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I NVENTI ON [ 0001] Rel at ed Application [0002] The present

application clains priority of U S. Provisiona

Application Serial No. 60/752,781 filed Decenber 21,

2005, which is incorporated herein in its entirety by

this reference. [0003]Field of the Invention

[ 0004] The present invention relates to a novel salt

and, nore particularly, to a novel salt of
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[0007]In proliferative di seases, genetic nutations
and/ or overexpression of the gromﬁh factor receptors,
downst ream si gnaling proteins, or protein kinases
involved in the ERIC ki nase pathway lead to
uncontrolled cell proliferation and, eventually, tunor
formati on. For exanple, sone cancers contain nutations
which result in the continuous activation of this
pat hway due to continuous production of growh
factors. Clher nutatlons can Iead to defects in the
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100081As constitutive or overactivation of MAP | dnase
cascade plays a pivotal role in cell proliferation
and differentiation, inhibition of this pathway is
bel i eved to be beneficial in hyperproliferative

di seases. MEK is a key player in this pathway as it is
downstream of Ras and Raf. Additionally, it is an
attractive therapeutic target because the only known
substrates for MEK phosphoryl ation are the NMAP
kinases, ERIC | and 2. Inhibition of MEK has been
shown to have potential therapeutic benefit in severa
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«3§§ gé»do not formeasily and/or are not stabl e, mhlch

is probably due to | ow pKa val ues. The pKa val ue
expresses the strength of atids and base, i.e., the
tendency for an acid to |ose a



proton or a base to add a proton (Bronsted J.N., Rec.

Tray. Chins. (1923) 47:718). This is particularly true

for Compound 1. SUMVARY OF TIIE | NVENTI ON [ 0014] The
present invention provides a hydrogen sulfate salt

(1:1 drug; 112804) of Conpound I and various forns

thereof, all of which are included within the scope of

the invention. The salt may be in various forns, al

of which are included within the scope of the

i nvention. These forns include anhydrous forns as well

as solvates. A further formnmay be produced by
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#’%Wﬂﬁggmﬁ? ¥ nvention shall be set forth in part
in the descriptionhat folﬁoms and in part W |
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| earned by the practice of t
advant ages of the inventio
attai ned by neans of thet
conbi nat i ons, conpositions," d net hods partlcularly
poi nted out in the appended cl ai ns. BRI EF DESCRI PTI ON
OF THE FI GURES [ 0018] The agcongaqying drawi ngs, which
are incorporated herein an part of the
specification, illustrate non-linmting enbodinents of
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erve | es nvention. In
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[0012] WO 03/077914 discloses, in general terms, certain pharmaceutically

acceptable salts of the compounds disclosed therein. Specifically, it is stated in WO
03/077914 that pharmaceutically acceptable salts of the compounds disclosed therein that
possess a sufficiently basic moiety may form acid addition salts containing pharmaceutically
acceptable amons, and a range of such anions are listed. Similarly, suitable salts of the
compounds possessing an acidic moiety are to be formed by treatment of a compound with a
basic compound and particularly an inorganic base.

[0013] The form of a pharmaceutically active compound which is used in
medicaments is suitably one that provides for reasonable handling properties, which allow it
to be processed and formulated. However, it is also necessary to ensure that the biological
properties of the final formulation, such as dissolution rate of tablets and bioavailability of
active ingredient are optimized, and there is frequently compromises to be made in selecting
a particular form which best fulfils all these various requirements. However, in some cases,
salts do not form easily and/or are not stable, which is probably due to low pKa values. The

pKa value expresses the strength of acids and base, i.e., the tendency for an acid to lose a



[0019] Figure 1 shows the XR PD of the hydrogen sulfate
salt of Conpound 1; [0020] Figure 2 shows the infrared
spectrum of the hydrogen sulfate salt of Conpound 1
obt ai ned using the DRI FTS sanpling techni que; and
100211Fi gure 3 shows the results of plasm
concentration |levels of Conpound 1 follow ng
adm ni stration of 150 ng free base equival ent ora
di spersion doses of Conmpound 1 (x) and the hydrogen
sulfate salt to fasted dogs (A). DETAILED DESCRI PTI ON
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articular enmbodinment, the salt |s anhy rous
q”ﬁ?ﬁ%& ¥R%sul fate salt of Conpound 1. Further, the
present i nverBRIEF RESVRIEION QF IHIYEIGEREBat e sal t
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phar maceut | cal ﬁgrtles hat mak particul arly
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desextifitiod] sepe s explodd the paficiflegididigdvantiar.e crystal li ne. The
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e base in terns in their handling properties
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pharmaceuti cal properties when conpared to the free
base of Conmpound 1 and certain other salt forns of
Compound 1. In particular, the dissolution rate of
this crystalline salt, as WF" as its bioavailability
has been found to be part|cularly hi gh as conpared to
the free base and other salts, as illustrated in the
exanpl es hereinafter. The enhanced bi oavai l ability of
t he hydrogen sulfate salt of Conpound 1 over the free
base has been shown to be independent of the
fornmul ati on used for adm nistration. The

bi oavail ability of the free base and hydrogen sulfate




- fornms have been conpared herein when dosed in the sane
di spersion fornulations, but simlar differences in
bi oavail ability were al so observed for sinple tablet
formul ations. [0026]When it is stated that the present
invention relates to a salt of Conpound 1 which is a
crystalline salt the degree of crystallinity is
conveniently greater than about 60% nore conveniently
greater than about 80% preferably greater than about
90% and nore preferably greater than about 95% Mbst
preferably the degree of crystallinity is greater than
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[0025] In one embodiment of the invention the hydrogen sulfate salt of Compound 1

is a crystalline salt, which has surprisingly been found to possess improved pharmaceutical
properties when compared to the free base of Compound 1 and certain other salt forms of
Compound 1. Im particular, the dissolution rate of this crystalline salt, as well as its
bioavailability has been found to be particularly high as compared to the free base and other
salts, as illustrated in the examples hereinafter. The enhanced bioavailability of the hydrogen
sulfate salt of Compound 1 over the free base has been shown to be independent of the

formulation used for administration. The bioavailability of the free base and hydrogen sulfate
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" [00341Sui tably the anmount of water added in step (i)
is restricted to that necessary to ensure that the
salt is formed. The precise anmounts used will depend
upon the particular nature of the solvent, the
concentration of the sulfuric acid etc., but
typically, the water will be present in an anmount of
| ess than 20% v/v of the total |iquid present, for
exanple from13- 17%v/v. [00351In a particular
enbodi nent, the organic solvent used in step (i) is
2- but anone (nethyl ethyl ketone), water is

fomaphaxs bednedophplidohafeid berl Hofedl dn wind sowes digpegisiorh éornglations, but

SIQHQILI&{E‘feranes nq)lij%gﬁgl%&g' &J&Je QISJ) X?se%gd gQ Qﬂ%mgblét ﬂ)ﬁnulatlons

pr oxi mat
[09@@361SUIWIEFB|1§/IS | thatd e afes% prfvelpt}oei ralates 1q A s&lt %C?xpgound 1

whﬁh G4 Eﬂyﬁtﬁihﬁ?dﬁaltltﬁb &egﬁe@%b@kda&@htﬁ&rmwmeﬁmy gRx@Npheatdit 60%,
erature
O STRCTHUK S 1B B0b 0o BUAERLET R h s S0 ped mors
prefezabiyt gredterohan3008@5%; Mest prefangbibhide d@t@mﬂcasmﬂlfm ispgigpter than
agg g\@@n 55-75 C, and as a further exarrpl e at about 65
ani c

