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~ Field of the lnvention

[0002] This invention relates to methods of treating cancer with a
récebtor tyrosine kinase inhibitor. The invention also relates to methods of
measuring the amounts and concentrations of the inhibitor and its metabolites
after administration of the inhibitor o a subject.

Background of the Invention |

[o003] Capillaries reach into almost all tissues of the human body and
supply.tissues with oxygen and nutrients as Well as removing waste products.
Under typical conditfons, the endothelial cells lining the capillaries do not
_ divide, and capillaries, therefore, do not nbrmally increase in number or size
. ' in a human aduli. Under certain normal conditions, however, such.as when a
tissue is damaged, or during certain parts of the menstrual cycle, the
- "capillaries begin to proliferate rapidly. This process of forming new capillaries
from pre-existing blood vessels is known as angiogenesis or
neovascularization. See Folkman, J. Scientific American 275, 150-154
{1996). Angiogenesis during-wound healing is an example of



(1996). Angi ogenesi s during wound healing is an exanpl e of
pat hophysi ol ogi cal neovascul ari zation during adult life. During wound
heal i ng, the additional capillaries provide a supply of oxygen and

nutrients, pronote granulation tissue, and aid in waste renoval .. After
term nation of the heal i ng process, the capillaries normally regress.
Lynboussaki, A "Vascular Endothelial Gowh Factors and their Receptors in

Enb , Adul t ¥ ty of
Yo b o e M P R R TR o oy
Haart man | nsti t iealing, ﬁﬁﬁ@jdltlor{aoémﬂ]anmgravgier;es:m!;ad:fsncygémysd autriemipor t ant

el I reaches. a i fteapRtED f5he, dppsld Mk RinaaF ABEBnfndiior e, 020!
cells nust develhephrm mboem trmqwillyrlemnmrnwy régresst Henthowssaki,A.JYaseulaar ger as

~diffusion will %?'hf){ﬁgh"[ﬁ%]éw %550'15%"‘1wmg&?g%ﬁﬁgﬁ@@%%{@&%ﬁ é;inenough

oxygen ane nutrien eptor tyrosi
t ransr nenbr ane Tpoloygdmaddmic DissertatiogllivarsiticoiBfiaiginidnMaltacalal/Cgneait h and

differentiation onen,
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factor (VEGF) remodelmg and regeneration of adult tissues. Mustonen, T. etal,, J. Cell

Biology 129, 895-898 (1995); van der Geer, P. et al. Ann Rev. Cell Biol. 10,

251-337 (1994). Polypeptide ligands known as growth factors or cytokines,

are known to activate RTKs. Signaling RTKs invoives ligand binding and a

. shift in conformation in the external domain of the receptor resulting in its
dimerization. Lymboussaki, A. “Vascular Endothelial Growth Factors and their 'ﬂ:
Receptors in Embryos, Adults, and in Tumors” Academic Dissertation,

University of Helsinki, Molecular/Cancer Biology Laboratory and Department
of Pathology, Haartman Institute, (1999); Ullrich, A. et al., Cell 61, 203-212
(1990). Binding of the ligand to the RTK results in receptor trans-
phosphorylation at specific tyrosine residues and éubsequent activation of the
catalytic domains for the phosphorylation of cytoplasmic substrates. ld.

[0006] Two subfamilies of RTKs are specific to the vascular
endothelium. These include the vascular endothelial growth factor (VEGF)
subfamily and the Tie receptor subfamily. Class Il RTKs include VEGFR-1,
VEGFR-2, and VEGFR-3. Shibuya, M. et al., Oncogene 5, 519-525 (1990);



subfam |y and the Tie receptor subfamly. Cass Ill RTKs include VEGFR-1
VEGFR- 2, and VEGFR-3. Shibuya, M et al., Oncogene 5, 519-525 (1990); 2
Terman, B. et at, Oncogene 6, 1677-1683 (1991); Aprelikova, O et al.,
Cancer Res. 52, 746-748 (1992). [0007] Menbers of the VEGF subfam |y have
been described as being able to induce vascular perneability and

endot helial cell proliferation and furt her | dent i fied as a major inducer of
angi ogenesi s and vascul ogenesis. Ferra at, Endocrinol. Rev. 18,

4-25 (1997). VEGEManRBookals @ncgmeﬂéaww?oﬁﬁ&ﬂ Spratikeva.fRiaialng VEGER. 1

and VEGFR- 2- DeVCéﬁ&,ngs &3 74317,43$¢ggyce 255, 989-991 (1992); Qinn, T. et
at.; "Proc. Natl. Acad. Sci. 533 7537 (1993) VEGF stinul ates the
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0008} Because angiogenesis is known to be critical to the growth of
cancer aﬁd to be controlled by VEGF and VEGF;RTK, substantial efforts have .
been undertaken to develop therapeutics that are antagonists of VEGF-RTK-

~ to thereby inhibit or retard angiogenesis, and, hopefully, interfere or stop
tumor proliferation. |

[0009] Platelet derived growth factor receptor kinase (PDGFRK) is
another type of RTK: PDGF expréssion has been shown in a number of
different solid tumors, from glioblastomas to prostate éarcinomas. In these
various tumor types, the biological role of PDGF signaling can vary from
autocrine stimulation of cancer cell grth to more subtie paracrine
interactions involving adjacent stroma and angiogenesis. Therefore, inhibiting
the PDGFR kinase acfivity with small molecules may interfere with tumor

.-'_ growth and angiogenesis.

[0010] 4-Amino-5-fluore-3-[6-(4-methylpiperazin-1-y)}-1H-benzimidazol-
2-yl_]quinolin-2(1 H)-one is a small molecule inhibitor of VEGF-RTK, PDGF-



growt h and angi ogenesi s. [0010]

4- Am no- 5-f | uor o- 3-[ 6- (4- net hyl pi perazin-1-yl)-1 H benzi m dazol -
2-yl]lquinolin-2(1 H-one is a snmall nol ecul e inhibitor of VEG--RTK, PDGF 3
RTK and ot her receptor tyrosine kinases such as fibroblast growmh factor
receptor (FG--RTK). This conpound has been described in a patent and
several patent applications, the entire disclosures of which are

i ncorporated herein by reference and for all purposes: U S. Patent No.
5, 605, 617, U. SREKNnd i 4dcepidr, tyddsiBe kifress suabres fibépiphstamowibriadios .

60/ 405, 729, 60 X 6 il I ni stering
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profile of thisevewsl patenhappications, thegentire disclosur&uofwinigh efe inberporatexht | on

[ 0011] The i nst ALY ' 0q$c0f; [ er, including
| eukem as and s’g‘%}%g l{}urﬁo%&és%lﬁ{dgﬁglr' ?f@ﬁrggéregt ?\ﬁég’éﬁ%‘%@ﬂgéb@?%%wnet hods for
attai ni ng suf f i diSeBiN. UD&dd,056vU|S Rybvigionatrpplichtibh dos08B40%729-

met hyl pi per azi | - | QL | 16 .in a subject
to inhibit thga%@%é/\%‘l]&gn Q?a@aér?édeiﬁzoéﬁef%@#%od&ﬁé} ﬁﬁ@#@rgﬁ?@?t or of
recept or tyr ostampdiindzse secdetbasargrecthods foedetprmoiningdbie owialwiia grofilesof

bi omar kers and :!?t%i‘q : e of such conpounds to nonitor the
di stribution antggq}ne a%gF"?ésnr%%gggﬁ

present invention provides pharnaceutical conpositions and nedi canments -
conmprising. the inhibitor and tRUmMmapyafdasinyentieB. [0012] Thus, in

oo danCe bt gt P o R B PR 2 1T
amount of a cornipeuditdy tukbotasdral dolid furhbis. b particutar there are provided

methods for attaining sufficient blood levels of 4-amino-5-fluoro-3-[6-(4-

methylpiperazin-1-yf)-1 H—benzimidazol-2-yquuinolin-2k1'H)—one in a subject to

inhibit the growth of a cancer. This compound is an inhibitor of receptor

tyrosine kinases. There are further provided compounds as biomarkers and

- methods for the use of such compounds fo monitor the distribution and

metabolism of the Inhibitor in a subject. In addition, ihe present invention

provides hharmacéuticai compositions and medicaments comprising the

ihhibiféf and their Enethods of use.

()

[0012] Thus, in accordance with the_i‘nve_ntion, there are provided
methods for treating cancer comprising administering to a subject having
cancer a sufficient amount of a compound of formula I:

: . N/——\N_
F - NH» l\ll \ /
. N N
MH
N 0
H

a pharmaceutically acceptable salt thereof, a tautomer thereof, ora
phartmaceutically acceptable salt of the tautomer to provide a Cyay of about 20
to 4000 ng/mL of the compound in the subject’s plasma or a Cyax of about 40

4

e inhibitor in a subject. In addition,™the



N O H a pharnmaceutically acceptable salt thereof, a tautoner thereof, or a
pharmaceutical ly acceptable salt of the tautonmer to provide a Crax of about
20 to 4000 ng/nmL of the conpound in the subject's plasnma or a Cnax of about
40 4 to 8000 ng/nmL of the conpound in the subject's blood. In sone .

enbodi nents, the amobunt of the conmpound adm nistered is sufficient to
provide a Crmax of about 35 to 2000 ng/nmL of the conpound in the subject's

pl asma or a Cmax of about 70 to 4000 ng/nmL of the.compound in the subj ect's
bl ood, a Cnax oftoégeﬁmgwmhgemn@vwnme subiect®s Ri99dndd FPMBhe subj ect's

pl asim or 2 Craerdfodtishis, HBricnf G4 BspduAladhiisGRIDRIRCisht ihe Subj ect " s
bl ood, a Chrax of about 50 to 250 n the subject's
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bl ood, a Crrax ofbl%ﬁtcﬂ%@fqb@“b%@ 59?/ mof { O&H%‘Bﬁr'ﬂj PUPKKELS ubj ect ' s

pl g_srratpr bI m@bpaxcgg;%fab%%ﬁ% NQB0Thg/RiL rSthlﬂeef mﬁwmmn e édﬁ%ct’th

subj ect's 00 X .0 n 0 mpound i.n the
subject's plas "@nﬁfﬁb(?f’ %%Vlésoﬂﬂ%“g(?fg@ &'etsl"f eEb?’rpound in

t ge, subj ect dS_ tpilaﬁmh orTéﬂem;x@tamm 198ltd 506 ng/Mt. &W@Mﬁﬂotﬂfd |ﬁ@id’%ﬂb§9ec1’sl s
adm ni stered to e nts LN, SO
embodi ent ot he Bt} 8dtmer &f abgufrs BTE0TRIRE ShE RO R B USRS o ¢ o
t her eof may be fpmmd ataad maof abpout1$0 t@a@wu?/m of&l@bﬁﬁﬁour@ﬁhd@mbjé_oﬂ@ ets,
suspensi ons, ous u or as erejn. In sone
such enbodi rrent oqdng. a,a%ﬂ[a%f:gf E(%rtf’ 2%55 ﬁnlaﬂﬂﬁ%]ﬁ%rgaguré 'I"ﬂﬁ? B'Fh?a‘ﬁ is
adm ni stered or @I!alsynat or d Qg lvbiabout 2004000 hgimLaf Hmrcmnﬁmnﬂndrmm&esubjda&e
conpound may .be dmi ni st.ere ti,0 0013] .aspect, the
rebent i mvant ;G B G B i B EERE ot e hitnobiladh B 0t ¢
admi ni st ering t plasmsud) &Chax vaabaul Zﬁam:mﬂlhng!mL of the compound in the subject’s

blood. The lactate salt of the compound of formula | is administered to the

subject in some embodiments, and in some suc_;h embodl_ments the subject is

a human. The compound, tautomers, or salts thereof may be formulated as -

pills, capsules, tablets, gelcaps, caplc—;ts, _suspensiqné, aqueous solutions, or

other forms as described herein. In some such em_bbdiménts, the lactate salt

is in an agueous solution and is ad_mihistereq orally to the human _subject. Ir}

other embo-dimentg, the compound may be admihist_éred by injection.

[0013] In a further aspect, the present invention provides methods for
treating cancer comprising administering to a subject having cancer a '
sufficient amount of a compound having formula |, a phéirmaceutica{ly
acceptable sait thereof, a tautomer thereof, 0|; a pharmaceutically acceptable
salt of the tautomer to provide about 10 to 2,000 ng/mL of the compound in
the subject's plasma 24 hours after administ_ration or about 20 to 4,000 ng/mL
of the compound in the subject's blood 24 hours after administration. In some
embodiments, the amount of the compound administered is sufficient to
provide about 20 to- 1,000 ng/mL of the compound in the subject’s plasma 24
hours after administration or about 40 to 2,000 ng/mL of the compound in the



sufficient amount of a conpound having formula 1, a pharmaceutically
acceptabl e salt thereof, a tautoner thereof, or a pharmaceutically
acceptable salt of the tautonmer to provide about 10 to 2,000 ng/niL of the
conpound in the subject's plasma 24 hours after adm nistration or about 20
to 4,000 ng/nL of the conpound in the subject's blood 24 hours after
-admnistration. In some enbodinments, the anount of the conpound

adm ni stered i ssmsétsst&etzz;trsbur@éﬁaﬂadﬁmﬁa%ﬁon2906& 48 199600 Rg/MilLofdhe t hE
conpound in the 'subject's plasma 24 hours after admnistration or about 40

to 2,000 ng/mn Wﬂwdd%Fﬂ?cﬁﬂ'?lfcr?lP'@ﬁ@a@%ﬁ%ﬁer@dﬁvﬁﬁ‘dﬁt@@ HEhPYt & Per

admi ni strati on, 1,60 HrdOofRe RO 1S sdﬂ%&t’s‘ﬁ:w%dr@aﬂé}e subj ect’ s
pl asma 24 hours after admnistratio out 80 to 000 ng/ nL of the

conpound. in t RIDisiretiqn, or Bp%doiﬁzﬁgﬂﬂ@%ﬁtt@? compRyR %‘tﬂf’%ﬁ‘lﬁﬁdsor about 40

to 250 ng/ L ofplhdifa 28 HBAQk ek Bdﬁhl’h%tr%ﬂ@dw Sﬁébcﬁjt 89't@§0@n§ﬁ‘nLh@Mﬁé af ter
admi ni stration or about npound |n the subject's

Ot
bl ood 24 hours W@U”Qdﬁﬁ%ﬁ %‘PP&F‘TB’Hgd 2 hean@ﬁeéﬁﬁ@miwg In$RMQ ubj ect is a

hunan. Conmonl YSmdelhBﬁtsP!h@%ﬁBfecﬂBhhﬂﬁﬁanOfCorﬁmeﬁly| NARE prRBEHY méthscjé gctate
salt of the co nd of fo

m ni st er In sone
such enbodi nent! a'Fﬁéaﬂ‘%t'é e;ao{esa eiaﬁ?‘ﬁcamppwf%fa WPQ'S @dia*w@%ere del cap..

capl et, suspengp@e smfetﬂquﬁﬁﬁﬁe SEHErissiRests, the ladiateisaits mrpsli,oral |y to. the
human subj ect. 00]] g in certain emhodi ments of t}e pr esent met hods of
S ctaplginsistsd !

treating canc 8 APy SHEPENTION, O7 aHeRHSRAlytiog and i,

phar maceuti cal amﬁp@%do@w mth@hdmgarma‘@cponprl sing fructose. In sone such
enbodi ments, 'the pharmaceutical conposi t ion further conprises a'flavoring

agent. such as aro '
phar maceut i cal [B@‘hﬁposﬁ%&%ﬁrﬁ&éé@%ﬁ@egﬂggfm esgﬁﬁceg&[%emgtpg ent
net hods of tre®aneer, theasargroundpf foonuladis admipistared as i pignaceudionl d conpound

ot mound. fo. heEmeUBHEE o RelRELALL PRk RO E BRI 10 (e

conmpound of f ortlrm paarrnaceutlcal composmon further comprlses a flavoring agent such as
tetrarome mandarine flavor. In other embodlments the phannaceutlcal
composition further compnses water. Hence, the present methods of treating
cancer may further comprise mixing the solid compound of forrnul'a { with
water to form an'aqoeous mixture before administering the compound to the
subjéct. The invention further provides the use of the compound of formula |

.

o

in prepanng a medicament for use in treatmg cancer.

[0015] In other embodlments of the methods of treating cancer .
described herein, the compound is admmtstered as a pharmaceutical
composition selected from granules, powders, suspensions, tablets, pills,
capsules, geicaps, caplets, emulsions, syrups, elixirs, slurries, sprays,
aerosols, suppositories, or solutions, Preferably, the pharmaceutical
composutxon is selected from tabiets, pills, capsules, gelcaps, or caplets

‘[0.01 6] In still other embodiments of the methods of treating cancer
described herein, the compound is administered by injection as a short bolus,



in preparing a nmedicanent for use in treating cancer. [00151 In ot her

enbodi nents of the nethods of treating cancer described herein, the
conpound is adm ni stered as a pharnaceutical conposition selected from
granul es, powders, suspensions, tablets, pills, capsules, gelcaps, caplets,
enul sions, syrups, elixirs, slurries, sprays, aerosols, suppositories, or
solutions. Preferably, the pharnaceutical conposition Is selected from
tablets, pills, capsules, gelcaps, caplets, 0016% In still- other

enbodi ment s of tﬂewn@fuﬁ@asoré@n&tegaﬂnf@%aﬁaﬁe!meca%wv 8 ddnupisiered ange,

compound i s adm gyigd, e titiés] dlfeGtingss gflya short bolus, 6 slow infusion, or
| ong-term i nfusion. The i nJ ection may be adni ni stered once, twice, three

times, or. four t dai | 0017] Ln s enbodi nent esent

met hods of treat t‘ﬁgﬁ canc $HE™ %W%g‘% tq%@eﬁﬁ%ﬂﬁﬁ‘?%‘?ftt la |

admi ni stered to tdieesuhs aﬂbuntroﬁﬂmnﬁﬂdmnuﬁffbﬁmhI&ﬂmi’gétb@dlﬁd}e subjeght of the
subj ect. In other odi unt. e co nd adm nistered to
“the subject rany®8® *PB d”r%%{?tss%g&g%ngbwe aPBe 3“18 %Pg'ieébl y, from about
200 to 500 ny/ daybodifieifl] thétaenqunesicthe cambhmﬂ:lsadm:ntsteaad tmty:eesahjeetr are
effective agalnst a L de,va cers, includi ng those h the
cancer to be treSdaE W% b°§{35ﬁ8 1@@&6?96}@?3' EI"ELR er%?rag'yl ﬁo zﬂ%f)f’{:%ﬁba Oﬁ '
present met hods mgidaysed to treat cancers such as prostate col or ect aI
breast, nmultiple nyeloma, pancreatic, snall cell carcinoma, acute

nyel ogenous 'euk@wfﬁIchr?ﬁéﬁgégrgﬁq.ﬁggp@ygﬁéaﬁugeﬁémw Qi auafaati ve

di sease, nonsnal | ung; oni c ¥ 0 | eukem a,

sarconma, mnel anon\ﬂidelv?ﬁﬁM@ﬁﬁan@Wﬂépémg thﬁ@@ﬁ'@)é’hlﬁbcﬂl‘? paneer febgireated is a gastri c,
gastroi ntesti nal ggjily rtm or IQ.Lk'eﬂ'ﬁ@ INPREUR the 9"&@9@%6&&)@9 +$y dsBd ?d)ﬂ‘@at

enbodi nents, the nethods of treating cancer describ heréin further
conpri se adni ni SYAECEREUChas PRBIBTD Ctﬁ'oPWﬁPfamU“!i’ie W&?'P"@f pancreatic,

small cell carcinoma, acute myelogenous leukemia, chronic myelogenous
leukemia, myelo-proliferative disease, nonsmall cell fung; small celt lung,
chronic lymphoid leukemia, sarcoma, mélanoma, lymphoma, thyroid,
neuroendocrine, renal cell, 'gastric, gastrointestinal stromal, glioma, brain or
bladder. ' '

[0019] In some embodiments, the methods of {reating cancer described
herein further comprise administering the compound of formula [ as part of a
treatment cycle. Thus, the treatment cycle may comprise administering the
amount of the compound of formula | daily for 7, 14, 21, or 28 days, foliowed

" by 7 or 14 days without administration of the compound. In some
embodiments, the treatment cycle comprises administering the amount of the
compound daily for 7 days, followed by 7 days without administration of the
compound. A treatment cycle may be repeated one or more times to provide
a course of treatment. In addition, the compound may be administered once;
twice, three times, or four times daily during the administration phase of the
treatment cycle. In other embodiments, the methods further comprise
administering the amount of the compound once, twice, three times, or four
times daily or every other day during a course of freatment.
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treatment cycle. Thus, the treatnent cycle may conprise adm ni stering the
anount of the conpound of fornula | daily for 7, 14, 21, or 28 days,
followed by.7 or 14 days without adm nistration of the conpound. In sone
enbodi ments, the treatnment cycle conprises adm nistering the anount of the
conpound daily for 7 days, followed by 7 days w thout adm nistration of the
compound. A treatment cycle may be repeated one or nore times to provide a
course of treatnment. In addition_ the conpound npy be adm ni stered once;

twice, three tin@820ky f.ofhereiareurther previdad mrihadsdonsatinganesri on ‘phase of

the treatnment ehisinghdiifieterifgerd siBjBéthavinganedhwsiFidisithRuntendr i se
admi ni stering the am)ugﬁ?éof t.he conpound once, tw ce, three tines, or four

times daily or PERPUBHRBYINQME BOPYRY a course of treatnent. 7 [0020] There
are further provided nethods for treating cancer _conprising admni'stering
to a subject.having cancer a suff|C|ent a f §,_ conmpound having the
formula: FNHZ NH NOH a. pharﬁa acceptable salt thereof, a
taut omer thereof, or a pharnace cceptable salt.of the tautoner to
provi de an AUC of about 500 to 000 ng®h/ nL of the. conmpound in the

subj ect's plasma or about 750. to”12f, 080 ng* h/ mL of the conpound in the
subject's blood. In other such enbo inents t he anount of the. conpound

adm ni stered is sufficient f .about 1 Q00 to.30,000
ng*h/nL of the TR TRl %"C%E%} %a[m?@e LP@?#%“"B‘?“"BEF&?&@ 19800 to 60, 006-
ri grh/ mL of t he pharmaceutically dcbeptab!emlajtetmeialhtbmedto provide laarAuUtishabout

The subj ect s pealigeBPoRRGimS: late ool dthel el et BEIRNG i

t he subject's blt@d@0,000 ng*h/mL of the compound in the subject’s blood. In other such

embodiments, the amount of the compound administered is sufﬁciet}t'.to
provide an AUC of about 1,000 to 30,000 ng*h/mL of the compound in the
- subject’s pTasma or about 1,500 to 60,000 ng*hlmL of the compound in the,
subject’s blood. In other such embodiments, the AUC is about 2,000 to .
. 15,000 ng*h/mL of the compound in the subject’'s plasma or about 3,000 to
30,000 ng*h/mL of the compound in the subject's blood.

0021} The present invention further provides methods for tree_i'ting
cancer comprising administering to a subject having. cancer a compound I
having formula [, a pharmaceutically acceptable salt thereof, a tautomer |
. thereof, or a pharmaceutically acceptabie salt of the tautomer, wherein the
amount of compound administered in a first treatment cycle is 25 mg per day,
and the amount of compound administered is increased with each subsequent
treatment cycle until either 1500 mg of compound is administered to the
‘subjec't per day or dose-limiting toxiéity is observed in the subject. Typically in
- suich methods, the amount of compound administered is doubled with each
subsequent treatment cycle after the first. In some embodiments, the
treatment cycle comprises administering the same amount of the compound
daily for 7 days followed by 7 days without administration of the compound.



[ 0021] The present invention further provides nethods for treating cancer
conprising adm nistering to a subject having, cancer a conpound having
formula 1, a pharnaceutically acceptable salt thereof, a tautorner thereof,
or a pharmaceutically acceptable salt of the tautoner, wherein the anpunt
of conmpound adninistered in a first treatment cycle is 25 ng per day, and

t he anbunt of conpound adm nistered is increased wth each subsequent
treatment cycle until either 1500 ng of conpound is administered to the

subj ect per day 002%se-| ilmianpthgr aspect itheyinvention peovides methpdieoidweling:t .
Typically in su @gﬁg St er s doubl ed

W t i "each subseg%ent tr ﬁ@%ﬁmgggﬁﬁh%?j W@gmgQ£h&% é%ﬁ@ﬁgﬁbodlnents
the treatnent cW@F@nb@HbWHﬁﬁy"ddwwwgé@éhﬂﬁ@aﬂhe same ampunt of -t he conpound
dail.y, for 7 days foll owed by 7 days w thout adm nistration of the conpound.

8 [0022] In another aspect, the invention i dés\et hods of treating
cancer, CO,Q‘DI’I sing adm nistering tho aNH;uS'\&pﬂ cancer, a sufficient
anount of a conpound havi ng the fesguka F- NHZ N\ / \_J HNO H |l a
pharmaceutically acceptable salt ¢ f, o tautoner thereof, or a
pharmaceutically acceptable salt e @aut omer, and exposing the subject.
to one or both conmpounds of fornulafl and formula Il selected from F NHZ
NN-JNH HNO HIJlor ~ | -

a pharmaceutically acceptable salt thereof, a tautomer thereof, or a
pharmaceutically acceptable salt of the tautomer, and exposing the subject to.
one or both compounds of formula I} and formula Il selected from:

' N NH
FNthI! )

Xy N
@*ﬁﬂ

N "0
H

Itor

I,

whereby one or both of the compounds of formula Il and formuia I are
produced by metabolism of the compound of formula ] by the subject, to
provide a combined Cra for one or more of the compounds of formula |,
formula N, and formula I} ranging from about 20 to about 4000 ng/mL in the
subject’s plasima or a combined Cnay for one or more of the compounds of

formula 1, formuta 11, and formula 1il ranging from about 40 to about 8000
ng/mL in the subject's blood. |



O FNHZN~/ NN21H NOHIII, whereby one or both of the conpounds of
formula Il and formula Il are produced by netabolismof the conpound of
formula | by the subject,. to provide a conbined Crax for one or nore of

t he conpounds of forrmula I, formula Il, and formula I1l ranging from about
20 to about 4000 ngfmL- in the subject's plasma or a conbined Cnmax for one
or nore of the conpounds of formula I, fornmula 11, and fornula IIl ranging
from about 40 to about 8000 ng/nL in the subject's blood. 9 [0023] In yet
anot her aspect , [0088] pr esbnyet applfenasrast ghe piegent ingniien providas retbeds ng cancer
COMPI i $1Ng eXpOfy RatthoushbaClorBLiritexsRERE T, subjedt falfibd EARRY to #EBHAENCT ONC
or nore conpounds having a formula selected from. F NN ~ V'V HNO
H O F N-12 N @nountof ong of mpre\cqmpeynds hewing a foyrmyda selected from:

| N | N—
F NHy f\,f N/
= N

N~ "0
H .
N/—_\Nio -
FoNHp N N
' " N
. H +
N~ "0
H . E
N NH
F NHzl\’l \ ;
s N
Cre
N O . :
H '

an active metabolite thereof, a pharmaceutically acceptable salt thereof, a

tautomer thereof, or a pharmaceutically acceptable salt of the tautomer,

sufficient to provide a combined C.rnax of about 20 to 4000 ng/mL of the one or ~
more compounds in the sdbject's plasma or.a combined Cnax of about 40 to R
8000 ng/mL of the one or more compound in the subject’s blood. In some
embodiments, the amount of the ohe or more compounds provides a Cr for

one of the compounds of about 35 to 2600 ng/mL in the subject’s plasma or a

Chax for one of the compounds of about 35 to 6000 ng/mL in the subject’s

blood. {n other embodiments, the amount of the one ormore compounds

provides a Cyax for one of the compounds of about 35 to 1200 ng/mt. in the

subject’s plasma or-a Cnax for one of the compounds of about 50 to2400

ng/mL in the subject’s blood.

