AM NOPYRAZOLE TRI AZOLOTHI ADI AZOLE | NHI BI TORS OF C- MET PROTEI N KI NASE

TECHNI CAL FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to
sel ecti vewonhioisg@ss of c-Met. The invention al so provi #es/ysb@omssserti cal ly
accept abl e conpositions conprising a c-Met inhibitor and nmethods of using

t he conpositions in the treatnent of various proliferative disorders.
BACKGROUND OF THE | NVENTI ON [ 0002] Hepatocyte growth factor (HGF), also
known as scatter factor, is a multi-functional growh factor that enhances
transformation and tunor devel opnent by i nducing mtogenesis and cel
nmotility. Further, HGF pronptes netastasis by stimulating cell notility and
i nvasi on through various signaling pathways. In order to produce cellul ar
effects, HG- nust bind to its receptor, c-Met, a receptor tyrosine kinase.

c-Met, a W deAMENQPYRAMXONEER RGZ. 0RO THRAP1AZ. 0 LIIVHIBITORSIOR 50

kil odal ton (kDa) a-subunit and a 145 kDa al pha-subunit (Maggiora et al., J.
Cel | Physiol, 173:183-186, 1GMET RROJEINIKEYA8Eed in a significant

per cent age of human cancers and is anplified during the transition between
primary tunors and nmetastasis. The various cancers in which c-Met
overexpression is inpliTRCENICATIRIBED OBTHE BNVIBNTIONI ted to, gastric
adenoc& ci noma, renal cancer, small cell lﬁ%ﬂ carcinoma, col orectal cancer

pr ost a0W1danc e PisyeR ivertirbiclatyy 19 splogtiicdiblion of FMet: Thedmesation s br east
canc e oroyiadifhatifia Rl LRI EChh b AIAE EORGHSHE 8\ VBN LHBE {d REMBASor

[OOOSF Accordi ngly, re s a great need el op conmpounds useful as

i nhi biusmgshofomgposins pr e eicatnkdanh abearross pptliderativandipandetiscul ar, preferred
conpounds shoul d have high affinity to the c-Met receptor and show
functional activity as antagonists, while showing little affinity for other

BACKGROUND OF THE INVENTION
[0002] Hepatocyte growth factor (HGF), also known as scatter factor, is a multi-functional
growth factor that enhances transformation and tumor development by inducing mitogenesis and
cell motility. Further, HGF promotes metastasis by stimulating cell motility and invasion
through various signaling pathways. In order to produce cellular effects, HGF must bind to its
receptor, c-Met, a receptor tyrosine kinase. c-Met, a widely expressed heterodimeric protein
comprising of a 50 kilodalton (kDa) a.-subunit and a 145 kDa alpha-subunit (Maggiora et al., J.
Cell Physiol., 173:183-186, 1997), is overexpressed in a significant percentage of human cancers
and is amplified during the transition between primary tumors and metastasis. The various
cancers in which c-Met overexpression is implicated include, but are not limited to, gastric
adenocarcinoma, renal cancer, small cell lung carcinoma, colorectal cancer, prostate cancer,
brain cancer, liver cancer, pancreatic cancer, and breast cancer. c-Met is also implicated in
atherosclerosis and lung fibrosis.
[0003] Accordingly, there is a great need to develop compounds useful as inhibitors of c-
Met protein kinase receptor. In particular, preferred compounds should have high affinity to the
c-Met receptor and show functional activity as antagonists, while showing little affinity for other

kinase receptors or for targets known to be associated with adverse effects.



ki nase receptors or for targets known to be associated with adverse

ef fects. SUMVARY OF THE | NVENTI ON [ 0004] It has been found that

3- (qui nolwo-26ri3seeet hyl - 7V- (1 H-pyrrol -3-yl)-[1, 2, 4] t ri arorajS3014/036312
1[1,3,4]thiadiazol -6-am nes are effective in the inhibition of c-Mt.

[ 0005] Accordingly, the invention features a conpound having the fornul a:
or a pharmaceutically acceptable salt thereof, wherein each or Rl, R2, R3,
R4, and R5 is as defined el sewhere herein. [0006] The invention al so

provi des pharmaceutical conpositions that include a conpound of formula I
and a pharnmaceutically acceptable carrier, adjuvant, or vehicle. In
addition, the invention p%ﬁﬁgﬂﬁ§R§ﬁ5ﬁqgﬁz ‘Vﬁﬁ%ﬂﬁﬁng or lessening the
severity of a proliferative disease, condition, or disorder in a patient

t hat i[0@04ydesIthhebshepunf thaddd quisdlré-HDnicthyl-De(IFapiest3-a) i hersgpruslofd] v
effective dose of a conmpound of faormula | or a pharmaceutical conposition

t her gé’ﬂ[la%ﬁﬁM‘EEI@ESGRPWWe@WH@q Wﬂﬂn@@ 'F-n! tions and General
Term gﬂﬁdﬁy [ Q0% 7hin Hl%qgvefﬁl‘ﬁbﬁ b 08 cérﬁféélﬁﬁﬁ' H&ginr@,%é Rirk,Qns shal | apply
ot Itated. For

unl es erw se In pur poses thi's i"fnvention, the chenica

el ements are identified in accortigage with the Periodic Table of the

El enents, CAS version, and e Mandhogk of Chemistry and Physics, 75th Ed.
1994. Additionally, genera 3 organi c chem stry are descri bed
in "Organic Chemstry," Thoygpsg FgIN, Uni versity Sci ence Books,
Sausalito: 1999, and "March's Advanc gani ¢ Chemistry,” 5th Ed., Smth,
M B. and March, J., eds. John Wley & $ons RNew York: 2001, the entire
contents of which are hereby incorpomrd N reference. Description of the
Compound of the Invention [0008] In a fi ‘aspect, the invention features
the foll ow ng compounds of fornula I : L1 o

or a pharmaceutically acceptable salt thereof, wherein each or Rl, Rz, R3, R4, and R’ is as

defined elsewhere herein.

[0006] The invention also provides pharmaceutical compositions that include a compound of
formula I and a pharmaceutically acceptable carrier, adjuvant, or vehicle. In addition, the
invention provides methods of treating or lessening the severity of a proliferative discase,
condition, or disorder in a patient that includes the step of administering to the patient a
therapeutically effective dose of a compound of formula I, or a pharmaceutical composition

thereof.

DETAILED DESCRIPTION OF THE INVENTION
Definitions and General Terminology
[0007] As used herein, the following definitions shall apply unless otherwise indicated. For
purposes of this invention, the chemical elements are identified in accordance with the Periodic
Table of the Elements, CAS version, and the Handbook of Chemistry and Physics, 75" Ed. 1994.
Additionally, general principles of organic chemistry are described in “Organic Chemistry,”
Thomas Sorrell, University Science Books, Sausalito: 1999, and “March’s Advanced Organic
Chemistry,” 5t Ed., Smith, M.B. and March, J., eds. John Wiley & Sons, New York: 2001, the

entire contents of which are hereby incorporated by reference.



or a pharmaceutically acceptable salt thereof, wherein RL is G _3
aliphatic; R2 is hydrogen, fluoro, or nethyl; R3 is hydrogen, fluoro, or
nmet hyl ; esiohroRu38&s | ndependent|y, hydrogen or fluoro; &ad/uR20108343y2ir ogen,
chl oro, cyclopropyl, or G _4 aliphatic, optionally substituted with 1-3
fluorine atons. [0009] In one enbodinment R2 is methyl and R3 is hydrogen.

I n anot her enbodinent, R2 is hydrogen and R3 is nethyl. [0010] In another
enbodi ment, each of R2 and R3 is fluoro. [0011] In another enbodi nent of

t he conpounds of the invention, R4 is hydrogen. [0012] In anot her

enbodi nent of the conpounds of the invention, Rl is nethyl and RS is

hydr ogen.. .[ 001 lp a fur nbadi nrent, Rl is nethyl, each of R2 and R3
is f|g%?ﬁ7éfmé§%h%§% %'%ééﬁiﬁﬁiv Vs hydrogen. [0014] I n anot her
enbodi[0®08], t hea isopPeddtheSnvenktiyal f@olrtothe dell@ahg cpapadsls of fdrarumul:a |

include the follow ng:[0016] In_another aspect, the invention features a
phar maceuti cal conposition conpRi 8 ®j a conpound of formula | , or a
pharmaceutical |y acceptabl e£sa i o and a pharnmaceutically acceptable
carrier, adjuvant or vehic|e. ggodinent, t he conposition includes
an addi tional chenotherapeUiNT gt I-proliferative agent, an
anti-inflanmatory agent, an agent forV %atyﬂg at heroscl erosi s, or an agent
for treating lung fibrosis. [0017] In Qﬁ:fer aspect, the invention

-

features a method of treating or |essenifgtyhe severity of a proliferative
di sorder in a patient conprising admnis

‘ing a conpound of formula I in
an .

R,
or a pharmaceutically acceptable salt thereof, wherein
R' is Cy.; aliphatic;
R’ is hydrogen, fluoro, or methyl;
R’ is hydrogen, fluoro, or methyl;
each R* is, independently, hydrogen or fluoro; and
R’ is hydrogen, chloro, cyclopropyl, or Cy4 aliphatic, optionally substituted with 1-3 fluorine
atoms.
[0009] In one embodiment R is methyl and RYis hydrogen. In another embodiment, R?is
hydrogen and R? is methyl.
[0010] In another embodiment, each of R* and R? is fluoro.
[0011] In another embodiment of the compounds of the invention, R* is hydrogen.
[0012] In another embodiment of the compounds of the invention, R'is methyl and R’ is
hydrogen.
[0013] In a further embodiment, R' is methyl, each of R? and R? is fluorine, and cach of R*
and R’ is hydrogen.

[0014] In another embodiment, the compound is a hydrochloride salt.



amount sufficient to treat or |essen the severity of a proliferative

di sorder in said patient. In one enbodinent, the proliferative disorder is
nmet ast at iwocaneesaessl n anot her enbodi ment, the proliferaPCrasdiooseer is a
gl i obl ast oma; hepat ocel | ul ar carcinona, a gastric carcinom; or a cancer
selected fromcolon, breast, prostate, brain, liver, pancreatic or |ung
cancer. [0018] In another enbodinent, the proliferative disorder is a

nmet astati c cancer. Conpositions, Formrulations, and Adm ni stration of
Compounds of the Invention [0019] In another aspect, the invention provides
a conposition conprising a conpound of formula I or a pharnmaceutically
accept de iV ere h utically acceptable carrier,
adj uv e‘?lls‘j?or @é‘%ﬁéﬁmd% &n r(r)nr%lg Ieﬁgﬂlggﬂpe ti%[lovaﬁg anount of conpound in a
conposition of thCH3|nvent|on is such tleay is effective to neasurably

i nhi bit c- anIoglcaI sa n N patient. Preferably the
conposi tifjo h|s ent|0n|
in need conﬁ ition.

d for admnistration to a patient
t he conposition of this

i nvention |s f or mul for oral admi ni stNgtBon to a patient.[0020] The
term"patient", as used hereln, means an ani nmal, preferably a mammal, and
nost preferably a gy 0021] It wll 3l appreci ated that the
conmpounds of fornul a I\ exist in free formifdr treatment, or where

appropriate, as a pharnd&eutlcally accept abl e Qerivative thereof Accordi ng
to the present inventionCHa pharmaceutical |y ace®ptabl e derivative

i ncl udes, but is not Ilnlted to, pharnacgutlcally accept abl e prodrugs,
salts, esters, salts of such esters ny ot her adduct or derivative

whi ch upon admi nistration to a patient in need is capable of providing,
directly or |nd|rectly, a conpound of fornula | as otherw se descri bed

hereln or a net@pblite or residue thef [ 0022] As used herein, the term
pharnac gpt abl e sa %mﬁhose salts
/
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which are, within the scope of sound nedical judgnent, suitable for use in
contact with the tissues of humans and | ower aninmals w thout undue

t oxi ci ty,wOrpio@séesn, allergic response and the |ike. [ ®028]S2010/036312
Pharmaceutically acceptable salts are well known in the art. For exanple,
S. M Berge et al., describe pharmaceutically acceptable salts in detail in
J. Pharmaceutical Sciences, 66:1-19, 1977, which is incorporated herein by
ref erence. Pharnaceutically acceptable salts of conpounds of fornmula I

i ncl ude those derived from suitable inorganic and organic aci ds and bases.
Exanpl es of pharmaceutically acceptable, nontoxic acid addition salts are
salts of an anlnocgroup formed with inorganic acids such as hydrochloric
aci d, hydrobrom c: ackp phosphori ¢ aC|d Sulfuric acid and perchloric acid
or mnth qr OB aciNg much as age /dxallc acid, maleic acid,
tartaric lacid, gitrnefacid, sucg |d / 'mal oni ¢ acid or by using other
met hods us¥d ™ thw ard such as an éxchag ges Qther pharmaceutically
acceptabl e salts incyudecagli pat e, alglnatej/asangbate aspart at e,

benzenesul f onat e, bem;gjte, bi sul fate, borate butyrate canphor at e,

canphor sul f onat e, it riat oy cyclopentanepr%pl hame di gl uconat e,
dodecyl sul fate, ethane fonate, formate, fu te, glucoheptonate,

gl ycer ophosphat e, glucona}g hem sul fate, heptapeate, hexanoat e,
hydr oi odi de, 2-hydroxy-ethanesul fonate, |actobionate, lactate, |aurate,
| auryl sulfate, nmdl ate, naleate, nalonat&, met hanesul f onat e,

2- napht hal enesul fonate, nicotinate, nitrate, ol eate, oxalate, palmtate,
panoat e, pectinate, persulfate, 3-phenyl propionate, phosphate, picrate,

pi val qo@16] pr Opi Rdeice as é)%bte eHedhRontidH G&itNaS & phatlataltral doaifokioa cotnptidiayanat e,
p-tol uenesul f onat e, undecanoate, val erate salts, and the |ike. Salts derived
fr om &ppwewrd eft ferpulsd sor sphag@acoatikally aceentahle salf tharcohand ambarmseuticallynmoni um

gnd N+ %p%a%lé”‘éﬂé : %djﬁéalntt §)¥ %@8@4111 o cgm%so(iﬁﬂnp dth@%8%1§0§1{1&?1 AL{RE eutically

Ccept e Co resen nvention a | Ona Yy COITprl Se a
phar md&ubnﬂ&lhhmomefa@pmtabcbranqthmativadgmﬁm antioih flv@hia@dre agent, an agent for

treating atherosclerosis, or an agent for treating lung fibrosis.

[0017] In another aspect, the invention features a method of treating or lessening the severity
of a proliferative disorder in a patient comprising administering a compound of formula I in an
amount sufficient to treat or lessen the severity of a proliferative disorder in said patient. In one
embodiment, the proliferative disorder is metastatic cancer. In another embodiment, the
proliferative disorder is a glioblastoma; hepatocellular carcinoma, a gastric carcinoma; or a
cancer selected from colon, breast, prostate, brain, liver, pancreatic or lung cancer.

[0018] In another embodiment, the proliferative disorder is a metastatic cancer.

Compositions, Formulations, and Administration of Compounds of the Invention

[0019] In another aspect, the invention provides a composition comprising a compound of
formula I or a pharmaceutically acceptable derivative thereof and a pharmaceutically acceptable
carrier, adjuvant, or vehicle. In one embodiment, the amount of compound in a composition of
this invention is such that is effective to measurably inhibit c-Met in a biological sample or in a
patient. Preferably the composition of this invention is formulated for administration to a patient
in need of such composition. Most preferably, the composition of this invention is formulated

for oral administration to a patient.



whi ch, as used herein, includes any and all solvents, diluents, or other

Il iquid vehicle, dispersion or suspension aids, surface active agents,

i sot oni ¢ wQentw38dehi ckeni ng or emrul si fyi ng agents, presecraisimesn36dsnlid

bi nders, lubricants and the like, as suited to the particul ar dosage form
desired. In Rem ngton: The Science and Practice of Pharmacy, 21st edition,
2005, ed. D.B. Troy, Lippincott WIllianms & WIkins, Philadel phia, and
Encycl opedi a of Pharnmaceutical Technology, eds. J . Swarbrick and J . C
Boyl an, 1988-1999, Marcel Dekker, New York, the contents of each of which
i's incorporated by reference herein, are disclosed various carriers used in

f or mul g pha J ues
RS O B EL  oBSSEREu RR BB SO SR
medi upréfsrabicompadid. bl e with a conpound of fornula | , such as by producing

any undesirabl e biological effect or otherw se interacting in a deIeterlous
manned0® i h alyvibekeldcappissistsithathosorppngnal iogpsld ekt Bdeegpapier

conpo

e S g B g G ARl R I S RGRE O AR

phar mae éutriressht mvactmepa ah)drmacanichldzy a;cdepttablledierivhuie ia¢ledaspbutlis nottlaxitddap, i on

exchan ers, aIu %ﬁr n1ste rate, cighln serum pro such as
human P é‘FI&ﬁ?F‘étF% aﬁcep FREP %‘&fys‘f‘ hCHSTSs §u°61ﬁ6?ﬁh8f é?fya@%H%t OTsorbic
acid, d‘éﬁvﬁ%aﬁﬁbﬁ'ﬂboﬁ&[&ﬂ%ﬁﬁaﬂﬁ{ tb'a%atlgﬁt)ﬁﬁ%écﬂﬁ c%dﬁl@éﬁﬁo@dl@ahﬁ% f{y
vegetable fatty acids, water, salts or electrolytes, such as am ne

sul f atiediragilp.cocammound 06 gzemutﬂmm’qmrmsepi@sm;i thanekry dor @gmh@hwscphasléue sodi um
chlor|€ ?ﬁlnc salts, colloidal silica, nmagnesiumtrisilicate, polyvinyl
pyrrol %% e polyacrylates waxes, polyethyl ene-pol yoxypropyl ene- bl ock

pol yngoe2] WoOohs {iadd hedigaAhs t&MC@h@r%dcé&Idaﬁ achtibRSAItA RGeS ¥E tHRSEsalGt ar ches
such as corn starch and potato starch; cellulose and its derivatives such

as sodihich &arbukipries seppe ebsquat seedicabiudgmente buitabisster aprincentagt wilethecet at e:
pOWde ﬁguets LPERGAN aqld l%&t anlrgglls %&ﬂh%ut ﬁﬁﬁug ’tox%(lgy E)III‘I?E{HO% gﬁ&&c ?’ésp&? eoa?ldtl.}llllt ter

like.