100371Sui tabl e organi ¢ |i | ds ud
l"&a’rlvent o Thh e¥ieRt ’é@ﬁ‘&&ﬁﬁ‘ﬂ“’i‘ HE P “L‘é’f ﬁ’ﬁq’g&@g@“ sulfate salt is
susrésing vyt ys metlculatle useAﬂ sirge thehfetediase, of ioepexyplr lekss ibeam classified as

a 'téﬁ,@ad%q' aégga;nu S CIEER ol hhd ?magJ a0l § Mmomﬁgom due t0

vent per gram o ute for exang
basle depe dissobgion me ﬂfbpef?‘ll_‘e?t?fll%o“l“@é‘?ﬁ lippiggtio 0f RergYealifily peabsorption
mg_:fh@ St Swhsaatwouldadt wstella bk vipeked ones subﬁslsmammﬁmn@léﬁpmn
a et.o S SucC ano, Ol S SucC as
(Sgp g%ﬁé?msple or Tex e“ﬁ (2801? Ea‘ﬁro PeCh e fP’hgf’ﬁ and esters
[0828Ih as Gtifebid si@watce of the bydrégen sebffamﬂltevf 539“@91#3:1 1 are formed from
a 08I e JF r&ol@@rﬁs, icﬁﬁmor ahid€soNeBid ubh %Q'té&ﬁﬁfdrbﬁran (THF),

e B o et ol el e

esers JuchOasr@Riky! asyrs,efot egamedel sthyltceticaland Ketenesesily ae Ci.galkyl

ke‘PcHIek %%%pl@@%ﬁ?gﬁh}tl(ﬂgto@(é%t yth a nmixture of the

e desired salt

lﬂe? stal | P?@ﬂa?qnd?ﬁ%@ltﬁv b sitected i te3rting g shigwiob Fempgund 1 in
anhﬁgaﬁ@d‘rimme@hnw\atahr itk swiAgi asid) Bbd Iﬁépara{ueﬁ) 303 LN selespipaiximately 1

eqls.l.{vaf%n s si.\l[ﬁbrlc ac{f.ll lf uéégr S in% Tﬂ? E) %splgs-:ncq e 1@65&091%@&5 Innethod

cOoo e reac Opt Oona
for/\menartnae hadrgeani ssﬁateﬁahqu 1Comppunsk Ig s#d @elhpé eQTEpTISg: t h at

obitﬁ hydr ag eéacﬁigl § alufty 52! (Colnpoie Ciiliah Wr@blic Hd8d bid WaRF with
qui ag I %/ FFB‘?;“the same organic liquid as used
apP’f“? §?aé yt“? VA P13y, $&a different organic liquid,
[09313vi ded(it) ¢covening sheasglt &nmain jeswdhtselntioi;end t he hydr ogen
fate pqxﬁﬁ é%%d f i on
:053&] gi?at?mergef e S?r :llece Hﬁgm% asbﬂgté&lrégf

th cry S 0 ogen sulfat€ salt of Conp ound
:‘Hr‘ay as $hepole gatiorpl ﬂﬁa@f}ﬂum of splfigic aﬁl‘dde Eempound 1 is sulta y in the

range of from 1.00:1 to 2:1, for example in a range from 1.05:1 to 1.15:1. The sulfuric acid
used is suitably in the form of concentrated sulfuric acid. In a particularly embodiment, the
mole ratio of sulfuric acid to Compound 1 is 1.10:1.0.

[0034] Suitably the amount of water added in step (i) is restricted to that necessary to
ensure that the salt is formed. The precise amounts used will depend upon the particular
nature of the solvent, the concentration of the sulfuric acid etc., but typically, the water will

be present in an amount of less than 20% v/v of the total liquid present, for example from 13-

6



[0040] I n one enbodi ment, prior to cooling, the
filtrate is first subjected to a distillation step to
renove water and to ensure that the salt is recovered
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conventional excipients. [00451The anount of the
active conpound adm ni stered will be dependent on the
subj ect being treated, the severity of the disorder or
condition, the rate of adm nistration, the disposition
of the conpound and the discretion of the prescribing
physi ci an. However, an effective dosage is in the
range of about 0.01 to about 100 ng per kg body wei ght
per day, preferably about 1 to about 35 ny/kg/day, in
single or divided doses. For a 70 kg human, this would
anount to about 0.7 to 7000 ng/day, preferably about
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function or _antibodies to He anes 0060
any SERQFS (h5F Srofiferas BhFerertat Paest YR ) ), %;‘% a%ﬁ‘ proliferate by
abéreedit Gesnelthebninte kinave &xiaafping apd g§)ebaigndard meligngniowdlls of other
prctlﬁgﬂgmcfa cﬁ&gscp ﬁﬁ@%&e%ESang E%%nlérfeérﬁﬂ&glkase §éﬁ9¥hdn@&9§ tors
r owt i es

I actor ant actor
[0058¢ ept or Then tarBofreating"( forused dpptin t'rH@s atthqrwise piggicated, means

rev@hdi ) QUdvidting SthhiBHAR fthe] piBEEaPsA B pﬂevenm@marmsor&%Rcondmon to

it - t i bod
oL AR AU, e Bl 1 SRS ) HRD
"treamept o5 weit hiveid] eslesti stbhkwsed indica@lerefereto e adroff freatipg as

nu&ﬁm ewﬁbﬁ&dgﬂﬁghggylgggnatology, 2005, Vol . 54,
‘Eﬁh such 1 nhibitors al so include E§r03|ne ki_.nase
i bit

oTlng Jatmtsathat G Be Msted it sRIRORIds T eAMRGFIGRROL the
pre@aﬂ wenﬁmdlwe( foﬁéxaﬁwmh@nﬁmhﬁwﬁe&ydmgbw a3 hakih @ pSeiasis,

C f)Slsr, lger%f: O 1s pﬁg%y l\.gng7 ancery 8)(211 s al(l 3;:ell l% o?nccr bone cancer,

y) qU|nazoI|n 4-am ne (gef |n|b AZD1839) ,
N—(3-ethyny|phenyl)-6,7-bis% - met hoxyet hoxy) qui nazol i n
-4-amne (erlotinib, OSI-774) and

6-acryl am do- N- ( 3-chl or o- 4-fi uor opheny1) - 7- ( 3- nor phol
nopr opoxy) qui nazolin-4-amne (Cl 1033)) and erbB2
tyrosi ne ki nase inhibitors such as |apatinib,

i nhibitors of the hepatocyte gromh factor famly,

i nhibitors of the platelet-derived growh factor




[ 0062] and additional types of chenotherapeutic agent

i ncluding: [0063](vii) biological response nodifiers
(for exanple interferon); [0064](viii) antibodies (for
exanpl e ecirecol omab); [0065] (i x) antisense therapies,
for exanple those which are directed to the targets
listed above, such as ISIS 2503, an anti-ras

anti sense; [0066](x) gene therapy approaches,

i ncludi ng for exanpl e approaches to replace aberrant
genes such as aberrant p53 or aberrant BRCA | or
BRCA2, GDEPT (gene-directed enzyne pro-drug therapy)

(Empﬁeﬁlbﬁﬁlcsébﬁ&ra&l&m EskikS tdhBerC Y8 JTehIRANLABSRK, melanoma
ni t r.or educt ase. en

t h
h n%elrt zlfglpr Sacéh CO%gt%B%tﬁa@ F‘Haars’é‘e%"é‘ﬂ”éhf’tef’%? &R 8VEE GHERE, rectal
caivenrgtrver apthe gmalr igiiont sienap ycaseec hrols grobdri brefastigancer, testicular,
g&&%&l@éx@ R0 BE, HibElARYomad) Q:al[cg”gﬁle]o(f Xthe) fahmt)é}egagaﬁbma of

roaches, including for exanp ex-vivo and in vivo
IO

DREHY: FBCIPOR? Q5TE toRdv ?ﬁﬁwﬂﬂgae?ﬁ tprypeiat op striappa of the
viluaD wrarke| ¢adeers bmhtiphs niyelamsf Beiatooeliulir t darcipihak Hodgkiss divease,

caﬂl%exj J}{tﬁg «l:sgblea L) c&lclel &ttﬁg gtﬁﬁ”a%stfillegu%na?r of thef eélg?corilpe system (e.g.,

ranu OCé- &ge colony s ,
°%‘ﬁ?fr%°é’&% grojdy PEFé‘@V’é’ @ afirepgl] dlangple pgygomag 9P sefhttsEes, epPH @I the
uilethed) Sheet eflihe maqxssedt& SanSet¢ Bhrdsic Q)Y haktd Rekdnians fesikaer acute
m?glgx%r leui(a%m(l:ae lsc|>l d éurgc% S 4% lﬂﬁ%ha 8%8 (f;?'%iél lﬁ‘?’f’ﬁ Ir %@Sffaenggr gf the
bladder.rad¢ee of ﬂE@Ob@@]YF‘mur@Rraﬁml,eenaé ctiy darergexna,s:atcﬁ@m @ahet renal

p&fﬂs)c@fm&i;blﬁmh offthé &ﬁuéﬁﬁ%hﬁ syste [ ChrinPidy ‘@,‘I\tShlyﬂiBhoma, spinal

effective. anpu re substances sel ect ed

g %‘fﬂoésn}l’ﬁa%&ﬂ’bgm P%plﬁ‘g‘@i’f £8°181¥nal  transducti on
[005Fi bi t 0fThe hedvogeantiifge silti dfSloatpovrel gey bsappli@DGO] dole therapy or

me'“irIv'oﬁHl\/:DﬁJ 2R b W hydn 9%%{. g a0 Sf‘é%goxﬁ’:gejmoﬁe of Bk other

- 2 natrlx- op roti enase I nni ors,
SuRRjRRcSS eRdeY F%atfﬁ%ttf%u |Saﬁ‘r G?IPJ%IHfagéa“Q?ml REH BF eefiered fygway of the
sifo@ankebus( yLERRK g SaREAe lalil}nnisﬁhmbi bb Iﬂﬁ:, mﬂﬁ[ﬂuh&d&hﬁﬁﬂed@ of the

tre%%ﬂénllj n CI‘IK Iﬂ'%nﬁe\eﬁ %P edigqr{)%co d 3 rac Clél ‘(I) autsee ascal E)matlon of

esent |nven O%harnaceu composi t1 ons
d’ﬁf@é%trfpwﬂﬁ@rl@ent to B@afrqatleeahem Wextaaberc@xnlbthal whédbieydhesother

cohﬁo@héﬂit?} giEAuEﬁBEaﬁM (raduaeth Q&dxtx&ﬁtdj@&ﬁff(tulﬂ.d ll@%rotgcn sulfate salt
ecoxl sefu r X al |l oprotl enase

