem.
Heterocyclic Comp. 33, 600-604, (1997).

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

families.

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

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

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



z N CH3 I C [0025] Ot her enbodi ments provide net _hod§ of
treating a subject having a netastasized tumor conprising: R
contacting the netastasized tunor wth-8-compound of Structure I|A,

, : > q
: 6] 1 n sone enbodi nents, the conpound is adm nistere '
g; S{ eC mi [Cg|0| .reBy incorporated by reference in their entireties and for all purposes as if fully

set forth herein: U.S. Patent No. 6,605,617; U.S. Patent No. 6,756,383: U.S.
Patent Application No. 10/116,117 filed (published on February 6, 2003, as US
2003/0028018 A1); U.S. Patent Application No. 10/644,055 (published on May
13, 2004, U.S. Patent Application No. 2004/0092535); U.S. Patent Application
No. 10/983,174; U.S. Patent Application No. 10/706,328 (published on
November 4, 2004, as 2004/02201 96); U.S. Patent Application No. 10/982,757:
and U.S. Patent Application No. 10/982,543.

| B

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

SUMMARY OF THE INVENTION

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

[0020] In one aspect, the present invention provides a method of treating
metastatic cancer in a subject, such as a human cancer patient. In some
embodiments, the cancer is breast cancer, liver cancer, lung cancer, or prostate
cancer. In other embodiments, a method of treating metastasized tumors is
provided. in other embodiments, a method of treating a subject having a
metastasized tumor is provided. Additional embodiments provide methods of
treating hematologic tumors. Other embodiments provide methods of treating
solid tumors. The methods include administering to a subject an effective
amount of a compound of Structure I, a tautomer of the compound, a



More particularly the conpound of Structure | is adm nistered orally
or intravenously. [0027]1n sone enbodi nents, a second agent is

adm ni stered to the subject. Mre parti‘"éhl arly the second agent is
for the treatnent of gsteoporosis, such as -a bi sphosphonate.- | n-other
enbodi ment PAEaGelisHly agesntable salt cithe cempeunda gepttarmpoeRaklpy some

enbodi nent [ f.otructyre |, 1A IB, or
G and. t el oo enro oo 1Bl Tt normit Sletis | s the
admi ni st er dellaving fiermuldyj ect . [ 0029] I n sone enbodi nents, the tunor is
mul tiple nyeloma and the subject is a nmultiple nyeloma patient with a
t(4;14) chronosonal translocation. Mre particul the tunor is a
hemat ol ogi ¢ tunor. [0030] I n sone enbodi nent thextumar is nmultiple
nyel oma, the subject is a nultiple nyel oma and the multiple
r 3. -13- [0031]In
pTe, the subject is a
el oma has net ast asi zed
e marrow. [0032]1In sone

t he subj ect

sone enbodi nents, the tunor
mul tiple nyel oma patient, ar
to a bone of the patient
enbodi nents, the tunor i $

wherein,

A is a group having one of the following Structures:

—%—N N—R! or —%—N N£R1

_/ /

wherein,

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

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



is anultiple nyeloma patient, and the patient is a human. [0033]1In
sonme enbodi nents, the tunor is acute nyel ogenous | eukem a (AM.) and
the subject is an acute nyel ogenous | etkleni a patient In sone such
enbodi rrents[ O%ﬁe subject is a mammal which, in sone enbodinents, is a
human and ilf%%ther sl AoBRERPoainests, R' is aowtyl greup, 4nddBd compsang of
enmbodi ment Birddigret|HRthO'SHERAGEIAI S Sel ected froma |iver cancer, a

| ung cancer, or a breast cancer. [0035]In sone enbodi nents, the tunor
is prostate cancer, the subject is a prostate cancer patient, and
the prostate cancer has netastasized tg=a\pone Wti ent .

[ 0036] I n sone enbodi nents, the tunor } afje can ciihe subj ect
is a prostate cancer patientyHand N+TeNQ gnt 1§ a man. [0037]1n
one aspect, the inventilon pr Sse of a conmpound of Structure
I, 1A 1B, and/or 1C,
acceptabl e salt of tf

ovi desjl t he >
; L e conpound, a pharmaceutically
a pH%rnaceutically acceptabl e salt
of the tautoner, or |a ure thereof in the preparation of a

medi canent or a pharnegcedtrcal-tgynul ation for use in any of the
enbodi nents of any of the neﬁhodscbf t he invention. [0038]1n anot her
aspect, the invention provides a kit that includes a container
conprising a conpound of Structure |, IAA IB, and/or IC, a_ tautoner
of the conﬁfund, a pharmaceutically acceptable salt of the compound,

a phar macelfl28hI 1y alpcwmabimbodinhdntsR' e liyalb@are andahe Boffipblita 8f
thereof. TRg Kitke I has the Structure IB

N NH
F NH, N\ \ /

IB

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



-14- may include another conpound for use in treating a netastasized
cancer or a tunor. The kit may further_uj%cl ude a witten description
with directions for carrying out ay of the nethods of the invention.
I n some enbodi nents, the witten description may be ingluded as a
paper docunent that is separate from tfAe—ctQntai p’er (0} § fhe Kit,
whereas in other enbodi nents, the vvri ptionnARysHQe written
on a |label that is affExed tigHt he i ne e kyt. [0039] Furt her

obj ects, features and advanta g—TTivention W ll be apparent
fromthe foll ow ng deitey i,@h and draw ngs. BRI EF

DESCRI PTI ON OF THE IDRA ’ O®¢0] FI GURE 1 is a graph showi ng that
SCI D- bei ge m ce inj -11-luc cells and treated with
4- am no-5-fl uoro-316>~4 pRper azi n-1-yl) -

1H benzi m dazol - 2-yl ] qu ) -one (20 ny/ kg/d) exhibited a
significantly | ower nean photon count than those treated with
vehicle. [0041] FI GURES 2-5 are graphs I¢howi ng the antitunor activity
of 4- '

anmi no- 5- f | {Q5125] 346- (@theetcmbadiraentezirevide Yibih ' daaggJ in
ol i n2(1|—|)-&ga§%§n€§ nd 1) in.a s_ugjcut aneousédﬁaﬁfgg%é@ no é?&]o-%bihg%n
MW4; 11 or 54SI¢ I CQMPHRING: icanigefing Meomeiastasizer tGURE vt aw4; 11
or (Fl GUREc8npBSHd dilstrettufe MENE of M@l anted s.c. into the right flank
of SCID-NOD nmice (n= 10 mice/group). In M4; 11 studies, Vehicle (0)

or Conpoun t doses of 1 (0), 5 (A, or 30 (m ng/kg/d for 15 days
was adni ni &Oépﬁd or P|W%@WE9®%,\%¢ gompgen isneBiministérsd sydtemically.
studi es, VeloreparticQlar9th&esmBEMH &f A 3;@ m, 100
(+) or 150 (0 rTgLéﬂll(g/g for 89dlé1ys mg@uggﬁqﬁlsgpgﬂ@aéfi%daﬂ y\g?/ﬁen tunors
were' - 300'”&@%@”% YSURE 4) Effect of daily, intermittent and cyclic
dosage regi nens of Conpound 1 on the efficacy of Mv4; 11 tunors.

Conpound 1j0pag] adm nhshaiecsh f..30 ng/ kg eifher daily
(M, ever y[ ot h]er day/ q_.ﬁ*_f d. ?‘?@Hgﬁ tsg%c%cgﬂégggg}t '8@5%'31‘3 et{l){qtﬁ(ex) .
( Fl GURE 5)subjeas. More particularly the second agent is for the treatment of osteoporosis,

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

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

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

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

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

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



Compound 1 induces regression of |large M4; 11 tunors. W4; 11 s.c.
tunmors (n=10 m ce/group) were staged at 300 (A), 500 (.)or 1000 (4)
ns. Data are expressed as nean tunor vidhune -1 SE (n =10

m ce/ gr oup) %{)042] FIGURE 6 is a graph show ng that

4- ami no- 5- PP Ho- 346 I gome embodiments, the tumor is multiple myeloma, the subject

met hyl pi perigai I|n 2

( Conmpound f?ép@%l@lgl%%y%ﬁb@l va}em g ﬁ@@"ﬁ%% é‘nﬂ"@t@ﬁ%f‘%@%%
W4; 11 cel I@nequﬁb@pah@dssdhﬁsmmm mwarewi npl ant ed with Ww4; 11 (1
x 107 cells, i.v.), i.v. Treatnments were initiated on day 23,

i sti h 4
dai Ty (1) B o LEGng Kibeiionis) 6 umay By Mk migees hesibmtce

eliciting darimuliplgmsyaidmaipatient, ahd fray patiehit & #hupar heal th condition
were euthani zed. FIGURE 6 illustrates Kaplan-Meier percent survival

- =1 043] FI GURE 7 jncl ud h
showi ng 1 ndtodua TSRS sOTSRLARE: b useh e temeelacnoRs BuReme
abdoni nal , (&Waaddi'lé &@Jamteﬁan@f:umd?elﬁgéﬁou%%érﬁ@ Pt tﬂ‘ﬁﬁ?}ﬁé g o

cells and te treatte ehicle, taxal, or npoun graphs
show t hat tr diraggts é@%mmammasms@)m@em@nbmwm fsand to

nhi bi t PChaMdanwdqhQﬁmsmeéFn%dﬂ'}ﬁeht@.ﬁéF ks dihgyrowth of PC-3M Iuc

cells that have di ssem nated into bone RE 8 is a graph of
tunor volu ﬁgr sus the treatment day. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [@6’ ] The 1Briome ¢ HQ@?ﬁﬂt%ﬁhwwwd@rscamshmlwed fromt a fer

nmet ast at i CcamdEres gur@aggdcgploaralbf gsi zed tunors, such as
met ast asi zed mul ti pl'e myel oma an rret asta5| zed prostate cancer. The

i nvention ﬁjél%g pr ovi des t he use of conmpounds, tautoners, salts, and
m xtures t bt in Pr?é’”iﬁ%fﬁﬁp‘é*m% dhe mrdamuﬂttatemanphartmmsm;mtdal

Lurors or Bone A o et Dt aiit e oo G6E HrrsPRaY hitpdedat i bare ohs

and def i ni fed@fieBke used throughout this application:

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

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

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

[0038] In another aspect, the invention provides a kit that includes a
container comprising a compound of Structure I, 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



[0047]"AML" is an abbreviation that stands for acute nyel ogenous
| eukem a. [0048] "ALS" is an abbrevi ation that stands for anyotropic
| ateral sclerosis. [0049]" i s an abbtevi ation that stands for
Al zhei mer Di sease. [0050]" APP is an abbreviation that stands for
amyl oi d pr emaysuauge anether cqropsaid fasaTe in iseatingehmetasiagizechcanrar or a

st ans o1 Qi) 99918 SAPLGRLIN ISR 1ok OUTBA N ol o

abbrevi ati oa:ammg ostandﬁhémetba@é ofthggﬁz\gmhaﬁ.t Irgs:gvael; han’ﬁl:lma:![irlnﬁrrlltst tri:e
0054] " FGFRL"

L Cands for it 8SRRR HiStbe Rofideflas 2 nansr fOCHTCAL I By Saasts rom

grow h factipe doftaindit%he kitdgheteasd i ﬁﬁeﬂ&hbé&hﬂiﬂt@ Mhé Paitieh (RBEFHtioRr

cell division cycle 2. [0056 'Cdk 2" is an abbreviation that stands
for cyclin @@M@ﬁd@merkcprhaé%bekthat is affixed to the container of the kit.

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

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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



[0057]"Cdk 4" is an abbreviation that stands for cyclin dependent
ki nase 4. [0058]"Chic 1" is an abbreviation that stands for
checkpoi nt kinase 1. [0059]"CKle" is a-Berine/threoni ne kinase that
stands for Casein kinase 1 (epsilon). -17- [0060]"c-ABL" is an
abbrevi at i o(horrnpouad thyindisiesaregiessisr of aye MahUis tdmorsaM\entpgentimors

| ated f t he Abel | euk
[0061] " & kii=1 gnikploBueR e SPGPaihCOBI ) 400 68) Pctsph i) o neta e

f h
71 br obl st GPauhaereen ARHR! e 2 3 WP bRABE 063 - Forrar i s

an abbreviation that stands for the tyrosine kinase fibroblast growh
factor recdff42] 3 t h&GIREOE isa gepirshesdng that drarinptBfiogretBeatdy pe

Cancers.  methylpiperazin-1-yl)-1H-benzimidazol-2-yljquinolin-2(1H)-one (Compound 1)
prolongs survival of SCID-NOD mice bearing intravenous MV4:11 cells.
Irradiated SCID-NOD mice were implanted with MV4;11 (1 x 107 cells, i.v.), i.v.

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

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

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

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

DETAILED DESCRIPTION OF THE INVENTION

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



" " iati fetal |iver tyrosine
0064] "Fl k-1" is an abbreviation that stands for f¢ |
Li nas]e 1, also known as kinase-insert domain tyrosine kinase or KDR
(hunan), al so known as vascul ar endot helf-al growth factor receptor-2

human), Fl k-1 (nouse)). [0065]" FLT-1" is an
glr)bygxﬂ: Stz i &ﬁ%gt ust 3'}96@’!%'\””9 Abbreviadiong modideinkionaare uded kayHEODWN

i jhal growth factor receptor-1 or VEG-RI. _
?So\égfggtﬂtg?%hg@dgﬁbrgvi ation that stands for fnms-like tyrosine
ki nase- 3, I4so known as stem cel|l tyrosine kinase | (STK1).
[0067] * FLT0H]s an AW Lipian Rreviation Hiahstimds dor dotke riyeoderibas! ne
ki nase- 4, |@li@miknown as VEGFR3. [0068]"Fyn" is an abbreviation tha
stands for FYN oncogene kinase related to SRC, FGR, YES. )
[0069] "GSK-3" is an abbreviation thgt stands for glycogen syn]'E ase
kinase 3. Q& [ 007LS%Ran"abbse\iationkthatstands for aiiy@troplcanisall o a

ki nase al s@clpy as

[0049] “AD” is an abbreviation that stands for Alzheimer Disease.

[0050] “APP” is an abbreviation that stands for amyloid precursor protein.
[0051] "ASCT" is an abbreviation that stands for autologous stem cell
transplant.

[0052] ‘BM" is an abbreviation that stands for bone marrow.

[0053] "‘bFGF" is an abbreviation that stands for basic fibroblast growth
factor.
[0054] ‘FGFR1", also referred to as bFGFR, is an abbreviation that stands

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

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

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

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

(epsilon).



di shevel ed associ ated ki nase, al so known as HDAK. [0071]"Lck" is an
abbrevi ation that stands for Iyrrphocyte specific protein tyrosine
ki nase. [0072]"MEKL" is an abbreviationl®hat stands for a serine

t hreoni ne Kki nase in the MAPK (Mtogen activated protein kinase)
signal trarl886@k i on perABAAYs #mabbrevtatibe formtyrosing hlnaseitlia‘t stdifis for an

| ul l ted
K nase) [EE%“'?3%%2’1%9%%"3&3.3@%5@%? A R

eloma. [0074] "NEK-2" is an abbreviation that stands for H M A
%l at ed kl[ r{a@@h [oomjtm”maISo.ksown asteie@m\dell facior tdaaptos on Ritst O

never in is an abbrew atlo_n t hat stands for
éq;r&z?ﬂ'ﬁfac{o \/\%%pftact or.

telet derived gro PDGF interacts with tyrosine ki nases
InggFeRaeand PDGFRfIg LfO?? "Rsk2" is an abbreviation that stands for
ri bosonal $0&Inase GfOlSml]étFméwaiim for 36 fiteblaBt GRNR PadtbrBae |
the MAPK signal .t La0 on pathway. [0079]"RTK" 1s an abbreviation
t hat stands P receptor 1yr03| ne ki nase.
[0063] “FGFR3" is an abbreviation that stands for the tyrosine kinase
fibroblast growth factor receptor 3 that is often expressed in multiple myeloma-

type cancers.

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

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

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

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

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

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



[0080]"Tie-2" is an abbreviation that stands for tyrosine kinase with

: ins. [0081]"VEGE" is an abbreviation that
I g and EG- honol ogy domains. [ A 82] 1VEGF- RTK" is an
stands for vascul ar endothelial grow h-*actor. [OogrLWth  act of

iati t st s for vascul ar endot heli al ' act

?22 LSY'O?’“ L 36%@% Ki %&&1 "lis a;@abpmmqomnbamamﬁr mwﬁ k?‘?\”g'f' g&s

to the spreishe9bletanestiaki lisadd %Hoﬁ(@ﬁﬁo%%ﬁgjﬁ{_ er Pa by wey of

body. The cancer cells are genera € Stemi y )
' ystem or bl oodstream [0084]Inhibition of the grow

of a hetaclOiILa t UHGK emebireviabon it tanesdor o bhoafto bR ot
ro he system c inhibition of cancer
Lg\r/rgro?i g%?ggg%%bi he tunor. [0085] CGenerally, reference to a

[ [ al |
certain el Fd%nt such _as hydrogen or His nmeant to include

i sot opes ot!dRat el eMF1” isan &bbmm?sn ﬂlf_llbt ﬂagggﬁifﬁi@@ggh i tﬁa?é

structure jnthe NI&PK ( itfoggufuj Piétj\{qﬁ%f‘;’o‘gqjﬁnthfﬁstps]ﬁqgngbt@@aduﬁﬁomnmwy ina

' | ude hydrogen or :
'I' rs]'f r ;i Sht ymOdgleaﬂ‘lahiedomfml of thk IRAf-NF KILFERIK AN EN ;Bﬁéyﬁ'ha)rylates ERK

(extracellular regulated Kinase).

