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N3 ALKYLATED BENZI M D AZOLE DERI VATI VESAS MEK
| NHI Bl TORS BACKGROUND OF THE | NVENTION, 1. Field of
W h@shmz2ent i on This invention relates to a serPERUSS004/027199
al kyl at ed (I H Benzoi m dazol - 5-yl)-(4-
1%3'5%1 p WWA%L%‘DE\I&VAWE@AS MPK DSHIBITORS
reat nent hyperproliferative di seases, such
as cancer and inflanmati on, OI n marIrmaI S. This invention

also relates t Nounds i n

1the g of‘h perpfollferatlve di seases in
rmn‘rﬁ—fg‘ﬁﬁi@[%#é humans, and to pharnmaceuti cal
conppsgh tino&fiosOrdlaENItH G Se6s ©ﬁrm165tlﬁlﬂ6 (1H-1Benzo1m1dazol- -yl)-(4-

application claims priority of U'S._ Application
sulel/ltBEQ pregyl-amens Aprgvasives dhat 259 3useil; wh theg treatment M5t hyperpro-
orat ed r
LSRR Sy A0S Ok fbtin o
reldfk!sowga aehvd fmfflﬁfﬂgommemzﬁmound;s andheptresteient kf maperprd %ﬁeratlve
an inportant_ regu or of cel] owt h, Lif L
R i
sufclsll toﬁ{p%un& reH9 1{}&%@&{ ClairRC by ANUS. -AppliPaen Wb, H8%652,733
ers activate MAP ki nhase” pat hways. One of the
ﬂnsdsﬁtugtustmﬁ fza@ﬁ véonch insorpesdted hmdmrtmtbzﬁdeifmnw ihigssentirety.
pat hways i nvolved in normal and uncontrolled cell

2.9r ovibBsdrptidhcofas Stabadf thienage pat hway. Active
GTP-bound Ras resu]ts |£ the activati nd. i ndi r.ect
[

phoskabsighalineghroyeh geawikifriatg ecqpigrs fuﬁ Hro S Emsers))f gy jgportant
reff§for BTt sBBh o BRINE Rk UESIiSR I AbMnsTEaR efowin, growth

for (Ahn et al, Methods in
faEtﬁZs; rfflﬁdoﬁg‘ty re26fidy a&ﬁrﬁmom(li BB(BF or/BGT and etierisractiyas MAP kinase
phosphoryl ates its. on S t.e
PRIHERocONERKEeahe 27D ekget BROCIRb o AEF BBy K e paimers
inf Rw\ég%né‘l%l m%né&x&oﬁé%Q:elpg’r@wﬂl 1s 86 R@ﬂd&éf 1Bdhisé puthwRK2 Active
, Methods in Enzynol ogy 2001, 332, 41/-431)

Gﬂ?ﬁdmhd Rels aessits ERKe ditination eed imsareetosphioarisfion at Ra 1%”6356 Raf
theiphosseg) e el i B S W A (82 L AIPRa 2 R MEKL and

samé&lh\mcs' for IEVEDR(ABITRORL, et/ lin|Eayrhalogt RO, 332, 417-431).

i ncl udi but not limted to nuclear_ trans ort i.gnal
ActwtediNERE dhren mbREphosyates Its AR ETEREDHEY ﬂgases ERK1

atid FNSH0E Tnb @ hor b MIEK oceurs on Y204 and T202 for ERKl and Y185
and T183 for ERK2 (Ahn et al, Methods in Enzymology 2001, 332, 417-431).
Phosphorylated ERK dimerizes and then translocates to the nucleus where it accumulates

(Khokhlatchev et al., Cell 1998, 93, 605-615). In the nucleus, ERK is involved in

hd2

several important cellular functions, including but not limited to nuclear transport, signal
transduction, DNA repair, nucleosome assembly and translocation, and mRNA
processing and translation (Ahn et al, Molecular Cell 2000, 6, 1343-1354). Overall,
treatment of cells with growth factors leads to the activation of ERK1 and 2 which
results in proliferation and, in some cases, differentiation (Lewis et al., Adv. Cancer Res.

1998, 74, 49-139).

In proliferative diseases, genetic mutations and/or overexpression of the growth

factor receptors, downstream signaling proteins, or protein kinases involved in the ERK
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processi ng and translation (Ahn et al, Mol ecular Cel
2000, 6, 1343-1354). Overall, treatnent of cells with
w@e@dbiB2fact ors | eads to the activati on of ERKPCHEHIS2084/027199
which results in proliferation and, in some cases,
kiakd PABWHY Ball Qb uhbEWodle8 el brolr?&‘éﬂorp%li: K eltesly, 18RS formation.
74, 49-139). In proliferative di seases, genetic
Fa P?aatmpimssoawdmpere\ﬁsenfexpme@@pmwtﬁchtrhmhgmdﬁw moﬂimutous activation

ors. .downstreams Li ot el ns rot ei
of SRR TSR A B AR o Bt Do P o3 i can lead
toddfeash haiibastyati@osk the adtivaRaiGTR-b&shdCRAd complex, a'g_am resulting in
rollferatlon and, eventually, tunor formation.

a@w&ﬁﬁm of theoMeAR: kit Batlwat: aMAtaied, ancesrsianreh of &aslere found in
509 §NE16L %H'y'b? Qﬁ:&ééﬁ?t éaﬁ@ev{/? vgééf %f g%alﬁ\é\&'a%]%errg %ype(s) of cancers

conti nuous pro .
(Kaitlatri ohys Scianced £998,t 2500 elf86¢t1§37)n Rdventtls alsR AV atutpidon®fhave been
GIP. - bound, Ras conpl ex, again_resultin

ideREGE i oro thegt OheT wgwﬁwa@@aﬁgpﬁmwwmﬁ atled, Natire 2002,
4PN TR nfatf3RS iRbRaf %Fﬁ ih C%Qlfﬁtﬁﬁﬁéélgsagﬁgf/%ggﬂ kinase

>90% pancreati c cancers as as nmany o

10 C@f‘/adﬁa ridedies Qﬂmhhargttumd)r safpicsnoé cdlDHies 1260 alsd SBewr 8dhs)itutive or

15

20 Ifyiefidmn Pt VB! pasohed) ghowr

25

30

R R s b S SdT B By
kidaé (Boset? R 4t al. 9&;900%569 19991655 gTHLgID) ONSerlch, ﬁl@?ef is a strong

result in a constitutively activé MAP ki nase cascade.
cazilgfioas besvepi icaageys endon evenastive MAR kishse pathwey raswting from
eﬁ@nﬁ@ Q@_constltutlve or overactivation of the MAP
B hase pa may in cancers of pancreas, colon, |ung,

Db 3 Sonhiad e ikdite B B 99% Vo agpfvotal role in

cdlie Y& FBrafiom CAHS dARFerARt Y, SRtk tiie OWB p@t DY ed to be
reSU|t|ngfr0m enetic rmtat|0ns As co St|t t|Ve or

bengBeiak it bmermh atwmhstqams GMEKsEeBd]eGypplay@ ia thisyothavay as it is

dc[v{? s?rg!uﬁlogﬁiag f Sé{f‘cﬁ' On11 d%u{ fg@rrggtrl]x% ! fﬁslgpeutw target because

thb eﬁfyf luival sub@trzhwﬁﬁ MEKlpthﬁpﬂlbfyIﬁldilﬂ &6 AREMAPVEKade§, BRK 1 and 2.
key pla in this pathma¥ as it is downstream of Ras
q §avmn Pa&eﬂﬁfdcﬂlﬁxﬂéeutmeb@nﬁ@mtm cseveral

stﬁcﬂos Sf; or R CAHR srﬁﬂ?m%pilﬁﬁlem nifi HR&IS rh%‘{éf}:.\,%en s'hawa to inhibit human

orylation ar lnases
tuh‘m)h ighivtthan nofle Moldsdasoledis, Sabelt-Liopdla e apoVentd-Medicine 1999,
5 LDSEAPEHE G dRPEl 1t ALCRARN Y 10, 2000, Poster #5426; Tecle, H. IBC 2%
Internat’] Conference of Protein Kinases, Sep. 9-10, 2002), block static allodynia in
animals (WO 01/05390 published Jan. 25, 2001) and inhibit growth of acute myeloid

leukemia cells (Milella et al., J Clin Invest 2001, 108 (6), 851-859).

Small molecule inhibitors of MEK have been disclosed. At least 13 patent
applications have appeared in the last several years: US 5,525,625 filed Jan. 24, 1995;
WO 98/43960 published Oct. 8, 1998; WO 99/01421 and WO 99/01426 published Jan.
14, 1999; WO 00/41505, W00/42002, WO 00/42003, WO 00/41994, WO 00/42022, and
WO 00/42029 published July 20, 2000; WO 00/68201 published Nov. 16, 2000; WO
01/68619 published Sep. 20, 2001; and WO 02/06213 published Jan. 24, 2002.
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studi es. For exanple, small nolecule MEK inhibitors
have been shown to inhibit human tunor growth in nude

woremse2enografts, (Sebolt-Leopold et al, PCT/US2004/027199

Nat ur e- Medi ci ne 1999, 5 (7), 810-816; Trachet et al.
AACR April 6-10, GRARYOP THRIRVENE®R, H | BC 2nd

Internat'|l Conference of Protei n Ki nases, Sep. 9-10,
2002)rp; &iﬁ%@ﬁ bﬁd@..il tdd (PEITERL i 034P33 W st
Dbl i s Jrofal X ﬁnﬂﬂi@?tﬂzg%%mi‘%? 1D Sostituted

p lbardlrlieemmpnuads aif] @rr(mlial Bl 8l pharalaceul(Chlly |acuggble salts and

PRt etichin S BBl i cpimGy pE PP BRI discase.

Sg&ﬂﬂézﬁgﬁ imgremiv ByRRRGRAled &Jiﬁpciu%as of %&%ﬁﬂi IXEA 2t as MEK
S 5,525,625 filed Jan. 24, 1995;" WD 98/ 4

inhifjfars hebisoarovided iDggmetvg! Jor Greatziens rod qa@:cggl Bisp2provided are

199 0 2002 VWO

GRS o iing eI e 350 P! s Sempounds to
trpattd patledd in) itey BOreoR 080ad R WS wdﬁbﬂlbédslbl@GesB&Vfor reparing

16, .2000; WO 01/ 68619 publ i shed Sep. 20, 2001; and
thypldary qommoradnef fommila ba, 2002, \\\DE - 80248/ 0027 -

213332 vSUMVARYOF THE | NVENTI ON Thi s invention

pr oviAgeerdingty, hagreseneigivention provides compounds of the formula I:

(1 H benzoi m dazol -5-yl)-(4-substituted phenyl)-am ne

conmpounds of fornula |, and pharmaceutically

acceptabl e salts and prgdrugs thereof that are useful

in the treatnent gpf hyprrprolwferativquiseases

Specifically, thé prese Kel ates to

conmpounds of fornul a i nhi bitors.

Al'so provided is a ng t of cancer.

Al so provided are f.or at | ong g8 conpounds of
formula | and nethaqds of using tgfe conpounds to treat

a patient in need %téu—wof In addition, there are

descri bed processeg’ for preparing the inhibitory

conpounds of formula | . Accordingly, the present

i nvention provides conpoundsyof the formula I : R and

pharmaceutical |y accepted salts, prodrugs and sol vates

therﬁﬂ?haﬂﬁﬂeﬁh&ll aec dosgft ﬁdru?so%  soRfaf G 8ot Rtrein:

one and only one itr gen o

doubl-e-

1?%%%51011&11 bond, provided that one and only one nitrogen of the ring is
double-bonded;

RY, R?, R’ and R are independently selected from hydrogen, halogen, cyano,
nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -OR’, -C(O)R3,
-C(O)OR’, NR'C(O)OR’, -OC(O)R’, -NR*SO,R®, -SO,NR’R!, -NR'C(O)R’,
-C(O)NR’R*, -NR’C(O)NR’R*, -NR’C(NCN)NR’R*, -NR*R*, or

Ci-Cio alkyl, Cp-Cyp alkenyl, C,-Cjo alkynyl, Cs-Cig cycloalkyl, C3-Cig
cycloalkylalkyl, -S(O);(C;:-Cs alkyl), —S(O)j(CR4R5)m-aryl, aryl, arylalkyl, heteoraryl,
heteroarylalkyl, heterocyclyl, heterocyclylalkyl, —O(CR4R5)m-ary1, —NR4(CR4R5)m—ary1,
-O(CR4R5)m-heteroary1, -NR4(CR4R5)m-heteroa1'y1, -O(CR4R5)m-heterocycly1 or -
NR4(CR4R5)m-heterocyclyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to five groups

\\DE - 80248/0027 - 213332 v1 3
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R1, R2, RO and R10 are independently selected from

hydr ogen, hal ogen, cyano, nitro, trifluoronethyl,
waledosoz2onet hoxy, trifluoronet hoxy, azido, - ORBCT/US2004/027199

-C(O)RB, -C(OOR3, NR C(OOR6, -OCC(OR3, -NR SO Re,

niEhtRA, selRe@®( Orfd,  0%6,0 hﬁog\ﬁ] %ﬁn@( O)nm% R4tr1ﬂu|b|l%methy1
NR R4, -NR R4, or C-C al

dlgl(ukwmthow, triflupyernehoiky kzide -NB S@@Roa‘f:@ﬂ& 8/(09 @3(0)0113

QGRS - ;\?ﬂ%ﬁ% OarW@i{ a@@»&%@% YR |4a' RscoNreR?,

Nte-‘tCQN@Nf)NR?RaI Km{, aryDheRrdaryl, afy[a)nkyl hRofGRIR1) hetérbyﬂfclyl and
heteroaryl, -NR (CR R) -heteroaryl -Q(CR
h‘ﬁﬂ)ocyﬂﬂﬁ bcycl yl or - NR (CR R ) -heterocyci yI wher e

each_al kyl , al kenyl, —al kynyl, cycl oal kyl, ;ﬁ
het eRoé seleciaddfrorathorgpul yiflupmmstiyl, Cs Copelkh &4 alkenyl, Cs-

Oy T ereon Bt s b B R Bl b o neteroary,

hetstanglallylf rheterddyblfyl URStEYFE '\P/lh],kyﬂl Wwheter edent Ql&gﬂy, alkenyl, alkynyl,
trifluoronethoxy, azido, R SO R6, -SO NR R
cyctyaliyyiapryl, @(:t@cmd and @@@Qcmlyl poyROTiTYIREAlly Nrbst;(u@cmlth one to

55 EAGHE gl Fcti 150, BiogdFEAPAR Bhoromas

difledenmthycdyy trifluarmndtd:e; aze, NRAS@R ", -SGZNRRS;el@(ﬂ)Rd C(O)OR

@@h‘;%%ﬁ% LR N L 52l ST o, e

N (o yRaEl KyINR’ yR.” hetggoar ylal kg L tallcvl
het er)ocycl yi, het g?lgcy 'yl al kyl t(ﬁ\il\,herélyeach aef?f‘f}( arylalky?,

hmrkmldlkyl,didtqrnwcmmrdlImwrcqulclylakylt , heteroaryl and

het erocyclyl portion is optionally substituted with

one Rt) R°" wed @ Guipdependanpingae ntleyted €todg hedrofzeq Mo®xo alkyl, lower

1g‘?al @Héy%g nltro trifluoronethyl,

@ i]%fy trlfl uor onet hoxy, azido, -NR SO R" ,
-GOR, -O(OR -NR (O COR

- NR ]&( @dF\R can_t@(t@qqﬂpgether ngr\the ategyl ) pzhmh ﬂg{y JRe attathd to form
a 4R§/0 lohe ereggc? c{éﬁo@cl alhl?ter(;\ﬁife?er oary lﬁ(nflg, eac'hcﬁ‘ 'which is
optiehaliy eytsstiyted mmi dSlﬁat r ﬂﬁ@ﬁ: Etoups kxydepelﬂentlﬁ sero@dd R‘rc;(m halogen,

I cted f hyd | ower

cy:algc?\,,: 1%%?%3 %ro%{;ﬁyf eg]%lgome athg ! ?qr;ymylﬂlrl(?rgrengfhoxy, azido, I¥R SOR’,
-SO,NRR”, -C(O)R’, -C(O)OR', -OC(O)R’, -NR C(O)OR’, -NR’ C(O)R”, -C(O)NRR, -

SOR, -NRR’, -NRC(O)NR'R”, -NR'C(NCN)NR'R”, -OR, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

R*and R® independently represent hydrogen or C;-Cs alkyl, or

R* and R’ together with the atom to which they are attached form a 4 to 10
membered carbocyclic, heteroaryl or heterocyclic ring, each of which is optionally
substituted with one to three groups independently selected from halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR'SO,R’, -SO,NRR’,
-C(O)R’, -C(O)OR’, -OC(O)R’, -NR'C(O)OR”, -NR'C(O)R”, -C(O)NRR", -SO,R’, -

NRR", -NRC(O)NR'R”, -NRC(NCN)NR'R”, -OR, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;
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R3 and R4 can be taken together with the atomto which
they are attached to forma 4 to 10 nenbered

w@aooboz3esl i ¢, heteroaryl or heterocyclic ring, PEEUK2004/027199
which is optionally substituted with one to three

gr oups isng@esrar erinh Ytrﬁl%bﬁ)%{e‘ﬁ%/lf Qe D adIRGE NG5-CY,ARYeloalkyl, aryl,
nitro, trlfluoromsth{ dlfluoromsthoy
anyﬂqlkylub@t@ﬁ%tmda@eroa aligy], harogyokyl, hetgoeyralky], wigropmeh alkyl,

cy_/c&a%wlo hefet aﬁd llegewgﬁya)c%ﬁﬂﬁ is %R&%%I@ I;\);Ti»\l;xs’ti.tu’ced wﬁ& one to
ﬁvél(g&ﬁ[‘p)sl\iﬁdeﬁndenﬂy sdiRted @oyl ox@ eh£6Qal yanoa mitra) {ﬁ'ﬂuoromethyl

et eroaryl al kyl , heterocyclyl .and_het er ocycl yl al kyl ;
R EBHRIBAEY. 9P e BONG dr SGANRSF - MR- -5O)OR,

O AT NN LN IISEE,

,,,,,,,,,

NRICEOMIRVR ~ pr M@(NCNQNRCRH ng:ORachagyl, Whietodrgl, arylalkyl,
ubsti tute e to three groups
h&%&éﬁ’iﬂ%@n@%?(’g}é‘ilgc? #?IBWC%Q‘T‘I}SZ%n cyano, nitro,
trif] yoromsth L, difl] uoromstho& trifl uoromsthoxy

azi dB S $gte ﬁ&o m h 2RRCr-Cio ld)ﬁz- 10 ﬂRCZ-Qj]@(a@)ymd Cs-
CH F&Bgﬁ@do%g Q@%l@r@kﬂ Ngyﬂ% h,e&réa?yﬁ ]Elfc‘agé;o’arylalkyl,

heaerptyclyie theteoaryylylallayly wdlekey kachh ellket, Gﬂke}ﬂy&l ¥dmyl, cycloalkyl, aryl,
80248/ 0027

t het |yl al] kyl ;
N CT TN T TR S
in@bpehlentfy3- @él@ctﬁffc' B&hKYbxo,ar Mélo éi‘lr yl %Jahé( | Phﬁ(;‘rﬁ’ﬂfuﬂomethyl

het eroaryl al k het er ocycl yl e er cyc y
dlﬂnemeém ta romeztlwsi}’oah&gf,l “NRABOIR®, D AHOR! yAC(@IRY, -C(O)OR?,
ocycl on i s.Q ally Lute th 34
o fi M&?@Z@%’I nd ﬁg@ﬁ{iry & @&k ’fro%d&v -NR'R’,
Nlasloeomwm“y AR CINCANYNR *RF - DRAOCK QI BERYaryl, arylalkyl, heteroarylalkyl
di fl uoronmet hoxy, trifl uororret’hoxy, azi do, “NR'SO R-"
hetegoyyqiyd and heie@e@)ctylalkqu OOR, -0C(OR, -NR C(OCR" ,
-NR (OR' , -C(ONRR ", “SOR, -NRR, -NRC {O)NR
"R W | 1s- NRigcteNGNIMR Herrodtyl, he@Rrocyelyly| -CHRIGRDarZ(O)NR’R,

FRER I ol TGO TSGR o IR or BONC-Co sl

Qb)) aU(@b(het@rca@lﬁ'ah@ ny(©) teféc?%l& HN¥hoh Qf'whwh is optionally
ycl oal kyl cl oal kyl al ky aryl | qr al ky I
Suh&tttéﬁeéa’iﬂ% 1-5hgmoupoindgpendryily seleatest HoyciNR R -OR -R or C1-Cyo

all%@t e @iﬁ{«éﬂy?'aﬂﬁ'cz-@h% 1§mFPERH2 F¥hich T KSRy s' ks}’lﬂ%ed with 1

or 2 groups 1ndependently selected from —NR’R* and ~OR?,

R® is selected from hydrogen, -SCFs, -Cl, -Br, -F, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -OR?, -C(O)R?, -C(O)OR?, -NR*C(O)ORS, -
OC(O)R’, -NR*SO;RS, -SO,NR’R*, -NR*C(O)R’, -C(O)NR’R*, -NR’C(O)NR’R?, -
NR3R4, or

Ci-Cyo alkyl, Cp-Cyo alkenyl, C,-Cip alkynyl, Cs-Cio cycloalkyl, C;-Cqg
cycloalkylalkyl, -S(0);(C;-Cs alkyl), -S(O)j(CR4R5)m-ary1, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -O(CR*R®),-aryl, —NR4(CR4R5)m-aryl,
-O(CR4R5)m—heteroaryl, -NR4(CR4R5)m-heteroaryl, -O(CR4R5)m-heterocycly1 or -
NR4(CR4R5)m-heterocyclyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,

5
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heteroaryl and heterocyclyl portion is optionally
substituted with one to five groups independently
wa@edosores f r om oxo, hal ogen, cyano, nitro, PCT/US2004/027199
trifluoronethyl, difluoromethoxy, trifluoronethoxy,
tiondHyQdR3titutdd( WitR%e to five groups
he%@é?% %Nﬁétﬁg @6‘% @goﬁﬁs ng @ “C(O NR R4, 1?
indeiNBhdRAtly - I\Rk@(e{a) NEFoRz, OXRR d:(al«gﬁal,NRcmo, - G0, afigjjluoromethyl,

ouchaBlu B S B e oo
ohgé()g(bcmkm(o OREO - @i(%‘ic((:?googfai(m R% 9 RERDRIANR’C(O)NR'R’,
NRE:C@)T(@HDNR?R“ Qj@@)agﬂelgﬁgrgg\w%afylg 1 hetero §1a1ky§ hetercch)cIyl and
el W th 105 groups. i ndependent |y sel ect ed
;LST@S-NE&?@%%%%@ h o?rwﬁi ;:ﬁ ials,kglpii gnéﬁ ;ﬂ kenvt

substituted with 1 or 2 groups independently selected
fromiNRORE: and - OR3; R8 is sel ected from hydrogen,

- SCF Br - hyI

di fl uoro DAL EA) D o4 L At @,—

-C( O R3, C(O)(P3 -NRC(O)(P6 OC(OR3 NR S

- SO TR el ccnﬁp(gn@; mcomm;@a@ylm qhgr instagR 11@(6@;113@51‘;@4%0% cﬁ'g{cnbed

byC | ggg?r%/ o’nn&{ E(%séé )f%ﬁt%g?@yf d yl}e’ p%ag%h{(ﬁégf%l %:lc%;clatgi'? salts and

pro®u8) tefBtR ) -aryl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl heterocyclyl heterocyclylalkyl

- ?Ble’:ié)esen@‘iﬁfdenﬁo(ﬂ\@s& GRyvivies coﬁ’fpbhnds- X oRnRa)T in which R is Ci-
-hetero

- het er oar
Crohalkgy d&yei chlmlkyl NRQ?%:W@?#IC)A!%‘Y% r%c%%ﬂem%le?@ﬂ or Cs-Cy
each I ke I \\
etergwicga%@%lﬁl \é(ﬁlc %ér%ea‘é%tﬁcln%ﬁg %E%tg?{g}éyc with 1\ DB groups
inA&enti&iily S s&@étb@naﬂrém suast | halbgah, Wi dyan@ne nttm, f |1W1éluoromethy1

groups independently selected f,rom. Qg9 3 3
dlﬂy@i@methﬂxb’r@ﬂup‘fqmq%@‘r}’oWéfkhyNR o ugf%al?gﬂﬁ‘o ?ZO)R -C(O)OR’,

slor 0'@ %@Xy 1\?1%“'@%3)1%‘R 5%(31@0 NF%:@NWR“ NRRY,

NEG(C@)DRRR@ he‘eeNFar}ZI( N@Mlm theroaryla]kyl
OR3, het er oa} ﬁél ar yl al kyl , heteroaryl al kyl
hﬁ@p@ycéxsly@}cﬂﬁvetera%@ a

. . 8 .
The present invention also provides compounds of formula I, wherein R” is

-OCF,, Br or Cl, R? is hydrogen, and R! is lower alkyl or halogen.

. . . 9 .
The present invention also provides compounds of formula I, wherein R” is

hydrogen or halogen, and R is hydrogen.

The present invention also provides compounds of formula I, wherein W is

-C(0)OR? or -C(O)NROR’.

The present invention also provides compounds of formula II:
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5 Cyo, allgrle FeiGy poloakkyh s Co

heterocyclylalkyl; mis 0, , 2, 3, 4or 5, andj is 1

or 2. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The novel
w@oovpoea2ds enconpassed by the instant inventi OPCEHDS2004/027199

t hose described by the general formula | set forth

above, and the pharmaceytically acgeptable salts and

prodrugs thereof. The present,invention also provides

conpounds of formifla | o whikh R7Z4s Q- alkyl, C3-C7

cycl oal kyl, C3-C7 cyyf Ry

het er ocycl oal kyl or

of which can be opti ¢

groups independentiy select edRf r om*oxo, R4l ogen,

cyano, nitro, trifl\woronethyl, difluoromethoxy,

trifluoronethoxy, aZidol -NR SO R6, -SO NR R4,

-C(OR3, -C(OOR3,R-OC(OR3, -SOR3, -NR C(OOR6, -NR

C(OR3, -CCONR R4, -NR R4, -NR CONR R4, -NR

C(NCNNR R4, -OR3, aryl, het&oaryl, arylalkyl,

het eroaryl al kyl, heterocyclyl, and heterocyclyl al kyl .
whereinpWe BeR’, RAVRniddt!© atesss dpfinad abese carfoauuds. of

formula I, wherein RB is -OCF3, Br or U, R2is

hy dr Dige preséid @nvhtib$ alse \Wedviddskedopotindkad OB Aula TN e which R’ is C;-

present_invention alsodggovides conpounds of formula

cystoafeladigdn cachnef Wghican be optionally
SR TSGR g AUREIL P G080 Eiogen, v, i
trif G nEh IRl flddrempthes g ntrifluvy@néthoxy, adAdo, PAORISIBR®, -SO,NR’R?,
GBRRar eI RAOR SRR RNFE @ e MR GEDIRed ONRR', -
NRQ@“\,’?-IQR%%N@RQ '-Iggzﬁgfcnlﬁfﬁﬁﬂ . Jdkﬂepgxh&gﬁliez&glz arylalkyl,

provi des corpounds a ll’in wh

10 heteroarylalkyl, heterocyclyl, and heterocyclylalkyl.

15

The present invention also provides compounds of formula II, wherein R® is

-OCF;, Bror CL, and R! is lower alkyl or halogen.

The present invention also provides compounds of formula II, wherein R’ is

hydrogen or halogeh, and R' is hydrogen.

The present invention also provides compounds of formula II, wherein W is
-C(O)OR? or -C(O)NR*OR?.

The present invention also provides compounds of formula III:

\WDE - 80248/0027 - 213332 v1 7



al kyl, C3-C7 cycloal kyl or C3-C7 cycl oal kyl al kyl, each

of which can be optionally substituted with 1 - 3
w@emaps32sndependent |y sel ected from oxo, hal ogReif/US2004/027199

cyano, nitro, trifluoronethyl, difluoronethoxy,

wmereﬁli Ré,r Rf‘(ERh R andRrf des as NSO Bove 1SOMNBuf, an@(p)lB OR? or
-SOR3, -NR C(OCR 6, -

Iﬁf\é)?lﬁ évhere@e& m%ckzlare-as Kipdimeg), abomf@(fmwﬂza Ra, - NR
NR R4, -OR 3, aryl, heteroaryl, arylalkyl,
het apwsmtnwentlheabp @cwdigslconamunctsemfa”onngda Imllalwmcth R is Cj-

ngllr %%%]7\,%? eai%ﬂ'l r@%w%a &3 %% ogﬂ/gucﬁlcqnsbe optionally

5 s&bsmﬁllteda{vktMH o3 Lalpgeidepehdenthr es6td UL Bk %l@éeﬁocyano nitro,
provi des con‘gounds of formula , wherein RO i y%rogen -
trguoRRIN e ¥n, digheroretivxys Wilfrogethoxsihezide e sHR{SOR®, -SONRR,

At | $0 de B¢ §o0 354
R ORI SS BRI O SR RO, s ONRRY,
NIRﬁR EntNBACEORR B! 0VINFES (SONPNRIRSS @R, 0lar) 6he|térbaryl°\ Brylalkyl
1%&1 80248/ 027 - 213332 vwherein Rl R2, 7,
h%fﬁr(?a leh%tgroa Yn%‘HihaﬁrS%Q%YcM? kKylornula 1, and A i s
-OR or -NR OR3, wherein R3 and R4 are as def| ned above
10 for Tt Reasent quIH@np‘ilé% eravides entiosndsaps forprudy Mdewherein R® is

2 Rl 7 kS al kyl, C3-C7

cyc3l ogpﬁé % 1§ %{;d%%yc IEIW Jﬁl(ﬁoéglcﬁg%]? whi ch can

be o naIIy stltut ed .59

" ndenish SRRt AP Pityhies deonunisghh MRyt gL wherein R is

hyﬂr@ge@ orulalofgbluor onmet hyI di f 1 uor onet hoxy,
trifluoromethoxy, a2| do -NR SO R6, -SO NR R4,
- LN pres it G EBRFion- 4 G 3

(OR preC( O on es -CNRp (} \ E&Q@? whi¥Bin R? is
15 hydtogenoRio VR, au;mmenaer w-o&?eareirlb Ylydrogery wabik W is -NR*OR?,

het er oaryl al kyl, heterocyclyl, and heterocyclyl al kyl .

The Phregzesent investivin 2so mbsidemcmwpdﬁﬁas ebfspaundsaof

formula P, wherein R8 is

A (0]
H 1
R
N \(\j\
R7— N R® 2/ Z R®
R
\;N
IIla

wherein R!, R?, R’, R® and R’ are as defined above for formula I, and A is -OR? or

20 -NR*OR? , wherein R® and R* are as defined above for formula L.

The present invention also provides compounds of formula ITla in which R’ is C;-

Cyo alkyl, C5-C; cycloalkyl or C;-C; cycloalkylalkyl, each of which can be optionally
substituted with 1 - 3 groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR*SO,R®, -SONRR?,

25 -C(O)R?, -C(O)OR?, -OC(O)R?, -SO:R?, -NR*C(0)OR, -NR*C(O)R?, -C(O)NR’R, -

\\DE - 80248/0027 - 213332 v1 8



-OCF3, Br or d, R2 is hydrogen, and R1 is | ower alkyl
or hal ogen. The present invention also provides
w@eospoeads of formula I11, wherein R is hydr ogeeir/ug2004/027199
hal ogen. The present i nvention al so provi des conpounds
N&FRE or—hﬁRlsﬁ((D)I\lR3R7\h GMSEG%NR NRPYr agrh) @yl qy&éroé)‘zkwary]a]kyl’
% a]Ed R4 is drogen when A is -
hesgggar 1p?@§‘€ﬁ¥°1}’ Yehesteacyd X}lélkfzﬂr ovi des conpounds of
formula Ilia: RL Ilia wherein Rl, R2, R7, R8 and RO
ar e Abe PETPHAVaBioRealicprovisiemebmppyndsnef Mrisla- 1TR3 wierein R® is

4 . ef ined above for
CR g AW arldarlilhy R s efy Al 5ot
conp nds of for la llia i mhlch
> al ky?P © s ley?ﬁ 1641 35A Prowides cpsppg o%fs ﬁ@;ﬂrlshaﬁ}la whgrofp R’ is
hyzfrogdﬂ&hla@@nbe optionally substituted with 1 -
groups i ndependently sel ected from oxo, hal ogen,

Cyan@he BidséM, 1n¢/5ﬂt1foh%?§ Oﬁ%w%é gg{ﬁkéﬁrﬁ@ é%‘%aﬂ%éyma wherein R is

trifluoromethoxy, azi
hydpp pRE low by dRGjen AO@(@K% and BOsRFdrogMRWEEOAIRE NR'OR’.
C(OR3, -C(ONR R4, - WDE- 80248/0027 - 213332 vNR
R4, TINRprefen) Mreftdor A6 £2oNGR 8dRnftinds GRBrmalaylilh:
heteroaryl, arylalUcyl, heteroarylal kyl, heterocyclyl,
and heterocyclylal kyl. The present invention al so
provi des conpounds ofA ala |1ia, wherein Ris -COCF
, Br or d, R2 is hydrogen, a Rl ijs | ower al kyl or
hal ogen. The present inventioryal solprovides conpounds
of forrmula |IHa, wherei
present invention alsg provjdes G

OR3, and R4 is grydryg
present invention al\so provides conpounds of formul a
10 b: IHb wherein Rl, RF—N8 and RO are as defined above
for formula I, and Ais - ORB or
ITIb

wherein R}, R’, R® and R® are as defined above for formula I and A is —OR? or

-NR4OR3, wherein R® and R* are as defined above for formula L.