R Ry A s TR I e e A
thardpend¢ @260Pch WD 98/ 03516, V\D 98/ 34918, WO 98/ 34915, WO

[0@33768( ) %%%4%@!5@ Qgenygu%)/ap EEQ@wm\épnx%%é&Q %ﬁ’ectm vascular

S. Patent 5, ,
gEovgh ffagiqr (oy qxalaplc Ve eRtiypseuler, GBﬁ‘%IEﬁhélt %f‘dl ﬁréw@r ffactor
aniibpdyltevacizamiab [ £tas@sM)\and §ESFeREPtor Sdb:hﬁdlhﬁasé/hﬁﬂﬂioﬁl’hﬁich as 4-

4- %c? Z-ﬁﬂgfo%fugor) %—ﬁgtgw;yhpé étﬁ}?lﬁlpe 2411?-4 Cyu titoxy?qr;]xin%gol'{nﬁ at

ose

(Z%)éwc F?‘%*UPI? 2|Vﬁﬂmbmo Pap265 1)aﬁdﬁ1ﬂ|uowmgmgthﬂmdat $-yloxy)eb-migthoxy-
7-@t el LS PRy RukRESIREL QlAZB3881 ; (Exafiple M within WP 0847212),

olVEn O S Yo g €y W B N 36500 componnds

sucéxmﬂbb@sdlsﬂoswmx imdrhdsiohalr Ratans efpplicationd WORIRSBNIWO 97/30035,
WOERESO I PHR %%é%d B0 GiatRoik b &?fﬁl%ﬁ lqlg’c'h%gigs from those

ti[100701Ther efore urt her aspect e presen
definedobareip r{fqrr@aﬁylﬁr@g)endﬂs un!phmre of dpiegrin avB3 function, angiostatin,

razoxin, thalidomide, MMP-2 (matrix-metalloprotienase 2) inhibitors, MMP-9 (matrix-
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of Compound 1 in conbination with any one of the anti
tunmour agents listed under (i) - (xi) herein above. A
further aspect of the present invention provides the
hydrogen sul phate salt of Conmpound 1 in conbination
with one or nore of the anti tunour agents |isted
under (i) - (xi) herein above. A further aspect of the
present invention provides the hydrogen sul phate salt
of Compound | in conbination with any one of the

cl asses of anti-tunour agents listed under (i) - (xi)
herei n above. 10071]. Herein, where the term
metadlnfriotirasied Inhilsitors edl COX-lIgcycdodspgenagdDdnhdwrsd.rad t hi s
[6@9}% S Qs lvgeehfaﬁreﬁgaag agan@r@»} eex%pﬁewm&as%n phosphate and

adm ni stration. one

OB GEosY 1 A Q00555 Mg Do RS A DS e 10394434 and
WO oeies2hBr amd PBE tvasduldr hdamagiig ndgents descritied nint iberhational Patent

. ef. . t .
30805 BRI S T bl 0.2, A B,
(058 ni st (D i oWTOSWi’ér et é“&‘drﬁF nindiopsioens (fer sl thpmgxifen,

t6¥miRB, &axakleene,t stxosdﬁér@yanu sbda;akrﬂnféy %ﬁfdgelgreeaﬁorﬁe@ﬁ Rébulators (for
Q | 0os

t f.i.ci.al
BB o bR B0 SRk BT g P A b rs (o
exampichaastazplecletragole, Merapile swhtex¢mastne) entiprdgsstegeps antiandrogens
(ﬂaf a&ingﬁql.@mm SR deShibSuthhiRe, WH " QPteroit RB@S 1 3Mrt agomsts

npound in conmbination with an anti-tumour

%@&@Pl@ﬁs fbe?ﬁaawée gLl PoRiAGeleuRTPpLin. ang Jusergling lnhlg%vrs of So-
read@se (for éﬁﬂ@&]ﬂi@@t@;ﬁm ng to a f urt her aspect of the
[&%ﬁfﬁgt hI g, %nr%itellﬁle%btnher (Iforc %mﬁf g%llo rléée%as'%(fﬁﬁt;ﬂo?é 1ﬁ<g
mgrijopstay 1bft@qs 3 uroEmasc pb}mgﬁge@@pﬁmagqj ﬁmptog@gﬁpn or ant1bod1es

tosfeépe@g@gfromone listed under (i) - (xi) herein

d
BB o ne o FRERT Bro Ruhtsion o iR e i a8b
extowplgdatélardesyediowh] f@pulirpatbestiagrobtiefctbiumch inbibiers énclude
gx%%l i‘é&t&ryanhﬂo&&egrfo(?)tﬂ ULk BOR Aibodies &&?Eﬁlngﬁ' theﬁann-erbbz

, ConSt itut]vel Y. acti|ve
arésba%?g%amw [Eercentin™h i 2p- EPEMHPEO%@PWW&@ yhe anti-erbB1
aribbdsedetub il [COBS] ) @dS aryArswik Factdk or grbwitefacter rd@Pr antibodies

dxgc%ssec? §)§ S‘c%rZ‘lot%I al. B;]i%caq (%everS gxy%n%&f) g{?ﬁ\fﬂé‘?‘d%éﬁ%gt ol bél4 Fﬁ)l 1-29);

ncor p orati o
sus9 xwosmso @mlasie perpwinaiipasg inhjbiors aurbag nﬁ_lm“eg of mceﬁemsal
gOW N A& EEm I (£6r ex@fiple FUFR fbﬁxlﬁ@fdsfﬂe%abé’mﬁibﬁ&@ a&oham Bl(3-

L
ARD X839y, N-Gidlynylphenyd phpbis@esetadxy@BoxpMiuingelin-4-piHing (erlotinib,
megd?ﬁ—a&ylMdBW&ﬁ&Q '4%9%?%%9»%@3%@%1&%& )

ort hovanadat e

e LB ¢ Bpime £r 6153y ﬁ%%‘é%z EPSpRsaseipbibiers sfcban {apﬁwgb
inhibitdrsl 6ff tﬂ@h@ﬂ@bﬁe lgfovall ﬁtctpﬁfaﬁaﬂij',ﬁ'ﬁlﬁibﬁirs af the platelet-derived growth
fa%ﬁlgfgxggt [ 2h L9 10/ [%'}4%5 '&ﬁ.%%?g %ﬁﬁm %séé'afol LAk R¥/Rar

IOI’]O

Sl%@@@l@#ﬁ%@hﬂ) aSéﬁ@éﬁYh@@b@W“@bl@ﬁifPW‘P@rﬁﬁ@feaﬁ@éY 43-
9008)), ifttbitird S L8R sighalliag thibQélUlU@Koind%5 %K_ﬁ%ds& aadethibiRrs, abl

e reaction and ita jns.
k"iﬁ?r*‘“e@’f’{?ft?ré’tlg TB1%8 i(‘ﬁ%“hgﬂl ‘Jf% i‘tf"‘é Eeg‘f‘%ﬁ%“f fiagra jgnase
. inkibitdre(fp catuaple AATH 16X,0E391580¢X &80, AIENSASH R @63 MP23S,iMB529,
a Tontec MACH Il harvestor. Plates are allowed to
air-dry prior to adding 30 gL/well of Packard
Mcroscint 20, and plates ajg counted using a Packard
TopCount. In this assay, Conpound | exhibited an 1 C50
of less than 50 micronolar. EXAMPLES [0075]1In order to
illustrate the invention, the foll ow ng exanples are
i ncl uded.