[0023] Pharmaceutically acceptable salts are well known in the art. For example, S. M.
Berge et al., describe pharmaceutically acceptable salts in detail in J. Pharmaceutical Sciences,
66:1-19, 1977, which is incorporated herein by reference. Pharmaceutically acceptable salts of
compounds of formula I include those derived from suitable inorganic and organic acids and
bases. Examples of pharmaceutically acceptable, nontoxic acid addition salts are salts of an
amino group formed with inorganic acids such as hydrochloric acid, hydrobromic acid,
phosphoric acid, sulfuric acid and perchloric acid or with organic acids such as acetic acid,
oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by using other
methods used in the art such as ion exchange. Other pharmaceutically acceptable salts include
adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate,
camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate,
cthanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate, gluconate, hemisulfate,
heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate,
lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate,
nitrate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate,

picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate,



suppository waxes; oils such as peanut oil, cottonseed oil; safflower oil;
sesane oil; olive oil; corn oil and soybean oil; glycols; such a propyl ene
gl ycol orwpabwetsbsssene gl ycol ; esters such as et hyl ol eCe/tsoaonsdsyt

| aurate; agar; buffering agents such as magnesi um hydr oxi de andal um num
hydr oxi de; alginic acid; pyrogen-free water; isotonic saline; R nger's

sol ution; ethyl alcohol, and phosphate buffer solutions, as well as other
non-toxi c conpatible lubricants such as sodiumlauryl sulfate and nagnesi um
stearate, as well as coloring agents, releasing agents, coating agents,
sweet eni ng, flavoring and perfum ng agents, preservatives and anti oxi dants

can a8 ehRoRE S3EML . fy BOTRRSK N BESRE LM AR S, HAEDfT Che

for nul'a he "¢onposi t1'ons o re RVERET On MR

admi ninsdt&lr gidaldteadattyt, mdpalr ﬁﬁfn@hﬁﬂrﬂ ynd WYy mhnafym sabg. spray, topical | Y,
rectall nasal ly, buccally, vaginally or via an inplanted reservoir. The
t er m "1P%4ent epadescabedabayenibe @h@maﬁ@utu:aﬂx agepieblcoamesitionheh the erse,

|t AmSEHb A B B8k BharnlBLRafy DAl i AR LARlr (bptiEAt hecal

i ntraocu intra al esion I'ntracranial 1’'njectionh or
i nf usivdncH, as hsdddieesn, 1Ecled<£sramlylayd all helvemyphhlbntsmsat}mr@qanﬂmamcﬁet, eispdrsmmal | y,
intraperitoneally ntravenousl&i Sterile injectable fgﬁgs of the

conposY tF BRSO alfiﬁlsgréﬁ?ﬁﬁéﬂf’ ? 3Ry SORRI GBI HB 08 GBI & A8 s on.

These SUSRANSECIRiIdBHIRE HIAHIsahE thARCORILAGd Tt&th%?%ﬁi%hfh‘r'%sa kB | N the
art using suitabl e dispérsing or wetting agents and suspendi ng agents. The

steri Ideswemij doRabliegtpn: eﬂar&te]noﬂamvhﬁrca:rzsmjﬁ@zcamgmrﬁlst@dltmneaﬁ(b?oleé I38.ution or

1 bl t I t, f
oamprioad B DR € YRR, PE Blaii SRR sl s Bl el o ana

sol Ve%@hﬂd]@y bRy J. @v@ﬁﬂ%l@éﬁﬁid] ar Boy\ﬁher%Sﬁ’!%geMaﬁ:eﬁDleM&drCN'exﬁW)rlt S| oni ¢
sodi um chl oride solution. In addition, sterile, fixed oils are

converspiigntalof 9a<émf|wiyélulsa@mp@éﬂed@mre%reng@uhgémdﬂmgilwmmmﬂql@@zv]erwdt hi s
PUrPO3Efy uYatil%l%g??rnga{ Etg aﬁy ac&%}/abpe C lsg%gg d)% t%ghrﬁ?%t Q’gtt 'hg mno- or

dlglycerl Sbchas oleie aC| cerl derivatives
ar e usedpakation tlheheof Except 1nsofar as any conventional carrier medium is 1ncornpat1ble with a

compound of formula I, such as by producing any undesirable biological effect or otherwise
interacting in a deleterious manner with any other component(s) of the pharmaceutically
acceptable composition, its use is contemplated to be within the scope of this invention.

[0025] Some examples of materials which can serve as pharmaceutically acceptable carriers
include, but are not limited to, ion exchangers, alumina, aluminum stearate, lecithin, serum
proteins, such as human serum albumin, buffer substances such as phosphates, glycine, sorbic
acid, or potassium sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water,
salts or electrolytes, such as protamine sulfate, disodium hydrogen phosphate, potassium
hydrogen phosphate, sodium chloride, zinc salts, colloidal silica, magnesium trisilicate,
polyvinyl pyrrolidone, polyacrylates, waxes, polyethylene-polyoxypropylene-block polymers,
wool fat, sugars such as lactose, glucose and sucrose; starches such as corn starch and potato
starch; cellulose and its derivatives such as sodium carboxymethyl cellulose, ethyl cellulose and
cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter and
suppository waxes; oils such as peanut oil, cottonseed oil; safflower oil; sesame oil; olive oil;
corn oil and soybean oil; glycols; such a propylene glycol or polyethylene glycol; esters such as

cthyl oleate and ethyl laurate; agar; buffering agents such as magnesium hydroxide and



preparation of injectables, as are natural pharmaceutically-acceptable
oils, such as olive oil or castor oil, especially in their polyoxyethyl ated
ver si ons.wOhlese138i6s sol uti ons or suspensions may al so c@eoTaiseo1/0bamy- chai n
al cohol diluent or dispersant, such as carboxynethyl cellul ose or simlar

di spersing agents that are commonly used in the formul ati on of

phar maceuti cal | y acceptabl e dosage forns including enul sions and

suspensi ons. O her conmonly used surfactants, such as Tweens, Spans and

ot her emul sifying agents or bioavailability enhancers which are commonly
used in the manufacture of pharmaceutically acceptable solid, liquid, or

ot her ; f ey . al b d-for t . ) f l.ati on.{0028]
A R A A

or al | yilcatol, ahé plersphhte bBufierysoQitidhb, s aatieplodith aonlasagcorhpdtibld étitdithg.chlut not
limted to, capsules, tablets, agueous suspensions or solutions. In the
case oPdiuaypwiyssylftc yrdamagpesiunedearteras v@hargiolgrngseants elcasiBe peitvse and

corn g br.j I esi . I

i ¢ aP RSttt S &R 1S H S IR, SRARTRIU LRI riiGnlaR | o
i ncl uabsolteqrasset ianke crmgditoor asbatichito thhanigaguealithe Sarspénei ons are required
Lo o] Sehd SR Bl T o GO AR M S e
agent $yRYa 1 oQpRE, RPHEMyY, L8RP InaifyebiRhiY.8la¥inallP6r PRL TR BHIdIGRIHYoir.
accept abl e conp05|f|ons of this invéntion may be adm nistered in the form

of suppesémoinaemtdral’ as estddicran mohides setdutmeoubhmérevermus betrgnewalkedntsy- m xi ng
the agent with a sui.table non-irritating excipient that.is, soli.d at room

t empertdgtds Biie e g e PRat Mt i PReGR B R i heea B kSO i ¢ Tn the
r ect UnhtkRrdrd1 88 idnhs iffubion tRUETUERt Befedd By, It tdHifosame ardddntifisterdiie €S Wax
and pol yet hyl ene gl ycols. [0030] The pharmaceutically acceptable

conposirallye ieraperitopgallyianyetrvicaeusiayStalilsanjsetablg rfﬁ)rmmféﬁfe@pmmitmﬁ o this

espec iir?\lfeln}/iom%g be qguéo%rs %?Blegéingﬁses%ts&%'gfon! %le&ds%ﬁpe%rsﬁ)%g rn%gl bR TS FattE adily
according to techniques known in the art using suitable dispersing or wetting agents and
suspending agents. The sterile injectable preparation may also be a sterile injectable solution or
suspension in a non-toxic parenterally acceptable diluent or solvent, for example as a solution in
1,3-butanediol. Among the acceptable vehicles and solvents that may be employed are water,
Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium.
[0027] For this purpose, any bland fixed oil may be employed including synthetic mono- or
diglycerides. Fatty acids, such as oleic acid and its glyceride derivatives are useful in the
preparation of injectables, as are natural pharmaceutically-acceptable oils, such as olive oil or
castor oil, especially in their polyoxyethylated versions. These oil solutions or suspensions may
also contain a long-chain alcohol diluent or dispersant, such as carboxymethyl cellulose or
similar dispersing agents that are commonly used in the formulation of pharmaceutically
acceptable dosage forms including emulsions and suspensions. Other commonly used
surfactants, such as Tweens, Spans and other emulsifying agents or bioavailability enhancers
which are commonly used in the manufacture of pharmaceutically acceptable solid, liquid, or

other dosage forms may also be used for the purposes of formulation.



accessi ble by topical application, including diseases of the eye, the skin,
or the lower intestinal tract. Suitable topical fornulations are readily

pr epar ed wonomackeof these areas or organs. [0031] Topi ealr/tsp@biosatt on for
the lower intestinal tract can be effected in a rectal suppository
formul ati on (see above) or in a suitable enema fornul ation.

Topi cal l y-transdermal patches may al so be used. [0032] For topical
applications, the pharmaceutically acceptabl e conpositions may be
formulated in a suitable ointnment containing the active conponent suspended
or dissolved in one or nore carriers. Carriers for topical adninistration
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preferably, as solution3 in Isotonic, pH adjusted sterile saline of other

aqueouslosiougemnmagiatshdre adided or wi t hout a preservative such as
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i nvention nmay al so be adm ni stered by nasal aerosol or inhalation. Such
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materials include cocoa butter, beeswax and polyethylene glycols.

[0030] The pharmaceutically acceptable compositions of this invention may also be
administered topically, especially when the target of treatment includes areas or organs readily
accessible by topical application, including diseases of the eye, the skin, or the lower intestinal
tract. Suitable topical formulations are readily prepared for each of these areas or organs.
[0031] Topical application for the lower intestinal tract can be effected in a rectal
suppository formulation (see above) or in a suitable enema formulation. Topically-transdermal
patches may also be used.

[0032] For topical applications, the pharmaceutically acceptable compositions may be
formulated in a suitable ointment containing the active component suspended or dissolved in one
or more carriers. Carriers for topical administration of compounds of formula I include, but are
not limited to, mineral oil, liquid petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying wax and water. Alternatively, the
pharmaceutically acceptable compositions can be formulated in a suitable lotion or cream
containing the active components suspended or dissolved in one or more pharmaceutically

acceptable carriers. Suitable carriers include, but are not limited to, mineral oil, sorbitan



be prepared as solutions in saline, enploying benzyl alcohol or other

sui tabl e preservatives, absorption pronoters to enhance bioavailability,

f | uor ocarwonsio/@s@sor ot her conventional sol ubilizing oPCUHitspE®BE3g2 agent s.
[ 0034] Most preferably, the pharmaceutically acceptabl e conpositions of
this invention are fornmulated for oral adm nistration. [0035] Liquid dosage
forms for oral adm nistration include, but are not limted to,
pharmaceutical |y acceptabl e enul si ons, m croenul sions, solutions,

suspensi ons, syrups and elixirs. In addition to the active conpounds, the
l'iquid dosage fornms nmay contain inert diluents commonly used in the art
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or di
solubilizing or dispersing agents.

[0034] Most preferably, the pharmaceutically acceptable compositions of this invention are
formulated for oral administration.

[0035] Liquid dosage forms for oral administration include, but are not limited to,
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups and
elixirs. In addition to the active compounds, the liquid dosage forms may contain inert diluents
commonly used in the art such as, for example, water or other solvents, solubilizing agents and
emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl
alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in
particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures
thereof. Besides inert diluents, the oral compositions can also include adjuvants such as wetting
agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming agents.
[0036] Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or wetting
agents and suspending agents. The sterile injectable preparation may also be a sterile injectable

solution, suspension or emulsion in a nontoxic parenterally acceptable diluent or solvent, for
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addition, fatty acids such as oleic acid are used in the preparation of

i njectables. [0037] The injectable fornulations can be sterilized, for
exanpl e, W9 2bid/38&5i on t hrough a bacteri al -retaini ng fi lPCEUS2@10/0B6812
incorporating sterilizing agents in the formof sterile solid conpositions
whi ch can be dissolved or dispersed in sterile water or other sterile
injectable mediumprior to use. [0038] In order to prolong the effect of a
conmpound of forrmula | , it is often desirable to slow the absorption of
this conmpound from subcutaneous or intramuscular injection. This may be
acconpl i shed by the use of a liquid suspension of crystalline or anorphous
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adm ni stration are preferably suppositories which can be prepared by m Xing
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solid at anbient tenperature but |liquid at body tenperature and therefore

mel t ithe alverpties ofi thiveomygyinddfom subcutancous or intramuscular injection. This may be

accomplished by the use of a liquid suspension of crystalline or amorphous material with poor
water solubility. The rate of absorption of a compound of formula I then depends upon its rate
of dissolution that, in turn, may depend upon crystal size and crystalline form. Alternatively,
dissolving or suspending a compound of formula I in an oil vehicle accomplishes delayed
absorption of a parenterally administered compound form. Injectable depot forms are made by
forming microencapsule matrices of a compound of formula I in biodegradable polymers such as
polylactide-polyglycolide. Depending upon the ratio of compound to polymer and the nature of
the particular polymer employed, the rate of compound release can be controlled. Examples of
other biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot injectable
formulations are also prepared by entrapping a compound of formula I in liposomes or
microemulsions that are compatible with body tissues.

[0039] Compositions for rectal or vaginal administration are preferably suppositories which
can be prepared by mixing a compound of formula I with suitable non-irritating excipients or
carriers such as cocoa butter, polyethylene glycol or a suppository wax which are solid at
ambient temperature but liquid at body temperature and therefore melt in the rectum or vaginal
cavity and release the active compound.

[0040] Solid dosage forms for oral administration include capsules, tablets, pills, powders,

and granules. In such solid dosage forms, the active compound is mixed with at least one inert,
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cavity and rel ease the active conpound. [0040] Solid dosage forns for oral
adm ni stration include capsules, tablets, pills, powders, and granules. In
such sol iwodoszgsssfor ns, the active conpound is m xed WPCH/USsR010®AE2 one

i nert, pharmaceutically acceptabl e excipient or carrier such as sodi um
citrate or dical ciumphosphate and/or a) fillers or extenders such as
starches, |actose, sucrose, glucose, nmannitol, and silicic acid, b) binders
such as, for exanple, carboxynethylcellul ose, alginates, gelatin,

pol yvi nyl pyrrolidi none, sucrose, and acacia, c) hunmectants such as

gl ycerol, d) disintegrating agents such as agar-agar, calcium carbonate,
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In SO
filled gelatin capsules using such excipients as lactose or milk sugar as well as high molecular

weight polyethylene glycols and the like. The solid dosage forms of tablets, dragees, capsules,
pills, and granules can be prepared with coatings and shells such as enteric coatings and other
coatings well known in the pharmaceutical formulating art. They may optionally contain
opacifying agents and can also be of a composition that they release the active ingredient(s)
only, or preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.
Examples of embedding compositions that can be used include polymeric substances and waxes.
Solid compositions of a similar type may also be employed as fillers in soft and hard-filled
gelatin capsules using such excipients as lactose or milk sugar as well as high molecular weight
polethylene glycols and the like.