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

factor. PDGF interacts with tyrosine kinases PDGFRa and PDGFRg.

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

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

EGF homology domains.

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

growth factor receptor tyrosine kinase.



to 6 carbon atons” refers to al kyl groups that do not contain

het eroatons and include Ito 6 carbon atons. Thus the phrase includes
strai ght chain al kyl groups such as netlyl, ethyl, propyl, butyl,
pentyl, heﬁd and the like. The phrase al so includes branched chain
i soners of [4483]i ght dhaiphrasecimetgstasis’refensdb tit syrebd tof batcdriceils fdni .

the foll ow ' ' f le: - CH(CH3) 2,
O ora) ( B EpHY Selb Dbty Ynd Bl BB Gl sproad

- CH2CH( CH3 pystpRBrily by vePaIHOEHABPRAtR syt 6f B3t Stream.

- CH( CNCH( CHB) ( CH2CF13), - CH2CH2CH( CF13) 2, - CH2CH2CH( CH3) ( CH2CHB) ,

- CH2CH2C( - CH( nd ofhers. In sonme enbodi nents,
al kyl gr oumgs i hcl ude@ﬁt%%hgﬁémﬁ%ﬁ asiasizeddHmer iyneapktonavi ng
Ito 6 car bndicatedisectinhibitibn of erhercgrawi snd/at e - 0
4 carbon akéigsw i EhSti | 1. ot PPSE{/ enbodi manl?s, thes%F'ﬁyﬁsf%@@ﬁgn%B%ﬁéé
straight chalnaICR RV cHgImated from the fwmer. car bon at oms (et hyl or
ethyl group). In still other enbodi nents, the alkyl group has only 1

car bon at ofi088]l i s aGemeraly, refepstice oG BBrtaif BRFAdht s ﬁ%%@ﬁ#&é A s
accept abl e_sal tt J nlc(Ijudﬁs salt_with an 1 norgani c base, “or &HiE
base, i nor QSAI'tCHEFH9e g,%q(%%esa%ﬁtaat Jemeat i korexanmyleli ita gmupoomtted. As
salts of i|compamdofdfifuret FTBFESH ik I Qr.e l.e, . -20-
alkal i metals such as sodrie_dr'nhﬁ(()alrrt pot e{ggﬁa%ﬁ%lasﬁgﬁ?rﬁgh' %ﬁ%?ﬁﬂ@'%ﬁ%h
as cal ci unMeieoergnbsfewesamapodinium. and anmoni a. As salts of
organi c bases, the invention includes, for exanple, trinnethylam ne,
tri et hyl anppgg pyri d ! L l.am ne, .di.et hanol am ne, and
triet hanolrtgm' n]e. Asqrsﬁééﬁ%hsra%‘?%tr%@" égﬁ?’%ﬁﬁﬁ@a%%m% havingstiemch
i ncl udes, P& caranpiams’piare hallsyl groaps that dydiod bontath Rstbbatdths Bhe
aci d, sul fiHg LG ricoacid. As |ts of organic acids,
t he inst aﬂﬁélyﬁsgﬁ?ﬁo%ﬁﬁﬁ% Bﬂ%@gh??%sr th&m*%’,"cﬁjgﬁﬁisga@if ghaig eded c
aci d, tri fdrogposest asmethyd, ethyiprdpyl, doty, pepr) ﬁé(ygggg,thg ?\Ré.aﬁédad d,
acid, malic acrd,

mal ei ¢ aci ’raé@g agi d, succinic

. TRaAEL :
net hanesul Clmc.:h c ’%éﬁ'bcqg%e&tir%h%él ¢ Isomara of sliaight ehsiniatkybarbtips ¢
L e Sadlediog b besi e ranty ! ; it utie |
?glr exanpls ngi #i méz_g@él‘ll %tﬁﬂgﬂ%’rﬂg?t II%Q% A g{d‘é}ﬂ}%\k%}‘%fc?nwp &
i ncl ude, f'§ﬁ(€[2'ghp'lcg-,?( 2GHsh o CHI(GHACHb)at AHCHa e CH,GOE@HE)), N one
t, th f i } f t ti
et e yomery o, BHELAL LTE

nmetastatic_cancer_ 1n a su ficer patient. In

some enbodPHEAteCHRE s} EibEH3), SCH&@H§®H®HQQY-CH2CV-ECHE@H§)§CH?¢H559
od o

cancer, ot @,fch angefey! odinpnts, a neth .
treating rr%ltqg?tsléts ze%“'tgﬁ’ré?é'af.bﬁyfgf%@gg?"q Hﬁ'@{%e'r" PR eMmbedinaents,
Xgé _h?q of alkybaroupg inclsdebjteaightend tltﬂﬁnghéﬂﬂyﬁ’étiﬁ @n&iy?@r%uﬁe rﬁgg,inps, @rvi ded.
itiona nts provide methods of treafinhg hemat oPogic
t unors. Qhﬁ@%g&n% iﬁ&ﬂﬁ@fﬁﬂﬂiﬂd&!ﬁemﬁétﬂhﬂgr@mp& havg frony 1stol 4 carbanor s.
The net hodoms)clinustiti caiser ethBo T ' | ther eof . an
effective am)ugtt of a co ou(ﬂg.’eg%’ gﬁ%@@?&éﬁﬂs ag‘irgakgﬁg?@n 6E‘V{Qf8“p
r

c ﬁ npound, :H%V'BSE Reccearbpr alanys fetipt ersthyl ?bfp)ofln Bﬁﬂaom_ﬁ@d iménts,
phar mac e utheCaiky| aut oner,, or xture
thereof. Str uc}t Bugrrgﬁlpﬁﬁéég ﬁlec?ré{nl] %&\nﬂr’\%ﬁgéﬁ ﬂmeg_ﬁyl areyp iclrﬂas)xher ein, A
is a groub) §'ﬂ‘” ng one of the follow ng Structures:

0 A “pharmaceutically acceptable salt” includes a salt with an

Inorganic base, organic base, inorganic acid, organic acid, or basic or acidic
amino acid. As salts of inorganic bases, the invention includes, for example,



wherein, IN \NRL \/ or 1-N( >11-1R1 , Rl is selected fromH or
straight or branched chain al kyl groups having from1l to 6 carbon
atons, and [0089]In sone enbodi nents, t#HE growt h of the cancer or the
nmet astasi zed tunors is inhibited after adm nistration of the conpound
of Struct urdkali metals such asrsedium erpotassipolalialinereariheetas sudh asl | y

oF Ehe S R P A TRGBUNEE ot R B Ba.

enbodi nent sheRivention imaudes, farecampla ndmethglattinpotiathykimifb! paidiie |

has the St rﬁ‘&élﬁﬁré,eetlhénolla'?‘nine, diethanolamine, and triesthanolamine. As salts of
inorganic acids, the instant invention includes, for example, hydrochloric acid,
hydroboric acid, nitric acid, sulfuric acid, and phosphoric acid. As salts of
organic acids, the instant invention includes, for example, formic acid, acetic
acid, trifluoroacetic acid, fumaric acid, oxalic acid, tartaric acid, maleic acid, lactic
acid, citric acid, succinic acid, malic acid, methanesulfonic acid, benzenesulfonic
acid, and p-toluenesulfonic acid. As salts of basic amino acids, the instant
invention includes, for example, arginine, lysine and ornithine. Acidic amino
acids include, for example, aspartic acid and glutamic acid.

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

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



[ [ d the conpound of
0091] I n sonme enbodi nents, Rl is a hydrogen, an
%truclure | has the Structure IB / \ NNH\/ I B [0092]In sonF
enbodi ments, Rl is a methyl group, and-3*he conpound of Structure

has the Structure IC

A
F NH, Nl
N
\ N
N o)
H
I

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

/S N\A

—%-—N N—R! or —g—N , N—R!

-/

o

wherein,

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

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



-23- N//\i NcH3 | C [0093] O her enbodi ments provide nethods of
treating a subject having a netastasized tunor conprising: contacting
the netastasized tunor with a conpound-2d- Structure 1A B or IC

[0094] I n sone enbodi nents, the conpound is adm nistered system cally.

More parti qobeo] y th¢n SOmRAIBhANneRts] mﬁyé%éthyiﬁr@@bﬂd?id%hsbeﬁ]sp%hﬁh'o¥
or intrave usla/ [,O ﬁl}l n sone Eﬂbodl ments, a second agent

N"—"'CHa

IA

[0091] In some embodiments, R! is a hydrogen, and the compound of

Structure | has the Structure 1B
N NH
N| __/
N
H

IB

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



subject. More particularly the second agent is for the treatnent of
ost eoporosi s, such as a bisphosphonate. In other enbodi nents the
second agent is an anticancer agent. [#%6]In some enbodi ments, the
conmpound is a conpound of Structure I, IA IB, or IC and the lactate
salt of the conpound or the tautomer is_adm nist t® the subject.
[0097] I n sone enbodi nents, the survivdg e is/extended in the

tufe |, the€But omer of
| e s&_t_o'( t he conpound,

t he conpound, the pharfaceut
t he pharnmaceutically agceptapl e sa " the tautoner, or the mxture
thereof. -24- |imtBAEQ e nyel ogenous | eukem a, multiple
nyel oma, and the Ii mbodiffrents, the tumor is nultiple

nyel oma and the subj ti pl e myel ona patient with a t(4;14)
chronmosomal transl ocatwon. 1099 sone enbodi nents, the tunor is
mul tiple myel oma, the subjedl is a nultiple nyeloma patient, and the
mul tiple nyel oma expresses fibrobl ast ow h factor receptor 3.
[0100] I n sone enbodi nents, the tunor i'S" nultiple nyel oma, the subject

' It | ' d the multipl | h
ot ast asi 2008D” 2. boRESrERIERL afevide et of Harsng itiact navingis

the pati enmneBestasized timtorcomiis chtak ;H@v,ﬁg{gsmifemﬁ&re&tglwth} in the

bone, they artigcularly useful and etficacious 1n
met ast asi z%%ﬁﬁ%tﬁﬁ:[ﬁﬁ%@i'%u'fedﬁmﬁ%.ort@lol] In sone embodi nents the tunor
is asolid tunor. In other

[0094] In some embodiments, the compound is administered systemically.

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

‘[0095] In some embodiments, a second agent is administered to the
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 l,
IA, IB, or IC, and the lactate salt of the compound or the tautomer is
administered to the subject.

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

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



enbodi ments the patient is suffering frombreast cancer, |iver
cancer, lung cancer, or prostate panceE’?r%Therefore, in so[nﬁ r
enbodi nents, the cancer or tunor is a ast cancer. In othe

' ' I'n still other
enbodi ment §;_.: cancer or, tunor is a |iver cancer. till
enbodi nent 3*,'“'@3%%?1@8 MY¥Iogeliys leukemin myitislerareloman andithe lits. higr

enbodi ment soridembosinint)tné WIREr & InAHE AR SHASEE subBoBk Ik utples

I ments_the patient is suffering from-gas ric”
ggﬁgglr sal'T ?'ngﬂaé!ﬁﬂt withadt4: 14dheorabsamaldeansiovatios el | cel | | ungI
cancer pancreatic cancer, renal cancer, ovarian cancer, peritonea

bl,.adder cancer, )
ooy bt ol o C P TP amO BAtboR oS e aEF [ Bl RSB Bat fis shiect; o
useful in tHe ”i"ﬁfé%l? OrpR patignis and theamatiiple fiyelopes @ﬁ}ﬁésé&seﬁbrobla?the

| [ tasized to
i cul ar ing cancer that has netasta:
Eg;\tel gﬂch ggo‘ftfgi‘?tib%&ﬁﬁ’@?ate cancer that has netastasized to the

. . , i des
tient. [0102] I n sonme enbodi nents, the invention provi
goprgt ﬁgdaofoa@igt i nglnéq@]ae embodinhets,the uagcaa@crﬁmlti%lbaﬁ%ﬂa@.?.g[ g]gei subject

[ C rs -2b- y be
ol d ¢ umore SRR B BN Pl pyeémanas peisispiiaiia sand
in other eh®wriPhibatpatiest mabMSatoetﬂemﬂgrmartE&}g?g{emﬁi{gﬁgl gg@n%fei%eo S,

' ' I t he subject | i

pati ent, . acomprdsrindiRicBiEy ﬁ%%ﬁ{‘.%rﬂ[f%mh?|h¢n§o‘rh@yampdrtma!aﬂg:r?bh¢
heute nyel ogenote Tecken o gart eatizc MBI MY rents: Che
e et oo oo o Igge'enbodimants, is a human and in

ot her sucC3Uar medb S0 emBadortcie ot e solicsmorebotitrent s
pati ent . angd L. Broqr o i e Ry o ek St P T L SR 1670 ¢ ne
BZE : Zm ?(%mgﬁ, pﬁ%&ﬁﬁte@%@m mErRrefore.He spmeembsdintents, alie caadtger, t he
subj ect i Sumoris a breast cancer. in other embodiments, the cancer or tumor is a liver
cancer. In still other embodiments, the cancer or tumor is a lung cancer. In stili
other embodiments, the cancer or tumor is a prostate cancer. In other
embodiments the patient is suffering from gastric cancer, endometrial cancer,
salivary gland cancer, adrenal cancer, non-small cell lung cancer, pancreatic
cancer, renal cancer, ovarian cancer, peritoneal cancer, prostate cancer, head
and neck cancer, bladder cancer, colorectal cancer, or glioblastomas. The
methods described herein are useful in the treatment of any such cancer. The
methods are particularly useful in treating cancer that has metastasized to the

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

[0102] In some embodiments, the invention provides a method of treating

a patient that has a cancer that has metastasized to the bone. Such cancers



a prostate cancer patient, and the patient is a human. [0107]1n one
aspect, the invention provides the use of a conpound of Structure I,
|A, IB, and/or IC, a tautonmer of the co#fpound, a pharnmaceutically
accept abl e sal}a f the conpound, a pharnaceutically acceptable salt
of the tautBf#é ??@maéolﬁgwa resaliflduraof's. i In sohes embPANRINitethe badcer is

medi canent @y - ormul ation for yse in any of the
enbodi nent s oflalgﬁ@?%] t%Hdr#@taclﬁ%%sérg[foqugn{;d%’ﬁ?#%ﬁCa{"G?DS] I n anot her
aspect, the_invention provides a kit that includes a container
conpri si ng [81@npounén semetembxdiments, thieAurmioBis mﬂﬁiPQi m#@on?aﬁf?é‘éu?:ﬂ@%
t o ound,

of the co : Jcally acceptable sa t he conp
a phar mcgﬁf?@gﬂ’@eg‘%&éﬁggﬂ%@ tZI""Fg('J'?eP nEiRRbHEEN. or a mixture

thereof. The kit may include anot her conpound for use in treating a

net ast asi z&H!WMncer ~ brseme embodirfitrets kiht timpr fstﬁdd?@hﬂewe%ﬁs %u%#rﬁé en
descriptio ' ' |.ons. for carrying out ay of the methods o he
i nventi on. %ﬁ%@ﬂ@iﬁ%%&%?e,act‘%e'“%lpg%ws@l@y@mm pajentraln dmme such

i ncl uded a¢ apents dibewublect Ishanantms t: - the.
container gf the Kit, wherjgé:s in ot herl%@dﬁﬁéﬁﬁs%mpﬁgwﬁt”?%f%ﬁ
descri ption W&B qul!mtiﬁréqc #mpaakpentsisatdogoratati xed to t he
container of the kit. [0109] Conpounds of Structure | are readily

{ hesi ze[D108] ng t H ' ¥ L ng. Exanpl.
sootion ﬁﬁgrpgi ]%gj;oseg SorRseMBoamAes the Rifiol 8 driilaleidndht 1He SIATRS°

her eby inc SENGET PSRt eaNckihe Prestater cancet has nestastasizédto abbne of
pur poses atheigatiert.| y set forth herein: U S Patent No. 6,605,617,
publ i shed U S. Patent Application No. 2004/0092535, U.S. Patent
Applicatio 5‘8 10/ %33, 174, published U S. Patent Application No.
2004/ 0220188901, 5 PaSERE HpPBediments theoimarGs DRSNS Banser ihé SubjEatignt

Applicati @Pw""t&%%@"ﬁ%ﬁt'[ﬁ%lfﬂé}gﬁ?fﬁﬁggﬁﬁinds of Structure I,

taut omers of the conpo ar ma "%ﬁfbept able salts of the
conpounds, gaar maceutically acceptable salts of the tautoners, and
m xtures tifdPEof nmayn BBE BsBECt: thepnegniion prevides trniss oftd8émPBYnd e Used

for the pwihResas |d i i and be used to treat various
bi ol ogi cal condi ti ﬁigéh@?dgggg’%otgat%qj& e FMRYYTIh & Pharewceatisally

for mul at i G¥§ep@pla sait afdbe anmpotind e pharmasntéally acceptable salt of the
tautomer, or a mixture thereof in the preparation of a medicament or a

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

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



tautomers, or salts of any of the enbodi nents descri bed above in
conbi nation with a pharnmaceutically acceptable carrier such as those
descri bed herein. [0112] The instant inva®tion also provides for
conpositions which may be prepared by m xi ng one or nore conpounds

of the instiiRcontairenadfdhe kitrwindraasircethor G@bb&il‘ﬁﬁiﬁ@,ﬁh@t&}r@teﬁ?}‘fgﬁripﬁon

tautomers t fomrr 1 thereof w th pharnmaceutica

accept abl e '@ﬁ??,gg‘{“stgneﬁﬁ%@q‘iﬁ@t '%?ﬁﬁ%ﬁ'g%&iqoaémw Jthe ks 1i ke to

treat or aneliorate disorders related to netastasized tunors. The

conposi ti orl91@9] t he iGﬂmpﬂLimﬂssaflﬁMGtwelﬂé@réa@il?&ﬁﬂhési&é’%ﬂyihattﬁgns
uc

dtot Lzed d bed h .
Compost 11 ot ear s BPRCrERE b llefnae eaneiap Pecta andtesiosmbintbes

tabl ets, cdpiariag dosyments whislpesd E8&H ﬁé’_ebg @ﬁfﬁ%@%@gﬁ{&fﬁb% ihthﬁ'g

elixirs, s sions or solutions. The in
f or nul at ed%ﬁgfeq\?ﬁﬂ"&fgr ?@BF@@S% ag iy satferth bereir:ot. S RatehtaNo.by or al