However, it is to be understood that these exanples do
not limt the invention and are only neant to suggest
a method of practicing the invention. Yields are given
for the Exanples as perforned and could likely be
enhanced t hrough further devel opnent. The 111 NWR
spectrum (400 WHz) was referenced to TMs (0.00 ppm,
13C NWR spectrum (100 MHz) was referenced to the NW&
solvent (39.5 ppm and the 19F NVR spectrum was
referenced to trichlorofluoronethane (0.00 ppm. F11R
spectra were obtained on a Nicolet Magna 860 ESP FTIR
VpEBtANIBXSP4 3N anchevictiudepardrst Kirnse indiibitgrs fsuakras £DX% apdipr CDK4
ifhivpR! sion of this material in powdered KBr, using the

DRI FTS sanpl i ng_techni over, the 4, 000
S AR g b en e Qe Lhe 4, 000 £ 400, T
neflicdl bacokdssty saglems sildeabditsgior exdnplomuéumel shich §sG0stBjtERata

|
ﬂé&r%@)}%gdlﬁé&%ga{% 581?\609% r%cr;]ly art;l]nn%lsrm§ a?q %dgrrx%smsg: analogues, and
cytetinnMabIside Ay drrer ) ot seprleptneyf e anfiqrgtabolites specifically
disdoday e Euxypeat M&y Héatien N4.0B9362 AcAN-(BfN-(3,4-dihydro-2-

nabl e C
BB R el Rt B b AP Bk e acig
angifeinous antibisties ﬁ@@xmphmth:anyczn@wvm arigngsin, hlepmyeio,
aRhdicid, &J&oﬂ}«)m %Hgbléingnd’\@&ru@i%leﬁlt&%&xubl &acBfdblycinl dad3

26 follo nt
SR blP B Ty oo (or SRAPle SRR ey FaoNr L e
agvgfa(fedenampﬁﬁut@gamuhuhnetddmélphalaa:()cmmmmbxesl befiphan,
cyfeldphdd E,Aa&gdé ﬁ‘oé'fﬁrﬂﬁ\é %@&xm@&t %@n&g}@aﬁ%ﬁﬂm&g&t{ dférteﬁ&nple

was washed w t a mxture o tanone

vigieayallal o(ldfé thaqiz)vmcqtﬁélecwﬁlﬂ?sﬂgﬁ vﬂdFﬁ‘rfeafI@Sv’\R@F’énWe%ﬂdéamfdé such
asfiaxoladdefapstere B ﬁ@bﬁgﬁmm&me(féx’i&&nﬂk rpipadoph@ididxig sach as

eté%%g Erﬁittylll: Eosg; %J?}a?ﬁl?e t ﬁgtega% c(;m 18] eequlea%&j £r no&ganwa&)%ne% (for

st eric ssure
e’f@mskuaﬁna%%w,taeﬁrﬁwa@xlﬁe synsmwm)lbmr@ (fpr %@Bmaléfrexed),

oot i | | aimf @aﬁo&e%egaﬁdmﬁ&tﬁ&a emé)zgzﬁﬁnaa&ﬁgd al i quot
d, mai nt ai the

2- but an 500 nL
Oflper at (PLPGIERRGHebe R B rmmal g e ng
[0p4tt ur e (iid adiilsdies (bdeagaleredientlpina®S0 nl of distillate
[05'@1’ col | { £sendd) ﬁmmpigs Ufof e%ﬁ:lé:@lgéeeghﬁ:ﬂ afl Birdote@ME fthe targets

%a[]om tﬂe%él hour. The resulting slurry was
lispedjapQye e FetP O pndrpi ntisedtfe (240 nl) and dri ed
[oodedier r e@lgent ﬂkﬁ@g Wipproadhes Gndludin fdr| examplengipsoathes to replace

el Al 8 B i e, SRBRT s
engoPRidiey iewrp). arpresshes| sugh ag fhgsq Psivg drtesine éqavmws -thymidine
kiitd 6iea bacttraDffrofedhdtade @ntyhd3and dpprofeht8 & MmbBRhse RBYt tolerance to

ch{ﬂlékgrl%%’a 0 t eféeflqu\%gﬁ esé'&‘[lggmal [ Lne soI | g& 111 IXII\/R (400
[0@iRoN) , @i len(t@mberasy aﬂtfl@;chesa mi:uxd(ngl—for dxiampqe H)r-vzva af@ in vivo

ap%x@)gcimes IQchrgaseB?he Qéﬂu&g_vsenﬁftﬁ%pazlexﬁjtu&%&%el/&s? such a.'gl)trans%ccggn with

cy’%)ﬂqes glch mqfq}-leu]ﬁm 2,7'gte(1ﬂﬂfm g or aqpﬁlocyi%@amagg_ e@om_gunulatmg
fadbs, dpbBAJhed todRcrkadeH331] arﬁ&yﬁapbﬁbﬂ@s‘ﬂlsmg tfandfecled 1mANe cells such

as %%)%klgi %%%&%eéé%&}?ﬂtgccggls %135;)8ac{1e%in§ c(y%?_)ﬁ t%%laf}eite% %f_rlsxour cell

lingsypd 3ppragchesugipg @nif-liotypiaantiodier) | 146.5 (CH),

{0068 2( 07} -exaih 7%1Kﬁﬁc'>:§eﬁ5§ﬁlfﬁt§ Qft theoh Pf)ﬁrﬁr @0may be used in
anal ysis are shown in gure 2. Spectral assignnents v
are summari zed in Table 1. jkable 1 Wavenunber (cm
Assi gnnent 3, 2551 ncl udes the 0-H stretching vibration
of the primary al cohol group and the N-H stretching
vi brations of the secondary aromatic am ne and
secondary am de groups.




3,200 - 2,700l ncludes =C-H stretching vibrations of
the aromatic ring and . benzi m dazol e group
and the aliphatic CH stretching vibrations. 2,700
-2,300Includes the nmultiple NH + stretching vibrations
of the benzim dazole 1:1 sulfate salt group. 1,673C=0
stretching vibrations of the secondary am de group
where 1, 653t he carbonyl group is subject to different
envi ronnental effects such as hydrogen bondi ng. 1,640
- 1,370l ncl udes the C=C aromatic ring stretching
vi brations, the C=C and C=N stretching vibrations of
cdnh%}cditﬁﬂ with ﬂi:ndaﬁ@kiee ghrouf, of lbee @r Hhatefsobstatcbsorelected from anti-
Vi bration .1h rinary. akeoho : t
enfjedifiab fibnfh g E e AERON O o S BHAEREy e,
[086%1hi nat fronpastioulir ehbedimenferntiragipgenasy s gy Yetpas MMP-2 (matrix-
métaﬁ%ég{éﬁése de ﬁﬂﬁb?ﬁrs,m_ o Qﬁ&!ﬂik%ta\{lbﬁ{fgédﬁmpﬁ?ibhﬁs, and COX-II
secondar ro i C amne graup. . The a CF
Tl RD BRI, PRPIPFOR: 3o 1EYTRGONBIFRL YRS Ghigootind 1 hydrogen
subfateedalthofndye \prdsemtt inpentioh ant ephoemazéuticdl agoapesitions descrited cherein.
Eéa?y.g)ﬁlesgc;f%&'ul Eok0R inidi O Blnb 98 SRREK T Rleshdty] ¢413d8kib, and

atron of the primary al cohol, — . .
rofecoxib. Examples of useful matrix metalloprotienase inhibitors are described in WO

96/33172, WO 96/27583, WO 98/07697, WO 98/03516, WO 98/34918, WO 98/34915, WO
98/33768, WO 98/30566, WO 90/05719, WO 99/52910, WO 99/52889, WO 99/29667, U.S.
Patent 5,863,949, and U.S. Patent 5,861,510, all of which are incorporated herein in their
entireties by reference. Suitable MMP-2 and MMP-9 inhibitors are those that have little or no
activity inhibiting MMP-1. In particular, those that selectively inhibit MMP-2 and/or MMP-9
relative to the other matrix-metalloproteinases (i.e., MMP-1, MMP-3, MMP-4, MMP-5,
MMP-6, MMP-7, MMP-8, MMP-10, MMP-11, MMP-12, and MMP-13) are used. Particular
examples of MMP inhibitors useful in the present invention are AG-3340, RO 32-3555, and
RS 13-0830.

[0070] Therefore, a further aspect of the present invention the hydrogen sulphate salt

of Compound 1 in combination with any one of the anti tumour agents listed under (i) — (xi)

herein above. A further aspect of the present invention provides the hydrogen sulphate salt of
Compound 1 in combination with one or more of the anti tumour agents listed under (i) —
(xi) herein above. A further aspect of the present invention provides the hydrogen sulphate
salt of Compound 1 in combination with any one of the classes of anti-tumour agents listed
under (i) — (xi) herein above.