[0042] The active compounds can also be in micro-encapsulated form with one or more
excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as enteric coatings, release controlling
coatings and other coatings well known in the pharmaceutical formulating art. In such solid
dosage forms the active compound may be admixed with at least one inert diluent such as
sucrose, lactose or starch. Such dosage forms may also comprise, as is normal practice,

additional substances other than inert diluents, ¢.g., tableting lubricants and other tableting aids

12



gel atin capsul es using such excipients as |actose or mlk sugar as well as
hi gh nol ecul ar wei ght pol et hyl ene gl ycols and the |Iike. [0042] The active
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exci pients as noted above. The solid dosage forns of tablets, dragees,
capsules, pills, and granules can be prepared with coatings and shells such
as enteric coatings, release controlling coatings and ot her coatings well
known in the pharmaceutical fornulating art. In such solid dosage fornms the
active compound nmay be admi xed with at |east one inert diluent such as
sucrose, |lactose or starch. Such dosage forns may al so conprise, as is

nor mal tice,; Ltional . t ances . ot i ner:t._dil|uen 40.

F bl ot R e SR PP R s AR LR AR B SRRl ang
m cr ogilys thrl dos@ie foshd whpaBo chimptibebftsRgaietapThdyeday bptidratls camdinpi | | s, the
dosage fornms may al so conprise buffering agents. They may optionally

cont aioRaghaRg #8AnHGRd ganekso e af 8 spmarLohbapihey relensp His actipningrrdiont(sby

rel ea i i,hgredi.ent (s) inal 1.y, 44 in part
of ook RRRLy R AREER earh MresREalFl SRAMAR, foke ol FEREE,
enbeddxagpts mp osibtddings carhpdsittoan thee cas bausedahalade diyore subsaubstaad sescand
waxes. 43] Dosage forns for topical or. transdernpl adm nistration of a
conpodﬂ@%gf t BPHfige Jorms fﬁamzféf o (sl sdpaiegdgion p AFRIPIBio femel o _
POV ET; |y RO HEARRS past®, B&ms,| IBAGHs2BLIS, R dRAL &18Fons [{RaRChYEnE QFRRRRAL 1S
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dosage forms can be made by dissolving or dispensing a compound of formula I in the proper
medium. Absorption enhancers can also be used to increase the flux of a compound of formula I
across the skin. The rate can be controlled by either providing a rate controlling membrane or by
dispersing a compound of formula I in a polymer matrix or gel.
[0044] Compounds of formula I are preferably formulated in dosage unit form for case of
administration and uniformity of dosage. The expression "dosage unit form" as used herein
refers to a physically discrete unit of agent appropriate for the patient to be treated. It will be
understood, however, that the total daily usage of a compound of formula I and compositions
comprising a compound of formula I will be decided by the attending physician within the scope
of sound medical judgment. The specific effective dose level for any particular patient or
organism will depend upon a variety of factors including the disorder being treated and the
severity of the disorder; the activity of the specific compound employed; the specific
composition employed; the age, body weight, general health, sex and diet of the patient; the time
of administration, route of administration, and rate of excretion of the specific compound

employed; the duration of the treatment; drugs used in combination or coincidental with the

specific compound employed, and like factors well known in the medical arts.
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across the skin. The rate can be controlled by either providing a rate
controlling nenbrane or by dispersing a conpound of formula | in a polyner
mat ri x orwQeb10/138@44] Conpounds of formula | are preferabtystbanmsdsat ed in
dosage unit formfor ease of adm nistration and uniformty of dosage. The
expression "dosage unit forni' as used herein refers to a physically
discrete unit of agent appropriate for the patient to be treated. It wll
be understood, however, that the total daily usage of a conpound of fornula
| and conpositions conprising a compound of fornmula I will be decided by

t he attending physician mithin the scope of sound nedical judgnment. The
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known as “appropriate for the disease, or condition, being treated.” Examples of additional
therapeutic agents are provided infra.
[0047] The amount of additional therapeutic agent present in the compositions of this
invention will be no more than the amount that would normally be administered in a
composition comprising that therapeutic agent as the only active agent. Preferably the amount
of additional therapeutic agent in the presently disclosed compositions will range from about
50% to 100% of the amount normally present in a composition comprising that agent as the only

therapeutically active agent.

Uses of Compounds of Formula I and Compositions Comprising Compounds of Formula I
[0048] According to one embodiment, the invention relates to a method of inhibiting c-Met
protein kinase activity in a biological sample comprising the step of contacting said biological
sample with a compound of formula I, or a composition comprising said compound. The term
“biological sample,” as used herein, means a sample outside a living organism and includes,
without limitation, cell cultures or extracts thereof; biopsied material obtained from a mammal
or extracts thereof; and blood, saliva, urine, feces, semen, tears, or other body fluids or extracts

thereof. Inhibition of kinase activity in a biological sample is useful for a variety of purposes
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addi tional therapeutic agents, which are nornmally adm nistered to treat or
prevent that condition, may al so be present in the conpositions of this
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or extracts thereof; and bl ood, sallva urine, feces, semen, tears, or
ot her ofdatynuild Liods compesitiomcarspridies sod comphindi ti on of ki nase acti vi ty in a

bi ol ogj cal I » ful .f ) f skill
nndosh SR Grage St 8t apatde of M e B GHETRAD el Bt

bi ol oghdaab aBPESEII. Brafel RoALL d@l@ﬁbm’@h@b&ﬁlﬁtﬁﬁﬂ indsHey & Mdt s RRevieeRdi dRM., "the
met hod of inhibiting kinase activity in a biological sanple is limted to

non t ﬁéﬂﬁéﬁ@m Cd\/lﬁ‘éltﬂh@ﬁ@d disgasegor Terdlatenqdiated qamdrtiang abbpraeapribess diicases or
bndltlgrq/setthat' are "1ate('1' lt\)/’y?&'éatﬁlenp \FVHE a c-Met inhibitor. Such conditions include,

without limitation, renal, gastric, colon, brain, breast, prostate, liver, pancreatic, or lung cancer,
glioblastoma, atherosclerosis, or lung fibrosis.
[0052] In one aspect, the present invention features a method treating a proliferative disorder
in a patient comprising the step of administering to the patient a therapeutically effective dose of
a compound of formula I or a composition comprising a compound of formula I.
[0053] According to one embodiment, the proliferative disorder is cancer, such as, for
example, renal, gastric, colon, brain, breast, liver, prostate, and lung cancer, or a glioblastoma.
[0054] In another embodiment, the present invention relates to a method of treating or
lessening the severity of hepatocellular carcinoma in a patient in need thereof, comprising
administering to said patient a compound of formula I or composition thereof.
[0055] In another embodiment, the proliferative disorder is polycythemia vera, essential
thrombocythemia, chronic idiopathic myelofibrosis, myeloid metaplasia with myelofibrosis,
chronic myeloid leukemia (CML), chronic myelomonocytic leukemia, chronic eosinophilic
leukemia, hypereosinophilic syndrome, systematic mast cell disease, atypical CML, or juvenile

myelomonocytic leukemia.

[0056] In another embodiment, the proliferative disorder is atherosclerosis or lung fibrosis.
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desi gnations known to one skilled in the art. [0050] According to another
enbodi nent, the invention relates to a nethod of inhibiting c- Met Kkinase
activity woa10p&a8é66nt conpri sing the step of adm ni st er iPag/useovasesipat i ent
a conmpound of forrmula | , or a conposition conprising said conmpound. [0051]
The term "c- Met-nedi ated di sease"” or "c-Met-nedi ated condition", as used
herein, means any di sease state or other deleterious condition in which
c-Met is known to play a role. The terns "c-Met-nedi at ed di sease"” or
"c-Met-nedi ated condition" also nean those diseases or conditions that are
alleviated by treatnent with a c-Met inhibitor. Such conditions include,

W t hogbgéfém tﬁ%{;t%@r asy 8&%'fthe9p%§ste£ %Verft%norgrate? G %etrf%rdeo%\?ﬁhibﬂ%g%tr%&e’ liver,
pancreatic, or Tung canhcer, ‘gl'no I4EToNe, “at hef Osclerosis, 0 Tung

fi br osh@astdsdn2|patientdn@cabperbt, compripihg aeministerngnio sald fagiahtr @Snppungbhod
treating a proliferative disorder in a patient conprising the step of

adni nifemars hgr ¢ sompesiten theispf.a t her apeutical Iy effective dose of a conpound

of for I i 1 . =T > r . . [ 0053]
rccor et o BipdhabiRRR g ARGRARICGHRY, & OARGHES: BlulealitEn, - L1Ch ks,
for exlxrppoatic agerad thag@as hormgllycainonisteberdato nreabthetasinditlonneay, alfar esprasent irand

| ung cancer, or a glioblastoma. [0054].1n another enbodi nent, the present

i nventorPTRRASHI8S O?GHWMWB%JSE& E%e]ﬂnn godifional Begee t4EBYAT Ly of
hepat opehliW AmiaRIGEdRNRal £ patiRalht §last briefGtibherERiowE AMbhdbAGte for

adm ni steri'ng to said patient a conpound of fornmula | or conposition
t her edlic dip@OS5Y comditiomtbiemyg tenatsddli ment, the proliferative disorder is

vl ol PBRRs; s ierBRa el PO T RTIC fral BB et Ptraite Mo mry

| eukemc@otbMet wity 5thSoutiyl ®f GTRIALY {ol teak BrofiFhBvc diSTa0Ri 4 d ASdcROBRAhpICS

| eukem a, hypereosi nophilic syndrone, systematic nmast cell disease,

at ypi ®aknon chgnothergpsiiticagents include, but are not limited to, alkylating agents, such as, for
example, cyclophosphamide, lomustine, busulfan procarbazine, ifosfamide, altretamine,
melphalan, estramustine phosphate, hexamethylmelamine, mechlorethamine, thiotepa,
streptozocin, chlorambucil, temozolomide, dacarbazine, semustine, or carmustine; platinum
agents, such as, for example, cisplatin, carboplatinum, oxaliplatin, ZD-0473 (AnorMED),
spiroplatinum, lobaplatin (Aeterna), carboxyphthalatoplatinum, satraplatin (Johnson Matthey),
tetraplatin BBR-3464, (Hoffmann-La Roche), ormiplatin, SM-11355 (Sumitomo), iproplatin, or
AP-5280 (Access); antimetabolites, such as, for example, azacytidine, tomudex, gemcitabine,
trimetrexate, capecitabine, deoxycoformycin, 5-fluorouracil, fludarabine, floxuridine,
pentostatin, 2-chlorodeoxyadenosine, raltitrexed, 6-mercaptopurine, hydroxyurea, 6-thioguanine,
decitabine (SuperGen), cytarabin, clofarabine (Bioenvision), 2-fluorodeoxy cytidine, irofulven
(MGI Pharma), methotrexate, DMDC (Hoffmann-La Roche), idatrexate, or ethynylcytidine
(Taiho); topoisomerase inhibitors, such as, for example, amsacrine, rubitecan (SuperGen),
epirubicin, exatecan mesylate (Daiichi), etoposide, quinamed (ChemGenex), teniposide,
mitoxantrone, gimatecan (Sigma-Tau), irinotecan (CPT-11), diflomotecan (Beaufour-Ipsen), 7-
ethyl-10-hydroxy-camptothecin, TAS-103 (Taiho), topotecan, elsamitrucin (Spectrum),
dexrazoxanet (TopoTarget), J-107088 (Merck & Co), pixantrone (Novuspharma), BNP-1350
(BioNumerik), rebeccamycin analogue (Exelixis), CKD-602 (Chong Kun Dang), BBR-3576

(Novuspharma), or KW-2170 (Kyowa Hakko); antitumor antibiotics, such as, for example,
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nyel ononocytic | eukem a. [0056] | n another enbodinent, the proliferative
di sorder is atherosclerosis or lung fibrosis.[0057] Another aspect of the
present iwoentwieeeesel ates to a nethod of inhibiting tumPCTIESL@SWASIE | N a
patient in need thereof, conprising admnistering to said patient a
compound of fornmula I or a conposition thereof. [0058] Dependi ng upon the
particul ar condition, or disease, to be treated, additional therapeutic
agents that are normally adm nistered to treat that condition may al so be
present in the conpositions of this invention. As used herein, additional
t herapeutic agents that are normally adm nistered to treat a particul ar

di seasg,,. 0or ¢ iLian, . o) Sy F | @ t i sease L.
conai e BmERNRelbai0s {438 Eo IR SRTBh AL LB IR Rl
agent sinthiragrdelc, aaltubigin 0diaheialld, deuagebitis (dayhobs ctionibssx@dtrvnd, bpiautdeirpound

of formula | to treat proliferative di seases and. cancer. Exanples of known
c heno toeomsey syléate flpraxapgc thgrmeubigip: blgemyeiic acidpidagbi¢ip, bleamydindy. ng agent s,

SUCh 23bighRhe HETR) n Bcgﬁér?e%g% £ PR, ] QHRdh A, MIERU (733 (RREARAZT Ne.

i fosfam de, altretam ne, est ranusti1 ne %hosphate,
hex anmeymydnmep botinodoxarebibing GEXR 806 ((&m Pharotaepaicals), oe piioxetrone (advantranduci |

t | om.de, d bazi , ti , | . plati ts, h
aa. 1 GBI PTG P 3t OGS EBP B LI P ISR (SN atoSin eSS e AT NED)
SPi 1 OPl7@ b (ABBoth ORARiGh PGABK BN ThEAPAMYPIDRALQRDRL S YT, ap! at i n

(Johnson Matthey), tetraplatin BBR-3464, (Hoffmann-La Roche), orm'platin,
SM 1 WBESis(iSuA L&YY (Abpetdpriavicthing A 207192 §abpotocendysineahll 2830abOBASE),

capec Pl FLRER) B BRTTN PR NS hs bR Aot Bt LT AT e
pent oghalrhdt.Ladiieh), QofMbeaxHAFEADTBNB), dedladblif EXL9F), GoRBheRMcAPM B,
hydrozéurea, 6-t hi oguani ne, decit abi ne éSuperGEn;, cyt arabi n, cl of arabi ne

( Bi oeriVharmaiiar), BPR 1988 A dRycrtip.i £ 1426 (Astaginasa), TXD 258 (Aventis), PEG-
paclitaxel (Enzon,) epothilone B (Novartis), AZ10992 (Asahi), T 900607 (Tularik), IDN-5109