-27- adm niesBoRE1D ad LW SIELad | O
adm ni st ratei&?)Pﬁ),@sutr)pcgj l?’? m‘%&gg? iFﬁé]q%P(':thi' pci))ﬂllEgllﬁdrﬂ 'pgvg(%%t{@gé‘%l?’écpr%rf’ atent
i nt r anus cuARPIIERH NS cHY98% 1 74, mublisked Udhdzdtentnhmsiichfisn Nbhe fol | owi ng

dosage for opoae204 f I houl d not be construed
as limti n%@t he | ns?%%@ﬁven‘%tggﬁﬁéﬁq%f?ﬁE@?Q@ngﬂ Gl 8. Paterd
subl i ngual ArBlisatiostNat104982,p43uwder s, suspensi ons, granul es, tablets,
pills, capsules, gelcaps, and caplets are acceptable as solid dosage

fornms. The n be or. exanpl e, by m xing one or nore

conpounds E}fﬂ»{? e ins?@%? %ﬁgg}éﬁ %"@%ﬁ@ﬁﬁa@@{em%mf he cempounds

sal ts, taubbweraseubialy acoaptable batsasiine BbinBoakad, SAsmaBGRH) L Ve
e

such as a r.pth ddj tive. Suitable additirves ar ucr ose,

| act ose, c%#%?%bs!g S?@% Sﬁherafﬁ'rﬂtﬁmeé%,aﬂ?eimmtf 85 thafeaf may besssatith pragens ,

al gi nat es, meticaiments, thattraa@pe usbg§ &r : um ar abi ¢,

gel ati ns, coe‘ld agen%, Qasei"_ﬁl é’ﬁﬁﬁ?ﬂ r{?égyﬁtﬁg?%gé{"b%ﬁﬁ%@&ﬁﬁa@?%be

pol ymer s o¥SEl (P dEgat yadousRiolaginal ronditiens asidesuibetidremsincan cont ai n

other ingredients to aid in adm nistration, such as an inactive

di luent, dotfitiori camrharsues PRERER] %%2 e, or _preservatives

such as pgra en or sort;ic alétii%;(?,l or ?r?llﬁl-om ﬁ%’@@e&'}&?“ CRERPHIdS,

acid, toc EH%"?ﬁ"S(ﬁ’r Bis1d iapg of thedermbodiognix dewsribed Rbov®imesHhBination

t hi ckener syjtHoabhha ring.agents of perfumn

agent s. Tabl et ghama%%gﬁsﬁa&ge?ga@%%ﬁﬁ Sl?(ffbgﬁ @@Sﬁc{%cgleﬁd h@]e%-

coating n&%}i{l als known in the art. [0114]Liquid dosage fornms for

oral adm Y5t4lat i on Theynsent invertienfalsoproivides donesapsdifichd \Mhiaﬁ%%}@@' e

enul si ons, e ensions, and sol utions, whic y

contain an rﬁéggte?\yerﬁ%!r{éu%% ?@%ﬁ%%ﬁl"é@?q@] Hishardt dvengan, or

f or mul at i GHSMaAceUtisdil actaptablesyItd RIS ABR RERS drinﬁi?{i.u‘f'effﬁgpfd}%%s or
imted to,

sol utions ' ile lLiquid, such as, but not
oil, watef ?{ﬁfgﬁg% é%%@f ac @@%ﬁﬁﬁ%ﬁ%%ﬁ@'%ﬁtﬂh@s, dHuentsemrehe ilikakd y

sui tabl e teaf acamslicratesdisoeRel Rdag%H y g ents, may be
added forgg@a‘?!bjpgr Parenteral adm ni stb%t?%%%.&éd%ﬁ&?b%g]cwmt S

above, su Fdlong\mavbe ysed tn createdonulations usédittetreat 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



but are not limted to, peanut oil, sesane oil, cottonseed oil, corn
oil and olive oil. Suspension preparation may al so contain esters of
fatty acids such as ethyl ol eate, |sopr%7pyl nyristate, fatty acid

gl ycerides apd, acetylated fatty acid glycerides. Suspension
formul at i or%‘nWQ % qé?ﬁ&é"%?&!@ﬁmﬂys‘t@mh !asecfalmdmutstl‘ahomt@xﬂ;cn@neous

et hanol, 1 9@ I cero an ro | ene

Gl yool . Et b oot infRFieR inaNERy e Behir st Py o Plradeto oty

pet r ol eum HYIgedRMr Hom bliowing desagerforras ars glvemdyn%yrdflea@ SHI@GISr
0116]

| b F
gg)r/n ﬁl :?r aﬁo‘(t')?\)@%oh@trﬁﬁcgggﬂ@étﬁ-ﬁ t&'ﬁl'rrlgff%r?attl ey 'Pan and O;regﬁigrrent s may

be a spray or aerosol contai ning an appropriate solvent(s) and

optional I'y [@tHHr conmfounns, lsuechl, and shblingi@l adiinfHitedichop ?\%@l}%'hl | zers,
act ant s,

antim crobig a difiers, sur
bi oavai | abi ?g? GSS 19’%% ﬁ#@%nﬁI”ﬁ’a‘ﬁPéHggoﬂelﬁﬂé%@ndﬁcquei@ere ant for
an aerosol abceptabl&tamlhl&ibsﬁ@é'f@tﬁ% CABReeERash egra]{é}] %‘O%H‘I? r bon

di oxi de, or_.a hydrocarbon based | ow boiling solv tabl e

dosage f or FEXIPE00RAT"IO®ROMRAUNGS 96 Hirsinstashiswentiors pdnermecéutlcally
suspensi onacedptahlensats bl@uﬁfn%@ﬂnﬂcﬁlr@? I?eréfg't’agﬁg aﬂﬁ,ﬁ BEL S aé“’? such

wetting agent and a suspendi ng’ agent nj ec

sol ution pA3&SIChiaf atier gdslitiveo fSuitablesquidithiosrare whtae] Iﬁcﬂfsépé‘él%éﬂ th

| t t h I I
Ctori |1 ed i orenRlol, ARRRE, RRFarh Ul ool BRI b antosanse

sol uti on. W@téﬁnﬁﬁga@mh gsﬁeguhearablcsg&&ﬁn@&:aﬁﬂ@ér%’ edsaif, aBlLaNLS or
suspendi ngﬁﬁéﬁ(ﬁor%ﬁf {’ﬂﬂ%tfé he %I| r I;_Iatt a%I d i's hon-volatile,
i ncl udi ng ia ura Poomen q”" iges-aOptinnaity, Ol‘aildOS@ge
tri-glycerfodes cah@:bh@ﬁotherm 8dicAR, Iota"ti3 nPABHRRGSHL

and/ or med] iﬁ%”f I@gﬂﬁ/ ? og\ﬁ’der Sui tabI e for recons{}J Pu%g%w \ﬁa an
appropri at c %@&@I@%@@Q&%U@ St@ratﬁaloepr&a‘ervdtwes suols kede,
but are noparbbﬁmbﬁdoﬁtﬁb adifl S6Z&ht ra d“ ed
powder s, Eephous powders, gr aﬁé %'Eshts %%@%%ﬁ?éérgg acid 38 rol or
parti cul at‘é@ iReyra lisjniegrating agent, binders, thiclemersydyiffens, ng@@{émé@ont ain
stabili zerfimvoR iar oav i Labili modi fiers and
conbi nat i onsw:)og‘rlb ghfsc?r {f@?%r@&%@ t Iab% Qi”ﬂ'f"'f‘)b ef’{"ﬂ@r treated
phar rraceutwiﬂhwlifa@lemmdmgdnstm& krowah unan@atts may be in the formof a
suppository, an oi ntnent, an enens, a tabl et or a creamfor rel ease

f th d/ t Rect al
Suppoor Lottt [ he LRRAPHSED: 1ohd Y SalAdiNisialon mvohmmthgfommat -
i nstant i ihermaceyticaly pbeeptalsle whideibhy, s@ﬁwbmmsesa ér%nms hpytoners

t.abl e vehi cl €s, f or e, cotoa butter

f th
gr pofygt(:) Ayl e Bﬂsg%ffﬁl S nigin;an ippeivediluent, éUGbEBw%a%Mmeuml
storing tdopetationsesnd m@dlcﬁh%%%‘hay%eaprb?&‘éh Sq[@%e%"géd)ftns?ﬂéﬁras -

terrperatureF Suitapble to release a dru nsi

the rect uffPlUEPDS URRG astedlediguidysuely es, bLIt mhbmneeﬂmreatmlpmatér an

formul ati erwhef, ah Si t Wt er

sal i ne, aqueous dg%c}rﬁgggatgﬁl ﬁfgﬁbaﬁg%saﬁﬁgpe@aﬁi’ﬂﬂ 'eéHﬁagﬁQEer ol's
may be enpHeRAWINdhagentspersplsifying agents, maymenside fbpbfaIbaba%%er&I" ch
may al so ﬁﬁ'ﬁé ﬁ}ﬁspendl ng agents such as pectins, carboners, nethyl
cel | ul ose, roxypropyl cellul ose or carboxynethyl cel l ul ose, as

wel | as buffers and preservatives. [0120] Besi des those representative
dosage forns described above,



pharmaceutically acceptabl e excipients and carriers are generally
known to those skilled in the art and are thus included in the
instant invention. Such excipients and-2arriers are described, for
exanpl e, in "Rem ngtons Pharmaceutical Sciences"-Mack Pub. Co., New

Jer ey (oo it on et abotm suepltsiors ma ind e oSy ltude
irety U , in.

fornul ati og:gUt %\[‘é @gfﬁg@g t ﬁ%ﬂ"’%&% fesame P rotfopseaskoil iwern oil and oligg oil.
f ast - r el eaHuspension pradraticn mptblﬁﬂéérﬂéiﬁ%étérg |0$?a9fg)' I%s 5@%969@13% n%t?)gtjed

e pharnmaceutical fornul ati ons na

bel . Th
f gr O\(,:Vo ntr gﬁ]eeagg'r'ﬁ'{’)%?%' gyristgle. Btyacidolyeerides 3"!%@06{‘[!?]&@2!] fatig acidst ant

it BHsos i ' | i ,
o "Bome of eSS AT CABng TSR e TR

ext ended_r SMHEE4015haNQloisppiopytrRicehqls ndxadgey! attaionaptycerel/1d siehjlkgs Y
effect. Thehebpretheld | formul ations and nedi canents
may be co gr%ssed nt %uE@??e’ﬁE gﬁgli"ng%q thB?'gteg'ﬁnde'F%Y%@%b gatroleum

i nt r anus cuhy@Iogadions skic tearmioas pil and pefrolatim] 85d Wals rRdy 880 IHaR|RA%3
such as St%ﬂép%n ﬁglcﬁaghﬂgégﬁ%s may enpl oy known inert materials such
as silicones ang 1 odeg | e polynmers. [0123] Specific dosages may
be adjusted depending on conditions of disease, the age, body weight,

gener al hel%1R] condikarovasal seminisirstion] e pHarhBBewitR] fgﬁﬁml i9RS and
i and conbinaf)ons of

interval's, adeini Skt At tes, t te,
i g, - Ay TEETERMENSE Blay U 4 805 ARKS4cE RpaiRiinyon AppwpFiate sofvani(e ar ¢
wel | wi t hi and bptidomu;admerfcomwhass@érﬁ)a,éjm%g@gﬁﬁl%ﬁﬁ]@e&% ore, wvell

within the co%e of the instant invention. herapeuti cal |y

effective FGER WI@Qﬁytsdéﬂm%&@ﬁ)mqqifbr&cﬁmrﬁacta‘ntsadﬂria\iaﬂalpimyi on
and dosagembadifigrs dHtEcdhBiatsRIoCh _ugq,r %e’%.?‘gﬁoggngqseo{ﬁéqﬁfgﬁn L;Insta'nt

invention is a fornulation that exhibits

The t her ap®8Y iNClydgrampressedaiiovitrogen, icartimt diogide; o hydredaibofN@REN | C
effects V\hbﬁ,f‘bdﬂﬁ]g% pressed as the ratio between L¥)50 and ED50.
The LD50 is the dose lethal to 50% of the population and the ED50 is
the dose therapeutically effective in 50% of the popul ation. The LD50

and ED50 dP&1det er minjeetable d;lsagddmmqjgla‘rmanwmt:iu@gIach?gg@guéﬁeﬁwidhst% )

ani mal celd; ; ; rinental anijpals. [0125]"Treatin
thle cont exdtIl %‘:‘ébté?\gésﬁsns QW?%\E}%EJ{?Q;}{?SH%QH@S%{%Q @'ﬁpﬁﬁsﬁﬁhéibgeﬁi\l{lmg

S oo O e b s dpenk ncctbictonea tuy B i gl
pr ophy! ax ?@e gcgrrqm@{easglf%n@%@”ownﬁﬁé%P%lﬂﬂa.ref#b’ith@@ﬁﬂré oriludnitn t he
cont ext ofAdcep@blengbhasits eRtshivel hdudELsfias LRABL s SYCEesst ul
treatment .may include a reducti on' i n t%]%ﬁﬁzaeﬁﬁgtgr’ RiRGers Solition, 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,



-31- proliferation of capillaries feeding the tunor(s) or diseased
tissue, an alleviation of synptons related to a cancerous growth or
tunor, proliferation of capillaries, or28di seased tissue, a halting in
capillary prol irznerlati on, or a halting in the progression of a disease
such as car@dw@rieulatest Fer injeniibh, e feamIslienesmasbbson ;

al so incl ujﬂ_' Wiﬁgrﬁts?j n%ﬁ'iﬁh% har r’aceuti cal ?o?wléa[?ﬁ'g’hgg?@%tg{gﬂ%ers’
present invention i 6T Piavailatlity medifiems @ngsosshinatinsef dnasee,

t he conpounds and pharmaceutical formnul ations of the present

i nventi on r8y1%¥e adniFor sdctalediniskaats |

procedure E}HQ@ [ %i atiBn.t&gfaI : Fﬁgh%gf{ﬂr&é}]fggﬁ%ﬁ?@%%%ﬁ%q%n

can al so be a ﬁérﬂpg SPRY0E I PE’%@!‘?@HPW% rvtaneeintment; amenemagaugs

i ncl udi ng tthldetons efbanfor Rélt , ropriate

combi nat i ons .can be det er niélﬁgﬁélgrjcd?ﬂggse o? t@%ﬁ@%ﬁ?ﬁﬁ"&?ﬁ@?’%ﬁ? and

medi ci ne arNg/oTTRAIHR). PRectAkIUPROSECiesiae pépared iby mixthgrad sranBR S

accordin } I i t oun Structure | or the
g cBnipdniS¥elNe lﬁﬁahﬂﬁyﬁgﬁ&pﬁpﬁ&%yﬁ%ﬁy

tautoners, salts, or mxtures dACRPiaRlessalts or
phar maceut f&EPMEr Sa@fctbptcab‘ip@uod,rwiﬂeagqe'ﬁ’oatﬂe Vbhﬁl%?fﬁg%tﬂﬁﬁ[é),fc_c)&g% butter
i nvention repare nedi canent s and pharmaceuti ca
formul at i OE#QEQ’E’%CQ'@%’?@@%“ Meﬁwgr'%c?ﬁ}gip@éﬁeﬁbﬂ%mdﬂwm may be
used in t htempebuesfand pratentin adiearr pire Hersd dyfgﬁ;‘ - unds
and formnul ?élé S gf t he, Erﬁs nt ai Iﬁven‘?i_on a?lgﬁé;baeﬂl cu é‘%@”@gﬁ@m e
for use in Zonbi pAYSRSHRS %59‘1353”9[1@? infherasiem. Silsunay alsextai bi t
syner gi st | empldyedtin Weepreyarslion bf FOHRIARIS AR é L AL FAICELy dF U0

B AR B RS

such as canpt ot t{eci n, doxorubicin, cisplatin, 1Tl -11),
al kyl at i ngSHREARHIRres. ofGHesalings aquecustiaxtrosaleindi related st soRdions | 1y

t reat ment . gesoR BES b té?ﬁp' (Y . de har maceyti cal )
formul ati o%g t hat igc_leude l?%@&h%@ﬂ%c?? © ‘}%@Pﬁp%‘oi‘ A Igtinns ovhiels
salts, andMgy Afoxeantais suseensting agertie suth ak ipesting, (darktinaat iR e
drug. The gdy [ novides the use of the conpounds,

t aut omer s, sgrdt%f Rgdnrg#@jr}oﬁ)fl)%%ﬂgge 950@585¥mﬁ@y§%wlq3@s a8 welliasrufiens
medi canent®1d pre8@rvaliod®8] | n anot her aspect, the present invention
provi des a nmethod for treating netastatic cancer by adm nistering a

conpound e pre i.nyention and an additional anticancer drug.
The met hogbi'l%gl udes a%ﬁ%eﬁiqﬁ?ﬁ 'i'etF?(‘jeﬁeS'?a&'@ sage fprmseessribad mbove, an

ant i - cancgrhaimageistidaéiy beckdtalslacxEmidnnd
BAY43- 900, Lo, Ff enal i g%mﬂgéeg?%géﬁeﬁ gﬂe(%r%g%ﬂﬁ@%ﬂ%"ﬁbto

J
( Thal oni d)" %ﬁ{)@ﬁ@ % E‘:"ﬁ?%éﬂdeﬂfe)tbweinptwpdiilmtr(enastamm)/enﬂmasm b

PTK- 787) ,ex¥ipfdnt$ | Gl LR, - b ' b (Avastin),
: bR o o B e e bR, I RN G0RR L on, o

pertuzumab, and/or rituxi mab
taut omer GihAHaceWingbaaignces ddack 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.



of the compound, a salt of the tautoner, a m xture thereof, or a

phar maceutical conposition conprising the conpound, the tautoner, the
salt of the conpound, the salt of the3Dautoner, or the m xture.