[0024] In other aspects of the invention, there are provided methods for
determining a metabolic profile for a compound of formula |, a
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N O. H an active netabolite thereof, a pharnmaceutically acceptable salt
thereof, a tautoner thereof, or a pharmaceutically acceptable salt of the
tautomer, sufficient to provide a conbined Chrax of about 20 to 4000

ng/ mL. of the one or nore conmpounds in the subject's plasna or.a conbi ned.
Crax of about 40 to 8000 ng/nL of the one or nore conpound in the subject's
bl ood. In sone enbodinents, the anount of the one or nore conpounds

provi des a Cmax for one of the conpounds of about 35 to 2600 ng/nmiL in the
subj ect' s pl asmapbarmacedivally acteptable et thereot ertpuiomss thereofbw 35 to 6000
ng/ mL in the subj ' SF PR HIRH & t he one
or nore conpoundgﬁ&t)nrag\e/'i[t?g;ﬂfgc%h%y%%&gne o?ithe’ @oan%oﬁer?ggﬁ%l?bg@gut 35 to
1200 ng/ L i n t heompigiieweasurggdkeramenntdf ehlgrstane melbolite phibe compoundls of
about. 50 t o' 2400; i i ' I [ léreh t ects of
the invention, tﬁe%mdrgfgwﬁyﬁ@ﬁé’?ﬁ gﬂ%s&%?%{eﬁifﬁ?ﬁnth%ﬁ%%gggl ic
profile for a cobfiBeRdchoempedimants, $t,le%ﬁt908meéﬁbﬁéstﬁeia@n@&pxiges@'ae@zr@b| e salt
thereof, a taut opgfind faRh&afl or a pharmaceutically acceptable salt of the
tautomer, in a subject, the nethod conprising nmeasuring the anmount of at

| east one netabolite of the conpound in one or npre sanples of urine,

bl ood, or tissue-taken fromthe subject. ) gch enbodi nents, at | east
one netabolite is an N-oxide conﬂ: sk F farpula Il1: F NHy NN\ N HH

O Il [0025] In other such enbogiierity | east one.netabolite is an N
desmet hyl conpound having fornla, P oH '
H
I
[0025] In other such embodiments, at least one metabolite is an N-

desmethyl compound having formula IlI:

(-
F  NH: I\’l _

S N
Cr

N“ 0
H
H
[0026] in some such embodiments, the at least one metabolite further

includes a second metabolite that is an N-oxide compound of formula II. The
amount of metabolites may be measured usj_ng techniques, including
ultraviolet (UV) spectroscopy and/or liquid chromatography-mass
spectroscopy (LC-MS).

[0027] - In other aspects of the invention, there are provided methods of
determining the amount of a compound having formula |, a pharmaceutically
acceptable salt thereof, a tautomer thereof, or a pharmaceutically acceptable
salt of the tautomer in a subject, the method comprising measuring the
amount of the compound in a sample of urine, blood, or tissue taken from the
subject after the compound has been adminisiered to the subject. This

11



FNHZNV\JH HNO HIIl [0026] In sone such enbodi nents, the at | east
one netabolite further includes a second netabolite that is an N-oxide
conmpound of forrmula Il. The anmount of netabolites nay be neasured using
techni ques, including ultraviolet (UV) spectroscopy and/or liquid

chr omat ogr aphy-mass spectroscopy (LC-MS). [0027] In other aspects of the

I nvention, there are provided nethods of determ ning the anmount of a
conmpound having fornmula 1, a pharmaceuti cal acceptabl e salt .thereof, a

t aut oner ther eg‘FE,’thﬁ’ "@%‘I‘fﬁ?‘%&’@@ﬁf‘?‘%ﬁﬂ@?’”%é%?%“@t iaetabeliteibtheut omer i n
a sulbj eC]E, the oﬂm;ilaadd OB SapRY M?taﬁ&lﬁé?matﬁ\ta%b@mﬂghre@finél??e,mﬁﬁ@nd in a
sanpl e of urine, od, or tissue taken m S ec er e conpoun
has been admi ninSt @P@#@ﬁﬁ&-ﬂ%ﬁf@[{??u%i’ Oﬂ”[ﬁg&ﬂ@&#ﬁ%&wﬁcomri se
nmeasuring the aeRipdln®hadngfir@billill ¢ edmé Babodinianes; fitk mbtholl urgasin| e.

Met abol i tes that ma.g bwasur%g I ncl ude, but  are nog, |jmted to, the
N-oxi de conpouf@MBFSELWitirawing e g7 Biere fmple fomuta FHbieg &*havi ng
formula 111: | tineeratteetheamtimpainhe of fonaulad thhe Beén atifmiistereantp tHessubjedtt hdr awi ng
two or nore sanples fromthe subject at different ti.nmes after the conpound

of formula | higohigen adgl SUELETelBrddliasiihffbes of RABRL. GEnAIN cct's,

features and a ages pr'esent 1 nventron w cone apparent from
the foll owing udtbédoate siemrent/fionuthe followingdetaildstdesgriptians tibgwuldiomever ,  tirat
the detailed d L0 t I f _ ' L ndli Lng -
certain enbodi ﬁéﬁ%ﬂssggfj ’ ﬁ%‘@é‘%ﬁ\}ﬁﬁt‘ﬁgﬁgﬂagér"gdég“’f@gﬁ‘l@“%'gygk &ﬁéf P%rg@r&%t I on
only, since vawhendidetingesrtainembpodinantsof theinvantion, are gives py way oind  scope
of the L nventi giihddn B Yee YBRATCHanbSs bAPRRAREhtid R Withih hB&pRf bnd" OM

scope of the invention will become apparent to those skilled in the art from
this detailed description. -

Brief Description of the Drawings

[0029] FIG. 1 shows KM12L4a tumor inhibition by the compound of
formula 1.
[0030] FIG. 2 shows the Ciax and AUC vaiues versus percent inhibition
of KM12L4a tumor growth in KM12L4a tumor-bearing mice.
Detailed Description s
[0031] " The instant invention relates to methods for the treatment of

- cancer using the compound of formula |, methods for méasuﬁﬁg the amount
of the compound of formuia | and/or its metabolites in biclogical samples
taken from a subject, and pharmaceutical compositions and medicaments
comprising the compound of formula | and methods of use thereof.

[0032])  The following terms and phrases as defined herein are used
throughout this specification. '

[0033] As employed herein, "AUC” refers to area under the curve in a
gfaph of the concentration of a compound in blood ptasma over time.
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this detailed description. Brief Description of the Drawi ngs [0029] FIG 1
shows KML2L4a tunor inhibition by the conpound of forrmula I. [0030] FIG 2
shows the Cmax and AUC val ues versus percent inhibition of KML2L4a tunor
growm h in KML2L4a tunor-bearing mce. Detailed Description [0031] The
instant invention relates to methods for the treatment of cancer- using the
compound of formula 1, nethods for measuring the ampunt of the conpound of
formula | and/or its netabolites in biological sanples taken froma

subj ect, and pharliff3dut i cahs eowiystitiewms “and’ ivfels tathermadimumrontesitiagon he

compound of f Of My dordinfT i1RHTadhle WSSud BEBIBAA of h SR 1T WRIchMd OW g ter ms

and ‘phrases as I ne ereln are use roug S SpeCI i cation.
[0033] As enpl oyeepiitpouad fas bpgrradmiisiered: EmartigRicallypseursvdthingeyveral howrs gr aph

of t.he concentratdf%n.milsﬁat grgpgtégq,pbgn&) Ooggjbﬁ%&srra over time. 12 (0034] As

enpl oyed herein, " ers to the maxli num concentration of a conpound

~in the plasng, or bl ood of subject to I ch, the corrpound has been
admi ni st er ed. 30? pi cal Possbailirg t%“‘f%‘%ﬁ@@?‘él"h@%fﬂﬁ“ﬁe WiR e POy at i on

of a conpound to 'Bermmtfg?tcntena bmﬁé}sdmw Véfsioh 00 (OPCAE) WThus, dbeki ned in
accordance with t {eria of Adv rse vent.s Version

B s - ThudM Ry arEr P AT et AR e AT A of A
conpound to a Subjfﬂﬁfolléwmgxévemfs at&@bs‘eﬁ}éd@vuhmga elwy'ﬁ'é‘atméﬁt dyblserataalem thin a

(AN <500 cel IMEHfrReTIBf-es Ao pananrien PcEESE tRmampesor  **
neutropenia (i.e. mon’é&%ﬁéec’&ﬁv@d@%ﬂf&rﬂ@ nevitdpehibQne., Rkt S5815) © \ﬁﬂﬂdﬁ 4
L orbocyt OPEN: 2 ke 10gf 2 Sn e s WimaSbggpons 187 8 S Rgs 1 1o
or bleeding episode requiring platelet transfusion); Grade 4 fatigue, or a two-
point dedine in ECOG performance status; Grade 3 or greater nausea,
diarthea, vomiting, and/or myalgia despite the use of adequate/maximal
medical intervention; Grade 3 or greater non-hematological toxicity (except
fatigue); retreatment'delay of more tﬁan 2 weeks due to delayed recovery
from toxicity related to treatment with compound 1; Grade 2 or greater cardiac
toxicity of clinical significance (e.g., a decline in the resting ejection fraction to
40% - < 50% or shorteﬁing fraction to 15% - < 24%; cardiac troponin T = 0.05
ng/mL).

[0036] Pharmaceutically acceptable salts include a salf 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,
alkali metafé such as sodium or potassium, alkali earth meta!s such as
calcium and magnesium, alummum, and ammonia. As salts of organic bases,

“the invention includes, for example, trimethylamine, tnethylamme pyridine,

picoline, ethanolamine, diethanolamine, and tricthanolamine. As salfs of
inorganic acids, the instant invention includes, for example, hydrochloric acid,
hydroboric acid, nifric acid, sulfuric acid, and phosphoric acid. As salts of
organic acids, the instant invention includes, for example, lactic acid, formic
acid, acetic acid, trifluoroacetic acid, fumaric acid, oxalic acid, tartaric acid,
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poi nt decline in ECOG performance status; G ade 3 or greater nausea,

di arrhea, 'vomting, and/or nyal gia despite the use of adequate/ maxi nal

medi cal intervention; G ade 3 or greater non-hematol ogical toxicity (except
fatigue); retreatnent delay of nore than 2 weeks due to del ayed recovery
fromtoxicity related to treatnent with conpound 1; G ade 2 or greater
cardiac toxicity of clinical significance (e.g., a decline in the resting
ejection fraction to 40%-5 50% or shortening fraction to 15%-:5 24%

car di ac troponi.-madleic acid, Gfic:avi, suycinif ecigsinaihacideavethaneifbyic acidept abl e salts
 ncl ude a salt WohhR3udRQhEaNdt RRAneSiRRAR SaRIAE sald AHHERIAAGT d.
organic acid, or ‘basic or acidic ‘amno acld. salts of, 1 norgani c bases,
.the invention ianidbubiednstardinuentiopingludes|fatexanipie, Arginivgciising asddi um or

pot assi um al kal,j.: t B 2 b i ‘ j L num  and
armoni a. As sal t gm{cﬁ) eb%cgfﬁég aiéel%?}’ '@H%&?%§%%%%SWE§§§%@ tgﬁ?écgpl e,

tri met hyl ani ne, agidi et hyl ami ne, pyridine, picoline, ethanolanine,

di et hanol anine, and triethanol am ne. As salts of “inorganic acids, the

instant inventi gapgzyc! udagshdull b&irdERstBod el iRrdiyanib Compbithds devdidalRpric
acid, nitric acid, sulfuric acid, and IE)hosphorl c acid. As salts of "~ organic

aci ds, the i nst ihweiinyaaden grayisxbibil dapheanomeney pf taaitomesism.cAsfied, fornic
acid, acetic aciRemichi dttusair€aaRhihGhisepsbifidatibBchs odg irébreseidloh6 ofiied, tartaric
acid, 13 rnaleic acid, citric, acid, _suc§| ni c %CI d, rT?LI c, acj d, .
met hanesui f oni cPatiRle tayiUReinEmp ehA IS, should he ypdetsiapd tbaling ivpetiati d. As
salts of bfisip afit as@é&Q?%tmiﬁlﬁg#ﬁbf'm@@%ﬂ@guﬁp@l lﬂiﬁ‘éxar]flﬁlé-, méarm: e,
arginine, lysine an rnithine, Acidic, amno ac i nclude, r exanpl e,
aspartic acid aﬁ?f“@?liﬂdg‘?#‘&rmlﬁ%fﬁ.ShPWGﬁP“fW't%HB%k%‘?%eruJﬁG&PWB i that the
organi ¢ conpounds according to the invention may exhibit the phenonenon of
tautonerism As the chemical structures mithin this specification can only
represent one of the possible tautoneric ﬁ”t’_i’ne; it should be
understood that.the invention - N o

NH, 11

(7

Tautomer Ia

{0038] - Other tautomers of the compound of formula I, Tautomer Ib and
- Tautomer Ic, are shown below: '
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enconpasses any tautoneric formof the drawn structure. For exanpl e, the
conpound of fornmula | is shown below with one tautonmer, Tautoner la: H Fi N
\/NNN FNH2 HLNH HNOHH HH-H/ N~ FNR2 NH.I \' \ HH H(

H Taut oner

| b and Tautomer Ic, are shown below. 14 HH NN F NHZ HN ~ /

Tautonmer Ib H F NH2 HNH N H

Tautomer Ic

[0039] As readily understood by one skilled in the art, a wide variety of
functional groups and other structures may exhibit tautomerism, and all

- tautomers of compounds having formula | are within the scope of the present

invention,

[0040] The term “subject” as used herein refers to any animal that can
experience the beneficial effects of the methods of the invention.- Thus, a
compound of formula I, pharmaceutically acceptable salts thereof, tautomers

. thereof, or a pharmaceutically acceptable salt of a taqtqﬁer can be

administered to any animal t_hat can experience th_é beneficial effects of the
compouﬁd in accordance with the methods of ﬁeating cancer provided by the
im{ention. Preferably, the animal is a mammal, an:d in pa]'ticulaf a human,
although the invention is not intended fo be“_s,o limited. Examples of other
suitable animals include, but are not limited to, rats, mice, monkeys, dogs,
cats, caitle, horses, pigs, sheep, and the like.

t0041] “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

15
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H1 N OH H Tautoner Ic [0039] As readily understood by one skilled in the
art, a wde variety of functional groups and other structures may exhibit
tautomerism and all tautomers of conpounds having formula | are within the
scope of the present invention. (00401 The term "subject” as used herein
refers to any animal that can experience the beneficial effects of the

met hods of the invention. Thus, a conpound of formula I, pharmaceutically

acceptabl e salts thereof, tautomers thereof, or a pharmaceutically
accept abl e sal tPTephyaxis ot BRdiseass opdsordan, Frraxample. pithinhe santedi oft hat can

experience the Qgief,istédlsskil festinendhay h@lud@m@m_ﬂémoa%@mt&%@e with the
nmet hods of tre%ng cancer provided bz the inventjon. eferably, the
animal is a nanaling tQﬁ(ﬂ’"?Q{e%'ﬂﬁ‘Pféﬁ? disease gaieasurga iy mueiien ndb&ntion i s

not. i ntended t ogro@ttSrals b AivkRe, a Eeaamhegmoﬁh-afm@rtumauiatraah@ﬁomhfﬁa s incl ude,
but are not limted to, rats, .nmce, nkeys, dogs, cats, cattle, horses,

oi s sheep, artPe M {umas PR fompllertisionohthe canGes STdRtTERT=th! t ho

i nstant i nvent i QuwidEaae orkliniedllbenéft | on of synptons associated with a

di sorder or disease, or halt of further progression.-orworsening of those

synptons, or pr tion pr_15 pr | axi e di r di.sorder. For
exanpl e, wthi n(Bﬁﬁ cont qneoqsﬁegtgﬁ%enrrésezﬁ@\I\:rgé{gqrh;?ro?lﬁg%ﬁ?@ma%r@@ I ncl ude an
al | evi ati on of teatipy cascavincilding adginistezing to g sebjecbimvirig ¢dneeda sefiisient as ™

“measured by ar i | rate of a tunor, a halt in the growh
of the tunor, aa?ﬁ(é%hgf)iggﬁpwéﬁ}ﬁ%ﬁ&@% l"of a tunor, partial or conplete

rem ssion of the cancer, or increased suryvival ate or clinical benefit.
10042] In one aspect, the presen[t:.i Merﬁj@u Vi nmet hods for treating
e

cancer including admnistering tp a)subj haw-ng cancer a sufficient ~.
>y N :
. X . H .
' N“ o :

H
[

a pharmaceutically acceptable salt thereof, a tautomer thereof, or a
pharmaceutically acceptable salt of the tautomer to provide a Cyax of about 20
to 4000 ng/mL 6f the compound i’n the subject’s plasma or a Cmax‘of about 40
to 8000 ng/ml. of the compound in the subject’s blood. In some B
embodiments, the amount of the compound of formula | administered is D
sufficient to provide a Crax of abbut 35 to 2000 ng/mL of the compound in the
subject’s plasma or a Cnax 0f about 70 to 4000 ng/ml. of the compound in the
subject’s blood, a Crax of about 50 to 500 ng/mL of the compdund in the
subjéct’s plasma or a Cpex 0f about 100 to 1000 riélmL of the compound in the
subject’s blood, a Crax of about 50 {6 250 ng/mL of the compound In the
subject’'s plasma or a Cyax of about 100 fo 500 'ngImL of the compound in the
subject’s blood, a Cyax of'a.bout 75 to 150 ng/mL of the compound in the
subjedt‘s plasma or a Cpax of about 150 to 300 ng/mL. of the compound in the
subject’s blood, a Cmaxpf about 100 to 2000 ng/mL of the compound in the
subject's plasma or a Cnax of about 200 to 4000 ng/mL of the compound in the
subject’s blood, or a Cpax of 100 to 1000 ng/mL of the compound in the
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amount of a compound of formula Il: FNH2 N '\ H NO H a pharmaceutically
acceptabl e salt thereof, a tautoner thereof, or a pharmaceutically
acceptabl e salt of the tautonmer to provide a Crax of about 20 to 4000 ng/nL
of the compound in the subject's plasma or a Cm, of about 40 to 8000 ng/nL
of the compound in the subject's blood. In sone enbodi nents, the. anount of
t he conpound of fornula I adninistered is F sufficient to provide a Cn of

about 35 to 2000 ' t 4 Cmax of
Sbout 70 to 4000 MNE PR 5B St fu Bod R0 br Befieiing Infie o
about 50 to 600 mgaﬁeclsbeOdhé’refamplyljhelamnunhﬁtlsmtqremurd gelmigieterertisa Cnax of

about 100 Lo 1000fialile PlovidBs COTBPARSL: 81d 18 o] Gbe Sorhbdlifhn hOTRX O

about 50 to 250 n the confo a Cmax of
about, 100 to SOOSUWCﬁtplaSmamadIaﬁpgﬁﬂhﬂmt iﬁQhe'Sﬂﬂsmﬂpé@N‘@ dwinapeaipd in heax of
about ‘75 to 150 h ' a Cm" of
about 150 to SOO%é&nfBFOP 4 ﬁg&golm QBHﬁedhﬁHetr{iﬁod ﬂépgl% axg%vﬁi%ﬁ}ﬂé Cmax of
about 100 to zowfﬁtgﬂnmmﬂntcrféhe:mtmmd of formpia !, tayb}reers m@aitsﬁhereof a Cmax

of about 200 to onpound in the subject's blood, or a
Cmax of 100 to 1 gso\gattﬂ?ﬁ@%\?én Itah‘gac%rrpound in the 16 subject's pI asma or a

Cmax of about 200 to. 2000 ng/rrL of the conpound in the subject's bl ood.
Preferably the e{HB’l"}ﬂt of WU Eﬁ?ﬁﬂiﬁﬁﬁt HerRresent Eveetigngprovides F‘@#&ﬁ’? ®0 provide

a Onax of about thiihg cafr BempH ﬁ’éa&rhiﬁnsfé?!ﬁ@%@%ub}&ciﬁ@mg%ﬂﬁc@ﬁé s plasma or
a Cmax of about 150 .to 300 q of tﬁhgﬁﬂ und I n ct's bl ood.

Thus, it is to BTG AQCHYP ARIMACHRC Wadeﬂ ph?m?ﬂﬁ?“t' ¥ficient
amount of the coimeemableGhittitrsaf] & taliorh&Uth&abr, 8i a phamdeuficdlifecestabibal | s

within the gi ven ft o?ﬁwe tautomer to provide about 10 to 2,000 ng/mL of the compound in
the subject’s plasma 24 hours after administration or about 20 to 4,000 ng/mL
of the compound in the subject’s blood 24 hours after administration. In some
embodiments, the amount of the compound administered is sufficient to
provide about 20 to 1,000 ng/mL of the compound in'the subject’s piasma 24
hours after adhinistratibn or about 40 to 2,000 ng/ml. of the compound in the
éubject's blood 24 hours after'adniinistr!ation,' about 40 to 500 ng/m‘L-of the
compound in the subject’s piés'ma 24 hours after administration or'abdut 80 to
1,000 ng/mlL of the compound in the subject’s blood 24 hours after.
admihistration, or about 40 to 250 ng/mL of the compound in the subject's

| plasma 24 hours after administration or about 80 to 500 ng/mt. of the

compound in the subject’s blood 24 hours after administration.

[eo44] Typically, in the methods of treétingj cancer described herein,
the compound of formuia | or a tautomer thereof is administered as a
pharmaceutically acceptabls salt. Salis such és lactate, malate, mesylate,
acetate, tartrate, phosphate; sulfate, nitrate, HC, citrate, or maleate in various
molar ratios and in their enantiomeric or racemic forms are suitable.
Preferably, the lactate salt of the compound of formula | is administered to a
subject such as a human subject. The lactate salf is conveniently
administered {o the pétient in a pill, capsule, tablet, gelcap, caplet,
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[0043] In a further aspect, the present invention provides nethods for
treating cancer conprising admnisteringto a subject having cancer a
sufficient anount of a conpound having formula 1, a pharnaceutically
acceptabl e salt thereof, a tautoner thereof, or a pharnaceutically
acceptable salt of the tautomer to provide about 10 to 2,000 ng/nlL of the
conpound in the subject's plasma 24 hours after adm nistration or about 20
to 4,000 ng/nL of the conpound In the subject's blood 24 hours after

adni ni st rat i on. SYSPEESIAB, OraaAYsANFEUEON ankkis gapinisterpd aralY. dBmbmInd

adm ni stered i Sembbdihfan®)thd &mﬁﬁt@u\ﬂ'di*%a&lﬁwtbe?ébmiﬁisﬂe}&@&( Rgedibnak the
conmpound in the subject's plasma 24 . hours after adm nistrati.on or about 40
to 2,000 ng/nlL:993cripad belsWoound in the subject's blood 24 hours after

adm ni stration, about 40 to 500 ng/nL.of the conpound in the subject's

pl asma 24 hour s[o@iEEr admhog,dh semeamiadinmdris of $@ present nfdbdsgfeatiig t he
conmpound in the sub{'_gct"s bl oczﬂ %4 h@u[)s ft.ert. dm ngstratiggn or about 40
to 250 ng/ nL of SIEEN MG EENRGNG LIRS LS semisterqasa Phamsgpeals o

admi ni stration esmpdsitith diinédicafiént igdt tichafestihuetosen Buol kOmipositibres meapj ect ' s

bl ood 24 hours after act%m_ﬁ‘ni st.ratiorli %‘904% T%Ei calnlf:%. iﬂ the pethods of
treating cancer 2@ty SHHCFRY AISNLIHEN /3 FYSUE® 52 Fiag Favqr of e kB it omer

t her eof is adm amdibres ditlens, stich pb amberc ¢ence,ahé presenimpbiiode of 8katingSal t s such
as lactate, mal ate, nesyl ate etate, ‘ osph | f , R
nitrate, HC, 'c%r\’:gf renayilgrﬁ}%lirg:éfa‘é T?f}r@aﬂﬁ %@@‘%ﬁ@ﬁgr"if‘f’ﬁ’gﬁa‘n@h ‘Hgttgﬁei r
enanti oneri ¢ ortorfame Bh @ghesussmixiuze beforablininistdtingftbe abinppundhto thact at e salt of
t he conmpound of 1 IS, AL Sk ' ) man
subj ot The 1 SMRE I IrbBidERBEERS 18 e, U R U Bl 1
“pill, capsul e, ltinlpragiaringei roegicaroant! fet yselii treatipgeemicen, or aqueous sol ution
and is adm nistered orally. In: other enbodinents, the conpound or salt may

be admi ni st er eottobxej nj eCly Sin@ambHERTENDFINS BleRidnt hEMRBaS of FB4img I N SONE
enbodi ments of the present -nethods of treattng X

_ cancer, the amount of the compound of formula 1 administered to the subject
ranges from 0.25 to 30 mg/kg body weight of the subject. In other
embodiments, the amount of the compound administered to the subject
rangés from about 25 to 1500 mg{squec;t per day, from about 100 to 1000

mg/subject per day, or from about 200 to 560 mgfsubject per day_.