(Indena), T 138067 (Tularik), AVLB (Prescient NeuroPharma), cryptophycin 52 (Eli Lilly),
azaepothilone B (BMS), vinflunine (Fabre), BNP-7787 (BioNumerik), auristatin PE (Teikoku
Hormone), CA-4 prodrug (OXiGENE), BMS 247550 (BMS), dolastatin-10 (NIH), BMS 184476
(BMS), CA-4 (OXiGENE), BMS 188797 (BMS), or taxoprexin (Protarga); aromatase inhibitors,
such as, for example, aminoglutethimide, exemestane, letrozole, atamestane (BioMedicines),
anastrazole, YM-511 (Yamanouchi), or formestane; thymidylate synthase inhibitors, such as, for
example, pemetrexed (Eli Lilly), nolatrexed (Eximias), ZD-9331 (BTG), or CoFactor™
(BioKeys); DNA antagonists, such as, for example, trabectedin (PharmaMar), mafosfamide
(Baxter International), glufosfamide (Baxter International), apaziquone (Spectrum
Pharmaceuticals), albumin + **P (Isotope Solutions), O6 benzyl guanine (Paligent), thymectacin
(NewBiotics), or edotreotide (Novartis); farnesyltransferase inhibitors, such as, for example,
arglabin (NuOncology Labs), tipifarnib (Johnson & Johnson), lonafarnib (Schering-Plough),
perillyl alcohol (DOR BioPharma), or BAY-43-9006 (Bayer); Pump inhibitors, such as, for
example, CBT-1 (CBA Pharma), zosuquidar trihydrochloride (Eli Lilly), tariquidar (Xenova),
biricodar dicitrate (Vertex), or MS-209 (Schering AG); Histone acetyltransferase inhibitors, such
as, for example, tacedinaline (Pfizer), pivaloyloxymethyl butyrate (Titan), SAHA (Aton
Pharma), depsipeptide (Fujisawa), or MS-275 (Schering AG); Metalloproteinase inhibitors, such
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(M3 Pharma), nethotrexate, DVDC (Hof f mann-La Roche), idatrexate, or

et hynyl cytidi ne (Tai ho); topoi sonerase inhibitors, such as, for exanple,
ansacr i neyvorotwisean ( Super Gen), epirubicin, exatecan nmesylust@o(B&i: chi),
et oposi de, qui naned (Chenenex), teniposide, mtoxantrone, gimtecan
(Sigma-Tau), irinotecan (CPT-1 |), diflonotecan (Beaufour-Ipsen), 7-

et hyl - 10- hydr oxy- canpt ot heci n, TAS- 103 (Tai ho), topotecan, elsamtrucin
(Spectrum, dexrazoxanet (TopoTarget), J-107088 (Merck & Co), pixantrone
(Novuspharma), BNP-1350 (Bi oNunerik), rebeccanycin anal ogue (Exelixis),
CKD- 602 (Chong Kun Dang), BBR-3576 (Novuspharma), or KW2170 (Kyowa Hakko);

ant | ¢ 400 BLHL NS Rua USRSl o RGP HACH ROV BRGLLOGIKERD O

anona Icin ( ranycl n eoxy

ant hr a?,wtfeali)pbleBMSalTﬂlbﬂ a;a:ﬂlteaxﬁmcrxﬁlmbade @baluafaganlnhmtars( @lwhra@ nf¢ﬁ exymple,
| osoxantrone, epirubicin, nycin, sulfate (bl enoxane), ther ar ubi ci n,

bl eomgell niemakplate (Taam)umz%qlﬁabmm(é@ﬁv@b Arigping (Yioah 26 Aklox iMedseyiss o,

lica
Eyanonrrﬁ,be%?ot ol no%gg{or llallg g/aﬁﬂé@&?ﬁ%@dh’k&%% I%raglell&]{}?c !s?l,s)Tohrerar%eF%&S&’nt rone
( novamtviomnej(elgamic), GROBOE (Egenic, erﬁmfceg&(lnﬁqmnelef,‘am)) enflipaedbl (Caxelcor, SB
40807 (d axoSm t hK cet axe|l 7010 (Abbott), col.chicines, PG TXL
(Cel | )ePéﬁgﬂiWE% %%ﬁmlégmawéles) 5&5@@%@%%@% anGERFP-SUPMES BT 105972
( Abbotekdmpil ﬂPJs@tlthﬁ @&bbdﬁ) 204598 (VARBRIchi) o¥ 'Z'm@@4n@xsttlakjer?e%§)6§e1ﬁn6%i:&
dolastatin 10 (NCI), D 24851 (ASTAMedi ca), rhizoxin (Fujisawa), ER-86526

( Ei sairyceptoiragiubts, nsuch/\aer rﬁ@re—xammee fetn)rc;tlmdtrﬁolatsas galdhnsow) aliBMB)oin Hegamidor n
BASF hond h Ma RPR 109 t ZD 6126

(ot r ARG TR SRk Bt blons SRR for SR RS 7 8 é%?ﬁfh?s s
Novarhsdys), D4d&hade 2R GQVstlalidh ;

(138\(36 ET?JYI%H %& V(ﬁg&fgg?tg)c?znt Sleusrtf)aPl'ﬁlarwr?%%<€9r T(:e F?Etii%ﬁ%%@ 2 IlCiSI

Li | | y)SFd24épetil efraomr¢ipimy vagding (Riemie), Caesr ejccimBNpiazgh, CBPoNukerli k) |
aur bl ORI HRHIR FB9%) iR 0BL S GNP B (BAFRO0 (BVS),

dol asta
Biotech), MGV (Progenics), synchrovax vaccines (CTL Immuno), beta-alethine (Dovetail),

melanoma vaccine (CTL Immuno), CLL therapy (Vasogen), or p21 RAS vaccine (GemVax);,
hormonal and antihormonal agents, such as, for example, estrogens, prednisone, conjugated
estrogens, methylprednisolone, ethinyl estradiol, prednisolone, chlortrianisen,
aminoglutethimide, idenestrol, leuprolide, hydroxyprogesterone caproate, goserelin,
medroxyprogesterone, leuporelin, testosterone, bicalutamide, testosterone propionate,
fluoxymesterone, flutamide, methyltestosterone, octreotide, diethylstilbestrol, nilutamide,
megestrol, mitotane, tamoxifen, P-04 (Novogen), toremofine, 2-methoxyestradiol (EntreMed),
dexamethasone, or arzoxifene (Eli Lilly); photodynamic agents, such as, for example, talaporfin
(Light Sciences), Pd-bacteriopheophorbide (Yeda), Theralux (Theratechnologies), lutetium
texaphyrin (Pharmacyclics), motexafin gadolinium (Pharmacyclics), or hypericin; and tyrosine
kinase inhibitors, such as, for example, imatinib (Novartis), kahalide F (PharmaMar),
leflunomide (Sugen/Pharmacia), CEP-701 (Cephalon), ZD1839 (AstraZeneca), CEP-751
(Cephalon), erlotinib (Oncogene Science), MLN518 (Millenium), canertinib (Pfizer), PKC412
(Novartis), squalamine (Genaera), phenoxodiol, SU5416 (Pharmacia), trastuzumab (Genentech),
SU6668 (Pharmacia), C225 (ImClone), ZD4190 (AstraZeneca), rhu-Mab (Genentech), ZD6474
(AstraZeneca), MDX-H210 (Medarex), vatalanib (Novartis), 2C4 (Genentech), PK1166
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(BM5), CA-4 (OXi GENE), BMs 188797 (BMs), or taxoprexin (Protarga);

aromat ase i nhibitors, such as, for exanple, am noglutethimde, exenestane,

| et r ozol ewoavewmssdsane ( Bi oMedi ci nes), anastrazole, YM 5PCT/USYanmseuzhi), or
formestane; thym dyl ate synthase inhibitors, such as, for exanple,
penmetrexed (Eli Lilly), nolatrexed (Exi mas), ZD 9331 (BTG, or
CoFactor(tn) (Bi oKeys); DNA antagonists, such as, for exanple, trabectedin
(PharmaMar), mafosfam de (Baxter International), glufosfam de (Baxter

I nternational), apaziquone (Spectrum Pharnmaceuticals), albumn + 32P

(I sotope Solutions), 0 6 benzyl guani ne (Paligent), thynectacin

(Nevii 9b1 6, M SHO'RALLAE NN e LAIORRY  ABRIRCRT RS Sl OERBE O o

such exanpl e ogy nson &

Johns Y (Wy@ﬂﬁ,ﬂM@HEl(leﬁhEl’dnBDOPEKlﬂgﬁ)Q (prmhj I yI aI cohol (DO? Bi oPhar ma)

or BAY-43 9006 (Bayer); Punp inhibitors, suc or exanmple, CBT-1 (CBA
Phar nd$#060} os ubiua @at%elt ?rnlmﬂdm%tmh@raidéléwmtherﬂlpqw)agertw M&lil%hoh@%hbmye

bi ri coglay 09 (Schering AG; Hi stone

acetyl trandsd}f)gyté@ﬁmf{y o%%t4 (ggg%/@g%, for exanple, tacedinaline (Pfizer),
pi val q90a}y meThyse abdﬂttlpn&itagelﬁtﬁ'nmar’o)e,adﬁéAHAe(eAtseparEthhzrﬁm)l,a cdepseipeef fodeula

( Fuj Ij % .or Ms-275 (Scherlgég A%) Vet al | opr ot ej hase. i Phl bi tors, suchas,
for eddPplaEningeRRYURn pnparbeldmuliipls desges e me teynteyshy. Hhesp agstts may

mar i t I h I o({gqg% osi de

r eduﬁgghlogﬁlsgl}g%eg{bg géés)%?ﬁ ﬂaléxegft%?gﬁgg iyngfazéoné@hﬁtgﬁ%utlﬂ at ?t an),

t ezacicbmippsigo. AIfetdtIms;teredrals apit o€ a Myiltoply dosige dégiliox, thw(e wive@gﬁds nHeéDIet h);

Ther apBOEl oy LIFARY fomegun, o Cief Sas iveal JEREE el &t aBe™ e

Cor p. )Wltﬁlﬂpﬁk,éhbmlpmhf@f[g@@mer Inc.), or adalinumab (Abbott Laboratories);
endot helin A receptor antagoni sts, such as, for exanple, atrasentan

( Abbotl0962¥\ 58ke rvaurinbbethi 3 compamdadsarniuies I pradteaddifionslahgrapsiusic agem (in

R T R L L T

exanplngsy bendoaitigsdonitid exaaniee ndiaiabpy produce a single dosage form will vary depending
upon the host treated and the particular mode of administration. Preferably, the compositions of
this invention should be formulated so that a dosage of between 0.01 - 100 mg/kg body
weight/day of a compound of formula I can be administered. In one example, compositions are
formulated such that the dosage of a compound of formula I can be from 3 to 30 mg/kg body
weight/day. In another example, compositions are formulated such that the dosage of a
compound of formula I can be from 5 to 60 mg/kg body weight/day.
[0063] In those compositions that comprise an additional therapeutic agent, that additional
therapeutic agent and a compound of formula I may act synergistically. Therefore, the amount
of additional therapeutic agent in such compositions will be less than that required in a
monotherapy utilizing only that therapeutic agent. In such compositions a dosage of between
0.01 - 100 mg/kg body weight/day of the additional therapeutic agent can be administered.
[0064] The amount of additional therapeutic agent present in the compositions of this
invention will be no more than the amount that would normally be administered in a
composition comprising that therapeutic agent as the only active agent. Preferably the amount

of additional therapeutic agent in the presently disclosed compositions will range from about
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(Anosys), oncophage (Antigenics), pentrix (Australian Cancer Technol ogy),
GW (Progenies), |SF- 154 (Tragen), adenocarci noma vaccine (Biomra),
cancer vawoin®/i38¢ssercell), CTP-37 (AVI Bi oPharna), nor @eCirnuseBiomsdsaz ),

| RX-2 (I nmmuno-Rx), BLP-25 (Biomra), PEP-005 (Peplin Biotech), MaV
(Progenies), synchrovax vaccines (CTL I muno), beta-al ethine (Dovetail),
nmel anoma vaccine (CTL I muno), CLL therapy (Vasogen), or p2l RAS vacci ne
(GenVax); hornonal and anti hornmonal agents, such as, for exanple,
estrogens, prednisone, conjugated estrogens, nethyl prednisol one, ethinyl
estradi ol , prednisolone, chlortrianisen, aninoglutethinide i denestrol,

| eupr alyj Y% st ne el i 0 one,
e Sbh Y BB EF RO SE ) S BRBUE R TR ReRL g
f | uox yhesjcatiods; activeibgdnitde, net hyl t est ost er one, octreotlde
dlethylstllbestrol ni |l utam de, negestrol, mtotane, tanpxifen, P-04

( Novod89pS to@@%fﬂﬂréiwi m%k@éﬁh%wwtlcewm@ys theesehmatnalsobe, or

ar zoxi i)

ol apor TRy TS GBI LAXRATE ARRh B Autich Bevice Qo PAGE s
(Therahﬁhhdohbgse&wnﬂMuye&ss&m@endphhﬁmm (\Rsarlaretsnts [forcspmpho hevcelfaen
gadol i ni Phar mac C|ICS% er.i.cin, rosin nase inhibitors,

d
such é‘ée(y f??d)r CERIIFECnaSre S ﬂ?rﬁovzl 95?1%6.@?5 Htaftﬁfd@qu WM fafients
| ef I upg Q?en(s%%g)@ﬁyr ?ﬁﬁfaﬁﬁﬁle@emc@? sk’ Qdt fo%@ttﬂ@ﬁ &‘ﬁlatel%pé@%tl&ﬁsfﬁe%geneca)

CEP- 751 (Cephal on), erlotinib (Oncogene Science), MN518 (M Ileniunm,
caner tunpiabted Rffecte njay beGaLAtc(Nowafigited Dy prprciating fhe d(e@@n aatha) , phenoxodi ol ,

SU5416, ( Ph t Genent ech),,. SU6 Pha

SUB416, (ENALIRGH £ LT3R UEhIeh L Gonent soh), SUBG0R (PRaimmcL b 25
IVDX- H2A0g e(th(ﬂ fe%gl)atloﬂéf adaaddl inplNOMAE HéGdes amsel@@émamhatemwow 562;

166( Novartl S) -447 (Medarex), GA016 ﬁ?g axoSm t hKl i ne), ABX- EGF

( Abgersi386,026kad 5304, {3y eThﬁ) coafings arctypically bicomeytible polkBr B EmateNye sush as
Lg?gg]olhy'aléo? L§(§l${rr§&[ pgfgpr%%yrﬁgltk)xa%@ o%gjc(abltollac?o%e Ml%tﬁﬂ%ﬁlé élglc&g&ﬂgrlac&c not
acid, ethylene vinyl acetate, and mixtures thereof. The coatings may optionally be further

covered by a suitable topcoat of fluorosilicone, polysaccarides, polyethylene glycol,
phospholipids or combinations thereof to impart controlled release characteristics in the
composition. Implantable devices coated with a compound of formula I are another embodiment

of the present invention.

Preparation of Compounds of Formula I

[0066] In order that the invention described herein may be more fully understood, the
following examples are set forth. It should be understood that these examples are for illustrative
purposes only and are not to be construed as limiting this invention in any manner.

[0067] As used herein, other abbreviations, symbols and conventions are consistent with
those used in the contemporary scientific literature. See, e.g., Janet S. Dodd, ed., The ACS Style
Guide: A Manual for Authors and Editors, 2nd Ed., Washington, D.C.: American Chemical
Society, 1997, herein incorporated in its entirety by reference. The following definitions
describe terms and abbreviations used herein:

Brine a saturated solution of NaCl in water

BSA bovine serum albumin
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t han 90% by Cytochronme P45G3A4 (CYP3A4). [0061] Those additional agents may
be adm ni stered separately froma conpound of fornula I-containing

conposi t iw0,208813p@s5t of a nul tipl e dosage regi nen. Al t ePoatuse@bp3esthose
agents may be part of a single dosage form m xed together with a conpound
of formula | in a single conposition. If adm nistered as part of a nultiple
dosage regine, the two active agents nmay be submtted sinultaneously,
sequentially or within a period of time fromone another normally within
five hours fromone another. [0062] The anount of both, a compound of
formula | and the additional therapeutic agent (in those conpositions which
conpri ok addhhh&ﬂakuﬁggagpeutic agent as described above)) that may be
conbined W th the carrier materials to produce a single dosage formw ||
vary dpesdi ng whetotpiey hasd specteahaty and the particul ar node of

adm nistration. Preferably, the conpositions of this invention should be
for mulE4PA¢ so t Kyl aci¥8age of between 0.01 - 100 ng/ kg body wei ght/day of
a co of f can be adm nistered. In one exanple, conpositions
are Pgﬁﬁgfated %E@ﬁhﬁﬁg? t he dosage of a conpound of forrmula |I can be from
3 to HPIG/ kg bdigh peefoginbhataiquid chrametogeaphexanpl e, conpositions are

f or mul g such Ihﬁi t he dosage of a conpound of fornmula I can be from5 to
60 ngﬂgé& ody weidyit Shiegatopisy AHIRAELEEHnposi ti ons that conprise an
addi tigpal thergpgwyi ¢ agent, that additional therapeutic agent and a
conpound of forrmula | may act synergistically. Therefore, the anount of
addi t iNefaH t her apathaniot agent in such conpositions will be |ess than that
requir iLh a non era tilizing only that therapeutic agent. In such
conpogﬁ?ﬁgns a &%gggéinggﬁ?heen 0.01 - 100 ng/ kg body wei ght/day of the
addi tippgnal ther gpemfli ¢ agent can be adm ni stered. [0064] The anount of

addi tional therapeutic agent present in the conpositions of this
T room temperature

TCA trichloroacetic acid
THF tetrahydrofuran
TFA trifluoacetic acid

Example 1. Compounds of formula I1
[0068] Compounds 1001 and 1002 were purchased from Okeanos Tech, Beijing, China
(Catalog Nos. OK-J-05024 and OK-J-05025, respectively).

CH,
N” © N" ©

[1001] [1002]

[0069] Compound 1004 was prepared as shown in Scheme 1. Accordingly, as shown in step
1-1, to a suspension of NaH (60% in mineral oil, 8.47 g, 212 mmol) in DMSO at 0°C (260 mL)
was slowly added diethyl 2-methylmalonate (Compound 1005, 29.5 g, 169.4 mmol). The
mixture was stirred at 0°C for 2 hours and 3,4,5-trifluoronitrobenzene (25.0 g, 141.2 mmol) was
added. The resulting mixture was warmed to RT and stirred for 12 hours. The reaction mixture
was poured into saturated aq. NH4Cl solution and the precipitate was collected by filtration.