The present invention also provides compounds of formula IITb in which R’ is
15 C4-Cyp alkyl, C3-C; cycloalkyl or C3-C; cycloalkylalkyl, each of which can be optionally
substituted with 1 - 3 groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR4SOZR6, -SO,NR’R*,
-C(O)R?, -C(O)OR?, -OC(O)R?, -SO,R’, -NR*C(O)ORS, -NR'C(O)R?, -C(O)NR®R®, -
NR’RY, -NR’C(O)NR’R?, -NR’C(NCN)NR’R’, -OR’, aryl, heteroaryl, arylalkyl,

20 heteroarylalkyl, heterocyclyl, and heterocyclylalkyl.

The present invention also provides compounds of formula ITla, wherein R? is

-OCF3, Br or Cl, and R' is lower alkyl or halogen.

The present invention also provides compounds of formula III, wherein R’ is

fluoro or chloro.

WDE - 80248/0027 - 213332 v1 9
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-NR OR3, wherein R3 and R4 are as defined above for
formula |I. The present invention also provides

w@oopoea2ds of formula Hib in which R7 is C -C BCT/US2004/027199
al I cyl, C3-C7 cycl oal kyl or C3-C7 cycl oal kyl al kyl, each

of wihhe brasan[’t iD@erfdhi Qﬁtﬁ:pb(rlcfeg tbf%?ﬂﬂoﬁh&dof"'ﬁérﬁmia }]II 3wherem R’ is
te om oxo, hal oge

ou ndependent | y
hlg‘{?%% OIH?‘F?I&lkﬁfl erfelnlforSm%% hond Ryistydmeensthn X’yls ~-NR'OR’.
trlfluoronethoxy, azido, -NR SO R6, -SO NR R4,
’F@Pt A8 TPORs13, def&@@@tﬁ&wmeS@R@plleNﬁngéﬁrﬁRnﬁ of terms is

- NRR4, -NRCONR R4, -NR
r@‘%%ﬁom t&?%ecg%i%honhet eroaryl, arylal kyl, ol
het eg oaryl ,» heterocyclyl nd heterocyclyla y
Thee% yﬁf} n? P Mf Ao lwfarvﬁ%mé‘s 18 $hBisser igyention is meant

stlfa@}iﬁ‘df Braﬁché&f&ﬁﬁ' d?kﬁ%rdu%s n&¥hS 1- 1% cafonGrom&1ide h?ethyl ethyl,
$0

| ower or hal ogen. "The present 1nventi’on a 5
PIpPYy ils@éﬁppdi; ripbuil sseobutybr terittaty?, penmle RepamtyRO 1s|operfti/1u @eopentyl,

B R W SRS o 152 e PSSR

raddosls aienC Rk, M/die 9%’&&1%11&3@%&02@& lﬁﬁé'Cl\Qﬁaﬁ 1Ais - ORS;
and R4 is hydrogen when Ai's - Except as

exprp sty clellkast’, slher Wies,1 Eﬁh‘f Eﬂ&%ﬁﬁw?sdﬁfakgﬁt%h&’gmmhed

of terms is enployed throughout this ‘specificat
hydrocarhog réﬂllkfylii having fiiyl 2 thHUcdﬂbcuNHDma hk(j/ ht'leash ohdrdouble bond and

h h
S DR 0L S A R RS0 AR, v
prélfetrbdlhne l6tbiydlken3t BRMhg 3J5&@ﬂfogeydms n-butyl, sec-butyl,
tert-butyl, pentyl, 2- penty , |sopentyl neopentyl

heX ¢ > h ]
oct )%il) %ﬂgﬁ);(agﬁynlya Bwé% glllcer re W %%F%%aﬁht and branched
hYétq@ynbon vertieals h@fleg freth 2k {0 carholm e@hs andelt leadt @id(tylble ®hd and
ken al ken kenyl " neans
m"l Fa gﬁ gt .YEX r?é@% dPBEAF -afh af“gd‘ihﬁ glvlge h ?rﬁgmef%xﬁd are

angmybmﬁ@ggasbgmoghgm&,and at | east one double bond and
i ncl udes et henyl, propenyl, |-but-3-enyl,

|- peit 11 el "hdlogéﬁx 11'5} tﬁ@ reﬁﬁfj lﬁﬁﬁg&ﬁs K& -m [n ‘?[lutonne bromine,

referred are | ower avi ng car
chigyine,Gad@dinal kynyl ", "I ovver al kynyl " and "al kynyl "
nmeans strai ght and branched
By “aryl” is meant an aromatic carbocyclic group having a single ring (e.g.,

phenyl), multiple rings (e.g., biphenyl), or multiple condensed rings in which at least one
is aromatic, (e.g., 1,2,3,4-tetrahydronaphthyl, naphthyl), which is optionally mono-, di-,
or trisubstituted with, e.g., halogen, lower alkyl, lower alkoxy, trifluoromethyl, aryl,
heteroaryl, and hydroxy.

By “heteroaryl” is meant one or more aromatic ring systems of 5-, 6-, or 7-
membered rings which includes fused ring systems (at least one of which is aromatic) of
5-10 atoms containing at least one and up to four heteroatoms selected from nitrogen,
oxygen, or sulfur. Examples of heteroaryl groups are pyridinyl, imidazolyl, pyrimidinyl,
pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl,
isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl, indolyl, benzimidazolyl, benzofuranyl,
cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl,

\\DE - 80248/6027 - 213332 v1 10
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hydr ocar bon radi cals having from2 to 10 carbon atons

and at |east one triple bond and includes ethynyl,
wW@e@ppee2sl butynyl, pentyn-2-yl and the |ike. RMIF/ES2004/027199

preferred are al kynyl having 3-5 carbon atons. By the
plteﬂdmyl hgluipe)" dxadiisypr %%lyll nth@e[&ﬁéz@ﬁd' Sthmﬁﬁblyl furazanyl

flugrine, bromne, ?’orlne i odi ne. By "aryl

beRggrazenay OHWP@“QP&PMC y c]?einéo@%@]ﬁl h a‘bF‘W@XaZ@ﬂn gl @umazohnyl

qﬁlh&galiﬁl 1 gxaphtﬁ Pl $ 50 1gt es 204 BRS VA ted within
el Ao BRSO and Meddh B, RPB nfiides o G5

thar mel of t](us definitlor?, 3, Heteeéarrﬁlh)gﬁdupﬁ aalat bp‘lhonally mono-, di-,
whi ¢ S optiona nono-

tf’ts}a“?%%‘%‘{‘ )‘“%‘E!Pt &d u)ﬂh%enelogfer aHﬁé{Y JowWRE alk@me rha&ausml arylpheteroaryl,
arddl tri fI uoronet hyl, aryl, heteroaryl, and _
hydroxy. By "heteroaryl" is neant one or nore aronatic
rin wenber ed . rin «
i nc?ﬁg}e@éfuseg{ rﬂ?en émgl a%ocz((lg Pglg’gf Y e g%ycm% ké'ﬁhl PE “Cs-Cro
C}alaaﬂﬁiﬂf cofersf tossah@atad @aﬂ)oeﬁnicaﬂfaﬂicﬁg lalvigemsde @ﬁ%naéhgbdipatoms
to f het oat ons | ected frogmnitrogen, oxyge
T el P E0ngFYhEt @i %E‘Ply?}’célﬁcf&i?é saﬁtémpymd witrigd fused to an

I I
arglﬁlggfl%%’ ’E)itag%b?éasgeof?éypﬂ dl(pJX d)é & cl{o{ﬁo%ﬁ Llopuﬁyl cyclopentyl

andh Pﬁi@hﬁ)(b’l oKz &b’tylbalky]s gtdmpazl&lr@ih arpylﬁr[sﬂbstituted or, as specified,
benzl m dazol yI

I
uggthtg%fl L}Fl)(:/lW| olrslgg §tr111§}¥alblq H%}sggqﬂy yvy1t1 VAEOHS SO | For example,

! | _
su\pﬂ\ﬂ%%débﬁﬁjgg%g 8psFiM£ Wﬁtfbﬁhﬂg&&%ﬂsﬁ%‘é&{@e@ht%lﬁﬁgé Jlé( C1 ?6 alkyl, C,
Cooxlioryz dplpeen.t hydiowy, y¢yant>h ingeti, agroing) mQIiux(@ldCa)Bﬁdy}dmmo di(C;-

AU, COSTUREIS R aBSRE RO Coce naoatoy,
annuo(méﬁ‘:gf)amw mﬁﬁtﬁ(mlh[}{s dllﬁ;'lﬁlﬁinn(@@d@ﬁlﬂt{i@% 'dﬂ(QYCﬁ)a?ﬂ'aﬁl@no(Cl—

eties are aI30|nc ed within the scope of
Cﬁ%h’mtl on. Heteroaryl groups are optionally nono-,
di-, or trisubstituted with, e.g., hal ogen, | ower
al kyBy, “h@iﬁmc}"db’k@xy“hetmbml}k’yI1$ meayl ,onkete moae yarbayclic ring

e t.erm rbocycl e
syglcéérg% g}éé y gﬁsy 81‘|e§ é“ln@/l 1c(]51],1n01%%esc§66 %’é WA of 4-10 atoms
coﬂtﬁfrﬁmg at Eaﬁ&iﬂéfzﬁﬂeﬁb fRf0e G etddforh R616AEP AV D gbhr & gen, or
to ten carbon atons. The cycl oal kyl can be rmnocycll

sulfiyr, gnd,yith dheprowise tand ghesijag @fthe arriipciens het dontitwamadiacent O or

S atoms. A fused system can be a heterocycle fused to an aromatic group. Preferred

heterocycles include, but are not limited to, pyrrolidinyl, tetrahydrofuranyl,
dihydrofuranyl, tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl,
tetrahydrothiopyranyl, piperidino, morpholino, thiomorpholino, thioxanyl, piperazinyl,
homopiperazinyl, azetidinyl, oxetanyl, thietanyl, homopiperidinyl, oxepanyl, thiepanyl,
oxazepinyl, diazepinyl, thiazepinyl, 1,2,3,6-tetrahydropyridinyl, 2-pyrrolinyl, 3-
pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl, pyrazolinyl,
dithianyl, dithiolanyl, dihydropyranyl, dihydrothienyl, dihydrofuranyl,
pyrazolidinylimidazolinyl, imidazolidinyl, 3-azabicyco[3.1.0]hexanyl, 3-
azabicyclo[4.1.0]heptanyl, azabicyclo[2.2.2]hexanyl, 3H-indolyl and quinolizinyl. Spiro

moieties are also included within the scope of this definition. The foregoing groups, as

\WDE - 80248/0027 - 213332 v1 11



aromatic ring. Exanples of such radicals include
cycl opropyl, cyclobutyl, cyclopentyl and cycl ohexyl.

wab@soyboal kyl groups herein are unsubstit ut eBCDUS2088027199
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speci fied, substituted in one or nore substitutable

dp@eddt ﬁ@mStthfrtfup‘é fstdUhodE,OMBS be FCQLhtt RRBARE N-af48Bd where such is
cI oal kyl groups may be optionally substituted wth,

PP o %xgﬁxpanétan@, € gaqnm/qlenvgi from Rugxsle nial hegusmolHyydr(®batiached) or
21:33‘2'5’1 m‘il{rt]%he@m I@Qﬂll ‘ﬁ% 8%?\) alig%&%]dlggdlg}n@(y% imidazol-1-yl

(Naj&t@dieldjllo,r 1@11dﬁohal}d)addéw<a¢hecﬂm ol Cxarkiplp ad)ikyb heterocyclic group

A %&E(? ) aH{(%l ;trappﬁ%rg Wsmﬁgﬂg’{’gb%qogl(—( moieties is 1,1-dioxo-

I r
th;"i‘ﬁ%%ﬁimﬂo Y he {IR10753RY, B0 ol Bl IRARUAILE of D gpecified
sifbgsigedr i mngnfsystm)m; sui:fsumtéﬂﬂe gbsitiencwithaianiony gedupk e ddr example,
Sucrﬁ Z Irl)tofour eroat mssele?ﬂtedfromnltrog&;1
elb ROOGTC SIPPPT Py FORAOR] REPshirted dihe foxtexemele iKnd-s alkyl,
cgt6tdm&»@r QHIB 2610 &y dRBly, €Ak, Waniad) ﬁﬁﬁ@(cl%gék%&% di(C;-

A fused system can bé a heferolycle fused
C@Ia]éfﬁﬁ’fm%o:g Kodpeallengk e Co-ddalipndr oCy-€k e balonlklylyd & -Gut haloalkoxy,

R N R T R ——

Celaltyllr opyr anyl , tetrahydrot hi opyranyl, plperldlno
nmor phol i no, thionDrphoIino t hi oxanyl, piperazinyl,

honopheREaZiaf)ihlkyi@%8dnd 'aﬁBéllkyl %%ﬁétzrqﬁ deﬂﬂ%ﬁ%ﬁ@%} substituted with
honopi peri di nyl ,” oxepany!l hi epany oxaze

Oni I ABPCrAFY] mpwtsaﬁeéqm Me,ﬁnid thﬁ\f@@ M @h@fdnrenbyryla:lk}lfl)ﬂ’adlcals are
oY AR Wl U b B %thyl%dpw L6 1 gl

dit «dithiol di h
d: h;‘g}ant%ﬂ? ﬂ%}gohﬁxlaﬁ'@%lr 6]?%5;1%1 rl(lz:y}/rrn%{] ¥y (as defined above) substituted

widly b B&etda Wdlét (887 & dléﬁﬁled 211)(5"069i ARt Pleffted heteroarylalkyl radicals
3-azabi cyco] Lﬁexan
arg z hi By érr@fmbere@] ﬁmaﬂ’}’iflcl 3-aﬂ<eyﬂ:ﬂ cxidmplas 2in2ludex anyrolylmethyl,

and quinolizinyl. Spiro noieties are al so
|§¥eﬁ§§%%%y?ﬁ?ﬁ-the scope of this definition. The
foregoi ng groups, as E- 80248/ 0027 -213332
VI deriey &4TF rg‘m%f%é’aéﬂ%l\g' P& edn apfbyle moigly ks defined above)
substitbt@chiad Qr h%i’eﬁic&é‘l?h edoier lséuﬁgf 1:16?1 FAB@\?@N eMJ" preferred

i NSt ance, agrou defrived fro yrro

hefsyqayelylaikyl radiqalst aracheon 6ﬂnerplyqrc(b|he®fgdy0m taligite d)Examples
m‘%ﬂ}‘lﬁi d‘g@%l}y.dﬁ_@% %ngtﬁyl',ved fromim dazol e nay be

The term “cycloalkylalkyl” means an alkyl moiety (as defined above) substituted

with a cycloalkyl moiety (also defined above). More preferred heterocyclyl radicals are

5- or 6-membered cycloalkyl-C;.3-alkyls. Examples include cyclopropylmethyl.

The term “Me” means methyl, “Et” means ethyl, “Bu” means butyl and “Ac”

means acetyl.

The phrase “pharmaceutically acceptable salt(s)”, as used herein, unless
otherwise indicated, includes salts of acidic and basic groups which may be present in

the compounds of the present invention. The compounds of the present invention that
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(N-attached) or imdazol-3-yl (C attached). An exanple
of a heterocyclic group wherein 2 ring carbon atons

wae@smedast i tuted with oxo (=0) noieties is PCT/US2004/027199

1, 1- di oxot hi onor phol i nyl . The heterocycl e groups

aleagicrn eRrd ASURPANIE BF EHnfig a 38dS PRI beShits SRS Vartdilk §fbrganic
| n one or rmre substitutable positions with various

1} gigasic acigls - ehiengstids, thetumhy hetusedb iy piepargmbapsaaentjcablyy acceptable
%?%H(‘ﬁﬂ Ilets #b Ofl ﬁeo%glg go W %u%ds of lEhe: rprgsrgﬁ* {nr’vgr%o%?rﬁ Eﬂosb that form

nmmm((Caeldi&)iditﬂowﬁm ne., Sﬂtﬂté Gonta@igablkebﬂr@&dﬂl@allﬁacceptable anions,
al kenyl , CCaIkE( yl, C -C hal oal kyl, C -
ST fk%%?pate densraeel oeet)eabwpatem%b@w@)baquk@teamtmet@, borate,
{e@ a k T
brog%lgé l@é’cuﬁfx gdxﬁsgnasté:g%aﬁ;ollﬁ% %rrlgﬁé(fg c'la(vglzgn |¥’ lita ,gﬁlgzlcg§éﬂlonde,
edislpate) eailolet;t wEylatep aﬁylmucmmarc@ fampkateroglateptdtal gc@mte, glutamate,

81%?%) Yl%gﬁgp %r ﬁ%}fy rl\étsjtrg%gﬁ%f r o 13% Yall'@lﬂgpgcg;p{dgdf&d%cshlgnde iodide,
isBithestuteet Dittate, andidbithatd k?aura-f@e rﬁa@z{tg‘ "rﬁaﬁ)gﬁé ogh ¥t alfé’ R mesylate

nmeans an al kyl noiety (as defined above) substit
mmho’hubfathetmnwe,ylnamlﬁb,y ifikthtsp elsatclefaxatate, alpanm)ate Mbmbonate)

pRlThaRtis etk aiPeetatodbiel? oo Efieiradts. aliodye, seate

smmab,yduaﬁhﬁwl tanj@éié itahlagd, Baoklaf) gbs Pﬁ@e li&Biodd8E ah§Wilerate salts.
heterocyclylalkyl nmeans an alky nmoi ety (as “def i ned

Siapp e singkueaapquaded the present heeatioe mwnclndq: moye (Iallnsme acidic or
be@ﬁ &%ﬁ%sag%e%po%&%of)&gg%s lgqn@e%ttlgfloc%r Xlua n%no, di or tri-salts
mhestneglecqmpqdndo 3-al kyl s. Exanpl es include

t et rahydr opyranyl net hyl. The term "cycl oal kyl al kyl "

nMeans tBfcak by kn BEIIRIM0ieASn d@binpEEhEHOKE bre%é&ﬁ%ﬁ%énﬁ%ﬁ d) salt may
with a cycloal kyl noiety (al so defined above).

bepforned b dreplateat oﬁgempomld@fdm pregens idventipn auﬁembmce@bmpound

P cy&‘{l&g)r op)lllf)l%gfl % IT%S&( %/'tl%fet rlﬁgnﬁc IFr@gnagg ﬁg)tq‘fﬁ fqrmed pyith alkali and

alkatime sagh myetals s@ua asIElaam, bcsmmh PorsksivAE baffB@dagRith. Preferred

The phrase "pharnmaceuti cal Iy acceptabl e salt(s
org%tga Hhasei rsr‘.alo%mué@gde for e%lcample P ammonium, (dle)enzylammomum

benzylammonium, 2-hydroxyethylammonium, bis(2-hydroxyethyl)ammonium,

phenylethylbenzylamine, dibenzyl-ethylenediamine, and the like salts. Other salts of
acidic moieties may include, for example, those salts formed with procaine, quinine and
N-methylglusoamine, plus salts formed with basic amino acids such as glycine,
ornithine, histidine, phenylglycine, lysine and arginine. An especially preferred salt is a

sodium or potassium salt of a compound of the present invention.

With respect to basic moieties, a salt is formed by the treatment of a compound of
the present invention with an acidic compound, particularly an inorganic acid. Preferred
inorganic salts of this type may include, for example, the hydrochloric, hydrobromic,
hydroiodic, sulfuric, phosphoric or the like salts. Preferred organic salts of this type,
may include, for example, salts formed with formic, acetic, succinic, citric, lactic, maleic,

fumaric, palmitic, cholic, pamoic, mucic, D-glutamic, D-camphoric, glutaric, glycolic,
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ot herwi se indicated, includes salts of acidic and
basi ¢ groups which may be present in the conpounds of

w0 b@speesent i nvention. The conpounds of the pPEBES1004/027199
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i nvention that \\\DE - 80248/ 0027 - 213332 v 12are

phésli€, | tartiad, Urieudd, © pieb! salelclfcr mhétBarRsydic, V denfénésulfonic,
of salts with various inor gani ¢ and or g@gl c acids. The

par@t%en@ﬁa&nrfwoﬂ@o UEis, hengeie Farenyh sofebe ikecapmic acids. An
ﬁg %péfgrrgf aﬂt gidl%l t:ygg 1SS§£§C?R§I§%I§¥%Q% Rﬁﬁa’te sa‘ft i Ocyor}lq ound of

resen I Avent ron are orm non-
tlm'prebeaﬂmwntmm salts, i.e., salts containing
pharmaceutically acceptabl e ani ons, such as the

ac et &l he BANFAMAS WITRE @F&entblﬁﬁé’rﬁi@he whet<CRERORALIE as (CR'R) or
Ifate bit rtrate, bor at e, br om de, cal cium

(@%nﬁsw a5e d1seG Ak bandiRe, meh Ve wih e@plwﬁ@raélﬁatcé mcon ¥ apave 1. For
1rg a%%? r\Qﬁel}Js & 'og? %d ltl?e %é%}lg é(ljﬁﬁlis %% ECRGI? t'(:%:]gtegual —CH,CH,- or

Succl nate, uhar uce

@HQ(EH;{)@(@Hz@M@HJGHﬁ}SjMoﬂ atyenurhborydf §60E imbadtRs falling within
ydr aba robrqm de,, hydrochl oride, iodide,

d
t}}e§8?1Pﬁ @@eﬁrpé sfR and & obi onat e, laurate, nalate,
mal eat e, nmandel ate, nesylate, nethylsul fate, nucate,
naps {FH#ia, componadseof Hleapresent m&&nmremaydmataéymmetﬂc centers and

t}%ﬁ{@%ﬂ%isg)rbfﬂ?%ténmﬁﬁa?ﬁtt%mg%?y gr?lf ?%%ﬁc 1someasi ?r%cg/sit%{g%lsomers of

al"acturonat e

tl&t eanpdvads DBE prakst, irvueRtin)ahé  mixtnbatigredfahtd admidered to be
oclate, tosylate, triethi odode and val erate salts.
H’céheas"sqpﬁg? theoMyBRtin- of Vith deseets inthy Gomnpeynss ofajhe present

1ﬂV@ﬁﬁdﬂj C?rm{/%tfoﬂq{ﬂcl&&@ tﬂ&h&'&f a%cé?ﬁ'zﬁé n%%!r drg%naln%%%enc forms,

conpounds resent 1 nvention ﬁay inc
oxk oomote d}astaiebmenn famsy, g Irrﬁxmmmbe:radf. Tie tdrepaase ofthe present

an_acidic ety in a co of the present
iRy N, 2l S4F S n?omé%%n&l%a? AEnto de yse of all such

tagwﬁ@ymlgfxtﬁﬂggt&;&gent i nvention with a basic
conmpound, particularly an |nor gani ¢ base. Preferred

| nor ﬁ@'sff i5@! ihv¥erfifof atlgboﬁl% as E%%?Btpmagl%l%%%il E%ﬁ&qmds, which are

al ka I ne art h§rret al's suc
identicet & thope teaitediin tha @resaitan\wmml?rlﬁﬂt gorrthel faet ganbre bamere atoms

Mg?%éﬁﬁ%g%ﬁﬂa%o zﬁ(g;ﬁ mg%@l ormmass number different from the
atémhy A QX B! R L sy %ﬁ{dzln%%gxﬁﬁﬁg g)gam o pléEnthc?t can be

phenyl et hyl benzyl am ne, “di benzyl - et hyl en
incorpotatede infal compoandsest memfonamcmdc 1mippetS| eﬁhprthygen carbon,

bR AR, hBRS B, L Y 21, .
PRortedg, the, 0¥8p] €sattmanaci®ds syebtingdy 9! 6iPsunds of the present
invention, prodrugs thereof, and pharmaceutically acceptable salts of said compounds or
of said prodrugs which contain the aforementioned isotopes and/or other isotopes of
other atoms are within the scope of this invention. Certain isotopically-labeled
compounds of the present invention, for example those into which radioactive isotopes
such as *H and “C are incorporated, are useful in drug and/or substrate tissue distribution
assays. Tritiated, i.e., °H and carbon-14, i.e., "“C, isotopes are particularly preferred for
their ease of preparation and detectability. Futher, substitution with heavier isotopes

such as deuterium, i.e., “H, can afford certain therapeutic advantages resulting from

14
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orni thine, histidine, phenylglycine, |ysine and
arginine. An especially preferred salt is a sodium or
w@oassi2em salt of a conpound of the present i|iPWVBENS10041027199
Wth respect to basic noieties, a salt is formed by
gicaer tnieaiole ndtaliifityd fSOBRAMPIE iredsB® iPHBSERMIL-1iftY 6NFdd@Ped dosage
W fh an acidic conpound, particularly an inorganic
TequiTgmenss endrheage,imer bapicéereed) ip some diisirastapess. rfsgtopically labeled

i r . l.ori ¢, hydrobronic

cHIEbHAS SR i DS L s AS B B reped

c@rghgerardpoceghnes dwldssd o thy Schythes aidior i C ki eExahples and
exa alts formed with form ¢, acetic, succinic,

| e, ] ( ; >
PeppiAnens helaw; By SyhsHRg sl 431 Hhie sotamicalyHapaled reagent for a

ndakei _icaﬂygbgledl}e%ﬂg_ am ¢, D-canphoric, glutaric,
gl ycol'ic,” WDE- 80248/ 0027 -213332 vphthali c,
t ar t .. C; [ S ' [ L o ..
ot et PR, 512 hEBkRese? G rommpestie pppining o
Prodrugs of cpupiund dfdomailss [- by madrinethadslof featink peole@eans disorders,
eferred salt of this type is a

aci ds. speci.ally pr,
thﬁ‘la‘fo&&]ﬁﬁgﬂ?o@wh byl admmigisicaing o dee oHpeRIARPUFHS tHethe  present

nRERRANT Cé ﬁﬁh' - 'ﬁ&ﬁﬂ in0f iRLE

' i nvent i%?lr,% elrsg)@tﬂéér ﬁ?ggﬁé as&?@gﬁ E%g)fretglr‘ég?lgé? %qf)ag’a}rl}édmxy o

caglyaylic Brovps daiRbe nmvented intwptodrieac Rrodregsahilode edmpoudds tvherein
above 1. For, instance, ere mor t is 2, the terms

o SR8 ISR § PAeRE fhah O ey mfe (oG (o Jlgpicer foun)

arkiind (63 rebd6dd ik vl eIBRbu abidid F 644 i
FalIThg w thin e paraniotiedt pl arPplldo: B84 SR a frop amivo,

hydgoxyceir eaabexydisrgsisliaepsp off cohpopndssedhtheipresent inventicry The amino

. i enters,.and.therefare exist in . . .

ol ViR TR Bb B e HERSA O he S| aifing amipo acids

cobirReti E8ipRERAdOby (thiRe CRAROBRAB01Of andNglsOTi88IBALs 4-hydroxyproline,
i nvention, and mxtures thereof, are considered to be

by ysinen edgoiee, ofsodermosing e Atneshylhigtidiner ewyealiner detdhelanine,

o APk 86! i NYHE LS ER OBmitine o

methmntrieosutfone. fOneTpref@nral prodrupr cortiprast &F @AFIund dfOMhiBinvention
or, m xtures thereof. The_%gﬁpounds,of t he present

coVRIGRENE | OHPIedy 1012 Faling Jesidne- ¢ afifdifieral. tynes soff pradivgsonre also

enb&hpds8&l. t Por MSaH&E AQE ,cﬁbbxﬂy%ﬁuﬂaﬁa%éﬁ%d%lygg%d@s%ﬁ%s or alkyl

t hereof . The subjéect inventi 0 I Nnc
esiesotlygs bedrbyy gmibps mdy be dpovatidsd usihg gloups mcluding but not limited to

hemisuccinates, phosphate esters, dimethylaminoacetates, and

phosphoryloxymethyloxycarbonyls, as outlined in Advanced Drug Delivery Reviews
1996, 19, 115. Carbamate prodrugs of hydroxy and amino groups are also included, as
are carbonate prodrugs, sulfonate esters and sulfate esters of hydroxy groups.
Derivatization of hydroxy groups as (acyloxy)methyl and (acyloxy)ethyl ethers wherein
the acyl group may be an alkyl ester, optionally substituted with groups including but not
limited to ether, amine and carboxylic acid functionalities, or where the acyl group is an
amino acid ester as described above, are also encompassed. Prodrugs of this type are
described in J. Med. Chem. 1996, 39, 10. Free amines can also be derivatized as amides,

sulfonamides or phosphonamides. All of these prodrug moieties may incorporate groups
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identical to those recited in the present invention,

but for the fact that one or nore atons are repl aced
whgooa2rsom havi ng an atom ¢ mass or mMass NUNHBECT/US2004/027199

different fromthe atom c nmass or mass nunber usually

icpidieh Bul noekimited 1FtRPARRe @hd E&B6ORR I RhciiRHAIRS.

i ncorporated into conmpounds of the invention include
| Sot BAg%o BF FMELRYANNAIGR R hced PYNDE Badical i
phos hor%us, suFfur, %Iuér?némanékgﬁﬁﬂafde, sucumﬁgmﬁfmedln
P
suqcesgiongo fefin® a substiyens, attacted dtoCh ,struetapeg dhé ferbtynamed radical is
ounds of th resent invention,.prodru t her eof
oTRRRTD e it e B8 Bt prt tackihy <Loageiabi o B offcted to the
StARIRE UNgsestbn OTheR s REMPIUS MIEArPAMyPIstth&Rd to the structure
_aforenmenti oned isotopes and/ or other” i sotopes of other
ingusstondtyethgjatkiyl grovpe scope of this invention. Certain
i sot ogi cal | y-1 abel ed conpounds of the present
i nvehhé mventiar alex rigsbsctotapimemaceticalitomipositioh Gacthé weatment of a

i sot H and C are incorporated, are usef.ul .
RS R st er P dpamp s BR TS Brapetiply efective

amirdt ioTtaegbmpoudd .of thPésGRIDRAtIA, orl a fharmacedtRAMPR&Sptable salt,
are particularly preferred for their ease of

Prefi@iga pat skiata nticrref.e endibd |theymaceutivadly, asagptablet waiten In one

it avi-ar i such as. deuteri,u I,. €. can
ol St RAS o RO B Bt g preGRf such as
briDEm g8 ERABI0NE 2¢11,-4ARBE Zavtid, pedGERRY BfeasfeheddOhbdk, renal, kidney,
stability, faor exanple increased in vivo hal f-1i e or
OVa g, astalss sejarcrdl sserhieealsteatirplarhgyneeologiggl eyethyroid cancer. In
anfik ee‘hbeﬂl Shi SR phbinfAER AN %?ﬁ‘lgoglﬁ(% P 'fcg\ra!hleytréaﬁﬂgﬁteoc% a non-
conpound of the present invention and prodrugs er eof
capegroge hgpabtofifivetivr dzarded soyh car benigg hopérplsiacet Wieskin (e.g.,
di.scl.osed in the Schenmes and/or in the Exanpl es and
PSBREYS S BANS: 192 PRI So sBien iR Staly typedtapiy (BPH)).
avai | abl e i sotqgpically | abel ed reagent for a

non-TRsoM¥ERtion ale redped tode phargweaeuticrhpempasitian fostheatregment of
OSSR Bl LRl FRTRISHL PRI TR s
inddcetlr eatli dgepepldrf the atdanacidi 6O pdier & aOmaﬁbﬂierHifchCéhﬂdlprises a
r owt h nm.ni steri ng prodrugs of conpounds of the
th%ﬁ%%l\é’ﬁfﬂ%?/ n%gﬁ%% rﬂm%wﬁ RASOBPOUNKe O WE e RECSERYy BHEREM, or a

phAANAdREEAN G LA RBIN: A gfbdnt@/ OF WAraB tlfe?é'o@,oﬁc? hg%fgetﬁﬁ&'&%tically

can be converted into prodrugs. “Prodrugs inc
aceepigdepaisicmher ein an amino acid residue, or a

pol ypepti de chain of two or nore (e.g., two, three or

f ourQhe invention also relates to a pharmaceutical composition for the prevention of

blastocyte implantation in a mammal, which comprises a therapeutically effective
amount of a compound of the present invention, or a pharmaceutically acceptable salt,

prodrug or hydrate thereof, and a pharmaceutically acceptable carrier.