[ 0129] The conpounds of the invention nmay be used to treat a variety

of subj ec{®i228ui t abiTRe st CompositioHs ennals@ LempHSE, fapexamipRl micnds
humans. Sw[a |l e manmal s include, but are not limted to, primtes

' prir
such as, BLUPPRAMES. or semeAhereRpapsulgindiormer may beadmipistesed i anch

as rats, BifeRdedeledsd Rith B ovids %Bhbbﬁ%éﬁ'%td?%@éhﬂﬂ?%l?v bRES:
pi gs; goats; sheep; narsupials; and carnivores such as tellnes,
cani nes, aherefes; Hspharmasewiicad fsowilations sndimedisamienstsimay bpati ent i s

a human. | . Js ' | r odent
such as ahﬁ@@)&fg@g}i q@%"%@%@ﬁ%@ﬁi@@%t@%d ?\ﬂ%hﬁ{%}l@@y%& pati ent
i s an ani sabcuishesusihas depdilinjeatiastoras isplents sath esisteitsieBush inigients
subject or_patient ,is a.mm | other .than.a human,, [Q130],1t, shoul d be
under st oom%h%mp@ﬁé‘“%’ﬁﬂwﬂﬁ%tﬂla@%& ¢h %é"‘?‘?ﬂﬁ‘éﬁ%wkaﬁgfabﬁﬁlﬁbi t the
phenomenopolymdraut oneri sm As the chem cal structures within this

specification can only represent one of the possible tautoneric
ntion,enconpasses

tautomer i P m of SHESTH durpdes TaY b SSiueli doReRing CREPRRRaROl A 1 s
shown bel gigewbé, therge! BodwwBight, tRUbRIMEaltiRcondiidhs, séx, and diet of the
subject, dose intervals, administration routes, excretion rate, and combinations
of drugs. Any of the above dosage forms containing effective amounts are well
within the bounds of routine experimentation and therefore, well within the scope

of the instant invention.

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

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



| b and Tautoner |lc, are

.
la Gt her tautoners of Structure |A, Tautome a

shown below. /\ NN-CH3 \/ Ib /\ N /N:3?..-13

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

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

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



[ 0131] The present invention, thus generally described, will be hi ch

understood nore readily by reference to the follow ng exanpl es,

[ [ [ [ ded to be
d by way of illustration an®4re not inten .
fiir(ran' Prﬁ\él g? A prgs nt invention. -34- EXAMPLES [0132] The fol | owi ng
abbr evi at i Pni re us@ﬁaﬁﬂﬁrﬂs{@mﬁﬁf, the Pregest inventiom pravidesr eareid fop

cheni cal t dreatingIngtdstafid Béﬁé@%ﬁg%gég?@?%}ﬁé%%d of the present invention

. - b | BSA:
DNEO Di et IR AGARNGTE Biieanceniitig, otte ot 1560665 BSMistoring fo o

ther apeut | aablett Bl thitRook P B-Blndd Grdi BYLALH Honk L ot T e

diramne tetffacer BAY43-8006, Brostallicin, lenalidomide (Reviimid), thalidomide
(Thalomid), docetaxel (Taxotere), erlotinib (Tarceva), vatalinib (PTK-787),
VEGF-trap, fenretidine, bortezomib, bevacizumab (Avastin), pertuzumab, and/or
rituximab, and a compound of the invention, a tautomer of the compound, a salt
of the compound, a salt of the tautomer, a mixture thereof, or a pharmaceutical
composition comprising the compound, the tautomer, the salt of the compound,

the salt of the tautomer, or the mixture.

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

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



Et OH: Et hanol HPLC:. Hi gh Pressure Liquid Chromat ography |1C50 val ue: The
concentration of an inhibitor that causes a 50 %

reduction in a nmeasured activity. KHVDS30ot assium
bis(trinethylsilyl)amde LG Ms:Liquid Chronatography/ Mass

Spect roscopy THF: Tetrahydrof uran Puri f j And Characterization of

( HPL sing a Waters
a/2690 Separation Mdul e
dytifal colums were Alltima G 18
reversed phase, 4.6 x 2p Alltech (Deerfield, Illinois). A
gradi ent elution was usev oy starting with 5%
acetonitril e/ 95% wat er and prd'greSS| ng to 100% acetonitrile over a
period of 40 mnutes. Al solvents confained 0.1%trifluoroacetic
acid (TFA). Conpounds were detected by ultraviolet [ight (UV)
absorption at either 220 or 254 nm HP ol v were from Burdi ck
and Jackson (Miuskegan, M chigan), ientiftig, (Pittsburg,
Pennsyl vania). In sone i wag assessed by thin

M | | eni um chr omat ogr aphy 4
(MIford, Massachusefts)

| ayer chr omat ogr aphy (TL or plastic backed silica gel
pl ates, such as, for exa ; N ex Silica Gel 1B2-F flexible
sheets. TLC results we L di I y detected visually under ultraviolet
light, or by enploying wel di ne vapor and ot her various

stai ning techniques. [0134] Mass spectronetric anal ysis was perforned
on one of two LCM5 instrunents: a Watgrs System (Alliance FIT HPLC
and a M cromass ZQ mass spectroneter; Colum: Eclipse XDB-C18, 2.1 X
S0 mm  Sol Uthet tAMEERS t wi th 0.05% TFA;
Flow rate 0.8 nL/m nut%f%tﬁ/%ﬁrgﬂgé?&\%%ﬁeﬁﬁb ?8“3% %Wré%are@bﬁé’"\hﬂl@\ﬂge
20 V; Col um1 terrperature 40C) or a HewI ett Packard System (Series
i Sol vent system

ated:0. 4 nmnni nut e;

Col um

Ie

[0131] The present invention, thus generally described, will be understood

more readily by reference to the following examples, which are provided by way
of illustration and are not intended to be limiting of the present inventjon.



tenperature 30C). Al masses are reported as those of the protonated
parent ions. [0135] GCMS anal ysis was perfornmed on a Hew et Packard

i nstrunent (HP6890 Series gas chromategcaph with a Mass Sel ective
Det ector 5973; Injector volume: 1 pL; Initial -colum tenperature:
50C; Final columm tenperature: 250CEXRMRLES me: 20 nminutes; Gas flow

rate: 1 mmg e; Co oy . Met hyl Sil oxane, Mdel #HP
190915- 443 I,pfgg]n”ensi JEWI?W@@%@%%% yspdfhjoughoutibipriplieatidn ve
separ ationé“%ﬁépwrt@bbdm@atteuminm@)@ther a Flash 40 chromat ogr aphy

system and KP-Sil, 60A (Biotage, Charlottesville, Virginia), or by

HPLC using a C eversed ph col um. Typical solvents enpl oyed
for the Flash 4,8@5:5 ot age syst?ﬂe@\ﬂgﬁgegﬁﬁﬁ*ﬁﬁﬁhéfﬁet hane, nethanol, et hyl
acetate, hexaneBaed tri et hyl am-m.sﬁm%,@a}boﬁﬁl vents enpl oyed for the
reverse phase Iﬁ#g,v\ere varying concenirations of acetonitrile and
water with 0.19%rrTfl uor oacet iROVEE Jerum Apundynt hesi s of

4- Am no- 5- f | uorBMEG- (4- met hy IR keRo:d- 14) - 1Hbenzi m dazol - 2-y1] - 1H
-qui nol i n-2-o0n VNN A Symeg@ggx'&e
5- (4- Met hyl - pi S%T zi n-1 - y1) - 2Dhi-Dithjethiréitahe

EDso: Dose therapeutically effective in 50% of the
population

EDTA: Ethylene diamine tetraacetic acid

EtOH: Ethanol

HPLC: High Pressure Liquid Chromatography

ICsp 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,
Massachusetis). The analytical columns were Alitima C-18 reversed phase, 4.6
X 250 mm from Alitech (Deerfield, illinois). A gradient elution was used, typicaily
starting with 5% acetonitrile/95% water and progressing to 100% acetonitrile
over a period of 40 minutes. All solvents contained 0.1% trifluoroacetic acid
(TFA). Compounds were detected by ultraviolet light (UV) absorption at either
220 or 254 nm. HPLC solvents were from Burdick and Jackson (Muskegan
Michigan), or Fisher Scientific (Pittsburg, Pennsylvania). in some instances:



Procedure A H2NCI H2N [ 0137] 5-Chl oro-2-nitroaniline (500 g, 2.898
nol ) and 1-nethyl piperazine (871 g, 93 nol) were placed in a

2000 nmL fl ask fltted with a condenser d purged with N2. The fl ask

was pl aced t C and heated until the
5- chlporo Zﬂnl troanl 7R \aé) tE'&ﬂﬁY%'tc@F?/n?f@Sﬁw (@L@HG@GIQ}a&S\mma@m)

as det er i rragkexy sifibd Gel platoes sudhlL4s, fMxarmipid BAler HISA8R

5-chl or o2- %;(B%ta%{ | i ne.ﬂ.éhe reaction m xture was oureggﬁ]ggﬁ the
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( tst il e resulisoveretreadibrdatested wmueﬂy whdldr Lﬁﬁﬁh@l@t Rt
rrin reacnhea room
stirri g y eaibying wellkibivh o MiRS véﬁ%éérﬁ:dotﬁglt véréoéﬁ e,{,ﬁg doehiaiseeg

tenperature and then It was filtered
was added wg m_Mof wat er and sti rr|ed for 30 m nutes. The
resul ting wad'aps PP%?tEH"etHﬁ@n@W@SmerfOTmed(ﬂn OnaBstWEASEIRES

with TBVE (ris@misht r__vacuum for one hour
using a ru{)ber dam %ma%r@%s ﬁlaﬂ&éﬁ%%ﬁﬁﬁﬁgﬁe mlaésan'Wlﬁﬁg

tray and dPREOmEtar \%lemm E@mseatomst 2.1ax 50 fnfirhasélvéﬁi! Q}%Ee_;ﬁ %5856 d

670 97. el

Pr Ongl(Jl‘e %%tt%]‘lﬁgm]&% or o- ?Hﬁ?u@%}taﬁ?‘ﬂé é&) “ﬂ—/@mliemolmubarmq;ht

added to arangadér- 8$D@bnmycrltag@dzdmt¢@mh{nltgﬁ.@ef.étm gqaﬁ % ver head
nn and e) YUP

addi ti on

stirrer a nl et

pr obe. Theﬁgﬂ%ﬁ%\xﬁEﬂf e}§u1r &QcHF\"Alp@hCNgmmEcmmea»@w 1 RSNmAB- 1
g, 840 ni,Sdlvént syeltem:ands%04: t m_%: e added to the
reaction flﬁf v?tg{h stirring e%rﬁmeﬁ»t?i’(ef’{wtﬁg%é &M?WW?@NZ and
the reacti'd %%%Mdﬁ%laréwgmdengmﬁom Cbaek/dl?é@eb@fvc%lu nd
heati ng magghe erature of 97C (+/- 5C) an

mai nt ai ned g#) rr"‘Eat T eime amqésseﬁ%? feR r%@??@ﬁgﬁwl‘@tﬂmt@tmrent
(typi cal | yorfbout 40 hours) as determined by HPLC. After the reaction
was conpl ete, heating was di scontinued and the reaction was cooled to

an intern nper a bout 20C_to 25C with stirring, and the
reaction \?gsé t irr e?q“ﬁ§%?afl gisvaperformsaen a Hewlel Ragkar® hstjum2n8s

mol ) of %HPA8SR Skyies gasehmatoémPh)w@Té‘ seasm%gwgcqggg@ggggggtto the

reaction r“xture unl ess preci ion had alrea
(2,450 ni ) URHEr YeluRyg: t10“|t- Helt@ ¢Qlvran tepetatine: rﬁO?CuFmaDdcﬂUmﬂ period of

Foper ot o Sl 26b X5 RENE G SCARSHES s B rafe: domlimiouicor
vat er was Cobtpnéi% Phengl Methy! Silcane Wbdéﬁ#mas’lgﬁb'ié 1424 {) out tgﬁ:@bﬁ
hour at ani £ gg?lh;&p;%ss& érZOC to 30C. The resul ti ng m X ure

filtered, nd filter cake were washed with water (3 Xx
2.56 L). The gol den yell ow solid product was dried to a constant

vei ght' of M38'q. (OmPropansios dbpavarins WereeafiBl oAb Bhg el 8 el ™
oven. ro&ﬁg'&‘l‘a?ography system and KP-Sil, 60A (Biotage, Charlottesville, Virginia), or

by HPLC using a C-18 reversed phase column. Typical soivents employed for

the Flash 40 Biotage system were dichloromethane, methanol, ethyl acetate,
hexane and triethylamine. Typical solvents employed for the reverse phase

HPLC were varying concentrations of acetonitrile and water with 0.1%
trifluoroacetic acid.



[0139] 5-Chl oro-2-nitroaniline (401 g, 2.32 nol) was added to a 4-neck
12 L round bottomflask fitted wwth an overhead stirrer, condenser,
gas inlet, addition funnel, and thernofi8-er probe. The flask was then
purged with N2. 1- Methyl pi perazine (977 g, 1.08 L, 9.75 nol) and
100% et hangiYnthsgismhd-Aminoditiudra-8-[6+{4-methylpipardAmaly b stirring.
The flask RenzipidazopdrdktHvquinoliB-2-amel t he reacti on was nmi nt ai ned
under N2. The flask was heated in a heating mantle to an internal
tenperature of 97C (+/- 5C) and nmi nt ai - ENperature until
the reaction was conpl gte (tyw,cal | y—ak rs) a§, determ ned by
-38- HPLC. After the rgeactign was heat\;i' ng 2&&5 di sconti nued
; ! enper of about 80C

and the reaction was

wWith stirring, and wi .15y wa3nadded to the mixture via an
addi ti on funnel over deriod|of 1 Mour while the internal
tenperature was mai nt\ai peg~at 82 (+/ - 3C). After water addition was
conpl ete, heating was di sconEi nuedCand t he reaction m xture was

al | oned toAcooI over a period of no less than 4 hours to an internal
t enper at ur 8. of SPatheCis dHE-(4 MethyRPipErBiHIBYNBShitiehiFil rred for an
addi tional hour at an int er(nal tgﬁggﬂﬁﬁeﬁ%ﬁ%ﬁgﬁﬁ%e resul ting
m xture waBredesturéidtered, and the flask and filter cake were washed
with water (1 x 1 L), 50%ethanol (1 x 1L), and 95% et hanol (1 x 114

The gol den yel gy sol id product as\ placed in a drying pan and dried

to a constant weig 46 ¢ ('Wi_el d) Bfer waguum at about 50C
esi s--of -
1) - 1H benzi m dazol - 2 eti c acid ethyl

in a vacuum oven. B
[ 6- (4- Met hyl - pi peraz

ester Procedurd2 02N"H N "CI [ 0140] A 5000 gy~ 4 ! s fitted
with a stirrer, thernoneter,
N
[0137] 5-Chloro-2-nitroaniline (500 g, 2.898 mol) and 1-methyl piperazine

(871 g, 8.693 mol) were placed in a 2000 mL flask fitted with a condenser and
purged with No. 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 unti! 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 resuiting 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,



condenser, and gas inlet/outlet. The equi pped flask was charged with
265.7 g (1.12 nol. 1.0 eq) of _37.