After washing with water 3 times, the resulting diethyl 2-(2,6-difluoro-4-nitrophenyl)-2-
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invention will be no nore than the anmpbunt that would normally be
adm ni stered in a conposition conprising that therapeutic agent as the only
active ageot210A3sdesr abl y t he amount of additional therapeutiseoiagasst2zi n t he
presently disclosed conpositions will range from about50%to 100% of the
anount normally present in a conmposition conprising that agent as the only
therapeutically active agent. [0065] Conpounds of fornula I, or
pharmaceutical conpositions thereof, may al so be incorporated into
conpositions for coating an inplantable medical device, such as prostheses,
artificial valves, vascular grafts, stents and catheters. Vascul ar stents,

o CIRR PR 7 O, L0 PO LB SR S P OBAPRg ™

i mpl aprablire adéviskeles is irstke abatredctibnat i on or platel et activation. These
unwant ed effects may be prevented or nmtigated by pre-coating the device

wi th dO%4r nedeshavenin serkdefptatpleionsyhsdihvliZor Q:élrﬂyprcvsflﬁgmaplv@naas%

i nhi bi Yol ted

| mpl ot A R S50 38 B R OR R leR PR S OB 8 “026: and
5, 304 afr@dsphdikenf cmotmgeng Sha amndsphnre atak yerthd ced ovihaltl i zh:ridethp cﬂwtmasr h}@iramhamed ats
such a. r ogel hy| di. si | oxane roI on

pol yegﬁmﬂiqd\a zofhe éowhgé%p e aeefaagé wté%&n#ﬁ% Eeot ared iR 1 ur es
t her eQfiatorhA&oGO&IHH)98d ﬂﬁ%o%tlésqgﬁb{féﬁ Qﬁief' HL ORI prEQURS eldlet&(su"l’tn%’dl&ﬁpﬂ E
topcoat of fluorosilicone, polysaccarides, po Iyethylene gl yco

phos plilainpias, 6atifloambherai - betiyhealeodte 1(60mmnmdt 1083 rﬁRﬁ)CHe]d 49.6 I%a%%
characterj sti in,the co osi tion, evices coated with a
by Gt TR e A b AR B et TP Rs ot + mvent i o
Prepangd71gn oAs Sisioings piii, kok Bolubon of H06HS] 2J(4La@ﬂmiﬁz 6tdaﬂﬁorbﬂeenlynxae ntion

descri bed herein may be nor e fully understood, the foll ow ng exanples are

set f angthylmatongteddf Q &3 UR deneld soarctrael RHREE.) ssea et MG (1101wt r at i ve
664.0 mmol). The mixture was heated at 100°C for 4 hours, cooled to 0°C, and acidified with

conc. HCl until a pH of 3 was obtained. The mixture was warmed to RT and stirred for 3 hours.
The resulting precipitate was collected by filtration, washed with water, and dried under high
vacuum at 50°C for 20 hours to provide 2-(4-amino-2,6-difluorophenyl)propanoic acid
(Compound 1008 [R = CH3], 22 g, 84% yield): 'H NMR (300.0 MHz, DMSO) § 12.25 (brs, 1H),
6.16 (d, J=10.8 Hz, 2H), 5.58 (s, 2H), 3.74 (q, J = 7.2 Hz, 1H) and 1.28 (d, J = 7.2 Hz, 3H)
ppm.

[0072] As shown in step 1-iv, a mixture of 2-(4-amino-2,6-difluorophenyl)propanoic acid
(19.0 g, 94.45 mmol), glycerol (35.83 g, 28.41 mL, 389.1 mmol), nitrobenzene (7.209 g, 6.028
mL, 58.56 mmol) and concentrated sulfuric acid (30.57 g, 16.61 mL, 311.7 mmol) was heated
gently. After cessation of the initial vigorous reaction, the mixture was heated to 170°C for 16
hours. After cooling, the volatiles were removed under reduced pressure, the residue dissolved
in MeOH (150 mL), 150 mL of 6N NaOH were added, and the mixture was heated at 110°C for
3 hours. After cooling to RT, the mixture was acidified with concentrated HCI to a pH of 3. The
resulting dark precipitate was collected by filtration and washed with water. The precipitate was
taken up in ethanol and thionyl chloride (11.24 g, 6.891 mL, 94.45 mmol) was carcfully added
dropwise. After addition was complete, the mixture was heated at 50°C for 20 hours. After

cooling to RT, the volatiles were removed under reduced pressure and the residue was dissolved
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purposes only and are not to be construed as limting this invention in any
manner. [0067] As used herein, other abbreviations, synbols and conventions
are consiwoento/msésh t hose used in the contenporary sci erCirfiseolios@nat ur e.
See, e.g., Janet S. Dodd, ed., The ACS Style CGuide: A Manual for Authors
and Editors, 2nd Ed., Washington, D.C : Anerican Chem cal Society, 1997,
herein incorporated in its entirety by reference. The foll ow ng definitions
describe terns and abbrevi ati ons used herein: Brine a saturated sol ution of
NaCl in water BSA bovine serum al bumi nDMSO di net hyl sul f oxi de ESMVS

el ectrospray nmass spectronetry Et QAc ethyl acetate EtOH ethyl al cohol HPLC

hi gh rfor Sl QUi h r | i.qui to - Mass
IO BB RS LSS R B AR N SR SO GG e
room tefip@édivith ® OMA The icoiibiicd aeginics vaee driddbvdr Mgy, dedifcud anvolimAe under
trifluoacetic acid Exanple 1. Conpounds of fornula II
reduced pressure, and subjected to medium-pressure silica gel chromatography (0%
EtOAc/Hexanes to 30% in 36 minutes) to provide methyl 2-(5,7-difluoroquinolin-6-
yl)propanoate (14.0 g, 56% yield for two steps). The methyl ester (5.0 g) was saponified by
taking it up in methanol (30 mL), treating the resulting solution with NaOH (16.58 mL of 6 M,
99.50 mmol), and stirring at RT for 20 hours. After careful acidification with conc. HCl to a pH
of 2, the resulting precipitate was collected by filtration and dried under high vacuum to provide
2-(5,7-difluoroquinolin-6-yl)propanoic acid, which was used as is in subsequent reactions.

Compound 1003 can be prepared by the same procedure as used in the preparation of Compound

1004 by replacing- diethyl 2-methylmalonate with diethyl malonate.

1. NaH, DMSO F 2
Et0,C.__CO,Et C(C:)Hét Hp, PA/C CHs
\CrH 2. F i 2= 7 step 14ii) CO,Et
3 02N F H-N F
/@[ [1003] “ Moo04]
O,N F

(step 1-i)

1. glycerol, H,SO,

nitrobenzene
NaOH/MeOH F CHs 2. 6M NaOH/MeOH F CHs
(step 1-iii) H,N F 3. SOCl,, EtOH, NZ F

O
[1005] 50°C 1
4. NaOH, MeOH [1006]

(step 1-iv)

Scheme 1

Example 2. Preparation of Compounds of Formula I1I

[0073] Compounds of formula ITI, wherein R* and R’ are hydrogen or methyl, can be
prepared as shown in Scheme 2. Accordingly, as shown in step 2-1 of Scheme 2, the
appropriately substituted quinoline acetic acid of formula II (248.5 mmol, 1.0 equivalent) and

1,3-diaminothiourea (273.4 mmol, 1.1 equivalents) is suspended in a mixture of tetramethylene
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[ 0068] Conpounds 1001 and 1002 were purchased from Ckeanos Tech, Beijing,
China (Catal og Nos. OK-J-05024 and OK-J-05025, respectively). [0069]
Conmpound wOQ410na866pr epared as shown in Schenme 1. Accor diPagIus0@936&hnwn in
step 1-i, to a suspension of NaH (60%in mneral oil, 8.47 g, 212 mol) in
DMSO at 00C (260 mL) was slowy added diethyl 2-nethyl mal onate (Conpound
1005, 29.5 g, 169.4 mmol). The m xture was stirred at 00C for 2 hours and
3,4,5-trifluoronitrobenzene (25.0 g, 141.2 mmol) was added. The resulting
m xture was warnmed to RT and stirred for 12 hours. The reaction m xture was
poured into saturated aq NH Cl solution and the precipitate was coll ected

by filt i g in i | ting,diethyl
> (o ulilq Glrable 35 AERMathaP &l Mol TRGnic el S IR A 0% PR ey
44.5 gquidalimi) eladhe&mhdmlﬁdratmdefeup@ducadldprde;s(slué eTAntkads@Omdsureds i N t he

next reaction. [0070] As shown in EW%E iji,.to a solution of diethyl
2- (2, elafly Masmed 0 M tG sk eﬁfgﬁpslorzhe %Qpr&fehé(t Boyra4 The gactigempghgeys i n

. f
atnns§%§$g%a§gw§§%ﬁacegvl1ﬁ79ﬁﬁgnd %ﬁg %?Q?%@g§ dfgﬁghgﬁgd{ E%m%gf for 3
days. sd'dmanﬁiiinalbqtﬂ'ﬁﬁaﬂf 600asL. yepll apels s dchicned. rH@aresultdngpmvpitamees t:ollet&de)d
throu dlahgnaceous and the volatiles renpoved unde ced

eart.h, g J reFP
press ft(éuum‘- raﬁ@gu‘f"?ﬁihﬁg Wd‘ihe‘t’éﬁflrl’ safurated sodium bicarbonate, water, and methyl t-butyl
(4- amepps Qreﬁaegﬂn‘;él 10FIQR RRILY 15 2B DY L ARLEBNAR at §0 7@ @4l AQ6nlpBumd §H3]

40.5 g, 99%y was dried under reduced pressure and used as is in the
next ﬁé@mﬂabﬂﬁ [0071] As shown in step 1-iii, to a solution of diethyl

2- (4-am no- 2, 6-di fl uorophenyl ) - 2- Inalonate (40.0 g, 132.8 Mol ) in
met hanol (200 m.) ma§4ad d 6M ﬁ 7 m., 664RDRﬁnDI) The mixture
was heated at 1000C flor = d : |dqjled w th cone.
HJ until a pH 0 alned ﬁhe'ﬁtxtu e t8 RT and stirred

for 3 hours. The_r ﬁg@ preC|Qmag&§Hw§s zbyJ¢+Qtrat|on, washed
with water, and d¥ied u hi g H,N  SH
[ CH3SO3H 90°C [IH]
(step 2-i)
Scheme 2

Example 3. Preparation of 5-(difluoro(quinolin-6-yl)methyl)-4-(iminotriphenylphosphorano)-
4H-1,2,4-triazole-3-thiol (Compound 1011)

[0074] Compounds of Formula ITlI, wherein each of R? and R? is fluoro and R* is hydrogen,
can be prepared as shown in Scheme 3. Accordingly, as shown in step 3-i, to a mixture of 6-
iodoquinoline (10.0 g, 39.21 mmol, purchased from Hangzhou Trylead Chemical Technology
Co., Ltd., China) and copper (nanopowder) (9.964 g, 156.8 mmol) in DMSO (150 mL) was
added ethyl 2-bromo-2,2-difluoro-acetate (10.35 g, 50.97 mmol). The mixture was heated at 60
°C for 6h, during which time the mixture turned from red copper suspension into a dark red near-
homogenous solution. After cooling to room temperature, the mixture was diluted with ethyl
acetate (300 mL) and aq saturated NH4Cl solution (450 mL). After stirring for 30 minutes, the
organic layer was separated, washed with water, washed with brine, and dried over magnisium
sulfate. Removal of the volatiles under reduced pressure gave crude product as red liquid.
Purification by medium pressure silica gel chromatography (DCM/ethyl acetate: 100% to 30%
in 25 min.) gave ethyl 2,2-difluoro-2-(quinolin-6-yl)acetate (Compound 1009, 51% yield): 'H
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vacuum at 500C for 20 hours to provide

2- (4-am no- 2, 6-di fl uor ophenyl ) propanoi ¢ acid (Conpound 1008 [R = CH3], 22
g, 84% yiwbadp1o/1BséeBIVR (300. 0 MHz, DMSO) d 12.25 (brs, | PCT/UG206/086812J =
10.8 Hz, 2H), 5.58 (s, 2H), 3.74 (g, J =7.2 Hz, IH and 1.28 (d, J =7.2
Hz, 3H) ppm [0072] As shown in step 1-iv, a m xture of

2- (4-am no- 2, 6-di fl uor ophenyl ) propanoic acid (19.0 g, 94.45 mol), gl ycerol
(35.83 g, 28.41 nL, 389.1 mol ), nitrobenzene (7.209 g, 6.028 nlL, 58.56
mol ) and concentrated sulfuric acid (30.57 g, 16.61 nL, 3 11.7 mml) was
heated gently. After cessation of the initial vigorous reacti on t he

erov AMRTIAT S M5 el 88k ot T 3o Bl bR P B TREL S "T50
mL of 26N\ 8NaKdy] MEY @. 5acdde1d= 421, 1R, B X (40 e Masizhed) ed B4 1106, 1f le 3H)hour s.

After cooling to RT, the mxture was acidified with concentrated HJ to a
pH of PBM-The resulting dark precipitate was col |l ected by filtration and

washe h wgi i Jhi onyl
chl or ﬂde 5? Own @%ég;?ﬁ IRISS%%X\’?*R# \%gsl“g% febf(ﬁ dldlﬂ{dl) dr OpWI se.
After damidivbd ﬁnethms)l (:mmhle) dydtabme (7 %5 gr e S0vad., Iiéatn&dolaxvva%dx(édt ard tR® hours.

After coaling to RT, vol atiles were r ved under reduc ressure and
t he r&e4°HOR %‘redYV%Ss%F’(F dit FPon FﬁH}&eEﬁ%reg‘Pr ﬁ‘gllff)l“ﬂ“%a TQHH“‘E&%F “g‘ﬁ@r?

vere s8pACRiAGHthd NRAFTURRUT WY HasEofttha&t with WM aPMe pDR a6 Q(H@ét&?fé)
organics were dried over MgpSO4, reduced in vol unme under reduced pressure,

and s$ojkidt lawbtlog neahigamepy basigh ¢hsiolutpa. Jdie rddmiltmmq@gm&ﬁhymp@ 3pas

Et OAc/ t03(V| te rrovi de net

o (o, PR PhEay SRttt vt B SR Misceo B GedRtciisar ver MaSOM: fligredy eps)
The rrahayﬁe \Qﬁétﬁés &ﬁmee(ghndzmecﬁ@&pﬁﬂe@sue@toqﬂomgQ NAdiflhiordR- ((ﬁurmﬁnt@nm (30
m.), treating the resulting solution with NaOH (16.58 nL of 6 M 99. 50

mol ) yl)aﬁmolsstdrwder@ aareliry sobd (@omnewrdsl 0185 9 Ep yéddef s enriiund dhat inga ugd: h

cone. b Sl MRl ualPih 00, P el P e vas col cted
[0076] As shown in step 3-iii of Scheme 3, Compound 1010 (3.55 g, 14.97 mmol) in EtOH
(71 mL) was treated with potassium hydroxide (924 mg, 16.5 mmol) and the reaction mixture
gently warmed to achieve homogeneity. Carbon disulfide (1.38 g, 1.09 mL, 18.2 mmol) was
added and the mixture stirred at 90°C for 4 hours, at which time intermediate compound 5-
(difluoro(quinolin-6-yl)methyl)-1,3,4-oxadiazole-2-thiol, sodium salt was formed. To the
refluxing solution was added hydrazine (4.80 g, 4.70 mL, 150 mmol), followed by addition of
3A molecular sieves (3g). After refluxing for 2 hours, the sieves were removed by filtration and
washed with EtOH. The combined organics were cooled to 0°C in an ice bath and treated with
conc. HCl under an atmosphere of nitrogen until a pH of 6.5 was achieved. The precipitate was
removed by filtration and the filtrate refluxed for 4 hours, using a Dean-Stark trap to collect any
excess water. The volatiles were removed under reduced pressure, the residue taken up to water,
and the pH adjusted to 6.5. The resulting solid was collected by filtration, washed with water,
and dried to produce 5-(difluoro(quinolin-6-yl)methyl)-4-amino-4H-1,2,4-triazole-3-thiol
(Compound 1011, 61% yield): 'H NMR (300.0 MHz, DMSO) § 14.28 (s, 1H), 9.03 - 9.02 (m,
1H), 8.56 (d, J = 8.0 Hz, 1H), 8.31 (s, 1H), 8.16 (d, J = 8.8 Hz, 1H), 7.90 (dd, J= 1.9, 8.8 Hz,
1H), 7.65 (q, J =4.2 Hz, 1H) and 5.69 (s, 2H) ppm.
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2- (5, 7-di fluoroqui nolin-6-yl)propanoic acid, which was used as is in
subsequent reactions. Conpound 1003 can be prepared by the sane procedure
as used iwothw/EBs@par ati on of Conpound 1004 by repl aci ng@cTdiSealapBe312
2-nmet hyl mal onate with diethyl malonate. 1. glycerol, H2SO4 nitrobenzene
(step 1-iv) Schene 1 Exanple 2. Preparation of Conpounds of Fornula II

[ 0073] Conpounds of formula I, wherein R2 and R3 are hydrogen or nethyl,
can be prepared as shown in Schene 2. Accordingly, as shown in step 2-i of
Schenme 2, the appropriately substituted quinoline acetic acid of fornula I
(248.5 nmmol, 1.0 equivalent) and 1,3-diam nothiourea (273.4 mml, 1.1

equi valents) is suspended '8 a?ﬂgéture of tetranethyl enesul fone (sulfolane

38 nilL) and watefx e sul fonic &gjf §E46*%Nnﬂﬂk 2.2
equi val ents) i 9l add he m xture,
reaction m xtureNis Iomﬂ dokp reactlon heated at 90 0C

SO|I di ssol ve. The
t loe
for 40 hours. The reaction Brxt eis codle |gban i ce (BgP Bitand water (75
m.) is added, followed b S@@gqcajeﬁﬁﬁ3addlt| f saturated sodi um
bi car bonat e (500 m.) unt|I a pH 8 is achieved. The resulting precipitate is
col l ected by vacuum fi Kt fatjon, WakQEdEWH h wat er, Bapfurated sodi um
bi car bonat e, waiex, ) Myl , t -2GEy90%: her T vNﬁq The product is
driedinavacu at 1155 To afford a d of f_t{rrmlalll Schene
2 Exampl e 3. Prepar 3. HoNNH,, 90°C N
5-(di fl uoro(qui nol i n{1®18jl ) et hyl ) - 4aépammotr|ph@mmyphésphorano)
4H-1, 2, 4-tri azol e-3-thi ol (Conpound 1011)

Scheme 3

@

Example 4. Compounds of formula IV

[0077] 4-Isothiocyanato-1-methyl-1H-pyrazole (Compound 1012), 4-isothiocyanato-1,3-
dimethyl-1H-pyrazole (Compound 1013), and 1-ethyl-4-isothiocyanato-1H-pyrazole (Compound
1014) were prepared from 1-methyl-1H-pyrazol-4-amine, 1,3-dimethyl-1H-pyrazol-4-amine
(from Matrix Chemical Co.), and 1-ethyl-1H-pyrazol-4-amine (from Oakwood Products),

respectively, by reacting the pyrazolamine with thiophosgene at 0°C in the presence of pyridine.