The invention also relates to a pharmaceutical composition for treating a disease
related to vasculogenesis or angiogenesis in a mammal which comprises a
therapeutically effective amount of a compound of the present invention, or a
pharmaceutically acceptable salt, prodrug or hydrate thereof, and a pharmaceutically
acceptable carrier. In one embodiment, said pharmaceutical composition is for treating a

16
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amno acid residues is covalently joined through an
am de or ester bond to a free am no, hydroxy or

W@ 2008023251 ¢ aci d group of conpounds of the preRenUS2004/027199
i nvention. The am no acid residues include but are not

diseasstselicted ftome theOsrbay brliskifg OF Gitidr HPiaBhéyD, 3RloHR inflammatory
conmmonl ignated by three letter synmbols and al so

d
disprse aa? g ridritipeathergeplesesis.yisflammathsy bewiehdisease, skin
. ne. 3. h ot di i e .
digé%kgs glﬁgﬂh :'éﬁ e?sggg@n%’ra&acﬁn!ﬁ%’o %c} 3?%’61&0‘21%%’%{%’ &g}?ert‘fsa!ql%bﬁg? retinopathy,
rdtioopatiiy tafi pemahaitps egé—mbtecg midchbai Ndsgamstatioey hie(ﬂ{mgﬁ)gw.a, fglioma,
| f One, preferred prodrug conprises a conpound 0O
H’Ec%“egﬁgﬁ mﬁ?afﬁa@am At crp‘gaﬂé%m@%a luge.apapgieatiey; nresitdueclon and

ed6lintdi@Balcet Ypes of prodrugs are al so enconpassed. For
I nstance, free carboxyl groups can be derivatized as

am d : F roups e .. :
o e 8 e WAL RIS AU RS orsc
a parnmat thah atoetpriseh adpiddterigs teksid mammal a therapeutically effective

SSRGSk SHEBR hoRipE e BaYRAtisn, oisa BharmRRicRly acceptable salt
proeManGat dbs ehekr] YEPM% g@gb(ﬁﬁﬁnﬂ ggig’métﬁod }e}éess’ toatrhg treatment of

Car bamat'e prodrugs o roxy and am no group
caicercsuch e bed Jurgs squramava chibytdadeenraastia) gancredtic breasgtehead, neck,

R I S ——
therid Cagt. Oy hedthet! enfdaBhent8d BlethddN@1AGYh tBE BYRLTRY of a non-
be an al kyl ester, opti onal | substituted wth groups
canpEpPwY ihyperpraliferative idiordsy SFIOK %h@mgrahlhypﬁphlzm of t}lle skin (e.g.,
' [ iy | iti r ere
LIS eleioRE of A (e Ldtchle Roudled Bt o CoE S
" ST RRCA 08 fosgnclnd oy e UFiimes. el hapBObieraive
digtedérviat A 2eeha8 @8 8Sprissy |a_£h?lﬁﬁm‘313§g§ tPbaid %%ﬁﬁﬁ’l”é‘%%@%uﬁcauy

Al'l of these prodrug noieties may 1ncorporate grou
effectipE-angunl &¥f 00 xpmpREB 3 e prenedtuihivetidnytornat pharmaceutically

i o) r i.ne and gar boxyl.i ¢c. aci )
oobHE e BN o, A ABE RSBtk appaniamor agen
selentiafiors thdgfréug WonsltifPlof ;maeii€ ahpibabR, Us8Hatidy agents, anti-

succession to define a substituent attached to a o
m%tgli"ﬁ’é?% rigterqajpding; andibitishe gravethi feglor j ishibersi ¢ell e@t'dcleo iffebitors,
' ; : radical is.considered.t .
ongEh, PASES kBBt LR BRloai®L RREE Fpgyfes, anti-
hoexamgs| angiddencsisamhibaorsanyd altkaddrogenat t ached to the
structure in question by the al kyl group.
The invention also relates to a method of treating pancreatitis or kidney disease in

a mammal that comprises administering to said mammal a therapeutically effective
amount of a compound of the present invention, or a pharmaceutically acceptable salt,

prodrug or hydrate thereof.

The invention also relates to a method of preventing blastocyte implantation in a
mammal that comprises administering to said mammal a therapeutically effective
amount of a compound of the present invention, or a pharmaceutically acceptable salt,

prodrug or hydrate thereof.
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The invention also relates to a pharnmaceuti cal
conposition for the treatnent of a hyperproliferative

waele@snezsl i n a manmmal whi ch conprises a ther apeCt/UsB04/§27199

effective anount of a conpound of the present

| Nverhe Ofweion? dMRIBREBUL] CAlh¥theg CoPttAdatifs Sdiséases related to

prodrug or hydrate thereof, and a pharmaceutically
vaseElogengsise ot Angiogenesisnilo Aemertdi thiineometases administering to said

[ r n

PRI S SRR bl DIy vention, or s
phastaceyticpldy aceptable, salif pRgiug blelaﬁirate eledtcofl Enadne dehisiiyient, said

ovari an, prostate, col orectal esophageal testi cul ar,

mEdc &t BT CEFAiBE eh¢ierse wderieh fram WRoEkmp consisting of tumor
aﬁ%l@%&’l‘eﬁ? %rmﬁ@irﬂlaﬁlﬁ?dt&ﬁg“tﬁéétaéeﬁﬂch @S ?ﬁi‘?@r 2tdi@ Arthitif, Ynerilerosis,
nt of a noncancérous hyperproliferative
irflagonaery tuvedh dasadee nhgrdﬂe,agmrqublaas aswiasishexceldap ah@ sgeroderma,
r ost

! b
%ﬁgtgﬁ, at %)eﬂg,gg&’?t{n,%go ;}/f (rgp,pﬁyf athyrn Imérgﬁt%pgh e élated macular
déhalafsn, ! IenfnR At TBgieHal ﬁf@lan%ﬁﬂpg%bédl%rhié&nat Qﬁd ovanan breast,

treatnent of pancreatitis or dney di sease (includi ng
lypgopanceeatic.iprestat, cﬂmmndmppﬁmnoﬂfyamw di abet esi nduced

renal disease) or the treatnment of pain in a manmal

whi cRatoambgp thas esana be hmzﬁmie wtitlc abinpowidseof ithe meseuntinedntion, or

f t t n
P‘?ﬂwg‘@@‘@% g%ﬁewgls %Spgﬁ‘ﬂljég% ok ﬂ‘/fgﬁtsa P @alé COMpgise according
td A6 mEPhodsHTGhid 1@%@&6@&%%‘60% |e¥arﬁ§l% eﬁtﬁﬁ!s%h&tq{a% ®Een diagnosed

The i nvention al so rel ates to ap arrmceutl cal
a&:baﬂmgpmmfmstemm pth@mnlteroam, BPH) lungt cangerebone cancer, CMML,

pyRBAE SR Eari] BrRBCTREE Bhbheos R CaRpaeoBt of faocular
mRIaB6HA) utchivietahed?, ofiridh BAREBGEH! lc@tﬁﬂei‘ Ycane&EeBt A @nal region,
salt, prodrug or hydrate t her eof, and
stomastheanses pelanlc?n%d@msa psel; é@silp'elar, gm@olqgmhmqsﬁ (e-g., uterine
sa?!:o?ﬁ’ sf ga{r@l‘hg P fgﬁ%{ 55?&138{ c rﬁﬁﬁé Eﬁcf%rrh tI%m, carcinoma of
treating a di sease fr vascu ogenhesi s or

thangirvige basindmanofathwavagila vhcalinoaipsf &%Sw’llva) Hodgkin’s disease,
ther&g utically effective amount of a conpound of the
CRREEs¥nthe| SHORKEND Fanest of thih anAk dUeTtinearangepl st dperine system

(é%l LancBf 8f rt}%g OIHygept g%({l&]%li' %‘a;cnaﬁgﬁfqas) sarcomas of soft tissues,

ar maceut i ca e carrier
C@Jntmdﬁ ﬁentrﬁthsaalcanwh af e pertis, garbstete ansdrf clnnmcsorf aoute leukemia,

reatin DE- /0027 213332 VI
s BepBepieate NP B S ERLO T RG oo gfghe Dladder, cancer of the
kighe)} QURBRE (Sg., FARIORIICatdMhRATRiRona of the renal pelvis), or neoplasms

of the central nervous system (e.g., primary CNS lymphona, spinal axis tumors, brain

stem gliomas or pituitary adenomas).

This invention also relates to a pharmaceutical composition for inhibiting
abnormal cell growth in a mammal which comprises an amount of a compound of the
present invention, or a pharmaceutically acceptable salt or solvate or prodrug thereof, in
combination with an amount of a chemotherapeutic, wherein the amounts of the
compound, salt, solvate, or prodrug, and of the chemotherapeutic are together effective in

inhibiting abnormal cell growth. Many chemotherapeutics are presently known in the
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di sease such as rheumatoid arthritis, atherosclerosis,

i nflammatory bowel disease, skin diseases such as .
w@sosizess, excenmn, and scl eroderma, diabetes, Pdi/aRm®D4/e27199

retinopathy, retinopathy of prematurity, age-related
antradubbae enibgdinengtth® bherlRARAGHGIEEs sdlbdt@MBrom Bk 3O Peonsisting of

b |
miRfie ieuibire fRuiing esewol %%?@ﬁ@]ggl%% niesialitiogransibiotithegrowth
fabﬁ)‘{ elHEl'bﬁGrsa'cél‘P dyBled %‘m{ogs ngﬁ%gso d84; nrl?er%%et n%éﬁ{ﬁr? Shiglogical

hyper pr ol [iferatPve disor
regeimise nedgrars gnti-hosmomks pagicgendsis inkibitpayincalt-¥drogens.

ef fective amount of a conmpound of the present

i nv e’ﬂllns am/entwn Arbardeay ol Béhbd fR A EPkAB hBn&Ral cell growth in a
rod hydrate thereof. |In one enbodinent, said
m %% tingachypgtorpliferatisa disardier whichanetbed seroprises administering

tokiﬁ@hﬁmnlxdi‘ A8 apr HHASEH u%mg)g)luhd of tﬁ%qgsretl 1%9?8(1%1'&)%&? a pharmaceutically

pancreatic, breast, neck PrERa
acoerdablarsalt mrowﬂ\aite or pebdrug chatof, & @phdgrbbn Wils rhdistidd therapy,

BB R R s 4 dh e ORI ot 881Vl PR ga erirominaon with
thé Qﬁdl‘éﬁ&@ el:héi{elﬁ r@fﬁ%ﬁ\% Qhi 1fnﬁfba§ﬂr$ ?bﬁjdlﬁﬂ[ 3| gxl‘&)%nh 35 treating the

beni hyper p aS|a of the s g., psor

hypespr rfg@itlge réaroit tittem@mngpl., Beshingueprfos taéinllmstenng radiation
a

thg}yiﬁyﬁ ra%é %H% &g PF% élgtt ﬁgﬁtthgs\éetgéﬁ{ﬁ%g? Lc?a& l$e$ g?%f }Sq,tghe combination
thetapp deketibed héreRNTEE addifist@QHP oF HRScotiBuRl Trehd Bfeh®on in this

sal.d mammal a therapeutically effective anount of a
CORBHRAGIQR dhesap st g5 bﬁrdégrﬁmneﬂ By eerctiberd hapeing

phar maceutical |y acceptable salt, prodrug or hydrate
t herle &t beliewed b Ithﬁamlmolmdst bf the praﬁem fnventiorag&ntender abnormal

ceﬁ? 06% ?egl'S]félrvgg%) &;S?th%ﬂjﬁ ap tg c?r} ;gﬂqr u?lgpé%:nsdégklillpgsand/or inhibiting
thé gfcwtﬁaifashbm @eRt 'A@c@ﬂdhr?g%y tﬁfs%%htfoﬂ%&heﬂ PR 1% Smethod for

cell cycle inhibitors, enzyne inh
seqsizing ahigrmak cplihib p trasmsma tcntro@tm@at xwrésmdmaen which comprises

bi t d
WL o 0 RRRE 10 DERESE BPLE LS RO
phafmdcewtidallp geqeptublecnttidrisslvate ot ipediRyg ﬂﬂefe%@sﬁhlblﬂ amolB TR fective
. that. Co[ﬁ)rl ses adm nistering to said nanmal

Is §Rsitizime Aonemma fe]éif ?Oe%%ﬁtm@ltawﬂurﬂdw@pna 'l“c‘f,lérﬁmmmj obthetdompound,
sall ro?%@l'%te 1@‘51’1315‘%6 r at ﬁ%ﬁ%g%&dr&% y 1RACGERLAB! & ascertaining

salt, prodrug or
effective amounts of such compounds described herein.

The invention also relates to a method of and to a pharmaceutical composition of
inhibiting abnormal cell growth in a mammal which comprises an amount of a
compound of the presént invention, or a pharmaceutically acceptable salt or solvate
thereof, a prodrug thereof, or an isotopically-labeled derivative thereof, and an amount of
one or more substances selected from anti-angiogenesis agents, signal transduction

inhibitors, and antiproliferative agents.

Anti-angiogenesis agents, such as MMP-2 (matrix-metalloprotienase 2)
inhibitors, MMP-9 (matrix-metalloprotienase 9) inhibitors, and COX-II (cyclooxygenase

1I) inhibitors, can be used in conjunction with a compound of the present invention and
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The invention also relates to a nmethod of preventing

bl astocyte inplantation in a manmal that conprises
wa@evserseri ng to said mammal a therapeuti cal | BCT/US2004/027199

effective anount of a conpound of the present

hérﬁl\é@éﬂticﬁ?lnemﬁlﬁosﬁlcﬁﬁ alepattRUtHeedd. \Exaapbist abhsefid al®X-II inhibitors
prodr u der ate thereof. \\\ QE 80248(E0027 2

mcmdrsriéEIp Xi "Dielegpxib)srveldseadbragd 2ofeeb 6?“1?%5%8% 3'4 matrix

megallﬁrﬁi%%ﬁﬁasre n?}b%%rst Qe BSLHEAPEREF S 9833 Q@ﬁ%ﬁ&l Ddtbber 24,

rises admnistering to said mammal a
1996)e v0ens/2 7583 Yplﬁ)ﬂlfslmﬂt Maeclaﬁpdﬁ%)ofEmopmnMM Applidgdon No.

orBuFET i b uBe RO APl E A2
o&cﬁJeP' ﬁtﬁ@@ %véoéza/bv@a/t (%1@311@1&% FeREEarye 2beaes), fWUn98/O3516

gréup c nsi sting of nor angi ogenesi s, chro
(puum*@halmnm329d1%a,swcsﬁﬁm49d§ (plhtéuhadg Anauséﬂﬁhlrﬂ%b,sw 0 98/34915

o R 3%, i@s&”{a}rqaggﬁg% gpggl:ﬂgled 8581 988), o 98130566

(pHIRR&E 78y 1H, ajaek), CEﬁl%{;édﬂOPﬁéﬂtyPquﬁbﬂldim 666046 Qf)ubhshed July 13,
premat ur i ty, age-rel ated macul ar degener ation

19hprangiream Patenf Briblicatien 436185 (RePished Julyatte éﬁg9)a,ygo 90/05719

oiRhe vz 19i0, VB S0 Gl isy BERLFAE, 1928} Anomsasso

(PRI NO&oBdr RIe BoeREMOI 99/&96670r(pu1@1[shed June 17, 1999) PCT
phar maceuti cal |y ac'%%t abl e salt

Infleyratiaad sAwiflicgorel Noo R Jud$ 014 L ¢ 5 Iﬂi Ygfr%‘)%ﬁaeﬁmgan Patent
Ap}%\(iéthcgi 55%2295 1 d@ﬁ cif 95, @%P‘pdél St foat BRtdif Hafent Mplication

I agnose avi ng pSOF r est enosi S,
Nat DQIZ%(BlleI(ﬁEdS JuBPH, 1998y UaiiedrStates nBrovisiaet , Amlivetion No.

G TN I e T Sy R
1999)"01%{1ted°§{§t\éé PhehPHRE1 510 BEhRl Jﬁﬁib@ww cogmeind Bufopean Patent

]
gion,” stomach cancer, colon cancer, "breast
Pubaam&m 78.‘0&3ﬁ6l (@ubbshed Jyneh) 1‘_9@7); atllutwﬁgwblcp@r@ incogpogstpdh derein in

S S 16y B Ry 2L B
11tgé ot B§ a&?ﬁtﬁﬁhﬂﬁtlmmq mavIede ﬂrb@rr&&” atéhostldty lsellctsfely inhibit

I sease, cancer of the esophagus, cancer of the spall
MMR-2 sridfve, MbAN O erelative tth dhe odhss rmafeixgpetpligprpisingses (e, MMP-1,

Moo Ny, Pl VR NGy 8] MU MBtEESIRP-12,

anl@IvE-1Pf the penis, prostate cancer, chronic or acute
| eukem a,

Some specific examples of MMP inhibitors useful in the present invention are

AG-3340, RO 32-3555, and RS 13-0830.

The terms “abnormal cell growth” and “hyperproliferative disorder” are used

interchangeably in this application.

“Abnormal cell growth”, as used herein, unless otherwise indicated, refers to cell
growth that is independent of normal regulatory mechanisms (e.g., loss of contact
inhibition). This includes, for example, the abnormal growth of: (1) tumor cells
(tumors) that proliferate by expressing a mutated tyrosine kinase or overexpression of a

receptor tyrosine kinase; (2) benign and malignant cells of other proliferative diseases in
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solid tunors of chil dhood, Iynphocytic |ynphonas,
cancer of the bl adder, cancer of the kidney or ureter

w@ 2009/02326enal cel |l carci noma, carcinoma of theP@ENS1004/027199
pel vis), or neoplasns of the central nervous system

whicd: SberraBt kyFosivie G¥Rst MERNRIBA, ocSiisNa(3) aaflyStubder® ittt phsliferate by
stemgliomas or pituitary adenonas) Thi s invention

recgpted tyresing &enases; a(ﬁa HAa e TRt ih@bpr%lé?fpf@sbx plswraph perme/threonine
klnase acq vtaju nlg ﬁl*?ln ea.lnd ngaﬁ%ﬁﬂ %eri'ls rol\{\f&a‘ﬁ% diseases in
‘an a a corrpoun e present

v&mﬂMﬁﬁﬁmmmenﬂﬁﬂﬁmnﬂabﬂa&ﬁmhmﬂﬁhkmc@ﬁceptabIe salt or

sol vate or prodrug thereof, in conmbination with an

anoynt t@n arafifgm b @E@ﬂ%ﬂém Cunl¥Retieirvideigdiaated)théand reversing,

t he conmpound, salt, sol vate, or prodrug, and of the
alleshading m@p@gﬁh%p@g@w ef e Bpvesting ghq Jisordar phy mrﬁﬁlf@%@ which

or el e r S
suP A TP &% o o e P B R BB5Y G Bifion, The tom
“tréimentg’ avhadi eeeih, uilbs sthemidchiadiprd] tefeds 3o 3kt ectt eftireating as
fromthe group consisting of mtotic inhibitors,
“tregtiog] a&dﬁf@e@g@wélat%%hovm abolites, intercalating
antibiotics, growth factor |nh|b|tors cell cycle
i nhiRgpresensativencopmosnds of Hegueisnh swentiny, byliel aic encompassed by
thegll?{géeglgl Callétilo;nes ﬁl‘&s el%ugtrﬁgé ﬂdtﬁ 1te alBtthe g&hg&éﬁﬁ§ ’OJ‘i: the examples and

thein yBaaeButically hevceptablat zﬁﬁd tc@ baseehchmiioxf Qaltd i pﬂoﬂmgg thereof.

abnormal cell growh . in a manmmal or treating
Gengigh syribetis em%tgp% vidy rl%Péfr bgiefgrede it Jar m&slrmge%ome of the
co@ﬁ%ﬂl’s%tf% Bsih i BR ro@{led TR BRI @P@M@%ﬂumber

rese I nvention, or phar maceuti cal l'y
wac oe/gizam e(p&b\lhsﬂled)rllﬂpl gt 20ady). proctr lfgregdniﬁgepaitcpnti mpplication is
. conbin |on W t radlatlon t her wherejin t
incaRROHES g P % Suticits ey Jhfyuatians B#S%P%?g pifgpods Jor the
t d Ms@ﬁérﬁ@stl ge in

prepRraBRTeY ﬁ%h%@ﬂlg?”ﬁ‘;*he B A S e

hyperprollferatlve di sorder in the mammal . Techni ques

for admi nistering radiation therapy are known in the

art, and these techniques can be used in the

conmbi nation therapy described herein. The

adm ni stration of the conpound of the invention in

this conbination therapy can be determ ned as

descri bed herein. It is believed that the conmpounds of

the present invention can render abnormal cells nore

sensitive to treatnment with radiation for purposes of

killing and/or inhibiting
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the growm h of such cells. Accordingly, this invention
further relates to a nethod for sensitizing abnorm
wW@ei05m23261 a manmal to treatnment with radi ati onP@IUS1904/027199

conprises adm nistering to the mammal an anmount of a
conpound of the present im¢g&heéPn or pharmaceutically
acceptable salt or solvate or prodrug thereof, which
anmount is effective is sensitizing abnormal cells to
treatment with radiation. The anmount of the conpound,
salt, gg,nsol vate in thi sgipf hod can be det et ned
accordingeto the neans for™ ascertaining effective

phar ng 88i tiJon 6f inhibitOsly abfiorfal cel
growt i in a manmmal whi ¢ conpri ses an amoumH,of a
conpound of the present2invention, or a 3

phar maceut i celiy accept abl e sEN-©r sol vate thereof, a
prodrug thegeofs or an i sotopi cal | y11abeRed derivative

t her eof , n anmount of one (© '-‘TTA st ances
sel ect opA@ant i - angi ogenes;j ;qentl»/ i gpat—-
0

trans [ i nhi bitors, dﬁﬂ’aniipﬁblz erative agents.
Anti - angi ogiflesi s agents, such HE, MVEC2
(matrix-metal | oproti enase 2) inkibitors, MW-9
(matrix-metal | oproti enase 9) inhibitjors, and COX-1I1
(cycl ooxygenase I1) inhibitors, can Jbe used in

conj upaction with a compound of the present invention

$0248/027 - 2133372 19phar meiceut i ca

=X lni/Of usef ul
( gL/Hal ecoxi b},
eg OkAtlseful matri x

met al | g, ot i ghase i nhi bitors\yake desgzi bed in WO
96/ 331 publ i shed Oct ober 24, 1996), WD 96/27583
(published March 7, 1996), European Patent Application
No. 94304971.1 (filed July 8, 97, European Patent

0

Appli¢c p No. 99308617.2 (filed Qutoberr29, 1999),
WO 98/ 0Z69K_(publ i shed February N. , WD 98/ 03516
(publ J\gﬁzbry 29, 1998), WD 98/ 34918| ( pubti<hed
Aug 1 MO 98/ 34915 Py h ust 13,
199 8833768 (publ i sheg,August Gz 1998), WO

98/305€%¥1published July 16, °1998), European Patent
Publicatigp 606, 046 (published JuBy 13, 1994),

Eur opean Patent Publication 931,788 (published July
28, 1999), WD 90/05719 H
N__O

HO.__0O vﬂo/ H R

& — O
Bl L

B T SR

X
R/ =N R N R
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(published May 31, 1990), WD 99/52910 (published

Cctober 21, 1999), WD 99/52889 (published Cctober 21,
wa2®9p23250 99/ 29667 (published June 17, 1999), PEIZUS2004/027199

I nternational Application No. PCT/EB98/01113 (filed

July 21, 1998), European Patent Application No.

99302232 1 (filed March SBemedd9), Great Britain

Pat ent Application No. 9912961.1 (filed June 3, 1999),

United States Provisional Application No. 60/148, 464

(filed August 12, 1999), United States Patent

5, 863, 949 (issued Jamexry, 26, 1999), United StMiR
ﬂVBS 861,510 (issuedjJargary 19, 1999), and
pe€an _Pat ent Publ i catTep 78§0,386_( publ ished J
1997), all of whic 2
i r %ntlretles byOehef e endé Preferred MvP- BN and
RHY i nhibitors are tho8¥zthat have little
ac%|V|ty I nhibiting MWP-lg Mre preferred re those27
that selectively inhibit MwW-2 and/or
to the other matrix-netall oproteina

MWP-11, MW-12, and MWP-13).
MWP inhibitors useful int
AG 3340, RO 32-3555, an
"abnormal cell growth"
di sorder” arew%ﬁgdcbnterchangeably inthis MeO._/°
application. "Abngrmgh cell growh", as used hereiin,
unl ess ot herw se_indi refers to cell growt ¥

i s i ndependent @ | T gul at ory nechani sms 8
| oss of cont agf, ™I bE tI/gA) . This includes, fBN F R
exanpl e, the abaegmal gRowth of: (1) tunor cel | ¥N
(tunors) that proliferate by expressing a nutated 28
tyrosi ne ki nase or o@erexpression of a receptor
tyrosi ne ki nase; (2) beﬁkg&\and mal i gnant cel | 8° of
other proliferative diseasgs in WDE -80 48/

213332 vwhi ch aberrant tyrosine kinase activation
occurs; (3) any tunors that pngldfebate by receptor
tyrosi ne kinases; (4) any tunors t athrollferate by

speci fic exanpl es of
present invention are

and "hyperproliferative

aber r ant serlne/threonlne ki nase and (5)
beni gn and mal i gnant cells of ot proﬂlf ratlve
di seases in which aberrant sepjy -Fog hase
activation occurs. \=N
8
ol
MeO. O HN. O
hydroxyl H "
1” ) 1@1 O
: P
HN R® HN R HN F r@
RTA=N R77=N R7A=N
9 29

23

WDE - 80248/0027 - 213332 v



The term "treating", as used herein, unless otherw se
i ndi cated, nmeans reversing, alleviating, inhibiting
w0 b@spengr ess of, or preventing the di sorder 0OPCT/US2004/027199
condition to which such termapplies, or one or nore
synptons of such disorder or condition. The term
“"treatnment," as used herein, unless otherw se
i ndicated, refers to thegaenof treating as "treating"
is defined i medi ately above. Representative conpounds
of the present invention, which are enconpassed by the
present invention include, but are not limted to the
compounds of the exanples and their pharnaceutically
acceptabl e acid or base addition salts or prodrugs
thereof. General synthetic nethgdshich may be
referred to faw,mer epari ng some” offthg conpgunds of the

present inveptiop are provided i p i shed
application er 'W0Q_00/ 42022 lis ?;ziuly 20,
2000). Th I ng patent CANEONFS~R8
incorpofﬁﬁed hergin by refe#%ﬁce L itgzentirety.
I'llustrationdNf several nethods wcﬁ the preparation

Schemes 1-5. WBE- 80248/ 0027 -2713332 9 1Schenme 1 CO
HCOHCOHONONI1INHOM HRNO ONNHNHA4 5
CXHR 5 o _0.__0

e

of conpounds f the present inven??onﬁ?re shown in

1
H R' H R
N~ N4
T, D
= 8 F R8
HzN F / R N\ 2
NH, R2 N _NH 14R
13
HO O
/O O H R H R!
N N /
v, — 0
F R N F /2 R
N, 2 E=N R
7/‘\_{_:N R R7
R 10
9
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HNNH, -CLHRHRLNRO HR7*=N, O HRRHNR2 R2

10 11 \\DE - 80248/ 0027-213332 v 22Schene a H hydroxyl
W@rios@R510 29 DE - 80248/ 0027 - 213332 v 23ScPenEsSDo407199

M FONNHHRLHN'R NH 14

Scheme 3

.

:Z

4
.
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13 \\\DE - 80248/ 0027 - 213332 v 24Scheme 3 R R 15 16
RRL R/ R17 18 WHDE- 80248/ 0027 - 213332 v 25Schene

wo2ise2H N-. HR 21 H22 HS HRL HNHR H! PCROSD94/027199
20 \=N 23 HN,>=N HR

Scheme 4

N

R'—N F / R®
=N R
H / 22
PONY H R N._O HS
H2N 1 =N
N4 o R o__N
, @ . \@\ — H R
RN F LR R'— F R N\ A
\=N R? N\:__ R2 [ =
N R'—N F R®
19 20 \ \—=nN R2
23
H,N
=N
o__N
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MHN , F V=NR2 24 RF R2 25 WADE- 80248/ 0027 - 213332
v 26Schene 5 R1 R7 30 RL R1 Schene 1 illustrates the

wa@sherss of conpounds of the present inventiPCT/US2904/027199

step 1, the acid is nitrated using standard conditions
preferable fumng nitric &hémenl H 4. In step 2, the
aniline is prepared by fluoride displacenent wwth H4 H

at roomtenperature in water followed by careful
acidification with concentrated mneral acid to pH

near 0. In step 3, th ster is prepared by standard

rr/gjt,Jl chﬁ i nckudi ng by ﬁ-i(?? l'i gitedrto Fi sher 3 H R!