5-(4-net hyl - pi perazin-1-yl)-2-nitroaniline and 2125 nL of 200 proof
Et OH. The rmsidedupgpsol uti on was purged with N2 for 15 mnutes. -39-
Next , 20.0[&]&; 5% Pd/ C (50% H20 w w) was added. The reaction was

i 2 e f s ot ol
B s AL i iy
5- (4- et hyl é}h 1A= Lol) - 2- 'eﬁan?l'i 1];2@ ﬂgﬁwgﬁégﬁ%@ggéw&gﬁﬁ%@
reacti on, M @E{p %f";%ﬁe (/élg bﬁr@ecﬂ { 1P7NROY) gnd 280rmrooftatbandigang ni40. 0
e e S A o

t enper at ur € IPREtiorewes maintamedamder b Thatilesk eastHeatd @S
noni t or ed h¥atifg hewld i diam no conpound by
HPLC. The f Qingjal reaébt ?@ﬂnt%:n%e ms f%ﬁgeeﬁﬁ%??‘&&ﬁﬁ?w@g@ nedat was
conpl et e, l'é' {empeighire gntidhe seactionnpas esmplet iéélly_t&fo‘ﬁ@m%ﬂl'éﬁ%sa

al’ “Was

pad of Cel¢ i j 1Lal.. The Celite filtering materi

washed wi t?}étglt‘)ﬁsﬂ(?:egﬁj 3) @?bﬁa?\%{eﬁtﬂ%@aﬁ%q W3R gompiete, WQ%’%QM&%S

concentr at @'QCQIﬁt!Eﬁ’dmabemaﬂi&aw&ﬁ&ﬂd’éﬁ‘&t&néhﬁ@{ﬁ %}ngéfoéban ©
oil. The r {5;@8%1 V\Psts\%ﬁ up in 850 nL of a PSS ou

sol uti on. %O|tl a ith, stirgng thedraglipnosas atirserfos@ toidimuran $ead
preci pi t at@ystalsn®R0 J,re8% agtbll b ) X stjrhed for .1 hour and
then fil teéa (f? Tge s%l id was &ag%e(‘?jnnﬁtﬁ l(ﬁlé%ﬁ%é fxglg%"'?’}ﬁ?a Wel%d at
50C in a \AAAGGHP %FP%“BUMW@G pelesy preojpltatiehadialready occurred. Water

L6 - ot Mplasoimey et dtiod ) bt peRs b IARBl, 2 Liacel g acle el

ester as 3_‘ Eal e gel | ow powder.

j acket ed fIOXEWN{RNe interaal tamperaturewha matatainesitdt B @pefANAS

t enper at UFRNPLEBEG 2B S| at ngd oil .bubbler. The ec?&i pgedﬁﬁﬁg@k was
charged wi X gt 300 ¢ 43&’ 1.3?501 %f%{%g%eqc_hﬁgm Valer was complatey the- rsulting
ni t r oani | iNgtUER Was stioedifordbd®One hoof s Hihkd 4 and
has been q:@élﬂm.rf?toﬁggw t‘P 9@% hargjgl and it ésraﬁlé§%ﬁgge¢é)£ba?€q§‘g?@%e
200 proof eth amol Tor T Sepdiiefsdeand the,Baskeand filtergake mere amshes
stirred amithpuatgeds »2156 IN2 THe! gobGer : . f 5% Pd/ C
(50% H20 We@niwgg 18398 1qgo the AderTyeMeieP ol liuct 3’ athPlo 2 Canatat
vessel was § t o ¥igid) tmdar wecLeen athart 500C ¢h BYa6LGR NRn, t he
reaction vessel was purged with H2 by nmaintaining a slow, but

const ant Pragechfrel® t hrough the flask. The reaction was stirred at
45-55C (i@)L'%PPaI t EF ature_% whil e H2 was bubbl ed through the

m xture unti-r the ?IP" QigvhYirpapbne A01-9,-3/33 mdinvas addéd 0 4WRsk 12

conpl et el ly rorBbdtein ' .. The typical reaction tine
was 6 hou ﬁh BI[ 0143] A]?tﬁselgﬁtgﬁ \Fﬂttﬁgﬂ oQAérH_é%Id%tlrrer, comiBnser, gas inlet, addition
DSk

5- (4- met ped thermomster probist Mherfldsk nesttRen purged with N,. 1-
Methylpiperazine (977 g, 1.08 L, 8.75 mol) and 100% ethanol (650 mL) were

added to the reaction flask with stirring. The flask was again purged with N,
the reaction was maintained under No.

to an internal temperature of 97°C (+/-

and
The flask was heated in a heating mantle
. 5°C) and maintained at that temperature
until the reaction was complete (typically about 40 hours) as determined by



di sappeared fromthe reaction, the solution was purged with N2 for 15
m nutes. The diamne internmediate is air sensitive so care was taken
to avoid exposure to air. 500 g (2.56 fif-) of ethyl

3-et hoxy-3-ilgn]égopropanoate hydr ochl ori de was added to the reaction

m xture ovédr pé¥fiesthereagtiouwas Bompteit dseatifl vdsdisddrifubd Sng i T ed

t 45-55C (y ; N2 til the d
compl etely SaRi\ias LOSRE 3 il e et abauS BOSE whivaliing arce
ST Yty De a8 pad. of a1 o SRS rnBF ol FHf bR
Celite were @é’WSﬁ%H’ ﬁﬁ%ﬁh? ralusR Wasintaied AR CL(H/- 370 After
filtrates water adutiorneds complcad e Wa‘%‘sd?sco?iﬁﬂygiéﬁé 8?393'%0 gi?ré%ci)(tg@)

et hanol wag renoved under vacuum producing an

m) and t h&RSAPHER 1P 880l oMer arariedad medessthahet hasstd hAshtids and t he
resul ting tamparatird@s 28i0spEe il sul ting solutign was vigorously
stirred Wnl_ll eF§ 30%1”_Na02—|§(2§gg' ﬂbe r&%%@dﬁ@@%&% 'beﬂéafr% ferarsadditiorso
mi nut es malPHEALAMIGarne temperataie af@ORB0°A, UTie RisuAE Hhixkes 3G ik | ©

t he pH was .9 and 10. The resulting suspension was
stirred foﬁl%%%gétndjh%g%%\gﬁﬁwt M e vaienvaghadith watardax 1 enperat ur e

at about 2ethasd. (1Phdl) aBdlBBP/mghahmt(qr@%qhgiq%q@érfgedlo i hR%g élljclgt "?%re';d
ec Sol 1 r

cake was W Lh-H20 (3 30 ). The co

to a cons@%%%hﬁ"@ p%’ﬁ)@'éﬁ'ﬂ@ iQ 8cq0stent weight abadfg (9894 isiVinticig
345.9 g (9@cbum affabout 50°C in a vacuum oven.

[ 6- (4- et hyl - pi perazi n-1-y1) - 1Hbenzoi m dazol - 2-yl] -acetic acid ethyl

ester as pal | ow r. In an alternative work up procedure,
the filtr %&?@ g %'ﬁtﬁq’flggsz{%hwhelmrmnd-ymam-bemmﬁdauaﬁz-yljvmwn
until at 1628 0% had been renoved. Water at a -41- neutral

pH was t hdlroeddark Ao the resulting oil, and the solution was cool ed
to about 0C. Am_aqueous 20% NaCOH sol ution was then added slowy wth

rapid stirring tofbritng the pH up to 9. 2"read~with pH neter). The
then fil teP&HERHhd dri =[® descri bed above. The
o}*

resulting m xturg

alternative wank Up#p @éahie‘ﬁT6VTﬁ§U*tn$ b ap~t0 |ight yell ow
product in yields as higgvi 97% Met hod Tor Reducjng ter Content
of [6-(4-Methyl-piperazinss Iqyi)-leenzoirridazoI-Z-‘T’I\fzz\etic acid

et hyl ester

[0144] [ 6- (4- Met hyl - pi perazi n-1-y1l)-1H benzi m dazol -2t yl]-acetic acid
ethyl ester (120.7 grans) that had been preVy ou$lH' wor ked up and
dried to a water content of about 8-9% H20g ed in a 2000 nL
round bottom fl ask and di ssol ved in absolute ethanol| (500 nL). The
anber solution was concentrated to a thick i rotary
evaporator with heating until all sol vé The procedure
was repeated two nore tines. The thick oil ed was left in
pre night. Karl

| ower ed water content obtained by this nmethod provided ikcregsed
yi el ds iﬂ@5 he procedure of the follow ng Exanple. O her sofvents such

gs t ol uerl@?4fld THF%@@OQ)m_Luée?ck flapk aee fitted Wit L5 HRbmLS
rying pr, - '
4- Ani no- LoR88Asor EQQ @%‘ﬁ%}ﬁ%i 2 ggvinped flask wes charged with 265.7 g
benzi m dd#dR-raoly 1D dd¥-of lﬁ-(ﬂdnteﬂtyl?p%?ai?ﬁ-?%gﬂ-ﬁﬁrd%nﬁingta%da1 25 mL of
200 proof EtOH. The resulting solution was purged with N> for 15 minutes.



[ 0145] [ 6- (4- Met hyl - pi perazin-1-y1)-1H benzi m dazol - 2-yl11-acetic acid
ethyl ester (250 g, 820 mmol ) (dried with ethanol as described above)
was dissolved in THF (3800 nL) in a 500-mL flask fitted with a

condenser, hca i r.-denperature probe, and purged with

ar gon. 2-Aﬁ’@?%r5§égéﬂ§&m@rlﬁ%wb@m@ adderl. The réffionmls) Was
added to t higosolsh simed i ture was raised to
40C. Wen h’ﬁ t@ﬁgy sol i dgf‘ﬂgjgbg?é@%ﬁ@j@hg%ﬁ@@lgﬂﬁm ré‘l‘lﬁﬁr'é‘i}fa‘ature
had reacheg egeh the Migure-Vi®: eattorzwgs nﬂﬁﬁl@réﬁ%ﬂrl%?t@&#@élpﬁé%n@e
peri od of %fnl . ddi ti.pn. of the assi um base wa

conpl et e, afﬁg?gﬁ%ggln%}ﬁggzﬁéﬁyb% E‘H'Pﬁf'ifl'@:‘ﬁ l$bt Ahe &picalneadtion time

i nternal t&asérheurse had risen to 62C. After a period of 60 ninutes,
the internal tenperature decreased back to 40C, and the reaction was
det erm ned e co LC (no starting material or uncyclized
i nt er nedi a{(?eﬂ\?vgs_ pr gﬁ%@ tP'% éﬁ“W?&WﬁP@QEZ’%ﬂ'%%ﬂﬁmnMs toden
e g e e eatléh, 089 i w8 Burddd Wl e 1S R
filtered, an%t’ #&% 9 (4@3 "fPi)cPf\r/%_BV'\ﬁa%th@&{-aﬁimmqmpano@ﬂé)ﬁﬁurﬁbhlame whae
oven atS0C over n it pr ovI g 14 S ALY Collefel ssparefire)
4- ami no- 5- il Bieoreagtion wassomylstpi Faeazactioh-wds mbhitored b

P ; ; following t
b d i n-2-one. Procedure B [0148] & 240§ Hg
e hack | acyerRelancl bHL Mg SofRGpH by Hirlds: The tyrsesl seqaiontiioss a
t enper at ur¥api-ddgurs. Rifeytie reatidn was casigidié APwhy B8&kd t6PShE

nechani cal i . ,
[6- ( 4- Mot ﬁ?ﬁ%@ﬁ@'ﬁeaaz’?%ﬁlﬁﬁfﬁl}h@w%@ Pacaf Gelitst filteripg matedsl, cThetdiigt hy |

est er (173iltering nEteriaime it [ tor, angd the

react o$ m%?q?plg:%lged " th S%\I\gg??ﬂig{ ﬂ?%lﬂl!t'tgsé}o%r@ "r?—ﬁﬁt@éoﬁﬁﬂ'ﬁ fillsatet hen
charged i nt® fNvepirated under raduced ipressuss pevidihg atthiek sedvirtoRMge oilh

di ssol ved,Theabyd HIME i stildatl cyum or _at nospheric
(the hi gh?é te gl?%%rﬁvg"s ﬁel psg? (E)W ?éebnﬁ'{ll‘edta?l@b\?%é&?sﬂgﬁ'% Helid Nag)H
necessar y (28} \g{gs fswoaddecin anel partidn, land &@%ﬁipﬁtﬁf@%ﬁﬁed.dﬁ‘%iré%ﬂﬁﬁg?n

0 ry “THF

t : [ ith N2. 1000 nL
vas thon oor was Sued B (ol ol Marke uinersoliwasonesheaaith H0

di ssol ved(2 ¥A80 il )aridodriedvatcB0m it RIGTORASRI Srbyidfie 92 gr(ggg%c%]?d

til 00 ni of, I t had b
addi ng. ar (P RrEeAR P B Wk hhsn-olasiisanpenylbacetl AbatryflodEs o( o7

the 4th dpalkiyeliewipeidep0% of the solvent is renoved instead of just
40% as in the first 3 distillations) after which a 1 nL -43- sanple
was rem)v'gfl f? 9\Klg(rjl Fi scher analysis to determ ne water content. |If
t he anal ys wegiy that the sanple contained | ess than 0.20% wat er,

Hovever - L1 the-anal yera i s IR s fiaives B radeniant
flryi n?hpr%ﬁ@iﬁi?@?ﬁ?@'bammawemﬁ);;g?s iimg[edng;@'“ ibthIGr!aq-ﬁé eﬁg{ﬂ,@gat of
ess t harflgak : r a water content o SS
than or about O. 2%05%%‘2"@?’?,8&,@% rn]oﬁ‘ Otf%"(4‘methY|'PlPeraZ'""1-yl)"2-
nitroaniline and 2400 mL of 200 proof EtOH (the reaction may be and has been

conducted with 95% ethanol and it is not necessary to use 200 proof ethanol for

this reaction). The resulting solution was stirred and purged with N, for 15

minutes. Next, 22.7 g of 5% Pd/C (60% H20 wiw) was added to the reaction



usi ng the procedure described in the previous paragraph, the
distillation apparatus was replaced with a reflux condenser, and the
reacti on was charged with 2-am no- 6- f 1 ¥¥Fo- benzonitrile (66.2 g, 470
mrol ) ( infgggeTﬁroce ures 0.95 equivalents is used). The reaction
was then he & r&HC |°Htv@tsﬁ%'|w@-‘-‘ewgﬁdmu&hd\lﬂbrSsmﬂmeswm‘t@r?hﬁg ng yity,

internal t tienieldtfo lLution (13

Imol , 20% le\;%s in THF'?%S??%QE% q%éﬁ%ﬁé’g@ﬂ% 'N}FI'J%I tﬁlféﬂ(!atd@ppnsiﬁat
funnel over ¥ 9fdts thepugh tberﬂasiut dhereaction WS StitdtEai 15.85 internal

t enper at ur gs@he %Miwﬁ@?gg ri %?Eéége addi ti on. Wen 3% 01t he

pot assi um basé was Fough thesnisture Lot theﬁ—(@ -rhethgl-4. 5

hours (in Piesazindrp)-Bfitrdaniie was ba l@tefl Eor;gqntééh ng%)ﬁ%'ﬁ']%é [i'iyrrllgpthfa

reaction te within that
i nt ernal ﬁﬁg@f@fﬁ?@aép fW@Sﬁml’SA sarrpl e of the reaction was
then removed and analyzed by HPLC. If the reaction was not conplete,

addi ti onal [(48DS solArter(mI ﬂﬂé% @Olﬂéfﬂﬁt BPEE% %f’)kz ﬁ\fer n%g%al od of 5

stirre Aut es (the

m nut es an% t| o
anount of ﬁ%ﬁé‘f ear&a@fepmﬁw atdu’mwaeputgedtmﬂ"n Nofbrond rthutéd.

the | PC raThedl added; 1f 10.0 .1PC rat
a.3.50, t ﬁenigg?&‘fe ﬁ‘é%e&'ﬂﬁr’s P 3588 S 85 00s lakendo aviigieposine toas

added. Thée? St(?éalfﬁdéqﬁ@ﬂ?yt&}etﬁwya?—lﬁﬁn@p}b 8568 PhyAR,

4- 5- | 1Ho dc] fdewas 171
o o ©raddear @ and et BY f%ﬁér&rﬁ?f%q%apmégﬁt}g Tboumagidn »ed

i nt er medi a¥as Stlrcmbat 45q§5=rceamterm tdbﬁéet‘éﬁif@% Bhder(y éjgﬁ %,!d%{ 20%@§t he
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in & vacuum oven providing 345.9 g (90.1%
benzoimidazol-2-yl]

reaction fesudf gwhru, aadrummsatmgrrmxidﬂ@wagts%g%a' g@%@g@@@r@pﬁt 20- 30C.

) of [6-(4-methyl-piperazin- 1-yI)-1H-~
-acetic acid ethyl ester as a pale yellow powder. In an
alternative work up procedure, the filtrates were combined and the ethano| was

removed under vacuum until at jeast about 90% had been removed. Water at a



[0148] [ 6- (4- Met hyl - pi perazin-1-y1)-1H begzi m dazol -2-yl Jacetic acid
ter (608 g, 2.01 nol) (dried) an _
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condenser, Wbﬁgﬁﬁ s then added tajthe realiting ofrshd RBRGIAOH WSS to

i ' 7.7 L s char ged
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S der Treduced pressure / torr,
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was greater | IgAcithethyl egtar of t ol uene was added and

i sti [ i uptil .a water
Lot et of -l ey hoo dt Mol pord AC B RGoh gy e anel i
| ess than %A.tgé@%gfﬁgggﬁwhaﬁémnmewassmmm upand drieddo BReater

- ture of 17-19C.
Pot assi Um T byt o der L) 2 Hebdl B Bod ALTSLE Batemifisk ano
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Potassium fof N ahspluie sthaneh(5addeld), tmd%béneﬁﬂ&ﬁcﬁﬂwaé'@(?ﬁc«%l%aféd 0
potassi um dhe i rat of. the reaction was kep
rate such g tmadk di éﬁﬁ&%f&ﬂ} c?&q?%aetor with ?neating until all solvent was removed.
bel ow 20C._ After a tron-o
& procedure was repeated two more times, The thick oil thus obtained was
left in the flask and placed in a vacuum oven heated at 50°C overnight. Karl

Fisher analysis results indicated a water content of 5.25%. The lowered water

content obtained by this method provided increased yields in the procedure of
the following Example. Other solvents such as toluene and THF may be used in
place of the ethanol for this drying process.