[0047] ©  The present methods of ’ireating‘ cancer are efféctive against a

)

wide varlety of ¢ancers including those in which the cancer t6 be treated is a
solid tumor or leukemia. In particular, the preéent methods may used to treat
cancers such as prostate, colorectal, breast, multiple myeloma, pancreatic,
. small cell carcinoma, acute myelogenous leukemia, chronic myelogenous

leukeﬁia, myelo-pioliferative disease, nonsmall cell lung, small cell lung,
_chronic lymphoid leukem_ia, sarcoma, melanoma, lymphoma, thyroid,.
neuroendocn’ne, rénai cell, gastric, gastrointestinal stromai, glioma, brain or
bladder. While not wishing to be bound by theory, it is believed that the
present methods of treating cancer are effective against solid tumors because
the compound of formula | acts as an angiogenesis inhibitor. More
specifically, the compound of formula | -and its active metabolites are believed

18



cancer, the compound of fornula | is adm nistered.as a pharnaceuti cal
conposition or nedi canent that includes fructose. Such conpositions may

al so include a flavoring agent such as tetraronme nandari ne flavor or the

| i ke and/or a diluent, such as water. Hence, the present nethods of
treating camcer may.further include mxing the solid conpound of fornmula I
wth water to forman aqueous m xture before adm nistering the conpound to
the subject. The invention further provides the use of the conpound | of
formula | in pregestivaly izhibibcirtsimeceptboiyrasire limases datolved iwtunuer . [ 0046] I n

sone enbodi nent,s..: _ 3 S il hods of treating. cancer, the anmount of
t he ~conpound o%ﬁ?lgé?riﬁ@gs#{dggm nistefed to the subject rangées fromO0.25 to

30 ny/ kg body V\B_i4%ht of the subject.- I.n other enbodinments, the anount of
the conpound altf48i st er dryserpeeRbodingnis the prapeptdngthedn efiiatinggancsr 1500

my/ subj ect per sidfgr infcrua@aahm%teﬂ;gpmb%ﬂrgeand Bﬂbﬁhthwﬁé'{iaﬁ of &l&¥atnidntf rom
about 200.to 500 ng/sub*ﬂ(.‘act per day. [0047] The present nethods of treating

cancer ar e -ef f E¥3g-vA Irgghinend cvee ingfugies @a adminjsteatiop phass dutingavhieh e t hose in

whi ch the cancesmpéuiBis biveAke the subfct 8Pk réhulaHPRkIsAindl £AYBEY, durihg Particul ar,
t he present nethods %used to treat, cancers such as prostate, colorectal,

breast, nulti piBichié epmPoynsie petadnunistegsry | For@xpmples the ¥ratmentRydige
nmyel ogenous | eﬁ@oﬁmﬁ@@é&ﬂhﬁs@ﬁ@ tAQ BRRUAL ofltRsIEEAPGUNdBF bl Id4ifl esrat | ve

e Tl il i bbb e

sarconma, mel ano 1 : el _
gastric, gastredfp®fid. NAbodkATRGImdIE, dh@iredtmahiicyele cdhgisder . Wil e not

wi'shing to be bound, by theor jt.is believed.that fhe present_nethods of
treating cance?‘?’HW@t%%ﬂéE? FV%’UB{J%GHPE?C’@%W"& ‘gﬁ‘fr&"? ':{?é(t?afﬁg‘@“’edtel?ye?corrpound of
fornmul a | act sdag withcahgdragnatidsof thé cbinpound. Motreatrripe cydie may by, t he
- conpound of fornul .18,.t0

. . | and its_.active tabolites1= ar bel i ev
sel bctivel y i niPEREAOPOLMOTS HRER POy SonEe st attackty IFSRITT 11 Uor
angi ogenesi s acampounidaninebs administered once, twice, three times, or four times daily
' dﬁring.the administration phase of the treatment cycle. In other embodiments,
the methods further comprise administering the amount of the compound
once, twice, three times, or four times daily or every other day during a ¢ourse
of treatment. A course of treatment refers to & time period during which the
subject undergoes”treatment for cancer by the present methods. Thus, a
course of {reatment may extend for one or more freatment cycles or refer to
- the fime périod during which thfe éubject receives daily or intermittent doses of.
the compbund of formula i, '

foo49] There are further provided methods for treating cancer
éomprising administering fo a subject having cancer a sufficient amount of a
compound of formula l,a phanﬁacéutically'accebtable-salt thereof, a tautomer
thereof, or a pharmaceutically acceptable salt of the tautomer fo provide an
AUC of about 500 to 60,000 ng*h/mL of the compound in the subject’s plasma
. or about 750 to 120,000 ng*h/mL of the compound in the subject’s blood. in
other such embodiments, the amount of the compound administered is
sufficient to provide an AUC of about 1,000 to 30,000 ng*h/mL of the
compound in the subject’s plasma or about 1,500 to 60,000 ng*h/mL of the
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[0048] In sone enbodi nents, the present nethods of treating cancer further
i ncl ude adm ni stering the conpound of forrmula | as part of atreatnent

cycle. A treatnent cycle includes an adm nistration phase during which the
-conpound is given to the subject on a regular basis and a holiday, during
whi ch the compound is not adm nistered. For exanple, the treatnent cycle
may conprise adm nistering the anount of the conmpound of fornula | daily for
7, 14, 21, or 28 days, followed by 7 or 14 days w thout adninistration of
the conpound. cAMPEHRd évihesuhisat %blooch elntgtharisvgh embpdinends ipg AYEds

adm ni stering t goaPond 115, Odil?n ViﬁE’Hf‘t‘He@@Hpﬁuﬁ@l’n the dalbRcrd RhdrRyed by 7

days W t hout adm nistrati on of I ound. A treatnent cycle may be .
repeat ed one or akEHE3.PPES3Q, QO%F@\W'H'e h@&BP@@”Bﬂ' intthe sthiests Blepdaddi tion, the
conpound may be administered once, twice, three tines, or four tines dally

during the adni gpeso]at i onnwmmraépédnefmemnﬁm -tﬁe)iﬁﬁ@probﬁeﬂtl’féﬁliéeofa

enbodi nents, the methé)ﬁfur ho I’I@ dmn| ri Pthea u[gt of the
compound once, “PUIPEENT pHip 'r%B °f W*??F@? '13%] thpregl @9UgEREr day
guri ng Sh Coﬁr Sﬁthétéoﬂ; beabmniaceatucawasoep@éblé sﬁabmetaut@ﬁefmmﬁ a tinme period
urin ich the . s ect. un tregtiment fo a e present

ot hods. Thus.  BreRRRHEE a1 Mo BN ARy ik omae R B ReREna tanks WRERI ment
cycl es or ref er etth umheoée ofithe etddivdnibnt isrsgifiskent to proeids wbleast oneasfei ves da}»ky
or intermttent doses of the conpound of fornula I. [0049] There are ..

further provided rret@ogl%fo féﬁﬁbb@4W@Lo@%@&r@%&%dﬁ?Q‘fSUbj %rl ng to a

subj ect having cance |C|ent a 1, a
phar maceutical |y acceipsmblosadal.: of ahoubéd fo %ommg/mhmfthammd ilothea

pharmaceutical ly acnﬁ%&%lﬁl‘kh&f %Jgan{, '_tﬁgs%g M de an AUC of about

500 to 60, 000 ng*h/ the conpound In t su ject pl asma or about 750

to 120,000 ng*h/nL of .t he corrpound in the Su?d ect's blood. In_ other such
enbodi ments, the amo@hebeyt %%WH"&HH mpaund dn p subleglsrRasneme4 o

provide an AUC of abgaiirs éﬂ&%rﬁlﬁrsﬁf@h&% dpvathzoe £000 hQImLC@frm@blélﬁpéUhdt he
subject's plasnma. or. about %lood 0, 000

n the subject’ 4 hours ang ac{mmls?ration to the subject or
(c) an AUC of about 500 to 60,000 ng*hImL of the compound ina
subject's plasma or about 750 to 120,000 ng*h/mL of the compound in
. the subject's blood when it is administered to the subject: '
- [0051] © In some embodiments of the use of a compound of formula I in f’”:‘
~ the preparation of a medicament for treating cancer, each unit dose is
sufficient to provide at least one of

(@)a Conax Of about 50 to 500 ng/mL of the compound in the subject's
~ plasmaora Cmax of about 100 to 1000 ng/mL of the compound in the
‘ subject’s blood

{b) about 20 to 1,000 ng/mL of the compound in the subject’s plasma
24 hours after administration or about 40.to 2,000 ng/ml.of the:
compound in the subject’s blood 24 hours after administration, or _
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19 conpound: in the subject's blood. In other such enbodi ments, the AUGis
about 2,000 to 15,000 ng*h/nlL of the conpound in the subject's plasma or
about 3,000 to 30,000 ng*h/nL of the conpound in the subject’'s bl ood.

[0050] In another aspect of the invention, there is provided the use of a
conmpound of forrmula I, a pharmaceutically acceptable salt thereof, a
tautomer thereof; or a pharmaceutically acceptable salt of the tautoner; in

the preparation of ned| nt, i it age for for treati cancer,
wherein each. unit dz@@%ﬁﬁﬁami13§:¢39130$§8§3f§'?’f"&‘g]ﬁ'?e FIPRUGG YRt | east
one of (a) a Cmax of sabjettts pfsrh® odat MG00to 60,000 agtmp@f Bk dompdbuadlj ect' s

pl asma or a Crax of gbout .4 000 ng/ mL of the conpound in, the
subj ect' s bl cod V\hen?l??s‘fbéecgﬁ&?r‘)ﬁgstered 'to the subject, (b) about 10 to

2,000 ng/nL of the.conpound in a subject's plasma.24 hours after

admi ni strati on doog@jout 2 diversnte@imetsicach unit dosispuifiviEnt taprovide stibj ect ' s
bl ood 24 hours Qézﬁro“g%fi nistration to the subject, or (c) an AUG of about
500 to 60, 000 ng qL° 6 the. compound in a subject's plasnma or about 750
to 120,000 ng*h/nL of the conpound in_ the subject's blood when it is

admi ni stered to the §3M§ ©es of plops HP to %%W@L@%p@mm@ddn thensubjesEs of a

compound of for Ml a_biadma'di% BF.£BAAIRA 900 & 5D AEAHLCAR borfunk il N

cancer, each unit dose Is sufficient to provide at I|east one of (a) a GCrax
of about 50 to 500 ng¥hkiectsbieade conpound in the subject's plasma or a Crax
of about 100 to 1000 ng/nL of the conmpound in the subject's blood, (b)
about 20 to 1, 000 ng{b)labelit 40 500maAHNGF ihe cohpoand jrethk 'sabjettsi@sma244 hour s

~after admi nistration,_or about ,40. .to 2. 000 t he. ound in, the
subject's bl ood 24 hBEY'E E%‘?m'aﬁffﬁﬁ%?’rag’f’f*gﬁé%1@8%“?@3'- SRR ERER NS o U1 1;
000 to 30, 000 -ng*h/ nin thé subjecitstsiped Zthours bfter administration, or

"{c) an AUC of about 2,000 to 15,.000 ng*h/mL of the compound in the
subject’'s plasma or about 3;000 to 30,000 ng*h/mL of the compound in
the subject’s blood. ‘

[0053] . In stili oihér erribodiments, each unit dose is sufficient to provide
at least one of . ' I

(a) @ Cax of about 75 to 150 ng/inL of the compound in the subject's
plasma or a'Cmax of about 150 to 300 ng/mL of the compound in the
subject's blood, or

(b) about 40 to 250 ng/ml. of the compound.in the subject’s plasma 24
hours after administration or about 80 to 500 ng/mL of the compound in
the subject’s blood 24 hours after administration.

[0054] In another embodiment, each unit dose is sufficient fo provide a
Crmax of about 100 to 2000 ng/ml of the compound in the subject's plaéma ora
Crmax of about 200 to 4000 ng/mL of the compound in the subject’s blood; or a
Criax of 100 to 1000 ng/mL of the compound in the subject’s plasma or a Cipax
of about 200 to,2000 ng/mL of the compound in the subject’s blood.
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subject's plasma or about 1,500 to 60,000 ng*h/nL of the conpound in the
subject's blood. [0052] In other enbodinents, each unit dose is sufficient
to provide at |east one of (a) a Cmax of about 50 to 250 ng/nlL of the
conmpound in the subject's plasma or a Crax of, about 100 to 500 ng/nL of the
conpound in the subject's blood, (b) about 40 to 500 ng/nL of the conpound
in the subject's plasma 24 hours after adm nistration or about 80 to 1, 000
ng/ rnL of the conmpound in the subject's blood 24 hours after

~adni ni stration, [¥#5%] ¢c) arfYRIS@GN Higdres of Bieoronypopnd e fermylan) dascifzed: he
conpound i n t hepefithitieslacttdbASHEhS CornPesid i8 1868 td HrepreddHe nididawgnt.of the
conpound in the su%ﬁgt.' s bl ood. 'LOOSr] .. In stil| other enbodi nents, each
unit dose is suPPFEMedicamens Yeisyiablg forjosaladmipjstrafion JiepnitApsags fofBout 75
to 150 ng/ L of of {he nfetiRenEd indludda®us st Ginitsd tddd pENBapdle? tdBId Xgedddapabout 150
to 300 ng/mL of the conpound in.the sulb%'ect' s- bl.ood or%ﬁ%about 40 to 250
ng/ mL of the coRPRIEinEUSASNERE, %’LﬂﬂL@EFS@B'%Hﬁaﬂﬁ‘“oﬁJb?@ e i ni stration
or about 80 to BGRbROfoRbd@inistREios BYMMsIdNIaR a $HRt Kk, 8w MfURIdROEr (BAghour s

after adm nistratian {20054] I n anot her enbodi nent, each unit dose Is

sufficient to pF%W’l'Efé’s M. Cmax of about 100 to 2000 ng/nml of the conpound in
the subjects plasna or a Cmax of about 200 to 4000 ng/nL of the conmpound in
- the subject's bjid&8] or dhe@uepoahdd ffotrauld €.06rmmgd4 il awd foriraladb maybed | n the

the subj ect’ o breamPeare by BreRBHE riR el ke dfiemeRoh g B ornd of
formul a | descr invextionh eiterefore, nesdrae émbedigehts, e inventvomponite: atdeasted t o
prepare the med,CapRnlind of formula I, formula Il, and/or formula IH in‘combination with
instructions for use in a method of treating cancer or analyzing the metabolic
profile of the compound of formula 1.

" [0057] - . The present invention further provides methods for treating
cancer compfising administering to a subject having cancer a.compound
having formula I, a pharmaceutically acceptable sélt thereof, a tautomer
thereof, or a phafmaceuticaily; acceptable salt of the tautomer, wheiein the
amount of compound administered in a first freatment cycle is 25 'mg per day,
and the amount of compound administered is increased with each subsequent

-treaiment.cycle until either 1500 mg of compound is administered to the f:
subject per day or dose-limiting toxicity is observed in the subject. Typically in

such methods, the amount of compound administered is doubled with each

subsequent treatment cyce after the first. In some efnbodiments, the

treatment cycle compiises adiministering the same amount of the corﬁpound

daily for 7 days followed by 7 days without administration of the compound,

[0058] 'Likewise, in some embodiments of the.use of a compound of
formula I in the preparation of a medicament as described herein, each unit
dose of the medicament includes from 0.25 to 30 mg/kg of the compound,
tautomer, and/or salts based on the body weight of the subject. Furthermore,
each unit dose of the medicament may include an amount of the compound,
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Such medi canents are suitable for oral admnistration: The unit dosage form
of the nedi canent includes but is not limted to a pill, capsule, tablet,
gel cap, caplet, suspension, or aqueous solution. In addition, the

medi cament is suitable for admi nistration by injection as a short bol us,

sl ow i nfusion, or long- terminfusion. [0056] The conpounds of formula I,
formula I'l, and formula Il may be .~~ acconpanied with instructions that
descri be any of the methods of the invention. Therefore, in sone

enbodi nent s, t he tauigiaen rod/opealisi raeging fromeisto 156Aang; ohippmedicamefionayba 1,
formula I'l, and/ | A {42; I J L i : | use in
a nmet’hod of trea’% ﬁﬁg&cd;ﬁéﬂ(r"!%}rm dz{ﬁ%ﬂ%;gﬁ ﬁgﬂ h@bn%\étlg%gfl ?dgﬁé %ﬁ%‘? i e Ost%% he
conpound of f or mifteakil beifgestzpleTheuss bsdraatinaniaycleqeniprises admpistaringdbe

met hods. for treati ( h§i ki i i v havi ng
cancer a. conpdunggilyr:%?/? ng%fg{errﬁ g I hagt&%ﬁgﬁﬁﬁa@eﬁ' ?g'a I yst‘(ga cé%!@%ﬁﬁggl t

t hereof , a taut ofefl4 deyrewihorut adininistrstian pttbe gomparng: acceptabl e salt of the
tautomer, wherein the anount of conpound adm nistered in a first treatnent

cycle is 25 ng pegosdpy,  amandther Apeul) theGhveHibR HvilcadbtRbad 67 tRMAtIhG
i ncreased with each subsequent  treatnment cycle until either 1500 ng of

conpound is adni RRRGEESOAAISINGRdmMinists(iag (o 3sHbieetawing g8asen R SYHISIRRE  oxi city
i's observed. in bheusidfae®impollhadhyhd ormsid¢h nmet hods, the amount of
conpound adm nistered is doubled with each subsequent treatnent cycle after
the first. In sonme enbodi nents, the treatnesl cyehe conprises adm nistering
the sane anobunt of the conpound d¢ai Iny,fg fajds f B+t owed by 7 days w t hout

adm ni stration of the conmpound. 0 Q] lj Kev se}—i/n sonme enbodi nents of the
use of a conmpound of formula I he’ prc'f:baration of a nmedi canent as
descri bed herein, each unit dos N medi cament includes fromO0.25 to 30

nmg/ kg of the conpound, tautomer, and/or salts based on the body weight of
the subject. Furthernore, each unit dose of the medi canment may include an
anount of the conpound, 22 |

a pharmaceutically acceptable salt thereof, a tautomer thereof, ora
pharmaceutically acceptable salt of the tautomer, and exposing the subject to
one or both compounds of formula Il and formula Ill selected from:

- N NH

£ NH2 N .

R N ‘
@fﬂ

N° ™0
H
Nor

. - N/_\N'i’o'
4R ./

X N

N° ~0O

H
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tautomer, and/orsalts ranging from25 to 1500 ng. The nedi canment nmay be
arranged in.a kit conprising 7, 14, 21 or 28 daily anpunts of said unit
doses, the kit being suitable for use in a treatnent cycle conprises

adm ni stering the daily anmount of the conpound for each of 7, 14, 21, or
28.days, followed by 7 .or 14 days w thout adm nistration of the conpound.
[ 0059] In another aspect, the invention provides nethods of treating
cancer, conprising adm nistering to a subject having cancer, a sufficient
anmount of a conmhsenebyhend archdtinef the comipauhds-of fofdida Nl aNd\fermuia IiHarl O H I a

Phar moeut | cal | P otcaR et aaEdet e Rahpafnd bR LOL Rt e subj ect
t o\ / ﬁ| na Hor Hbﬁt hopcwitﬂnr)a mgmbmbdfa;,lramil;lar&le br mluzada 6ﬁhmc§mpbumdssm°lfelmuhll,f r (r) renb NEﬁeN
o both of the (& rﬁ%@% Hn%@?%%%@%%?&% PR {An R ol dddp naric i fhe" <Y

: subject’s plasma ora combined Cray for one or more of the compounds of

formula |, formula il, and formula Il ranging from about 40 to about 8000
"ng/mL in the subjéct’s biood. ‘ i ’

»

[0060] In yet another-aspect, the present invention provides methods o

_for treating cancer comprising exposing a subject having cancer to a sufficient
amount of one or more compounds having a formula selected from:

| N N—
F NH; I\'i N
S N
CoC

N" 0
H '
N N/O
ENHp N L
XN
H
NS0
H . :
N\ e
N NH
F NHzr}P@—
0.
H
N0
H ,

an acfive metabolite thereof, a pharmaceutically acceptable salt thereof, a
tautomer thereof, or a pharmaceutically acceptable salt of the tautomer,
sufficient to provide a combined Cpax of about 20 to 4000 ng/mL. of the one or
more compounds in the subject’s plasma or a combined Cpax of about 40 to
8000 ng/mL of the one or more compound in the subject’s blood. In some
embodiments, the amount of the one or more compounds provides a Cp.y for
one of the.compounds of about 35 to 2600 ng/mL in the subject’s plasma or a
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produced by netabolism of _the conpound of formula | by the subject, to
provi de a conbi ned Crax for one.or nore of the conpounds of formula 1,

formula I'l, and fornula 111 rangi ng from about 20 to about 4000 ng/nL in the
subject's plasma or 'a conbined Crax for one or nore of the conpounds of
formula I, formula Il, and fornmula Il ranging from about 40 to about 8000

ng/mL in the subject's blood. [00601 In yet anot her-aspect, the present
i nvention provides nmethods for treating.cancer conprising exposing a
subj ect havi ng cdhweeforboe af thefcbimpounds ofabouh35 tef 608B;mgdml. incthe sulbjegiisunds

Raving, & 1 of M| 2 ielech Sl SRBbafmM2 sh Dol gl dinfro Eoblaulel 1 H N O

H F™NH2 N NNH an active net er eof har haceutical |y
accept abl e salt tpitevidesfa Caax fornnecidhe chapamids Oﬁab@tﬁﬁm r&&@ibmm\bam ﬂye

accept abl e.sal t SRR Cmax of
about 20 to 4000%%?fﬁnfs E’I?Hf'ﬁ%% Sﬁd”’ﬁ&b@ﬂ%é}m' @iéc# aﬁe Sugj ect's plasm
or a conbi ned tlratbelsabje(;tSthioochocsorr@/eme;ﬁmemis, tbasowpounst @ conpound in
the subject's blq % some enbodi ments, the anobunt of the one or nore-

conpounds provi des a x for
| N N—
£ooNH2 NN /TN
%
:
TN RO

N
a pharmaceutically acceptable salt thereof, a tautomer théreof, ora

pharmaceutically acceptable salt of the tautomer is administered to the
subject. In other embodiments, the compound of formula:

' W
EONH N
. S N
@f% "
N~ "0
H .

a pharmaceutically accéptablé sait thereof, a tautomer theréof, ora
pharmaceutically acceptable_.salt of the tautomer is administered to the
subject. In yet other embodiments, the compound of formula:

N  NH
" N
H
N0
A

a pharmaceutically acéeptabie salt thereof, a tautomer thereof, ora
pharmaceutically acceptable sait of the tautomer is administered to the
subject.
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one of the conpounds of about 35 to 2600 ng/nL in the subject's plasma or a
24 Cmax for one of the conpounds of about 35 to 6000 ng/nmL in the subject's
bl ood. In other enbodi nents, the anount of the one or nore conpounds

provi des a Cmax for one.of the, conpounds of about 35 to 1200 ng/nL in the
subject's plasma or a Cnmax for one.of the conmpounds of about 50, to 2400
nglmL in the subject's blood. 'In sone enbodi ments, the conpound of fornula:
FNH2 N\-JN NH N O H a pharnmaceutically acceptable salt thereof, a
taut oner thereof(0®] a phalstEcdinitg thaldajetyaodpt effitaysdlatconipouhd of aut oner i s

0""E N H N N e PRt oREAEE IE ARG oo AOS LERBRRAME Oy o OO &
t aut oner t her eophasnacokinglics amteharnasddynamicseyfttbdtenpaind infa subject aitaromer i s
Formil at  F N RURfRIsRHBG tne cpkihal TEE [FABCSUATR I S BOPRE 0
t aut omer t her eofnvestion therharerpowiged cdthgdsofor detembihingsainetabblia prefie ot mmer i s
admi ni stered to cBltﬁ%ound of formula I, a pharmaceutically acceptable salt thereof, a tautomer

thereof, or a pharmaceutically acceptable salt of the tautomer, in a subject.

The method includes measuring the amount of at least one metabolite of the
_~compound in one or more sampies of urine, bilood, or tissue taken from the a
subject. Metabolites that may bé measured by the method include an N-oxide

‘compound having formula II;

- Nf—\Nio '
| LA .
Cff .

NS0 |

- H

also known as 4-amino-5-fluoro-3-[6-(4-methyl-4-oxidopiperazin-1-yl)-1H-
benzimidazol-2-yilquinolin-2(1H)-one, and the N-desmethyl compound having

| N NH
FNHzl}l =N ]
x> N
Cﬁfﬂ
. N" 0o
H .
[

formula III:

g

also known as 4-amino-5-fluoro-3-{8-(piperazin-1-yl)-1H-benzimidazol-2-
yllquinolin-2(1H)-one. In some such methods of determining the metabolic
profile of a compound of formula |, the methods include measuring the
amount of the metabolite of formula Il and the metabolite of formula lll. The
amounts of metabolites may be measured using techniques well known to
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subject. 25 [0061] In determning the safety and/or efficacy of.a conpound
of formula | for a particular disease, it is inportant to be able to
nonitor the pharnacokinetics and pharmacodynani cs of the conmpound in a
subject after admnistration of the conpound. Thus, in accordance with one
aspect- of the invention, there are provided nethods for determning a
nmetabolic profile for a -conpound of forrmula I, a pharnaceutically
acceptabl e salt thereof, a tautoner _thereof pharmaceutjcal ly

accept abl e sal t. dhogenekiliedn Hyeeart, inchidingsylipdelet (UWI”?BG‘FFE’LSHW ?rdigkiddes

measuring the anuupdm&bg@bhi-RRss spadrosBsARLLe).0f the conpound in one or
nore sanpl es of urine, %I ood, or ti'ssue taken fromthe subJ ect I\/bt abolites

Lhat TR, D TSR LR R AR S) R, S SRR RS o
4- ami no-5-fl uor O&te{rﬁur(lﬁlg, thetamydund ofd Calopoyreltexing-fdmylia §, B [ihannaceutlcally
Dm0l SRR Sl B nd 38 A B PR SRRl 70
4-am no-5-f1 uor 0-saft bﬁﬂ-(eﬂamemzmra dubjéct- Thédnadhd intlddesohedsuripy lgamolinitn- 2( 1
H-one. In some g ¥ﬁ1e c%en%p%%ﬂa moé sgﬁhﬁroqiuﬁhg,%Ictaor]a‘? or xs‘fs%g%’luie% from the subject
after the compound has been administered to the subject. This method may
further include measuring the amount of a metabolite of the compound in the
sample, Metabolites that may be measured include, but are not limited to, the
N.~oxide compound of formula i and/or the N-desmethyl compound of formula
Hl. In some embodiments, the method further includes withdrawing two or
more samples from the subject at different times after the compound of
formula | has beeh administered to the subject.

[0063] In another aspecf, there is provided the compound having
formula | ,-a pharmaceutically. acceptable salt thereof, a tautomer thereof, or a
pharmaceutically acceptable salt of the tdutomer, for use in'a method of
treating cancer comprising administering an amount of said compound to a

#

cancer patient, in an amount sufficient to provide at least one of

(a) a Cmax Of about 20 to 4000 ng/ml. of the compound in a subject's
pfasma or.a Cnax of about 40 to 8000 ng/mL of the compound in the
subject’s blood when it is administered to the subject,

(b) about 10 to 2,000 ng/mL of the compound in a subject’s plasma 24
_ hours after administration or about 20 to 4,000 ng/mL of the compound
- in the subject’s blood 24 hours after administration to the subject, or

. (c) an AUC of about 500 to 60,000 ng*h/mL of the compound in a
subject’s plasma or about 750 to 120,000 ng*h/mL of the compound in
the subject’é blood when itis administered to the 'subject.
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profile of a compound of fornmula I, the nethods include neasuring the

anount of the netabolite of formula Il and the netabolite of formula IIlIl.
The anounts of netabolites nay be neasured using techniques well known to
26 those skilled in the. art, including ultraviolet (UV) spectroscopy
or:liquid chromatography-nmass spectroscopy (LC-M5). (0062] In other aspects
of the invention, there are provided nethods of determ ning the anount of a
conmpound having fornmula 1, a pharmaceutically acceptable salt thereof, a

taut oner thereoffoogq] a phmrgm@smbwhieﬁtsaﬁ@l@é@hgb@ndsai ttseDii'l duh@thbd@forrer in
a subject. The rg_at hod i ncl udez ge(@sur armurﬁ% g tt rrpound in a
sanpl e of urine,TSAIBYGANGH §5CELNE AOSR i St Itcthé’ gl lgast gpe the conmpound
has been adm nistered to the subject. Thi s rret hod may further i ncl ude
nmeasuri ng the anount (afa @naret abxnltlmdoﬁﬂomgknlcohpeuumpnnnd h\ethesafn]pd:tts

- oxi de. compound of * PR e it 8 (R S e BB 5, i

[11. In sone enbodi neuijsctsthieodyet hod further incl udes W|thdravv| ng two or
more sanples fromthe subject at different times after the conpound of

formila | has been akyiaBost &1 6, b60 a&msa%@gamp&%ﬁﬁkhé@u hppepect |

there is provided th ound havi n fornmu har naCeuti ca

acceptabl e salt ther 3‘61’0”*‘& qf@ﬁﬂ@WSfﬁﬁ'@ﬁ ebaboug 4040 ngrﬂ%b@ﬂh@al ly P
acceptabl e salt of tlﬂ&nb@dﬂd’iﬂ?ﬁe sﬁlﬁ}éct‘éslﬁoddrmr ﬁod?@hﬁ@rdad?ﬁlmsﬁéﬁﬁ bRY -cancer

conprising adnini stering an amount “of sai'd corrpoun to a cancer patient, in
3000 ng/mL of the coldSNAI A ot ERie 28 P R, ol tERmBrendae 0 1o
8000 ng/mL of the COW plasnicher atsoubjl $00 'ts 60,000 Agtiiet. dfthd congsbiindiist er ed
to the subject, (b) E?b@?é ‘000 ng/nL of the conpound in a subject's

t

pl asnma 24 hours aft Fsé' (i ion or about 20 to 4,000 ng/nL of the

conpound in the subject's blodd 24 hours after adninistration to the
subj ect, or [0065] In other embodiments of the compound for use in a method of

treating cancer, each unit dose is sufficient to provide at least one of .