//S /,S //S
N’/ N// N /]
NN N
N—N, N-N_ N—N
\_ C H 3
[1012] [1013] [1014]

Example 5. Preparation of Compounds of Formula I

[0078] Compounds of formula I can be prepared as shown in Scheme 5. As shown in step 5-
1 of Scheme 5, a compound of formula III (453.3 mmol, 1.00 equivalent) and a compound of
formula IV together in pyridine are heated at 110°C for 15 hrs . After cooling to room
temperature, the reaction mixture is poured into 1N HCI solution, the precipiate collected by
filtration, washed with water, and purified by medium pressure silica gel chromtagraphy. When
desirable, racemic mixtures of compounds can be separated into their respective enantiomers by

supercritical fluid chromatography using a ChiralPak® AD-H column (20 mm x 250 mm, 5
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[ 0074] Conpounds of Formula Ill, wherein each of R2 and R3 is fluoro and R4
i s hydrogen, can be prepared as shown in Schenme 3. Accordingly, as shown in
step 3-i,wbaon/mBecsur e of 6- iodoquinoline (10.0 g, 39. PCTraseé10/o0pasizhased
from Hangzhou Tryl ead Chem cal Technol ogy Co., Ltd., China) and copper
(nanopowder) (9.964 g, 156.8 mmol) in DVMSO (150 nL) was added et hyl
2-brono-2, 2-di fluoro-acetate (10.35 g, 50.97 mmol ). The m xture was heated
at 60 OC for 6h, during which tine the m xture turned fromred copper
suspension into a dark red nearhonogenous sol ution. After cooling to room
terrperature the mxture was diluted with ethyl acetate (300 nL) and aq

sat ur I ; t] f es, ..t he

or ganl%](i:l(8 ay er So?g LeE Helllgr%‘aﬁ\tg é@&_@ %?elﬂé(v\nkﬁm@va %:gd I%\%v}is hd[’en(gjisocl)1 %qﬁﬁ) él’u,t&lgnd

dri ed vattedn ar@gcsprﬁmmeeml (oaloe DIReyMOW atatiofat hin@ppropradte Fles rueder reduced
pressure gave crude product as red liquid, Purification by medi um pressure
silica gel chromatography (DCM ethyl acgt’ﬁte 100%to 30%in 25 mn.) gave
et hyl 2, 2-difl uoro- (qU| nol i n-6-yl ) ad¥kt at e (Corm:@fUﬁ;dRmOQ 51% vyield):

1HNMR (300.0 MHz, @OCR3R’d 9.04 - @0 m | £ 8y21 (m 2H), 8.15
(s, IH), 7.93 (dg L2 1N8.9 Hz, N 7. 72Nz, IH), 4.35 (q,
J =7.1 Hz, 2K .34 N = fivt ,\13H) i

g\/\g&és shown in step
3-ii in Schene N’ {100 g 39. ) j ssolved in
et hanol (100 nl), hydrat‘n'ﬁe (S 65, Gictind - AL ﬁ 9 mmol) Wwas dlded, and the
reaction nixture Whs stirred at roomterrperatu for 19~ es. After
pouring the mxture into 2N HO sol(#ePém, the aqueous m xtlirNwas washed
twice with DCM and the pH was adjusted to 8 while bubbling rNtrogen gas

t hrough the solution. The resulting aqueous sol uti on was exhBusti vel y
extracted with DCM (10x) and the ccdk;gg]gl organics dried over MgSHA,
filtered, and the volatiles renove nder reduced pressure to provide

2, 2- diExampiaob. 2A(temam'md Pmep&atiod §faCahpdunds af Faends 1 aPyophtacon 8684 d ( Conpound

1010, (81 i %lol((%lug lin-6- )%16%1? qPRlu (q metpg?lt 1 p?lra%gle-g-yl)-[l,2,4]triazolo[3,4-
b][1,3,4]thiadiazol-6-amine (Compound 3)
[0079] Compounds of formula I can be also prepared as by reacting 4-
(iminotriphenylphosphorano)-4H-1,2,4-triazole-3-thiols with isocyanates. Accordingly, as
shown in step 6-1 of Scheme 6, 6-iodoquinoline (750 g, 2.94 mol) was loaded into a nitrogen-
purged 22 L round bottom flask equipped with a mechanical stirrer, temperature probe,
temperature readout, nitrogen inlet line, and a cooling bath. Anhydrous THF (5.25 L) was added
and the resulting solution cooled to -27°C using iPrOH/dry ice bath. -PrMgCI-LiCl (2.45L, 1.3
M in THF, 1.1 eq) was added over 1 hour 17 minutes via an addition funnel, maintaining the
temperature between -26°C and -29°C. The reaction mixture was then stirred for 2.5 hours with
the temperature maintained between -20°C and -29°C. The brown slurry was cooled to -53°C
over 25 min using an i-PrOH/dry ice bath and diethyl oxalate (469 g, 0.44 L, 1.1 eq) was added
over 1 hour 15 minutes via an addition funnel, maintaining the temperature between -51°C and
-53°C. The resulting dark solution was allowed to warm up to RT overnight (~18 hours) to
produce a mustard-colored slurry. A solution of ammonium chloride (500 g, 9.35 mol, 3.18 eq)
in water (4.5 L) was prepared and cooled to 10 °C using an ice bath. The reaction mixture was
transferred into the ammonium chloride solution over 37 minutes via a transfer line by pulling a

slight vacuum on the 22 L flask containing the stirring ammonium chloride solution. Once
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directly without further purification. [0076] As shown in step 3-iii of
Schene 3, Conpound 1010 (3.55 g, 14.97 mmol) in EtOH (71 nL) was treated

wi th pot awei2omvisgasoxi de (924 ng, 16.5 mmol) and the re&cTiusa0i0xd3uz e
gently warned to achi eve honogeneity. Carbon disulfide (1.38 g, 1.09 ni,
18.2 mmol ) was added and the m xture stirred at 900C for 4 hours, at which
time internedi ate conpound 5-

(di fluoro(quinolin-6-yl)methyl)-1, 3, 4-oxadi azol e-2-thiol, sodiumsalt was
formed. To the refluxing solution was added hydrazine (4.80 g, 4.70 niL, 150
nnDI) foll owed by addition of 3A nDIecuIar sieves (3g). After refluxing
for Leye ne.re LALT OH.
The B suebra EL e R B PR B P o3 BRI bR
cone. 11H6htednek€wer alsoudl mn,rmmeng)-ﬁvamtbppb@eﬂnduwerd wércptoetd b &pu@s. adhki eved.
The preC|p|tate was renoved by filtration and the f||trate refluxed for 4
hour s 2duequs ghascriel = &%@%Xﬁr@atsd pathdg OB Tady- e éye ofgapisrlayerhweitol at i | es
were I, ¢ t r, and the
pH adjgg@gﬁﬁaﬁﬁgﬁéh gﬁﬁggg(ﬁlng %% §%é§§g%#féé?§§ﬂgaﬁ?F?f%@g?on washed
wi t h wate@mntraed dinder vadudmo apiifdlt()@rowde an oil (763 g), which was purlﬁed by silica gel

5-(dif 6- 4 H|,2,4-1 | t hi ol
AT PO Al e it 0
9.02 (my cln'f(‘)entr@teé @n&éii 1vaé|uu‘m & |_861'51‘Z€7th§}1 I290)(082 Euu((ﬁm -4 Z@)ace@a‘cé 8s 4 Growh 511 8- 8 Hz,
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2H) pm@nﬁpbmmuﬂsa@amwa 54% dde:IINMMSOOMHuIIaMS‘Q _§HBTA0 (t, 3H), 4.51 (q,
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Cheni €282 €o wWere eorabitiedeintpy]2 L nHrqeenancded4owm bratopif flast cqulppodditRraoduct s)
mechanical stirrer, nitrogen inlet, temperature probe, and room temperature water bath. To the
resulting solution was added bis-(2-methoxyethyl)aminosulfur trifluoride (DeoxoFluor™, 615 g,
0.50 L, 2.26 eq) over 45 minutes via an addition funnel. Absolute EtOH (12.8 g, 15 mL, 0.21
eq) was added via syringe in portions over 3 minutes and the reaction allowed to stir overnight at
ambient temperature. In-process samples were taken, worked-up, and analyzed by 'H-NMR in
order to monitor the progress of the reaction. Typical starting material to product molar ratio
after the first ethanol addition was about 2:3. Accordingly, additional EtOH portions (12.3 g, 0.2
eq) were sequentially added via syringe with periods of 10 to 20 hours between additions until
the observed starting material content was lower than 10%. A quench solution was prepared by
mixing sodium bicarbonate (827 g, 8 equiv.) in water (8.3 L) and cooling to to 13 °C in an ice
bath. The reaction mixture was transferred into the sodium bicarbonate quench solution over 0.5
hour via a transfer line by pulling vacuum on the 22 L flask containing the stirring sodium
bicarbonate solution. Vigorous gas evolution was observed. The temperature was maintained
between 10°C - 13°C, during the quench, after which time the ice bath was removed and the
mixture stirred for 2 hours at 12°C - 15 °C. The DCM layer was separated and the aqueous layer
extracted with DCM (2 x 1 L). The DCM layers were combined and concentrated at 26 °C under
vacuum to give 349 g of crude oil which was purified by silica chromatography (7:1 to 4:1

hexane/EtOAc). Fractions containing pure product were combined and concentrated to give an
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respectively, by reacting the pyrazolam ne wth thiophosgene at QC in the
presence of pyridine. CH [1012] [1013] [1014] Exanple 5. Preparation of
Conmpoundswof2otearsgasta | [ 0078] Conpounds of formula | camrChaspriepasser as
shown in Schene 5. As shown in step 5- i of Schene 5, a conpound of fornula
11 (453.3 mmol, 1.00 equivalent) and a conpound of fornula IV together in
pyridine are heated at 1100C for 15 hrs . After cooling to room
tenperature, the reaction mxture is poured into IN HO solution, the
precipiate collected by filtration, washed with water, and purified by

medi um pressure silica gel chrontagraphy. Wen desirable, racemc m xtures

of conpo epar.a r e en tiL0 . .
super ot PRI R TRG BHRaEHGrLaRS P p L SRR OB S e b
X 250 ety mmuﬁnom T-ofuinnehin-©- ) accGhe E@zltrfﬁl (@drn}letH 1009 ured o 38 %ickd)2%0 nm 5
m cron col um eluting with an appropriate MeOH 1% DEA) ZCO ratio at an
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Corrpounds of fornula | can be also prepared as by reacting A—

(i m notir bqﬂﬁ@dwqmm@pm wavydded IGommpund 4 99REA6H &, 833 Himune)) @ﬁtct KtQH 6¥3fankl-es.

Accor in d o]y q 7 2.94
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inlet line, and a cooling bath, Anhydrous THF (5.25 L) was added and the

r esul tRHBABNLIDE HHeBabraaerse bylew ) g Tlmr@fimarey b?@é"%&?mo"? MAVBY - Li C

(2. 45 ixtube Stirred at room temp for 2 hours. The reaction mixture was concentrated in vacuo and
the yellow solid dried in a vacuum oven (50 °C, 20 — 25 mm Hg, N, sweep) to give sodium 2,2-
difluoro-2-(quinolin-6-yl)acetate (Compound 1016, 156.0 g, 99% yield): "H NMR (500 MHz,
DMSO-ds) 6 7.50-7.55 (dd, 1H), 7.90-7.85 (dd, 1H), 8.10-8.15 (d, 1H), 8.10 (s, 1H), 8.40 — 8.45
(d, 1H), 8.95-8.90 (dd, 1H); "’F NMR (470 MHz, DMSO-ds) & -98.15.

[0082] As shown in step 6-iv of Scheme 6, to a 3 L round-bottom flask equipped with a
heating mantel, reflux condenser, thermocouple, mechanical stirrer, and purged with N, was
added Compound 1016 (98.6 g, 326.4 mmol), 1,3-dimethyl-2-imidazolidinone (1.607 L), and
pyridine (38.73 g, 39.60 mL, 489.6 mmol). 50% propanephosphonic acid anhydride (T3P®) in 2-
methyltetrahydrofuran (415.4 g, 652.8 mmol) was added in a single portion and a 15-20°C
exotherm was observed. The reaction mixture was heated to 70°C for 1 hour, at which time
thiocarbohydrazine (53.03 g, 489.6 mmol) was added in one portion. The reaction mixture was
stirred for an additional 3 hours and then an additional portion of 50% T3P in 2-MeTHF (207.7
g, 326.4 mmol) was added, followed by stirring at 70°C overnight. The reaction mixture was
cooled to room temperature. In a separate flask, a solution of sodium bicarbonate (219.3 g,
2.611 mol) in water (2.41 L) was cooled using an ice/water bath. The reaction mixture was
slowly added to the quench solution via cannula over 45 minutes, during which time foaming
and precipitation of the product were observed. The solution was stirred at 5°C for an additional
hour at pH = 7. The resulting solids were collected by suction filtration and the cake washed

with water (3.2 L) and MTBE (3.2 L). The white solid was dried in a vacuum oven (50 °C, 20 —
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Min THF, 1.1 eq) was added over 1 hour 17 mnutes via an addition funnel,
mai nt ai ni ng the tenperature between -26C and -29C. The reaction m xture was
t hen stirweadofoorsses5 hours with the tenperature maintai rea/usetnoadsiz 200C
and -29C. The brown slurry was cooled to -53C over 25 min using an

[-PrOH/ dry ice bath and diethyl oxalate (469 g, 0.44 L, 1.1 eq) was added
over 1 hour 15 mnutes via an addition funnel, maintaining the tenperature
bet ween -51 0C and -53C. The resulting dark solution was all owed to warm up
to RT overnight (~18 hours) to produce a nustard-colored slurry. A solution
of amoni um chloride (500 g, 9.35 nol, 3 18 eq) in water (4.5 L) was

br epangd, 411, 600180 1 A0 DS N0 Afkal €50 Bak HS S LBELLRN [ ur e vas
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sti rr:ﬁa% ammoni um chlori dée sol ution. Oncetransfer was conpleted, the ice
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2.5 L water). The organic phase was concentrated under vacuumat 25C to
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bi 5 ( ZAmBiRev AL SR toyhe NS VBB ch (149 mle 490,
mmol) and the reaction then stirred for additional 45 min. The solid was collected by filtration
and the cake washed with CH3;CN (132 mL). The cake was dried in a vacuum oven at 45 °C
with a nitrogen bleed to produce 5-(difluoro(quinolin-6-yl)methyl)-4-
(iminotriphenylphosphorano)-4H-1,2,4-triazole-3-thiol (Compound 1017, 25.57 g, 98.8%yield)
as a beige solid: '"H NMR (400 MHz, DMSO-ds) & 7.51-7.42 (m, 6H), 7.70-7.56 (m, 12H), 8.11
(d, 1H), 8.16 (m, 1H), 8.49 (dd, 1H), 9;03 (dd, 1H), 13.64 (br s, 1H); ’F NMR (376 MHz,
DMSO-ds) 8 -91.77; *'P NMR (162 MHz, DMSO-de) 5 19.71.