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

Procedure A
¢
oy D O
k/”\ Eo
[0145]

[6-(4-Methyl-piperazin-1 -yl)-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



pot assi um t - but oxi de was conplete, the reaction was stirred at an
internal tenperature of less than 20C for 30 m nutes. The tenperature
was then raised to 25C, and the reacti &®-was stirred for at least 1
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purified WrsHisingBeat geenearssayndifter 1D0BHRDAS &) t j,d
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iéWa08h Wdls #Qﬁﬁedgand s [eBCHON was purged with Na. 1000 mL of dry

THF was then added to the reaction vessel, and when all solid was dissolved

distillation (vacuum or atmosphetic) 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
I8 removed instead of just 40%

as in the first 3 distillations) after which a 1 mL
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1.72 nol of Aér?g‘?%‘ Hied gg depgiibadinithenat nmaggplﬁphh&ewfgqitﬁ(g%?%yg% .
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[0147] After a water content of less than or about 0.20% was achieved
using the procedure described in the previous paragraph, the distillation
apparatus was replaced with a reflux condenser, and the reaction was charged
with 2-amino-6-fluoro-benzonitrile (66.2 g, 470 mmol) ( in some procedures 0.95
equivalents is used). The reaction was then heated to an internal temperature of
38-42°C. When the internal temperature had reached 38-42°C, KHMDS solution
(1313 g, 1.32 mol, 20% KHMDS in THF) was added to the reaction via the
additional funnel over a period of 5 minutes maintaining the internal temperature
at about 38-50°C during the addition. When addition of the potassium base was
complete, the reaction was stirred for 3.5 to 4.5 hours (in some examples it was
stirred for 30 to 60 minutes and the reaction may be complete within that fime)
while maintaining 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 flagk over a period of 5
minutes and the reaction was stirred at 38-42°C for 45-60 minutes (the amount
of KHMDS solution added was determined by the following: If the IPC ratio is <
3.50, then 125 mL was added; if 10.0 =IPC ratio =3.50, then 56 mL was added;
if 20.0 =IPC ratio =10, then 30 mL was added. The IPC ratio is equal to the
area corresponding to 4-amino-5-ﬂuoro-3-[6-(4-methyl-piperazin-1-yl)-'l H-
benzimidazol-2-y{J-1 H-quinolin-2-one) divided by the area corresponding to the
uncyclized intermediate). Onge the reaction was complete (IPC ratio > 20), the
reactor was cooled to an internal temperature of 25-30°C, and water (350 mL)
was charged into the reactor over a period of 15 minutes while maintaining the
internal temperature at 25-35°C (in one alternative, the reaction is conducted at



The internal tenperature of the reaction was maintai ned at 68-72C for
15-45 mnutes and then heating was discontinued. The resulting

m xture was filtered through a 10-20 m4ddron frit collecting the
filtrate in_g.12 L flask. The 12 L flask was equi pped with an

internal t &P vatepisasidedavithin Buminatesd aneeuician qREAEA .I'éHhc[aHm%l a
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filter cake, and this procedure was repeated 2 nore tinmes. The

col | ect ed mekkdy dried to a constant weight at 50C under vacuumin
a vacuumoven yielding 510.7 g -48- (85.7% of the crystalline

yellow lactic gcid salt of 4-am no-5-fluoro-346-(4-

met hyl - pi p%iz{iz-yl) - 1H benzi rﬁ“if?ﬁl- 2-y1] - 1H qui no}A
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with a condenser, mechanical stirrer, gas inlet, and temperature probe. The

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

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

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

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

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

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

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



reaction mxture. ldentification of Metabolites [0152] Two netabolites

: LA o in-1-y1)-
- 0- 5-fl uor 0- 346- (4- net hyl - pi perazin
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i dentified aqd chrgr acterized in Pool ed rat plasma froma
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bel ow Nyas\"epegied untita matemmbnient of Rss than 0.03% was achieved). After a
water content of less than 0.03% was reached, heating was discontinued, and
the reaction was cooled under Nz to an internal temperature of 17-19°C.
Potassium t-butoxide in THF (20% in THF; 3.39 kg, 6.04 moles potassium t-
butoxide) was then added to the reaction under N; at a rate such that the internal
temperature of the reaction was kept below 20°C. After addition of the
potassium t-butoxide was complete, the reaction was stirred at an infernal
temperature of less than 20°C for 30 minutes. The temperature was then raised
to 25°C, and the reaction was stirred for at least 1 hour. The temperature was
then raised to 30°C, and the reaction was stirred for at least 30 minutes. The
reaction was then monitored for completion using HPLC to check for
consumption of the starting materials (typicaily in 2-3 hours, both starting
materials were consumed (less than 0.5% by area % HPLC)). If the reaction
was not complete after 2 hours, another 0.05 equivalents of potassium t-butoxide
was added at a time, and the process was completed until HPL.C showed that
the reaction was complete. After the reaction was complete, 650 mL_ of water
was added to the stirred reaction mixture. The reaction was then warmed to an
internal temperature of 50°C and the THF was distilled away (about 3 L by
volume) under reduced pressure from the reaction mixture. Water (2.6 L) was
then added dropwise to the reaction mixture using an addition funnel. The
mixture was then cooled to room temperature and stirred for at least 1 hour. The
mixture was then filtered, and the filter cake was washed with water (1.2 L), with
70% ethanol (1.2 L), and with 95% ethanol (1.2 L). The bright yellow solid was
placed in a drying tray and dried in a vacuum oven at 50°C until a constant
weight was obtained providing 674 g (85.4%) of the desired 4-amino-5-fluoro-3-
[6-(4-methyl-piperazin-1 ~yh)-1 H-benzimidazol-2-y}-1 H-quinalin-2-one,



- ' tivity of a
3 1CG0s of Conpounds 1-3 [0153] The ki nase ac
Sagglrmgf protein tyrosine kinases was neasured using the procedures

- ide the | C50 val ues shown in
t forth below for Conpounds 1-3 to prdp«i
tsﬁe foll owi ng Table. Table. |C50s of Conpounds 1-3 Conpound | Cso

(PNV)  VEGFFPuiificatiedref M Anikind=-S i oreX3EB-(4-methyl-piperazin-1 -yl)-1H-
benzimidazol-2-yl]-1 H-quinolin-2-one

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

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

F NH. N N N—
socalin
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l‘_\ll (0]

’ D.i-Lactic Acld
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1 —
F F NH, N N L o
/ A

AN ﬁ 0

H o OH
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FIt3 c-kit Conpound 1 0.010 0.013 0.008 0.027 0.0001 0.0015 Conpound
2 0.004 0.009 0.005 0.010 0.0004 47

[0150] A 3000 mL 4-necked jacketed flask was fitted with a condenser, a
temperature probe, a N, gas inlet, and a mechanical stirrer. The reaction vesse!
was purged with Ny for at least 15 minutes and then charged with 4-amino-5-
ﬂuoro~3-[6—(4-methyl~piperazin-1-yl )-1 H-benzimidazol-2-yl}-1 H-quinolin-2-one
(484 g, 1.23 mol). A solution of D,L-lactic acid (243.3 g, 1.72 mol of monomer-
see the following paragraph), water (339 mL), and ethanol (1211 mL) was
prepared and then charged to the reaction flask. Stirring was initiated at a
medium rate, and the reaction was heated to an internal temperature of 68-72°C.
The internal temperature of the reaction was maintained at 68-72°C for 1545
minutes and then heating was discontinued. The resulting mixture was filtered
through a 10-20 micron frit collecting the filtrate in a 12 L flask. The 12 L flask
was equipped with an internal temperature probe, a reflux condenser, an
addition funnel, a gas inlet an outlet, and an overhead stirrer. The filtrate was
then stirred at @ medium rate and heated to reflux (internal temperature of about
78°C). While maintaining a gentle reflux, ethanol (3,596 mL) was charged to the
flask over a period of about 20 minutes. The reaction flask was then cooled to
an internal temperature ranging from about 64-70°C within 15-25 minutes and
this temperature was maintained for a period of about 30 minutes. The reactor
was inspected for crystals. If no crystals were present, then crystals of the lactic
acid salt of 4—amino-5-ﬂuoro-3-[6-(4~methy!-piperazin-1 -y1}-1H-benzimidazol-2-
Yll-1H-quinolin-2-one (484 mg, 0.1 mole %) were added to the flask, and the
reaction was stirred at 64-70°C for 30 minutes before again inspecting the flask
for crystals. Once crystals were present, stirring was reduced to a low rate and
the reaction was stirred at 64-70°C for an additional 80 minutes. The reaction
was then cooled to about 0°C over a period of about 2 hours, and the resulting
mixture was filtered through a 25-50 micron fritted filter. The reactor was
washed with ethanol (484 ml.) and stirred until the internal temperature was
about 0°C. The cold ethanol was used to wash the filter cake, and this
procedure was repeated 2 more times, The collected solid was dried o a
constant weight at 50°C under vacuum in a vacuum oven yielding 510.7 g
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4- Am no-5-fl uoro3- (6-piperazin-1 -yl-1 H benzi m dazol -2-yQOqu .
i nol i n-2( 1Y8p- T%bof(tﬁemmmlﬂw@enbmaéﬂcmc.&@aft bfmafrmﬁo%tﬁdb%%fl%s(zxo €

i dentified olite C‘[qﬂr ] e nmetab tes were
i ndependentrﬁgkgewpﬁ%rfiﬁ’l) HEGB?W\%?@!:RM]Z] Z-t%qhglaqoh%&tbm @mub%-ldamand
f Co ound)rlnerﬂ\latsncﬁti'(ﬁﬁshﬁéﬂ c iy tha Fiit
(i vvasnﬁeat ed 'E'j m xture of ﬁektﬁlglﬁ%z&]w@'| r@th I aceJ[Es ﬁ%@ yvngfd%dﬁﬁ
per oxi de. 5@ |3RPeghto be very hygroscoplc the wet filter cake tends to pick up
water and become sticky. Precautions were taken to avoid prolonged exposure
of the wet filter cake to the atmosphere.

=

[0151] Commercial lactic acid generally contains about 8-12% w/w water,
and contains dimers and trimers in addition to the monomeric lactic acid. The
mole ratio of lactic acid dimer to monomer is generally about 1.0:4.7.
Commercial grade lactic acid may be used in the process described in the

preceding paragraph as the monolactate salt preferentially precipitates from the
reaction mixture.

Identification of Metabolites

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

N N 7
NH N -
XN

N~ ~O
H

Compound 2



-50- of the reaction, Conpound 2 was isolated by flltratlonhand
washed with ethanol. If necessary, the product could ge ngg]gg und
purified by colum chromat ography. 'EtOH, DVA 1 2 [ o asnghomm
3, the N-desnethyl netabolite of Conpound 1 was synt ezlzeth
in the schene bel ow. 5-Chl oro-2-nitroan mﬁ;fééfg%ﬁm&?% n
Aberrfa -

Rell ' itro grou
but yl oxycarbonyl (Boc) grqup tq vy - -fn;ﬁgLngigﬁizhchht;thg! p
' quoroanthraniIoni;ri;e usi ng

[ met hyl di s s he ‘base yielded 7. Crude 7 was

P?gnghua}Pﬁxgqueoﬁs NCl to yiMd ;Gb desired netabolite as a
yel | ow brown solid after puriffkatlon. Assay Procedures
Seri ne/ Thr eoni ne Ki nases

ester gave 6. Condensat

Compound 3

IC50s of Compounds 1-3

[0153] The kinase activity of a number of protein tyrosine kinases was

measured using the procedures set forth below for Compounds 1-3 to provide
the ICsq values shown in the following Tabie.

Table. ICsps of Compounds 1-3

ICso (LM)

Compound VEGFR flt | VEGFR flk1 bFGFR | PDGFR Fit3 kit
Compound 1 0.010 0.013 0.008 0.027 0.0001 | 0.0015
Compound 2 0.004 0.009 0.005 0.010 0.0004 | 0.0002
Compound 3 0.019 0.012 0.019 0.037 0.0001 | 0.0002

Syr!thesis of 4-Amino-5-f] uoro-3-[6-(4-methyl-4-oxidopi perazin-1-yl)-1H-
benzimidazol-2-yljquinol in-2(1H)-one (Compound 2) and 4-Amino-5-fluoro-
3-(6-piperazin-1-yl-1 H-benzimidazol-Z-yl)quinolin-2(1 H)-one (Compound 3)

[0154] To confirm the structures of the identified metabolites of Compound
1, the metabolites were independently synthesized,

[0155] Compound 2, the N-oxide metabolite of Compound 1, was
synthesized as shown in the scheme below. Compound 1 was heated in a
mixture of ethanol, dimethylacetamide and hydrogen peroxide. Upon completion



[ 0157] The ki nase activity of various protein serine/threonine kinases
was neasured by providing ATP and a suitable peptide or protein
containing a serine or threonine anino-¥kid residue for

phosphoryl ation, and assaying for the transfer of phosphate noiety to
the serine ertﬁ? FRaSHRNnECMpsHl 8 wardeolatscHafliratian end washed Withickearidne
ki nase dondf Asc - nd CHK1 enzynes were
expressed in Sfégsfﬁggz:%plgeaﬁFfsgclﬁjééoﬁgf%mﬁggﬁpﬁ?ﬂ Sﬁ@'é‘%%@@l"@ﬁp%%’m{em
(Invitrogen) and purified via Gu antibody interaction (for

G uepitope t edygonstructs) or by Metal 1on Chromatography (for

H s6 (SEQ I (1) N.agged constructs). Cdc2 (GSj '
and cyclin r @ essed in Sf9"fsect cel C
Bacul ovi rus exXPr (?si{ﬁ'pn y®rem Recordhiafnh, activenedK2/ w NAN S
avai l abl e commercial ly and\\wa purchased from Upst at e ¢Bi bt echn@ga
The purified CdcZ enzynme used in the assay was commercially 5

avai | abl e, it m h rom.New Engl and Bi%d Labs. For
each assay [ @{Beéét_ con%gﬁﬁ]gg Hé\c%r‘ g"seglg?qfeﬁm%[\@m%?@ﬂ‘t? Rf BREOoLRd 1 wea

m xed - 52SYRihesizetes sppwojim ifet schenmeabelone FChRRo-LUlSani A5 aS kM
of 33P ganu@hg)ﬁggﬂe@}gg Tge kinase protein and the appropri a%e

bi ot i nyl atg ng aque 10 yield 4 which.was g ueptlypratecied withla vol ume of
150 t. Reabuiylmxycawoayii(Boupgroad t6 9lelds4 : r.at ur e, and
t hen stoppggrr(g%t ansf Ef‘r?rifgg tg,a?strepﬁg\?}igﬁoﬂﬁfo@?éﬁ@%@@hﬁowed by
m crotiter pratsrThMths-ehpersiminoprerianiaiacicethgomster gdved, st op
reacti on bQbhésnsaliba cF6 i : . | sts. of. 50 mM unl abel ed
ATP and 30, nM EDTA. Aft_g?tqgﬁggﬂrogg%m#ﬂ@u frife Uk BOBSHIRYi di n pl at es
wer e washeleXanethidisilazide asdios basevyieldedd. nCruaid B wias trickters wigh ablietud
was added ey . e_seal ed and counted using .
TopCount. Th etd(,:%%@ éntglragts ?%d;‘ﬁ% aﬁé@éﬁ@%ﬂ Mﬁ@%@m"m Sé'@/@fit‘?ﬂﬂ%ﬁﬁﬁﬂﬂﬂl-
(1C50) was cal cul ated enpl oyi ng non-1linear regression using XL Fit
data anal ysis software. [0158] The reaction buffer contained 30 niV
Tris-HO 2 pH 7.5, 10 M MCl12, 2 nM DTI, 4 nmM EDTA, 25 nM

bet a- gl ycer ophosphate, 5 nM vnd 2, 0.01% BSA/ PBS, 0.5 gM pepti de
substrate, and 1 gM unl abel ed ATP. GSK-3 enzyne was used at 27 nM
CHK1 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-

SGSCGKRREI LSRRP(pS) YR-NH2 (SEQ I D NO. 4)) was used. For the CHK1
assay, a biotin-Cdc25c peptide

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

([ 1cBi ot i n] GGGGPKTPKKAKKL[ CONH2] (SEQ I D NO 6)) was used. In the
Rsk2 assay, a biotin-p70 peptide, 15 nM MyCl2, 1 mM DTT, 5 nM EDTA,
2.7 JIMPKC inhibitor peptide, and 2.7 gM PKA i nhibitor peptide were
used. Tyrosine Kinases [0159] The kinase activity of a nunber of
protein tyrosi ne ki nases was neasured by providing ATP and an
appropriate peptide or protein containing a tyrosine amno acid

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




-53- PDGFRa, PDGFIR)9, and FGFRL receptors were expressed in Sf9
insect cells using a Bacul ovirus expression system (InVitrogen) and
may be purified via G u antibody inter&ekion (for G u-epitope tagged
constructs) or by Metal 1lon Chromatography (for Hiss (SEQ ID NO 1)

t agged consLNUcEs) . FomN/E-é@h ash est conpounds vvergsteri ally
diluted in D :@: then—fi xed wi n_appropr i@t Ki nasmacti on
buf fer pl us?KTF. Rl nase prot ei &¥n ar{%ﬁpropri at e DI ok

pepti de substrate were added to give a tal vol ume of 50- 100._ NBoc
reactions were incubated for 1-3 fours at roomtenperatuse and then
stopped by addition of 25-50 sL of 45 mM EDTA, 50 nM Hepes pH 7.5.
The stopped reacfign mxture (75 AL) was transfer(m a streptavid
in-coated microtiter plate (Boehri nnhei m a i ncubated for 1
hour. Phosphoryl atgd pgp}i de go-edu NATBAS U ed 'NHhe DELFI A
time-resol ved #l ugllesitence systet (Wal | aloryeRE Bi osgje8C€S), using a
Eur opi um | abel ed@ntT - BHosphot yr osj ne antibody P166 wth the

nodi fication that the DELFI A assay buffer was supplenmented with 1 niv
MyCl2 for the antibody dilution. Tine resolved fluorescence was read
on a Wl l ac §2NQELFI A fluoroneter or a PE Vicgor Il nultiple signal

r eader. The %/,na on of each compound foe(50%i nhi bi tion (1050)
was cal cul at'ed. epyp @n non-1inear n@Qressi §n Arsy ngh-x it data
anal ysi s sof t {lre. § 0160 FIOy- 1, VEGFRZT—¥EGFR3, EGFR3 e- , and