(a)-a Cax of about 50-to 250 ng/mL of the compound in the subject’s
.p_lasma or a Cpax of about 100 to 500 ng/mL of the compound in the
subject’s blood,

(b) about 40 to 500 ng/mL of the compound in the subject’s plasma 24 ~
hours after administration or about 80 o 1,000 ng/mL of the compeund -
in the subject’s blood 24 hours after administration, or

(c) an AUC of about 2,000 to 15,000 ng*h/mi. of the compound in the
subject’s plasma or about 3,000 to 30,000 ng*h/mL of the compound in
the subject’s blood.

{0066] In sfill other embodiments of the compound for use in a method
of treating cancer, each unit dose is sufficient to provide at feast one of

(8) & Crax of about 75 to 150 ng/ml. of the compound in the subject's
plasma or a Cnac of about 150 to 300 ng/mL of the compound in the
subject’s blood, or )
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(c) an AUC of about 500 to 60,000 ng*h/nL of the conpound in a subject's

pl asma or about 750 to 120,000 ng*h/nL of the conmpound in the subject's

bl ood when it is admnistered to the subject. 27 [0064] In sonme enbodi nents
of the compound for use in a nmethod of treating cancer, each unit dose is
sufficient to provide at .| east one of (a) a Cmax of about 50 to 500 ng/nL of
t he conpound in the subject's plasma or a Cm, of about 100 to 1000 ng/niL
of the conpound in the subject s blood, (b) about 20 to 1,000 ng/nL of the
compound .i n the subj.db}aouphetnasbo agmimithe edropaungddmihe sibjest's plasoa 2dbout 40

to 2,000 ng/nL of theg é‘%ﬁ% LRS8H 1S 588 2

adm-ni stration, or (g&’gér)] _ H‘S‘fﬂlﬁ[)égjgﬁ Oi?%"g%gjcg 30, gg@Lngf*tﬂ?Fi'ﬁ%@h{“ﬁé
compound in the subjteesuliegisdions H hauseatteradsijsiaiono, 000 ng*h/rnL -of the
conpound in the subject's blood. [0065] In other enbodi nents of the

conpound for uselniyat 8thBEERABEdIRENtS, EESH hfIdJRaIE SUficiOREH privide 105§ of S
sufficient to provide at |east -oEe ﬁfgq(??lz a Cmax of about 50 to 250.ng/nL of
the conpound in ¥Ryt 40 ja-2q00ng/ml of mpoupdithg subjeetR Plagna eoa bee Hg/ L of

~the corrgoyndtihn éﬁlﬁlﬁ@?ﬂitﬂﬁ{d@lﬂ@ﬁﬂxehcon(d@hn??ﬂﬂé sgejgbt_cs Iﬁ@@c{;!&ﬁé%h @Eﬁitb t hte 80
conmpound in the subject's plasna, our, a i stration or abou

Co 1,000 ng/ . oS SUBARBAIAATOYdS 2 famctapBia TC00TIY S e AmROuAR i,

adm ni stration, e s(ibjcipidéda of a BHLET aBo(iADOtte 2000 BGMINGFthé Bdmpduridia
conmpound in the sub'_ect'@ Lgﬁlasmal or about 3,000 to 30,000 ng*h/m. of the
compound in t he"EFBPIEEES RO8H 004 [0066] In still other embodiments of the

conpound for use in a nethod- of treating cancer, each unit dose is
sufficient to pri®06Te at Tearets titbenproyidyd thersmof afmeibbolite #8 deteriBihgng/ nL of

the compound in 4 Re: 54k GokileFor a compound having formula 1, a pharmaceutically
acceptable sait thereof, a tautomer thereof, or a pharmaceutically acceptable
- salt of the tautomer, in a subject, the metabolite cornprising at least one of an

N-oxide compound of formula: '

~ L W
F  NHs I\'l _
Xy N :
COL
‘ N° 7O
. H' :

or an N-desmethyl compourid of formula:

: N NH
F NHz N N )
N N '
MH

N" 0o
H
[0068] " The instant invention also provides for compositions which may

be prepare_d by mixing one or more compounds of the instant invention, or
pharmaceutically acceptable salis or tautomers thereof, with pharmaceutically
acceptable carriers, excipients, binders, diluents or the like, to treat or '
ameliorate a variety of disorders. Examples of such disorders include, but are
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pl asma or a Crax of about 150 to 300 ng/nL of the conmpound in the subject's
bl ood, or 28 (b) about 40 to 250 ng/nL of the conpound in the subject's

pl asma 24 hours after adm nistration or about 80 to 500 ng/nL of the
conpound in the subject's blood 24 hours after adm nistration. In yet other
enbodi nents, each unit dose is sufficient to provide. a Crax of about 100
to 2000 ng/nL of the conpound in the subject's plasna or a Cm,, of about
200 to 4000 ng/nL of the conpound in the subject's blood; or each unit dose
is sufficient ngtlpiisd lecanceminclugingrestels, aglergcialy/breasts mulfiple sayelsmd i n  t he

subj ect’ s pl asgBnGbaf %’ﬂ cBil caleRidal Q6lits %y%%@n@@é l@'ukéﬁ'uat Hﬁoﬁ@”pound in

the subject’s blood. [ 00 There 1s further provid the use of
net abol i te for "YEISRAPYHS 'ﬁﬁ ergiappialedqreifenhv ‘i"ﬁ%a%i“’ﬁs'ﬁ%'h%'dm Iﬁﬁ'@l"ng

fornula I, a pbafm Fﬁ?e&ﬁbrﬁéwﬂphoﬂﬂ@ﬁk&ﬁmﬁr&ﬁhé rh&¥8h&RE; ly@p héhomer thereof,
or a phar maceutlcal y acc%ga e salt of the tautoner |n a’ subj ect, the

met abol i te confiiraifmpuseendogdne, sonal gell, gastris gnsratessinpbuiomabaliodamul a: O F
NHZ N O H or thlﬁbﬂﬁﬁmrhﬂmé%@m'y effe&ﬁ% b turfneMrerdrd thitdt Bmolihid O

[ 0068] The instant i.nvention also provides for conpgsitions which may be
prepared by i 91 ORE TR0 ComRANNgS AHA Msiant inveRtion ﬁ'éff‘é!ﬁ?ttpﬁ‘?/%‘ﬂt“? on, or

phar maceut i cal hihehiSiafith abdypnptathé of e distdTahs phaﬁﬁséa‘uncaucbthosmons
D et Al e Ao AL bS s 5 rethee sl iows 1t fis o " (0
like, to treat y -
such as conventional granulating, mixing, dissolving, encapsulating,
lyophilizing, emulsifying or levigating processes, among others. The
com_poéitions can be in the form of, for exémpl’e, granules, bowders, tablets,
c_apéu[es, syrup, suppositories, injections, emulsions, elixirs, suspensions or
sb_lutions. The instant compositiohs can be formulated for various routes of-
administration, for examble, by oral administration, by infranasal
administration, by fransmucosal administration, by rectal administration, or
subcutaneous administration as well as in_trathecal, infravenous,
intramuscular, intraperitoneal, intranésal, intraocular or intraventricular
injection. The compound or compounds of the instant invention can aiso be
administered in a local rather than a systémic fashion, such as by injection as
é sustained release formulation. The followihg dosage forms are given by D
way of example and should not be constrded as limiting the instant inverition.

[0069] For oral, buccal, and sublinguat administration, powders,
suspensions, granules, tablets, pills, capsules, gelcaps, and caplets are
acceptable as solid dosage forms. These can be prepared, for example, by
mixing one or more compounds-of the instant invention, or pharmaceutically
acceptable salts or tautomets thereof, with at least one additive or excipient
such as a starch or other additive. Suitable additives or excipients are
. fructose, sucrose, lactose, cellulose sugar, mannftol, maltitol, dextran, sorbitol,

starch, agar, alginates, chitins, chitosans, pectins, fragacanth gum, gum

- arabic, gelatins, collagens, casein, albumin, synthetic or semi—syrithe_tic
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anmeliorate a variety of disorders. Exanples of such disorders include, but
are 29 not limted to cancer, including prostate, colorectal, breast,
mul ti pl e nyeloma, pancreatic, small cell carcinoma, acute myel ogenous

| eukem a; chronic nyel ogenous | eukem a; nyelo-proliferative disease,
nonsnal | ceII | ung, small cell lung, chronic |ynphoid | eukem a, sarcons,
nmel anoma, | .ynphoma, thyroid, neuroendocrine, renal cell, gastric,
gastr0|ntest|nal stromal, gliama, brain or bladder. A therapeutically

ef fective dose fpalyiers dr@tﬁreﬁdés) ridtiayl celmmset hydxbxmn@oyaﬁetﬁplr@ummounds of

t he instant invent ffIC en Id§ | ora ft \y?@)?

he ut corder " TranaRhaybirERiotsd OfEad hE aBfRae B bR YR Ton onn
be manuf act ur ed ingrenmitmﬁmld\m adrkinistation) sadheasoan lnashuefdlmentcoﬂuhrﬂﬁanmal
-granul ating, mxjn

di I I hi | mul si f
or l'evigating protdds |§ el nggﬁwgc%p%}ﬁ?gw g‘ger?p% a{‘oafé I 5@5‘2 88’%'% tSIheyl ?grm
of, for exarrpl e, agd mmh&&xldanmh as batdrbic \cid, tm,pplutbrelsor @'yﬁetnp, - .
t t
Thernst ant - compUSnEOBLE ARt LHABR A Aslls puldfs e RRe BT B nayping ' O
-~ adm ni stration, égmtemamnﬁmm@yge:ﬁal Adnﬂmnmilﬁ.tdyastuffa or bggmentsrraat,abeal

adni ni strati on. bydsrangnGRsRby 2FBGL K4 B By tMGHAS Al LibERL 0N O

subcut aneous adniiost ra as | n I'ntravenous
I ntramuscul ar, |¢ttatia@elaterm1&abtqwn mtth@arzb.sal , intraocular or intraventricul ar
i njection. The conmpound or conpounds of the instant invention can also be

admi ni stered in @orgral T ailRrddsAge A Yo cRATRINTIASHARA maHELindfo Rfmi & ect i on

as a sustained telease formulation. | owi ng dosage fornms are given by
way of exanple aﬁt‘@"@ﬁ@%ﬂt'ﬁammﬁét@wlﬁ@@% z§¥“‘PF‘ thrﬁgsutSH%"'ﬁ‘Q’i@t ghties

i nvention. [OO%MtaoﬁéahmcrbHﬁ@%bntamﬁaéttvbrmuaﬂa Q@Bﬁéﬁﬁétéuﬁt'on powder s,

suspensi ons, " granul es, | ets, PI||S capsules g and caplets are

acceptabl e as so‘?h?!méﬁ%ﬁé' fogpHigtiongRaybe BierpEed SPF'Eﬁ'O'@&Ian e, by

m Xi ng glne or | rrrgdmt@agn@mg%%t@tleh&nﬂd | SuGh a@thtﬁtéﬁlﬂ'hltédh an omh@téfpszeut ically
acceptabl e sal t s, of o) ik rishetioss Shhsse Bbriob sy SRR bltRs "
suspendmg agents, emuisifying agents, may be added for oral or parenteral

administration.

[0071] As noted above, suspensions may include oils. SUch oils
include, but are not llmlted to, peanut oil, sesame oil, cottonseed oil, corn oil
and olive oil. Suspensmn preparatlon may. also contam esters of fally acids
such as ethyl oleate, isopropyl mytistate, fatty acid glycerides and acetylated
fatty acid glycerides.. Suspension formulations may. include alcohols, such as,
but not limited to, ethanol, isopropyl alcohol, hexadecyl alcohol, glycerol and
propylene glycol. Ethers, such as but not timited to, poly(ethylenegiycol),
petroleum hydrocarbons such as m:neral oil and petrolatum; and water may

~ also be used in suspension formulations.

' -[0072] Ft)r intranasal administration (e.g., to deliver compounds o the .
brain), or administration by inhalation (e.g., to deliver compounds through the
lungs), the pharmaceutical formulations may be a solution, a spray, a dry
powder, or aerospl containing any appropriate solvents and optionatly other
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such as a starch or other additive. Suitable additives or excipients are
fructose, sucrose, |actose, cellulose sugar, mannitol, maltitol, dextran,
sorbitol, starch, agar, alginates, chitlins, chitosans, pectins, tragacanth
gum gum arabic; gelatins, collagens, casein; albumn, synthetic or

sem -synthetic 30 polynmers or glycerides, nmethyl cellul ose,

hydr oxypr opyl nmet hyl - cel lul ose, . and/or polyvinylpyrrolidone. Optionally;
oral dosage forms can contain other ingredients to aid in adm ni stration,
such as an i nactcPieodndaueh asebul ngiliniedios stabilgersagniimigrbialigasris.car at e,

pr eser vati ves Syplofarie PR Sirblcfants! Gichvabip odherday s such as.

ascorbi ¢ acid, tocopherol or cysteine, a_ disinteg rgtln gent, binders, a
t hi ckeners, buf femginatiorseidhestr Examnl%ﬁ/@fﬂnwasabf@ﬁmiab@nep@ﬂ methads afent s.

Addi tional | y, xéeﬁmﬁﬂf@oﬁr R LTSI TS CARI17BIRD DOsabENbI1RAIPD.

Tablets and pill her treate Sui ta coat | nﬁ mat'eri al s

known in the arlUS[RﬁiﬂmNQlQﬂmwﬁ%@a@éW&%"thﬁ 5(;#‘% 8%&1%#!'0@? tfegh may be
in the formof . aH%@Fd%FfBHﬁh%ﬁ% ﬁag(iﬁ&meaélébf‘préﬂéldsdlpﬂﬁmgéwé%on @bkigs, S

suspensi ons, slurries contain an I nactrve diluent,

such as water. PhanydesatPebasedionbelingselvenhy IR CoMBRIcer wapouads of

“suspensi ons or th%héthhﬂﬂ%nﬂéﬁ'd?@ c@mﬁ%%ﬁth} Sollviefdd . the fih &Fan dddsolbraly! M t ed
to, an oil, water, an_ alcohol, onbi nati ons of these.. Pharnaceuticatly

sui tabl e surfacp@ﬁ‘?ﬁtaﬂf’%ﬁ@ﬁ%ﬂ?%'zﬁb@'ﬁ@%“keerruI sifying agents, may be added
for oral or parenteral admnistration. [0071] As noted above, suspensions

may incl ude oil fpo78pch omh]sctabl&aidsdge fohu*s ganaany)mcludmatcﬁdoms)suspeﬁslms oi |,
sesane oil, cottonEeed o] lh ﬁ %gqs‘g nsi o Prepar ation
a1 5o cont ai A ALTBPERPs SO ot bruPteleEH usbed ryreble dspasant o

i sopropyl . nyri swattiag abehitandaa: sdsp;ﬂnylmgmgdmts Ia;edtaalsefbyham befiasdtiarci d

gl yceri des. Suspgnsion ude a suc as, but not

aLions
i ted to. ot nBRGE SR HSTBRY o AiDSRe e R K PaRRT e oM STol anc
propyl ene gl ycotlllueEt hAccaptahhehoIaentbut vahidles muiqde&t&rmzecpwbge(r,émhgértsnegl ycol ),

solution; or an isotonic-aqueous saline solution. Alternatively, sterile oils may
'be-empioyed as solvents or'SUSpending agents. Preferably, the 6il or fatty
écid is non-volatile, including natural or synthetic oils, fatty. acids; mono-, di- or
tri-glycerides.

[0074] - For injection, the pharmaceutical formulation may be a poWder
suitable for reconstitution with an appropriate sclution as described above. .
Examples of these include, but are not limited to, freeze dried, rotary dried or
. spray dried powders, amorphoué powders,.granuies, precipitates, or
particulates. - For injection, the formulations may optionally contain stabilizers,
pH modifiers, surfactants, bioavaitability modifiers and combinations of these.
The compounds may be formulated for parenteral administration by in}ectio;'l
such as by bolus injection ar continuous infusion. A unit dosage form for
injection may be in ampoules or in multi-dose containers.

[0075] Thus, in the present methods of treating cancer descrlbed
herein, the compound may be administered by injection as a short bolus, slow
infusion, or long-term infusion. The injection may be administered once,
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pet rol eum hydrocarbons such as mneral oil and petrolatum and water may

al so be used in suspension fornulations. [0072] For intranasal

adm nistration (e.g., to deliver conpounds to the brain), or admnistration
by inhalation (e.g., to deliver conpounds through the lungs), the
pharmaceutical fornulations may be a solution, a spray, a dry powder, or
aerosol containing any appropriate solvents and optionally other 31
conmpounds such as, but not limted to, stabilizers, antim crobial agents,

anti oxi dants, pi hmcé‘ﬂﬁ#é%'t@ﬁé?s. oswuf ﬁﬁb@ﬂé@, Absmmru@ﬁldehbwuyraaihfnisw@d and
conbi nati ons of these. nqrifp ntra for%l at.i ons d net hods of
adni-ni stration c3KEEPSEG qbﬁu '1?'1"7' \?@“@U WRISIERRFPNY 1/ 97947 U, S.

Patent No. 6, 180a6ﬁ3ust@rréd dveﬁa pEaG Lo abdot 3(5111&%9816% hd&r@ramaed Ibueglterﬁor an
aerosol formul atl i ncl yde co ed air, ni tr carb xi de,
or a hydrocarbon' léfg% Igﬁ\ﬂf'ﬁkjy?fj U% @3 @ PSP Topmg ng%ﬁ’p%l?Hgs of
the instant invegéiedrdayse conveni ently delivered in the formof an aerosol
spray presentation froma nebulizer or the like. [0073] I|njectable dosage

forms generally diﬁlhfde a‘?ﬂé??éé?al%ﬂﬁr@#&ﬁa‘tﬂﬂ%p?%%r‘?rgelgcgﬁ# Jich 'uf?aﬂéns"mbgh may be

prepared using a“sui'tabl e di spersa suspendi ng
agent . | nj ect abl keifrothadommgf mmpmswmnmmtmqnhmma A tablet drargrearh far

suspensi on, Wwhi C%:éa%emf%pﬁgs s ttﬁ? a]te%ghgseeggrn%%ﬂgmrgsnam @%&fﬁpt ROLS

sol vents or vehicles include I ze on; or an
i sot oni caqueous swpposidorias| are ipmared lyemixdgi anel or, m@s@pmmuws of thanipstapt

enpl oyed as sol Vf?l@{;ﬁtiow oP gét’ft ﬂ?ﬁt{&ﬁtabl@rﬁilﬁe?{géﬂoom%rg%f ecoﬂ{poilﬁ& ty

acid i s non-vol at i nclu nat synt atty aci ds;
mono-, di- or twith gcwéahlwghlclpﬂdwqxam!e pn?c@:lwttmorp%etbmnmm@,t i cal

formui ation nay Rfich soﬂ’égéﬁt in §%bﬁ@9ﬂé%efa‘?hofn%%fb?hbit&hb%td%é in@PreaBRE OPT i at e

sol ution as descri bed above. of these I ncl ude, are not limted
to, freeze driedn 9{'&”&’( Qhﬁﬁelfé@‘%@ te'”ﬁb?@?"’%ﬁ$'-éfébbdﬁd@%se %Mﬂ'l‘ﬁﬂ%thBOV\Uer s,

granul es, preci phddit SiSsh £ in the rectum. Oils may also be employed in the preparation of
- formulations- of the soft gelatin type and suppositoties. . Water, saline,
aqueous dextrose and related sugar selutioné, and glycerols ma'y be -
employed in the preﬁaration of suspensidn formulations which may also
contain suspending agents such as pectins, carbomers, methyl celiulose,
hydroxypropy! cellulose or carboxymethyl celiulose, as well as buffers and

preservaiives.

_tﬁ077]' . Besides thbse[representétive dosage forms described above,
phérmaceutic_:ally écceptabie excipients and carriers are generally known to
those skilled in the art and are thus included in the instant invention. Such
excipients and carriers are described, for exémple, in "Remingtons
Pharmaceutical Sciences” Mack Pub. Co., New Jersey (1991), which is
incorporated herein by reference.

[0078] The formulations of the invention may be designéd for to be
short-acting, fast-releasing, Iong-acting, and sustained-releasing as described
below. Thus, the pha-rmaceuﬁcalform'ulations may also be formulated for
controlled release or for slow release.
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particul ates. For injection, the fornulations may optionally contain
stabilizers, pHnodifiers, surfactants, bioavailability nodifiers and

conbi nati ons of these. The conpounds nay be formnul ated for parenteral

adm nistration by injection such as by bolus injection or continuous
infusion. A unit dosage formfor injection may be in anpoules or in

mul ti-dose containers. [0075] Thus, in the present nethods of treating
cancer described herein, the conpound may be adm nistered by injection as a

short bolus, sl gporeqnf uam:mmﬂwmmmm&mmﬁm forrahplen may be
adm ni stered once three ti ti nes dai l%ﬁ A short bol us
te

is generally adm'ﬁ?léfé’F 308\?& e %8" ?ﬂcagﬁ‘gﬁ'Pd formy, o3y, ‘a sl ow

infusion is genaaﬁiudnstereadﬂunle&teﬁﬁedirebe&re famp&rproddefa ;ﬁbbugecBﬁomg@ut es to 6
hours; and a | on

erm inf e ter for a, period from
over 6_ hour's - uﬁg?}(? reiyeny © 'fe&#/e h‘ﬂ E‘;’ge? %ﬁ%‘aﬁﬁ'ﬂ °PL%(’BPE'E[ REPPati on, the
phar maceut i cal temprdsaéd s paifeys mhgrlmdbré hadirnmlameﬂ uﬁrawmao&rly ery, an .
oi ntment, an enenm, ,a ta am or ase 0, in the
Cnrestines. s oRupadhesRal & e fpEbERE Arie imbBaR BN 35 SERHE TES are
pr epar ed by m X inmglaots enayr emplog keampineridsatedals bech sssiltthesiandent i on, or
phar maceut i cal | § gcc%B 'z?a]b sal ts or tautoners of the conmpound, wth
accept abl e venhi fP&gIrapy é’)?y cocoa butter or polyethylene glycol,

which is present in a solid phase at normal storing tenperatures, and i __
present in a | [0980H phaﬁthatamhwyteﬁmjyﬁa!paee@‘e@dbﬁlmsmmtmféhease a drug

I nsi de the b°d¥?m§b\ﬁ121 tfiat HeQul’ié\ﬁ ?ib 9+y°rn|5¥8ﬁ‘as l’o‘g@clﬁ 8£B§e93ﬁ€‘é§r pd the

preparation of tions of atin t ositories.
Water, saline, a@ué@d@eae&dmmg@cmdjhmﬁlcéﬁ@éa%%g%ﬁ awb@dvmht eﬂﬂﬂe@lycer ol s

may be enpl Oy efaith ddnaitBhS, AR5 AibOST th s@fé&%@ﬂeﬁ@lﬂbﬁdn&&%oﬁh' Clh nmay

al so contain suspendi ng. agents such; pectins, cafbonmers, neth

cel | ul ose, hyd%&%ﬁ&‘ﬁ??‘“fb@m’ lﬂ“ﬁé’@“@ﬂ’%ﬂ'ﬂ%@fﬂﬂﬂﬁ HAny efdhe @P@‘éﬁedoséﬁevml | as
buf f ers and  pr@s@k ehtalify effective amounts are well within the bounds of routine

experimentation and therefore, well withih the scope of the instant invention.
‘A therapeutically effective dose may. vary depending upon the reute 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 therapettfic effects
" which can be expressed as the ratio between LDsp and EDzg. - The LDsgp is the R
dose lethal to 50% of the populatlon and the EDsgy is the dose therapeuttcalty -
effective in 50% of the population. “The LDsp and ED50 are determined by
standard pharmaceutical procedures in animal cell cultures or expenmental

animals.

[o081] . The present inventib,n also-provides methods of enhaneing
anticancer aétivity in a human or non-human animal. The method comprises
administering an effective amount of a compound, or composition, of the
instant invention fo said mammal or nen-human animal. Effecti\‘/é amounts of -
" the compounds of the instant invention include those amounts fhat inhibit
RTK, which are detectable, for example, by an assay herein described, or any
other assay known by those skilled in the art thaf detect signal tranéducition, in
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.[0077] Besides those representati ve dosage forns descri bed above,

phar maceutical |y 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 carriers are described, for exanple, in "Rem ngtons
Phar maceuti cal . Sci ences”" Mack Pub. Co., New Jersey (1991), which is

i ncorporated herein by reference. [0078] The formul ations of the invention
may be designed for to be short-acting, fast-releasing, |ong-acting, and

sust ai ned-r el easi i ~ : i -
formul ati ons may baq??s%%gg% gé{#u%gttggjﬁbg\ré{Ctl%tgg? r EFH@%@@@%EQ%‘%&?%?’ fg [ ow

rel ease. 33 [ 0079kample, byerastringansievatebeiMidgvehns comparpd ite @ continl exanpl e,
m cel l'es or |ipogpnes, E@écftﬁ@Hﬁloﬁﬁt@%WgMg?g@ggfaﬂ{dﬁhtsthimu te

adm ni stered in an extended rel ease )rovi de_a prol onged storage
and/or delivery 8Ymeioms ofiadt B giserdef Heatphlghydaiibiting BITKf or mul ati ons may be
_conpressed into pellets or cylinders and inplanted intramuscularly or
_sublcut ?neously a mEot irgmrk@&a;dér.,cﬁtfwmmbﬁm@cﬁs;,l?‘a!se,a\sm&ﬁﬁraga)e Such

i mpl ants nmay enplo nown inert materjals such as siljcopes and .

bi bdegr adabl e polgHEADY Persgnrthads HaVdprdtds py bPbdE GRS dioes s 1o
that amount of t [rewhiele &R ®IMis ifplicateds ot Wiich hibiRIn (Frafll IRTK Sdtestisnds #76 :

Speci fi ¢ dosages maé be , a 'ustf‘d ’deﬁfﬁ@ﬁi niﬁ on conditi gns of di sease, the
age, body wei ght Ploghersical pathway 1t is grigciYGRdne diserdegprgiseasesiites ubj ect,  dose
interval s, adm nEgxarples @R sudhodi$eBes ax@inebis@ich ak Prostitd, colrbéiaRbieas of
drugs. Any of the l‘@b?ve osage forns :clgnr“ai ni,.n effe@iv@g ampunts are wel |
within the bound§P's BYeIPHE: PRGN ML RN REHE BYROUNOME within the
scope of the i nslkeakémia)elemiiiconyelodefolidizuignial bcaldly-pedlifaativerdiselzee nmay vary
dependi ng upon the route of admnistration and dosage form The preferred

conpound. or co Bfls of .Sghﬁ&%giis % ESRb oA FREd B8kn! disdbdeB it S1Pfht NdAL

exhibits a high.therapeutiC I ndex. ,
6,605,617. To confirm the identities of compounds 2 and 3, metabolites of
compound 1, compounds 2 and 3, were independently synthesized-as shown

“in Example 6.