[0084] As shown in step 6-vi of Scheme 6, to a 2 L, 4-necked, round-bottomed flask fitted
with overhead stirrer, thermocouple, reflux condenser, and nitrogen bubbler was added 1-
methylpyrazole-4-carboxylic acid (27.33 g, 216.7 mmol). Toluene (600 mL) and triethylamine
(30.70 g, 42.29 mL, 303.4 mmol) were added at 20.1 °C with no observed temperature increase.
The resulting white slurry became a colorless solution after heating to 103 °C.
Diphenylphsophoryl azide (DPPA, 61.48 g, 48.14 mL, 216.7 mmol) was added over a period of
30 minutes, keeping the temperature at between 103.1 and 107 °C. Heating was discontinued
and allowed to cool to room temperature. The resulting 4-isocyanato-1-methyl-1H-pyrazole was
not isolated and instead to it was added Compound 1017 (120 g, 216.7 mmol) in one portion at
room temperature. Analytical HPLC analysis immediately after the addition showed 51.2 %
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0.50 L, 2.26 eq) over 45 mnutes via an addition funnel. Absolute EtCH

(12.8 g, 15 nm, 0.21 eq) was added via syringe in portions over 3 m nutes

and the rweacvioonis&bl owed to stir overnight at anbient tecparsaioee3i2

I n- process sanpl es were taken, worked-up, and anal yzed by 1H NVR in order

to monitor the progress of the reaction. Typical starting material to

product nolar ratio after the first ethanol addition was about 2:3.

Accordi ngly, additional EtOH portions (12.3 g, 0.2 eq) were sequentially

added via syringe with periods of 10 to 20 hours between additions until

t he observed starting material content was |ower than 10% A quench
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19FNWVR (470 MHz, DMSO-d6) d -101.2. [0081] As shown in step 6-iii of Schene
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ML of methyl-1H-pyrazol-4-yl)-[1,2,4]triazolo[3,4-b][ 1,3,4]thiadiazol-6-amine (Compound 3, 111 g),

which was further purified by crystallization. Accordingly, a 33.5 g portion of this material to
250 mL 3-neck round bottom flask fitted with mechanical stirrer and nitrogen bubbler. The solid
was an orange-tan color. A total of 135 mL of CH3CN was added to give a thick slurry. After
2.5 hours, the solids were collected by suction filtration after 3 hours. The wet cake was washed
with CH3CN (67 mL) to give 13.9 g of wet solid. Vacuum drying was carried out (43 °C, 20 —
25 in Hg, N, sweep) over 15.5 hours to give 10.25 g of pure Compound 3 (> 99.9% purity by
HPLC analysis, < 0.1% PPh30O). The MeCN filtrate was treated with equal amount of water. A
solid precipitated and the slurry was stirred for 2 hours. The solid was collected by suction
filtration. The wet cake was washed with 35 mL water. The cake was dried (43 °C, 20 — 25 in
Hg, N, sweep) to give 9.5 g of a solid material, which was treated with CH3CN as above to
provide an additional 4.78 g of pure Compound 3 (total = 15.03 g, 57.7 % overall yield from
Compound 1017). The yield can be increased further by aminolyzing the urea side product
(Compound 1018) with NH3/MeOH to recover additional Compound 3.
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2 M aqueous solution, 1.141 nol) was added slowy over 1 hour to the
reaction mxture whilst maintaining the internal tenperature below 20 0C
The i ce/ viDap10@asdsswWas renoved and the m xture stirred &CTrusemmoassp2 f or 2
hours. The reaction m xture was concentrated in vacuo and the yellow solid
dried in a vacuumoven (50 0C, 20 - 25 nm Hg, N sweep) to give sodium 2, 2-
di fl uoro-2-(quinolin-6-yl)acetate (Conpound 1016, 156.0 g, 99%yield): 1U
NVR (500 MHz, DMSO-J ) d 7.50-7.55 (dd, IH), 7.90-7.85 (dd, IH), 8.10-8.15
(d, IH, 8.10 (s, IH), 8.40 - 8.45 (d, IH), 8.95-8.90 (dd, IH); 19FNWR (470
MHz, DMSO- d6) d -98.15. [0082] As shown in step 6-iv of Schene 6, to a 3 L
round-bottom fl ask equi pped with a heating mantel, reflux condenser,

t her nocoupl e, _rechanl-¢&MELiYSlerF and pur ge§f with eduompound 1016
(98.6 g, i3 @ pl ), FO°SIPREL hyl - 2 hpir 8 z0 'ﬁion@@%ﬁgng),ﬁand

pyri di ne 3.3 g, 39.60 nL, 489.6 8 pr opanephggihoni ¢ aci d
anhydride NT3P(r)) i# (896t hyl t et r aNydrdfuran (415. 4 gep &p2. 8 MOl ) was
added in a single port?ORIERE a 15- 200C exot herm was observed. The reaction
n xture was heated to (Fao@)for 1 hour, [H'hich tinme thiocarbohydrazine
(53.03 g, 489.6 nmol) was added in one portion. The reacti op m xture was
stirred for an addirti onal 3 hours and therf\gf addi ti onddN~ j-doihi2of 50% T3P
in 2-MeT I 2SN oPMNfved by sHirrHng at 700C
over ni ghtf]. ea ion mMXture wasg edl t gy, room ature. In'a
separat e TASKZ a Dl uti onEGH sodi U bi Tar bonat e (Zigl.g’gﬁé; Py5digg 799(?7[”) in
wat er (2.41 [l'r%)og‘ﬁ"as cool ed0G49 RF an i cepumfer bath. The r@&&efitn ni xture was
sl ow y added t he quend#ies®liuti on via cannul a over 45 minutes, during
which time foam ng and precipitation of the product were opﬁerved. The
solution was stirred at 5C for an additional hour at pHoEC7.
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Scheme 6

[0085] Analytical data for Compounds 1-8 are shown in Table 1.

Table 1. Physical Characterization of Compounds of Formula I

Cmpd. | ESMS "H NMR (300 MHz, unless indicated otherwise),

No. (M+H) NMR peaks given as 6 values in ppm
(methanol-d4) 6 8.81 (dd, J = 1.7, 4.3 Hz, 1H), 8.37 (dd, J = 0.9,
8.4 Hz, 1H), 8.04 - 7.98 (m, 2H), 7.79 (dd, J = 2.1, 8.8 Hz, 1H),

1 377.17 |7.55(dd,J=1.9,2.4Hz, 1H), 7.52 (d, J=4.3 Hz, 1H), 7.42 (d, J
=0.7 Hz, 1H), 4.86 - 4.80 (m, 1H), 3.79 (s, 3H) and 1.94 (d, J =
7.2 Hz, 3H)
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(Conpound 1011, 57 g, 58%yield): 1HNMR (500 MHz, DMBO-d6) d 5.70-5.65 (s,
2H), 7.50- 7.55 (dd, IH), 7.90-7.85 (dd, IH), 8.10-8.15 (d, IH), 8.10 (s,
IH), 8.40w0.24B/138665| H), 8.95- 8.90 (dd, IH), 14.3-14. 25PCFUSHDO3BIFNVR

(470 MHz, DVMSO- d6) d -92.50. [0083] As shown in step 6-v of Schene 6,

tri phenyl phosphine (17.66 g, 67.35 mmol ), 1,1,1, 2, 2, 2- hexachl or oet hane
(15.94 g, 67.35 mmol ), Conpound 1011 (13.37 g, 44.90 mml) were conbined in
a 500 m. round bottomflask fitted with a mechanical stirrer, thernocouple,
under an atnosphere of nitrogen. Anhydrous acetonitrile (461.0 nL) was
added fol | oned by the addition O Et 3N (14 09 g, 19.41 nl, 139.2 mmol ) to

t he sti nred nxt whitst—arn i el ' etween 2 1. 41-25. 1
0C. The #%ég ‘ion ure beca%%hﬁkk(ggnggfﬂ@‘%l §>ae§8ﬁﬁ“%§§%ne a slurry
once theprodu tMgdhel ) Ak ZHIGH 38 iy 308. 9
nm., 44.90 mol) was th L Blinddl, by kﬁé‘:H@iUﬂbﬁ .B9 g,
18.19 ml, 449.0 mml) phd HhéH).Sa4 i bﬁSKmezuH)stm&r(éd ¥or.la88iHz,d 45 m n.
The soliid Ras [co}17ett ed7.by (dd, Ut 1P, b HantH), Aes20dkb=vasHed Hy, 742 GH JCN| (132
m.). The cake was dri egd=i0v dzViahudgooveto (at, 145, DD W, BH) andhi b4 ¢ddr= bl eed to
produce |5- (di f| uor o( qul nolHA3BH Yl ) et hyl ) - 4- (ininotriphenylphosphorano)-4
H1,2, 4/TT1azol & 3-thip Dmm §ng. g%qg-ﬁ, Lm dcﬂJ :91558%;@ aRA DEi ge
solid: 1H NMR (400 NPE ) lf”] 12H) ,
8.1 1 (d B, 839606 n} d§1 iﬁ; i’% s
IH); 19F NVR (B76 Mz, NH%I d
19.71. [0084} As—shown f R v uuub“b .bU\bd
round- bottoned| fl ask f @Ql\élé%ﬁ'@ﬁ 18\?19r( ”eéal)s? P4 (‘Er’ %ﬁﬁzn{)@b&pﬁ d. 5 | ux
condensér, gand| ni iy ogent-BilnllBy. 8dxGadidbd-20-(dnbt iy By ,r]ﬁ)@7874d%dr:boxyl ic
acid (27.33 g,| 216.7 nnbP)8.9 T, lEne €00 mid)2 Hadl ), 7e56r(y|1éim 768(80. 70 g,
42.29 ml, 303.4 mol ) wldpaadteéd(saBH20.1 OC with no observed tenperature
i ncrease. (methanol-d4) 6 9.25 (d, J = 6.3 Hz, 2H), 8.48 (s, 1H), 8.32 (s,
5 39124 1H), 8.15 (dd, J = 6.3, 7.6 Hz, 1H), 8.14 (s, 1H), 7.80 (s, 1H), 7.51
' (s, 1H), 5.21 (q, J=7.2 Hz, 1H), 4.16 (q, J = 7.3 Hz, 2H), 2.03 (d,
J=7.2Hz 3H)and 1.42 (t, ] = 7.3 Hz, 3H)
(methanol-d4) 6 9.25 (d, J = 6.3 Hz, 2H), 8.48 (s, 1H), 8.32 (s,
6 39124 1H), 8.15 (dd, J = 6.3, 7.6 Hz, 1H), 8.14 (s, 1H), 7.80 (s, 1H), 7.51
' (s, 1H), 5.21 (q, J=7.2 Hz, 1H), 4.16 (q, J = 7.3 Hz, 2H), 2.03 (d,
J=7.2Hz 3H)and 1.42 (t, ] = 7.3 Hz, 3H)
(DMSO-dg) 6 9.91 (s, 1H), 8.93 - 8.92 (m, 1H), 8.47 (d,J=7.9
. 139120 | B2 1H), 7.80-7.75 (m, 1H), 7.62 - 7.58 (m, 2H), 4.78 (q,1 = 7.5
' Hz, 1H), 3.69 (s, 3H), 2.03 (s, 3H) and 1.83 (d, J = 7.2 Hz, 3H)
ppm
(DMSO-dg) 6 9.91 (s, 1H), 8.93 - 8.92 (m, 1H), 8.47 (d,J=7.9
g 139120 | B2 1H), 7.80-7.75 (m, 1H), 7.62 - 7.58 (m, 2H), 4.78 (q,1 = 7.5
' Hz, 1H), 3.69 (s, 3H), 2.03 (s, 3H) and 1.83 (d, J = 7.2 Hz, 3H)
ppm

Biological assay of Compounds of Formula I
Example 3. c-Met kinase inhibition assay
[0086]

kinase using a standard radiometric assay. Briefly, in this kinase assay the transfer of the

The compounds of the invention were screened for their ability to inhibit c-Met
terminal **P-phosphate in **P-ATP to substrate polyE4Y is interrogated. The assay was carried

out in 96-well plates to a final volume of 100 uL per well containing 0.5 nM c-Met, 100 mM
HEPES (pH 7.5), 10 mM MgCl;, 25 mM NacCl, 0.01% BSA, 1 mM DTT, 0.5 mg/mL polyE4Y,
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The resulting white slurry becane a colorless solution after heating to 103
0C. Di phenyl phsophoryl azide (DPPA, 61.48 g, 48.14 nL, 216.7 mmol) was
added ovewoaopens@d of 30 m nutes, keeping the tenperat eca/tskolomsesern 103. 1
and 107 OC. Heating was discontinued and allowed to cool to room
tenperature. The resulting 4-isocyanato-| -nethyl- |H pyrazole was not
isolated and instead to it was added Conpound 1017 (120 g, 216.7 mml) in
one portion at roomtenperature. Analytical HPLC analysis i mediately after
the addition showed 51.2 %onversion of the starting material to Conpound
3. Starting wth 216.7 mmol of 1- nethyl pyrazol e-4-carboxylic acid,

addi ti i y ) re ated
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m Xt uri@ nieisinitiadsslesoletbriso Sthe dilutists ihdRASOoReithdnngdevb @bedithilfiual HPLC
anal ysi s indjcated 100% conversion after addition. EtOAc (240 nlL) was added

to t heohigaps {05 HhoAssayurdes 1 nel aliqyet PEDM%%Pbmmﬂ@r froPYEE) Wﬁédqeéé‘é?‘i‘“@n was

t f 3 Th
coke (oA MaitaTh it ERiGTLol AT, b BabPEE Sin BECMAbULERY O 15,
111,3 (dl}taﬂnbdidioaz&gﬂﬁ) yAjtet 2Bmii, $i{d remﬁtolnwf&slqubhqﬂlﬁdamthl 50411131 by 8i0%a ( Corrpound

1018 a pro was wash 600 0 nL The fil e was
concertf 9@3th %&&SJA&WP@{%?%/E &}\ﬁ“ﬁaﬁ laenrea U%@e@ﬂtrs %ﬂ%ﬁei of a
br own o0dd mm! Qe et pMRS és ﬁ% uﬂ@wasﬂydgﬂrex%ﬁ{é@mﬁ%m pp(r;lwlﬁgﬂm col umm
chr omat ogr aphy, u5|n 8:T'ratio OSIOto crude oil and eluting with a
gr adi edditioh of 90 ub. cﬁ“%l&tn@d G}(pid%h,]gh@f:[fgg’l@dﬂ@gmtlllant (Packard Bioscience), the
3-(difluo ui nol
s byt a90PeS W Bl iR P EEs Mpaout N RELBhlais Seindlsionand heminssesitgound
3, 11X c@hter (WickhrdIisSEilideh eThdKI VAlh@dydry c@l&M§teaIuking@mcmoftmgrsmml y, a
33.5 g portion of this material to 250 nL 3-neck round bottomflask fitted
wi t h messresrp ddithosdaty 1iOethe hmtlwloddgf@hcqmmnm tightkindingiiehivgion akad enge- t an
col or 1 t v C rry. After
2.5 hocuor sg O%E@Ae g%?u S wer e %{ e g%g[ﬁoglt foc'ﬁl t(Fft1rgsasttﬁé('f)nnﬁ)af‘{d\l7i hour s.
The wet cake was washed