FGFRL ki nases were assayéd/i‘“??c 50 mM Hepes pH 7.0,%2 M Mg¢12] 10 mM
M2, 1 mMMNaF,71 nMDTI, 1 ng/nL BSA, 2 p, M ATP, and 0.20<0.50 |.LM
correspondi ng biotinyl ated peptide substrate. FLT#®1, VEGFR2, VEGFR3,
Tie-2, and FGFR1 ki nases were added at 0.1 pg/nm., 0.05 ng/nm., or 0.1
p.g/nL respectively. For the PD@Ssay Pxoredasessy, 120 p. g/ nL enzyne
with the sane buffer conditions as above was used except for changing
ATP and peperineThidsHinal@nascentratiOns to 1.4 MM ATP, and 0.25 p. M
bi oti n- G}gﬁﬁsww L-NH2 (SEQ I D NO. 2) peptide substrate. -54-

[ 0161] Recdlib?fHant ar@eddaseeactiyityef vazioks pastein defime/tBRbniHEkiRA S s

. . 1 as
avai | abl e raesgiREE b : rchased fr.om Upst ate Bi (_)t‘echnovlvogy.
For each assay, tegt&%éﬁggéﬁigﬂﬁ#gﬁgﬁ?gﬁp RPY Biokeinicantainby arserinben

i xed wi t Préeappeasrinaaeiddesidse forsiispBnitiohe hnd Lysaykly VRSP
-lab i tein and the : e
D oy P frelSref BF phddihae R B Bletsdhimady thisopeg caldibn Rocomibiremt of
150 AL. Resdeinsmontaniag ithekinass dofans3rsdyeur %ﬁ%-zrﬁ,gﬁ'f{ewgat@.%e
Lcoa

and then Wg@zb transferring to a streptavidin I
microtiter plateMFeVRE PH5esaatdmdio inmectealisrupingd Babllovfust op
reacti on bxpressionfsyd@h : : abel.ed, ATP. After 1 hour
i ncubation,.the st ryept ag?ﬂéi ngﬁ%33%¢em L ANYRQdY iptetaction (Bay@l:
M cr osci nEPEPstagaed crastiusis JiarbiydMetab londtiedmiasarahy (fol PR, %Ebeﬁb wer e

| ed 3 | trat f d
o 50% 1 o I REBRy R CUES (6P LRutoRamgchignievetin Aogere co-
regr essi ofRISHIRY RLSBiinsethtellsansihy ai&acaﬁvtr%éﬁpreéglég%b&}é?n.ki nase

reaction : Fyn d, c- ABL contai ne
! ﬁéé&ﬁﬁmfaﬂ{, acHvis Cﬁﬁé(/bycﬁf% Afs available con;merciaily 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



mM Tris-HCl pH 7.5, 15 mMwMd 2, 30 mM vnd 2, 2 nM DYE, 2 mM EDTA, 25
nmM bet a- gl ycerol phosphate, 0.01% BSA/PBS, 0.5 pM of the appropriate
peptide substrate (biotinylated Src pefid-de substrate: biotin-
GGGEGKVEKI GEGTYGVWWYK-NH2 (SEQ I D NGO -3) for Fyn and Lek), 1 p.R4
unl abel ed AW thermppropriata kinase reqatio BLifeeplks BREENRGIW b¥mAfa-Gibkidy
and FLT-3 vefe ?ﬁgﬁ%‘ggﬁk}% pr O\H' ﬂi %E)PATP_ and a peptide or protern
containing a tyrosine §inANENP SOPRRsiafe, biotinyatssneptideisohstratadvere
assayi ng f addetido pivensfitdl vefunihes1atALe AR t in
resi due. Regonbi nant pr ot eins corr esponggﬁg%g ‘?%'Ieen'i‘iﬂ%\%ﬁt%%e‘* hours
domai ns of ¥ PR IsMNpergtiemn.then siopped by treastoring thaseeptaiiass18$€) -
For testi ngmi r__exanpl,e,
4- ami no- 5- ﬁhﬁ%%@ﬁ%ﬂ(%% (THERY' ngst?emse) corﬂ?amlng 100 puL of stop reaction
met hy| pi pePuffen-Tihe/stpp Teadionziutier sandista of 5b GNRIABES AHE‘#?@%O WP
utfer

diluted in O n rm.xe ith the kinase reaction

descri bed E%v‘v %ﬁ%s{ E&I’H ﬁm%ldq@%as‘ﬁr%t%ﬁ@nmlqtes were vraskedwith RB8| t he
bi oti nyl at end ROP Ll Miceadeitoat & mgg;gg,,lgtgo |- NH2 ( I D NO.
2)) were addeid tgj give a fi_nas?”rft/@?@rge - 55- ﬁgﬁ%gf}l‘ﬁ“- ﬁﬁ@slga%gswere
reactions WeA'8dARE (oHMied using TopGouns. Theraonoetestoar GFasch céﬂﬁ';ohH@'ﬂolr

st opped bysgdhkibi TA, 50 M HEPES, pH 7.5. The
st opped reacti on mﬁgﬂﬁsgﬂf %C%'Eyé\%a@%%ﬁ@pm@@% regression using XL Fit
st r ept avi diFac@hglysis saftwvarei t er pl ate (Boehringer Mannhein) and

i ncubated for 1 hour. Phosphoryl ated peptide product was neasured

ith th A tings : | t W | PE
Bl osci encad) il ng e Rai e BB 56 b SR o 16, shrbody
c 33&’ evn“e%{?gf'h’ %éé;DEam o E??ﬁ - ZPnWRle ygﬁcﬁhﬁgpﬁéﬁ.@’r G MGl e
f1 uor escence %aﬁﬁ @r&&ﬁ%@?ﬂ%bﬁﬂa& ol [1adV 12aBbelid AT, GSK-3
fl t £ i j T
Concent ot o or arred B2 b, B B350t e o ST, cetd Staam, and
ca:c ;:ul ate %t&r@%umﬂm rFaﬁrthe egkes sssay, dn&jtmgCKEgﬁj,épﬁggt(%ﬁﬁgl ysi s
o 78, 1 SRR SRRV N GRS 2)5%5 e Fosihe GHIst aTp
and 1 pM @€sayra bigpoiio2gcipeptideny| at ed peptide substrate -

bi oti n- : r 2)). _Th trati f
ELT-3 and (OB S e e S rBNNRB Rl RG(SEG W NOwS) was
o ot Iyt o A e O Phectye T BRLAEREH PRontiday - one
Ef fi cacy ﬁ?rgé&#ﬂ]gﬁ@#@?’%%%@@m(sﬁ@ INDNI@! 6)) MeiEa el 1A tHd Rsk2
nyel oma ( bbday, & BloRbro REBRIESE ANAUBELH AR DY, Sfi Bbra, 2.7 M Prc

inhibitor peptide, and 2.7 uM PKA inhibitor peptide were used.

Tyrosine Kinases

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



expansi on of plasma cells in the hematopoi etic bone marrow, remains a
fatal hematol ogi cal malignancy due to %{el opnent of intrinsic and

acquired drug resistance despite introdlction of conventional
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life. Results [0168] At day 8 after KM5-11-luc cells were

I ntravenously injected into SCID beige mce, whole body imaging
demonstrated devel opment of cell growt k64nd possibly MM I esions

mai nly localized in extraskel etal regions including Iung, liver and

spl een. TyD¥(] di f f RezombinarnlopasiealietyAbsiheRaSSs S éﬁé# 1 SR
r

pel vis and rly observed’in the majo

|
bet ween daﬁ%k@ﬁ\ggéﬁ@gﬁgﬂk’é‘ d st purchased diom Uﬁa@&Blcmbnmhlows For

associ at ed esichasbihndest ddn , pLhlce of
accor di ng t 8 r ot oycloi3 Ol%tg{ngﬁgﬁéarﬁtsﬁ L o'ﬁn%&g ma% feh el with

4- anmi no- 5- & oRfjae k mase reaction buffer plus 10 nM ® Pgamma-labeled ATP. The
et hyl pi pelkgsa -one was
tested in KNG 1 f}?ﬂf??ﬁﬁ gll ﬁb@%?@@’é{éﬂﬂq é}@ r@ vere-addsidite
dai |y oral giveeafingvolushe Gbﬁrﬁ@uhd Reagtiofwagy lhgufﬁéteé%r}@’#rlﬁu?é L&bole
KMS-11-1 ucy b d}% E{e T)g 9 m ce/grouﬁ%{ npr ehensi ve "and
serial mont (5 fa?’ﬂﬁ %ﬁO(PBG Y trapsiateng tna Bpfmudlrpemaitedmﬂrnteon a
weekly baseniemotieg pla Shan t gn, count
4- ani no- 5- flluoro 163((12h net h%/%ﬁp.@%fé%m ﬁaﬂﬁ?@ﬁw@n"?s}%% 'OQbW‘T"’cﬂfl
nol i n- 2( 1H) BWtEQMQademMﬁm Afteed mﬁmaanémwéh' cle
was eaS|I observed

FIGURE 1. Thi
tc{)ﬁg;ﬁg E)n o?ﬁf?ﬁ\%'” gles WJgvashed; %&g%@&%@'@p L Mieresting z@;s-mmatmh
KVB- 11- | ufluidivesas sdbied pér walhi TheepRid WhRsRald LA E LMLy using TopCount.

4-am no- 5- uoro 3

nnet hyl pi p %?P'ﬁc‘?n ﬁ';’f‘ Pliepeln sommpaund for 506 irdubitin (lﬁsoﬁhi’dé)camlﬁatedj nt er
t ly, 11 | t |
ol 1971 B CmPICHEFSn-ifdar ParbaBR VSTl Fu MG et sBvsre bos

di spersed. 3&8 sta5|s was restricted to -59- areas of the abdonen
and back alif S not Wﬂﬁ@sﬂamh@mbeﬁqrfpnﬁm diokabnd eABINSontYREH S ae

or hind I'imeTrid- WW@U% nf\A I\%Clah% mrf\ﬂ%?n%t, ml\/mi)(i'T Errr?he}ltlfgﬂv\m ZtSh

4-am no-5-fluoro-3

[ 6- (4- met ipVbbedsrgiwdencliphosphate; DEr12 BSPARBS; &.5%A0 ok B 4 tﬁ bridgh- one

survi val

i e conparaie s RaBbEindtiy §¢¢gn%hé%2rﬁsthé‘t§&$§ost$i' 5 out of 9

aninal s i rsem@a/tax@a@wmpkfw
am no- 5 fI ro 3- kg (4- et hyl pi pera2| n- !PNB Silt?-rd:é’ﬁ‘zfi"fﬂ '0‘5{901 bl yl ] gw
nol i n- FapnRdd lﬂ\ﬂlkmsw th overall healthy conditions.
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nolin-2(1 one S termnated at cal
consi der a 5 of tne csl%kj afd FLT-3 receptors were purchased (Proquinase). For

testmg, an exemplary compound, for example 4-amino-5-fluoro-3-[6-(4-
methylpiperazin-1-yl)-1 H-benzimidazol-2-yl]quinolin-2(1 H)-one, was diluted in
DMSO and then mixed with the kinase reaction buffer described below plus ATP.
The kinase protein (c-Kit or FLT-3) and the biotinylated peptide substrate (biotin-
GGLFDDPSYVNVQNL-NH2 (SEQ ID NO: 2)) were added to give a final volume



[0171] Further studies with respect to kinase inhibition in general,

I nhibition of FGFR3, and treatnent of cancers including nmultiple
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activity o,f W4 11 24-fold greater conpared
to R84;11, | nd| catl ng m)re @%%’&H‘F“stﬁﬁcﬁ‘ﬁ‘ﬁ%n of constitutively
activated FLT3. Dose-dependent nodul ation of receptor phosphoryl ation

and downstPd8fl si gndfliTag aS TARIS kinadeEhistdVAEEGyel in BYfnitH er[ﬁ)-l wig i
Conpound Er of action. Tar dulat'i on
of LT3, mHERar 2R MACE SR Bt gt S o B5Piandatc it
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fromthe R@E@e[ﬁw% Bﬁ% wer e denpnstr at eﬁf‘?n su cut aneou Mﬁ
engraf t me Ren B cansentmiionof Flind and edfibkinaseswer assayed
charact eriat@hMy decreased cellular proliferation and positive

i mmunohi st ochemi cal staining for active caspase-3 and cl eaved PARP,

suggesti ng as nmedi ated via apopt osis. These data support
the clinica somprehensive ima Bvaluatienl ofl4-Aetino-5-fluoro-3-

[6-(4-methylglperazm~1 =y)-1H- benZImldazol-Z-y lquinolin-2(1H)-one
Efficacy in a Preclinical Multiple Myeloma Mode!

[01685] Multiple myeloma (MM), a B-cell neoplasm characterized by clonal
expansion of plasma cells in the hematopoietic bone marrow, remains a fatal
hematological malignancy due to development of intrinsic and acquired drug
resistance despite introduction of conventional high-dosage chemotherapy. It
has been demonstrated that bone marrow microenvironment, where MM celis
preferentially home and grow, plays a crucial role in developing resistance to
conventional and novel therapies for MM. Therefore, molecularly targeted
agents targeting not only the MM cells but also MM cell-bone marrow



[0173] Human MV4; 11 (FLT3 I TD) and R54;11 (FLT3 W) |eukermic cells
were obtained from Anmerican Tissue Culture Collection (Rockville, ND)
24-26. MW4;11 cells were grown in | scdGes nodi fied Dul becco nedi um
(IMBM supplemented with 10 % fetal bovine serum (FBS, G bco Life
Technol ognﬁeroeﬁalrddmerﬁbubmotthﬁ))oﬂeﬂat;mténtiagoﬁpdﬁdriﬂy% teahINe, Récérgt/ M
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West ern

skull and pelvis resulting in frequent development of paralysis in this model. The
anti-myeloma efficacy of 4-amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-
benzimidazol-2-yl]quinolin-2(1H)-one in this i.v. injected in vivo KMS-11-luc MM
model was investigated and it was found that daily oral administration of 4-
amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-yljquinalin-
2(1H)-one at 20 mg/kg, a dose that was demonstrated to inhibit phosphorylation
of ERK in KMS-11-luc tumors in vivo, resulted in a significant inhibition of KMS-



-62- analysis for pERK was perforned with a nouse anti body to pERK
(1:1000, Cell Signaling, Beverly, MA) and incubated at 4C overnight.
Total ERK | evel was eval uated by re-pro’iﬁ"ng w th anti body agai nst
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Bi osci ence§P b neasure total FLT3 or STAT5 protein, respectively.
The amount of pFLT3, pERK or pSTAT5 was nornalized to total FLT3, ERK
or STATS pmeliséed | evel s, and conpared to vehicle or untreated
controls. Flow Cytonetric Assays [0177] W4; 11 cells were treated with
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Bioluminescent images (BLI) were obtained using an IVIS® Imaging System
(Xenogen) that included a highly sensitive, cooled CCD camera mounted in a

light-tight camera box. Images and measurements of bioluminescent signals, as



were normalized to protein concentration. In Vivo Efficacy Studies
[0180] Femal e SCID-NOD mice (4-6 week-old, 18-22 g) were obtained from
Charles River (WInmngton, MA) and accksgmted for 1 week in

pat hogen-free encl osure prior to start of study. Aninmals received

sterile rodiantifiedhy phdtonatsecond|, wereidoamradet nghg%%g dfegterile

filter-top ' 2 hour _|ight/dark cycl es. experinents were
under the Jﬁ%gﬁﬁwgié{)&'ﬁ%’@"&é%‘?&g{&éﬁf?r@ﬁeﬁﬁ stradg e deiirpalt barydveights were
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reconst it utGol, whbiatieQ 4 MRty L ckinson) and_inplanted s c.
into the right flank of s&vﬁﬂ%éf%ﬁg%%r@%ﬁtﬁ?@ 'éei‘m{%raﬁ”@@jtyvﬁfen
tunors wer d€00- 1000 me, as -64- outlined in specific study designs.
M ce were randomy assigned into cohorts (typically 10 m ce/group for

efficacy sReguglg and 3-5 mice/ group for pharmacodynam c (PD)
studi es). Conpound 1 was adnmi nistered as a solution via oral gavage.
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[ 0182] SCI Dé-'%b 'ﬁ%“ é"geq%le@"y r‘%&ﬁf"&?éﬁ themajprityef micerat heveevaay41 and
i nj ection ddy 48 {#@7sddvdintAe BB Irfadds) U ' und .1, or
vehicle treat g’ent S V\ﬁj’e Jnit i_atae% % mﬁﬁaigé%@aetﬁﬁqﬁ ﬁ&ﬁ'ﬂqpon. M ce
ver e noni t7 8e°Bal98iitRgdn pacdice afinaise asdomingtoqotdennd or early signs
of loss of hind Iinb notility. Increased life span (ILS) of treated
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[ 0183] Mv4; MEYIRIPerazifr)-1 hi-lsmzimidaelg-yiquineling2 (i) ehenoat leskey 8
KMS-11-luc in this in vivo model. Mice started to receive daily oral treatment of
Compound 1 at 20 mg/kg at 48 hours after the KMS-11-luc cells were injected
(n=9 mice/group). Comprehensive and serial monitoring of photon counts in
each animal was performed on a weekly base schedule. A significant lower
mean photon count in 4-amino-5-ﬂuoro-3-[6-(4-methylpiperazin~1-yl)-1 H-
benzimidazol—2—y[]quinolin-2(1 H)-one treated group was demonstrated compared
to vehicle treatment as shown in FIGURE 1. This was easily observed by
comparison of the whole body BLI images taken of mice injected with KMS-11-
luc treated with vehicle and those treated with 4-amino-5-fluoro-3-[6-(4-
methylpiperazin-1-yi)-1 H~benzimidazol-2-yl]quino!in-2(1 H)-one..Interestingly, the
dissemination of pattern of KMS-11 multiple myeloma cells in Compound 1 —

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



staged at 300 nmmB and treatnents consisted of either vehicle or
Compound 1 was administered orally at 10 ng/ kg for 5 days. To
characterize the PD properties of Conpeifhd 1, tunor sanples were

coll ected at various tines (N=3 mce/ tinmepoint) follow ng Conmpound 1
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anal ysi s ofragligal gaeeiderationn) , and post-tests conparing different
treatment neans were done using Student-Newran Keul's test

(Si gmaSt et[p1Ban Raf g QL ival studi.es .log rank test was
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DenDnSt r at.es, Pat et LNk tion of BLT3. K ﬁzﬁggpg%ﬁt@ﬁﬂ,&%%gjﬁ?ﬁgﬂﬁ
0 V- SFatent Ap ?

speci fi ci t%y of: ﬁ}iﬁm PicRHan NectQ/883da4.1dS. Rathni dpplicationeio.
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-fB-(4-metthpiperazin-'l -yl)-1H-benzimidazol-

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

Models of Human AML

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

1C50(pM  FUitY4o ’Y 401 0BLTS KD VsORS8A 1GEA-3IWTY. A3Bprofifardtive &Rty of Compound
1 against MV4;11 was ~24-fold greater compared to RS4;11, indicating more
potent inhibition of constitutively activated FLT3. Dose-dependent modulation of
receptor phosphorylation and downstream signaling (STAT5 and ERK/MAPK) in
MV4;11 cells with Compound 1 confirmed molecular mechanism of action.
Target modulation of pFLT3, pERK in MV4;11 tumors was achieved at
biologically active doses of Compound 1. Tumor regressions and eradication of
AML cells from the bone marrow (BM) were demonstrated in subcutaneous and
BM engraftment leukemic xenograft models. Tumor responses were
characterized by decreased cellular proliferation and positive
immunohistochemical staining for active caspase-3 and cleaved PARP,
suggesting cell death was mediated via apoptosis. These data support the
clinical evaluation of Compound 1 in AML.