[0084] The present invention, thus ggnérélly described, will be
understood more readily by reference to the foliowing examples, which are
provided by way of illustration and are not intended to be limiting of the
present invention. |
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The therapeutic index is. the dose ratio between toxic and therapeutic
effects which can be expressed as the ratio between LD50 and ED50. The LD5o
is the dose lethal to 50% of the population and the ED50 is the dose

t herapeutically effective in 50% of the population. ' The LD50 and ED50 are
determ ned by standard pharmaceutical procedures in aninal cell cultures or
experinental animals. [0081] The present invention also provides nethods of
enhancing anticancer activity in a hunman or non-human ani nal. The net hod
conprises admnistering an-effective BEXAMRLEE. a conpound, or conposition,
of the instant invention to said mammal or non-human aninmal. Effective
amount s of t he [@@FFloundsThss follewing aBkremiations /and teons precisgddhiongbeutaimdunt s

t hat inhibit R%%Sch are detectable, for exanple,- by an assay herein
descri bed, or any ther assay known by those skilled in the art that detect
signal transduction, in 34 a hiochem cal pat hway, through activation of

G protein coupl édFeceptors, FIENORGHBNESPhRe measuring an el evated cAWP

| evel as conpare@i¢:0 a: contr @gkea ofitelhe &frf@cti ve anounts may- al so i ncl ude

t hose anounts i£h allevi ateB s%ngtoms' f a RTK disorder treatable by

i nhi biting RTK. 82] An RTKEG'EBPREYT a8FrK- nedi at'ed di sease, whi ch maybe
treated by thos®Me&Dhods pr ovDiteetfiylsulidxidde any bi ol ‘ogi cal di sorder or

di sease in whi RTK i s i ' : j i bition of and RTK .-
potentiates a (l;élboc'erri cal pagﬁ*\%{/n%taﬁglmé)fset% %@t#c\% in the disorder or "_
di sease state. EBl&npl es of sGetacslidlapmeeilatedkinastcer s such as prostate,

colorectal , breapes: Ml ti ple my_ﬂF@(yeM?l?%fp%?ézisfé-NS{?éthaﬁ@Ju'lfoﬁié%idPOmi,

acute nyel _ogenohj_ﬁ: _e_ukem a, ﬁhronl n’%‘e ﬁgeaogs Iéu errilja, or

nyel o- prol i fer afi\e di sease. f%U%‘ﬁ'% i HEYF £oEM Bhd 1 has been

di scl osed in U 8MWaTent No. HGnadmitbvascidarendbihetalichds i dentiti es of

conpounds 2 an'dkg, met abol i teﬁg%mcorrpound 1, conmpounds 2 and 3,-were
t h S

i ndependent |y synt hesi zed as S| in Exanple 6. [0084] The present
i nvention, thusl§eneral |y destigbideehromatagraphy = -

MAPK: = ° Mitogen activated protein kinase

MS: Mass Spectroscopy

MeOH: ~ Methanol

myg: E " Milligram

mL: Milliliter . | _
MTS: [3-(4,5-dimethyt-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-

sulfophenyl}-2H-tetrazolium, inner salt S

R

nM: Nanomolar

PBS: . Phosphate buffered saline

NMR: Nuclear magnetic resonance spectroscopy

RT-PCR: Reverse transcriptase-polymerase chain reaction

SCF: Stem Cell Factor

TFA: Trifluoroacetic acid

Ti: Half life — the time required for 50% of a compound to be
, eliminated from a biological system.

Hg: Microgram(s)

HL: Microliter(s)

pM: Micromolar

uv: Ultraviolet spectroscopy
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understood nore readily by reference to the foll ow ng exanpl es, which are
provided by way of illustration and are not intended to be limting of the
present invention. 35 EXAMPLES [0085] The foll ow ng abbreviations and terns
are used throughout the Exanples: ATP. Adenosine triphosphate AUC. Area
under the curve BSA: Bovine serumal bumn DMSO Dinethylsul foxide EDTA

Et hyl enedi am ne tetraacetic acid ERK Extracellular regul ated ki nase Hepes:
N- ( 2- hydr oxyet hyl ) pi perazi ne-N -(2-ethanesul fonic acid) HPLC. High
perfonance |iquid chromatography HWEC: Human nicrovascul ar endot hel i al
cells kg: KilogramLC Liquid Chromat ography MAPK: M togen activated protein
ki nase MS. Mass Spectroscopy MeOH: Met gy Ho: M:lligram nL: MIliliter
MIS: [ 3-(45- di net hyl - 2-yl’) - 5- (3- car boxyrrl etphoxyphenyl) 2-(4-

sul fopheny! ) -2+ @820l | Urhe drispiiferali aam.t.@@ameﬂnms-ﬁm sEth gphat e

buffered sali ne VR “Nucl ear gnetlc resonance spectrosc - PCR:
Reverse transcri preiR¥pigaraginel-gi H&P&'?W'?%?&(‘:?TYHHU'"O""'ZUH)'O”e (compound 1)

were tested against a large number of cancer cell lines and primary non-
malignant cell lines. Methods were as follows: Cells were plated in 96-well
plates; after three to five hours gelling time for adherent cell lines delusions of
the compounds were added, three days later viable celis were determined by
adding MTS solution (Promega). Absorbance at 480 nm was measured and
ECs values calcujated‘ using non linear regression. For the HMVEC assay,
compounds were incubated with the cells for three days in the presence of
five ng/mL recombinant VEGF. For the SCF/c-KIT assay the TF-1 and H526
celis were incubated for three days in the presence of 406 ng/mL and 100
ng/mL recombinant SCF, respectively. Proliferation was assayed by adding
'MTS solution and measuring the absorbance at 480 nm. ECsps were
calculated by non-linear regression. Results are shown in Table 1.

[0087] In a subset of the cancer cell lines and the endothelial cells,
proliferation was inhibited with ECsp < 50 nM, consistent with their
dependence on an RTK targeted by compound 1 (MV4; 11: expression of
constitutively active FLT3; HMVEC: VEGFR2 mediated proliferation; TF-1: ¢c-
KIT mediated proliferation) with the exception of the KM12L4a cell line, Even
| though this cell line does express some of the targeted RTKs (e.g., VEGFR 2
and PDGFR determined by RT-PCR), experiments showed that the inhibition
of these individual RTKs does-not fully explain the potent antiproliferétive
effects observed with compound 1. This finding suggests that either the
inhibition of multiple RTKs or as yet unidentified effects may be responsible
-for the antiproliferative effect mediated by compound 1 in this cell line.

[0088] The majority of cell lines showed an antiproliferative response
when incubated with compound 1 with ECsps between 1 and 10 pM including
two primary cell lines HMEC (human normal mammary epithelial cells) and
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SCF: Stem Cel |

Factor TFA: Trifluoroacetic acid Tv2: Half
elimnated froma bi ol ogi cal

required for 50% of a conpound to be

Ng: M crogran(s)

NL: Mcroliter(s)

pM M cronol ar

life -

the time

system

UVv: U traviol et

spectroscopy 36 Exanple 1 [0086] The antiproliferative activities of
4- am no-5-fluoro-3-[6-(4- nethyl piperazin-1-yl)-1

H benzi m dazol - 2-yl Jquinolin-2(1 H)-one (conpound 1)
mal i gnant cel |

| ar ge nunber of

cancer cell

| i nes and

primary non-

were tested agai-nst a

| i nes.

Met hods wer e as FrbCI(aornal umps prstate spdhelial cellsh cConrgistentonith Byvitraiesuifs. t hr ee

to five hours g
conpounds were

val ues cal cul ated using nen.linear regression.

Bl

hﬁ?otlfl

ree

e R

at er

F?E@J‘éncf@lw; 11 2R3 g@Rk U9 MRSwaE po

_ adde lat viable cellS were determne%mgy
addi ng MIS sol ufnhipitedbysespepnd Ade ¥vBance at 490 nm was neasured and EC50

For the HWEC assay,

conmpounds were fagwbpted with the cells for three days in the presence of
five ng/nmL reconbinant VEG-. For the SCF/c-KIT assay the TF-1 and H526

cells were incu

ng/ mL reconbi nat
MIS sol uti on an

by non-1|i near
of the cancer
inhibited with

r
c

targeted by com
HWEC. VEGFR2 m

with the except

. [0089]

H2286 (lung cancer)

| HT29 (colon tancer)
SW620 (colon cancer) -
PrC (normal prostate
epithelium)

'HMEC (normal -
mammary epithelium):

batad o three—days—A—the-presenee—of—40-nghent— and 1, 00
.tEE_@lS—E,‘oJ'?%sg'e ng'gfayrlfM Ar ol | FEPA 1 was a%_ 5&?&8" addi ng
neasuringithe absorbance _at 490 nm EQ50s were ¢al cul at ed
SHVES T GHIL) RBSAIAL) 4TE [JRBAMIBARE Ghigask 1| Y&Idbrafn | nl a subset
bviiag sbrban o bt e o2
ﬁg:sﬁﬁ’a%?'?(%ﬁ)/?/ﬁar%%sgipr escs?f‘%eﬁ). of consti _futi vely active _FL'I??:;
pHMYESD proliferation; [H562(ClL)HUBT2 nedilated proliferation)
QEcHEVESe KML2L4a cel |} EMipmoEYanALL).
R2 mediated; | ARH77 (multiple
‘| endothelium) I myeloma) ‘
| TF-1 (SCF/ HCT116 (colon cancer)
| e-KIT: Du145 (prostate cancer) |
mediated ‘PC3 (prostate cancer)y
AML) H209 (lung cancer)

* T\ cell ines tested were of human- drigin unless otherwise noted.

Example 2

- Two metabolites of compound 1 were identified and partially

characterized in pooled rat plasma from a 2'week toxicology study. Day 1
and day 14 dosed animal plasmas were analyzed by UV and LC/MS from
once a day 30 or 80 mg/kg, PO, dose groups. The two identified metabolites

were the piperazine N-oxide compound of formula Il (compound 2) and the N-
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t hough this cell |line does express some of the targeted RTKs (e.g., VEGFR /X
and PDGFR determ ned by RT-PCR), experinents showed that the inhibition of
t hese individual RTKs does not fully explain the potent antiproliferative
effects observed with conpound 1. This finding suggests that either the
inhibition of nmultiple RTKs or as yet unidentified effects nmay be
responsible .for the antiproliferative effect nmediated by conpound 1 in
this cell line. [0088] The majority of cell |ines showed an

antiproliferativeeh® corn-,dstﬁmdl diwh@ﬂm (bbmFolﬁﬁrH)Qélédekarﬂplélﬁ i&Coas

between 1 and 10 ry cell lipes: HVEC n _nor mal

i nclu

manmary -epi t hel i é?wl'}%?'? '5‘5“? a°t§7z EG NESE CAIMPAYIAS: E?@iﬁi‘t&&@v@ qfifes i al
cells). Consi st emewuou;tésl(ﬂaéédtdrpuvcwbmance aﬁtemg:bmpbhsaftobmbhntl&@!slﬁYﬂZL4a
and Mv4; 11 xenografts in mce Eotentl |n'h| blted by pn% und | in
Vive. Table 1 ECHOEPEEAMRRIHES inhE spmEEsies) LR AR 11
(AML) RS4 (ALL) 4ilén w&w@é3;‘rh{am—e§@hethyﬁﬁetébdﬂm ﬂfas lﬁﬂhauéeeﬁmm&&nha
cancer) SKOV3 (o ar i a ncer col on .canc r I\NEC 1(562
(CVIL) Ku8l2 %aw\ﬁrﬂwne/ﬁunf Samp gPéﬁfé@ S 9 (mul tiple
endot hel i um rfyebpaﬁ:)as The N-é)&&azmetdiﬁ'ﬁﬁtb@va(scdﬂséﬁleﬁwﬁéE)}eseﬁt iKlld'wé'PU145

Chncer) Feoe (I uHBUERRES Fan amRene o RaRee 4 hpimarsry 1Ebime S8 mestn)
dose group and 1-2 hours on day 1 in the 30 mg/kg dose group (Table 2).
The metabolic profile does net change with dose or duration of dose.
Generally the metabolite levels increase in tandem with compound 1 levels
with dose escalation. '

[0090] . With both dose g};oups the duration of dose, Day 1 vs 14, does
not appear to result in, an lncrease in plasma levels of metabolites alone
(Table 2 ) oras compared to compound 1 levels. Compound 1 Ievels
decrease with duration of dose and this is reflected by a decrease in
metabolite levels as well. This suggests that time dependent reduction in
exposure of compound 1 is not reflected in increased metabolism. The day
14, 24 hr samples contained compound 1 and metabohtes at lower.levels than
the 24 hour samples on day 1 1ndlcatlng that there is no accumulafion of

.. metabolites or compound 1 with a once a day dosage regimen of 30 or 80

- mg/kg. .The N-oxide metabolite is present in higher abundance than the N-
destriethyl metabolite at all assayed time points in the 80 mg/kg dose group
-and in all but the 24 hf time points after day 1 in the 30 mg/kg dose group.

. The N-desmethyl metabolite levels appear to fall more sfowly than that of
compound.1 suggesting a longer Ty and indicating that-thé plasma levels of
this metabolite are.likely defermined by its rate of elimination and not its rate
of formation as is, in contrast, likely for the N-oxide.
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PrC (normal prostate epitheliunm) HVEC (normal mammary epithelium: all
cell lines tested were of human origin unless otherw se noted. Exanple 2.

[ 0089] Two netabolites of conpound | were identified and partially
characterized in pooled rat plasma froma 2 week toxicology study. Day 1
and day 14 dosed ani mal plasmas were anal yzed by W and LC/ M5 from once a
day 30 or 80 ng/ kg, PO, dose groups The two identified netabolites were

82&%5?2325”@{#@ R o TR hove S Bt bR ot T or
synt hesi s and

P i £ or
?'i zla?m%n of _these conpounds). Estimated levels of the

met abol i tes (base‘. ""‘?Lv phgRrbpres god r” oz gr.ng'd S 1L)‘gqjy_‘—(}—ﬁvel s of
conpound | quanti i gl Jhe_sahqﬂi l- g ( i P QNEHS bnaLl afs)| are gi ven
in Table 2. The N thyt—reraborgte W Jt0 e T sugstarjtial ly
| ower abundance t [TammzgoOMTPPUTH T3t T Fanpj£s of 1e5s 3 ed
pl asmas. The -N--ox| d€ et apol{ T €] Wag-g0DSETVeqg T 0 [DE PoESent ighz | over
abundance than copo®ad | extepf ab4Z24 hour® on [day284 ijn (1§80 |ng/ kg dose
group and 1-2 houys @o day M4in theo 30 g/ kg dose gtr.eup {(Takdge 2)|. The
met abolic profilel do@s nof dhanige w2t'h pdosesdor durafason lof dege. | Cenerally
the netabolite | epfel $0i ncifedde lin 4&dem with cdnpadlaed || leddd s [with. dose
escal ation. [0090] WePh bptH4dose @doups. t#Hhe ddrat®dn of do8e, [ y 1 vs™14,
does not appear o 1@&kuli. ih, lan i%crease @n - pliasn® | eviel s Bf _ngt abol i t-es
alone (Table 2 ){or1%s chnphred t#2conpount®.1 lleved?4 ConptlAd If | evel s
decrease wth dur i 9 of | doke land48hi sl i< %U__{;M 97(19b¥ LrWﬁpac ein
metabolite |evel slas!@®klll Thig sudfiest: £ "ue%padd&a@iedﬂct ion in
100 14 il 15 7 162 |
100 14 1-2 17 122 623
100 14 4-8 19 533 1029
100 { 14 | 24 | - 10 102 - 33
1 : Metabolite levels estimated based on metabohte UV absorbance areas in
comparison to compound 1 UV areas and using prevnous!y reported compound 1
levels. 2: Compound 1 levels previously quantified.in a separate study from the
same plasma samples analyzed herein.
Example 3
In vitro kinase assays for receptor tyrosine kinases
o

[0091] - The kinase activity of a number of protein tyrosine kinases was
measbred by providing ATP and-an appropriate peptide or protein containing
a tyrosine amino acid residue for phosphorylation, and assaying for the
transfer of phosphate moiéty to the tyrosine residue. Recombinant proteins
-corresponding to the cytoplasmic domains of the FLT-1 (VEGFR1), VEGFR2,

_ VEGFR3, Tie-2, PDGFRa, PDGFRB, and FGFR1 receptors were expressed
in Sf9 insect cells using a Baculovirus expression system (InVitrogen) and
may be purified via Glu antibody interaction (for Giu-epitope tagged
consfructs) or by Metal lon Chromatography (for Hiss (SEQ ID NO: 1) tagge&
constructs). For each assay, test compounds were serially diluted in DMSO

and then mixed with an appropriate kinase reaction buffer plus ATP. Kinase
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exposure of compound | is not reflected in increased netabolism The day

14, 24 hr sanples contai ned conpound | and netabolites at |lower. |evels than
the 24 hour sanples on day 1 indicating that there is no accunul ati on of

nmet abolites or compound I with a once a day dosage regi nen of 30 or 80
ng/ kg. . The N-oxi de netabolite is present in higher abundance than the N
desrnethyl netabolite at all assayed tinme points in the 80 ng/ kg dose group
and in all but the 24 hr time points after day 1 in the 30 ng/kg dose group.
The N=desnet hyl REXEBENH @e apewpriatedipiylatedparide substeaie Wik %eﬁgﬂ givBR of

conpound. | suggegihAiR@luthd SHPET00TA2 rédond dbeahbititdd Rl 113 ¥ouk 86@Bml evel s of

this nmetabolite are likely deternmned by its rate of elimmnation and not its
rate of fornati tenpesatuss andthenstopaed by piiditony of2i-5@ hb ofdoIMIEDTE05Tabl e 2. :

bose bay Sarpl o DUEPEPES RHTE. chhe iR aqudihARRE L) Wb Ushglefelf 27) 2T
/m 2 30 1. 0 Osiefavidif-chatbdZnitrdtited plartsdFwehBiger MarthhéBn)3h@ iSeldatedidfod 24. 22
24°4 0.4 5 100 1 hgbr. Pippheiiallpertiyd plolof g midqdzy Vit ¢ ECAR - 70 1
2075. 100 1 24 8G=stBeédf0oresdd@e bystomiVailac 6PE Biosciences), using a Europium

labeled anti-phosphotyrosine antibody PT66 with the modification that the

. DELFIA assay buffer was supplemented with 1 mM MgCi; for the antibody

dilution. Time resolved fluorescence We\_s read on a Wallac 1232 DELFIA

fluorometer or a PE Victor Il multiple signal reader. The concentration of each

compound for 50% inhibition (ICso) was calculated employing non-linear

regression using XL Fit data analysis software. ' '

[0092] FLT-1, VEGFR2, VEGFRS,.FGFRS, Tie-2, and FGFR1 kinases
were assayed in 50 mM Hepes pH 7.0, 2 mM MgC-Ig, 10 mM MnCIg, \1 mM
NaF, 1 mM DTT, 1 mg/mL BSA, 2 uM ATP, and 0.20-0.50 pM corre'sponding
biotinylated peptide substrate. FLT-1, VEGFR2, VEGFR3, Tie-2, and FGFR1

' kinases were added at 0.1 pQ!mL, 0.05‘pglrh'l_'. or 0.1 pg/mlL respectivély. For
the PDGFR kinase assay; 120 pg!rnL én'z.'yme with: the same buffer conditions
as above was used except for cha'n'g}rig ATP and peptide substrate
concentrations to 1.4 uM ATP, and 0:25 uM biotin-GGLFDDPSWNVQNL—
NH;‘_; (SEQ 1D NO: 2) peptide _su_bstrafe. Each of the abové compoﬁﬁds
displayed an ICg value of iess fhan 1.d pM with respect to FLT-1, VEGFRZ,
VEGFR3, and FGFR1.

[0093] Recombinant and active tyrosine kinases Fyn, and Lck are
available commercially and were purchased from Upstate Bibtéchnolo’gy.' For
each as_éay, test compounds were serially dilited in DMSO and then mixed
with an appropriate kinase reaction buifer plus 10 nM *P gamma-labeled
ATP. The kinase protein and the appropriate bictinylated peptide substrate
were added to give a final volume of 150 ul. Reactions were incubated for 3-
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100 14 1-2 17 122 628 1 100 14 4-8 19 533 1099 100 14 24. 10 102 : 33 1
Met abolite | evels estimated -based on netabolite UV absorbance areas in
conparison to conpound 1 UV areas and using previously reported conmpound 1

| evel s. 2: Conpound | |evels previously quantified. in a separate study from
t he same pl asma sanpl es anal yzed herein. Exanple 3 In vitro kinase

assays' for receptor tyrosine kinases The ki nase activity of a nunber

of 10091] ty p tyr05|ne ki nases was sured by providing ATP and an
appropriate pepHine¥regRt rBP'Btt%mHe'@M?él‘ﬁ’l stopre@ Rydrasterigd? 2ici d resi due for

phosphoryl at i onstregtaviaMscutetDvhity michitertplsts $TiRsmefLapapstaig ammnmgy to the
tyr03|ne resi due; Reconbi nant protelns correspondln to the cyto asnlc

domai ns of the: @&HEO(?E@F@‘ﬁt'°“‘9E@'I@C1 Fhppxipheled ADGFR(3, and

FGFRI 1 ecept or S AWBF £hExiih&SsHAen, th«;n st%xﬂa\h&iﬁ%te&%l‘éwﬂﬁié&mﬁ ﬁBS%QV' rus
expression system (I nVitrogen be purified via G u antibody

i nteraction (foR0&GrLMegpsepk2 g@@t@atwrb wag addgd per woll. VEheyplateg ywere
Chromat ogr aphy (f4eq %é%o#r?g&delﬁg%C@ntt "Tﬂg%gncegﬁl‘%ﬁ% WEESh oﬁﬂfouﬁgcr‘ assay,

t est conpounds were seril a en nlxe
appropriate ki nfs&0peigbibition (lﬁso)fvaas giquated-emplayingondinegr moeessioartsing

appropriate biokj i Bk£89n bofvatgbstrate were added to give-a final
vol une of 50-1.00 pL, reactions were incubated for 1-3 hours at room o

t enperature and th sto ad f pL of m\Vl EDTA, 50 '_aM
Hepes pH 7.5. TiPD gfoppe%?i‘éf@%%‘?ﬁ%?&bﬁ&@%'?é"b Lfk’vﬁgj & P‘éﬁﬁ’@?ﬂ?ﬂ 5 a
st L ept avi ﬂi n- ﬁ.Oﬁtil\f(lirld‘.ﬂm pHIZ. emmhe{jragcmsh MMMIMnﬂMﬂ?‘W haamm EDTApat ed for
1 hour. Phosp org m(ﬂg a—geiycer&eph%ggha"tjg t0 (\)A'II%? B%géeg 5 ul\}l of ttl‘leef\ﬂp[?l%lﬁlr:l!éltAe time-
peptide substrate (blotlnylated Src peptlde substrate: biotin-
GGGGKVEKIGEGTYGVVYK-NH; (SEQ ID NO: 3) for Fyn and Lck) 1 pM
" unlabeled ATP, and 1 nM kinase.

[0095] The kinase activity of c-Kit and FLT-3 were. Imeasure'd by
prowdlng ATP and a peptlde or protein contalnlng a tyrosine ammo acid

- residue for phosphorylafron and assaying for the transfer of phosphate moiety
to the lyrosme residue. Recombinant proteins correspondlng to the
cytoplasmlc domains of the c-Klt and FLT-S receptors were purchased

. (Proqumase) For testing, an exemplary compound, for example 4-amino-5- L

ﬂuoro 3-[5- (4-methylp:perazm— “yh)- 1H—benzumldazol-zwyl]qumolln-2(1 H)—one
was diluted in DMSO and then mixed with the kinase reactlon buffer
described below pius ATP. The kmaee protein (c-Kit or FLT-3) and the
biotinylated peptide substrate (biotin—GGLFDDPSYVNVQNL—NHZ (SEQ ID
NO: 2)) were added to give a final volume of 100 pL. These reactions were
incubated for 2 hours at room temperature and then stopped by addition of 50
uL of 45 mM EDTA, 50 mM HEPES, pH 7.5. The stopped reaction mixture
(75 pl) was transferred to a streptavidin-coated microtiter plate (Boehringer
Mannheim) and incubated for 1 hour. Phosphorylated peptide product was
measured with the DELPHIA time-resolved fluorescence system (Wallac or

42



resol ved fluorescence system (\Wal |l acor PE Bi osci ences), using a Europium

| abel ed anti - phosphot yrosi ne anti body PT66 with the nodification that the
DELFI A assay buffer was supplenmented with 1 nM MyCd 2 for the anti body
dilution. Tinme resolved fluorescence was read on a Wallac 1232 DELFI A
fluoroneter or a PE Victor |i nultiple signal reader. The concentration of
each conpound for 50% i nhibition (I C50) was cal cul ated enpl oyi ng non-1linear
regression using XL Fit data analysis software. [0092] FLT-1, VEGFR2,

VEGFR3, FGFR3, TPREBisciencedtGisilg & Enaphsn-labeled aatiphysshdirosie avilidelyes . pH 7. 0,

0. 20: 050 pM cort UM oBTeR LRy RO ELAH thst e ReouppBi g S ety

VEGFR3, Tie-2, aith FMgChlfnameanmmw ditdifted  FimeGedolggl idaredbefée wegileﬂ_, or

0.1 pg%rlL respectl % - _For ssa 120 enzyme with
the same buffer €0 gf"ﬁéﬂgﬁ‘?d s h%ﬁ%)q:%gkﬁ%@g f@?@é’%‘%terf?fra g%arvﬁcé?ﬂ ATP and
pepti de subst r atsultipl®sigeat reatiéro rihietconderafidh Affégchasochpdudd faro%

bi ot i n- GGLFDDPS L ~N S of the
above corrpoundswgép}l g?@ﬁ&% 5@5‘88\9“‘%%%3%?&?‘2%lé"%ﬁé%ﬁq%%g%ﬁﬁﬁ?ﬁh}l’ espect to
FLT-1, VEGFR2, duteGhkialysiosuftwe@:R1. [0093] Reconbi nant and active tyrosine
ki nases Fyn, and Lck are available commercially and were purchased from

Upstate Bi ot echiglogy . - Far 13850 caiOMaseh ke SUTEN TS0 M Rep&l b7y di | Ut ed

in DMSO and the an a riate |naereact|on er plus 10

nM 33P gamma- |aBénMd\laFA12FmM1M@GIu @ Mrekand 1mﬂLrBe‘3Aa;§wMﬁfTPaw1
bi otinyl ated pepij gpcé,ggﬁé,{cﬁﬁ%bmwﬁe@gg&getsgbmé{g (Sofid-nal volume of 150 pL.

Reactions were incubated ours at roomtenperature and t hen

st opped by tr an§T@FRRRRSYYNYQNLNIES (SR HD AQs otk eahﬁvﬁ%‘@“ﬁ’ﬁﬁ?rb? ifkdr3 pl at e

(Therno Labsyst @A :-1GOhiddivite addd)edlat 2hnet op reaction buffer of 100 nM
EDTA and 50 M unl abel ed ATP. After 1 hour incubation, the streptavidin

pl ates were vvasn,_(’a

505 werehmgasureg gor the metabolites of compound -1 and are shown in
Table 3 along with 1Csgs of compound 1 for comparison.