N i on (MeOH, N.afd reaction with GHIEJ*/
ita/\g\org_aﬁi_t sol[egt s 1i’kk PhMEFVECH or 2L
©H. Kep 4, uhe Y ani I/' oRderivati veHN F / R®
aredR®y heating (9‘2410 208 ) the ester witFMn R
rExcegs of the appropgt ate3@ni line neat or ingan 44

organi c solvent |ike xylenes. For exanple, when Rl =

Me and R2 = Hthe preferred nethod is stirring the

ester wwth equivalents aniline in xylenes at refl ux

until conpl etgHreaction h step 5, th§ nitro arene is

reduced toRproduce the di am ne byRsgandard Fgeducti on
' uding by not limted tip H /" and Pd/C

condi ti ons,

aor Pd(OH) r y N_ckel in o e ﬁ\ vent |ike
EtO—|orJ [ ., Zn in A & C (aq)

in MeOH. nSt epr®, the di am ne ‘vs\cycl gzation by
heating with formc acid neat or/formam di ne acetate
in an agbropri2ate sol vent |ike Ft OH.33Al t er nati vel y,
when R1

Scheme 1 illustrates the synthesis of compounds of the present invention. In step
1, the acid is nitrated using standard conditions preferable fuming nitric acid in H,SO,.
In step 2, the aniline is prepared by fluoride displacement with NH4,OH at room
temperature in water followed by careful acidification with concentrated mineral acid to
pH near 0. In step 3, the ester is prepared by standard methods including by not limited
to Fisher Esterification (MeOH, H,SO4), and reaction with TMSCHN, in suitable
organic solvents like PhMe/MeOH or THF/MeOH. In step 4, the dianilino derivative is
prepared by heating (60 to 200 °C) the ester with an excess of the appropriate aniline neat
or in an organic solvent like xylenes. For example, when R' = Me and R® = H the
preferred method is stirring the ester with 10 equivalents aniline in xylenes at reflux until
complete reaction. In step 5, the nitro arene is reduced to produce the diamine by
standard reduction conditions, including by not limited to H,, and Pd/C or Pd(OH),/C or
Raney Nickel in organic solvent like EtOH or THF, Fe in AcOH, Zn in AcOH or Zn,
NH4CI (aq) in MeOH. In step 6, the diamine is cyclization by heating with formic acid
neat or formamidine acetate in an appropriate solvent like EtOH. Alternatively, when R!
or R* does not equal halo the nitro arene can be converted directly to the benzimidazole
in step 7 by heating in formic acid with PA(OH),/C or other palladium source like Pd/C.
In step 8, a halide can be incorporated by standard methods, including but not limited to
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or R2 does not equal halo the nitro arene can be
converted directly to the benzim dazole in step 7 by

wheasiegsin formc acid with Pd(OH) /C or ot hePCT/US2004/027199
pal | adi um source like Pd/C. In step 8, a halide can be

NB'6PNTY atie@ThyHShasdatiel corilva@s liké MEIFUshdyDH. rmtstep 9, the
limted to \\\DE - 80248/ 0027 - _213332 VI 27NBS or
bengipidsrelens lisyisiegdm sveadsar ¢anat miytpmeol Nirang N3 peadpets |Vﬂn°h are

t k t
1 %y RS Sal BB S, L n By and
tritaeypianaiite djljylsmmmadodomphihedmyasﬁ dfreml aikiylating gt like an alkyl

bl 5 SN Ak BBt G RS BTEgpicoip AR ik PG or THF at
terRSEthres Ir %@gn?@fr@ink(y bo @bcdqga&ﬁ bk%%ﬁhér' rh@dlﬁ'@&"b%lclfangﬁé Snthetic

I'n sulta organi c sol vent ke DVF or
metherds dnawn e heraat) gé n@rﬁphfmd(betaw 8 Bp HY, thaestdras hydrolysized by

di.fied. vari ou t het.i.c .met hods
saf 0 ST D ARG A PGt Ao P Fydroxamate
in S rl@'%%tirﬁl@rcﬁ&o@hﬁ? dAcdd e8P aliufdinpabit Qot liﬁﬁd&@% EDCIEHOB or
acid is then converied to the desired hydroxamate in

PyBOBparisyths rapigariate dodisniylanine srediablesresis selvenss e DAGE, THF

DCI HOBt or PyBOP and the appropriate
orwmyiwci&f%n € in suitabl e organi ¢ solvents |i ke DV,

THF o ne chl or| Sch i |Llustrates an
s heas p Mg Gt S in, Bfieh e £ sbstiRbATs S8 gyt prior
to El{e' Quplify bR c&@E RV theRliR6 REHF. € THE tréhclibie dBic {pﬁoﬁff}g factly like
he reaction description is exactly |ike tha

thasdm&@lemeeb( exqspt thaktherchisme nesdrie inpesrprated an @Sripragesegt in the

resent in the aniline fromthe begi nning.
amﬁ e%@ %%ﬁgl tHie preparation of N3 al kyl anino
benzi m dazol e derivati.ves i st r.at
e T8 QRARSIS: 465 BirEagHof /s 130 vk i G g gtives is
111Lmi‘gfe9x anmgt 8tepS 1dithy deinhtaBEntSbNGhd 1§31 ARPlRAOSESAMIdazole
i ke in suitable solvent or or AgOAc, AcOH, water. The

hydiuoaamatg is divydfoxytabesrusing alswitabld exidars gike QaO:Natssiate solvent or

Pbéi? Hii} gés‘géﬁg‘gbl g&‘?h@ gf%yérg s exhllég Is Elﬁgg%rtﬁgn@?lggﬁd in step 2 by
Nafldf %Pﬁ(mz%gﬂﬁ%h{tﬂﬂe biphbdie nik e gevdalie aldanytiy %l@ﬁh@@@ (step

i ncl udi n ut not limted to ozone/ Me 2S, or ste

3).4he @H@n%\ﬁalhbe dieqihyearededtp the alfehydeby siendard wtb%dsrfgcludmg
bu?‘ﬁcﬁ']%'&éﬁ tg%tz&?é?ﬁle%{ %Iés/dé%s GM{% 4. '\ﬁ(sg% Ai, Bhhine is prepared

by reductive amination using standard methods such as Na(CN)BHz, Na(OAc);BH,
NMesBH(OAC); with or without AcOH in a suitable solvent such as methylene chloride,

acetonitrile or THF. The preferable reduction amination is to treat the aldehyde with

amine, Me;NBH(OAC); and acetic acid in MeCN at room temperature.

Scheme 4 illustrates the preparation of compounds of the present invention where
W is heterocyclic. In step 1, the methyl ester is converted to the hydrazide by stirring
with hydrazine in a suitable solvent like EtOH at temperatures from 50 to 100 °C. The
desired heterocyclic derivative is then prepared by cyclization with the appropriate
reagent. For oxadiazole 21 the hydrazide is treated with an orthoformate like triethyl

orthoformate, and an acid catalyst like pTsOH in a suitable organic solvent like EtOH at
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with or without AcOH in a suitable solvent such as
nmet hyl ene chl oride, acetonitrile or THF. The
w@e@smeerrbl e reduction animation is to treat thRCT/US2004/027199
al dehyde with am ne, and acetic acid in MeCN at room
elel £8P edrapdtitres I6MenHOL )| | RisthyaiRy dxbgiapsleRartaé hodragide can be
conpounds of the present invention where Wis
cydigedr yithcphesgens, ait @pphosgenfe aqitvalpnt difee triposeensy & t eagbonyl
il D XSS ENE Bt olbich) i Wl Y AR FIAR L Bufling o 0o
12A.600. Che Tinecapis bxaiizdoit 23 curyisd ;brepaied by adactien wsthtdaghon disulfide,

lizati on, t t
an R g BRSPS risacholezmbibks BREH Shelstiies fopnmmatures (50 -
10® bC?OfIﬁE 'ﬁﬁ{lﬁ‘o bké‘cﬁazb[é 24 b vo Ma'ﬁ@berI@?cttl%n @fﬁgP\?glr\]]?ﬂd?l&age like

catalyst like pTsOH in a suitable organic so
NaHCOOM, an  3\DEitalge 2dighgd Bolva2it3 3glem eliky atiethng eamb Iveeterr afs room

50 - 100. Q). or hydr yoxadia ol e 22_the dr azi
tonfgzreciys o P e o DN B SRRl o2, e Wecoaed y first
reab il tHer h}ﬁiﬂ%&eﬁ'ﬁh% zﬁ% QR iseinidBySaEO e alslitdb18 WrdAR Solvent

organi c solvent |ike toluene at tenperatures rang

lik¢ 5o TEY' attemprratpies tangiog piom 8k &l ek dle The lnt@nn@bgte can be
isoFaEegiO&{{%%l b%ﬁcyélﬁf‘et ch ctl% d&)ntﬁ trlsgo \Fgl#]&j ﬁ)@ OEtO %ognmlde in

suihey argahid sohenatlikee THFSQr - DMIO of) tempeatasd rl@ngmg from room
oxadi azol e 24 can be made by reaction with BrCN and
tempegaduneitR 0RGHC 3, in a suitabl e biphasic sol vent
system | i ke di oxane and water at roomtenperature.
Fi n&1 Behemen theibepptation of keto hengnadizaleodesvaBvesan ilbwstrated. In

R T —

re%ihM?lIIAH iKEHPMEOOC owram{4 ih GIOEF BUF ke oheReHpahitire O Mixidation
25 to 100 C.. The internedi ate can be isol at e(]iD can
to the aldpaydo e b aceempyshed imstene usiedyipPnin é‘fet(EECTHE gt 50 °C. In
th
ste@ 3 Slfﬁaﬁ%'g_ﬁﬂic e%, gltuaﬂrjfésts &%gtﬁoglﬁﬁ feﬁ%qeil?%) g&p brig'n}aﬁ% reagents,
cart berpddat tor thet ﬂdﬂ@d@ in HTEEE hae iew Sempdretups €par a¥8 ofCpfo give the
ves is illustrated. In

K b d d .
Subfgafweﬁq%{v@fo?@ ¢ 3né Fetorivees s be PRPAERHRytert BY 3 g idation
of fR¥ béﬁ%‘i‘ Qﬁbﬁolruﬁg&%ttén\ﬁﬁrd%ﬁla%ﬁs s ek 86RR ¥r A N ilxidation.

NaBH I n EtOH: THF roomterrpera ure.
?(Lgﬁ% 58@ﬁ$\§é&é?€§‘ﬂ@l€ %_%\égt? nggﬁ}&g %a?qﬁggpﬂ iflﬁﬂl%ﬂié Qarﬁtgr? Btoms.

Diastereomeric mixtures can be separated into their individual diastereomers on the basis
of their physical chemical differences by methods known to those skilled in the art, for
example, by chromatography or fractional crystallization. Enantiomers can be separated
by converting the enantiomeric mixture into a diastereomeric mixture by reaction with an
appropriate optically active compound (e.g., alcohol), separating the diastereomers and
converting (e.g., hydrolyzing) the individual diastereomers to the corresponding pure
enantiomers. All such isomers, including diastereomeric mixtures and pure enantiomers

are considered as part of the invention.

The activity of the compounds of the present invention may be determined by the

following procedure. N-terminal 6 His-tagged, constitutively active MEK1 (2-393) is
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step 3, organonetallic reagents, such as organolithium
reagents and Grignard reagents, can be added to the

w@b@ekyxtsr in THF at | ow tenperature (e.g., -73PC/USI04/027199
gi ve the substituted benzyl alcohol. The keto

e}qﬁeﬁsb&’ at EV@ﬂl Qrﬂi ’l? ﬁalrpfsgﬂ@; ified blytofv@RiofalatetBydi@ih @R af Science
| co er standard conditions such as

t he b
c e%%v /8 “TaraciiFitiogi MRS IoN, asaqﬁszeddaﬁw@@ﬁwgg de fkerporation
of g ast%ﬂ{) hg% Im?nn -ﬁ?yA’fpv tc‘;jl SM@ a%—liartgg%tggaiiﬁgﬁr which is

dofrer i C M Xtures c
exproghed il Batold b isaieidiee by dénvéﬂmanmﬁétﬁo&b‘ it fRI fresence of MEK1,
physi cal chem cal differences by net hods known to
The 19888 1& epiricd Ut n ORavedl polyprepylenampsites, Thy incubation mixture (100

HLERGRRTGREF 28 i s L 3L T RS VTR L Blipgrotonosphate, 100

uVE NS IRRBR A datdY X I DT § M di@Rtie 8@ e LiVG BRI UNBhiBYors are
reaction with an appropriate opti cally act i ve compound

suspendgd, inaPdE$0] pnd sﬁpmqtqnﬁ,g lmhlelmg aeuterle one psriamded at a final

coni P iies DFa0r RSPy Bl gty eduRifor ppaTe i

0. s/ﬂ&bwé%-mpr%m anl NGéubEicd St Dndsde rtaﬁﬁ@raﬂus:e ferMsuﬁl%ﬁu@sﬂ dEqual
pure enantioners are consi dered as part of

volumeenf i26f0 T4 mcaddedt fo @fopt e cenpourdd pnfecmitete the proteins.

e GRS P S AT S e
waditddi off udfEKla ToinB9INACH MV REveRE2 4BLR09 27 al?o%’éﬁ&% air-dry prior to

vexpressed in E. coli and protein is purified by
adding veritli/visHl ofrﬂéﬂGh@fdM%MllétZOaland pheeAgecoromd, ustgha Packard

7 S
Toﬁeg%ngr % ‘thl%r a?sa?h%ogﬁ%og%g of the In en%o% e%ﬁsb%tg% gﬁécfor%fr}]esgs_than 50
mi&oﬁﬁar,onto N-termnal H s tagged ERK2, which is
expressed in E. coli and is purified by conventi onal
et iragl %lldvﬁn% %n@bﬁﬁ(ﬁnﬁf@reoévahﬁfgd inTihE BSFAYsda§ Aok to be
out in 96-we pol ypropyl ene plate. The incubation
activiext ure (100 nL) conprises of 25 nM Hepes, pH 7.4, 10
nmM Mgl , 5 nM b-gl ycerol phosphate, 100 niM
Na- or t hovanadat e Cobpohhd# T, § Adividlgkl , and 1 mM ERK2.
I nhibitors are suspesided i n DMefde and all reactions,
including control's afe perfornggyat a final

concentrat i o of T9% PIVBO Re3 ch S are initjiated by
t he additi onfof—16 Evrmﬁf\vm talti o C—g=—R- ATP/ wel | )
and i ncubat ejd—at p.rrj\_rme?u‘f—qdre f-or—45-m nut es.

Equal vol umelof ’7'%Jrrj§1"AJ s nrr@&ﬂ‘ﬁ_a_si_ap_Lh% reaction
i Di active

and preci pitlate t he2p¢ ot eins.

29i active
29s active
20t active
29bb active
29111 active
29mmm active

. Administration of the compounds of the present invention (hereinafter the “active
compound(s)”’) can be effected by any method that enables delivery of the compounds to
the site of action. These methods include oral routes, intraduodenal routes, parenteral

injection (including intravenous, subcutaneous, intramuscular, intravascular or infusion),
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Precipitated proteins are trapped onto glass fiber B
filterplates, and excess | abel ed ATP washed of f using
wa20bsiereslt MACH |11 harvester. Plates are al | ovwedr/Us2004/027199
air-dry prior to adding 30 ni/well of Packard
topak; ané edctil ad@linigrutiopl at es are counted using a Packard
TopCount. In this assay, conpounds of the invention

exhirhd tagfbudh of &Y a@ﬂivd e&EpdubdnadRinist&Ed Willabe dﬁi@dent on the
fol | ow ng cgqgoun S were evaluated in the above ass

S“bml bbﬂuﬁ trgated, the sexetity ef thediulenar sonsition, rthEyra@rPfaaém@ﬂéﬁaﬁon
t |
theipiin S48 Qe R B bl S e ProeDgy g ditSician

Ho®etdry en 288tneaddshyeisAd thaisigs alfiaboutod.00heo alanmpd00dsg/bg body
t he present I nvention (her r the "active

welgBDURTEETlY AR b Blorbas Bt 65 ange Neefia dided doses. Tora
70 EEER5ER, RLIERanRunl RPAGATRRATET & P, PG, Proreadly about 0.05 o

abduntQIfa@umeiagrl Fostres inghences) tdesage ]eMj:ledttelcrm thie ovandimig of the
[ ntravenous, subcut ane

aforgspidgoageanribe Bots ey %‘%&Hjﬂe' %'EYE %ﬁ%@?f‘dd&lﬁ larggrdpsesymay be
emﬁlﬁgg QRINSR car’itd dn§HadhAAdMHeNrRdcE, Eﬁrb&iﬂed e s@dlafder @bses are

active conpound adm nistered w il be dependent on
first Hevided into several small doses for administration throughout the day.

The active compound may be applied as a sole therapy or may involve one or
more other anti-tumor substances, for example those selected from, for example, mitotic
inhibitors, for example vinblastine; alkylating agents, for example cis-platin, carboplatin
and cyclophosphamide; anti-metabolites, for example 5-fluorouracil, cytosine arabinside
and hydroxyurea, or, for example, one of the preferred anti-metabolites disclosed in
European Patent Application No. 239362 such as N-(5-[N-(3,4-dihydro-2-methyl-4-
oxoquinazolin-6-ylmethyl)-N-methylamino]-2-thenoyl)-L-glutamic acid; growth factor
inhibitors; cell cycle inhibitors; intercalating antibiotics, for example adriamycin and
bleomycin; enzymes, for example, interferon; and anti-hormones, for example anti-
estrogens such as Nolvadex™ (tamoxifen) or, for example anti-androgens such as
Casodex™  (4’-cyano-3-(4-fluorophenylsulphonyl)-2-hydroxy-2-methyl-3’-(trifluoro-
methyl)propionanilide). Such conjoint treatment may be achieved by way of the

simultaneous, sequential or separate dosing of the individual components of treatment.

The pharmaceutical composition may, for example, be in a form suitable for oral
administration as a tablet, capsule, pill, powder, sustained release formulations, solution,
suspension, for parenteral injection as a sterile solution, suspension or emulsion, for
topical administration as an ointment or cream or for rectal administration as a
suppository. The pharmaceutical composition may be in unit dosage forms suitable for
single administration of precise dosages. The pharmaceutical composition will include a
conventional pharmaceutical carrier or excipient and a compound according to the

invention as an active ingredient. In addition, it may include other medicinal or
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subj ect being treated, the severity of the disorder or

condition, the rate of adm nistration, the disposition
w@booshzs26pnpound and the discretion of the preBCYURNYG027199

physi ci an. However, an effective dosage is in the
pharangeitiof] agbml,tcaﬁ;éi)ﬂhdﬁlaalﬁb% 100 ng/ kg body

wei ght/ day, preferably about 1 to about 35 ng/kg/ day,

I N BkdigplryOparit¥iall 88mARsiASion E@ﬁn@m@&d’é%ohﬂﬁﬁ@ or stlép%nsmns of

woul d amount to about 0.05 to 7 g per day, preferably
actiyp sepoudls i stesraueussoltions, foagxaniple, saneous psepianeglycol or

deiBS0ARA SN STl BARY 1o LY aiuétaﬁim%%md flpLesal d

cases

sti rger_dos be e ed w thout caysi ng any
hanl%lf Eﬂl"? Phimiatraie] Chin qugodhaert et %rogeﬁﬁsrés@sater and

varRdig drbdngd s@l‘v&!ﬂt@'edl‘lié”bﬁarﬁﬁy&ﬁﬁﬁl SSB)JsitdRA8 G8af, OF desired, contain
admi ni stration throughout the day.” The acti've conpoln

addifignabingeqdiintesiches dlayotingst biederyexsipienty aitibol m@ Qs dor oral

the Mnor subst ances
adr{B:FaBh T RAL 'ophiHTRe SRR MG Ianl ] b o sfigb "S3F may e
emysle Herp tc%ethlefl bfighsvarfieis dAdilisbRahisngicBgRNtSch,f zﬂgmﬂ% asml &d certain
cis-platin, carboplatin and cycl ophospham

congfex %t%?éo pq o¥ith fypding apgsits sugh @6r Bisresei |gelasipt @8d necacia.
Ad‘{ﬁﬁg&g% lﬂ)?lcglgl% ?%eg{so Hragqn emg&% a?gﬁ"é“@) ﬁn%%lﬁglosulfate and

erre abol i fosed
talcRat efiten Ayppiul fat twblstiig puip3e36 Sdidcdongsositions of a similar type may

alsogﬁf‘g ﬁ%{é@m %P%Gar@dr & ﬁyn;gﬁa%eﬁwlgﬁq Reafersed metesipls) therefore,
mclghé‘tlzﬁ‘:%s% AGhik sﬁ%a?"éﬁlﬁ Hl%'g h%ﬁech&d?'v@lérﬁrp%tlye@lﬁhén n%l?&ﬁs When

inhibitors; intercal ati ant i otiTs or ‘exa
aquaelsi saxsrymsmna od ebikieo mecdesireds fmwalsadnﬁmrstrebnzmﬂieea,ctwe compound
nterf ?)r on; eg t i - hor nones

| .
tholgf Pl B ST 0T LR VRGRCE T (EARENE Femys Gploripg mattes

or BXaRARY,Sf a@glfedaﬁﬁﬁﬁgﬁl ?é&ﬁb o@§us§@§cﬁﬁ§é§étﬁ@ tbgether with diluents
“cyano- 3- i uor ophenyf’sul phonyl) - 2 hydr oxy- 2- met hyl -
suclgas wa(ef,rqthangb pmmiemy Igjycph @b{cmmrlco@b}naﬁ@m%emﬁ j oi nt
treatment nmay be achi eved by way of the sinmultaneous,
sedMethbilal ofoprepapry avvowto phaaoéutichk ciompbsdtidm&alwith a speciﬁc
co nents of treat nt The ar maceut i cal . o
a3 0 8 oot ey S Bis K o Sl aPRsiet o s skl dn this o
Forfedan®@lad] setdRERinstdnd PRAndSedichPBtiRheesC BRRK MibliBhih Company,
powder ,, sustai ned release fo nulations, solution,
ESt@uEiaeh%lE@mOlﬁélﬁ@hr enteral injection as a sterile
sol ution, suspension or enulsion, for topical
adnthe @tarraxlci:soanda}xepmafdﬁmtmeviﬂecb belowefumthar ilfustrate eatl aixemplify

the gon%gun%ts %?%ﬂe%%s%nt invention and methods of preparing such compounds. It is

to be understood that the scope of the present invention is not limited in any way by the
scope of the following examples and preparations. In the following examples molecules
with a single chiral center, unless otherwise noted, exist as a racemic mixture. Those
molecules with two or more chiral centers, unless otherwise noted, exist as a racemic
mixture of diastereomers. Single enantiomers/diastereomers may be obtained by

methods known to those skilled in the art,

The disclosures in this application of all articles and references, including patents,
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suppository. The pharnmaceutical conposition may be in
unit dosage forns suitable for single adm nistration

we@boopnesse dosages. The pharnaceuti cal conposPCT/U82004/027199

will include a conventional pharmaceutical carrier or
apX@tg@bentedaneiaby egfpeussl according to the invention as

an active ingredient. In addition, it may include

ot herrhaRicatitgls iRhstM¥ furtB&AABhO @At wing &333ley which are not to be
pharmaceutical agents, carriers, adjuvants, etc. _
conesiipd a¢ limitanecthe enventionin svioe prspihiofthe specifiegiraekstures described
ig@&ﬁgions or suspensions of active conpounds in

steril e agueous solutions, for exanple, aqueous

propyl ene gl ycol or dextrose sol.utions. Such dosage .

P or mehEatadinbe Gy Wi raneB. MPTIRLHFodna g dijraned fiom
cORAHPRAC Y ER] préfabdde idnl REMURALCIAINE 2k aiibld! &g hiOcompounds, or
fillers, water "and various organi ¢ solvents. The
ppiraredaisiagtw el inogargyothietic orsthoday, if desired, contain

addi tional ingredients such as flavorings, binders,

exci Riepresentainve dxhmples o metftnds foropreparalg iattnmedistes af therinvention
tab] ets .containing various excipients, such as citric
aﬁﬁﬁgﬁﬁi§wgﬁvenployed together with various

di sintegrants such as starch, alginic acid and certain
conpl ex silicates and w t HEXmRlesg agents such as

sucrose, gelatin and acacia. Additionally, |ubricating
agents such as nagnesi um $xempde B, sodi um | auryl

sulfate and talc are often useful for tableting

pur poses. Solid conpositions of a simlar type may

al so be enployed in soft and hard filled gelatin

capsules. Preferred materithls, therefore, include

| act ose or mlk sug g-Migh nol ecul ar wei ght

pol yet hyl ene gl ycol 8/ When gquegus |suspensi ons or

elixirs are desired for or ration the active
conmpound therein may be c vari ous

sweet eni ng or flavoringHbgerits,FcoloriBig matters or

dyes and, if desired, enuF%nying agents or suspendi ng
agents, together with diluents such as water, ethanol,
Bridpgr e tréd-drgruoi2-mephybphinylangno:dHtien sainddngoteh®cabbxylic acid

Met hods of [ ' h ical
conpgs?t?ongraf?LI@gé%%%h'#%hgﬂ%hﬁ?ezihég?ive conpound
, i)l Db t, tg.t illed.i
o <SERED 230 il PPN ol T8 Sk P b
{126 BRESSed Magkl BuBlLi BJY0)9 FRMRe Aitric BSHEE addR (8.4LR1L) 199 mmol)

Edition (19752..
and the mixture gently stirred. 2,3,4-Trifluorobenzoic acid 1 (25 g, 142 mmol) is added

in 5 g portions over 90 minutes. The dark brownish yellow solution is stirred for 60
minutes at which time the reaction is complete. The reaction mixture is poured into 1
liter of an ice:water mixture and extracted with diethyl ether (3 x 600 mL). The
combined organic extracts are dried (MgSQ,) and concentrated under reduced pressure
to give a yellow solid. The solid is suspended in hexanes and stirred for 30 minutes after
which time it is filtered to give 29 g (92%) of clean desired product as an off-yellow
solid: MS APCI (-) m/z 220 (M-1) detected.

Step B: 4-Amino-2,3-difluoro-5-nitro-benzoic acid 3: Ammonium hydroxide
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is to be understood that the scope of the present

sbIMEM (30%, irswaRt) (35 FLL,EXV 1i Bman)s wadedly ot sta,mtﬁmaﬂ@ fi-trifluoro-5-
the foll owi ng exanpl es and preparations. In th

DftE-PeEPIFgacask gnﬁﬁe& ot aapelddn jot mLawatenhgt 8 °§hwrth|st1mng Upon

G585y I TBEHEE ARG UL EERRSE Rmed o room

tengtr e, withlstigingot AGemp Sehongd, el reaxtiat nastufe fsaweladcto 0 °C and
m xture of di astﬁléleorrers

Si
C@nfémtsﬁlr&@/lﬂ Fastudly agredt %ntw'&?lg %‘fgre%m YIRS PeSE Rodde reaction
o d‘i&] uledOFith %fe* ﬁﬁ?iw aﬁ«b tAted Wi B{E‘d g{hﬁf Et‘ﬁé#@eésd) fhL). The
this a PP ences,

Ication o artl es an
combinad iongpnjratxaricts, ark WBE(IV&GQ)@BM&D@C@:W&B gnder Zadwwed pressure

L R R s R e Y et

are not to be construed as limting the inventiogn i

scopegiC shlfiino-4.6- @M?@ﬁd@f@rh@ﬂ{%@@d s aeifi e solution
of TMS 8T onlftfari! i ﬂrhtege OE@%@ %@'1§r O%n%%mgﬁée to a suspension of 4-

I nt er medi ates ma t'ar ned m co rci a sources,
ammpaB&Uﬂtﬁdrom—muﬁmenMial doyd B4R 0abge 9dr7gamngl) in 25 mL of 4:1

Tﬁﬁ;%égld gti:ﬁég i Ig{rggﬁgluaz};{lg Ve\:/egey Uggrgﬁmglrﬂg gxp g% iac?dition reaction
nﬁiﬁ?@fs'v@&rﬂeﬂt‘t@ "r&ﬁﬁi 'té}ﬁll%}atﬁfe t RRerd MY 2BLIOBxREETHEY dibrh&thane is
bel ow. Exanpl es

dgsticlyed by 116> qagetbl @ﬁdmu@ ¢iﬁsqch§r¢ anﬁ}e A aerichion) is3Heth eoncentnated under

R SRS 60 o B P 9D OB TP L e s
AP'GI@) ,ﬁ/gggp(megmefe@t&id bottomflask is charged with
125 L H2S 4. Funming nitric acid is added (8.4 nL, 199

mml )S‘te?@ LG X 8 Y B S mtJ‘éLZ %t-z‘o gfl@rﬁmo -benzoic laczd methyl ester 5a:

ri fluorobenzoic acid i's
4a0@mm-2 3-difluoro-5-nitro-benzoic a01d methyl ester 4 (12.0 g, 51.7 mmol) is

suspended in xylenes (60 mL) and ortho-toluidine is added (55.2 mL, 517 mmol). The
reaction mixture is heated to reflux with stirring under a nitrogen atmosphere. After 36
hours, the reaction mixture is cooled to room temperature, diluted with diethyl ether and
washed with 10% aqueous HCl solution. The aqueous washings are extracted with
diethyl ether. The combined organic extracts are concentrated under reduced pressure.
The residue is dissolved in methylene chloride and filtered through silica gel in a fritted
funnel, rinsing with methylene chloride. Three fractions are recovered. The first (2 liter)
is nearly clean by HPLC. The second (1 liter) and third (1 liter) fractions are only
partially pure. The first fraction is concentrated under reduced pressure and triturated
with diethyl ether to give 11.2 g (68%) of clean desired product as a bright yellow solid:
MS APCI (-) m/z 318 (M-1) detected.

Step E: 7-Fluoro-6-o-tolylamino-1H-benzoimidazole-5-carboxylic acid methyl
ester 7a: 4-Amino-3-fluoro-5-nitro-2-o-tolylamino-benzoic acid methyl ester 5a (1.57 g,
4.92 mmol), formic acid (25 mL, 26.5 mmol) and 20% Pd(OH),/C (1.57 g, 2.95 mmol)
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in 5 g portions over 90 m nutes. The dark browni sh
yellow solution is stirred for 60 m nutes at which

W@ 20v8/021261 r eaction i s conplete. The reaction MPEL/USM04/627199
poured into 1 liter of an ice:water m xture and

in€26t B EHEOE avb hbatthigatifty stirih B &5 9 8 X ABRP 16 hdurs, K€ reaction mixture is
conbi ned organic extracts are drie MySOr ‘and

coadtk oniorm Eipgrder addiie eLYr é’gégﬁéz/é ongilPemk Hanicowid added.
T?é; lrréa%%oﬁr hgixfird i E&e @gn@%ﬂhnstpﬁﬁgn thg 3’{0#.]%5[ 98k reaction

mnutesater |cht|rrE| gl ve
mpguig ie @2efeddd rodbmatemgesiure dng fib@rect thmgarcﬁfté rmeingomh EtOH.
NS APCI g‘ det e ted, Step

T Bl soncetbiel oo eaoeh e o e dsaed Rd PERRiitates.
TlliB’ el dRoduot %Ecollé%% @i@c?azlon Z’Fﬁ)@ﬁgrc?‘ée 3 'r)’sgcc‘cﬂicla‘ﬁﬁraﬁéh gi%am until

30%in water) IS a to a so
mofe @smedripnoducft Ipwnp;tm mht: pmdue‘nlz eblechal oy Rlifatibn.gRefcated EtOH

coRmAteb R oa SO A Y ko RaEREtS<D 0P ot Ak big fesred

protudt VIS ABCIE) wﬂs&@mm&m&&m@@w HPET V) L §98 {Mlﬂj Qetected
After 2.5 hours, the reaction mxture IS cool ed

and gonhcent r af. %0'7@6—(’4%;’87@5 ef i%ljhyl e@%@fﬂn}ﬁw IIH @szgfmzdazole 5-

reaction mxture Is near
cagtbdxytied awidt hmetdyler esté30 &tL) 7aﬁ?idomax6 Dacltylmmmﬂﬁ{ bbrfzbimylﬂazole 5-

cofSlc chigema Drier T ER AR Eatodh HAURE) o SRR o dSC g MeOH

mb@ugi(YEmi4 a8d cOSU tOL7ur @n&’e@%‘ m&%gew MeggherévsA@eﬁhon of NBS
(-) mz 217 (M1) detected

(12078vi 6> mngplyjrf ﬂdoTHF@Afrﬁ)ItI r(é IbTehEcﬂddeécfwlh)wnétWWh MediE r(5 mL)

soﬁtﬁon %IM}%% m’rﬁp;) fgag(g/g gn%ﬁ gﬁ g}lg%tgg? G ] reacglon mixture is

Wﬁfﬂeﬂ&oZ) Scdanﬁltuaf Orabmétl to ﬂmﬁﬁtbi@dﬁata&l &hted 1(Bo?0 Mfter 16 hours,
m._of 4:1 THF: MeOH at O C under

mﬂﬁetN%% é(?wléugn%éﬁ mapel) i phsied @%ﬁreenea%wndmxaua u& alisved to stir for 3
hy2 HeQBadHok G Bird %N}g@%{ﬁ%@ bl nd ARMIEIPRLA N (384 A&lhﬁé}n After

ours, excess azo ane |s
B(bmnmftetsl, fireciehtticonmoftuede tilated ovith whive ané adiyil abeth stnhethe layers
concgntfated undgg’reduced pressure_and dried in vacuo

sepgya be apieguy Gep isopxipggied s et aprtaiguctic penbiped organic

ex(raéts e ddad f(l(\l M3, QE& %Sﬁ&‘ﬂtratg& d reduced ressure. The. rgcovered
Ani 1 no- 3-fl uoro-5-nitro-2-o-tolyl am no- Penzoic aci

SOhéﬂWyllture‘r@d evithsacthileAptiiori@s ®-givd 2.00ed7 3% ptireatebieetzarioduct: MS

Aﬁ&g) r];'r;t Qé’d ﬁgt(ﬁrﬂ%r(p %em) gétected 7 mmol) s

Step  G:  7-Fluoro-6-(4-bromo-2-methyi-phenylamino)-1H-benzoimidazole-5-
carboxylic acid 10a: 7-Fluoro-6-(4-bromo-2-methyl-phenylamino)-1H-benzoimidazole-
5-carboxylic acid methyl ester 8a (63 mg, 0.167 mmol) is suspended in MeOH (1.5 mL)
and 20% NaOH (400 pl) is added. After 16 hours, the reaction mixture is cooled to 0 °C
and 1 N HCI solution is added dropwise until pH is 2 to 3. The reaction mixture is
diluted with ethyl acetate and water and the layers separated. The organic layer is
washed with brine, dried (Na;SO4) and concentrated under reduced pressure to give 58
mg (95%) of desired product: MS APCI (+) m/z 366, 364 (M+1 Br pattern) detected; MS
APCI (-) m/z 364, 362 (M~1 Br pattern) detected.
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suspended in xylenes (60 nL) and rt/zo-toluidine is

added (55.2 nL, 517 mmol). The reaction mxture is
wheasmeeB2so reflux with stirring under a nitrogRC@I/US2004/027199

at nosphere. After 36 hours, the reaction mxture is

coolspsh t Y OGUFBANENAIKHo- Zdhétkﬁtl%eﬂyl&;hn@)ﬂhhb’énz@ﬁﬂ’ﬂ@dzole 5-
and washed with 10% aqueous HO sol ution. The aqueous

canppstin g cist e ceslenrapylwdhaio-wmiieet A o7 kdgoro-prg- bromo 2-methyl-
ph(e%ggrh %51 18- Qé?ﬁo%m% orlea§ tcﬁrb%;((ghcc Qa!ggf ritOraa3 1 xlﬂg,d%(mz mmol) is

pressur I esi ssol

dig¥lvay ligne1 Crimr hﬁﬁqy@aﬁe cfhudrtder ﬁdnﬁbr@ugHuﬁiigrsj Baseg@l23 pL, 1.32
a fritted funnel, rinsin net hyl ene chl ori de. )
mmpDee dddaéd tfolewediby P e(B%dng,TﬂéS i el 2 Affer ¢ fey gninutes,