[0071] .  Herein, where the term “combination” is used it is to be understood that this
refers to simultaneous, separate or sequential administration. In one aspect of the invention
“combination” refers to simultaneous administration. In another aspect of the invention
“combination” refers to separate administration. In a further aspect of the invention
“combination” refers to sequential administration. Where the administration is sequential or
separate, the delay in administering the second component should not be such as to lose the
beneficial effect of the combination.

[0072] According to a further aspect of the present invention there is provided a kit
comprising the hydrogen sulphate salt of Compound 1 in combination with an anti-tumour

agent selected from one listed under (i) — (xi) herein above.
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group and the aryl G Br stretching vibration. 1,011The
symmetric S03" stretching vibration of the
benzi m dazole 1:1 sulfate salt group. 920 -
600l ncl udes the C-H wag vi brations and C=C ring
bendi ng vi brations of the 1,2,4-trisubtituted aromatic
ring and the benzirai dazol e group. 888l ncl udes the
8-0(H) stretching vibration of the benzim dazole 1:1
sul fate salt group. Exanple | A Preparation of the
Hydr ogen sul phate salt of Conpound 1 [0079]Sulfuric
acid (1.52 m, 27.86 mmol) was added to a stirred
[0878Ipensi @rcwdingto # further aspect of the present invention there is provided a kit

copr{pggpl 2- chl or ophenyl am no) - 7- f | uor o- 3- net hy1- 3H benzoi
m azgle-S-carboxyIic acid (2-_hydrox,e$hoxj)-qn1de
( 160 ghe hymprupuiRBHS IG5 CaPRANIS 8 ELRUH S8R PR Ex anpl o
10 whn WE-R3/o g0k 4elcatdti fodin bise lised @nd (int-¢xl) eeie bbpvieyin a
reference %Fd as ,descri bed below) in tetrahydrofuran
A

Sef"ﬂﬂl‘—‘}mt an

and water (8 ml) whilst maintaining a

t erp eprizingr enearfs farogaiging seiddirst amheecendidopagd F™%t ur e was
[OP?rﬁt ed_ t @oRpodndantasheded Hi@ld R0navt by iBahofdllowing assay. N-
RUTTRININ AT SV T e Ao e
is periPel bt wneentbyol eeGOdsTATIvealniSkivrne é9%§6§=H6§19&0T@@°t1‘GW of
MEBKY? isasQ¥&h b RRAsAhSRE ﬁl_c%ﬁﬁgrahg‘y&f- y-ﬂlf_lrghd'sﬁﬂtg £ §-2F-N1TP ¥nto N-

was filtered, washed with THE (30 nml) and dri under .
el ‘reet EER Hichor CuRtETS nok BHUPdT PRAFGH hRgencionl

mébbisgitertle plegengy ofMBK ( AFHerassuy-iQeaviiddaruo pheiiyia polpprppyiene plate.
AR RS B oL Ryt
B-siopero Bhom (10 Wi st pROGERRIEECE o BT G ST apfid kv
ERR? € Gihiitonasgret ifphade iR DNIBO] apd aMlueackidng, Emchidpigecdntrols are
815ty SRR R ST, Sy s st g o 1o
uNg eyriAo(withdte]i er-sﬁ’.—eﬁf’/b@ﬁymdénoaxbm@ﬁ at ambient temperature for 45 minutes.
Edudr R¥RR@X Bh @) 12808 to stop the reaction and precipitate the proteins.
Precipitated proteins are trapped onto glass fiber B filterplates, and excess labeled ATP
washed off using a Tomtec MACH III harvestor. Plates are allowed to air-dry prior to adding
30 pL/well of Packard Microscint 20, and plates are counted using a Packard TopCount. In
this assay, Compound 1 exhibited an ICsg of less than 50 micromolar.
’ EXAMPLES

[0075] In order to illustrate the invention, the following examples are included.
However, it is to be understood that these examples do not limit the invention and are only
meant to suggest a method of practicing the invention. Yields are given for the Examples as
performed and could likely be enhanced through further development. The 'H NMR
spectrum (400 MHz) was referenced to TMS (0.00 ppm), BC NMR spectrum (100 MHz)
was referenced to the NMR solvent (39.5 ppm) and the '°F NMR spectrum was referenced to
trichlorofluoromethane (0.00 ppm). FTIR spectra were obtained on a Nicolet Magna 860 ESP
FTIR Spectrometer in various ways including from a 2% w/w dispersion of this material in

powdered KBr, using the DRIFTS sampling technique, over the 4,000 — 400 em™ mid-infrared
spectral region.
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[0080] Step A: 2.3A-Trifluoro-5-nitro-benzoic acid: A 3
litre three neck round bottom flask was charged with
125 M H2SO4. Fuming nitric acid was added (8.4 m,
199 mmol ) and the m xture gently stirred.
2,3,4-Trifluorobenzoic acid (25 g, 142 mmvol) was added
in 5 g portions over 90 m nutes. The dark browni sh

yel l ow sol ution was stirred for 60 m nutes at which
time the reaction was conplete. The reaction m xture
was poured into 1 litre of an ice:water m xture and
extracted with diethyl ether (3 x 600 mM). The

combi ned extracts were dmxasp{eMySO4) and concentrat ed
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O Cwith stirring. Upon conpletion of the a'n'm)nbéﬁl
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br onosucci nimde (3.15 g, 17.70 mmol ) was added as a
solid and the reaction mxture was stirred at room
tenperature under N2. After 30 m nutes, the reaction
m xture was quenched by the addition of aqueous
saturated sodiumbisulfite solution. The reaction
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mdﬁm2504)Tmﬂdxﬁmﬂ©enhraﬁﬁ&dumd@mmr@dud@dmpme§gune2toSnwud
¥|el wgﬂg%méggé%P%ﬁ glthe pure desired product as a
ol t@ m z 364 366 (Mt Br pattern)
detected. 10086]Step G Tab

6B AT GILToEE e meyl AL ARy T am n0) - 7-TTuoro-3Hbenzol m daz

ole-5- car m(\/ LC_acl net h\/l ester:

63236 Br ono- phenipchidesien O-FL seishing vibEption 65 b RiGHy 8logha.
car boyxl i c aci dgiowes divltheasstre(ching Sibgatiods/ofSte sevmbyry was

di ssol ved in NNd| t f

N- chl or osucci ni i %%X%ﬁdr;&%&%&ﬁﬂ? vvas added as
a3,2¥ i H78nd theInP’eé‘t?t TEH Wpsetnag gibygiignsqfitheragematic ring gof

t enper at ur e UNdEdnzNEdMEE Eoup BRI the AlEfha@CHsne @Ak eibeations.

- . Th t i + th
SR DI aquissie v Y S EipE BRI e 1"
sol ution to gi veenainddegple hdisolfate Fleerowsul ti ng sol i ds

WEERs col | ected é¥0gﬂréﬂ§lﬁr@t\h]§@non\§@§m€gec\%daﬂ' ma@érowhere
di et hyl ether and dri eflﬁun ler

uccg% gr ess q ¢
yh81Y 6. 07 g (8PEgBIYl FEURSS SuPishE iy ’tﬁF%"d‘iﬁ’&tﬂe’é% effects
bei ge sol I d. MSsuchohs Kydjogen tond®8, 400 (M+ Br pattern)

hi ib; the C=C
1%@%] lg'%ep H: 6- ( H’c’g?egrtr}tl)e » %ro%l?tcl)crrtl Y Stretcalrlttg ‘rftlora-u %I-lsf I ﬁor 0-
3- et hy1- 34 pEAThUeisiBe aiboations BigRY ¥ ofe REOUP e
ester and 6- (4- Broadtordrati ﬂBﬁﬁ&iﬁWhﬁ;ﬁﬂm& aldohol group and the

fluoro-1-nethyl- ngpi m daz carboxylic acid
methyl ester: A% é tbct(pglr?%ofm%m(‘i" oot

bL.&Hb- 2- chl or o- Wawmwmﬂbﬁmdﬂfﬁhmqyém BmifeEEB! e-
51,60 boxylic aCIn@lu&@ttlthy(bNﬁSEﬁng(ﬁngquaf 1#238coNi@Y hromatic
i odonet hane (rzrrﬁﬂ? ) nmol ) and potassi um car bonat e
(78 ny, 0.56 ‘j‘egrﬂufdl met hyl formami de (1.5 L) was
st2rred at 75C TierardeF otrhingMiratiawact i on mi xture was
di jdyt ed with et 'hyelas Al S0, \Qgétt\ﬁﬁjgn WbiaRorSihy '&hﬁﬁiudazole
adueous pot assi um car bonat e rine and dried
(Na2SO4) . Fl ashi éé‘ﬂ@?ﬁ?a]éﬁ‘i"&ﬁat ography (20:1 nethyl ene
chioor-i 1otgiolet hyl (melgﬂeatﬂ&)c-prs&bfﬂcﬁhag vibatio of BE6pfimaf atchizol
nore nmobile 6-(4-bro

chl or ophenyl am %rolfpafg?ff uagflcérsmfcﬁmf%ubenzm m dazol e
-B0dar boxyl i ¢ aBliedymmietig|SOsstreiching v@rqmpp%thgbqqzamdafg}:
NVR (376 MHz, cpegt@atesagg,%u (s). M5 APCI (+) nmlz 412,