Example 4. Inhibition c-Met activity in Snu5 gastric carcinoma cells

[0087] Compounds of formula I were also screened for their ability to inhibit the Luciferase—
induced signal in an engineered Snu5 cell line. Snu5 [obtained from American Type Culture
Collection (Catalog number CRL-5973)] is a human gastric carcinoma known to overexpress c-
Met, which is constitutively active. The cell line was transduced with the retrovirus, pCLPCX,
which contains a genetic construct consisting of 6xAP1 promoter response elements and a
luciferase gene having a C-terminal PEST sequence (proteolytic signal from mouse ornithine
decarboxylase, which reduces the half-life of the luciferase). The constitutively active c-Met
activates cellular pathways (principally MAP kinase), resulting in AP-1-induced transcription of
luciferase-PEST and translation into the final product, the activity of which is quantifiable as a
chemiluminescent readout upon the addition of luciferin (Steady-Glo from Promega.). Residual
luminescence is strongly correlated to the inhibition of c-Met. A stable cell line was obtained by
selecting the new cell line (Snu5-AP1-Luc-Pest) with puromycin. The cells were grown in
complete media [Iscove’s media (Invitrogen) containing 10% fetal bovine serum (FBS, Hyclone)
and penicillin/gentamycin (Invitrogen)]. Compounds of the invention were dissolved in DMSO

to make 10 mM initial stock solutions. Serial dilutions in DMSO were then made and
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with CH3CN (67 mL) to give 13.9 g of wet solid. Vacuumdrying was carried
out (43 0C, 20 - 25 in Hg, N2 sweep) over 15.5 hours to give 10.25 g of
pure Conpworediodi3gess99. 9% purity by HPLC anal ysis, < 0. 1%CPRIis2@p/036Bh2 MeCN
filtrate was treated with equal anmount of water. A solid precipitated and
the slurry was stirred for 2 hours. The solid was collected by suction
filtration. The wet cake was washed with 35 nL water. The cake was dried
(43 0C, 20 - 25 in Hg, N2 sweep) to give 9.5 g of a solid material, which
was treated with CH3CN as above to provide an additional 4.78 g of pure
Conpound 3 (total = 15.03 g, 57.7 %overall yield from Conpound 1017). The

yield Lher furthe 1 NGl yzi the U S| r.edu

{ compeiiaeltf ) niRe e b e BB e R BB R RE Re e 6

[ 0085]conad yiid ditaltedlaot 200f0D0-Gtimadusdstiok Starc@lls (oWl ) wierd abidel td.cadiolbieinl .
Physi cal Characterization of Conpounds of Farmnul a |Biol ogical assay of
ConpodrifsWel biagk wiithlqar Qe uoéatgFC%taMetTh@inrié)st& Phihe B0 FORPAEKSPIYIGDSES The
conmpounds, of , t he, i.nyenti on re screened. for.thei ility to inhjbit c-Met
i nbsoel fgnb TbdRHETRaaTE R LSRR L7 ST b RiadbRs gy
the tnansf o6 Ll rtReStRIGRALaZIPRBASRHAIR BB Rell@nd Phetd &t £pRal YE4Y
i's mterroga#ed. The assay was carried out in 96-well plates to a PI nal

vol unshdfer {@0 minupesrto weduire thehthaicailnge@.comphtdy Msed. TOOplad WERES] opk 7. 5) |

AP ASCOMEFRGRy T RB R sbRYe et ARt isrbsec Sl QP B Faso t o make

10 mMdomgoualis BtR6kehS®hat OIS, vaigs falthdinhibiticNe M 28NS iMBhes bikgfc made to
obtain the final solutions for the assay. A 1.5 nL aliquot of DMSO or

i nhi bicegsinony EUSOS lgasthand8@ndb each well, foll owed by the addition O
33P-ATP, and finally the addition of c-Met and pol yE4Y (obtained from
Sigma). After 20 mn, the reaction was quenched with 50 nL of 30%

t ri chiBxan®tes.i hhitdiich §fGADr gRitRims Agusk MMATP. The reaction m xture was

tr ansf[(%sr gd ¢ 8ortnggund 3 was investigated for its ability to inhibit tumor growth of
subcutaneously implanted SNU-5 gastric cancer cells in severe combined immunodeficient
(SCID) mice. SNU-5 cells (CRL-5973, American Type Culture Collection, Manassas, VA) were
cultured in ISCOVE’s Modified Dulbecco’s Medium (IMDM) (Invitrogen, Carlsbad, CA)
supplemented with 10% fetal bovine serum (FBS) (Hyclone, Logan, UT), 100 units/mL of
penicillin, 100 mg/mL of streptomycin (Invitrogen, Carlsbad, CA), and 2 mM L-glutamine.
Cells were cultured for fewer than 4 passages prior to implantation. Female SCID mice (Fox
Chase SCID, CB-17, mice weighing 17 to 19 g obtained from Charles River Laboratories,
Wilmington, MA) were injected subcutaneously (s.c.) with 5 x 10° SNU-5 cells into the right
dorsal axillary region on Day 0. Treatments were initiated on Day 25 when the average tumor
volume reached approximately 358 mm’.
[0089] Compound 3, formulated in a vehicle containing 30% (w/v) Propylene Glycol and
10% Solutol (Sigma-Aldrich, St Louis, MO) as a suspended homogenous form, was
administered orally (p.o.) once daily (QD) at total daily doses of 3, 10, and 30 mg/kg/day for 14
days. Tumor volumes (calculated using the ellipsoid formula, (Iength x width®)/2, where length
and width represented the largest and smallest dimensions of the tumor, respectively) were

recorded for two weeks after the initiation of treatment. The study was terminated 38 days after
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0.66 M G- filter plates (Corning) and washed three tines with 5% TCA
Foll ow ng the addition of 50 nmL of Utinmate Gold(tm high efficiency
scintill aw020Pack&s5d Bi osci ence), the sanpl es were countet/tisrola/oRaekar d
TopCount NXT Mcroplate Scintillation and Lum nescence Counter (Packard
Bi oSci ence). The Klval ues were cal cul ated using M crosoft Excel Solver
macros to fit the data to the kinetic nodel for conpetitive tight-binding
i nhi bi tion.
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Table 3. SNU-5 tumor weights at study termination

Animal ID | Vehicle, | Compound 3 | Compound 3 | Compound 3

10 mL/kg | 30 mg/kg/day | 10 mg/kg/day | 3 mg/kg/day
1 863 350 275 508
2 838 327 305 368
3 896 150 371 679
4 974 246 309 596
5 857 180 319 619
6 1607 173 476 505
7 760 260 358 525
8 629 420 469 485
9 896 250 279 605
10 1151 156 660 655
11 418 851
12 400 770
13 387 405
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counted and diluted to 200, 000-cells/nL solution. The cells (90 nL) were
added to each well in a 96-well black with clear bottom plate (Costar).
Then 10 mMvOab10i138663Ox conpound sol uti on was added to th@CTAaiSk&L0i086312
triplicate. The plates were incubated in a 37C/5% CO i ncubator. After 6
hours, 50 nL of the Steady-d o reagent (Pronmega) was added to each well and
pl aced on a plate shaker for 5 mnutes to ensure that the cells were
conpletely lysed. The plate was read on a 1450 M crobeta Liquid
Scintillation and Lum nescence Counter (Perkin-Elner). Each of Conpounds 1
t hrough 8 had an | C50 val ue for the inhibition c-Met activity in Snub5

gast rirc—carcinonma_ cetd tess Llld.ll 200 nM—Exanmpte 5. Inhibition of tunor
gr owt hA|n|‘*Im%l IR Sehifdrie CPUU)’QBT Ednpeupenm hasonpssd Bgated for its ability
to i nh| b|t t unpro eildivik h3 @ingdighdayt alrmaﬁgi/kgwayrrmllﬁg/ﬂqgma{}?NU-S gastric cancer
cells ffvere COomor Med 1 mmumodgf T Cl gﬂq \bu D) §1 SNU-5 cells

(CRL- ‘)973 nefrican Type Culture [Coll i0 Qsas VA) were cultured in
| SCOVE' s M)dlf ed Dul becco' s Medijum (M@M InV|9tggoger, Carl sbad, CA)

suppl erepted—mth—10%fetal—beovire—serum{(FBS—(Hyelone, Logan, UT), 100
uni t s/ mMeanpeni O#TIli n| 102(251629/ m| of 38f r7ept 0rryc61r95(| nvi trogen, Carl sbad,
CA), and Y -gs garr s were, chrtune L@r fewer than 4 passages
prior[to | ant ‘on Fer‘r%' Saib ce(Fo> Ch eSSCID, CB- 17, mce

wei ghi ng gﬁ to 1984g7 obt ai negilgf rom Chazj £s Rijver 4paboratories, WI m ngton,
MA) were—njected—subcutaneousty(s-c ) wtihr 5 x1066—SNU-5 cells into the
right dorsal axillary region on Day 0. Treatnents were initiated on Day 25
when t[b@(nver AYShdWATRI TabldsUNEh dr 3 Tohgduad B ldemb iRl dysidbBcdiBnd (389]
Conpound 3, fornulated in a vehicle containing 30% (W v) méglyl ene GI ycol

and 109psicuit ati-tomioy pefivit a pil dhee dpseleiplsstestr) AglosqokiLpe efbus
form tf¥asr regression of -23.9% (P < 0.001) by tumor volume analysis. Tumors harvested from the

3, 10, and 30 mg/kg/day VRT-846198 treatment groups were significantly smaller than those
harvested from the vehicle control group, with percent weight reductions of 34.5%, 59.3%, and

73.5%, respectively (all P<0.002).

Example 6. Inhibition of tumor metastasis in mouse model

[0091] Compound 3 was investigated for its ability to inhibit the metastasis of
subcutaneously implanted tumors to the lungs of severe combined immunodeficient (SCID)
mice. Accordingly, A549 cells (A549HGF-Im1115, transfected with hepatocyte growth factor,
luciferase, and green fluorescent protein) were cultured in RPMI11640 medium (Invitrogen,
Carlsbad, CA) supplemented with 10% fetal bovine serum (FBS) (Hyclone, Logan, UT), 100
units/mL of penicillin, 100 mg/mL of streptomycin (Invitrogen, Carlsbad, CA), and 2 mM L-
glutamine for fewer than 4 passages prior to implantation. 3-(Difluoro(quinolin-6-yl)methyl)-N-
(1-methyl-1H-pyrazol-4-yl)-[1,2,4]triazolo[3,4-D][1,3,4]thiadiazol-6-amine (Compound 3) was
formulated in a vehicle containing 0.5% (w/v) methylcellulose (Sigma-Aldrich, St Louis, MO)
and 0.1% (v/v) Tween 80™ ag a dissolved homogenous form, which was prepared fresh each
day and administered to mice via oral gavage at a dosing volume of 10 mL/kg.

[0092] Female SCID mice were injected subcutaneously (s.c.) with 5 x 10° A549HGF cells
into the right dorsal axillary region on Day 0. Treatments were initiated on the same day by oral

administration (p.o.) of Compound 3 once daily (QD) at total daily doses of 30 and 60 mg/kg/day
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adm nistered orally (p.o.) once daily (QD) at total daily doses of 3, 10,
and 30 ng/ kg/day for 14 days. Tunor vol unes (cal cul ated using the ellipsoid
formul a, wbengitiseeswi dth 2)/2, where | ength and wi dt h r eprasemvssbsihe

| argest and snal |l est di nensions of the tunor, respectively) were recorded
for two weeks after the initiation of treatnment. The study was term nated
38 days aftertunor inplantation. Average tunor volunes are presented in
Tabl e 2. Tunor weights at the termnation of the study are presented in
Tabl e 3. *tunor vol une nmeasurenents are in nmand are reported as nean
standard error Table 3. SNU—5 tunmor wei ghts at study term' nat i on[ 0090] As
shown )T e d SI ca
dosedeﬂfjlgznzd(gpt anélp tunnltz)gFmgg %S‘évte%a]%?&?%({r%velg%%gee eve3l s%%égﬁgrdtheA dose

of 30 ingake! caycatsit) tbdlp!onnd ans fdsLeglrte$esJuﬁrin ﬁé srgaiﬁcaﬁb dhengeoln%ﬁﬂarpy t unor
vol une anal ysis. Tunors harvested fromthe 3 and kg/ day

VRT- 8M@gum%%llr@ﬁwlgwd%@te\/@r@p&n@ﬁmfl|f<eramt0|6y10§ﬁ¢eﬁt |38r0réﬂa¢g/lfg46%yequﬁwvest ed

from c r cent wei ght reductions of 34.5%
59. 3%@%%@?@&@%5%?%% 91(%‘:“%1%%5%02)_ Exanpl e 6. |nhibition of tumnor

met ast[6@93 | nlmardseorwalehte [tlﬁﬂeﬁﬁﬂ-maaﬂtpﬁupdeﬁial\mﬁ Compesitd g&tt dat thioninatien of
ability to,inhihit e netastasis of suhcut uslyl anted tunors to the
[ ungs tH S, P@ll@&h@%élasqewmqsad@ﬂﬁﬁ ey Porobeni PEFNYPY, A549
cells ﬁ@i@cﬂ%ﬁ'%n Wl ludifRasctiidnti&atedrmid H‘llh%ﬁ@{eﬁ’%éttﬁmgf oM k@ ¢ 4Phun

| uci fer ase, and green fluorescent protein) were cultured in RPM 16%0 medi um
(1 nvi ttlssgm’q ,Studmtetrsmmﬂlon@ngl theudapd ment isdioatetthat \09sfcend 3 sigificratly entubity FBS)

I 00 ts/ | | t t
(1 et SPoemaa Sphmeteitse e Sty BRGiCammouny 3 PR (i sages
prior ﬂu@rdsﬁéﬂt abiiloif 6672, 8=(1086 11 LWwraf &Hh;lb'ﬁi’&d @d-v@hield eoRiEB (hvel¥ee flhorRbhty! - |
- pyr azol - 4- triazolo[3,4 3, 4] t hi adi azol - 6-am ne ( Conpound 3)

)
was f sewil Zéél31[§li£2\7£ﬁlscﬂl‘é o@d@)ni ng 0.5% (W v) methyl cel | ul ose
(Sigma-Aldrich, St Louis, M)
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and 0.1% (v/v) Tween 80(tn) as a dissol ved honbgenous form which was

prepared fresh each day and adm nistered to mce via oral
dosi ng vowormi10of38668 nl/ kg.

gavage at a
[0092] Femal e SCID m ce werePCHjuset10m36312

subcut aneously (s.c.) with 5 x 106 A549HGF cells into the right dorsal
axillary region on Day 0. Treatnents were initiated on the sanme day by oral

adm nistration (p.o.) of Conpound 3 once daily (QD) at total
30 and 60 ny/ kg/ dayfor 22 days.
twice a week for 3 weeks after the initiation of treatnent.

Ecto

pi c tunor

dai ly doses of
measurenents were recorded
Compound 3 was

found to result in no significant change in primary A549 tunor ceII grovvth
at th nt n 0 t he
t UNor el"a%‘eléfa 19 V\é%@%n‘%e r??%:lér?l gn? Cf;drpm?%_ltl& éfD O%eetrea?%ovg‘gl? 5?{1}1%%%(
eval uatbﬁtrcblmﬁlrﬁmtreﬁteda&ﬂlaﬁﬂwveg@ctlent| al of Corrpound , at the term natl on of
the study all a,m_uaJ_l_ucg_t_Lssues_\Ae
honogeni zat i on| f orAERayIY o quatehids.cpCoswound3d|juci femagend 3ini fescence.
Table 4 illustfrates the tunoflel/kepsf egtke/dryl (ungdtingsgalagt st udy
term nation and the data thef dcaquntsd] cafceurdthiat |Conpdomeht® si gnificantly
inhibits the formation of |upg @g@@)astasq%m@ mice tregfgd W th Conpound 3
at 60 ng/ kg/ day—{averagge—FHuprescentcount 6/2—3—1986—1—-S9EM conpared
to vehicle controls (2average fl2l980escent5@@unt of 235305 82718.2 SEM p <
0.02). Tabl e 4. Cum nescence p genNi z 'ung ti ss\urﬁ7 n SCID mce treated
with Conpound 3 vs. contral 13350 rpafgg)g tlh anly :th cle |[0094] Al
publications nd pat ehts cit ed 4|300t hi s spE@ fi cati on BRe hereil|n
i ncor por at ed by —ref ergnce as f—eachndi vi duat—pubticationor patent were
specifically a]nd i ndiVi dual | Ocat ed $#/%e ijncor por4Ped by |ref erence.
Al t hough the foregoing inventigghdpas| beesy@descrii bed ijgygpne detail by way
of illustratiop—andexanplefor purppses—ofclarity orunderstianding, it
will be readilly apparent to th(%éOof ordi7a@@y skill 2hl@the art| in |ight of
the teachings [of Thisginvent|o cer hanges nmodi f|li cati ons may
be nade theretjo without depa t?%u fr [thb(gm rit or 6 ™
9 26700 6430 16500
10 13300 4340 1440
11 112000 65400 2620
12 19300 2230 2920
13 12100 5540
Mean 23531.5 12740.8 6672.3
standard deviation | 29884 3 17828.3 7169.7
standard error 8278.2 5146.7 1986.1

[0094]

All publications and patents cited in this specification are herein incorporated by

reference as if each individual publication or patent were specifically and individually indicated

to be incorporated by reference. Although the foregoing invention has been described in some

detail by way of illustration and example for purposes of clarity or understanding, it will be

readily apparent to those of ordinary skill in the art in light of the teachings of this invention that

certain changes and modifications may be made thereto without departing from the spirit or

scope of the appended claims.
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CLAIMS

What is claimed is:
1. The compound having the formula:

N
™~
7 N

N N/}i\—/<s
b

H

\
Z

or a pharmaceutically acceptable salt thereof.

2. A phammaceutical composition comprising the com-
pound according to claim 1, or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable carrier, adju-
vant or vehicle,

3. The composition according to claim 2, additionally com-
prising a chemotherapeutic or anti-proliferative agent.
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