Cell Lines

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

Kinase Assays



FGFR3 0.009 VEGFR1/F1lt1 0.01 VEGFR2/Fl1k1l 0.013 VEGFR3/F1lt4 0.008

PDGFRO 0. 027 PDGFRa 0.21 EGFR1 2 c- MET o1

[0174] In vitro FLT3 kinase assays were run with 2 nM FLT3 enzyme
(Upstate Biotechnology, Charlottesville, VA)} in the presence of 8 uM ATP and
serial dilutions of Compound 1. Phosphorylated peptide substrate at a final
conceniration of 1 uM was incubated with a Europium-labeled anti-
phosphotyrosine antibody (PT686) (Perkin Elmer Life Sciences, Boston, MA). The
Europium was detected using time resolved fluorescence. The ICs, was
calculated using nonlinear regression.

Proliferation Assays

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

Immunoprecipitation and Western Blot Analysis

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



-1/ 2, MEK
>3 EphA2 4 TIE2 4 1G-FR1, HER2, PI- 3K Aktl1l/3, Raf, ERK , ,
p38-gft,y >10 [0187] The in vitro RTK assays used to prepare the
above table were run with various dilutédns of Conpound 1 in the
presence of purified enzynes and ATP as descri bed above.
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antibodies to either anti-FLT3 (Santa Cruz Biotechnology) or anti-STAT5 (BD
Biosciences) to measure total FLT3 or STAT5 protein, respectively, The amount
of pFLT3, pERK or pSTATS was normalized to total FLT3, ERK or STATS

protein levels, and compared to vehicle or untreated controls.

Flow Cytometric Assays

[0177] MV4;11 cells were treated with Compound 1 for 3 hours under
serum-starved conditions (overnight in OptiMEM media). For detection of
PSTATS, cells were fixed with 1% formaldehyde, and permeabilized with 90%
ice-cold methanol. Permeabilized cells (0.5 - 1x1 0°) were incubated with anti-
PSTATS antibody (Cell Signaling) for 30 minutes. Purified rabbit lgG (Oncogene,
San Diego, CA) at the same concentration was used as isotype control.
Secondary antibody was a PE-conjugated goat F(ab’)2 anti-rabbit I9G (Jackson
Immunoresearch). Samples were stored at 4°C in the dark prior to analyses
using a FACScan flow cytometer (Becton Dickinson, San Jose, CA). Mean



inhibition. In Vitro Effects of Conpound 1 on FLT3-Medi ated Signaling
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[0192] To address the effect of Conpound 1 on VEGF production in
vitro, an ELI SA was perforned on MV4; 11 culture supernatants. In
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media with increasing concentrations (0- 1 pM of Conpound 1 for 48
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Immunohistochemistry

[0184] Resected tumors were placed in 10% neutral buffered formalin
overnight at RT, transferred to 70% ethanol and processed for paraffin
embedding using a Thermo Electron Excelsior tissue processor (Pitisburgh, PA).
Bone (femur) samples were decalcified (Protocol TM, Fisher Diagnostics,
Middletown, VA). Paraffin blocks were sectioned to 4 pm thickness and placed



good dose-response effect with significant tunor growth inhibition at
doses > 5 ng/kg/d (FI GURE 2). Doses of 30 ng/kg/d induced tunor
regression (9/10 tunor responses), whi éb-consi sted of both parti al
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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



resi stance to Conpound 1. Histological Evaluation of Biological
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cycles) also resulted in significantly increased survival tinmes (MST
= 118 days, 131 %ILS vs. vehicle, p = 0.0001), but was not as
effective as the daily reginmen (p= 0.087- FI GURE 6). Efficacy of
Conpound 1 in Treating Prostate Cancer- Cell Lines [0201] Because
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eut hani zed®&llfen” nori bund. Group information. Dosing was Initia
weeks after cell inoculation (day O of study) 1. Vehicle (n=8)
[0189] The in vitro cellular activity of Compound 1 was investigated on two

human leukemic cell lines MV4;11 and RS4;11 with contrasting FLT3 mutational
status (confirmed using RT-PCR). In these experiments, serum starved MV4:11
(ITD) or RS4;11 (WT) cells were incubated with an increasing concentration of
Compound 1 for 3 hours prior to cell lysis. RS4;11 cells were stimulated with
FLT3 ligand (100 ng/mi) for 15 minutes. Whole cell lysates were
immunoprecipated with anti-human FLT3 antibody, resolved by SDS-PAGE.
Immunoblots were probed with anti-phosphotyrosine antibody. Membranes were
also stripped and reprobed with anti-FLT3 to demonstrate equal loading of FLT3.
Changes in pFLT3 are reported as percent of baseline (no treatment) using
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[ 0207] Summary of Results. The efficacy of Conpound 1 in treating a




solid tunor that has metastasized into bone marrow was tested. In
this nodel, nude mce were inoculated intracardiacally with PC3MI uc
cells. PG3MIluc cells are a human prosg&te cancer cell line that has
been stably transfected with |uciferase. Upon inocul ation, PC 3-luc
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as a solution in purified water and adm nistered by oral gavage once
daily for Cp Wd1 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 ECs between 0.001 and 0.01 uM and complete inhibition at
concentrations > 0.5 uM.

Compound 1 Modulates FLT3 Signaling In Vivo

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



[ 0212] Treat nent groups included, (n=10/group): Vehicle (water); Five
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In Vivo Efficacy Studies

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

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

[0195] Compound 1 was highly potent against MV4;11 tumors, revealing a
good dose-response effect with significant tumor growth inhibition at doses > 5
mg/kg/d (FIGURE 2). Doses of 30 mg/kg/d induced tumor regression (9/10
tumor responses), which consisted of both partiai and complete responders
(1CR, 8PR). Modest tumor growth inhibition was observed at 1 mg/kg/d (23%)
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after 2 weeks of dosing, and was identified as the minimum statistically effective
dose in this model (p< 0.01 vs. Vehicle). In mice bearing RS4;11 tumors,
treatment with Compound 1 resulted in tumor growth inhibition, however no
regressions were obseirved (FIGURE 3). The inhibitory effects of Compound 1
were more potent against MV4;11 tumors compared to RS4;11 tumors, defined
by the respective minimum effective doses in each model (day 8: 100 mg/kg/d;
48 % TG, p<0.01 against RS4;11 tumors vs. 1 mg/kg/d; 23% TGI, p<0.01
against MV4;11 tumors).

Alternate Dose Schedules of Compound 1 are Equally Potent

[0196] The effects of intermittent and cyclic doses of Compound 1 against
MV4;11 xenograft tumors was also examined (FIGURE 4). Compound 1 was
administered orally at 30 mg/kg daily, every other day (g.0.d.), or cyclically, 7
days on followed by 7 days off for 2 cycles (FIGURE 4). Similar to daily dosing,
intermittent dosage regimens produced significant tumor regressions within days
of drug freatment (>94% TGI). All thres regimens resulted in equivalent anti-
tumor activity (day 29, p>0.05) and numbers of responses seen with q.0.d. (6PR)
and 7 days on/7 days off (9PR) were similar to those seen with daily treatment
(1CR, 9PR).

Compound 1 is Effective Against Large MV4;11 Tumors

[0197] The effects of Compound 1 on large MV4;11 tumors of varying
sizes; 300, 500 or 1000 mm"® was also investigated. Treatment with Compound
1 (30 mg/kg/d) induced significant regression in all MV4;11 tumors which was
independent of initial tumor sizes at the start of treatment (FIGURE 5). Tumor
regressions were evident within 3-5 days of drug treatment. All treated tumors
responded (n=27), with 15% complete responses and 70% partial responses.
The remaining 15% were minor responses or remained stable. Dosing was
discontinued after 50 days. No tumors regrew during the 50-day treatment,
indicating resistance against Compound 1 did not develop. The durability of
responses after discontinuation of treatment was also examined. One CR and
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approximately 50% of the PRs were durable for 40 days after cessation of
Compound 1 dosing. Ten tumors that re-grew (to 600- 2000 mm?®) were re-
treated with 30 mg/kg/d Compound 1 starting on study day 90 (40 days after
cessation of dosing) and continued for 60 days. All tumors were responsive to
the second cycle of Compound 1 (2 CR, 8 PR), clearly indicating a lack of tumor
resistance to Compound 1.

Histological Evaluation of Biological Activity In Vivo

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

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

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

[0200] Efficacy of Compound 1 was tested in the MV4;11 leukemia model
in which cells were inoculated info the tail vein of irradiated SCID-NOD mice
(FIGURE 6). In this model, MV4;11 cells disseminate to the bone marrow (BM),
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pathologically mimicking a disease pattern similar to human leukemia. Mice

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

Efficacy of Compound 1 in Treating Prostate Cancer Cell Lines

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

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

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

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

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

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

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

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

[0206] Treatment with Compound 1 was initiated four weeks after cell
inoculation once tumors had metastasized to bone (day 0). The presence of
tumors in the bone was also confirmed by whole body imaging of mice.
Compound 1 was administered orally at a dose of 50 mg/kg/day and
demonstrated a frend to inhibit metastatic growth of PC-3M luc tumor cells in
nude mice compared to vehicle treatment as determined from serial scanning of
mice. Mice treated with Compound 1 exhibited a decreased mean photon
intensity (inhibition) compared to mice treated with vehicle on days 0, 8 and
15/18. Tumor growth inhibition with Compound 1 treatment was also evaluated
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using the median inhibition of photons counts (FIGURE 7). Daily treatment with
Compound 1 (50 mg/kg/d) was also more effective than taxol treatment (15
mg/kg} as shown in FIGURE 7. No difference in treatment efficacy was
observed between treatment with taxol and treatment with vehicle (FIGURE 7).

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

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

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

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

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

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

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

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

[0215] Lung and liver metastases were enumerated by visual inspection in
tissues removed on day 18. Vehicle treated control mice did not develop lung
tumors to the extent observed in previous studies (decreased by ~50%) which
influenced the statistical comparisons. Lung metastases were reduced by
administration of Compound 1 versus the vehicle, specifically: in the 150 mg/kg
dose group, by 91% and the 30, 60 and 100 mg/kg treatments reduced the
number of liver tumor nodules by >77% versus controls (Table Y).
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Table X. Summary of 4T1 Primary Tumor Growth Inhibition by Compound 1
Compound 1 Mean Tumor Max %
Dose Volume (mm®) | 8D | Treated/Contr Inhibition P \‘;ae'huiil‘e’s.
day 18 ol day 18 (study day)
Vehicle (n=9) 2248 780

10 mglkg (n=8) 1798 513 0.80 32 (d 11) 0.187
30 mglkg (n=10) 1246 318 0.55 45 (d 18) 0.002
60 mg/kg (n=10) 1248 205 0.56 50 (d 11) 0.002
100 mg/kg (n=10) 624 184 0.28 74 (d 14) <0.001
150 mgfkg (n=9) 402 95 0.18 82 (d 18) <0.001

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

s Liver Metastases v Lung Metastases
# of % p values #of % p values
Co%p&ind 1 Incidence | Metastases | Inhibition vs. |Incidence | Metastases | Inhibition Vs,
Mean + SD |vs. Vehicle | Vehicle Mean + SD |vs. VVehicle | Vehicle
Vehicle B9 18+ 15 na nfa 9/ 27 +14 nfa n/a
(water) (n=9)
10mgfkg 7/8 22 +32 0 0.810 8/8 36 +32 0 0.928
(n=8)
30mgikg 6/10 3+ 4 83 0.014 | 10/10 | 26+26 o | 0926
(n=10)
60mg/kg 5M10 11 94 0.002 | 10/10 24 + 11 11 0.606
(n=10)
100mglkg 1/10 4+13 77 0.010 10/10 24 +30 13 0.756
(n=10) '
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implicated in tumor-cell proliferation can disrupt cellular processes and cause
inhibition of tumor growth. This has been exemplified by the approval of two
small molecule targeted agents imatinib (Gleevec) in CML (Ber-Abl) and
gastrointestinal stromal tumors (c-KIT) and gefitinib (Irressa) in refractory
advanced or metastatic non-small cell lung cancer (EGFR). Druker B.J.
Oncogene, 21:8541-8546 (2002); Giaccone G. Cfin Cancer Res. 10:4233S-
42378 (2004). Both compounds target specific molecular defects in tumor cells
and this success has driven research on molecular targeted therapies to other
oncogenic kinases, including FLT3 15,20-23. Mutations in the FLT3 gene are
the most common genetic alteration in AML, where nearly 35% of patients
harbor activating mutations. FLT3 mutations have been shown to confer a poor
clinical prognosis thus implicating FLT3 as a therapeutic target in AML. Thiede

C. et al., Blood, 99:4326-4335 (2002); Schnittger S, et al., Blood, 2002;100:59-
66 (2002).
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Cytokine Growth Factor Rev., 15:275-286 (2004). In the AML BM model we
demonstrate that Compound 1 improved survival of mice 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 simiiar 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 fo 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
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[0221] The clinical development of FLT3 inhibitors (SU11248 PKC412,
CEP-701, MLN518) for AML is still in early phases. O'Farrell A.M. et al,, Clin.
Cancer Res. 9:5465-5476 (2003); Fiedler W. et al., Blood, (2004); Stone R.M. et
al., Ann Hematol. 83 Suppl 1:389-90 (2004); Smith B.D. ef al., Blood, 103:3669-
3676 (2004); DeAngelo D.J. et af,, Blood, 102:65a (2003). Selection of single
agent therapies has not yet produced significant responses, and the future
clinical development of FLT3 inhibitors in AML may depend on combining these
agents with either cytotoxic dugs or other molecular targeted agents. The data
reported here for Compound 1, a potent FLT3 inhibitor with additional activity on
RTKs known to play roles in the pathogenesis of AML warrants its clinical
evaluation,

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

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

1. Use of a compound of Structure 1, a tautomer of the compound, a
pharmaceutically acceptable salt of the compound, a pharmaceutically acceptable salt
of the tautomer, or a mixture thereof, in the preparation of a medicament for treating a
metastasized cancer in a subject, wherein the metastasized cancer is renal cancer,
bladder cancer, gastric cancer, endometrial cancer, salivary gland cancer, adrenal
cancer, pancreatic cancer, ovarian cancer, peritoneal cancer, head and neck cancer,

colorectal cancer, or glioblastoma, and wherein the compound of Structure | is:

/

Iz

wherein,

A is a group having the following Structure:

—%—N N—~R'

wherein,

R’ is selected from straight or branched chain alkyl groups having from 1 to 6

carbon atoms, and

further wherein, the growth of the metastasized tumor in the subject is inhibited

after administration of the compound of Structure I, the tautomer of the compound, the
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pharmaceutically acceptable salt of the compound, the pharmaceutically acceptable salt

of the tautomer, or the mixture thereof to the subject.

2. The use of claim 1, wherein R is a methyl group, and the compound of
Structure | has the Structure IA

N N—CH;
NH; N\
AN N
N o)
H
IA
3. The use of claim 1, wherein the lactate salt of the compound of Structure |

or the tautomer thereof is used to prepare the medicament.

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

agent.

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

osteoporosis.

6. The use of claim 5, wherein the second agent is a bisphosphonate.
7. The use of claim 4, wherein the second agent is an anticancer agent.
8. The use of any one of claims 1-7, wherein the metastasized cancer is

renal cancer or bladder cancer.

9. The use of any one of claims 1-7, wherein the cancer has metastasized to
a bone in the subject.