414 (Mt, Br patte e ted Al so ted is.54 ny
(R 8P 6-4(- bﬁ“&'ﬁ%‘) c‘ﬁﬂe{dt’aé vipratRrs &?ﬂs ﬁ—(?n?g bénding

f1 uor o- | - met hyl vibiktidne o2 the IR daricdteinbed aandxingiagd thei d
net hyl ester a . 19F NWR (376 MHz,
CD30D) - 139.9 %M"@%ﬁ‘ﬁéﬁ“‘k) mz 412 414 (M Br

p&&& ern) det ectl@dude[s @g@ﬂ)&@tsgﬁtc]ung vibration of the Benmmtdazole
6- (4- Brono- 2- Chﬁp&@ﬁﬁhgﬂF apri n61-7-fl uoro-3-net hyl -3
benzoi m dazol e- 5- car boxyli c aci d.

6- (4- Brono- 2- chl or o- phenyl am no) - 7-f | uor o- 3- net hy1-
3H benzoi m da7ol e- 5- car boxyl,i c acid nethyl ester (56
ng,  0.14 nmol) was dissolved into 2:1 THE/ water (3 ni)
and NaCH (0.55 m, 1.0 M aqueous solution, 0.55 mmol)
was added. After stirring for two hours the reaction
was reduced to one quarter initial volune via rotary
evaporation and the remai nder diluted to 50 m with
wat er. The aqueous solution was acidified to pH 2 by
the addition of 1.0 M aqueous HC I and extracted Wi th

1T PN P~ o~ A\




'100911The product of Exanple 1 was subject to the
followng tests to determne its physical properties.

[ 0092] Powder X-ray diffraction (PXRD) [0093]All

sanpl es were run on a Braker D5000 diffractonmeter. The

X-ray powder diffraction spectra were determ ned by

mounting a sanple of the crystalline salt on Sienens

single silicon crystal (SSC) wafer nmounts and

spreadi ng out the sanple into a thin layer with the
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Example 1B

benzoimidazole-S-carboxylic acid (2-hydroxy-ethoxy)-amide

[0080] Step A:  2.3.4-Trifluoro-5-nitro-benzoic acid: A 3 litre three neck round

bottom flask was charged with 125 ml H,SO4. Fuming nitric acid was added (8.4 ml], 199
mmol) and the mixture gently stirred. 2,3,4-Trifluorobenzoic acid (25 g, 142 mmol) was
added in 5 g portions over 90 minutes. The dark brownish yellow solution was stirred for 60
minutes at which time the reaction was complete. The reaction mixture was poured into 1
litre of an ice:w-ater mixture and extracted with diethyl ether (3 x 600 ml). The combined
extracts were dried (MgS0O4) and concentrated under reduced pressure to give a yellow solid.
The solid was suspended in hexanes and stirred for 30 min after which time it was filtered to
give 29 g (92%) of clean desired product as an off-yellow solid: MS APCI (-) m/z 220 (M-1)
detected.

[0081] Step B: 4-Amino-2.3-difluoro-5-nitro-benzoic acid: Ammonium hydroxide
solution (~30% in water) (35 ml, 271 mmol) was added to a solution of 2,3,4-trifluoro-5-
nitro-benzoic acid (15 g, 67.8 mmol) in 30 ml water at 0 °C with stirring. Upon completion
of the ammonium hydroxide addition, the reaction mixture was warmed to room temperature
with stirring. Afier 2.5 hours, the reaction mixture was cooled to 0 °C and concentrated HC1

was carefully added until pH of reaction mixture was 0. The reaction mixture was diluted
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M - Medi um 1-3 W-Weak 100951The results of the scan
are shown in Figure 1, where the upper grey line
represents the XRPD of the hydrogen sulfate salt of
Conpound 1 and the | ower black line represent the free
form The nost intense peaks, starting wth nost
intense, are given in Table 3. The peak at 24.59 is
particularly strong. Table 3 2 theta scale Relative
intensity 24.59 VS 20.97 VS 23.99

with water (30 ml) and extracted with diethyl ether (3 x 50 ml). The combined organic
extracts were dried (MgSOy) and concentrated under reduced pressure to give 14 g (95%) of
pure desired product: MS APCI (-) m/z 217 (M-1) detected.

[0082] Step_C: 4-amino-2.3-difluoro-5-nitrobenzoic acid methyl ester: A 2 M
solution of tetramethylsilane (TMS) diazomethane in hexanes (6.88 m), 13.75 mmol) was
added to a suspension of 4-amino-2,3-diflucro-5-nitrobenzoic acid (2.00 g, 9.17 mmol) in 25
ml of 4:1 Tetrahydrofuran (THF):MeOH at 0 °C under nitrogen atmosphere. Upon
completion of addition, reaction mixture was warmed to room temperature. After 0.5 hours,

excess TMS diazomethane was destroyed by the careful addition of acetic acid. The reaction

was then concentrated under reduced pressure and dried in vacuo 1.95 g (92%) of pure
desired product: MS APCI (-) m/z 231 (M-1) detected.

[0083] Step D: 4-Amino-3-fluoro-5-nitro-2-phenylamino-benzoic acid methyl ester:
4-Amino-2,3-difluoro-5-nitrobenzoic acid methyl ester (23.48 g, 101.1 mmol) was suspended
in xylenes (125 ml) and aniline (92 m], 1011 mmol) was added. The reaction mixture was
stirred at 125 °C for 16 hours under N;_ The reaction mixture was cooled to room temperature
and solids precipitated out of solution. The solids were collected by filtration and washed
with xylenes and then diethy! ether. Recovered 22.22 g (72.78 mmol) of yellow solid which
was pure desired product. The filtrate was concentrated under reduced pressure, redissolved
in methylene chloride and flushed through a plug of silica gel eluting with methylene
chloride. The desired fractions were concentrated under reduced pressure to give a brown
solid which was triturated with diethyl ether to give 5.47 g (17.91 mmol) of yellow solid
which was pure desired product. Combined product yield was 27.69 g (90%). MS APCI (-)
m/z 304 (M-1) detected.

[0084] Step E: 7-Fluoro-6-phenylamino-3H-benzoimidazole-5-carboxylic _acid

methyl ester: 4-Amino-3-fluoro-5-nitro-2-phenylamino-benzoic acid methyl ester (16.70 g,
54.71 mmol), formic acid (250 ml, 6.63 mol) and 20% Pd(OH),/C (9.00 g, 16.91 mmol) in
ethanol (250 mL) were stirred at 40 °C for two hours under N3 and then at 95 °C for 16 hours.
The reaction mixture was cooled to room temperature and filtered through Celite rinsing with
ethyl acetate. The filtrate was concentrated under reduced pressure to give a yellow solid.
The solid was triturated with diethyl ether to give 13.47 g (86%) of the desired product as a
tan solid. MS APCI (+) M/Z 286 (M+1) detected; MS APCI (-) m/z 284 (M-1) detected.

[0085] Step F: 6-(4-Bromo-phenylamino)-7-fluoro-3H-benzoimidazole-S-carboxylic
acid methyl ester: 7-Fluoro-6-phenylamino-3H-benzoimidazole-5-carboxylic acid methyl
ester (499 g, 17.51 mmol) was dissolved in N,N-dimethylformamide (275 ml). N-
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S 27.65 S 12.24 S 23.49 S 24.30 S 17.02 5 25.91 S
22.50 M

bromosuccinimide (3.15 g, 17.70 mmol) was added as a solid and the reaction mixture was
stirred at room temperature under N;. After 30 minutes, the reaction mixture was quenched
by the addition of aqueous saturated sodium bisulfite solution. 'The reaction mixture was
then poured into a separatory funnel, diluted with water and ethyl acetate and the layers
separated. The aqueous layer was extracted with ethyl acetate. The combined organic
extracts were washed three times with water, once with brine and then dried (Na;S04) and
concentrated under reduced pressure to yield 6.38 g (100%) of the pure desired product as a
tan solid. MS ESI (+) m/z 364, 366 (M+ Br pattern) detected.