Table 3.

. 1Cxo (i)

Compound- | VEGFR | VEGFR | bFGFR [ PDGFR | FIt3 | c-kit
fit ftk1

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

Example 4

[0097] This single agent study evaluated daily oral dosing of'compound
1-in the KM12L4a human colon tumor model.
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200 L Mcroscint 20 scintillation .fluid was added. per well. The pl ates
were sealed and counted using TopCount. The concentration of each conpound
for 50% i nhibition (1C50) was cal cul ated enpl oyi ng non-1linear regression
using XL Fit data analysis software. [0094] The ki nase reaction buffer for
Fyn, Lck, and c-ABL cont ai_ned 50 mM Tris-HCl pH 7.5, 15 nM MgCl 2, 30 nmM
MiC12, 2 nmM DTT, 2 nmM EDTA, .25 nM bet a-gl ycerol phosphate, 0.01 % BSA/ PBS,
0.5 Mof the appropriate peptide substrate (biotinylated Src peptide

substrate: biot [m%@@@«m@rﬁﬂswmam%@edmé@sma@s River)Ryereand Lck), 1
p. M unl abel ed e of c-Kit and
FLT-3 were neas '8"%9%%‘ %%dkﬂﬂigﬁ# %EQC%E%‘%“&@@?“%M@PWCont aining a
tyrosi ne am no Imaimenﬂsngdme? days lgthpshéroaydrage bmoramtﬂmwswag@@nﬁﬂr t he
correspondi ng ¢ N Fdied i B8 FoLBRebil T STRINRITEY  2ihtors
wer e purchased séiRtioin 10asd) HsHy artdesdininigteredhbyaraligaage. conpound, for
exanple4amn05 fluoro-3-[5-(4-nethyl pi perazin-1-yl)-1_

H benzi m dazol - Igiqw n@t)é\,??g,%;tnlfgmgnﬁfeg\)@,glr@ddgﬁw“e@t O and t hen m xed

wi th the kinase reaCtion des ow plus ATP. “The ki nase

protein (c-Kit GF1P(grom): vehicle feateningt.i &) 80d §xsspRsef compoundd gloses:
(biotin- GG_FDDP§Y/}6\M@\IL,0¢\I%D(§I§Q“IQRQM g)) were added to give a final

vol ume of 100 pL. TheSe reacti ons were ncubat ed for 2 hours at room ¢
tenperature and_t hem stopped b dition of 50 EDTA, ,50 nM
HEPES, pH 7.5. ﬁ"d‘é’sktoppg’gﬂ %%mgﬁsmes&%yﬂ fmg%tﬁﬁ %@mﬁ IneReh de3¢ 1o a
fstrelot ﬁw di n- ﬁo hﬁdn\%rnegsawsﬂaloamcfeaaslm Wﬂ‘lacwﬁéﬁbgldﬂbmﬂ hncm:mbat ed

or 1 hour. Pho 0 ate ct was asure t he DELPH A
ti me-resol ved f "{')Rﬁ’ @5%8“%& @ﬂl"@‘%@ﬂ %85%9@1’?) Sﬁf%g'ﬁng%’é usi ng a

Eur opi um | abel egorgehiratidtesgizompdmsd m&Ie&ﬂﬁetbﬂﬁiPIed wf%ﬁpley\c(bilmctehefmfmdi fication
that the DELFI Aal%%@’m?#éﬁé ar“‘@1 306 n‘l%ﬂ(ge osgtg%jup at 8 and 24 hours post—dose on

Day 22 (N=2/timepoint/dose group).

[0101] Plasma compound 1 concentrations were determ_ined by a non-
validated LC/MS/MS assay with a calibration range of 1 to 8000 ng/mlL and a
lower limit of quantitation (LLOQ) of 1 ng/mL (Charles River Laboratories,
Worcester, MA. Tissue and tumor cbmpound 1 concentrations were also
determined using a non-validated LC/MS/MS assay with a callbratlon range of .~
20 to 43740 ng/g and a LLOQ of 20 ng/g. i

i
&

[0102] Composite pharmacokinetic parameters (Cpax and AUC) were
obtained using standard noncompartmental analysis from mean plasma
compound concentration-time data in each dose g'roup on each sampling day
(WinNonlin Professional, version 4). The reported AUC values were
determined using 3 concentration-fime data points. Predose concentration
vaiues were reported as those observed immediately prior to dosing.

[0103] Significant dose-dependent inhibition in tumor growth was
observed at all doses by 4-7 days of treatment (see Table 4). The calculated
EDso was 17 mg/kg. Tumor regressions of > 50% of initial size were observed
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with 1. MM MO 2 for the antibody dilution.
were determ ned on.a Wallac 1232 DELFI A fl uoroneter.
The concentration of each conpound for 50%

val ues

Il nmultiple signal

r eader . .

or-a P

Ti me resol ved fl uorescence

E Victor

inhibition (1Cso) was cal cul ated enpl oyi ng non-1linear regression using XL

Fi t

50 nmM Hepes pH 7.5,

data anal ysi s software.

[ 0096] FLT-3 and c-Kit kinases were assayed in
1 mM NaF, 2 mM MgC 2, 10 mM MhCl1l2 and 1ng/ L BSA,; 8 pM

ATP .and 1 pM of correspondi ng biotinylated peptide substrate (biotin
GGLFDDPSYVNVONL - ihlitie (ri8fedity &b itk d@sed wittheongmuod rit at200@End $00Migikg®  and c-Kit

ki nases were as s‘wq’ ?‘fh eg? ﬁ%%;‘%g%Q@Fegﬁ%ﬁﬁqﬁggeﬁfg Sfﬁﬁ%%ﬁﬁ‘?gi c{a?gosf

conmpound 1 and are of

conpar i son.

ot

fit fiki

0.009 0.005 0.0

age

oF § 950

J%u rﬁi’i@e

arl es

ve,

é) StBH W37r@£f§l ith

wer e

R0 ARG el

Tabl 12-86, mucsﬁee@mwrmm&g IEGEIR3 ME el ieGf R aRD@IBRe F1t 3 c- Ki t

st o st e oo R0 Py d0 5Bl a B 5 Oo1”
0.0002 Exanpl e % \[vmm vithoss, emd]tgﬂeeremgmm reica aereeathanized days 24247 al

of conpound 1|
Nu/ Nu m ce,

dosi ng
enal e
x106

KML2L4a cel | s subtm@ireded ag%pfnmﬂal megight;ghmons| ramamedﬁtdm atihis deeg4igdreday s

Eysaudiaolih sl e °t 1o

admi ni stered by (EG@IWWtetPOUQQ]E‘Beven treatment groups were included in
t he study,

| ater when aver
day 1. Conpound

ai?e TheY ”Pﬁlcié

Table 4. Dose response activity of Compound 1
Daily dose Tumor Vol Treated/ | % Tumor | Pvalue
compound 1 Day 9 Control Growth V5.
(n=8-10/gp) Mean + SD Inhibition Vehicle
(mm?®)
Vehicle 1333 £ 283 - - -
3 ma/kg ‘ 1168 +£202 0.88 12 0.1519
10 mg/kg 861 & 321 0.65 35 0.0037
30 mg/kg | 553+ 213 0.42 58 <0.00001
100 ma/kg 263108 0.20 80 <0.00001 ‘
200 mg/kg 98+ 40 0.07 93 <0.00001
300 mg/kg 74 £30 0.06 94 <0.00001
[0104] On the second day of dosing (Day 2), plasma concentrations of

compound 1 increased proportionally with dose (Table 5) in all dosing groups.

Following multiple dosing for at least 2 weeks, plasma concentrations were

comparable to those on Day 2, suggesting no accumulation upon once daily

dosing in mice (Table 5). Similarly, predese plasma concentration of

compound 1 collected on Days 3, 8, and 15 were similar within each dose

group, suggesting that steady state was reached after Day 2. Therefore,
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(n=10/group): vehicle (water) p.o., g.d.; and six groups of conpound I
doses: 3, 10, 30,100, 200, 300 ng/kg p.o., q.d. [0100] Plasma sanples were
drawn fromsatellite animals in each dose group on various days to
characterize the pharnmacokinetics of conmpound |I in tunor-bearing mce
(N=2/tinepoint/dose group). Tissue and tunmor concentrations of conpound I
were determned in sanples collected from animals in the 100 and 200 ng/ kg
dose group at 8 and 24 hours post-dose on Day 22 (N=2/timepoint/dose
group). [0101] {R.asuBt-CAUYBOsHat oﬁfﬁ%ﬁﬂtﬂfaﬁdvﬁs”@oéé%rﬁi tﬁﬁé— d@B&%n?y a non-
val i dated LC/ M5/ M5 assay with a calibration range of | 00 ng/nL and a
lower |init of - Blgimaceinetns ip turagnybesring migg. ni (Charl es Rl ver Laboratori es,
Worcester, -MA. Tissue and tunor. compound 1 concentrations were also
czigt er m4g$goua /nmwspon thmf ﬁgﬂhﬁmﬁ:&ﬁ%f%ﬁWAstfbbaemuﬁbﬂeéescu: foange of
to ng a osi te phargacokinetic
par anet er s (Cnag iﬂ@ C%’th"’eg\b%‘%% S58P "%Pgﬁﬁ?red‘pﬁg‘ﬂ@& art nent al
anal ysis from naﬁﬁpomdaﬁ@aass@m@amyd:nggamﬁmm&alm tingeddehat1éN7ench dose

eported AUG vardL 4 B2 sl Rinl ereh SN R Dadre PR poi nt s

Predose concent plasinapredostuencettiation eplaes arhgad floho2-d36hganived | medi atel y
prior to dosing. [0103] Significant dose-dependent inhibition in tunor - ..
.grom h was observed at all doses by 4-7 days of treatnent (see Table 4)
The cal cul ated ED50 was 17 ng/kg. Tunor regressions of > 50%of initial
Size were observed 44 in the magjority of mce dosed.with conpound I at 200
and 300 ng/ kg, however these doses were not tolerated for the entire study
duration. By days 12-16, mice treated with 300 ngl kg | ost 20-30% body

wei ght and - were euthanized. In those treated with 200 ng/kg, 1 of 10 was
eut hani zed on day-.14 with 22% wt |oss, and the renmaining mce were

eut hani zed days 21-24 '

AT

Sl
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with > 25% wei ght 1 oss. Mce were dosed for 37 days with 100 ng/ kg and

remai ned at 98% of initial weight; tunors remained stable at this dose
(Figure 1). The vehicle group was taken down on day 9, and tunor growth
inhibition (TA) was calculated. (Table 4). Table 4. Dose response activity
of Compound | Daily dose Tunmor Vol Treated/ % Tunor P val ue -conpound 1 Day
9 Control Gowth vs. (n=9-10/gp) Mean | SD Inhibition Vehicle (mm Vehicle

13334:283 - - . - 3 in9kg 1168202 0.88 12 0.1519 10 ng/kg 8614: 321 0.65 35
00087 |30 10/ korgads, 2L3chniZiGRoaRaRioret Rt Eiinkitfaf 20 00

AT DY %%}h GHRQ-DEly Sral BosiPof - 06 94

50..00001 [ 0104] @&nﬁmdsp@mgegggn R SdaM 3 46 pl asma concentrations
of corrpound | increased proportionally wth dose (Tabl e 5) in all dosing

groups. Foll owi ng multipl e dosi ngcér@bsi@tratma@sietic’ \Weewan Pl#ﬂﬁsmntrations
coricentrations wer @essconpargpl e ummmwggesms@mg___
accumul ati on uporf™¥ft®) dai I'y dosw;l,g(ny.m,_)m 2 edose
p| asna concentra aValiila cohpound = ,.- On—Da and S n'-
simlar within each®dose grzoup, sug@aestl ng t4at steady s“P‘Ste ‘s r‘édched
after Day 2. Th

dose-and tine-i ndepthdent phar macoki€het i cs .il#0t unor - beariddg 7ée. F1B105]
Tunmor growt h inhibition of 35-60% was observed at d@sés of 10 and 30 ny/ kg,
respectively. The corresponti ng pl asra exposure of 3®npound 1, as assessed

by Crax and AUC val ues, ranged from £63-742 - . 136 658 ‘
30 2 ' 742 5540 742 228 - 842
' 8 - -~ 7.37
15 - - 237
17 - - 46 123
100 2 1560 18500 - 1560 1050  97.8
8 - - 135
15 - - 547
22 1550 - 21200 _ 1550 1330 = 477
200 2 2500 47200 2370 2800 1270
8 - - 454
15 - - 434 _
22 1940 31600 1940 1400 1050
300 2 3450 61300 o 3450 2900 1950
8 - - - - 914
15 = - 1220
18 20980 58400 . 2440 - 2250 2080

1 AUC calculated from 3 concentration-time data pairs
- Not determined

* Predose concentrations -

- {0106] - Tissue concentrations of compound 1 on Day 22 were higher
than those in plasma in the 100 and 200 mg/kg dose groups at each of the
two sampling times (8 and 24 hours postdose) (Table 6). Brain or heart
concenirations of compound 1 were 13- to 34-fold higher than those in

. plasma; whereas liver, lung, and kidney concentratiqns were 40- to 126-fold
higher than thase in plasma at 8 or 24 hours postdose in these two dose
groups. In general, the ratio of tissue-to-plasma concentrations at 8 hours
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ng/ mL and 1420-5540 ng*hr/ L, respectively.(Figure 2). The correspondi ng
pl asma predose concentration val ues ranged from 2-135 ng/nL. 46 Tabl e 5.
Conposi te Conpound 1 Pharnacokinetic Paranmeters and Pl asma
Concentrations-Tinme Data Foll owing Once-Daily Oral Dosing of Conpound 1 to
M ce Bearing SC KML214a Tunors Conposite Pharmacoki netic Mean Pl asma
Concentrations Dose Paraneters. (rig!m) (ng/kg/day) Day C,,,ax(n9/ mlL)
AUG Tinme (hr) (ng*hr/nL)' O0* 2 8 24 3 2 48 420 48.0 12.7 11.1 8 - - 1;55
%2225 égg %2302 %@%@Zaﬁﬁaﬂg to fhat at 2£2hci¥s. 1§urthern13r£ﬁséiel%oncentré&ﬁ:&s 652?680 2
18500 1560 1050 NoHrpwers CO"S'SE%PIV @"efc"mpﬁfﬁﬁf"ﬁfsﬁ%é hoYiBH 0 ai%“@g" V47,7
200 2 2500 4720Qh3&7@samg QJtQhat&ssue céﬁén&&rms-ofé&ﬂapaﬂnd—9é9pé’a1r§@93 1940
1400 1050 -300 3450, 613 %581

declme in parallel with those m plasma Therefore, compound 1 appears to

be widely distributed into tissues (including brain) relative to plasma but does

not accumuiéte in tissues following multiple oral dosing.

Table 6. = Mean Tissue, Tumor and Plasma Concentrations on Day 22 '
Following Once-Daily Oral Administration of 100 or 200 mg/kg/day compound
1 to KM12L4a Tumor-Bearing Mice {

Dose Time Tissue Concentrations {ng/g) . Plasma Conc
{mg/kg) (hr). Brain Heart Kidney Liver Lung‘ Tumot (ng/mL})
100 8 16800 24700 83700 - - 107000 87500 48500 1330
24 @75 1630 3900 5080 3170 16900 47.7
200 8 24200 40400 . 143000 176000 277000 107000 1400
24 9160 - 1 B70Q 82800 109000 41600 ‘ 87900 1060

N=2ftimepoint/dose group, except in the 200 ma/kg at 24 hr, where N=1

[o107] . Tumor compound 1 concentrations on Day 22 were 37- to 354-
fold higher than those in plasma in the 100 and 200 mg/kg dose groups at
each of the two sampling times (8 and 24 hours postdose). However, tumor
concentratibns_ at 24 hours were only 17 to 65% lower than those at 8 hours
postddse in these two dose groups stiggesting a somewhat slower elimination
rate from tumors compared to that from other normal tissues (such as, brain,
heart, liver, lung, and kidneys). Therefore, compound 1 appears {o be

. extensively distributéd to fumors relative to plasma but may exhibit

. preferential retention in tumor relative to plasma or normal tissues.

[0108] I summary, the efficacy and tolerability of compound 1 was

dose related, with significant inhibitions after 4 to 7 days of treatment. Tumor
' regressions were obServed at 300 and 200 mg/kg; these doses were tolerated

daily for approximatély 14 and 21 days, respectively. Weight loss was the
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8 -. - 911 15 1220 18 2980 58400 2440 2250 2980 ' AUC calculated from3
concentration-tine data pairs - Not determ ned * Predose concentrations

[ 0106] Ti ssue concentrations of conmpound 1 on Day 22 were higher than those
in plasma in the 100 and 200 ng/ kg dose groups at each of the two sanpling
times (8 and 24 hours postdose) (Table 6). Brain or heart concentrations of
conmpound | were 13- to 34-fold higher than those 'in plasm; whereas |iver,

| ung, and ki dney concentrations were 40- to 126-fold higher than those in

plasma at § of HnbAuch ASSLERSbokEGS U8 o 966 mal BB kAERpr 2l the

ratio of tissue-to- ma concentrations at hour s S conparable to

that, at 24 hour $7 CFWS e hegduerse ichric sighacwith fustar grewthintigitiorhefi3086 wer e
consistently | O%ﬁas@an%sﬁ:r&osb K ﬁhub%eﬁ'@!%ﬁh bJ@b% é&ﬁ.%daaw these

results suggest that tissue concentrations of appeared to

decline in par adeelengiated @ﬁ%ﬁsé‘“ﬁﬁ‘"}ﬂ"ﬁgwnd?ﬂ’e‘?@@ﬁ@ok‘wﬁ%M@O&bﬁifﬁwars to
be wi del y di St T s oflaih GolbSHES chiAUESTaRE i dahlbszBlatdieuid 38l asma but

does not accunulate in tissues follown dosi n abl e 6.

Mean Tissue, TuRB¥ féﬁ@rﬂ%wh@ﬁfﬂf‘éﬁﬂgﬁ Pf@ﬁ§6 Tﬁ@d@/@b 142855 éan ng Once-Daily
Oral Adm ni straphyymif, aih@@ faf5 AL s kst ey, COfRURE 1|wésca|é1h@lﬁédl@adel

Tunor -Bearing Mce ' ( Ti.me Tissue Concentratlons (ng/ q) asma Conc

(mg/ kg) (hr) Bréﬂ?ﬁ%%;rhomwr@?nmweﬂm@wwe inisshes fo @Unan}@m 24700

83700 107000 878R{) d4$AY.OTHeTE WasZftréntholaris proffernnaPtentidh of uhd1/ 200 8
24200 40400 143000 176000 277000 10700? 1400 24 9160 18700 82800 109000
41600 87900 1055; tumors relative to other tissues following oral dosing.

Example 5

[0109] -  This single agent study evaluated intermittent oral dosing of
compound 1 in the PC3 human prostate tumor model.

[0110] Male SCID mice, aged 9-10 weeks, were implanted with 5

million PC3 human prostate colls sUubcutaneously in the flank. Treatment

begah when tumors reached 150.mm°. This was designated as study day 1.

Compound 1was formulated as an aqueous solution and administered by orat
o gavage. |

[0111} Five treatment groups were included in the study, (n =
10/group): Vehicle (water) p.o., g.d.; and four groups of compound 1 doses of
100 mg/kg g.d., 9.2.d., 9.3.d,, q.4.d.

[0112] As shown in Table 7 significant and similar tumor inhibition
results were observed in all treatment groups. The study was suspended for
the daily dosing group on day 11. The study was terminated on study.day 25
for the remaining groups and mean tumor volume was measured and

- compatred to vehicle. As a clinical indication of toxicity percentage weight loss
was measured for each group.
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14=2/ti nmepoi nt/ dose group, except in the 200 ng/ kg at 24 hr, where N=1
[0107] Tunor conpound | concentrations on Day 22 were 37- to 354- fold

hi gher than those in plasma in the 100 and 200 ng/ kg dose groups at each of
the two sanpling tines (8 and 24 hours postdose). However, tunor
concentrations at 24 hours were only 17 to 65% | ower than those at 8 hours
postdose in these two dose groups suggesting a sonewhat slower elinination
rate fromtunors conpared to that fromother nornmal tissues (such as, brain,
heart, liver, |Talde 7and ki dneys). Therefore, conpound |1 appears to be
exten5|vely dlstrlbuted to tunDrs relatlve to plasma but may exhi bi t

preferential petenttron—tn—tunor verto ptasnajornormattissues—f 0108]
In sumary, \EEe efficacy arJd t ol era |tg of corrpodnd 1 was

dose rel af ed,
with signifidant inhibitiors af erdasetso ,M@ays}'lmortreatr_rent | Turror
regressi ons were observed gt 30 ' @se, to, at ed
daily for apgroximately 14 Jand faﬂggs respecfi €é y"?@z‘?%h eggs}gvlvvg{é t he
48 cli nical ﬁl gn d8®upi ated with t oxi ci ty Dé¥es off 1@ehicg/ kg loser(enge) ¢r at ed
for 37 dayslwith no adverse clinical signs, with t h inhibityon of
80% conpar ed Medidknt rol . 30 18g/kg i nhi bf.t ece@frlowt by 60% (CdiddAdde)
denonstrated |dose-_and i -Jndbnend(:m'r pharmacokinetics in funmnr-beargng
mce.. Plasmy 188mp@imd. 1 Cyax8 " AUC, Thnd [Omi n78@1 ue§ as@®%i at pd2(B1EW5] 60%
tumor growt h jigabk Rifq on raqged from 163-{742 ng/ L, 1420-5540 |[ng*hr/m, Léﬂd
2-135 ng/ m_, r pectively. {Comppund 1 wals distribufed widely| to tissues,
however did rqbgqﬂg@?g da?s cqgmiTat§3in ([T SSEEF T Ol1 Owawg nul T4 - $3%9T pl
dosing. Therg was a trend tjowards preferential retgntion of gonpound 1{ in
tunors rel at ifeotapikod g%ygl sqge$ ol owng og4s dosi ngsgdexanpl£(dr1{%430P]
"This single gqgent study evdluated internittent oral dosing of - -conpounfl | in
t he PC3 humar 1po¢§ﬁ|@quay§nr grodel . 7 0170] Mede SCID née2e, apad (5-<1¥%)weeks,
vverelrrplantéhd with N N . :

Examp le 6

_ [01 51'3]' ~ To confirm the sfructures of the identified metabolites of
. compound 1, the metabolites were independently synthesized.

[0114] 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 of the reaction, compound 2 was isolated by filiration and washed
with ethanol. If necessary, the product could be further purified by column

s

chromatography.
i | e
NH2 NHZ
HN N _ . - HN N
S - X b"
1 2
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mllion PC3 human prostate cets subcutaneously in the flank. Treatnent
began when tunors reached 150 mmB. Thi s was desi ghated as study day 1.
Compound | was fornul ated as an aqueous sol ution and adm ni stered by oral
gavage. [0111] Five treatnent groups were included in the study, (n =

10/ group): Vehicle (watery p.o., q;d.; and four groups of conpound | doses
of 100 ng/kg q.d., g:2.d., g.3.d., g.4.d. [0112] As shown in Table 7
significant and simlar tunor inhibition results were observed in al

treat ment group The st.u su nd@@ or . the daj dosi ar oup on day
11 The st Udy. aaorirns da e G DERRPaagols of siPPeiil | vk WM RgeUrotRs and
mean, tunor vol urshowadn theashewd beldv. HChlpeo-R2ahitraaniinkbivedsdreafssi witic| | ni cal

i ndi cation of taoxicit er, t -weight |oss,  wa asured for each group.
49 Table 7 Tot ammea%é%%*%wg%ﬁ%@ﬂﬁvwé%%% HHGVMRIH%G@W ArG vs. Mean % W.
G oup n 1 25 vehiutliexytabongifBog)aroupMelyiald 8. Redbtich dfdife nitd Youpl®lowaakq d, 8
11 790 60% 12 ( 3-35% days 1-11 .100 k days 1 507 75% 4(0-13%

100 npk q 3 dayiyf@@e%sgﬁg%gﬂ}gﬁﬁt%qxﬁ%m%ﬁp%% a&“ﬁe‘é‘g?&%ég‘)"% 6 66% 10
(5-170A) ExanplGondepsiting jof Bavithdfuaroarttimanibdnituilet usireppathssiume | denti fi ed

[0154] Compound ST AEVRIshre Sa HELBER <1088 S Gl RS BEGRY Wl =y et 2ot
aqueous HCI to yield the desired metabolite as a yellow/brown solid after
purification.
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synt hesi zed as shown in the schene bel ow. Conmpound 1 was heated in a

m xture of. ethanol, dinethylacetam de and. hydrogen peroxi de. Upon

conpl etion of the reaction, conpound .2 was isolated by filtration and
washed wth ethanol. If necessary, the product could be further purified by
colum chromatography. F \ NH2 NI \ -/ \N112° HO2 HNOH EtOH DVA H HM
O H1 2 0- 50 Conpound 3, the N-desnethyl netabolite of conpound-1, was

synt hesi zed as shown in the scheme bel ow. 5-Chloro-2-nit roani | i ne was
treated with ?Beram ne tQ/Vi g|d domhi€h was subsequentl'yrqtected with a

but yl oxycar bony 3) grou o yield Reducti on®ed:Ot he ni group -
foll owed by corgichgatdon with 3- et™¥xy= 3N i noprop| oni c &eN ’y\n ester

gave 6. Condensatlon of .6 with 6-fluoroanthtanilonitrile usi ng ¥si um
hexanet hyl di si | azi de as the base yiel fied 7. Crude 7 was tredted with

aqueous HCl -to yield the desired netaboiite as a yello brown sol i d after
purification. 51 OzNHHJ 1 / (13002qq4 WC. H2N N) j ' ~NH L
NBoo 4 s CN 1. Hy* ”PH?‘ _<_< NHz
- EtO
2 e k,NBoc " KkHMDS
EtO OEt
[
Q}ﬁ@\ Hol \ }‘D
. N
0 NBoc o H GH
T . 3
Example 7