PP 0 R ORSIR, G T AR g

is hi@et | Afterl the GOALOALIE ab@pleten der mbxaaede @aﬂitl@ﬁsm betmami methylene
triturated with diethyl ether to give 1.2 g 6&?
chigridg and saturate NpBEGs sdlysion, Bhy i?b(?fsfé? peRrAlEst ang t R/srgamc layer

is ‘_%E _giéeg](wfth %tﬁra%%ﬁ\%ﬁb@;; a‘ﬂﬁ ]egfhg_%rgﬁb >?Jer H Hﬁ‘?&pCN 2,504) and

am no- enzoi m azo 'l c aci
conmntmtedesmm réduced pressure. After punﬁcatlon by FCC (elute with 20:1

Ry PpatMeBliSy 25 e @376 obpuihifed moivht & et 268 ESI ()

2 I : (A1)
w783 O PO 851, 57,007 68

dermteu éﬂi NMR]@IOOMI-% ADCIHE 815 (6 1HOL8.82 (5hidly &a8t(s,dil), 7 43 (4,

1 9T e 0y DA SRR oSl B oSO . 2,

0.1%@, o)t GFM@hamzreD@g,)Ji\ﬁms (6 hours, the

reacti on mixture is cool to roomtenperature and
filtered through Celite Eﬁg'l'eél oW th Et OH The
filtrate is concentrated un reduced pressure until
the desired product preciqiicags. The desired product
is collected by filtration] The filtrate is
concentrated again until N ed product

preci pitates. The product co ted by filtration.
Repeat ed Et OH concent r &t product filtration
several times. Recovered“f’OQ g (749 pure desired

ryl?ld ugyos 6 ;ﬁp ] é ééf@&‘@‘éiﬂ”g@%gg' rq;oxflc ic aad m'vgzyl es%r (27a)

7- Fl uor o- 6 4- brom) 2-nieth I-ph nyl ani no) -1 H benzqi m
dazcﬁf@ B4 m@,ﬂy@roa%par §/1y aéréz(z@ egzo{;zc acid methyl ester 26a:

Aol Sl Ul Botl M e .5 1) e,
predspefiedmple 1,: Stel IEIFlsNBQabnded in xylenes (125 mL) and aniline (92 mL,
1011 mmol) is added. The reaction mixture is stirred at 125 °C for 16 hours under N,.
The reaction mixture is cooled to room temperature and solids precipitate out of solution.
The solids are collected by filtration and are washed with xylenes and then diethyl ether.
Recovered 22.22 g (72.78 mmol) of yellow solid which is pure desired product. The
filtrate is concentrated under reduced pressure, redissolved in methylene chloride and
flushed through a plug of silica gel eluting with methylene chloride. The desired

fractions are concentrated under reduced pressure to give a brown solid which is

triturated with diethyl ether to give 5.47 g (17.91 mmol) of yellow solid which is pure
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m xture (60 nL) and cooled to - 78 C under a nitrogen

at nosphere. A solution of NBS (1.20 g, 6.75 mmol) in
wa2502e5MeOH (5 L) is added foll owed by a MeEH/{S2001/027199

solution of (1.9 g, 10.0 nmol). After 30 m nutes, the
dediRAGrbARt. "TEHBIRA pPodiaf jﬂ@l@ it 07,69 G (20%).t MSIARGH (Rpelv/z 304 (M-1)

roomtenperature after hour. After 16 hours, nore
det®®d( 0. 12 g, 0.67 mmol) is added and the reaction

m xture is allowed to stir for 3 hours. The reaction

mi XiStapeBi s 7@mmphdmylmmeo—éHdbwzmmZ@fzoll?@fy&@”épf@tlico‘%’d methyl

Aft m nut. e eact. on, m.xt
ol B R DS DS SN U elS A HAB R 26
(1@%'%0@& T BRbY)! ForfXd hAGLES0 WiTL, I6.63 htdl) amew%@d(mmez/c (9.00 g,
nbi ned organic extracts are dried and concentrated
1619ﬂdmn101r) ethuctbangd (2¥smE pare Fhged slcHl &y ’éu tyg hpgrsjugder N and then at

95 E%wr%ﬁ%uraeghﬁen%g | en&tcgl’\%”g _{?ér}{ecel%g%gmg%%d filtered
tlu%wgll[l Hhitd fhtigg 'ch}ij BT bh&ate St’ﬁfé ﬁtrate is concentrated under reduced

uor o- 6- (4-br ono- 2- net hy ~hen|amno-||—|—%en20|m9
preszaiedo @weceayeﬂma;qh@l élaiedsom@as triturated with diethyl ether to give 13.47 g

br.o e
(Sgégﬂggﬁerﬁeaﬁ%m@du 4 §rt%%>g<c§/1?/d| clelgc‘fx‘]iélbfj1 )W)Iz Qlégt%ﬂ detemd MS
A];s@ nEOR4TVRY ) ddtectédispended in MeOH (1.5 ni) and 20%
(400 m) is added. After hours the reaction
mxturels cooled to 0 C and N HO solution is added
dropwi se until pHis 2 toE’Samﬂlﬁé reaction mxture is
diluted with ethyl acetaf e wat er and the | ayers
separated. The organic |3ay ®scmashed with brine,
dri ed and concentrated u ced pressure to give
58 ng (95% of desired p ct APClI (+) mz 366,
364 (MHl Br pattern) dgg BPCl (-) mz 364,
362 (M1 Br pattern) detest ed \\\ DE- 80248/ 0027
-213332vStep H
3.@4Mnm-zcmmphmzmm)—ﬁwuophé@-quonwamlﬁééﬂmwtﬂ acid

azol e-5- carboxylic acid I nmet hoxy-am de 1lla:
7- Fl uor o- 6- ( 4- br ono- 2- ﬂgf%f z‘pr{g{’)am no) -

| Hb dazol e- 5- b
nmol 52; gl [jnl 3253(04@@1710?;061%11; 1]3%‘ é&@mngzgw Z—%—f%rboxylzc

| thida8 1@55@@@19 lic acid
c?%lnlz o% d oM % d'g??l%rc( ﬁév%gnoymﬁmn% ﬁbm,la\ %ero sarle oxylic aci
methypliésts, 27a3(4; PoEr bp§1 mmeilhigldidsglyed sy éﬁﬁm@thylformamﬂe (275 mL).

N- I%);gr;lggulym%rln%e (g %g gn% 7 (9 mmo%) {Hzrl%dgd &s a soq(glzla%g%l%é reaction mixture is

stirred at room temperature under Np. After 30 minutes, the reaction mixture is

quenched by the addition of aqueous saturated sodium bisulfite solution. The reaction
mixture is then poured into a separatory funnel, diluted with water and ethyl acetate and
the layers separated. The aqueous layer is extracted with ethyl acetate. The combined
organic extracts are washed three times with water, once with brine and then are dried
(Na,SOy) 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.

Step  B: 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-3-
carboxylic  acid  methyl  ester  8b: 6-(4-Bromo-phenylamino)-7-fluoro-3H-
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I's added. After the reaction is conplete, the mxture
is partitioned between nethyl ene chloride and

w@aioanz2ed sol uti on. The | ayers are separat ed BCMUS1964/027199
organic layer is washed with saturated and brine. The

beRE AR 201e28L84rbb:S 11 b ROmBIMY w&%atécagegd 1950eAmbB dyag@bwed in
pressure. After purification by F elute with 20

N h%@nne@néfocmmrded&mm)g N—ngowguc(cmswé%ﬁ*z Ious: el7d7é)sm?ﬂ@@ is added

ss LG d B e B e lB Sy T ottt B wnit e
re:ib@fbhﬁﬁ l&bm@%‘t@@i—@dia NMfé fe‘ﬂl@lﬁ)d‘ﬂ'lﬂnxt(fﬁqs Quedcf&dllﬁl ﬂ& addition of

IH), 8.02 , . 7.43 (d, |
aCIEl@l_&l,S spipyate S@Elrmsnsulﬁlg solgtlomtO(gyve Qﬂ)sper@cgag 12_}%: resg%mg solids are

o0 o P P O 2 o D s s

presglueny st st mwmﬂmapmldesfmapmm lab @ baigecsoligt RS EST (+)
ester Step A
W&-ﬁﬁa"r@ ‘%BEB@B?@-W@(CF%L 2~pheny! ani no- benzoi ¢ aci d

nmet hyl ester 26a: 4- Am no-2, 3-di fluoro-5-nitro-benzoic
acid nethyl ester 4 (23.48 g, 101.1 nmol), the product
of Exanple 1, Step C, is suspended in xylenes (125 ni)
and aniline (92 nL, 1011 Bxahpleids added. The reaction
m xture is stirred at 125 C for 16 hours under The
reaction mixture is cool 3r@pmterrperature and
solids precipitate out of lsolfution. The solids are
collected by filtration Iﬂa ar fshed with xyl enes
and then diethyl ether, Re€oyered~2p.22 g (72.78 mol )
of yellow solid which I §&=gure desired product. The
filtrate is concentrated under reduced pressure,

r edi 3@ 4BEClilbyopHienylagiire)chylavidgH Bz dilniddrel-S-babagiic acid
a plug of silica gel eluting with nethylene chloride.
The desired fractions amét%gﬁ%%ﬂ??ated under reduced

pressure to %Eve a brown solid which is triturated
Wit h7-Elu@t<h§+p rylaninogd lberzosmisiazeje Gicarpryhiesryl Bethyl ester 27a

( lé)i) %g}g:glgq;oﬁ 1\é\'g| spon h ied tlH 4! ('}ot n%dg@%gagvg{i&?%l gO ng and cooled to
~RBPE Undel 309 - T:NﬁmPOI (X.00 & 20.304mpddl) )is delded t otlowed by N-

St B:
Chfofgﬂl?é}ﬂéiﬂgiﬁ pEPet Barfi 480 nusnelh e A B @ Apipites 5 theaFa3ghign pxture is

W%ﬁkm fBEbhy{Zl LR §7®1ut10n an theq 30. mlnutes later warmed to room

uor’o- 5- ni tr o- 2- phenyl am no- benzoi ¢ aci d
tenpelayire.e stfler s@iag for 16 hours, the reactlon is complete. The reaction mixture

is quenched by the addition of aqueous saturated sodium bisulfite solution and diluted
with ethyl acetate and water and the layers separated. The aqueous layer is extracted
with ethyl acetate. The combined organic extracts are washed with brine, dried (Na;S0Oa)
and concentrated under reduced pressure. The resulting solid residue is triturated with
methylene chloride to yield a white solid which is collected by filtration to yield 1.05 g
(85%) of the pure desired product. MS ESI (+) m/z 355, 357 (M+ Cl pattern) detected.

38

WDE - 80248/0027 - 213332 vi



10 w

15

20

25

(16.70 g, 54.71 mmol ), formc acid (250 nL, 6.63 nol)

and 20% Pd(OH) /C (9.00 g, 16.91 mmol) in ethanol (250
wonrgosaeresstirred at 40 C for two hours under apPdI/Ukmn4/027199

at 95 C for 16 hours. The reaction mxture is cool ed

to roomtenperature and fyy e& through Celite

rinsing wwth ethyl acetate. e filtrate is

concentrated under reduced guHgssure to give a yellow

solid. The solidis tritufjated with di et hyl ether to

give 13.47 g (86% of theg desi product as a tan

solid. M5 APCl (+) niz 2% gtected' M5 APCI (-)

mz 284 (M1) detectedN_

6- (4 Brom) 2- chl or o- pheny'T‘am no) - 7-fl uoro- 3H benzoim d

- C X | id
R T
arboxylic acid nethyl estmyl afa(8d)- Fl uoro- 6-

r henyl ami no- 3H- benzoi m dazol e- 5- carboxyl i c acid net hyl

est efie24a £ 4mIfb-841 u3}70-%2mo)pﬂeﬁyldhﬁf&915¢ﬁﬁ”dﬁbnzow acid methyl
i V-di met hyl f or mam de 7V-bromsucci ni ni d

es(eB Sbs 4 \mip:- ZZE)—dnﬁlﬁgrq 5rrgtrg@g@@1cag01g methyl gstspd (138 8, 6.46 mmol)

react i [ rr e I
is RSP d%mn}(ﬁ&? 3 (7 58?2‘ railalgg%jlﬂgélmrﬁ% %ﬁ’}r eﬂ?s(%ﬁﬁﬁhe Ciﬁ{mno) is
addb@ Thélidacon mﬁxmusemﬁsmw)aﬂem&nm urhfter stitrinigtfer 6 days the
sol ut.i on. The reaction mxture is tdgen poured i

0O a .
reagtioBriacomPlttnAaF reaghpl mET Fheapkidte 1R Wﬁm and diluted
Rugh &d ARk rhéthyl
i Flho ) thibsife hY BiErcaRBRAGh Silicl EoIHINE QUAILE YRR mhihylene
chflaoﬁdea(d: Lytagiee was;lna@e tifitrate. t’ﬂhﬁé'ﬂtrm tlshcmbm‘rate&) trcdrynpssiand then

el B lST SRS A s R g?ﬁ@%@é&%&%ﬂﬁarweﬂw
Tﬁ%:uyéilc)@lﬁ%lfdefé d%ﬂ@&y&fto RIA 1108 S(gb%@ of M Fole desiredibroduct. MS
Br pattern) detected. Step

ABCI@) B(zo?:ﬁ?r(Mdhd@merhenyl am no)-7-fl uor o- 3H- benzoi ni d
azol e-5- carboxylic acid nethyl ester 8b:
6- (4S:8y oBD- pheﬁp(yl-&mmea ﬂﬂerfol—p]xeny]a@kﬂo)-\?\-ﬁz[b‘ioﬁﬂ -benzoimidazole-3-
248/ 0027- 332v . benzoim rbox
conb G arerAE s, S oS T i e PR s o
bé(\%!)\fc ‘%'Cfﬁeﬁl@%bf QSrtéYaSB ﬁecoﬁlzgx@ed the Ne&lmt@ﬁ/é%l%hﬁh hé romination

is added as a solid and the
prowiurascmreﬁrdytlambﬁé t@ tvield deb desincd onoduehp MAEM Hhirtle P82, 384

I reaction is conplete (5-6 days). The
Haﬁtﬁmﬁ‘u%ﬁtteﬁtleé' i s quenched by the addition of

Example 6

HaCO.__0
N
HN F Cl
\=N
6-(4-Chlor o-Z-methyl-phenylammo) -7-fluoro-3H-benzoimidazole-5-carboxylic acid
methyl ester (8e)

7-Fluoro-6-o-tolylamino-3H-benzoimidazole-5-carboxylic acid methyl ester 7a is
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aqueous saturated sodiumbisulfite solution to give a
suspension. The resulting solids are collected by

wo pdospoz2spn, washed with water and di et hyl et heeT/a@sz904/027199
dri ed under reduced pressure to yield 6.07 g (87% of

cohvigteBUILS d@si reodduiRdugiicads Acheibee SOt | dronwﬁatﬁﬁl (exéept N-
mz 398, 400 (Mt Br pattern) detected. Exanp

chbrqszcmmméﬁ isovssd pmémﬂ AV Rs)muEFigisRige, m%@dztbﬁp ﬁ?%p@ﬁlmroduct

(8c)

hd@E%FE@ ﬁ§93 (%gég%#%éﬁé%%%1dazole 5-carboxylic
acid nethyl ester 27a (1.00 g, 3.51 mmol) is suspended
in 1.1 tetrahydrofuran/methanol (20 nlL) and cooled to
- 78 Cunder N. TsOHH O 3.08 , 10.50 mmol ) is added
fol l oned by Nchl orosucci 0.95 g, 7.08 mmol).
After 10 m nutes, thle_|&§ac(§1| on mxture is warnmed to O
Cto give a sol uti on &R 30 minutes | ater warned
to roomtenperature. Afte i ng for 16 hours, the
reaction is conplete. T on m xture i s quenched
by the addition of aguéows watdra®@d sodi um bisulfite
solution and diluted wth ethyl acetate and water and
the | ayers separated. The aqueous | ayer is extracted

W{lﬁuenohMZ-awdud{@rWMeomdhmmydemm@niob3Hxlmnaejweidtmoéz-5-
washed with brine, "—f?f'\‘? g an @ncent rat ed
under reduced preS¥ P@” L gyl 63 ?fd% olid residue is

e e

beﬁz%?’c@cz@tne?ﬂ}? eRHY B2 @SAFrBith- @BQﬂﬂl‘iJro MBurEHenkaid a&ﬁ%n&ﬁy'f:l ester 4
pattern) detect ed. W/DE -80248/ 0027 -2133

(0. 6E>gaﬁpll59m3101) is suspended in xylenes (3 mL) and 2-methyl-4- tnﬂuoromethoxy—

phglgﬁ@g{ng ;\Qp:;gl %%nﬁg«ﬁﬂ% a@? grlg%: gr)lg%li %21(5?'5 rre &0 I140 °C
underAN. MO shiHRIOfR 3a5¢ 5! Hf%r&a&féﬁnﬂélaaﬂ}ﬁ@e & Ahking TR8B%al and

ol caci d nethy ester
pretiudi "rﬁbe BraBtich fiixtoreoisSonletirto rhemzemperacial whe hf;alctlets tgkture is

vl P g TR TSl B RS T . Tl ns

the layers separated. The aqueous phase is extracted with three portions of diethyl ether.

The combined diethyl ether layers are dried (MgSQOy4) and concentrated under reduced
pressure. The residue is redissolved in methylene chloride and flushed through a plug of
silica gel eluting with methylene chloride. The filtrate is concentrated under reduced
pressure to give a bright yellow solid. The solid is washed with diethyl ether and the
filtrate is concentrated under reduced pressure and the residue is further purified by FCC
(eluting with 100% methylene chloride) to yield 0.39 g (45%) of the desired pure product
as a yellow solid. MS APCI (-) m/z 402 (M-1) detected.

Step B. 7-Fluoro-6-(2-methyl-4-trifluoromethoxy-phenylamino)-3H-
benzoimidazole-5-carboxylic acid methyl ester 8f: 4-Amino-3-fluoro-2-(2-methyl-4-
trifluoromethoxy-phenylamino)-5-nitro-benzoic acid methyl ester 12a is converted by
the reduction/cyclization procedure already described to yield the desired product. MS
APCI (+) m/z 384 (M+1) detected; MS APCI (-) m/z 382 (M-1) detected.
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added. The reaction mxture is stirred at 140 C under

After stirring for 6 days, the reaction is conplete.
wab@sozrsti on m xture is cooled to room t enper BET/US20841027199

diluted with nethylene chloride and filtered through a

silica gel plug eluting with nmethylene chloride (IL)

to give an orange filtrate. The filtrate is

concentrated to dryness aiggmgﬁlgrg triturated with
di ethyl ether to yield a bright yellow solid. The

trituration is re d.. Th [low solid is collected
to yield 1.08 g (g@%&%gfw't'ﬁzf%u?oécyd’ggf’?sed product. M5

6. (A rlldintF Sotbl oh sfheSirimicser R P b hearssentigysatign may

beaep@edas olowoXyti ¢ acid nethyl ester Sd:
4- Am no- 3-f | uor o- 2- (2-f | uor o- phenyl am no) - 5- ni t robenzo

i ¢ g d nBIRWRSEREhPR-h Sok PlNetd ed by the

reduction/cyclization and brom nati on procedures

| d ' ial.d. ' . S| .
0\ AR AR DD S Dol RS Bl g
adBed 4T :Ctﬂslxxum cﬁ’-ZFﬁte_ﬁmb(yﬂhgmy I(?ginrig)ésszﬂo?g PBh 37132163 @hibl), and
azol e~o- Calr .QoX I C acl neLn ester e .
N R s SrRBER y ek 2a ity OF GRAGT® 8L Bisapsleing orange
" . | 7 1 ) _ . .
BB TR PRI s O OO, B
vapir@ aih gt sohids axddisted washingreisuCEIQY. | Bhedf#ltiak insettentrated again,

i,nst ead .of V-.br onmosucci ni m d o vield the desired )
anfi V38 53t ore BRI T Wil Crich e Brocisy fopappaied until no
réb@iieed edmsEXBERtial 4e@HFish solid tallized from EtQH to give th
P é7&(;%;!4 uor o- 6- ( 2- et h)7/yI -4-trifl uSo:rirgnrlfzxt:rf‘%lcsn>a<ly1-zgher%/jfl1 an(1)no)0-g;1'>Ve ©

desiradarodiatita2ode¥8- carboxylic acid nethyl ester (8f)
Step A
4- Adtapo B3 - 10-(bMetidxy-2thpbvingtoxplarind: | Do mosetbtiox yf Rh@nayéthoxy-

amno)-5-ni benzoi.c id th t a; .
SRR ﬁs?ﬁ P Hbﬁbéé@ Gl FEE0pH tegyegture s
added(RethQIgdrazinb %2 0M8L.)36 HmdYS ARIE 1ty SOWIRAGS sthrBedWor 16 hours

and 2-methyl -4-trifl uoromethoxyphenyl'am ne
at room temperature. The white solids are filtered off. The solvent is carefully distilled
off under reduced pressure, then the concentrate is distilled under vacuum (20 torr, 57-58

°C) to afford the desired product (2.2 g, 68%).

(i) The following hydroxylamines are prepared as described above using the
appropriate alcohols. The isoindole-1,3-dione intermediates are purified by flash

chromatography.

)\/o _NH , :
~"o 2 O-(2-Isobutoxy-ethyl)-hydroxylamine is used directly without

purification.

CN _NH . L
~No 2 O-(2-Pyrrolidin-1-yl-ethyl)-hydroxylamine is used directly without

purification.
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(1.00 g 5.23 mol ) is added. The reaction mxture is
stirred at 140 C under After stirring for 7 days, the

WO e@s2nm i s a mxture of starting material anpiCT/US2004/027199
roduct. The reaction mxture is cooled to room
tenperature. The reaction m xture is poured into a
sqp%o/rmfunnel and di et hyl ether and 10% aqueous

ar 0adde @-EhBipehidin: bykethyl dydroayachind tepaificeobs Kugelrohr
.phase }s extracted with hree portions of diethyl
d1s21§ﬁﬁ§?r_1 tc?*ﬁlgﬁ%rdcﬁlﬂf’ﬂéﬁnﬁﬁéq I‘@I”@Fﬁer | ayers are dried
/ébl\/?\gb)m%nd concentrated under reduced_prgssure. The
resi doe i's re@-dtohyadfaopl-etayyéneylahlir iideprifdd by vacuum

.flushed t a plug of silica gel eluting with
‘h%t?ﬁ??&ﬁéﬂ%ﬁﬁgpﬁﬂ%f The filtrate is concentrated under
reduced pressure to give a bright yellow solid. The
PhSONT 08 viasOe(@-Riichlsdlitaiybyihyhityatoxghghihb és fukdd BRélyl Without
concentrat ed under reduced pressure and the residue is
PURfEdt08r purified by FCC (el uting with 100% et hyl ene
chloride) to yield 0.39 g (45% of the desired pure

\iﬂ ot Vg ot eod/ wé? @{ﬁg\lf[g‘f\gylss&lfelm%l—p%%yﬁgl(}:fldro(x_ylamnliné is41(1)s%d (dMeclzt}y without

purfiédtiéqr o- 6- (2- met hyl - 4-trifl uor onet hoxy- phenyl am no) - 3
Hbenzoi m dazol e- 5-carboxylic acid nethyl ester 8f:
4- AIOTIR: fol1BRE '%7& e TRRAW ard iate isoindole-
tri Ilzor omgt hox’%— heﬁxl amﬁn‘ibslr- g’-r ?ﬁaferdo@%nelr%}zl%ﬁ%prggﬁl%e isoindole

1,3ndibhy IbyestidaticiPaising cxomee(Reedhbyirot Weerz. 1981, 22, 1287), and then
reduction/cyclizati on procedure already described to

deRfPe@Ft&OI{?Feéed‘g‘gt?eldeago‘éf‘roduct. MB APCI (+) mz 384 (M)
detected; MS APCI (-) mz 382 (M1) detected. WADE-

Q. 80248/ 0027 - 213332 40Exanple 8 Preparation

/seiﬂyfgxb\bdzl ' | ar.ines  useful. for . .
synt hesi zi ?g}uclgfr%%%%g 3@({)1?' E?%ﬂ"g’.yg%ﬁ%n}”ﬁ% EnEfesndiggily pgithout

pupfiepianed as follows (i)
O (2- Met hoxy- et hyl ) - hydroxyl am ne Step A
-4 2- Met hoxy- et hoxy) -i soi ndol e-1, 3-di one: DEAD (10 ni,
&3 mol ). S added to a mixture of 2-nethoxyet hanol
P50 i, 63 GridBEnzeRRiulBnylidthy)-hedoryietine dndpurified by flash

CMQLWE%%@@W%S@%@%SZH{Z&)Q, 62 mmol) in THF (170 ni).

NH
\//S\\/\/\O 2

O-(3-Methanesulfonyl-propyl)-hydroxylamine is used directly

without purification.

Ph. .NH
s N2 O-(3-Phenylsulfanyl-propyl)-hydroxylamine is prepared from
PhSCH,CH,CH,Br and N-hydroxyphthalimide by the patent procedure WO 00/18790
and then is deprotected by the procedure described above and used directly without
purification.
Ph\S/\/\O/NHZ

/7N

(iv) 00 O-(3-Benzenesulfonyl-propyl)-hydroxylamine is
prepared from the above isoindole-1,3-dione through its oxidation with oxone followed

by deprotection as described above and is purified by flash chromatography (100%
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solution is stirred 16 hours at roomtenperature. The
reaction mxture is concentrated in vacuo, and the

waelosas32are filtered washing with CHCl 3. The fPeT/D81004/027199
is concentrated again, and the solids are filtered

cpggglt@gmo}ﬁlﬂ@ﬁzcﬂjhls process is repeated until no
precipitate forns. The final yellow sh solids are

recr gyt @gth&%hBﬁﬁ) mﬁkﬁlsh)t 1B 94 BarkiAE dfiRRS Bfbrideoduct

(7.7 ¢

(2} E %S%tﬂﬁ oxygfﬁoxy% ezjﬁ%; Q rh? é’%ﬁ%P’%&ygg %52‘ gﬁl?&/eu? %n%lg)fmo -ethoxy)-
isoimdble-1i, hd@lﬂﬁ@s drépadedntrpmat, 2¥chi.’ommbetﬂrm a?dje E\ﬁﬂ,(?ggﬁﬂmhmlde as

. 36
AR B B0 E amrigr e PV Lo Pe sHecedmsearifes. Che,
1963¢ 29hiche t@?ﬂel@ﬁeﬁ%ﬁreﬁfplrﬁcﬁfgﬁd off. The solvent is

carefully distilled of reduced pressure, then

th torr
L0 SR B R P67 § Qg ot 0
bxbmo}etﬁ’jfl}hydﬂokpmm Hyydrsbxythiia X anhg, mﬁi)amﬁﬁ)l)asand di-t-butyl

descri bed above using the_appropriate al cohols.
dicaBpiate flel Omg. G4 ﬁ@nﬁ%h T PH@@P zﬂ é%L)a%té%I@rthP@f@t%? fs added BN

(Of 082S, C BIs@MRERS) apleﬁe Ii%:sultm ension. is stlrr%fl or 16 ours room

O (2-T'sobut oxy- ethy dr oxy mnels use Irectly
temptsmtmb Phe rdacGert nmmre]ls t’.hhﬁed w1th EtOAc, washed with 1 N aqueous HCI

HEne 05 nlie MRS i B ""%a‘r@r“sege’d by flash
c@&%&%& iy Mo, CELELS Rrdidd fie Idemed%aaﬂc} yglionypm ne

IS puri yKugerohr di stillation

e T ée’”."é’”% AT &9 piplaion
of(@duemp-gilsixy)-bLabamiv {cibtet®uB] eRBr (232rmhg, M3 mmol) in DMF (2 mL)
at room temperature is added morpholine (0.14 mL, 1.6 mmol). The reaction mixture is
stirred for 7 hours at 50 °C. The reaction mixture is diluted with EtOAc, and washed
with water. The organic layer is dried over MgSOs, filtered, concentrated, and purified
by flash chromatography (2% MeOH in CH,Cl) to give the desired product (118 mg,

46%): MS APCI (+) m/z 247 detected.

Step D:  O-(2-Morpholin-4-yl-ethyl)-hydroxylamine dihydrochloride: To a
solution of (2-morpholin-4-yl-ethoxy)-carbamic acid tert-butyl ester (118 mg, 0.48
mmol) in MeOH (1 mL) is added 4 M dioxane solution of HCI (2.4 mL, 9.60 mmol) at
room temperature. The resulting solution is stirred for 16 hours at room temperature.
After addition of additional HCI (2.4 mL) followed by stirring for 4 hours, the reaction

mixture is concentrated in vacuo to give yellow solids (82 mg, 78%).

(vi) The isoindole-1,3-dione intermediates of the following hydroxylamines are
prepared from the appropriate alkyl halide and N-hydroxyphthalimide by the procedure
described within J. Heterocyclic Chem., 2000, 37, 827-830. The isoindole-1,3-diones
are deprotected by the procedure described above: O-but-3-enyl-hydroxylamine; O-
(tetrahydro-furan-2-ylmethyl)-hydroxylamine;  O-(3-methoxy-propyl)-hydroxylamine;
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6>- ( 2- Phenyl sul fanyl - et hyl ) - hydr oxyl am ne i s used
directly wthout purification. I
w@2q03/0M2shyl sul fanyl - propyl ) - hydroxyl anre i s UuBEHUS2004/027199
directly without purification. (iii) The follow ng
mﬁ!ﬂ(ﬁﬁ&iz?@x?%%o%}lﬁhﬁﬁ@ﬁﬁé@&ef rom the appropriate
i sol ndol e- i‘'one by oxidation using oxone
(Te e N g 1 8 h 1 i
GoptoPocty on Bating cFifogapints My pRAArd'a8 descrbed in WO

02(96@23 MeQ {2 vergdiotyeetiy b npk ylatmymty, C%(Mhmme%meth}slquopan—l -ol; 1-
ct hout f t.
e S et gl - SCHYIaPRY el 84 Lty

mdyifdagsihi6 REianEL-8aaRY. (1% MeOH in CH A ). ,b.
O ( 3- Met hanesul fonyl - propyl ) - hydroxyl am ne i s used
directly w thout purification.
(9- (3- Phenyl sul f anyl - pr og$#ammMe8r oxyl ani ne is prepared
from PhSCH CH CH Br and N hydroxyphthalim de by the
pat ent procedure WO 00/18790 and then is deprotected

by the procedure descr H alppve and used directly
Wi t hout purificati W/J\M—( )iy ¢

O (3-Benzenesul fonyT - propy

fromthe above isoindol e-|

hidr oxyl am ne i s prepared
diohrough its
oxi dation with oxone f ™~ py déprpgt ection as

descri bed above and is pN_JI ed by flash
chr omat ogr aphy (100%\\\DE— 80248/ 0027 -213332 vCH C

3@4@/@%@'&:ﬁlﬂrﬂﬂzégylﬁmmo) 7-fluoro-3H-benzoimidazole-5-carboxylic acid
cyclopropylmethoxy-amide (11b)

Step A: 4-Amino-2-(2-chloro-phenylamino)-3-fluoro-5-nitro-benzoic acid methyl
ester 5b: 4-Amino-2,3-difluoro-5-nitro-benzoic acid methyl ester 4 (2.00 g, 8.62 mmol)
is suspended in xylenes (15 mL) and 2-chloro aniline (9.06 mL, 86.15 mmol) is added.
The reaction mixture is heated to 140 °C under a nitrogen atmosphere. After 6 days, the
reaction mixture is cooled to room temperature, and diluted with ethyl acetate. The
reaction mixture is washed with water, 10% HCI solution and brine. The organic layer is
dried (MgSO,) and concentrated under reduced pressure. The crude product is triturated
with diethyl ether, twice, to give 0.35 g (12%) pure desired product as a brownish solid.