J0086] Step  G:  6-(4-Bromo-2-chloro-phenylaming)-7-fluoro-3H-benzoimidazole-5-

carboxylic _acid methyl ester: 6-(4-Bromo-phenylamino)-7-fluoro-3H-benzoimidazole-5-
carboyxlic acid methyl ester (638 g, 17.51 mmol), was dissolved in N,N-
dimethylformamide (275 mL). N-chlorosuccinimide (2.36 g, 17.70 mmol) was added as a
solid and the reaction mixture was stirred at room temperature under N, until the reaction is
complete (5-6 days). The reaction mixture was quenched by the addition of aqueous
saturated sodium bisulfite solution to give a suspension. The resulting solids were collected
by filtration, washed with water and diethyl ether and dried under reduced pressure to yield
6.07 g (87%) of the pure desired product as a beige solid. MS ESI (+) m/z 398, 400 (M+ Br
pattern) detected. .

[0087)] Step  H: 6-(4-Bromo-2-chlorophenylamino)-7-flugro~-3-methyl-3H-

benzoimidazole-5-carboxylic acid methyl ester and 6-
fluoro-1-methyl~-1H-benzoimidazole-5-carboxylic_acid methyl ester: A solution of 6-(4-
bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid methyl ester
(150 mg, 0.383 mmol), iodomethane (28 pl., 0.45 mmol) and potassium carbonate (78 mg,
0.56 mmol) in dimethylformamide (1.5 mL) was stirred at 75°C for one hour. The reaction
" mixture was diluted with ethyl acetate, washed with saturated aqueous potassium carbonate
(2x), brine and dried (Na;SO,;). Flash column chromatography (20:1 methylene
chloride/ethyl acetate) provided 56 mg (36%) of the more mobile 6-(4-bromo-2-
chlorophenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-carboxylic acid methyl ester as
a white solid. *F NMR (376 MHz, CD;0D) - 133.5(s). MS APCI (+) m/z 412, 414 (M+, Br
pattern) detected. Also isolated is 54 mg (35%) of 6-4(-bromo-2-chloro-phenylamino)-7-
fluoro-1-methyl-1H-benzoimidazole-5- carboxylic acid methyl ester as a white solid. °F
NMR (376 MHz, CD;0D) - 139.9 (5). MS APCI(+) m/z 412, 414 (M+, Br pattern) detected.

[0088] Ste -7-fluoro-3-methyl-3H-

4-Bromo-2-chloro~-phenylamino
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[ 0096] Persons skilled in the art of X-ray powder
diffraction will realise that the relative intensity
of peaks cart be affected by, for exanple, grains
above 30 microns in size and non-unitary aspect

rati os, which may affect analysis of sanples. The
skilled person will also realise that the position of
reflections can be affected by the precise height at
whi ch the sanple sits in the diffractoneter and the
zero calibration of the diffractonmeter. The surface
pl anarity of the sanple nay al so have a small effect.
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SO S AT AT SRRLGREY 85 My AT GO Wi
chBObLE0[2T)) aatdraﬁqdewmwmnmmmorxme Cbrihe,ainiet ({22802l andstongpntrated
uL(Iﬂe? rg(iu%P(p El%péu?e & gﬂ BESHRE %olid. Trituration of the solid with diethyl ether
provided 2.18 g (90%) desired product as an off-white solid. MS ESI (=) m/z 483, 485 (M+
Br pattern) detected.

[0090]
benzoimidazole-S-carbovxlic acid (2-hyvdroxy-ethoxy)-amide: Hydrochloric acid (14 mL, 1.0
M aqueous solution, 14 mmol) was added to a suspension of 6-(4-bromo-2-chloro-
phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-carboyxlic acid (2-vinyloxyethoxy)-
amide (2.18 g, 4.50 mmol) in ethanol (50 mL) and the reaction mixture allowed to stir for 24

hours. The reaction mixture was concentrated to dryness by rotary evaporation and the solids
partitioned between 3:1 ethyl acetate/tetrahydrofuran and saturated potassium carbonate. The
aqueous phase was extracted with 3:1 ethyl acetate/tetrahydrofuran (3x), the combined
organics dried (NaySO;), and concentrated to provide 2.11 g (100%) 6-(4-bromo-2-
chlorophenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-carboxylic acid (2-
hydroxyethoxy)-amide as an off-white solid. MS ESI (+) m/z 457, 459 (M+, Br pattern)
detected. "H NMR (400 MHz, MeOH-dy) & 8.26 (s, 1H), 7.78 (s, 1H), 7.57 (d, 1H), 7.24 (dd,
1H), 6.40 (dd, 1H), 3.86 (s, 3H), 3.79 (m, 2H), 3.49 (m, 2H). ’F NMR (376 MHz, MeOH-dy)
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dosed to the aninmal via a gavage tube positioned into
the stomach. The vials were rinsed twi ce by adding,
for each of the two rinses, a separate 15 inL aliquot
of water (total rinse volume 30 nmL) via a 20 nL
di sposabl e syringe, capping, vortex mxing for 5
seconds, renoving the wash solution fromthe via
usi ng the di sposabl e syringe and dosing to the ani nmal
via the gavage tube. [00101] Dogs were fed about 400 g
of Special D et Services Laboratory D et A each day
and all owed water ad |ibitum Wole blood (2 nL) in
-183.68¢sym heparin tubes were taken fromthe jugul ar vein
i mredi ately prior to dosig dat 0.5 1, 2, 3, 4, 5,
6, 8, 12, 18, 24 36 and Xgmﬁours The bIood mas
centri f lmyestice el of Ao '
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C until anal ysis. [OOlOZ]PIasna (50 ntlL) was
Imdﬁﬁf??ﬁﬁ“?%r Cbnpound | concentration. Two dogs were
[oesa}| udedPbwdxs Afitaptiyn d2) t hey had vomited just
[Ogé er d 0§J lrkgmpllgg ABre RLASHE %@5‘)5@&?&{&0@&& | ras xt-ay powder

seen after oral

0osin
dlg’ra@\m} :@eftﬁewwz ﬁ@erlmé?ﬁd & dRRURE g S %uq ?{fg? Iy} glime saltgon Siemens
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radiation directed through a 2 mm antlscatter slit and a 0.2 mm detector slit. The sample was

A®N

exposed for 1 second per 0.02 degree 2-theta increment (continuous scan mode) over the
range 2 degrees to 40 degrees 2-theta in theta-theta mode. The running time was 31 minutes
and 41 seconds. The instrument was equipped with a scintillation counter as detector.
Control and data capture was by means of a Dell Optiplex 686 NT 4.0 Workstation operating
with Diffract+ software.

[06094] Data were collected over the range 2-theta 2 - 40°, in increments of 2-theta
0.02° with 4s per increment and are categorized in Table 2, with relative intensities derived

from diffractograms measured with fixed slits.

Table 2
% Relative Intensity Definition
25-100 VS —Very Strong
10-25 S — Strong
3-10 M —Medium
1-3 W —Weak
[0095] The results of the scan are shown in Figure 1, where the upper grey line

represents the XRPD of the hydrogen sulfate salt of Compound 1 and the lower black line
represent the free form. The most intense peaks, starting with most intense, are given in Table

3. The peak at 24.59° is particularly strong.
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substantial approximately 4 to 8 fold increase in
exposure was produced. [00104] The foregoi ng
description is considered as illustrative only of the
principles of the invention. Further, since nunerous
nodi fications and changes will be readily apparent to
those skilled in the art, it is not desired to limt
the invention to the exact construction and process
shown as descri bed above. Accordingly, all suitable
nodi fications and equi val ents may be resorted to
falling wwthin the scope of the invention as defined
by the clains that foll owyp@0s105] The words

"conprise, - "conprisi-ng—"inelude - "including——and
"i ncl des" wlePeRERE in thik specpﬂag‘é"tﬁ“&’fs'gynd in the
following claime.sare intended to speciVy the presence
of st gted—featuyes—tntegers; conponeny;§; 0T STEPS]
but tHey do not preclude the presence or addition of
one or| nore ot 3®% eatures,|integers, &onponents,
st eps,{ O groupg dshereof- Wat 1S clraigned 1s: 1. A
hydroden sulfate salt of Coppound-1.
N 12.24 S

23.49 S

24.30 S

17.02 S

2591 S

22.50 M

[0096] Persons skilled in the art of X-ray powder diffraction will realise that the

relative intensity of peaks can be affected by, for example, grains above 30 microns in size
and non-unitary aspect ratios, which may affect analysis of samples. The skilled person will
also realise that the position of reflections can be affected by the precise height at which the
sample sits in the diffractometer and the zero calibration of the diffractometer. The surface
.planarity of the sample may also have a small effect. Hence the diffraction pattern data
presented are not to be taken as absolute values (see Jenkins, R. & Snyder, R.L.,
"Introduction to X-Ray Powder Diffractometry”, John Wiley & Sons, 1996, for further
information).
Example 3

In-vivo investigation: Study of salts versus free base in dispersed formulation

[0097] A study was performed in dogs to measure plasma levels of Compound 1 in
fasted dogs following administration of 150 mg free base equivalent oral doses in 7.5 mL
various dispersion formulations in pharmaceutically acceptable dispersing agents with
Compound 1 contained as the free form or hydrogen sulfate salt.