Preparation of Lactic Acid salt of Compound 1
/\
N N N—
/ S
N
H

’ D, L-Lactic Acid

EIOH, H,0

N N N'L—- | o]
[ A A
N ol

OH

—J_ -

[0115] A 3000 mL 4-necked jacketed flask was fitted with a condenser,
a temperature probe, a N gas inlet, and a mechanicai stirrer. The reaction
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EtONI / HN .. / NHZ 2. ONHHC 0 HINBoo. KHMD§ RO OMB ..r F NHZ NHZ
ONHAOd V' \ HHNHNHNam ~NBoc O NH 7 Exanple 7 Preparation of Lactic
Acid salt of Conpound | F NH2 \--2 N D, L-LacticAdd EICH H2OF NH, ; N\ \
JIJO~ NF OH 0 [0115] A 3000 mL 4-necked jacketed flask was fitted with a
condenser, a tenperature probe, a N2 gas inlet, and a mechanical stirrer.
The reaction 52 vessel was purged with N2 for at |east 15 m nutes and then
charged with 4- am no-5-fl uoro-3-[6-(4-nethyl-piperazin-1-yl)-1

e 20! & eShbye for o 004\ R BBl ey A1 20, 6
wat er (339, niL) araund~5eﬂdm6+[6 ({-mﬂjyl—pipeyamt-ywéﬂaem:dnldazb!-alﬂgé]m idharged to
et roct v hedfhpiRy-Eld PReiR T ar bt ALatdt o PR B SR 100
t enper at ure of trhel of saninen-seathe 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 intemal
temperature of 68-72°C. The internal temperature of the reaction was
maintained at 68-72°C for 15-45 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 wae equipped with an internal
temperature probe, a reflux condenser, arn additional funnel, a gas inlet an
outlet, and an overhead stirrer. The filtrate was then stirred at a medium rate
and heated to reflux (internal temperature of about 78°C). While maintaining
a gentle reflux, ethanol (3,596 mL) was charged o 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 Sb' minutes. The reactor
was'inspected for crystals. if no crystal Were present theh crystals of the
lactic acid salt of 4-amino-5 ﬂuoro-3-[6—(4—methyl—p|perazm-1 -yl)-1 H-
henzimidazol-2-yl]- 1H-qumol|n-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 edditional
90 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 mt.) and stirred unti}
the internal temperature was about 0°C. The cold ethanol was used to wash
the filter cake, and this procedure was repeated 2 more times. The collected
solid was dried to a constant weight at 50°C under vacuum in a vacuum oven
yielding 510.7 g (85.7%) of the crystalline yellow lactic acid salt of 4-amino-5-
fluoro-3-[6-(4-methyi-piperazin-1-yi)-1H-benzimidazol-2-yl]- tH-quinolin-2-one.
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mai nt ai ned at 68-72C for 15-45 m nutes and then heating was di sconti nued.
The resulting mxture was filtered through a 10-20 mcron frit collecting
the filtrate in a 12 L flask. The 12 L flask was equi pped with an internal
tenperature probe, a reflux condenser, an additional funnel, a gas inlet an
outlet, and an overhead stirrer. The filtrate was then stirred at a nedi um
rate and heated to reflux (internal tenperature of about 78C). Wile

mai ntaining a gentle reflux, ethanol (3,596 m-) wascharged.to the flask
over a period oA rulsiEruan?eyr ingrbubrelitiondinere §qidallp nsdd agingvhs fitttadioncool ed to an

r | . ; ) 7 P . q
thi s temper at uPBohEs WAMRIR Y AORARS ankeatihe el lodaoin helbe T, C"
reactor was i nfifsrchksltchds topigh uphaterlandibecompsticlty. ilreeaydivaes emrtre taikkan

crystals of the, | i i 0

a2 no-5-11 uor ©- R BERERL eRebist b eherseke to the aABRR N Hazol - 2-y11 - 1

H-qui nolin-2-one (484 ny, 0.1 nole %9 were added to the (flask, and the

reaction was stidél at 6EpamoEcipblacizvadid aenarslirontaies aleput 8-13%syhect i ng t he

flask for cryst - RS T ' wio§led b Sri ced to a

| ow rate and th@gt}éaa(?taicc?rqg\}\%%&@% fsr_ér(@qﬁ g?‘%@%goﬁ rg? {_%Inrﬂgn |§[|'co%a 90

m nutes. The re2rid. She mple ke of st acid dinefde mapamey isrgenemlviabgubf  about 2

hours, and the t ] AL " 5 Mo S

ritred il tor: Hae CORmEhUTfdRRIC A Fbe AP SR UL | o

until the intenibg precedipg patagraphaisthe Bunolagptate valbpremrantialiy arraipilgdes used to

wash the filt - k ; : ; | ff@S: The

col l ected sol ieﬁdor\(;}vaﬁ;@?ﬁ‘ ?(eﬁﬂ1 ling& ‘geg%ﬁg?;grﬁ&vr\‘ewﬁgﬁé |elgt‘iﬁ Eﬁ%d %ﬁl&gg(?]ﬁ%gdcﬁ%m in a

vacuum oven yifellewing prrgdyieg (85. 799 of the crystalline yellow lactic acid

salt of 4-am no-5- fluoro-3-[6-(4-nethyl-piperazin-1-yl)-1

H-benzi m dazol -2-yl ].-1 H-qui nol i n- 2- orExaryXeMB r ubber dam or inert conditions

were typically used during the filtration process. Wile the dry solid did

not appear to H81V&ry hyghisstulyieyaluated the antidrigicoenicomtantiaboldompeupddk up

wat er and bec'oriﬁtl‘?é?ﬁk%‘hgﬁ%ﬁ%ﬂl&iiI\?&ﬁﬂgﬁﬁ@dél.ake” to avoi d prol onged exposure
cake 10 the _

of the wet filter at nosphere.

[0118] Female BDF1 mic_.ea_,_ aged 11-12 weeks (_Chérles River, . '

" Wilmington, MAj, were éubcqtaneéusly implanted with 0.5 mL Matrigel (BD
Biosciences, Bedford, MA) supplemented with 2ug FGF-2. The FGF-2
suhplemented bilood véséel formation {neovascularization or angiogenesis)

was 'quan_tiﬁed by measuring. hemoglobin levels in the Matrigel plugs following
their removal from the animals. ' '

[0119] - - Oral administration of test article began one day prior o Matrige!
implantation and continued once daily for €ight doses, | Compound 1 was
formulated asa solution in 10. mM HsPO4. Twelve treatment groups were
included: vehicle {10 mM HsPOy) p.o., g.d.x 8 days (2 conirol groups; mice -

~ implanted with unsupplemented Matrigel (baseline hemoglobin level) or FGF-
supplemented Matrigel (posiiive control); compound 1 dosed at 3, 10, 30, 100,
200, 300 mg/kg p.o., g.d. x 8 days. There were 8 mice per group, except for
mice dosed at 200 and 300 mg/kg, which were 4 per group.
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[0116] Commercial lactic acid generally contains about 8-12% ww water, and
contains dinmers and triners in addition to the nononeric lactic acid. The
nole ratio of lactic acid dinmer to nononmer is generally about 1.0:4.7.
Commercial grade lactic acid nay be used in.the process described in the
precedi ng paragraph as the nonol actate salt preferentially precipitates
fromthe reaction mxture. Lactic acid nononmer is purified according to the
foll owi ng procedure. Exanple 8 [0117] This study evaluated the

ant i angi ogeni a tial f co in the FG- suppl enmenfed Matri gel
el 0318 " raRuEl i1 Phrebel MalREn pihamogiSndevels A hasor o Eared | 0

\é\?l m. ngt on, MS) d?mr@n@umammle@uéétfd (hjmmwtéﬂicﬁzédnt'ﬂ:ibé;ﬂ@s me&mhn@(egém@el (BD
I OSCI ences, e e ed W

suppl enent ed b) JENRYRLtie ¢ ‘%&WHEE{EFH]?OVE%B F‘?‘iﬁ? éihSP’ogﬁBl"ogeney s)
was quantified hyngiigyper MarigehploggTabiEDs) B\o@rﬁedastﬂwowawat@ﬁéctwblygs

fol l th O al trat f
Lost art1c) o bigARELARORHeRe 3 PPE TR B GOPe. HAmahI bR e S nucd

once daily for ais;éwnumsnmonﬁgarp@emMatngwplugé frmdvedtieth Micetardidiaghi on in

10. M H3PO4. Twel ve treat nent, er e r‘_hb%%fl -vehrlﬁl gé_élg mv H3P(4)
P.O, q.d.x 8 ddiREepousiighphsorb %\p&ﬁ GCQFeeRY Wi Dbkt eaee ™ (Bi980%pl enent ed
MAt T i gel (basel idieghestiog)|Stbiouid Mgl ) or FG-- suppl enented Matrigel (positive
control); conpound 1 dosed at 3, 10, 30, 100, -200, 300 ng/kg p.o., g.d. x 8

days. There wer ce ; ) and 300
ng/ kg, whi ch Weﬁeﬁ; Wper 5?%8%'%5"’{%@8%’8%@%%ﬁfbﬁ%‘ﬂ@?te'dgnt"o%emgl obi n
'l 'evel's in conpowelietteddtaad 24rioges aftm@eqoeaequﬂw dosas (Deg 8)-dal the 200 anshi cl e
i ndi cates the ardgodn g foli 1B H‘BHI%OA{% g@ath, i€ expressed
as total henogl ob| n %?g%ﬁmua I@t rg Té Fte & 'S d%f ?'Led as the
dose that eff ectﬂ'%‘ﬂ? concentratlons of 1 were determrne by a non-vai:_dated LC/MS/MS

assay with a calibration range of 1 to 8000 ng/mL and a fower limit of

quantitation (LLOQ}. of 1 ng/ml. (Charles River Laboratories, Worcester, MA).

[0122] ~ On Day 8, hemoglobin levels in Matrigel plugs and plasma
concentrations of compound 1 were measured Ammals were observed and
body weights were measured throughout the study.

[0123] . Compound1 resulted in signiﬁcant iﬁhibition of hemoglobin
concentration in Matrigel plugs at each dose evaluated compared to plugs
from vehicle treated animals (Table 8). The calculated EDsp was 2.6A mga/kg.
The 3 and 10 mg/ky doses resulted in 54% and 57% inhibition, respectively,
whereas the 30, 100, 200 and 300 mg/kg doses reduced hemoglobin to the
level of unsupplemented Matrigel, resulting in 70-92% inhibition vs. FGF-
supplemeﬁted controls. The plasma concentrations of compound 1 at 2 hours
post dose on day 8, showed a dose proportional increase with concentrations
ranging from 44 ng/mL at 3 mg/kg te 3920 ng/mi. at 300 mg/kg (Table 8). All
doses were well tolerated and no weight loss was observed.
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i nhi bits angi ogenesi s by approxi mtely 50%
determ ned in honbgeni zed Matri gel

frozen,
Di agnosti cs,
1, bl ood was

the 200 and 300 ny/ kg dose groups,
Plasna concentrations of |

tirnepoint.

St.

Louis MO)).

Henogl obi n concentrati ons were
pl ugs renmoved frommce and flash

usi ng absorbance spectroscopy with Drabkin's reagent (Sigma
[0121] To eval uate pl asma exposures of compound.
collected 2 and 24 hours after 8 consecutive doses (Day 8).

bl ood was collected only at the 2 hour
were determ ned by a non val i dat ed

In

I ower
or| es,
pl ugs and
s _were observed
1

LC M5/ M5 assay
limt of quant
Wr cest er, MA)

pl asma concentra |ons o co
and body weights Vesatmantisuy
resulted in significant inhibit
pl ugs at each dose eval uat ed|cd
(Tab(e 8). The |cal cul at ed EDHO

Ig ﬁe ‘Ll atrlhf%;ﬁa%ggfinglﬂ)%eve g IQII']%

l g
Were asured. Anin
Mnm t % dHhsindiBition 123] P(Rallﬂﬂ)und

i on re®/dhenogl obi n. concerdtration in _Mat|rigel
npared to pllug¥s- Yelyeleyeni testyscrahdelegni nal s

was 2.6 ngl Kg treﬂ*ﬁ@“ﬁc’&nc 'f@tfﬁggaﬁ s
resulted in 54% and 57% i nhi bi t|i on, - respchM@F"ﬂﬂe' "'\ﬁ%r'r' gas th 100, 200
il nhl n.to | aual ungur\nl eprpt-e
FGF- suppl enent ed_ contr ol

) and 300 rrg/ kg doses roaducad 1°ru3| o—t

.Matrigel, resul tM@mpﬁ' BN 24Binhi BPE Bh v,
4at hours post Jdose on day 8,
% gncentrations| ranging from

The pl asma condenfatagd] FeF of gonpogg
200. m1/|1n (Tahln O\

showed a dose propoythigwal i pCrease wm
ss|fds oBsePded. |55 TAHI% . 'Hem)gl

ad’

S..

wel |

ng/m_ at 3 ng/ g—+0-3920 nalid lat
tol erated and fo \?(EP@Tﬂ?qu)ss
angdp depe

Concentrati ons

ngént Igedoiat1 of] 1N 1gg 9% Cconcént ratpoos 1 n
Matrigel Plugs|lnhibition in jp_u_geT_Eal_l_cw_n.g__Qj _Administration gf
Conpound 1 Treat né®l Mokadan| &y +SO4%% Fb i rhi bi 8POA p val ue <OBPRR
- 0mgkg1 |8 20%8 A% <0.0005
10mghkg1 |8 26 + 16 58 % 0.010
3mgikg1_ |8 32+ 14 54 % 0.012
" fabled Plasma Concentratmns of Compound 1 Measured After

8 Consecutive Doses

Compound i Mean Plasma Conc | Mean Plasma Conc .
1 Dose(mg/kg/day) [~  @2h# - @ 24 hr#
R _ (ng/ml) (ng/mk,) 3
3 44 0*
10 123 K5
- 30 339 1.4
100 954 24
200 1910 NS
300 3920 NS

_® Plasma concentrations below lower limit of quantitation (< 1 ng/mL)
NS = No samples were collected
¢ #samples collected 2 hours and 24 hours after dosing

[0124] Plasma concentrations of 1 '(2 hr postdose) increased -
proportionally with dose. A dose and plasma concentration dependent

reduction in hemoglobin content of Matrigel plugs was observed. Plasma
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vs. Vehicle t-test vs. vehicle treatnent of treatnent Matrigel WMatrigel +
FG- FG- WMatrigel alone 8 . 26 + 15 Matrigel FGF + 8 69 34 C Vehicle 300
ng/kg 1 4 6 0.8 91 %0.005 200 ng/kg 1 4 8 + 0.3 89%0.004 100 ng/kg 1 8
14 + 7 80% <0.0005 30 ng/kg 1 8 20+8 71 % <0.0005 10 ng/kg 1 8 29 + 16 58%
0.010 3ng/ kg 1 8 32+14 54%0.012 Table 9 Pl asma Concentrations of Conpound
1 Measured After 8 Consecutive Doses Conmpound 1 Mean Plasma Cone Mean
Plasma Cone . Dose (ng/kg/day) @2 hrl# @24 hrl# (ng/nL) (ng/nL) 3 44 0

' 4 2 NS . 300 392 |
concent rati ons. GETGHEURIEH G AoBiiaee RITD L 46 Pai SPresh s he pobakelel

sanpl es were colithanédngisgenid adivitpinl thistnemtiel hours and 24 hours after dosing
[0124] Plasnma concentrations of 1 (2 hr postdose) increased proportionally

hemog obi n cont LZobt . Vet Fomyenf-os b f ERASARTdr coh AL 1 U dbse-
' dependent , with significant inhibition after 8 days of treatment. Stafistically
signiﬁcéht hemoglobin inhibition was observed with all doses of compound 1.
All doses were well tolerated with no weight iéss or adverse clinicél signs
observed. Compound' 1 plasma concentrations (2 hr postdose) of 44 ng/mL

were associated with antiangiogenic activity in this model.

Example 9

[0126] . The metabolite profile of compotind 1 in monkey plasma from.a
‘5 mg/kg BID mutltiple oral dose study was determined in dose day 1 and 14
samples. One metabolite was identified and characterized by LC/UV and
LD/MS/MS resulting from demethylation (compound 3). Parent (P) compound
1 produced an M+H" ion at m/z = 393.3 with a chromatographic retention time
of 18.3 minutes. The demethylated metabolite (P—CH:,) was identified with an
m/z = 379.3 (M+H") and a chromatographic retention time of 18.1 min. The
mass difference of 14 daltons between the metabolite and compound 1 is
" consistent with a demethylated compound 1. The mass and chromatographic

retention of the metabolite was identical to independently synthesized
compound 3. The metabolite corresponding to the piperazine N-oxide.of

' compound 1 (N-oxide compound 2) was not detected in plasmé at this dose

~ level. The components producing a UV signal at 17.7 and 18.5 minutes in the
absorbance chromatogram at 356 nm were determined ta be matrix
components and not metabolites based on the UV spectral comparisons to
compound 1 and due to their presence in blank plasma {time 0 dose day 1).

[0127] The estimated levels of the demethylated metabolite are given in
Table 1. The estimated levels of metabolites (.iﬁ compound 1 eduivalents) are
based on UV absorbance peak height ratios of metabolite to that of compound

* 1 obtained in this analysis and extrapolated by factoring the absorbance ratio
to the known levels of compound 1 determined in the é.ame samples in a
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56 concentrations (2 hr postdose, Day 8) of 44 ng/nlL appear to be associ ated
Wi th antiangiogenic activity in this nodel. [0125] In sumary, the
henogl obi n i nhibition of conpound 1 was dose- dependent, with significant
inhibition after 8 days of treatnment. Statistically significant henogl obin
i nhibition was observed wth all doses of conpound 1. All doses were well
tolerated with no weight | oss or adverse clinical signs observed. Conpound
| plasma concentrations (2 hr postdose) of 44 ng/nL were associated wth

anti angi ogeni c. BFé\ﬁd(lbthlahﬂaﬁ@ §ndT3flﬁ:§| stu@(qWEQfo%nBQWargﬁl%oﬁﬁbém%%e

profil e of corrpound I n nonk e&@asrra roma 5 tiple oral
dose study was tedrepter abendanca dn thggnatakalite atall peg IftE%e POl Thed®Els t e was

i dentified and eh@drﬁgsmelﬂﬁéfe%motaé mtanhalywéﬁnrtﬁéaé&umgaﬁn%@mIOn ot

denet hyI ation (conPound 3). Parent (P). c ound r-oduced
mz = 393.3 wit R3AA @m@ﬁh%bﬁ%&mtbylmtah@htwh@h s eﬁﬁen@ﬂs updlefgetable. The

denet hyl at ed m9Né%‘xértn‘i‘etél?m@?hcmﬁlg'cﬁﬁj&?ét%u@%a&\é i!%@mefﬂbélltes?’?g 3 (MrH

and a chromat ographic retention tine of Nass dlfference of 14
dal t ons bet ween{diyraronideposyiRhate)ueresieirslactin these plagng sameles ofidel 1pr

denet hyl at ed coppepdsieladnlif@irglss and chromat ographi ¢ retention of the
nmetabolite was identical to independently synthesized conpound 3. The

nmet abol idte corr.ﬁh@or}@l tlg%l}'fh raz‘gne N- de. 1 (N-oxtde
2
rofuct ng A UV 16 g&a% ?m?@:%; e gﬁgsg?gﬁé? °3B‘§8PB§%£OWPOH€WS

chr omat ogr am at™$ Nere determned to be matrl X corrponents and not

met abol i tes ba o 10
their presencefin b an pl aq E?I mg 8 gose %’“b’ 1) f"o’?’ﬁr Thjecogig%mhrr‘de{t?ed
| evel s of the de metabolite arAn@i4AN i n} TaRkAnd. The(n%;\q/m)ﬂat ed
| evel s of netapolites (in cq mpound |1 equivalents)|are based on
absorbance pea{k hei ghg ratigs of ma\ abolite to tha of qonpqund 0
‘ I R T Tz | 85 28
10 T 48 . 31 | ez
10 B 12,13, 14, 16, 20, e | 24
0 | 4| o TND | 2
10 BE 1,2 | ND iz )
| 14 | 48 | WD 2.2
0. .| 14 | 12,13,14,16,20, | ND 3.2
24 '

a. Rats were dosed with 5/mg/kg compound 1 BID in 12 hour intervals (T=0 and
_T=12 hours).

" b, Metabolite levels estimateéd based on metabohtelcompound 1 UV response ratios
obtained in this study and factored hy the known compound 1 levels previously

.. determined in a separate quantltatlve study,
¢. Compound 1 levels preséented in this table are averaged vaiues of previously
quantified levels from a separate study.
ND: Non detectable
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1 obtained in this analysis and extrapol ated by factoring the absorbance
ratio to the known | evels of conmpound 1 determned in the sane sanples in a
57 previous quantitative analytical study.. It was found thatparent conpound
was in greater abundance than the netabolite at all pooled tinme points. The
| evel s of conmpound | were found to be substantially lower in the day 14
sanples in parallel with the N-desnethyl netabolite which was essentially

undet ect abl e. No ot her -netabolites including conjugated Phase Il type
met abol i tes (gl ucuronide or sul phate) . peagpiieigcted in these plasma sanpl es
on day 1 or 14 of dose admi nistration. Table 10: conpound | |evel s and

eslt ; malt ed colrrpguzmdzsl met aQ@JdieIsgmth pldsma enehﬁndre )célectem mﬁmgé\ieflavg yth

mu I ple ora ose C un ool e anp e
(P- CHB) . corrpou‘ﬁ%ﬁme" ‘N’ﬁ)% "% Fﬂ CHPR Vﬁ@%%@*ﬁ 10100 0
10 1°. 1,2 8.5 2 arriqacddgné 'lhts walysis?cflﬁr &fmdBuldfion ria(kmza_aé 10 14 O
ND 2 10 14 ND 4 1

0 4,8 N 0. 14, 16, 20, ND
3.2 24 a. Rats Wés ﬂﬁ?éé’ﬂmRPF’H}iFﬁam?wWﬁmaﬁ prgsg%erwla 9 fhur i nterval s
(T=0 and T=12 hgRGER1, \hEemnaapeFRp ArRVEGER ¢ YeraTivhibited @58 dmenand dose-

met abol it e/ conpo res se rat ai t d

factored by the %pgﬂﬂergv d 'y exgmg?es ?'M\g% %‘Owed s of VeGP
mediated VEGFR2 phosphorylation.with an ICs; of about 0.1 uM. In addition,
treatment of endothelial cells with compound 1 inhibited MAPK and Akt
phosphorylation mediated by VEGF.

_ [04 29] Furthermore a time- and dose- dependent lnhlbltlon of ERK
(MAPK) actlvatlon, a downstream target of receptor tyrosine klnases ‘was
obssrved with lC5QS rangmg from 0.1 to 0.5 pM in KM12L4A ce!ls (KM12L4A
ceﬂs express PDGFRB and VEGFR'IIZ on thelr surfaces. ) KM12L4A cells

~ were incubated 3 h wrth compound 1in serum-free DMEIVI After the harvest,

' lysates were separated by SDS-Page and probed with the phosphor—ERK‘[lZ
and ERK1/2 anfibodies. For detection, ECL reagents (Amersham) were used.
The inhibitory effects of compound 1 on receptor phosphotylation.and ERK
activation were maintained for 24 hours aftertreatment. Phosphorylation of
ERK1/2 in MVV4-11.cells was.inhibited by 1.at {Csps of 0.01 t0 0.1 pM ina
dose-dependent manner..

[0130] _ Signifioant 'ac'tivity was observed in vivo in the HCT116 human
colon tumor model. In 'HCT1 16 turr':ors‘ compound 1 inhibited the '

| phosphorylaﬂon of ERK (MAPK) in a dose- and time- dependent manner and
signifi cant changes in hrstoiogy analyses of the tumors was observed

[0131] These PK/PD evaluations in preclinical models indicate that
compound 1 showed a dose- and time-dependent inhibition of bath the target
receptors and the downstream signaling molecule, ERK (MAPK). These
studies will aid in the identification of potential biomarkers to support the
monitoring of biological activity of compound 1 in clinical trials.
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determined in a separate quantitative study. C. Conpound | |evels presented
in this table are averaged val ues of previously quantified |evels froma
separate study. ND: Non detectable 58 Exanple 10 [0128]. Studies with plasm
and tunors collected frommce followng treatnent with conpound 1. were
perfornmed to eval uate potential pharmacodynam ¢ endpoints. Anal ysis of
target nodul ation in KML2L4a tunors after conpound 1 treatnent indicated

t hat phosphoryl ation of VEGFRI, VEGFRZ, PDGFRa, and FGFR1 were inhibited in
a tinme- and dose- dependent manner.  Fdexamplgdile, HWEC cells showed

i nhi bition of VEGE _medi ated VEGFR2 phos(F)ﬁﬂqr_gI ation.with an | Cso of about
0.1 pM I n addi 952 -t r Jherdistbusfonah mstioadtiyily in tissues sftar pdpvtigieting of

i nhibi ted. NAPKaaduhid\stal (mpmlags )ﬁtg’ﬂtdq)en“mdbelbgféoﬁwﬁnﬁ1 ééﬂlé’c%tnon of

Furthernore, a tipme- and  dose- dependent i nhibition of ER
activation, a dﬁmtﬂ%‘&rﬁ@eW@P'eﬁ”drf@@é RRragys Bayiey (ﬁp?téﬁ%ﬁ’aswas obser ved

wi th | C50s rangyagrhin@aLk %d@b&ﬁﬁa@afaungmgmeﬁgelelm Arit\bddadbes feRl | S
express PDGFRG3, and VEGFRI /2 on t surfaces, |9|} uKl\/[L2L4A cel | wer e

|/
i ncubated 3 h wYBAWSHERlkated at g rﬁ"i‘er gen grgddoursrostlossest |
| ysat es were sepafcissss here%%eﬁ’egehemlmmﬁshtw dramebebletfassWOémERKI/ 2 and

ERKI /2 anti bodi e For detection, ECL re e.u The

inhibitory eff eBl%'ge%P“@BfﬂﬁﬁﬁﬁﬁtofeQﬁt ape ypﬁé?pnﬁbﬁcpg%tl%\ﬁ’ué%d% o

E%t( : }/gt i on N\k/\/;elr ifr@”ﬁemée&bé@@sh@te aﬁlbbaueroﬁnehmee chberyifiBRlicakiephora at i on—of
in

dose- dependent %ﬁﬁ@p}(ssal\é\%igl% e@ﬁ’&ﬂ&‘?q %'ﬁﬂ'tlad%?%hm%géﬂg@' dﬁ@érﬁ%‘?—.{ag F‘ﬁ \F/):\/Iv:)nl ﬁ
the HCT116 humaso’ cehﬁmﬁawmr Apmtﬁinatd $edibrd ai4a wﬁﬁmekneeermeladlei:temhl bi t ed
the -phosphor yI af 'agﬂeswe gpe a{ K?s of mteresp ?he gg&a‘ plmﬁediﬂ a]orrtllssgeasnner and
organs and biological fluids were represented Phosphonmag:ng screens
* were exposed to the sections and scanned and a standard curve created for
" interpolating tissue concentrations of C-1. ﬁleema was analyzed 'for
~ concentration of rad:oactmty by fiquid scmtlllatlon countmg (LSC). lllustratlve
:results are presented in Table 11.

[0133] - Foliowing oral administration of *C-1, radicactivity derived from
*C-1 was widely distributed throughout all tissues by 1 hour postdose, and

- had reached Gy in most tissues by 4.hours postdose. OVeratI'distributien of :j
radioactivity in the tissues of males and females was similar.. **C-1-derived
radloactl\nty was cleared more slowly from tlssues than from plasma In
males and females, the hlghest tissue concentratlons of C1, exctudlng the
gastrointestinal tract through 24 hours were detected in the harderian gland,
adrenal gland, renal medul!a intra-orbital Iacnmal gland and exorbital
lacrirhal gland “C -denved rad:oac:tlwty crossed the blood/brain barrier
after oral dose administration. '
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significant changes in histology anal yses of the tunors was observed.