Step B:  4,5-Diamino-2-(2-chloro-phenylamino)-3-fluoro-benzoic acid methyl
ester 6a: 4-Amino-2-(2-chloro-phenylamino)-3-fluoro-5-nitro-benzoic acid methyl ester
5b (0.30 g, 0.88 mmol) is suspended in AcOH (5 mL) and zinc dust (0.29 g, 4.42 mmol)
is added. After 15 minutes, the reaction is complete. The reaction mixture is diluted
with ethyl acetate and filtered through Celite. The filtrate is washed with water,
saturated NaHCO3, 10% K,;CO; and brine. The organic layer is dried (MgSO,) and
concentrated under reduced pressure to give 0.13 g (48%) pure desired product as a

whitish brown foam.
Step C:  6-(2-Chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic
acid methyl ester 7b: 4,5-Diamino-2-(2-chloro-phenylamino)-3-fluoro-benzoic acid
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(v) O (2-Morpholin-4-yl-ethyl)-hydroxyl am ne
di hydrochl ori de Step A

w@2(2/0B26nD- et hyl ) - hydr oxyl ami ne hydr obr om de: PCT/US2004/027199
2- (2-Brono- et hoxy)- isoindole-I,3-dione is prepared

for @t POTR(2 mMIgend s idi
méféggersl b?gcﬁoqavgooﬁg?gggqgﬁgﬁ?égaﬁen sub kectlgd tom;n?]aml e

acpried 63 urge 0i605 Jma)) ¢ gs adghdnThe E9@n mixturgspleated tprefiux. After 16

ol LR RSB P i P LR 66080 e

Tlﬁr&gﬁu@u&w ﬂsmﬁé@whavawrnmtwﬂmmgeo%mgcman@mfe The
mol') and di-t - but di carbonate (110 0.49 mol.

organiciayey IS(@GMMM } esheaneppEted ‘eﬁd@r r%dus%%f&“(“ée Beging 0109 &

esul ting suspension is stirred for 16
(S%d’gggrn:%g)ﬁ? I{J?g%({tature The reaction mixture is

di | d h
O s L B RS a N PSR 00 s
capb/oxﬁzlz@Sh a@z'?lr Oni%t@j;’lr aphyyer( 106%0 Cid- (@LCBIOioOpkgdnyhrmii\@ -7-fluoro-3H-
desired product , 159%.

Ste
benedimidazoletS-earh 7 mafod ester 1 (51 mngtW rggpRis diggolved in

_ 9"
1'? fl?iﬂ"%%@l]q Qj tn{ ' %‘5‘@%‘80@& h@x-y'?sg Gl Car@%hﬂ?s?here) of mtrogen.
TICIHLO§4PRIA01Z68 mrﬁolalikiﬁldeciITﬁﬂMkilblyé\IlBS(ﬂMmlgLO 174 6111101) After
1%mlr£te'sr7&e¥eé§&‘i{ B UVETEY T 1 86 P17 EPBRR e fgrmed to
roﬁﬁst?ﬁ;a{:er e WaE 6 hbifs, UORR fon! A¥Gire!is Qéﬂcﬁgd BX e Mifftion of

concentrafed, and purified by
1084 NapS0g gind plityted 204HMeA acnta@Hmﬂl witert ol'lugi layers h@ sfpapieddnd the
7 dete

aqg%&gul%erg (%gtr%g?cbm,tﬁ eﬁh}%s aﬂsta@t h”él}(% cq%p%(ﬁgﬁggpﬁc eé(‘fragts are dried

(1\?%5@(”2 A& lal)ﬂfehQ@ted 18d& 8@l ippids@k. The crude product is triturated with
rphol i n-4-yl -ethoxy)-carbam c acid tert-butyl

methylene clloBderty, gibe 48 me(85 %) ohpwe depitet pieduct s atiarsglid M
di oxane solution of HJ (2.4 nL, 9.60 Mol ) at room
t enp$reat d-e. '6#(@—31‘6310#2—&:]11@’081@1%th1q')s7 -Buaror Flbenspinigazole-3-

hour s at omt eratur ter add n of
casQetvfie 6‘ﬁ (‘f-g) QFﬂPﬂ_)-C %PTPE\‘R%Y} qr?] &b%—la?nzzilmldazole-s-
R k@ BHT5H Q)1'4%rﬁﬂ16 qgnsﬁ %ﬁ‘&dlﬁBt@ L) and
awﬁé/:ﬁsghyg‘riftﬁafssoé?l »'s Q’[‘rzkf D (Vls)% i EUQ@ mL) an
1 inslo 2 NaOH ,i8 addesin eAlftnlt &f ﬂmumsath@sre@cfuomhamtme|1@mlﬁt§d with ethyl
%/ rox I amcmz&) E1%
acetate er, an % HCl solution. The layers are separated and the organic layer is
washed with brine. The organic layer is dried (MgSOs) and concentrated under reduced

pressure. Trituration with MeOH gives 22 mg (39%) pure desired product.

Step F:  6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-
carboxylic acid cyclopropylmethoxy-amide (11b): 6-(4-Bromo-2-chloro-phenylamino)-7-
fluoro-3H-benzoimidazole-5-carboxylic acid 10b (22 mg, 0.057 mmol) is dissolved in
DMF (1 mL) and HOBt (9 mg, 0.062 mmol) followed by triethylamine (18 pL, 0.132
mmo)) is added. Cyclopropyl methyl hydroxylamine hydrochloride (8 mg, 0.062 mmol)
is added followed by EDC1 (14 mg, 0.074 mmol). After 16 hours, the reaction mixture is
diluted with ethyl acetate and water and the layers separated. The organic layer is

washed with saturated NH,Cl, brine, saturated NaHCO;, water and brine. The organic
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prepared fromthe appropriate al kyl halide and
N- hydr oxypht hal i m de by the procedure described within
wq200582860Cycl i c Chem, 2000, 37, 827-830. ThePCT/US2004/027199
i soi ndol e-1, 3-di ones are deprotected by the procedure
ldescs idbied (MgS@) akdt BoceBrABY hn&%f%@d@éh%ﬁés@ﬁre t0give 23 mg (89%)
I&Ietrah dr o- f uran- 2- hneth Ig Ié}%drox yl am ne;
¢ desizg ﬁé@&}lﬁbrwm Ty rex§aa o h QIHABN Doy doteetedpMS APCI (-

XSS, Pl p e B B L PYe SR 5 11.69 road

soleﬂgw beqslmy\@@ 06}121;3728 (dd 1H), 6.42 (m, 1H), 3.63 (d, 2H), 1.03 (m,
vi nyl oxy eth 3{ gdroxyl am ne;

5 151)89,]4%@,( Hj qﬁm @76 MHz, DMSO-dg) —132.95 (s).

am nooxy- 2- met hyl - pr opan 2-ol; 3-am nooxy-proran-1|-ol;
and (maﬁqilnwmgycommynqs armptdwieddaf inathiods sinditir to those described in

t
S 180 5 B ExRT S housing i avmomsats sngrolinasidh and the
a@ﬁ‘o@ﬁaﬂéqyyﬁfdxﬁﬂa@ﬁhg cycl opropyl met hoxy-am de (lib) Step

4 Am no- 2- ( 2- chl or o- phenyl am no) - 3-fl uor o- 5-ni tr o- henz
oi cacid nethyl ester 5b:

8%—Am' No-@, 3- diftuoro=5=nitrp=phenzoirgractd—rrethyt—ester
(2,00 48, 62 mmol ) s 48 pbngedi engs (15 ni)
andv2 ) dded.

1Tetny

, | engs (

anill i ne (9.06 ni| \86. 15 ) (s a

THe reac reis heated to 1 u @ a
nijt rogep am g Aften 6 days gastt ol

m Xt ur e\+t{ cool ed to room|tenper aﬁu\r_,eN and dil uted

wilth ethyl acetate. The react|on m xture i s washed

81Ni t h }z}/atsr 10% HO sol utign aﬂg brime. The organic
[ C

dyied (MySON and|congentravedrindercireduced
crude produc¢t i5 trituratedN h di et hyl
'%@\o give 0.35 g (12% p ded
priaghicty a¥F abreni sh sol id. Step By Cl
4,/5- DFBM no- 2- ( 2- chl or o- pheny| am no)\=3¢ f | uor o- benzoi ¢
acid methyl ester 6a:

844 An; -Zé( o chl or o- phenyl &mi ro-5-nitro-benz
oi| § [ gt hyy éster 5b (0.3 @ is
susp€nded A AsRN(5 nl) and zi 029 g, 4.42
mol ) i s added. er 15 m nu @ @- IS
compl et® TheFreactflon ni kturle i t RCE hy|
aget at e _é’ﬁ’?ﬂ filtered throligh [Celite=NThe filtrate is

8_] H LII vvuter, 81’1 H

;hZO,N oH HO A~ oH ol
e e
HN F cl HN F Br

=N
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saturated NaHCO3, 10% K2C 3 and brine. The organic

| ayer is dried (MySO* and concentrated under reduced
wee@soeRel to give 0.13 g (48% pure desired prpdivs2084027199

a whitish brown foam Ste]g

6- ( 2- Chl or o- phenyl am no) SHPRYHY- 3H- benzoi mi dazol e- 5-

carboxylic acid nethyl ester 7b:

4, 5- Di am no- 2- ( 2- chl or o- phenyl am no) - 3-f | uor o- benzoi c

aci d WDE -80248/ 0027 -213332 VInethyl ester 6a (0.125

g, 0.404 mol) is %@)spendeﬂ |rbEt(}| (2 ni) and

formam di ne acetate i, pgiol ) 1s added. The

reaction m xture i s heated After 16 hours,

the reaction m xture is cod m t enper ature and

diluted with ethyl acetatge/ ~F geriig, | ayer is

washed with water, saturates NaHC 3, 10% and bri ne.

The organic layer is dried and concentrated under

|ro re gégﬁf? rﬁtrgt?-z-zéﬁg)ﬁ'olﬁtegﬂﬁﬁz ilpo)J‘ﬂﬁu9)‘0(-&%]0933@1)9%;1{1%21018-5 -

6- ( 4- Br onp- 2- airb@vylic phidn ot axy)etiiony)-asrde @Pchenzoi r ni

dazol e-5- carboxylic acid nmethyl ester 8b;

6- (256! or o4.phenyl ard- Bro?rtdl?-ldblfo@@ jahlbezhamhmrﬂﬂzoimeg -methyl-3H-

5- boxyl d net hy t 7b
Sl e e d ey ester T (55 10 8 112 TS oo
AGHBFE P BSOS i
sofib) . Afdfer M(%mmeﬁ—chbtephwmmu) -Trfluprer B tbgnzoimidazole-5-
dto O dth h d t
Cﬁggglf*“aﬁ(;‘# et eget S (DPS, 0-FhET D OB AR A G 045 mmoD
sqgrn%:ﬁotﬂgteeﬁg ‘P%éé Ys @ﬁnrgo@)(yﬁladlgleﬁiyllfdﬁﬁﬁniﬂ‘eglﬂ 5%11)’ is stirred

e and wate l ayers ‘are separated an
aaq5| é@u&r loay Bour. sT}wteaetnmenimMehs dilhtefl vaﬂecthyleacem ‘Washed with

nbi ped t
SO L R a3t 8 5P elF T S0, gy coumo
chfbrﬁeftb 1Bl ed: M&hﬂ@k%ﬂl&ﬁ&/&ml%bﬁee) tpao@ayseswng @f@%) of the

pure deS| red product as a tan solid. Step
Yﬁ@f@mmbrﬁaé@bmmoelﬂhlpmn@ﬂnalﬁmm) ﬁﬂﬂpm-me@}aﬂﬁlﬂwéwmfwdazole-
zol e

SRR AN P 5T Bheng i A F MR (374 M, CDSOD) 1333

(s)bWRPUJI (ia)Z;QJ’zeﬂi 4 TR0 pmeagldétmh )Alscesbhted&b 545& (35%)
mmol) is suspended.in Et0-|( m@, ﬁ;‘ g

ot NaOH |644dn@1@@ 2-gigrerheay RBiRcY- - or ety b eRpgifudazole-5-

dafboti it & it d SN a white solid. '*F NMR (376 MHz, CD;0D) ~139.9 (s).

20 MS APCI (+) m/z 412, 414 (M+, Br pattern) detected.

Step B. 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-
benzoimidazole-5-carboxylic acid 10c: 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-
methyl-3H-benzoimidazole-5-carboxylic acid methyl ester 9a (56 mg, 0.14 mmol) is
dissolved into 2:1 THF/water (3 mL ) and NaOH (0.55 mL, 1.0 M aqueous solution, 0.55

25 mmol) is added. After stirring for two hours the reaction is reduced to one quarter initial

volume via rotary evaporation and the remainder diluted to 50 mL with water. The
aqueous solution is acidified to pH 2 by the addition of 1.0 M aqueous HCI and extracted
with 1:1 tetrahydrofuran/ethyl acetate (3x), dried (NazSO4) and concentrated under
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acetate, water, and 10% HC solution. The |ayers are
separated and the organic |ayer is washed with brine.

wab@soeypani c | ayer is dried (MgSO' and concent PEL/E82004/027199
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under reduced pressure. Trituration with MeOH gives 22

€3 Prsspu i@ Bmp Y ure ShiBxlic acid as an off white solid. MS
ot @??JHIEHZ I(::)ﬁ)ﬁgc}re:)-phenflglj)g)r:nLg no) - 7- f)ﬁuoro 3H benzéum
"g%lcﬁ%mf? 3% ap P Br patier) siptsrisdr opyl met hoxy- ani de
(lib): 6-(4-Brono-2-chloro-phenyl am no) - 7-
fIuoﬁ%@%k#ben60|n1daéé#é#@ﬂ@éﬂ%éxyﬂmam&mnﬂqLObhb&Zﬂﬂkﬂwl3HL

b% %Zrézagg&% )5—?616{)?)%/\/{6 dzc@& W’)’é{’?ﬂ(ﬁtéﬁﬁ)’ﬂém( Qﬂ_ 6- @, I&@gno 2-chloro-

pmrmnamm)acmﬁﬂo 3%%9pmmﬁhzdﬁ%lcimlelsy&.g&§%@'qcﬂf1%p gz .00 g, 5.0
ochl| oride (8 062 Mo Is ad

nEé@B 1@ Y%ﬁylosywlzz%rm@rc)xylamn@r(o 786 o (s mmbk, HEORIL | (0038 g 6.5

by Rald 600 o 5] RERPL 5 20 Yokt e e

dsatthylécbm[mm&m 2, mb) aﬁwstlrﬁﬁltﬂﬁédrﬁderﬁi&é@@e foraR @louRNArhe reaction
rga I CD\\\ BE - 80248/ 0027 - 213332 v

?éq, dllr]gte r Vi e(th)dsqge}atfanwa%ﬁ cEHil rvaaterd (3md gaturated potassium

d %, pur des
OO | g B o A s o
corepitated undds raRCed (prespumelta a145>$f wﬂﬁé sdIM ’Blﬁtuiﬂéﬂo‘hﬁfﬂme solid with

: d d 1.69 (b d
tﬁc@“%ﬂ?o(@é&\' %848 Mﬁ @as%%odu)ﬁt pay gg,.v%mig’j;"o@? 49IS ESI (+)

03 | 0.48 (m 2H),
ngj%(%ﬁo@ﬁa&em?&w?\% Dl(\/g]Odl_g - 132. 9£(3 (s). The

fol I guhng @"poundsgj(rzle&fgéz%g?rﬁg cp1¥hégefapn9@ Wg%’tn%(l g§ W%zyl—SH—

t hose described in
bergingdudvée- ppriopyliched ¢M1M~)9y)b efoR)idhidnd9¢: thdrochl(g%l;: acid (14

u@]? }?éﬁﬁrﬁlq%&?ushs urtl(())%(lyilla  is agde%kto E'E1hsuss,;p]énls\llogIof %n(]45|)romo 2-chloro-
phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole -5-carboxylic acid (2-vinyloxy-
cthoxy)-amide 29a (2.18 g, 4.50 mmol) in ethanol (50 mL) and the reaction mixture
allowed to stir for 24 hours. The reaction mixture is concentrated to dryness by rotary
evaporation and the solids partitioned between 3:1 ethyl acetate/tetrahydrofuran and
saturated potassium carbonate. The aqueous phase is extracted with 3:1 ethyl
acetate/tetrahydrofuran (3x), the combined organics dried (NazS0y), and concentrated to
provide 2.11 g (100%) 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-
benzoimidazole-5-carboxylic acid (2-hydroxy-ethoxy)-amide as an off-white solid. MS
ESI (+) m/z 457, 459 (M+, Br pattern) detected. 'H NMR (400 MHz, MeOH-d,) § 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-d,) -133.68 (s).

Example 11

The following compounds are prepared by methods similar to those described in

Example 10 by using methyl ester 8b and the appropriate alkylating agent (Step A) and
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\=N \\\DE - 80248/0027 - 213332 v 46Exanple 10 H
6- (4- Br ono- 2- chl or o- phenyl am no) - 7-f | uor o- 3- net hyl -
wheezozidazol e-5- carboxylic acid PCT/US2004/027199
(2- hydr oxy- et hoxy)-am de (29c) Step A
tie dpropriafiydr&i Shige phepyh.am no) - 7-f 1 |
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29®u Nea@tl on mxture is d29ggted with ethI

acet Ras vvloth sat ur at ed| aqueous—potasshym ¢
car oonate ( e, and driged Fl ash¥Ycol um N

chr pnat ogr sTEt hyl ene| chl ori de/ et hyI ta
provyi des &Nrrg (36% “of the mofe nobjil e F Br

6- (#- br ono- 2- chl or o- phenyl am np) - 7- f|l @
bengoi m dazol e- 5-carboxylic agid net hyI est e

6- (@- brono- 2-chl .@ phenyl am no)-7-f|uoro-

| H penzoi m dazoNe-/5- Fcar boS(yI ic acid

white solid. F NWR (376 M, OD OD) .

APC (+) mz Al, 414 (M+, Br pattern detected Step

B.

6-(4 Br ono- 2- chl or o- phenyl am np) -
A

S

i Te sotTd. F NYR (376 VHz,—CB; ) =133 o —gv
Z%C @XM Ng94 (o, Br pa%ﬁﬁ)er n) det te Al sd!
i so| btdd is 54 hoa Lof @
Fa

| Yor o- 3- net hyl - 3Hb

7-f
T ul III UGZGI ﬁ 5 \,al IJU/\yI I \1 U.\z .1OC H
zgg ( ~Bremo-28-cH or ogphenyl am no%p-ll?-fl L W3-~ N._O ol
hyl - 3H benzoi Ki dazol e- 5- car boxyl ilc aci d rret(PlyI H
ester 9a (56 mol ) is| dissglved into 2:] N
THF wat er 8 i ) rand NMaOH (0.55 ni, |1.0 M aqueou
sol ution, 058 nmol) is added.| After| SoirPiag 6 Br
houfs the reaction is reduced to ond quarter in=Nal
volune via rotary evaporation and the renai nder
20k | it ed t with water. Thzojj H
%h Ho/d\/Qo’EkD e 9] O NP cl
H
Ao i
~N F Br
=N ~N F Br
\=N
29i OH 29kk H
O O\/\ N @]
/ O Cl
O NH H
o] N
. L
N F Br
— F Br _
N\;N \=nN
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aqueous solution is acidified to pH 2 by the addition
of 1.0 M aqueous HCO and extracted with 1:1

W edosaszdr of ur an/ et hyl

con

acet ate
centrated under \\\DE-

(3x),

dri ed andpPCT/US2004/027199

80248/ 0027- 213332vr educed

2Py €
a
patt
6- (
enz
(2-
6- (
7-f
10c

ssure to ovide 43 g (79%
n pff white PHd. MS ESI (+)

ern) d
4 B lg\m

cted. Step C
-ch

or o- phenyl am n
5- car boxylic ac

: phenyl am no
8KQN3-nethyl-3FLbenzoinid

ol e
mz 3

D) - 7-f
d

nzol e-

carboxyllﬂ acl d as
075398 ¢ e
N
-3
F

| uor o- 3-

~N Br
\=N

5- car boxylic acid

26k (P
_an,
I N

dily
sat
chl

t emoer at ur e

(2.00 g, 5.0 mol ),
vi nyl oxi- et hyl) - hydr oxyl a
| FOrOB o o, @ 5 mrol )
2.3 mol) _and{E
Hi met hyl ' 2 nL) a
The
e hyf acet aPB, wa
otAssi um car bonat e

brine, dried an

pri de (2x)
ure to an off-whit

D BEm(
trie

nd sti
react i
shed w
2X),

d conc

0.776 g, 7
t pySar ey’

Br

2ped
t he

des

-

s
E ol et hyd| ether p

66

red produc

Dlgkgé\akfhbs garboxy c ac
Xy Xy) - am de 29c:

1. OM aqueous sol ution, 14

afl anl of f - whi t
pat ) det ect
pbeER Ianin

[ 29150
rovi de
e sol i
ed. S
D) - 7-f
d
Hydr oc
ol )

Br

ir for 24

hensi on of 6-{4-br ono- 2- Ch
U8F0{3tﬂg - 3H-d&enzoi m d
vi nyl oxyet h xyﬂ- 1 de 29a
anol (50 an reacti

actio
cent téQT} dfyness EQ r ot
d Tihbned bet ween 3:1

[ at e/ t et rahydrof uran and sa

DPRNE
azol e
2.18
bn m x
n m xt
ary ev
et hyl
[ ur at e

ethyﬁo

onate. THe agueous phase |
r ahydgof ur an

ani cs dried anﬂ congcentrate
D%

A- br onp- 2 ro- | am n

Di mdazolle- | 5- farboxyIPc ac
\rfN)xy) ani de as an

rd

:2% r

3X),
d to p

o) 7-f

rred at ro
on n1xtur§
ith water (3x),
sat ur at ed ‘Eoni um
entrat ed under
|Q”9Tr|tupat|on of
S/g
d M E ( )
tep D R?
| uor o- 3-
hl oric acFiN (14
i s added to a
nyla® no) -
d%14.50 ﬁ%nl
ture allo
ure i s
apor at i orN‘an
\=N

d potassi um
acted wth B: 1
t he-Conbhael
rovide 2.11
i uor o- 3- net

N

MfmeeSM|dLNB

290

h
HO\/\O/N

ZT

Br

29qq

WDE - 80248/0027 - 213332 v1

50




ESI (+) mz 457, 459 (M+, Br pattern) detected. H NWR
(400 MHz, MeOHd ) d 8.26 (s, IH, 7.78 (s, IH), 7.57

w@ cgoshories1 7. 24 (dd, |H), 6.40 (dd, IH), 3.86 (BCT/Bs)004/027199
3.79 (m 2H), 3.49 (m 2H). NWR (376 MHz, MeOHd )

20p133. 68 (s) .HExanpl'e 11 The Tdljogw g conpound
rg)lrlaﬂ?‘:\(?*ed/\b@/ wtRods gjnilar ta those\dgébpi/ﬁem“ cl
Exdanpl e by usilng | ester |8b and &'fe appr oprj ateﬂ
al Kyl ati ng agem A) and |WDE - 80248/ 0027-

Cl

vt e approprraie hy oxyl ami ne (Step O): 29d 2 H_Ql
\=N 2 %% 20F 20hh 8 | \ 3N 29g [29i i \’_N 29
29jjj (C 1. N\=N 29i -OH 291dc | \=#N
~"0 e ,/s\\/\/\o Lol
N 00 N
N F Br —~N F Br
\=N \=N
OH
201 OH 291t H
J/ S oM b o
o N
OsNH ol
H ~N F Br
ao!
\=N
N F Br
\=N
~ 0" e NN TR
” !
N F Br ~N F Br
/:(\ \=N \=N
SYN
20t H 29vv o/\
HO N__O H
~"0 y © LN~ gNo
N H
N
N F Br
\=nN ~N F Br
\=N
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- Br V=N \\\DE - 80248/0027 - 213332 VI 5229z 29bbb |

V ¢ NT Br 29aa 29ccc | MeO 29bb 29ddd | | Owve 29cc
wQ@2®em25Cl Q 29dd 29fff | | \=N 29ee 29ggg | PCTADE2004/027199

80248/ 0027 - 213332 v 53Exanpl e |

6- (4- Brono- 2- chl or o- phenykgithpre)127- f | uor o- 3- net hyl

-3H benzoi m dazol e-5- carboxylic acid

(2, 3-di hydr oxy- propoxy) - am He (29hhh)

N _O
HO” Y o e
~N F Br
\=N
6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-
carboxylic acid (2,3-dihydroxy-propoxy)-amide (29hhh)

5 To a solution of 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-
benzoimidazole-5-carboxylic acid allyloxy-amide 29tt (20 mg, 0.04 mmol) in 0.50 mL
4:1 tetrahydrofuran/water is added OsO4 (41 pL, 0.054 M solution in #BuOH, 0.002
mmol) followed by NMO (7 mg, 0.06 mmol). The solution is stirred at room
temperature for eight hours after which time HPLC analysis showed complete

10 conversion to product. The solution is then stirred with saturated NaHSO; and diluted
with ethyl acetate. The organic phase is dried (Na,SOy). Purification by FCC (DCM ->
20:1 DCM/MeOH) provided 16 mg desired product as an off-white solid. MS ESI (+)
m/z 487, 489 (M+, Br pattern) detected.

15 Example 13

\=N

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-
carboxylic acid (3,4-diliydroxy-butoxy)-amide (29iii)

20 6~-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-
carboxylic acid but-3-enyloxy-amide 29uu is subjected to the dihydroxylation method
described in Example 12. MS APCI (+) m/z 501, 503 (M+ Br pattern) detected.
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To a solution of
6- (4- br ono- 2- chl or o- phenyl am no) - 7-f | uor o- 3~net hyl - 3Ho
wepwsiom268azol e- 5-carboxylic acid allyl oxy-amnm BEr/BS1004/027199

(20 ng, 0.04 mol) in 0.50 L 4:1 tetrahydrofuran/water

Is added GsO (41 nlL, 0. O5gyMNusrlidtion in M3uOH, 0.002
mmol ) followed by Nl\/O(7rrg .06 mmol). The sol ution

is stirred at roomtenperature for eight hours after
which tinme HPLC anal ysis showed conpl ete conversion to
product. The solutiopis than stirred with saturated

NaHSG3 and di | ut ed WINt etatg. The organic
phase is dried Puodeég |onb F ( -> 20:1
DCM MeCH) provi ded”2 % ct as an
off-white solid. M5 ESI (+) 9(Mk, Br

pattern) detected. ExanpieN13y]
6- (4- Brono- 2- chl or o- phenyl éfﬁl\ho) 7 fl uoro- 3- net hyl - 3H

benzoi m dazol e-5- carboxy lie acid
(3 @%waém]dmmylam@g ﬂggfqré'-methyl-3H-benzotmtdazole—5-

6- (4-bromm rbo Fc gad Z-F)fbe?wﬁlmmogg)l dzl’%u{’%gé g]r’]:% %gtﬁ%(m

-C
benzoi m 3azo I'C acl

29 ted t | t
descHBER o B @bf°w§%%8?x(@%nx%?u@ﬁ" Py ety 36
bBlizoRAldags18)s- &%%@]g%mﬁ&%ﬁ_yﬁ%thylﬁﬁ%ﬁﬁﬂ-QQ%&mc 24038 3&rivbutyl ester

S54Exanpl e 14 | ( - _
28wyv4bBrt@ﬂmarQa@tip seis gapeeipetion monethytene ehlprigendIRyAPGH. () m/z

i md I b
408 R b Hidafodi B0 TR R0 Mite. CDD) § BB AFRT T4
10 1HYON%1 (d 1H) 719(dd 1HR 6.39 (dd 1H? 4.11 (m, 2H) 397 (s, 3H) 3.12 (m, 2H),
(2-{[ 6- (4 no- 2- chl oro-p am nogF) | uoro-3-netri

ZyWZ(g,%anEhW&@aﬁ AMHz, CD3OD) —77 41 (s —134.79 (s, 1F).
S- car bonyl J- am nooxyJ- et hy”- net hyl - car bam ¢ aci d
tert-butyl ester 29ww by trifluoroacetic acid
deprotection in nethylene chloride. M5 APClI (+) mz
470, 472 (M+, Br pattern)Egsmpkilesd, HNVR (400 MHz, CD
OD) d 8.31 (s, IH, 7.74 (s,
The following compounds are prepared by methods similar to those described in

15 Example 10 by using methyl ester 8a and the appropriate alkylating agent (Step A) and
the appropriate hydroxylamine (Step C):

11c H lle H
_N__O _N__O
v/\o i Kf\o N
~N F Br N F Br
\=N /\/\ \=N
11d H 11f

H
/\/\N\—_ F f Br \/\/\N\,_N F f Br
=N — —
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IH, 7.51 (d, IH, 7.19 (dd, IH, 6.39 (dd, IH), 4.11
(m 2H), 3.97 (s, 3H, 3.12 (m 2H), 2.72 (s, 3H); NWR
w@ 2008/0M221 CD OD) -77.41 (s, 3F), -134.79 (s, PEY/US2004/027199

Exanpl e 15 The foll owi ng conpounds are prepared by
nmethods simlar to those geampidpsgl in Exanpl e by using
nmet hyl ester 8a and the appropriate al kyl ating agent

| e RO ORGY e PrteRA Rt B RIS H YL AP RoR dosgribed in
Bxagpiex 80rpy aising rfiéihylfesict Seiand throampoepriise alikglafing pgenedStey A) and

thods.sim)ar .to. thgse described in Exanple 10 by
tﬂ%?@éoqﬁ%@&%glg}nmg s the appropriate al kyl ating

agent (Step A) and the appropriate hydroxyl am ne (Step

5

©: HgHh Ik \=Ni 111 Exanple 17 The foll ow ng

compounds nrp prepared by methods sinmlar tao those

1&§scr| b | rrpl e 10 by us|hy het hyl 3t ep 8 and

t he pro gl kyl ati ng agent @%\QS d ghe

appr opri ate mne (Step O :" 11m 29kkk I I
N F Cl
LN

N

11h 11k

H H
N O _N.__O
WO H 7 o H i
N N
~N F cl
N’ E :F cl \_
/\/\\’—‘N N

i H
111 o N. O 111
v H ]
N
N F cl
\/\/\ \=N \‘N\
Example 17

The following compounds are prepared by methods similar to those described in
Example 10 by using methyl ester 8¢ and the appropriate alkylating agent (Step A) and
10 the appropriate hydroxylamine (Step C):

1lm H 29KkKi
N.__O S
VAO L, C HO A~ N -0 .
H
N N
N F Cl ~N F Cl
\=N A=
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213332 v 56Exanple 18 The

foll ow ng conpounds are prepared by nethods simlar to
W b@sexescri bed in Exanpl e 10 by usi ng net hyl P€BUS2008627199
and the appropriate al kylating agent (Step A) and the

appropriate hydroxylamne (Step O):
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acetate. Conplete

separation of the isoner £xampbl%i ned by perforning
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is the WHDE-
whil e the | owner
recovery of the N3

80248/ 0027 -
Rf pro
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Lk
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\NﬁJ\FLN

6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3-[4-(4-methyl-piperazin-1-yl)-butyl]-

The hi gher

Rf product
57N3 product 9b,
N, product. The

Br

3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide (110)

Step

A:

6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3-pent-4-enyl-3H-

benzoimidazole-5-carboxylic acid methyl ester 9b: 7-Fluoro-6-(4-bromo-2-methyl-

phenylamino)-1 H-benzoimidazole-5-carboxylic acid methyl ester 8a (0.915 g, 2.419

mmol) is suspended in DMF (18 mL) under an atmosphere of nitrogen. Bromopentene

(0.430 mL, 3.629 mmol) and K,CO; (0.502 g, 3.629 mmol) are added and the reaction

mixture was warmed to 80 °C. After 1 hour, the reaction mixture is cooled to room

temperature and poured into 100 mL of 1:1 ethyl acetate:diethyl ether. The organic layer

is washed with water and brine, dried (Na;SO;) and concentrated under reduced pressure.

The N3 and N1 alkylated products are separated by flash column chromatography, eluted

with 20:1 methylene chloride:ethyl acetate.

Complete separation of the isomers is

obtained by performing two chromatographic separations. The higher R¢ product is the
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product 9b is 0.415 g (38%: LC/ MS ESI (+) mz 448,
446 (M+l Br pattern) detected. The recovery of the N

weeoduzsnas 0. 486 g (45%: LG/ MS ES|I (+) m z BaBpSA46027199
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(0390t © b 9u2t n ¥ ldiREREALE 1 Lo Yfféﬂ%léﬂe%tﬂoﬁc?eo@ mPYbfid Hunig’s

desired product as a yellow solid: ‘M5 A
base %0. 35@]!Tﬂ(~,l\/i*rl98%rnﬂpjal)t1§rad)iedjé¢1meddby ByBEPX0.563 g, 1.083 mmol).