[0098] Single doses of 150 mg were administered orally to fasted beagle dogs
weighing 12-17 kg and about 2 to 6 years old on each of three dosing days. Each dosing day
was 1 week apart.

[0099] All formulations were prepared extemporaneously just prior to dosing by
adding 7.5 mL of the appropriate dispersing solution via a 10 mL disposable syringe, to vials

containing 150 mg free base equivalents of the appropriate drug form, capping and vortex
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2. A hydrogen sulfate salt of Conpound 1 according to
claim1l in anhydrous form 3. A hydrogen sulfate salt
of Conpound 1 according to claiml in the formof a
sol vate. 4. A hydrogen sulfate salt of Conpound 1
according to any one of the previous clainms which is
crystalline. 5.A hydrogen sulfate salt of Conpound 1
according to claim4, wherein said hydrogen sulfate
salt of Conpound 1 has an X-ray powder diffraction
pattern wth at | east one specific peak at about
24.59. 6. A hydrogen sulfate salt of Conpound 1

mﬁ?qgt%rd%(ﬂ%ootnﬁstg d’is Jberein said hydrogen sul fate

1 has an X-ra 0 diff
[OpH er n Fhe WS@M VRCTPeEKSTT %Pyﬂ%\@&va\? using %f‘%g‘”a%"e g 2
dofdd B%the 20inl via 23g09e e Psitioh2d Bdo tHR3stat@ach. 2ﬂhe30als were rinsed
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ccor o cla whi ch has a p¢
volinncay: 20 LY v 1 Bnimpirtipershiecupasea SRR yo'if%emg‘aﬁefe B seconds,
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[00101] Dogs were fed about 400 g of Special Diet Services Laboratory Diet A each

day and allowed water ad libitum. Whole blood (2 mL) in lithium heparin tubes were taken
from the jugular vein immediately prior to dosing and at 0.5, 1,2, 3,4, 5,6, 8, 12, 18, 24, 36
and 48 hours. The blood was centrifuged at 3000 rpm for 15 minutes and plasma was
removed into plain blood tubes and the plasma stored at -20°C until analysis.

[00102] Plasma (50 mcL) was analyzed for Compound 1 concentration. Two dogs
were excluded from the analysis as they had vomited just after dosing. Mean plasma
concentration profiles for Compound 1 seen after oral dosing are shown in Figure 3 where the
line represented by A illustrates a formulation which included the hydrogen sulfate salt of
Compound 1, and the line represented by x shows the results of Compound 1 free base in the
same formulation.

[00103] It appears that formulation changes had a relatively small affect on exposure
(results not shown). However when Compound 1 was dosed as the hydrogen sulfate salt, a
substantial approximately 4 to 8§ fold increase in exposure was produced.

[00104] The foregoing description is considered as illustrative only of the principles of
the invention. Further, since numerous modifications and changes will be readily apparent to
those skilled in the art, it is not desired to limit the invention to the exact construction and
process shown as described above. Accordingly, all suitable modifications and equivalents
may be resorted to falling within the scope of the invention as defined by the claims that
follow.

[00105] The words "comprise," "comprising," “include," "including," and "includes"
when used in this specification and in the following claims are intended to specify the
presence of stated features, integers, components, or steps, but they do not preclude the
presence or addition of one or more other features, integers, components, steps, or groups

thereof.
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anor phous form 9. A nethod for preparing a hydrogen
sul fate salt of Conpound 1 according to any one of
claims 1 to 8, said nethod conprising (i) reacting a
slurry of Conmpound 1 in an organic liquid with at
| east a stoichionetric amount of sulfuric acid and
water; (ii) recovering the salt fromthe resultant
solution; and (iii) thereafter, if desired or
necessary, formng a solvate thereof. 10.The net hod
according to claim9 wherein the anount of water added
in step (i) is restricted to that anount necessary to
ensure that the salt is forned. 11.The nethod
wAsCokdixngito claim9 or claim 10 wherein step (i) is
carried out at a tenperature of from40-80 C. 12. The
met hod according to any one of clains 9 to 11 wherein
t he 10r gani & hiydrggéncsulfate salGfLampyinddet one. 13.

The jret hodﬂg&ggéﬁ Nt Q1A oRBEuRI 1 febdriiiB 1 c1difh 1Lid anhydrous
wherei n the hydrogen sulfate salt is recovered in step

fofmi ) by cooling the reaction mixture, optionally wth
t he addi t | gmhyabgdnkutiire salosfgamipourdi 1Gidbatding to ¢lkiat 1 inlte form of
agxgﬁggen sulfate salt is precipitated.

4. A hydrogen sulfate salt of Compound 1 according to any one of the
previous claims which is crystalline.

5. A hydrogen sulfate salt of Compound 1 according to claim 4, wherein said
hydrogen sulfate salt of Compound 1 has an X-ray powder diffraction pattern with at least
one specific peak at about 24.59°.

6. A hydrogen sulfate salt of Compound 1 according to claim 5, wherein said
hydrogen sulfate salt of Compound 1 has an X-ray powder diffraction pattern with specific
peaks at about 2-theta equal to 24.59°, 20.97°, 23.99°, 27.65°, 12.24°, 23.49°, 24.30°, 17.02°,
25.91° and 22.50°.

7. A hydrogen sulfate salt of Compound 1 according to claim 1 which has a
powder X-ray diffraction pattern substantially the same as the X-ray powder diffraction
pattern shown in Figure 1.

8. A hydrogen sulfate salt of Compound 1 acc¢ording to claim 1 or claim 2 in
amorphous form.

9. A method for preparing a hydrogen sulfate salt of Compound 1 according to
any one of claims 1 to 8, said method comprising

(i) reacting a shurry of Compound 1 in an organic liquid with at least a stoichiometric
amount of sulfuric acid and water; ‘

(ii) recovering the salt from the resultant solution; and

(iii) thereafter, if desired or necessary, forming a solvate thereof.

10. The method according to claim 9 wherein the amount of water added in step
(i) is restricted to that amount necessary to ensure that the salt is formed.

11. The method according to claim 9 or claim 10 wherein step (i) is carried out
at a temperature of from 40-80 °C.

12. The method according to any one of claims 9 to 11 wherein the organic

liquid is a Ci¢alkyl ketone.
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14. The hydrogen sulfate salt of Conpound 1 according
to any one of clains 1 to 8 for use as a nedi canent
for the treatnent of di sease states mediated though
VEK. 15. The use of a Conmpound | hydrogen
sulfate salt according to any one of clains 1 to 8 in
t he manuf acture of a nmedi canent for use in the
treatment of disease states nedi ated through MEK

16. A nmethod for treating di sease states nedi ated

t hrough the MEK in a warm bl ooded manmal need of such
treatnent, which conprises admnistering to said
manmak. an efefresiddeecadibg fit ang bndofjith oY e 2Siletai e Bpdrbgen

squatecsglt s%’lcggeréi ig %t%g {igibg %mt)hong W refHiEn gxgxt&le,a(jp%naﬁy Rv?th %ie
addition of further organic liquid, so that the hydrogen sulfate salt is precipitated.

14, . The hydrogen sulfate salt of Compound 1 according to any one of claims 1
to 8 for use as a medicament for the treatment of disease states mediated through MEK.

15. . The use of a Compound 1 hydrogen sulfate salt according to any one of
claims 1 to 8 in the manufacture of a medicament for use in the freatment of disease states
mediated through MEK.

16. A method for treating disease states mediated through the MEK in a
warm-blooded mammal need of such treatment, which comprises administering to said
mamunal an effective amount of a hydrogen sulfate salt of Compound 1 according to any one

of claims 1 to 8.
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