[0131] These PK/PD evaluations in preclinical nodels indicate that conpound
| showed a dose- and time-dependent inhibition of both the target receptors
and t he downstream signaling nolecule, ERK (MAPK). These studies will aid
in, the identification of potential biomarkers to support the nonitoring of
bi ol ogi cal activity of conpound 1 in clinical trials. 59 Exanple 11 [01321
The distribution of radioactivity in tissues after adninistration of a

single oral (PO ng@ ) f 14C—I abe ed co a b4 o§|t| on of
O ooy wep - bgg ' 'ﬁaa%zig fok eawg Gl for
at IR 9te

VBA. wer e col | ected at i rergouy 4 hour s post dose.
Carcasses were frozen in a hexane/dry ice bath, dral ned, blotted dry, and
pl ated on dry ice or stored at approxi mately -70C for at- least 2 hours. The

frozen carcasse§ were empedded T cnl|ﬁggmga@mg&%ﬁ@Eﬁ&Tﬁgﬁﬁﬁﬁﬁﬁ@T’fTUzen
into blocks al ohg.with embedded gutoradi ographic standards stored at
-20C unti | anal ysTs." Approprriate [Sect T onarhailuriberi(Baérifice Tima)Er € Col Tect ed
on adhesive tapg at 5 levels of ijnterest in the sagital plane. Al nmajjor
ti ssues, -organg and bi ol ogical f{luidsg merj represented. Fhosphor4nmagiing
screens were ekposed to the sectlions and scanned and a standhrd curve
created for inf@&ispedating tissue cldritam) ratidbiiouns) 14C (10 Pl psmé2das
anal yzed for cbncentration of radioactivitfy by |iquild Houms}i| | Hours)
counting (LSC).{lllustrative regults are presented ijn Table 11. [0Q1331
Fol | owi ng oral pédienrkaland | o of [14C34:3 r adi 0adBifvi ty] déi8-Qed| fré$d 140. 1
was W dely distpributed throughouti-all tissy - bse__and{ had
reached Chmax in ﬁﬁ@g tissues by 4. hbdhs pOstddé@' CNera- 5distr?9ﬁt|qn of
radi oactivity i psthe—tissues—oft—rales e, stm-tar—3+4c-1—4deri ved
radioactivity wb@o'&ef eared nore slio T{}Sﬁ 3%733% 1F@)m I ak?{ﬁ [jn
Bone marrow 13.8 23.3 29.7 . 28.9
Cecum : 16.9 11.3 23.7 18.9
| Cecum contents: - 0.484 15.7 356 130
Cerebelium 486 | 2863 . 247 1.51
[Cerebrum T 676 330 3.21 771
Cerebral spmalfluid | 13.7 |- 180 | 24.0 115
{CSF)
Diaphragm 141 5.00 2.2 6.49
Epididymis 3.61 6.57 9.056 8.53
Esophageal contents 290 | 682 —1.08 1.15
. Esophagus 98,1, 77 12.3 756
’ [ Exorbital lacrimal giand 17.0 289 | 392 | 599
] Eye 0.535 7.01 120 | 151
Fat (abdominal) - 3.08 1.89 2.04 1.44
Fat (brown} 16.2 20.2 16.2 8.85
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mal es and femal es, the highest tissue concentrations of 14C- 1, excluding the

gastrointestinal tract through 24 hours were detected in the harderian

gl and, adrenal gland, renal medulla, intra-orbital lacriml gland, and
exorbital lacrimal gland. 14C 1-derived radioacitivity crossed the

bl ood/ brain barrier after oral dose admnistration. 60 Table it. Tissue:
pl asma concentration rati os determ ned by whol e- body autoradi ography at
specified tines following a single oral dose of Conpound 1 (6 ng/kg) to

mal e rats Tissjue: Plasnma Concenf[rati ofTidsat] PasnANComdendiidieRatiosacrifice
Time) 1 2 3 4| Ti-ssue (1 Hour) 4 (Hours) (10 (24 Hours). Hours) Adrenfa
gland ' 34.3 33.5 56.0 68.8 - Bl dod. 1. 84 Ahirbel Nurder{SaéificBdimes)0. 826 0. 679
1.00 1.23 Bone marrow 13.8 23.3 29.7 26.9 Cecum 16.9 11.3 23 7 - 15. Cecum
contents' 0.484 15.7 356 130 Frebeﬂlun14.86 2.63 2. 47 3.51] Cedebrum 6. 16
3.39 3.21 1.7l _Cerebral spinal (fluid 13 7 18 0 24 @ 11 5 (€SE) _Di aphragm
14.1 9.00 12.2 Bsa¥® Epi di dymi-s 3;(614®.r)57JL9.%10@r333 Esbthageal (@bnt dnts
2.90. 6.82 1.08 1.15 Esophagus|98.1. 17.7 12.3 7.26 E¥sbi{alHoMedr i jmal
gland 17.0 28./9-39.2 59 9 . :
Harderian gland 14.3 : 34.2 T 128 300
Intra-orbital lacrimal 16.3 © 304 42.4 63.0
gland )
- Kidney 45.1 32.4 48.1 24.3
[Targe intestinal NA 7.00 454 238
contents :
Large infestine 116 2.8 518 108
Liver - 121 | 489 45.0 447
Lung T 472 26.9 288 | 168
+ Medulla 4,08 276 2.88 1.51
Muscle | T 593 | 464 577 | 264
" [ Myocardium 16.8 115 118 | - 462
Nasal turbinates .| 4.44 6.29 119 | 110
Olfactory lobe 377, 2.27 2.15 1.15
Pancreas 257 "30.5 593 105
[Pinealgland 23.0 NA NA NA
Pituitary gland 20.5 33.9 48.1 21.5
Preputial gland NA NA 3.3 413
Prostate 7.29 11.4 14.2 11.2

NA  Not applicable.

82

{

%



Eye 0.535 1.01 1.20 1.51 Fat (abdomnal) 3.08 1.89 2.04 1.44 Fat (brown)
16.2 20.2 16.2 8.85 61 Tissue: Plasma Concentration Ratios Animal Nunber
(Sacrifice Time) 1 2 3 4 Tissue (1 Hour) 4 (Hours) (10 (24 Hours) Hours)
Harderian gland 14.3 34.2 128 300 Intra-orbital lacrimal 16.3 30.4 42.4
63.0 gland Kidney 45.1 32.4 49.1 24.3 Large intestinal NA 7.00 454 238
contents Large intestine 11.6 12.8 21.8 10.9 Liver 121 48.9 45.0 44.7 Lung
47.2 26.9 28.8 16.8 Medulla 4.08 2.76 2.88 1.51 Muscle 5.93 4.64 5.77 2.64

ocardi um 16. 8 a2711. 8 1 4 41.9 11.0
?]/y factory | obe 3@'7.5] 2. 27 Iti? %@delr.u?galﬂéta‘rqlie?ﬁgg%ﬁ@é.|s7n<§t§.n'§t eggg 10.5 Pineal
gl and 23.0 NA NAemhodipients sed fojthgicsein forlietigtiory bygembrpes all Budpiorial gl and NA
NA 23.3 41.3  Prgataies tord wihifthd4cdpd 4 e IwhRiciang! i cabl e.
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62 [0134] It is understood that the inventionis not limted to the

enbodi nents set forth herein for illustration, but enbraces all such forns

t hereof as come within the scope of the following clains. 63 CLAIMS Wat is
clainmed is: 1. Use of a conpound of formula F NHZ NJN HNO Ha
pharmaceutically acceptable salt thereof, a tautoner thereof, or a

phar maceutically acceptable salt of the tautonmer, in the preparation of a
medi canment, in unit dosage form for treating cancer, wherein each unit dose
of the medicanent is sufficient to provedamas | east one of (a) .a Crax of
about 20 to 4000 ng/rnL of the conmpound in a subject's plasma or a Chax of
about 40 to 8000Vimgistlaiofedtifte conpound in the subject's blood when it is
adm nistered to the subject, (b) about 10 to 2,000 ng/nlL of the conmpound in
a subject's plasma 24 hdurs Hseef agampatied eifoiralaor about 20 to 4, 000 ng/ nL
of the compound in the subject's blood 24 hours after adm nistration to the
subject, or (c) an AUC of about 500 to 6 0 wg™Nh/ nmL of the conpound in a
subject's plasma or about 750 to FL20\B00 of" the conmpound in the
subject's blood when it is adm nisleted the subject. 2. The use of claim
1; wherein each unit dose is suie t tb provide at |east one of (a) a
Cmax of about 50 to 500 ng/nL of eN‘coopound in the subject's plasma or a
Cmax of about 100 to 1000 ng/ niL of tthe conmpound in the o

a pharmaceutically aéceptable salt thereof, a tautomer thereof, or a
pharmaceutically acceptable salt of the tautomer, in the preparation of a
medicament, in unit dosage form, for treétihg cancer, wherein each unit dose
of the medicament is sufficient to provide at least one of |

(a) a Cnax of about 20 to 4000 nQ!mL of the compound in a subject’s
plasma or a Cnax of about 40 to 8000 ng/ml of the compound in the
subject’s blood when it is administered to the subject, '

(b) about 10 to 2,000 ng/mL of the compound in a subject’s plasma 24
hours after administration or about 20 to 4,000 ng/mL. of the compound
in the subject's blood 24 hours after administration to the subject, or

T

(c) an AUC of about 500 to 60,000 ng*h/mL of the compound in a -
subject’s plasma or about 750 to 120,000 ng*h/mL of the compound in
the subject’s blood when it is administered to the subject.

2. The use of claim 1, wherein each unit dose is sufficient to
provide at least one of

(@) @ Cmax of about 50 to 500 ng/mL of the compound in the subject’s
plasma or a Cpax of about 100 to 1000 ng/mL of the compound in the
subject’s blood,
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subj ect's bl ood, 64 (b) about 20 to 1,000 ng/nL of the conpound in the
subject's plasma 24 hours after admnistration or about 40 to 2,000 ng/nL
of the conpound in the subject's blood 24 hours after adm nistration, or
(c) an AUC of about 1,000 to 30,000 ng*h/niL of the conpound in the
subject's plasma or about 1,500 to 60; 000 ng*h/nL of the conpound in the
subject's blood. 3. The use of claim1, wherein each unit dose is sufficient
to provide at |east one of (a) a Cmax of about 50 to 250 ng/nL of the

the compound in the, Ok L2y REFd b gt BB B sl P (o
conpound in the. subj dthosrgdites semitistrationios abdut 40 t@@800irgtmabithe or about 80
i ni straci on, or (P PARRfing pBGS A Bheuts BUSRRRbRT ot The
conpound in the subject's plasma or about 3,000 to 30,000 ng*h/nL of the
compound in the subj(@(ﬁ”&U(EIOf)@'éPUM;OOﬂH@3Q§§G@B*f&m&i%t|16 omvepating ieleh uni t
dose is sufficient tQuyBERViISEnabr ASARY,500% 6,006 hg il i cofihd fp to 150
ng/ m. of the corrpounduijn t_hdq subj rect' s "plasna or g Cmax ([)r%fcabout ‘ijgrg to 300
ng/ nL of the conpoundhg shbjasts blogdj ect' s bl ood, or (b) about 40 to 250 ng/nL
of the conpound in the subject's plasma 24 hours after adm-nistration or
about 80 to 500 ng/nlL of 3.he cuepeed claim 1] WeerainjRhlung doko RGufiitidmuy s af ter
b / f sh o claiim 1] W kg ok Rufitich® f

adm ni stration. 65 g Tlhe use ?f claim1l1, wherein,each unit dose is
sufficient to Provi e atleast one o
(a) a CGyax of about 50 to 250 nQ/mL of the cornbound in the subject’s
plasma or a Cyax of about 100 to-500 ng/mL of the compound in the

subject’s blood,

(b) about 40 to 500 ng/mL of the-.compound in the subject's plasma 24
hours-after administration or about 80 to 1 ,QOO ng/mL of the compound
in the subject’s blood 24 hours after administration, or

~ {c)an AUC of about 2,000 to 15,000 -ng*h/mL of the compound in the
. subject's plasma or about 3,000 to 30,000 ng*h/mL: of the compound in’
the subject’s blood. co

4..  The use of claim.1; wherein each unit dose is sufficient to

provide at ieast one of

(@) é Cuax of about 75 to 150 nglmL of the éompound in the subject’s
plasma or a Cpax of about 150 to 300 ng/mL of the compound in the
subject’s blood, or

(b) about 40 to 250 ng/mL of the compound in the subjéct's plasma 24
- hours after administration or about 80 fo 500 ng/mL of the compound in
the subject’s blood 24 hours after administration.
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provi de a Crax of about 100 to 2000 ng/nL of the conpound in the subject's
pl asma or a Cnx of about 200 to 4000 ng/nlof the conmpound in the subject's
bl ood. 6. The use of claim1, wherein each unit dose is sufficient to
provi de a Crax of 100 to 1000 ng/nmL of the conpound in the _subject's plasma
or a Cmax of about -200 to 2000-ng/nL of the conpound in the subject's bl ood.
7. The usé of any of any one of clains 1-6, wherein the lactate salt of the
conpound is used to prepare the nedicanent. 8. The use of any one of clains

L7, wherein the medi cagent yg, 3ul baBl 1 SindielsoBfiPhRBLE Riduflliet The use

of claim8, wherein the unit dosSage f
capsul e, tabl et prog@lle@a(ﬁmawépbmtw@d@B@G&mme oftheygompasnd mdhejswmtmt'sm - The

use of any one. phehdy Bk L dr auiiieba {rz’t‘id@%mﬁﬂ'ﬂ%@&m#&@% HRPA Bt

-adm ni stration Dy i nj eE TR as A 5 usion, ong te
i nfusion. 11. Thleotise of any one of clains 1-10, wherein each unlt dose of
t he nmedi canment conprises fromO0.25 to 30 ny/kg..of the conpound, tautoner,

and/or salts based on thg bOd‘Vhd\ﬁéQJSFcté%i%e‘?émle‘éEﬁ un&aosgﬁ%uﬂﬁfenﬁo any one
of clains.1-10, wherein each unit dose he nedi cament conprises an

amount of the cHﬁiﬁ@GﬁopmatcamQﬂr@rwoodwﬂﬁbpfﬁ‘&lWﬁ%ﬁgl‘%ﬁ‘eﬁr‘@ PlesMB500 ny.

66 13. The use gfa8py o@@BotﬂfZl)@'té'Z@O ﬂt%-/il!'ﬁ_ of‘&ﬁ@b@r'n olh@®in tRB4LG8ER Bloddd
arranged in a kit conprising 7, or 28 dai y anounts of said unit._,

doses, the kit -being suitabl treatpent cycle conprises ’._
adni ni stering the daily ﬁ[heo'l’se[%%"é'é’ﬁﬁ%ﬂﬂef’g% ﬁ% Wper?mpti-:g 21, or 28
days, followed lagtaf® siit df%@mpuurtdl‘igu*secatdrmmpmarthénmmchinetﬂne conpound. 14. A
conpound havi ng the fornul a

8. _The use of any one of claims 1-7, wherein the
medicament is suitable for oral administration.

9.. The use of claim 8, wherein the unit dosage form of the
medicament is a pill, capsule, tablet, gelcap, caplet, suspensson or aqueous
. solution.

10.. The use of any one of claims 1-7, wherein the
medicament is-suitable for administration by injection as a short bolus, slow
infusion, or long-term infusion.

~11.  The use of any one.of claims 1-10, wherein each unit
dose of the medicament comprises from 0.25 to 30 mg/kg.of the compound,
tautomer, and/or salts b‘ased on the body weight of the subject.

12. The use of any one of ¢laims-1-10, wherein each unit
dose of the medicament comprises an amount of the compound, tautomer,
and/or saits ranging from 25 to 1500 mg.
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FNH2 NN HNO Ha pharmaceutically acceptable salt thereof, a tautoner
thereof, or a pharnaceutically acceptable salt of the tautoner, for use in
a nmethod of treating cancer conprising adm nistering an anount of said
conpound to a cancer patient, in an amount sufficient to provide at-|-east
one of (a) a Cmax of about 20 to 4000 ng/nmlL of the conmpound in a subject's
plasma or a Cm,, of about 40 to 8000 ng/nL of the conpound in the
subject's bl ood when it is admnistered to the subject, (b) about 10 to

2,000 ng/nL of the conpound in_.a subject's g a}srra 24  hours after
adnini stration or about 20%to AeOE§ PN Pt dipfs hid aviisdenithe t he subject's

%80? 220h83(r) S aﬁ%cﬂﬁrﬂ&mmaﬁémgﬁmﬁ@ k‘(ijt@oﬁipﬁsﬁglbj 4,121 &fzaldaﬂiraﬁrﬂuﬁtb}gfoz 328%
(0] n oun | as or aonou (0]
190, 000 mze it . S ditSessnibe K PRRY il fr et & Fhatit AramonTPRes

adrti ni stered t o ddninistebihg tie ddly akfouniiéiahes osrapowrd fof esdhadfm, 14, 2bep®i N each

unit dose is - su flC nt ro e at Cmax of about 50
to 500 ng/nL of @?W%{FVPPHY% ﬁ@%‘ﬂ&%ﬁ?érﬁm’sﬁ?g@éﬁé? COMPAYRE- of about 100

to 1000 ng/ nL of the conpound in the subject's blood, (b) about 20 to 1,000
ng/ mL of the conpound in the HAutjrepdaung hptriasmefoﬂnu!hours after adm nistration
or about 40 to 2,000 ng/nmL of the conpound in the subject's blood 24 hours

after adm nistration, or (c) an AUC of aboet\1, 066 to 30,000 ng*h/nL of the
conmpound in the subj ect's pl asmaForNt@eb @ 00 t 60, 000 ng*h/ nL of the
conpound in the subject's blood N N -
' H
. ' N" 0
' H
a pharmaceutically acceptable salt thereof, a tautomer thereof, or a
pharmaceutically acceptable salt of the tautomer, for use in a method of

treating cancer comprisinig administering an amount of said compound fo a
cancer patient, in an amount sufficient to provide at least one of

(a) a Cmax Of about 20 to 4000 ng/mL. of the compound in a subject’s
plasma or a Crpax of about 40 to 8000 ng/mL of the compound in the
subject's blood when it is administered to the subject,

(b) about 10 to 2,000 ng/mL of the compound in a subject’s plasma 24
- hours after administration or about 20 to 4,000 ng/ml. of the compound
in the subject;s blood 24 hours after administration to the subject, or

(c) an AUC of about 500 to 60,000 ng*h/mL of the compound in a
" subject’s plasma of about 750 to 120,000 ng*h/mL of the compound in
the subject’s blood when it is administered to the subject.
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16. The compound of cl aim 14, wherein each unit dose is sufficient to
provide at |east one of (a) a Cnax of about 50. to 250 ng/nL of the conpound
in the subject's plasma ore Cmax of about 100 to 500 ng/nlL of the conpound
in the subject's blood, (b) about 40 to 500 ng/nL of the conpound in the
subject's plasma 24 hours after adm nistration or about.80 to 1,000 ng/niL
of the compound. in the subject's blood 24 hours after adm nistration, or
(c) an AUC of about 2,000 to 15,000 ng*h/nlL of t he conpound i-n the

subj ect” s pl asma or abouys3, OFY &sheHAndaPoR 14/ Dherbh Jaf REBOYRT (0 Lhe

subject's blood. 17. The conpound claim 14, Wwherein each unit dose is
sufficient to Mﬁ%t%ﬁrwgﬁﬁ“%ﬁboﬁﬁd( a) a Cmax of about 75 to 150 ng/niL of
. the conpound .in the subject's plasma or a Cmax of about .150 to 300 ng/nL of

the conpound in the(ay %@h&@ﬁaboﬁ'ﬂ@@d%@hgﬁﬂ_ 6Me@bﬁnpbux€cﬂmttﬁe ghfjestd/ L of the

conpound in the subj sma_24 ter nkstrati on or about 80
to 500 ng/nL of the]p%ﬁﬁ'o‘i’fpr?déwﬂ Of?*thﬁ@ 360%“95 thecqmappunddn the

adm ni stration.” 18. sijecteseedind of claim 14, wherein each unit dose is
sufficient to provi de a Cmax of about 100 to 2000 ng/nL of the conpound in

the subject's plas 00 to 4000 of, the compound in
the subject’s bl ood atl'%mi %860% qf%l %?rﬂ?olu%% U\ﬂ%r%qbﬁecggg% STK t dose is
sufficient to provi Eéhau@ﬁlseraﬂmifﬁﬂratlm 08Ut g0t 2000 mgemc oftbeund i n t he,

by ect” & bl 333‘" 20 tpRETL R enf St E Bloh 20 Ao 8 ot ol 1

() an AUC of about 1,000 fo 30, 000 ng*h/mL of the compound in the
subject's plasma or about 1,500 to 60,000 ng*h/mL of the compound in
the subject’s blood.

16. The compound of claim 14, wherein each unit dose is
sufficient to provide at least one of

(a) a Cpax of about 50.fo 250 ng/mL of the compound in the subject’s
plasma or.a Cpay of about 100 to 500 ng/mL of the compound in the
subject’s blpod,

(b) about 40 to 500 ng/ml of the compound in the subject’s plasma 24
hours after administration or about 80 to 1,000 ng/mL.of the compound.
in the subject's blood 24 hours after administration, or-

(c) an AUC of about 2,000 to 15,000 ng*h/mL of the compound in the
subject's plasma or about 3,000 to 30,000 ng*h/mL of the compound in
the subject's blood.

17. . The compound of claim 1.4. wherein each unit dose is
sufficient to provide at least one of

(a) a Crax of about 75 to 150 ng/mL of the compound in the subject’s
plasma or a Cpax of about 150 to 300 ng/mL of the compound in the
_subject’s blood, or
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profile for a conpound having the formula: F NHZ N ~J -

+NI

NO Ha

phar maceutically acceptable salt thereof, a tautoner thereof, or a
pharmaceutically acceptable salt of the tautonmer, in a subject, the
netabolite conprising at |east one of an N oxide conmpound of formula:
Q\,/INFNHZ NNH NOMH or an Ndesnethyl compound of fornmula: 69 F NHZ
N\ / ~JNH HI~i NNO H21. A nethod for determ ning:anetabolic proflle
for a conpound having the fornula QL1 FNHZ NNH NOH a

pharmaceutical ly acc

taut oner thereo

phar maceutical | y accg(gi g‘?ﬂ"ﬁ‘@ %ﬂgggf'ﬁgéftﬂ&%t:m‘?”” dip the syhig

Cé'éP%SW%t hod

conpri sing measuri nlg ﬁdm? aﬂf@wmtnfmétrabnlcﬁasﬁutm&orseoaqEﬁhL ?ﬁh@fcoﬁbédrﬁ‘déiﬁipound
'n one or nore sanpl e gubject!srlael\oocmfﬁours alttera n%rl{gtrét?onen romthe su Je_Ct

& -
-

18.  The compound of claim 14, wherein ;ach unit dose is

sufficient to provide a Cpax of about 100 fo 2000 ng/mL of the compound in

the subject's plasma or a Cpax of about 200 to 4000 ng/mL of the compound in

the subject’s blood.

19.  The compound of claim 14, wherein each unit dose is

sufficient to provide a Gmax of 100 to 1000 ng/mL of the compound in the
subject's plasma or a Cpax of about 200 to 2000 ng/mL of the compound in the

subject’s blood.

20.  The use of a metabolite for determining a metabolic

‘profile for a compotind having the formula:

(O

= N
H

N "0
H

a pharmaceutically acceptable salt thereof, a tautomer thereof, or a

pharmaceutically acceptable salt of the tautomer, in a subject, the metabolite

comprising at least one of an N-oxide compound of formula:

N;—\NXO
F NHQ l\il \ ;
m‘\}.{
« N® ~O
o : H

or an N-desmethyl compound of formula:
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22. The nmethod of claim 21, wherein the at |east one netabolite is an

N- oxi de conmpound having the formula: O FNHZ N\.~. ~¥%A H NO or is an

N- desnet hyl conpound having the formula: F NHZ NNNH H~ NO H70 23.
The net hod of claim 22, wherein the nmethod conprises neasuring the anount
of both the N oxide conmpound and the N-desnethyl conpound. 24. The net hod
of any one of clains 21-23, wherein the netabolite is nmeasured by
ultravi ol et spectroscopy or liquid chronatography- mass spectroscopy. 25. A
met hod of determ ning the amount of a co nd/aving the formula: F NHz N
IN HNO Ha pharnaceutlcalIyFacdﬁpt.o % N_LHEreof, a taUt omer thereof,
or a pharnaceutically acceptabrg "the tautdnmer in a'subject, the

met hod conprising nmeasuring t anoynt Hf the conpound in a sanple of
urine, blood, or tissue taken ¥fomthe subject after the compound has been
adm ni stered to the subject. S

H

21. A method for determining & metabolic profile for a
compound having the formula:

o e
F NHa N — i
= N
CrOCH |
N o

a pharmaceutically acceptable salt thereof, a tautorner thereof, or a
pharmaceutically acceptable salt of the tautomer, in a subject, the method
édfnprising measuring the amount of at least one metabolite of the compound
in one or more samples of uring, blood, or tissue taken from the subject. ‘

22.  The method of claim 21, wherein the at least one
metabolite is an N-oxide compound having the formula:

(O
NHz N "
2 R - »

= N
. H .
N~ 0
H N
or is an N-desmethyl compound having the formula:
N H
NHz '}‘ N
S N
H

N~ "0
H :
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26. The nethod of claim 25, further conprising neasuring the anmount of a
netabolite of the conmpound in the sanple. 27. The nethod of claim 26,
wherein the nmetabolite is an N oxi de conpound having the formula: 0 F NH2
NN~H XNOMH 28 The nethod of claim 26, wherein the netabolite is an N
desnet hyl conpound having the formula: 71 F NHZ NH H O 29. The nethod of
claim 25, further. conprising, withdrawng two or nore sanples fromthe
subject at different tines after-the conpound has been adnmi nistered to the
subject. 30. Use of a co und., of for . F N.H,5 N,O a .

phar maceutical |y accept agﬁ; sgrlhfe r??{g?cg%%f‘?a‘g' %@E’%’@ﬁ%ﬂ] themethod Cogipriges

phar maceut i cal | ymeasnepg &zl @amewlt tof bdth tieeNtedideormnpauntd antitiee Nedegatedityl on of a
medi cament, in unit dosage form. for treating cancer, wherein each unit
dose of the rreacfog}fr?vgﬂ'?' conprises the conpound in an amount. of from 25 ng

to” 4000 nmg. 72 -
24. .The method of any one of claims 21-23, whersin the

metabolite is measured by ultraviolet spectroscopy or liquid chromatography-
mass spectroscopy. '

25. A method of determining the amount of a compound

ores
F NHg‘I\’!
= N
COCH
N™ "0

- H

having the formula:

a pharmaceutically acceptable salt thereof, a tautomer thereof, ora
pharmaceutically acceptable salt of the tautomer in a subject, the method
* . comprising measuring the amount of the compound in a sample of urine,
: Blood, or tissue taken from the subject aftér the 'compbund ﬁas been

administered to the subject.

26. The method of claim 25, further comprising measuring
the amount of a metabolite of the compound in the sample.

27.  The method of claim 26, wherein the metabolite is an N-

oxide compound having the formula:

N N/O
‘ N {  WZ
- XN
H
NS0
. H :

28. The method of claim 26, wherein the metabolite is an N-
.desmethyl compound having the formula: '
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: N NH
F NHzf}l \ 4
T N
soa il
N~ O
H .
29. The method of claim 25, further comprising withdrawing

two or more samples from the subject at different times after the compound
has been administered fo the subject.

CJ

30. Use of a compound of formula

| ~N N—
F NHZI? N/ )
Cf%:”
H
N~ "0 :
H .

a pharmaceutically acceptable salt thereof, a tautoiner thereof, ora
pharmaceutically aci:.ebtable salt of the tautomer,. in the preparation of a
medicament, in unit dosage form, for treating cancer, wherein each unif dose

~of the medicament comprises the compound in an amount.of from 25 mg to
1000 mg.
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