ABpd S0 2 ARSI, BOhR) et e RS DB, 105

mawt) e pidagy | F&Eﬁeh 08 ¥roa#¥l e reidtiof- rﬁﬂmﬁé @"Biluted with ethyl acetate and
2- et hyl -phen am no) - 7-f | uor o- 3- pent - 4- enyl - 3i /

wasg}gq% hi0da Dol satusatsgx YRFE Oacpeyl brine. The orgamc layer is dried

(Naz80y) and concentrated under reduced pressure. The crude yellow residue is purified
by FCC eluted with ethyl acetate to give 0.315 g (70%) pure desired product as a yellow
solid: MS APCI (+) m/z 503, 501 (M+1 Br pattern) detected.

Step D:  6-(4-Bromo-2-methyl-phenylamino)-3-(4,5-dihydroxy-pentyl)-7-fluoro-
3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 11m:  6-(4-Bromo-
2-methyl-phenylamino)-7-fluoro-3-pent-4-enyl-3H-benzoimidazole-5-carboxylic  acid
cyclopropylmethoxy-amide 11f (0.307 g, 0.612 mmol) is dissolved in 4:1 THF:water (8
ml) and then 1.134 mL (0.061 mmol) of an 0.054 M OsO, solution in -BuOH is added,
followed by NMO (0.093 g, 0.796 mmol). After 5 hours, the reaction mixture is
quenched by the addition of 10% NaHS,0; solution. After 10 minutes, the reaction

mixture is filtered through Celite rinsing with ethyl acetate and methylene chloride. The
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cycl opropyl net hoxy-am de f (0.307 g, 0.612 mmol) is
dissolved in 4:1 THF. water (8 nL) and then 1.134 niL

w@ 200801326mpl ) of an 0.054 M GsO solution in t PeI/ESeH)27199
foll owed by NMO (0.093 g, 0.796 nmmol ). After 5 hours,

fikrye i€ Eﬂﬁéd fith '&1?3;1 HE&atk SndWasaiby ol heral dintliveie offhe organic
10% sol ution. After 10 m nutes, the reaction m xture

layeg if iitiede (NS Oy msﬂg@n@emami mnd% rerdgcw plgsehy [ h@é?éldﬁtpéoduct 1s

o Gy T BB R PO AR 2550 A4S s

prddch 0.01 N HA, and brl ne. The organic layer is dried
and concentrated under reduced pressure. The crude
prodyes ip. puri BJ(EQ?TBMOE%ZﬁJ/ h%ﬂ Mdnlikh) I- &bh?ﬁ’zl oxo-butyl)-3H
acetate: MeOH to give 244 740 ure esired
bepramidizoleStepbeylic acid cyclopi opy mez‘hoxy—amzde I11n: To a mixture of 6-(4-

br91p§$3 %&ﬁglﬁem&? g%}g@g éié}}}b f}lneﬁt}tliygfu%rg’ 33 A5 5 OmBlzole-5-

cafBoRh RO ra@Jﬂyéymfp atfib S atniite Tian 01244 tg)roed et nﬁmﬂ)c}-THF (5 mL)
br ono- 2- net hy henyl am no) - 3- (4, 5-di hy drox% entg )1
andfpmarphospha/te b@ L ANy P aé_soe%@fewqbée £ 911 mmol).

c ropyl ) ith
A%F % gmoﬁ% t%géé&%@n]qﬁﬁhgge %%{Eél(l d fth %(t@m%'é@ﬁtéﬁg&é dvgashed Wi
NgodOy gEe briaelat ’Ehe( @r@aﬁiﬁ: ga,yef) i9 ]iihedrr(Na)SOAf arek cdieentrated under

hours, the reaction mxture_is.di.lu

i th ethyl
roiesgd FHESHA HESHBTHEE HOUh P BFISHHOM P g:cﬁ is g4 methylene
eV EGAREdS @W%?'E % ﬂmﬁi@ d&direll SRR AaPh %ﬁ&w Qoli® Lgs APCI

gl ve an orange so fication by FCC éluted w

(+4 nitz 5GR, 1598 €103 mttionhy dvteCled y VS| ARCI(- 1882 I3, §9%(MpliBe pattern)
desired product as a yellow solid: M5 APCI (+) mz

detgsied- 503 (Mel Br pattern) detected MS APCl (-) mz

503, 501 (M1l B tt t d Ste
6- (45-’@? d*—l"n() & %{Qﬁnga ﬁ%i%g;wge l%?) - 1/{5'6%3{ 4[(1 n(eih)f{é:lz]ﬁerazm-

1 ¥ éﬂ%h@ﬁg@ IZHr%Q%OaZ oafh%l'ggu&b/’ llf Iaczd cgclopropylmethoxy-amzde 110: 6-(4-

Broyral- @mw}nﬂipmenﬁmyma-ﬁfgi;rw (46}x©4}utyl) 3H benzoimidazole-5-
cERaR S BT AT Rohe L4408 6o OB e i

MEER] 380 VTR RELAR (ol bﬁ)sggnmgl Q§ Qddé&%blow&i by AcOH

500 m nd net hyl pi'per azi ne

(sm,L (DOSQ&QMUH))IA&MSS adheletek, ftenﬂahmmmalmymm&masemxybomom@gde (12
). After 5 m nutes, tetranethyl ammoniu
mg,r@ Qé@m@%éﬁ wiledy ,@fger(flglmutes the feaction Mixtute is diluted with ethyl

acetate and washed with NaHCO; and brine. The organic layer is dried (Na;SOg) and
concentrated under reduced pressure to give 12 mg (69%) of pure desired product as a
white solid. MS APCI (-) m/z 587, 585 (M-1 Br pattern) detected; 'H NMR (400 MHz,
CDCls) 8 7.99 (s, 1H), 7.98 (s, 1H), 7.30 (d, 1H), 7.08 (dd, 1H), 6.30 (d, 1H), 6.1 (broad
singlet, 1H), 4.26 (t, 2H), 3.64 (4, 2H), 3.37 (s, 1H), 2.45 (broad, 8H), 2.41 (s, 3H), 2.38
(t, 2H), 2.28 (s, 3H), 1.95 (quin, 2H), 1.55 (quin, 2H), 0.98 (m, 1H), 0.50 (qt, 2H), 0.22
(qt, 2H).
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mmol ), sodiumiodide (14 ng, 0.092 mol ), and
1- et hyl - pi perazine (10 nL, 0.092 mmol ) are stirred at
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N._O

V/\O/ H
N
F Br

O:S \J/\\/r\ \=n

6-(4-Bromo-2-methyl-phenylamino)-3-[4-(1,1-dioxo-1 AS-thiomorpholin-4-yl)-butyl]-7-

fluoro-3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide (18cc)

To a solution of  6-(4-bromo-2-methyl-phenylamino)-7-fluoro-3-(4-

thiomorpholin-4-yl-butyl)-3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-
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N 18li | w !l Br H\\\DE - 80248/0027 - 213332 v
6418jj CX | 18xx o'V Il Br V=N 18kk 18yy | oV ¢, Br

WO 20456232801 18zz A | -N// T Br 18maaa H | 'RCT/US200M027199

J Br 18m 18bbb | Br V Q)
amide 181 (8 mg, 0.014 mmol) in 1:1:1 water/acetone/MeOH (1 mL) is added NMO (1.6

mg, 0.014 mmol) and osmium tetroxide (250 pL, 0.054 M solution in t-BuOH, 0.014
mmol). After stirring for 24 hours, the solution is diluted with saturated sodium
thiosulfate, stirred for 10 minutes and diluted with ethyl acetate. The solution is washed
with brine (2x), dried (Na;SOy) and concentrated under reduced pressure to a grey solid.
FCC (10:1 dichloromethane/methanol) provides 6 mg (71%) desired product as an off-
white solid. MS ESI (+) m/z 622, 624 (M+, Br pattern) detected.

Example 22

®

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-{4-(4-methyl-piperazin-1-yl)-butyl]-3H-
benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide (18dd)

A solution of 6-(4-bromo-2-chloro-phenylamino)-3-(4-chloro-butyl)-7-fluoro-
3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 18ee (10 mg, 0.018
mmol), sodium jodide (14 mg, 0.092 mmol), and 1-methyl-piperazine (10 pL, 0.092
mmol) are stirred at 85 °C for three hours. The reaction mixture is diluted with ethyl
acetate and washed three times with water, washed twice with saturated aqueous
potassium carbonate, dried (Na;SOs) and concentrated under reduced pressure to a
yellow oil. Flash column chromatography (1:1 dichloromethane/methanol followed by
methanol followed by 20:1 methanol/triethylamine) yields clean product (8 mg, 72%) as
an off-white foam. MS ESI (+) m/z 607, 609 (M+, Br pattern) detected. 'H NMR (400
MHz, DMSO-dg) & 8.37 (s, 1H), 7.71 (s, 1H), 7.49 (d, 1H), 7.18 (dd, 1H), 6.40 (dd, 1H),
4.38 (t, 2H), 3.62 (d, 2H), 2.45 (broad, 8H), 2.41 (t, 2H), 2.28 (s, 3H), 1.96 (m, 2H), 1.54
(m, 2H), 1.07 (m, 1H), 0.50 (d, 2H), 0.22 (d, 2H).

\\DE - 80248/0027 - 213332 v1 63



\\\DE - 80248/ 0027 - 213332 v 651800 18ccc H o'V P |
Br N- Br V \=N 18pp 18ddd HI O | Br 18gq 18eee | 0"
wo 2@s5/0286r 18fff | | H.N Br V=N 18ss | ExanpP@I/Bg2004/027199
6- (4- Chl or o- 2- net hyl - - phenyl am noy7-fl uo
go- $- oxazol - 5-yl net hyl -3 . - benzoi m dazol e-
5-carboxylic acid cycl opropyl net hoxy-am de (18ggg) WBE
- 80248/ 0027 - 213332 VI
666-(4-Ch|oro-2-nethy|-pﬁéﬁ?Pg%%%o)-7-fluoro-3-(2-oxo-
eth -3Fbenzoi m dazol e- 5-car j ] ad
cyel d SIS TE Bl AR &5 oraifhiNiheibagahtler 1 tioge described in
Ex@h$od ), @dinicran mphldpriale afidnednd pridedrgafkiylichlodaddonat e
(0.013 g, 0.093 nmmol) and 1-

18£F H 18tt N o
v/\O,N O ol V/\O E N cl

— N F Br
TN~

N F Br

18gg H 18uu N0
v/\O/N Q) y cl v/\o f cl
N 15
F Br
N/\/\ Nel
F Br 4

/N
18hh H 18vv N_o
v/\O/N 0 ! al V\o q cl
N
/\/\N\,_ F Br
’ =N
N F Br @
\=N N
N
()
- o) (@) H
18i1 - H cl 18ww V\O,NEEOH a
N F i Br
N F Br . ’QN/\/\ =N
o\ # =N |
N

64

\WDE - 80248/0027 - 213332 v1




I socyanomnet hanesul f onyl
0.051 mmol ) are added. The
W@R00s02326K f or
reduced pressure.

- 4- et hyl

- benzene (0.010 g,
reaction mxture is stirred

16 hours under then concentr at ePCTII#®04/027199
The residue is dissolved in ethyl

18&fe ate and poured Tnto
ith water and bri ne.
reextracted with ethyl
ethyl acetate |layers are
redyuced mjessure The~+g

flash \col
nmet hy Ior
t he eS|red oduct

nethanm

pattern) detected; H NVR (400 MHz,

H) Rﬂ? (QJI_—I\ 8. .02
77 7 7

ogr aphy
MBS APCI (+) mlz 470,

Welgmmel and waspeg

aqueous | ay
The

i d was q@g@g i ed

(eluting with
) to yield 0.011 g (50% of
472 (M+, d
ChdA )| d 10.51 (br

(s IH) | 789 0(s IH 7 7?

Cl

I 6{7@\ QAr N
) conbi ned ji:L
concentrate F

Br

Q
18Kk, |1 H), d

6.1
3H) |
(376 MHz, CDO )
6- (4- Brono-2-c
yrr)h’ ~n- -
aci gdScycho
6- (4 %%6nn 2-

m/I pihul \- 7-

pylnethoxy ami

Yy
-priepyl ) - 3Hben20|ntdAzoIe-

chl or o- phenyl am no) - 3
uoro-3H henzoi m dazol

-Z 13

. TH8ys. d1 (d
H, 3.62 (d, 2H),
0/20 (m 2H)
Exanpl e 25
) - 74f 1 uor g 63 0X0-
5wegrboxyllc
de (18MLI1) Stlep A
(2-terjt-butoxycarbo

e-5. Lhn)u/ltr‘ :-tmuj

F N

'O,

Br

18Het hyl ester: 6-
7-fluoro-3H
ester 8b (0.50 g,
mL) | under
fol lowed by t-butyt ™~

chIorophéﬁ?@annno)
. carboxyllc acid

2[;>gddea

Theire i on

A EPRG. Do
DEA‘80248/

Xt WN=eyi S heated to 90 C wi
the reaction mxture is cd
0027 -213332 vtenperafure an

th stirring.
oled to room
d diluted

1\
al ethvl acetate

Thp nrﬂanl c| a\

er s lwashed with

¥ hy)
s dissolved in DW (ﬂiéEFTi:L&

Wit

18t &r (3x) and brj
under reduced ess@re
chr ormat ogr aphy el ut ed
chl ori de: et hyl acetat g
proFuct

o
=S

/

N

e, Ndrbed (MySO?

aRepacg
on by f
hyl end

H
nce b 0
| ashvc

desired F
\=ph

/Z—N

N)

ol u ¥ t
Br

18nn

Br

H
18bbb v/\ozN o “
~N 3 F

Br

\\DE - 80248/0027 - 213332 v1

65




Step
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5-carboxylic acid cyclopropylmethoxy-amide (18ggg)

66




filtered, and concentrated in vacuo to give a crude
product (42 ng) which is directly used w thout further
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> S0P Al MR 2 SRR Vi, ooy

15 1%+44sRr oni 0- 2- chl or o- phenyl ani no) 7-fluoro-3-(tetrahyd
ro- pyran-2~ yl net hyl ) - 3H benzoi m dazol e- 5- car boxyl i c
acid nethyl ester Hg:

6- (4- Brono- 2- chl or opheny! ai ni no) -

7-fl uoro-3H benzoi m dazollfxa?l}ﬁ hpoxylic acid methyl
ester 8b (0.25 g, 0.63 mno I'S dissolved in

N, N-di net hyl formam de (5 nl). 2-Brononet hyltetrahydro-
pyran (0.34 g, 1.88 nmol) and potassi um carbonate
(0.26 g, 1.88 mmol) are H

)\/\N\, F Br
=N

20  6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(3-oxo-3-pyrrolidin-1-yl-propyl)-3 H-
benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide (18hhh)

Step A:  6-(4-Bromo-2-chloro-phenylamino)-3-(2-tert-butoxycarbonyl-ethyl)-7-
Jluoro-3H-benzoimidazole-5-carboxylic acid methyl ester: 6-(4-Bromo-2-chloro-
phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid methyl ester 8b (0.50 g,

25 1.25 mmol) is dissolved in DMF (8 mL) under N, and K,CO; (0.26 g, 1.88 mmo]) is
added followed by t-butyl acrylate (1.84 mL, 12.54 mmol). The reaction mixture is

heated to 90 °C with stirring. After 4 hours, the reaction mixture is cooled to room
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added and the reaction mxture is stirred at 60 C for

12 hours under The reaction mxture is poured into a
waepanzery funnel, diluted with ethyl acetat eP@ErnuS2004/027199

wat er and the | ayers separated. The ethyl acetate

teh@¥Rkurt SndVBERRE WL dhy1Bl8hteatherkifo laﬁéﬂ i@d;va%ﬁéﬁ with water (3x)
concentrated under reduced pressure. e resulting

angldiring, dréasi MESQ9 and p@nneatwdd Wideh refiueedhessetd eli’urtf@atlon by flash

d ||
el EpBuodfent SRR P oRe e IRERY e A PO 001
(62%6) dR)ed ptbducsol i ds are coll ected and washed with
di ethyl ether to yield 0.12 g (37% of the pure

desigigd M8 Q0L BSRIBIIorBIAEMImAS)-3-BRLFs ASIHBNY-7- 3H-
Solldﬂl\/S ESI@{+) m z 41 rﬂ@gm)&(p attogcfr?@yy fluoro-
begesivipdaadle-Se c@'éo@hc acid meﬂzyl esz‘er TFA salt 6- (4-Bromo-2 chloro-

L IR AR

achCmethiyt estﬁ"(()‘%afgomwg n&hbIP IsOREL R didehylene chloride (0.5 mL) and
7-fl uoro-3-( tetragxdro yr an- Z%hneth yl)-3H benzoi m da

TEA| (@55mlg Hp rgdgd AEnHpS, (88 trerctiongnixgure s rengedrated to

drkﬂe&%l ‘td sgﬁxgeggggyg?g@gﬂ n@%} @%?eru(eg tLﬁ;/ﬂf}n F_7 ‘E+f%‘%ze 9¥3 47w+ Br

pattem)elre&btd:ﬂ;elﬂ NMRE4DOMIEE,, DMSOIcI?;)i@t& Sln(sleﬂ) ug.e0 I(§ 1H), 8.13 (s,
eneous _and the reaction is conplete. The reacti’on

157 FO0@ 115, 28BN 1D, G45(dc Fbdesh G 2, et o8
aqueous 2 M HO is added dropwi se until the pH of the

sol uemik: I@(ﬂBwﬂl@:Q—C‘Mweﬂvhwman) -V fhmnso- 6{1)’3@)60 3-pyrrolidin-1-yl-

pr g@?f? L?%?,Ol?lmﬁg%%q %&lz%nla)é re I eé‘,léﬁ;f 0 solutlon Cof6- (4-bromo-2-
Chﬁﬁ@tpﬁé@}/ﬁlﬁﬁlﬁ by(drcaftiak sty mbl%t3]§-m>@nid"1ﬁ1da§bﬂ%f§carbcl>xyllc acid

separ at ed. e agueous |ayer is extracted with ethy

m%tb}ét s (66rmg, &o}%om@ﬂ) m@ €1.8 ayloris added WIS Oi(2hmg, 0.16

[ . VWDE- 80248/ 0027
wiibh BN U083 B SPAREH R SRGHERE AR B8P b o e o4
m@ur B semily & dogh dshussratase. a h&héstu&n dlidw s¥tiohlis §tirted" &hours at
482, 484 (M+,_ Br pattern) detect
fO%m(tamB?ré%e 2The, r%%%w&ﬂwedmdﬂased uith E%f%c and weter.angrled with

saﬁrz@é’d ?gue%us }}hﬁélil Eﬁpﬁgﬁl 9%&90%%‘%\%—%(?34 GG RNNE! | Bhe organic

aci d Vi ny
layBr ande @t ohér(MgS @h eﬁig,slrcai aihd opacenfrhtad 1o vaeupt tot gia y ka}ermatenal

TR RS DY A Bt R0 2 PO G°LfL a5 mg

(6793 FEMBYESRUTRGNRE NS A!F-OI nﬁj@;r 544593 (Vg BY paiferA®tdcted.

and triethylamne (0.0
Step D: 6-(4-Bromo-2- chlo;o-phenylammo)-7—ﬂuo; 0-3~(3-ox0-3-pyrrolidin-1-yl-

propyl)-3H-benzoimidazole-5-carboxylic acid: To a solution of 6-(4-bromo-2-chloro-
phenylamino)-7-fluoro-3-(3-oxo0-3-pyrrolidin-1-yl-propyl)-3 H-benzoimidazole-5-

carboxylic acid methyl ester (41 mg, 0.079 mmol) in THF/H,O (1.5 mL/0.75 mL) is
added 0.20 mL (0.20 mmol) of 1 N aqueous LiOH at room temperature. The resulting
solution is stirred 16 hours. The reaction mixture is acidified with 1 N aqueous HCI
(about pH 2 to 3) and diluted with EtOAc. The organic layer is dried over MgSOs,
filtered, and concentrated in vacuo to give a crude product (42 mg) which is directly used

without further purification.
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0.68 nmol ) are added. Then

O (2-vinyl oxy-et hyl)-hydroxyl am ne (0.028 g, 0.27
worembp2ae0d EDCl (0.056 g 0.29 mmol ) are added BETUSI064/027199

reaction mxture is stirred at roomtenperature under

unt i gze HiZL G5_2NBYG,J- B%h!ﬁgcﬁ?zéi%ihﬁo}:@Wb% 8-(82x8-398¥-Rolidin-1-yl-

The réaction mxture IS oure Into a separatory
pwmdhéﬂ—bedzdzm@dolmi wrémyﬁlc mét@c@pmmlfmb@@)—cmdetwhh The

d., Th |
SRR P it 208 BV eaEP AP RS P oo
3- f)ﬂﬂdlmn@-qg&%ﬂmﬂfb%hﬁﬁm&&dbl@m -irb@dyiienat e acidx) , vader  O-

brine (Ix dri ed and concentrated under

5 cyﬁbﬁmhnﬁhzéswt@ylam@e rfé@momqﬂgles@r ithe istengaydi WU@anmprocedure

deS&% g%%&é@ W{élg\’gé %Jrﬁ%;%ﬁ? ggg sir g&%ﬁgﬁgl@ as ahﬁm

(40(6 MNHIDRISE0H]) & 1 1M @Snﬂ%ﬁé 41 1856,78.0569 1(&1%7 7Br(s, 1H), 7.62 (s,

attern) detected. Ste
~{ 28 i.okhb): QSé’r(B%%r Hﬁhﬁ;ﬂ%ﬁn?ﬁﬁ) 366 (fhidho 333t Paky8 it 21D,
\ Z a b I 19
T i T
10 NRRo(376 MIBAIVISOPHG nY3a04 () F)(- f | uor o- 3- (t et rahydr o- pyr
an-2-yh et hyl)-3Hbenzoi m dazol e- 5-carboxylic acid
(2-vinyl oxy-ethoxy)-amde Hs (0.039 g, 0.068 nmmol ) is
di ssolved in ethanol (2 nL) and aqueous 2 M HO (200
uL) is added. The reacti g ?Eé%e is stirred at room
tenperaturefor 30 mnutes e reaction mxture is

e e T

Exaﬂﬂﬁer 25 esiug: ﬁﬂt}gnl esaBteandfthe apsmspmhne am@epartiti oned
between ethyl acetate and brine in a separatory funne
15 and the layers separated. The ethyl acetate layer is
dried and concentrated under reduced pressure to yield

185034 g (919 Gﬂ The pure desi {@gpr oduct as an [
ot 1 - vo#\ MO ESI +) iz 541, /5ad Qg0
pat tler iy \det ect ed; HIN (400 VHz, ) d 8.29 (s,

IH), %75 (s, | IH), 7./18(dd, IH ;

(dd, |1 H4. 40 é %(ﬁpattern, MHNH 4. 28 Br
of | ABX p 3.92 ( X of |ABX p n

3. 66 (to%z\rf\ml?% (m IH, 1,89 (M |H)om

IH), 2.28 (s, 3H), 1.54 (m 3H), 1430 (m I1H).

18i316 CDHOD) -134.87 (s).| WDE { 80248 027 - 213332
v E M_I\Z/?ﬁ)/ © Cl

anp H
L) )
;\/\N F Br
\=N
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The follow ng conpounds are prepared by nethods
simlar to that described in Exanple 27 by using the

wappsopsat e net hyl ester and al kyl ati ng agent PCBUS04927199
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and the appropriate hydroxylamne in (Step C). it X H

Cl HFV Br \=N Hu\/, = v z HI Br w
llaa HUO f V[ | ~C \ﬂﬁaWPﬁ%K\DE 80248/ 0027 -

213332 v 72Exanpl e 29 | 6-(4- r m-2-chloro phen |
m no) -7-fl oro-3-(2HO0efh <DfH ogyl -ethyl) -3

N

N F@Br
ol

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(tetrahydro-pyran-2-ylmethyl)-3H-
benzoimidazole-5-carboxylic acid (2-hydroxy-ethoxy)-amide (11p)

Step A: 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(tetrahydro-pyran-2-
yimethyl)-3H-benzoimidazole-5-carboxylic acid methyl ester 11q: 6-(4-Bromo-2-chloro-
phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid methyl ester 8b (0.25 g,
0.63 mmol) is dissolved in N,N-dimethylformamide (5 mL). 2-Bromomethyl-
tetrahydro-pyran (0.34 g, 1.88 mmol) and potassium carbonate (0.26 g, 1.88 mmol) are
added and the reaction mixture is stirred at 60 °C for 12 hours under N,. The reaction
mixture is poured into a separatory funnel, diluted with ethyl acetate and water and the
layers separated. The ethyl acetate layer is washed with water and brine, dried (Na;SOy)
and concentrated under reduced pressure. The resulting solid residue is triturated with
diethyl ether to yield a pale yellow solid (N3 regioisomer by NMR) and a yellow filtrate
(mixture of N1 and N3 regioisomers by NMR). The solids are collected and washed
with diethyl ether to yield 0.12 g (37%) of the pure desired N3 regioisomeric product as
a pale yellow solid. MS ESI (+) m/z 496, 498 (M-, Br pattern) detected.

Step B: 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(tetrahydro-pyran-2-
ylmethyl)-3H-benzoimidazole-5-carboxylic acid 11r: 6-(4-Bromo-2-chloro-
phenylamino)-7-fluoro-3-(tetrahydro-pyran-2-ylmethyl)-3H-benzoimidazole-5-
carboxylic acid methyl ester 11q is suspended in 4:1 tetrahydrofuran/water (2.5 mL) and
aqueous 1 M LiOH is added (2.5 mL). After stirring at room temperature for 16 hours,
the reaction mixture is homogeneous and the reaction is complete. The reaction mixture
is cooled to 0 °C, diluted with water and aqueous 2 M HCl is added dropwise until the
pH of the solution is 1-2, at which time it turns to a suspension. The reaction mixture is
poured into a separatory funnel and diluted with ethyl acetate/tetrahydrofuran and water
and the layers separated. The aqueous layer is extracted with ethyl acetate. The

combined organic layers are washed with brine, dried (Na,SO,) and concentrated under
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benzoi m dazol e- 5-carboxylic acid
cycl opropyl net hoxy-am de (l1bb) Step A

W®2{0440BR6NnD- 2- chl or o- phenyl am no) - 7- f | uor o- 3- (PcTrESva41€27199
$ul fonyl et hyl ) - 3H benzoi nmi dazol e-5-carboxylic acid

re@ﬁﬁ%{i ékes@&% &5 viel£€11 8 é((.‘f()"/@ SR FureldeaFRReMyt ash Riite solid. MS

or o- 3H benzoi m dazol’e- 5- carboxylic acid nethyl

ESIqt-pm/B482, 4346 6Vd, Bep@@rmmisicpteds di ssolved in 15 nl DV
under N. K CO (0.70 g, 5.06 mmol) is added foll owed
by nssthyCvi nyd-giBfamne 2{chloAd-phinyldnitd)- ﬁaﬁabmé’ etrabydro-pyran-2-

yh?f:?ll%g/la;- Elg ()éligaq%)z rzz?éeq czn?{)%g_zl%e/ |acgz{: 2% g{%ngglogﬁ g?lwg)()a ﬁ%;uldf%hl Is: 6-(4-
Bxlo?r¥ R53nfte p§&§/§’4 17 5 %Qroth%{te&mg@% BytadyRyinicthyspshed

brine he conbi ned aqueous washes
beazmnndﬁmkcﬁ«e@rbmxyltv etidyl1ad@tldt @, Ok rewabi Hedisselyathiie N.N-

e e B ORS00

0. %hﬁﬂ&?&% &lak@r THE @r(d vﬁﬁﬁ@tﬁbﬁlﬂ)lmgrmtamlﬂe @ m@ g, 0.27 mmol)
et her, "repeated several tines, qg| ves 16 g (59%

ardeEDER §0.p5 0 du @t29ammal)y9é13 aedpdsend the wtwp@rnw igptred at room
teﬁl%?ﬁ%}?rg? I\ﬁc %&%t%ﬂ@ 8&9 tle q§%c:§1%§ B}Q '\éomplete (2-3 days). The

refict{oh BIx@ire 12 clk@tirtto arseparhmm fimhel! dﬂhﬂed rvmlﬁethjzl ametattaatmi water
squonerthF 3H benzoi m dazol e- 5-car lic

a@y@p dW%@WW%X?hﬁ gibykagatale - %ay@r es4waﬁxe cessweay with aqueous

gﬁ{@'(gﬂggﬁfg&;{l nb zagh&ﬁ?s shmubdtPEdrivin ﬁa?cafB%hQ@r(Qﬁ}J lvofaeer (1x),

5-carboxylic acid neth
arﬁiSlbxﬁ{e (dxb drizd(Nag3@4 ahd comdehtyatsd pnésri roduded raessitici Bléltj: resulting

s 1 UG by PG gy Simmespisns s de meanell o, il 0039

0 | -
S St g S 0

BBpatean ) detevfedand MS APCI (-) mfz 559, 557 (M Br
pattern) detected; H NVR (400MHz, DMSO-d ) d |.75
IH) S@ ATDE s, |6H; B;&mﬂ)42—@klprd pf)qnymnmo)eéﬂuwra).? (re1rg dro-pymn -2-

ylgzeg@l)( H- bngﬁzo%mggzgcje écparlzqzqylzc g ((é~'7%/§r'%)cy—e%zo@~ctr%@e 11p: 6-(4-
e Py ke o e i
b&tzeuﬁldh:tcdeﬂgrhoanb@ avid Qw@xyr@pmyé@n@dqﬂlsf{plw Lgs 9958 mmol) is

ssoqvgdo B o {2 mﬂ?gncy aqueous 2 M HCI (200 uL) is added. The reaction mixture
is stirred at room temperature for 30 minutes. The reaction mixture is diluted with water
and then neutralized with aqueous 2 M NaOH (about 200 pL) until pH 7 and concentrated
under reduced pressure. The residue is partitioned between ethyl acetate and brine in a
separatory funnel and the layers separated. The ethyl acetate layer is dried (Na,SO,) and
concentrated under reduced pressure to yield 0.034 g (91%) of the pure desired product as
an off-white solid. MS ESI (+) m/z 541, 543 (M+, Br pattern) detected; 'H NMR (400
MHz, CD;0D) & 8.29 (s, 1H), 7.75 (s, 1H), 7.49 (d, 1H), 7.18 (dd, 1H), 6.40 (dd, 1H), 4.40
(dd, A of ABX pattern, 1H), 4.28 (dd, B of ABX pattern, 1H), 3.92 (m, X of ABX pattern,
1H), 3.66 (t, 2H), 3.35 (m, 1H), 1.89 (m, 1H), 1.76 (m, 1H), 2.28 (s, 3H), 1.54 (m, 3H),
1.30 (m, 1H). F NMR (376 MHz, CD;0D) —134.87 (s).
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/| Exanple 31 \=N

[ 6- (5-Ami no-[1, 3, 4] oxadi 3%Qlyde ¥8) - 4- f | uoro-1 H benzoi m

i dazol -5-yl ] - (4

o ( 4t Bllowing compaunds are prepared by metho

br ono- 2- net hyl -

phenyl ) -am ne (24a)

ds similar to that described in
uor o~3H benzoi m

Exhazslé 27 by wsaighbx yj)pmpﬁa:te theltyyd resier alel dRplating agent (Step A) and the

6- (4- Br.onp- 2- neny am no) - 7- f | uor o- 3Hbenzoi m daz
ap@rféma?l%]ffway‘mnel%@% thyl ester 8a (0.051 g, 0.135
nmmol) is suspended in
11x
11t Ho\,>< N o HO\,/\O
oh
1lu 11
HO\/\ON oH o Y‘ HO%O,N oH .
N N
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Et OH (5 niL) and hydrazine hydrate (0.118 g, 2.023
mol ) is added. The reaction m xture is heated at

WO edobnox326pr 16 hours. The reaction m xture i s PCT/US2004/027199
concentrated under reduced pressure and purified by
FCC el uted with 97:3 ethyjy §R§£ﬁ3N@CH to give 0.041
g (81% of clean desired product: LC M ESI (+) mz
378, 380 (M+ Br pattern) degtected. Step B:
[ 6- (5- Ami no- [ o N~©
, 3, 4] Oxadi azol - 2-yl )V4-f |l uor
(4- brono-2-net hyl - phenyl)
6- (4- Brono- 2- et hyl o@henyl
benzoi ni dazol e- 5- cathoxytN'c Aci & hydra®rde 20a (0.041
g, 0.109 mmol) is sﬁspendéﬁN n 1,4-dioxane (1.5 ni)
and 36 nL of a 3 Msolution of cyanogen brom de in

rre?K?Tlifﬂé’oc?TFMOrQrEh?lQ’hHGM 7- M(@gmggnﬁumeylmtmg-sﬂ-
0]
: Qaﬁ’f‘f%"f’w’éﬁ"’x"?ﬁ??fgﬁ' o S o et ST b

d d t
o1 AR o on S P S PP S (U e & iedhenesulfony-
el 3H- Bélizbﬁiﬁd@ablé:%a@obéj}lﬁ’cd aW'dt Rl %sl@;t Wke: 6- §4 -Bromo-2-chloro-
acet ate: MeOH gi ves 24 80248/ 0

pheryyfming)- ?@@Pf%%ﬁ@emnm@@olpr erbaxyiis aeid) ondtlopl esteri &b (1.55 g,

e e LTI

fo'llo%d(bsf méthl)d,vmldsﬁﬁ’oﬁs (0.4HnL, 2. 63’6mﬁﬁ>l) 2ktier stirdde (6 hours at room
Eg IH), 6.40 (bs, IH), 234([3 3H) .
t ﬁarslprg, tgxg reaction mixture is diluted with ethyl acetate and water. The layers are

s&p@fa@él’ A ﬁf% <£ alﬁc %}%’1‘ ag gf%ﬁéd' ﬁﬂ?{l\)/aﬁc {/3'&?’ ha 'ﬂr}ffeb e)&ﬂhbmed

i dazol -5-yl] or o- am ne (2 _
a([I@o(LSWABhGSO&I’{B Iexﬁaet¢®maﬂhl athyl ac%ta}!d: ) “Phefdontined bkgheio zaitmatts are

i.d lsB-yll-(4- I 24b
RS0 o ey Eh e el oF G P b3 e el residue in
m‘é -chidiRiehitld- plREBYhRIp Gz?c)l cﬁetﬁ&lpgﬂher %Efié%?e‘&z&'v?ﬂ g@é%s gives

-5-carboxylic acid nethyl ester ESI
1 éég (5381 prividegiredprodeat ay a geliew s@m MSI\M'C.‘( @0 @n/5B00, 504 (M+ Br

7.78 (bs, IH
Pl B3tk fle&@"léfhﬁf%fﬁeé‘% Ry | 6. 48 (bs.
', t%p37 .'( S 6§)2Bromo—£g loro—phenylamzno)—7-ﬂuoro—3~(2—methanesulfonyl~
ethyl)-3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 11bb: 6-(4-

| Il|¢§fbe‘3'zoi i dazol -5-y1]" -

Bromo-2-chloro-phenylamino)-7-fluoro-3-(2-methanesulfonyl-ethyl)-3H-
benzoimidazole-5-carboxylic acid methyl ester 11ce is subjected to methods previously
described to give 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-(2-methanesulfonyl-
ethyl)-3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide: MS APCI (+)
m/z 561, 559 (M+ Br pattern) and MS APCI (-) m/z 559, 557 (M- Br pattern) detected;
'H NMR (400MHz, DMSO-ds) 611.75 (s, 1H), 8.47 (s, 1H), 8.04 (s, 1H), 7.77 (s, 1H),
7.62 (d, 1H), 7.28 (dd, 1H), 6.40 (dd, 1H), 4.78 (t, 2H), 3.82 (t, 2H), 3.62 (d, 2H), 3.07
(s, 3H), 1.02 (m, 1H), 0.49 (m, 2H), 0.21 (m, 2H); '°F NMR (376MHz, DMSO-dg) —
132.66 (s).
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NH [ 6- (5- Ami no~[ |, 3, 4] oxadi azol -2-yl)-4-fluoro-IH -
benzoi m dazol - 5-yl ] ~(4- brono-2- chl or o- phenyl ) -am ne

W@ 2006023251 PCT/US2004/027199
[6-(5-Ami no-[1I, 3, 4] oxadi azol - 2-yl )-4-fluoro-| H benzoi m

i dazol -5-yl]-(4-brono- 2-g enyl)-amne 24c is
prepared as described in egéﬂéﬁéﬁgtartlng wth 6-(4-
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76br oee 3 A S BRL HoAd Raseaued: iy g She ApmppRiays methyl
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)| 7.64 (U8, bH, 7.20 (s)|lky,[7.03 (d,
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solution in PhMe (0.24 nm, 0.45 mol) is added. The

reaction mxture is stirred at reflux under for 1 hour
w@easoees cool ed to roomtenperature. The reackPCDNS2004/027199

mxture |s quenched by the addition of a 1:1 m xture

rhe Tlayers are W/DE-
Hgio arat ed and the aqueous
| ay (3x) .| The conbi ned organic
| ay dried and concentrated
ung ve 54 g (99% of desired
pr qdyc LC/ M5 ESI (+) nmlz 360, 362
(Mt A pattern) detected, H NVR (400 MHz, DVSO-d ) d

10

15

20

12,64 (s, TH), 8.83 (s, IH, 7.88 (s, IH, 7.30 (s,
IH, 7.20 (d, IH, 7.00 (dd, IH, 6.38 (dd, IH, 2.30
(s, 3H). Exanple 36 M
(4- Chl oro-2-methy|-pheny|% (APfllvvro 6-[1, 3, 4] oxadi azo
| -2-yl -1 H benzoi m dazol -5-yl)- am ne (21a)
6- (4- Chl or 0- 2-r net hyl - phenyl anm) - 7- f | uor o- 3H benzoi m
dazol e- 5-carboxylic agiyl hydrazide 20b (0.048 g, 0.144
nmol ) is suspended in absol ute Et OH and HC(CEt)
(0.60 nmL, 3.54 mmol) |soaqued foll owed by catal ytic
pTsOHH . The reaction m Xfure is)yheated to reflux
under After 2 hours, the m xture is cooled to

under reduced

cO

roomtenperature and co
pressure. Purificatiaon chr omat ogr aphy
(97:3 ethyl acetate: g| ves 36 ng (73% desired
product as a |ight yeIIo sol i d. LC/I\/IS ESI (+) nlz

(- Shg et By Yo b P S W promo-2-
8.10 (bs, IH), 7.78y, e@?l—plhb&yl) Z} (2de) 1 H), 7.00 (dd,
IH), 6.41 (bs, IH, 2. . Exanpl e 37

5- 6 | 7 Ren#azole-5-
T oS -y POATPRO ’515’32.”%’%0?’% P AR

carb8@22@8/cﬂ:®ﬂ7 hydr23ida320e: 6- (4-Bromo-2~methy1~pheny1am1no) -7-fluoro-3H-

o 0 o T BN A e e
EfbA8 mla}ld'}ﬁld%iﬁﬁelﬁ‘ﬂﬁﬁel(o.ﬂ%@; airsohmic) © GllledndThe reaction

mixture is heated at reflux for 16 hours. The reaction mixture is concentrated under
reduced pressure and purified by FCC eluted with 97:3 ethyl acetate:MeOH to give
0.041 g (81%) of clean desired product: LC/MS ESI (+) m/z 378, 380 (M+ Br pattern)
detected.

Step B: [6-(5-Amino-[1,3,4] oxadiazol-2-yl)-4-fluoro-1H-benzoimidazol-5-yl]-(4-
bromo-2-methyl-phenyl)-amine 24a: 6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3H-
benzoimidazole-5-carboxylic acid hydrazide 20a (0.041 g, 0.109 mmol) is suspended in
1,4-dioxane (1.5 mL) and 36 puL of a 3 M solution of cyanogen bromide in methylene
chloride is added. NaHCO; (9 mg, 0.109 mmol) in water (1.5 mL) is then added. After
16 hours, the reaction mixture is diluted with water and brine and extracted with THF.
The combined organic extracts are dried (Na2SOs) and concentrated under reduced

pressure. Purification by FCC eluted with 98:2 ethyl acetate:MeOH gives 24 mg (55%)

75
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cooled to O Cunder N. CS is added (26 ng, O0.346
mol ) foll owed by powdered KOH (8 ng, 0.150 mmol).

wao\b@os02Rsi rring at 0 C for 30 m nutes, the reakPCT/U82004/027199

m xture is heated to reflux. After 3.5 hours, the

l ,
of F BRI &  Somupsliec XrS sy 1, s 8t
ddtbeed; a)]IHrNMRr etogermnzammcama) bhe. 9§c(sLeHH])5 S.eyes 113, 7.94 (s, 1H),
extracted wth eth acetate. or.
19446 380738 b ap b1 (B TEY Brid LOncelt i B8 Gradh JID.
reduced pressure to give the desired product as a
yell ow solid: LCMS ESI (+) nmlz 376, 378 (M+ C
pattern) detected; H NVR (400 MHz, DVMsSO-d ) d 8.51 (s,
IH), 7.92 (s, IH, 7.19 (Ixample327 12 (s, |H), 6.98
(d IH), 6.29 (d, IH, 2.28 (s, 3H).
- Bromo- | - chl or o- phenyl am n@fy,f | uor oSH benzoi ni dazol eS
-carboxylic acid nethyl am:L(de (11 o00)
6- (4- Br ono- 2- chl or o- pher}yla@nno) 7-fluoro-3H benzoi md

(0.016 g, 0.10 mmol),
mol ), nmethylam ne (0
i n tetrahydrofuran),
added consecutively to the reaction m xture at room

l _vl]-(4- -2-

 EEESHR 1.3 IR 10 o JH S B RO Sl (d-citro-2
m xture is poured i meathd-phrepe)-avang(2phnel and dil uted
with ethyl acetate and water and the | ayers separat ed.
The f8-(BrAndee] g3 ¢]dxagiarolisyivasiedo-d Hsbamsinvidhzol i §1h(4-chloro-

DT e TN T SN
cllﬁH fn{cflﬂ)é)l é)hgﬁglﬁquﬁ)ﬁ%\or@@ﬁ %Q%Hiﬁﬁ@@c%@ﬁﬂlcd %01d methyl

uce S resulting solidis purlf
eﬁ@CBe( eL(ItMﬁ ST (tHh 19339, 1861 M- 6% pettero) detectedst FaNMIB (409 MHz,

DRES o 84 48355- o dbs WS, B (s ) 1578 (L0BOL B TRz 04 @
1@3’0424@% R 2SR5 12 1088 G ' T %750 (gl

6.50 (dd, IH), 2.76 and 2.75 (s and s, 3H total,

am de rotarrers) F NVR (376 MHz, DWVSO d6) -132.69 (s).
WDE- 80248/ 0027 -213332 V.

Example 33
NH,
N=(
N O
H Cl
N
HN F Br
\=N

[6-(5-Amino-[1,3,4]oxadiazol-2-yl)-4-fluoro-1H-benzoimidazol-5-yl]-(4-bromo-2-
chloro-phenyl)-amine (24c)
[6-(5-Amino-[1,3,4]oxadiazol-2-y1)-4-fluoro-1H-benzoimidazol-5-yl]-(4-bromo-
2-chloro-phenyl)-amine 24c is prepared as described in example 31 starting with 6-(4-

76
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7Exanpl e 39 The foll ow ng conpounds are prepared using
met hods simlar to that descri bed above in Exanple 38

wh0asngl t he appropriate carboxylic acid and Bei/ng2004/627199

10

15

20

t hose cases that contain two amne functionalities,

I (d . e .in_t.he
o PR o1 O RO s B R SARRES ST Lo ety
estef 8InaMSSARQI (i)t 435, a02d v Bihtidapaal 8L APCI (-) m/z 423, 421 (M-
conditions. llpp lluu llgg Hw V=N Ilrr Ilww Ilss |Ilxx
Bripgtte ﬁ%&ct@d-somw 0027- 213332v 80Exanpl e 40 H
[ 6- (4-Brono-2-chl or o~pheﬂél am no)-7~fluoro -
3H benzoi r ni dazol - 5~yl ] - nBxample 3410e)
6- (4- Brono- 2- chl or o- phenyl ami no) - 7- f | uor o- 3H benzoi r Q
dazol e-5-carboxyl i c aci d Mst hyl ester 8b (1.06 g, 2.65
mml ) is suspended in ti\ ﬁydroMei ran (25 nL) and
cooled to -78 C. Lithium gl unfinum hydride (8.03 i,
8.03 nmmmol, Msolution in N furan) is added
dropwi se to the reaction tur fter stirring for
10 minutes at - 78 C, HNheJreatti oh réixture is warmed
to 0 C and becones a holwp§eneous sol ution. The
reaction mxture is stirred for 5 mnutes at 0 C and
tthehChlov-@danetfplr-mhanglanigo)c]-fluneo-3 Hehwnieimidazselead-earboxylic acid
guenched with MeOH, dil %zem%ta Eochel le's salt,
war med to room tenperat ure L sp rred for 1 hour. The

f unn el EhebtyRRaL Fuee Sahe R g goaboxylic
aSiENRkiAEZRI. 20 REYLQUSs Biasked 18 &XpRCEE Gt ANrdh Yl4-chloro-2-
acetate. The conbined ethyl acetate | ayers are dried

mpthtyl-pbersdaning)-édluperd H-hasdeisudazpleeSsubexyls wridl thethydgester 8e.
1800 912 B84, R46GM+ C1 pattern) detected; 'H NMR (400 Mz, DMSO-dg)

§13.09 (bs, 1H), 9.98 (s, 1H), 8.40 (s, 1H), 8.17 (bs, 1H), 7.64 (bs, 1H), 7.20 (s, 1H),
7.03 (d, 1H), 6.41 (bs, 1H), 4.49 (s, 2H), 2.23 (s, 3H).

Example 35
OH
N=(
N& O
H Me
N
HN F Cl
\=N

5-[6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl]-
[1,3,4]oxadiazol-2-0l (22a)
6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid
hydrazide 20b (0.050 g, 0.150 mmol) is suspended in PhMe (2 mL) and a 20% phosgene
solution in PhMe (0.24 mL, 0.45 mmol) is added. The reaction mixture is stirred at reflux

under N, for 1 hour and then cooled to room temperature. The reaction mixture is

quenched by the addition of a 1:1 mixture of THF and 10% HCI (20 mL). The layers are
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desired product as a pale yellow solid. M5 ESI (+) nfz
370, 372 (M+, Br pattern) detected. Exanple 41 c,

W®2{0440BR6nD- 2- chl or o- phenyl am no) - 7- f | uor o- 3H PeTEsINA/027199
azol e- 5- car bal dehyde (10r)

seﬁa@at@& ail %Dd ae&ﬁllé’fe? 190434%1%’&@ nglc’fﬁl? é’af)t)u ame t@iﬁbﬁ@ﬂ Zogaic layer is

dazol -5-yl ] - met hanol
wagheb with dfingndriesh (Nalh%@m @ﬁdl paweatr@t?@ ned%rlr 6C1UC64 @rqﬁ?ﬂ)fe tegiye 54 mg

5.8 i 0 X
Ok P afbeaf Pl Fed v SE e N E8F L PR or s B 1 pater
detegtefil 1}&@41\@1:1 (Itabo Qugs) mvﬂst):@? gel2.eng, @HT&B@B v, L), 7.88 (s, 1H), 7.30
(S,llsf,{)cbﬁ@édxtlrfb)t %@O&Méﬁ)r@a&ﬁbﬂdlm,@sﬁbﬁéﬂb a snal
volume and then filtered through an Acrodi sc syringe
VI amounts of M2 that passed through the silica gel.
The filtrate is concent rl\iﬂfed under reduced pressure
chr omat ography (el uting thHZO'Vie nmet hyl ene chl ori de
met hanol ) to yield 0.81 gx{88% the pure desired
sol I\/B ESI (+) mz 368,
370 (M+, Br pattern) [ggtected. =N V'éN
| - [ 6- (4- Bronp- 2- chl or oApRenyl am no) - 7- f | uor o- 3- net hyl -
(4CRlprA\2-methyl-phenyl)-(4-fluoro-6-[1,3 4]0xad1azol—2-yl—1H—benzoimidazol-5-yl)-
| - [ 6- (4- Bronp- 2- chl or o- phen )-7-fluoro-3-nethyl -
ﬁ’é%/%&lﬁrm
To a solution of tributyl net hoxyrret hoxynet h
st arfnénehlogsi- m@}hylzﬂ@vylﬁ%m) Tpiegsarn @BbWO%Wéa%ﬂl%éé&{h"éYhC
HGAGEL)u (0. @m nllID, Bétanmpl) Af a@lledslbllowed}gpyf cutal@ha:npr’ﬁa()&-b@ The
sol uti on
coofeaecg Z8bi tgﬁ%?llaﬁlré and ¥bR&ELEeRY 3R 14l I%‘Egssuge 1Puyrification by
In THF Is added at -78 C. er stirring
product as a light yellow solid. LC/MS ESI (+) m/z 344, 346 (M+ Cl pattern) detected;
'"H NMR (400 MHz, DMSO-dg) $13.10 (bs, 1H), 9.39 (s, 1H), 8.49 (s, 1H), 8.10 (bs,

met hyl ene chl ori de/ net hanol (10: 1, he filtrate

filter to renove smal |l \ BREmp&OII8/ 0027 - 213332 -

and the residue is puriRke® by flash col um

product as a bright yel

3H benzoi n idazol -5i -yl ]~2- hydroxy-et hanone (1Qg)

3Hbenzoi m dazol - 5- yI] 24 t hoxy- et hanol 1G:
acﬁ?}%f%ﬁg% %ﬁl& (]O %ﬂe e })gﬁssugﬁghdeé %1313) g‘iLnaﬁQG‘ﬁlté $tOH and
ce o MBS 2 P o) ARer P dbiesypn gpixtre is
ﬂash column chromatography (97:3 ethyl acetate:MeOH) gives 36 mg (73%) desired
1H), 7.78 (bs, 1H), 7.20 (d, 1H), 7.00 (dd, 1H), 6.41 (bs, 1H), 2.18 (s, 3H).

Example 37
SH
N=(
N& O
H Me
N
HN F Ci
\=N

5-[6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3 H-benzoimidazol-5-yl|-
[1,3,4]oxadiazole-2-thiol (23a)
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10

for 40 mnutes at -78 C, the reaction is quenched with
saturated aqueous HA4C at -78 C, warned to room

wao esopeersure, and diluted with Et OAc. The or gaPCTURBY€027199
is washed with brine, dried over MyS 4, filtered,

C 0 nc %[}HIGHI&Q)Q ﬁﬁ@hy@—%héﬂ}}lﬁﬂan)L7-fﬂu%§ch3Hmeﬁﬂﬁhﬁ@e[zal%hycarboxyhc
MeOH in H I ive the desired product (4

a@i@ hygrgide 3 ARCHO g+P.160 msB is 488pepiied iBp mhtabeelnte EtOH and

PER TG THEEIT 050 it iy PR 295 Fromel Sl oy powdered
K& €8 a0, 0116848no]) S -Attdr sBrrit 4 000k BOXYinflchaRe Rclél mixture is

A solution of |- 6( 4- br ono- 2-

h@%@%ﬁ%rqshlény:ﬁﬁ $ pus, sy wadioreriRpire3i fqupeahed by tha addition of
ol TS EARLOR Y SRl G (R 180 BRI e

aﬂ;l—lﬂﬁ afuédis Jayer Js éxarasted wittethyracdtafe. er®nbingdamganic extracts are
The reaction mxture is diluyted wth

fﬂﬁ?ﬁzg Lﬁﬂf)d coggeniraiidendgtirdnerd RfiSSH{@)tocﬁéYﬁ Piesigpd product as a

§1chvl/ léBM hy 6848 f]?ﬁleﬁ@% afy ds Al gM(+ )cerh)S d&gﬁgyol(%m (400

resutlng m xt ure stirred f 80248 7 -
MI:’[@SBMS@ dgan8.aut(esl Bnd.odi(s,utléd 7V\1|9t(’$ EEHD%IZ $HdH), 6.98 (d, 1H),
| ayer i s washed with saturated agqueous NaHCC>3

3d’gllrl‘%h%2}éci?’|3|§§ over MyS 4, filtered, and

concentrated in vacuo to give a crude material which
is purified by flash chr mpleddhy (1.5% MeOH in H
Cb) to afford the desired product (31 ng, 71%: M5
APCI (+) mlz 456, 458 (l\ﬂ{{;I Br p%tltern) detected. Step
C H

| -[ 6-(4-Bronop-2-chloro-p i ®p) - 7- f | uor o- 3- net hyl -
3Hbenzoi m dazol - 5-yl]- © panone 10: A

m xture of |-[6-(4-brondeg; chl orophenyl am no) -
7-fluoro-3-nethyl -3-f/-benzoi m dazol - 5-yl ] - 2- net hoxyne

Wﬂrﬁﬁmmo-]n@enﬁl&ﬁtﬁ%ﬂ uWSHTfBéhéathz/MéfHJW§xylzc acid
(0.3 nL), nethanol ( 1 nm), and water (0.05 ni)

is stirred for 3 days ateﬂil’bﬁwdt?élf@@)ature The
reaction mxture is neutralized with saturated aqueous

Na HCO (3 Bramg-2¢ i onoeph ey amitker) GABuordti-benyaihidardg-éreaitpxylic acid

ORI £ g o e o Rt PR ol . 1), HOBT (0016

g COV @ aah 61y el Byl atnin SR 0B GhLL 012Chinkd]), )méth?yl@lfnfriér(d o5benL, 0.12 mmol,
desired product Ms APCI (+) mz 412

2 M golutipn 113fetr@bydr(gﬁﬁgn)d§1de1@]{)é% (0.0 Nesrd- 1 omnalpe added consecutively

tthE Tr@cl'aﬁon ﬁﬁxture at room temperature. The solution is stirred at room temperature for
16 hours under N,. The reaction mixture is poured into a separatory funnel and diluted
with ethyl acetate and water and the layers separated. The ethyl acetate layer is washed
successively with aqueous saturated NH4Cl (2x), brine (1x), aqueous saturated sodium
bicarbonate (2x), water (1x), and brine (1x), dried (MgSO4) and concentrated under
reduced pressure. The resulting solid is purified by FCC (eluting with 19:1 methylene
chloride:methanol) to yield 0.013 g (42%) of the pure desired product. MS APCI (+) m/z
397, 399 (M+, Br pattern) detected,; 'H NMR (400 MHz, DMSO-d6) & 8.76 (broad s, 1H),
8.69 (m, 1H), 8.41 (s, 1H), 7.76 (s, 1H), 7.63 (d, 1H), 7.30 (dd, 1H), 6.50 (dd, 1H), 2.76
and 2.75 (s and s, 3H total, amide rotamers). '°F NMR (376 MHz, DMSO-d6) —132.69 (s).
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d 8.64 (s, IH, 8.34 (s, IH, 8.16 (s, IH, 7.58 (d,
IH, 7.31 (dd, IH), 6.59 (dd, IH), 4.94 (s, 2H), 4.06
W@ 2005823251 NMR (376 MHz, acetone-”) -132.45 (s,PCHUS2004027199
| - [ 6- (4-Brono- 2- chl or o- phenyl am no) - 7-f | uor o- 3H benzoi
m dazol - 5-yl ] - 2- hydr oxyet £3610k) Step A
| -[6-(4-Brono-2-chl oro- pr#;’%&@;msno) - 7~f | uor o- 3H benzoi

i d _vl.J- 2- - o .
0 451 AL PRI TREADE SRRl B e
abbot én ERaraplel3a| tdeiyithethd @ppropridte eabexylivi doid and amine. In those cases
o e TR M S e, 5T LR e
5 ingﬁgp&%ﬂﬁ‘g\g F0ktioN B L BE'Bdc drotl % 146 venfd08d (il sBldrEFdtandard
etected” Step B:

TFA[déprfodecBonwonditiedsl or o- phenyl am no) - 7- f | uor o- 3H benzoi
m dazol -5-yl]- 2-met hoxynet hoxy-et hanone 10m To a
solution of oxalyl chloride (0.11 n_, 0.22 WNDE-

80248/ 0027 - 213332 v 83mml) in CHO (1 n) at -78 C

11pp added@@ (0.016 ni, 0.221mpl /ﬁftﬁr stirring
tes,

forl 3 od a sol ution of X N._O
| - [|6- (4-]br oz 2- chl or o- phenyl am no
benizoi z -yl ]-2-met hoxynet ho 25

ng, in net hyl ene|chl or| d.
The @%sulting solution is stirred

-78 C. TEA (0.1 nL, 0.71 nmml|) is added. The reaction

1Tdg<tieNe is slowy warnmed to faowtlenperat ifeq stirred
for| 5 Mnutes at room tenperature, @mu edHwilt h
3 s se

wat C,. The organi ¢ |aye

dri il tered, and conc¢entrated to it |
cru ch is direcfly used w t# ffur t hef
pur| - SteprC

| - [B- (4¥B¥ ono- 2- chl or o- phenyl ani no)) -

7-fl uorg- 3H-benzoini-idazol-5-yl]~-2-hydr oxy—ethanene
1Eok|: k- [M-fo4- Br ono- 2- chl or o- DASHV i np{i}s?-fl uoro-3i/ -

benzoi m dzom-S yl]-2- met hoxynet hoxy-gtg\zﬂpone 10mis
depr ot ec a ding to the|procedureydegcrithed in

127~ St to yield ¢onpound N Cl (+)
m z| 398\=400 (M+, Br pattern) detecte N 400
Mz, CD OD) d 8.38 (s, IH), 8. 04 (shNL ,F7.52 P'EJI,
H| 7.22 (dd, IH), 6.53 (dd,, IH,|4.90 (m 2H); NWR
o) |

I
1 fss Hr\'lvnﬁ’ 11xx N

:N\
!
N_.O N NH
g o
H Cl
HN F Br N
\=N
HN F Br
\=N
11tt

H
_N_O
H
“@
HNJ;E[F Cl
\=N

80
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25

CD OD) -133.96 (s, |F).

| -[6-(4-Brono-2-chl oro-phenyl am no) - 7-f | uor o- 3H benzo
worR@anzd2sb- yl | - 2- et hoxyet hanone (10n) Step A :PCT/US2004/027199

| - [ 6- (4- Brono- 2- chl or o- phenyl

ni no) - 7-f I uor o- 3H benzoi g gﬁéﬁ e-yll-

2- et hoxy-ethanol 100: To a solution of Iithionethyl

ethyl ether in THF (6 pd (prepared from

4, 4" -di -tert-butyl bi phenyl (F85%y, 2.20 mmol), Li (18

mg, 2.59 mol), and Et OCCHQN o m., 2.05 mmol) by

t he procedure reported etr dron 1996, 52, 1643)

is added a sol ution

6- (4- brono-2-chl oro-p eg,lanrno) 7- quoro-3i -

benzoi m dazol e- 5- car bal dehyde 1OF (29 ng, 0.080 mol)

J—thw:m&-ll -CRIroPhenynfino) INAubASIHLBeRgoififdazbi-S91iMethanol(10e)

irred for 1 hour and then guenched with saturated

aquen —Bwﬁgl@hlor%%h&yléﬁﬁﬁﬁﬁﬁ -fhu8rd- QHfBehEdIﬁﬁ‘d@bw-:ﬁcarBBﬂyhc
extracted wth he organic |layer is

acﬁnmsm)eger 812 (BG3 2, Viohasihell inisedpendednia, te@%hyétpf@vér@ﬁ/@@) and

copl eg;thl ?g gﬂallt‘)tg'? . %KI?%E%%O}II %ﬂdac(g %g n\g@ad t8 R 515}9 dﬁ)/solutlon in

tet@fﬁ oftirahPisHAM&d El'@)gw?s%&b fiedrepetRAUATxt(rd S AM@r sthdif:folMB) minutes
(+) mMz 428 30 (M, Br patter n) detected. Ste

at B7 8 |°C[ the(rqacgp@ ﬁnxtgrq;ww@e% F@ﬂyqi @fﬁi h@go_mes a homogeneous psolutlom
7 R l'{l?o{x]lgm%ct\tlr? 5t %ergﬂ %@@Ohlllﬁlté(sl :lt O e#pgtﬁné(n gshad QB4 to -78 °C.

e donpound I's pre
Tﬂe' x[eﬁct(ofh BHeNR-i2 yaklcded WiﬁanMe@H mkﬂ)lted with Rochelle's salt, warmed to

7-fl 3i7-b d th t.h
roa@c@?l%{e%@r% SnrBrgH dbied iour ST I (i Rapatred into o
se%tlr?% f?ri&'f;egp(§1 dﬁé@%ﬁlh&hﬂe&%{a}t@ Ml $hE Uherd Se@dted.! eBfeeshucous

ted aqueous contal ni ng sodi'um thiosul fate
plﬁ@mtlﬁbytﬂacm& w1ﬂHISefAﬁChce(taiE¢ nMTlee 4@6bind@ Stifhgcedte layers are dried

(I\{J 6 Sr n) 47%(6“2,3611%}?%3 m;ll Mﬁt%e% Rrpﬁsureﬁozyfelg)b 9% %ﬁﬁ)&)ﬂf the pure
de%ﬁlgd chl'd)uct 45 <7i6paﬁr:S 6)1%?9 soldd. 5MS CI;ZSIZH)) /-39, B2 BH),; Br pattern)

ddtec{teﬁir(4 BronD 2- chI or o- phenyl am no) - 7- f | uor o- 3H benzoi
m dazol - 5-yl ] - 2-t net hoxyet hanone (10Qp)
| - [ 6- (4- Bronp- 2- chl or o- pxayipderitho) - 7- f | uor o- 3i
- benzoi m dazol - 5-yl ] - 2- rret hoxy et hanone 10 is

prepared from
6- (4- br ono- 2- chl or o- phenyi anﬂno)%? fl uoro-

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carbaldehyde (10f)

[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl]-methanol
10e (0.96 g, 2.58 mmol) is dissolved in tetrahydrofuran/acetone (1:1, 15 mL), and MnO,
(2.24 g, 25.8 mmol) is added. The reaction mixture is stitred at 50 °C for 10 hours under
N,. The reaction mixture is filtered through silica gel and eluted with methylene
chloride/methanol (10:1, 1 L). The filtrate is concentrated under reduced pressure to a

small volume and then filtered through an Acrodisc syringe filter to remove small
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3i 7- benzoi m dazol e- 5- car bal dehyde 1O and it hi onet hyl
nmet hyl ether by the procedures described in Exanple

W@ 20050828PCl (+) mz 412, 414 (M+, Br pattern)PCT/US2004/027199
detected. BnO

arholRRs 8Y MBCY, thaflﬁs&ﬁ tlﬁf 'tlgé G2 Ler: pﬂ&ﬂﬁitﬁf@ ﬂ@on@erftfatﬁ@l under

r o- 3H benzoi m dazol - - ethanone (1Q0q)
re80figpedRTe and ﬂ@%sldue %@are@ﬁdpby flaghe nczlwn@xghr@mg‘r@graphy (eluting

wilh 150 MR Sete SHRRERRACL 61 Yield Riblof G0 of tog e desired

prodhiétias @rlbr% t RERHYIoNYY WS BgT (4?!:&/13 BEN3I70 (WHE B Pattdim) detected.
prepared fromn-Bu SnCH OBn (505 ng, 1.23 nmol) and

n-BuLi (0.49 nL, 1.22 mol, 2.5 Msolution in |iexane)
by the procedure reported in . Am Chem Soc, 1978,
100, 1481) is added a solExampled

6- (4- brono- 2- chl or o- phenyl ani no) - 7-f | uoro- 3i 7-

benzoi i dazol e- 5- car bah fe 10 (51 ng, 0.14 mol)
in THF (3 m) at - 78 C. The flesulting solution is
stirred for 1 hour at -7 action is quenched
wi th saturated aqueous an tracted with Et OAc.
The organic layer is N ed over filt®red, concentrated
in vacuo, and purified B’?Nfl ash chromat ogr aphy (100%
CH2C 2 to 3% MeOH in CH C to affor;lg%g M&’
H@ﬂﬁ@rwaé—#dqmaswyl%"% upug-3rpethyl -b&w"(’ zolgj-yl]-2-

pattern) detected. St _

2-Benzyl oxy- | - [ 6- ( 4- (B dyeth trene {108y ani no) -

7-f1 woro-3Ho n20| €s 277
titl lo orrpo d s p/%zfé gérrg' férlgﬂlréo?_‘%g%gﬁlpﬁnoyglﬂ uJ;J}B3mez‘hy 38
b&&o{;ﬁd@zro@wgzzmtw mpieRy-bAnksIo) 10i- 11‘uoreo Solhtidenpbi mmbutyl-

i dazol -5-ylI']-ethanol 1O by the procedure describ
azymetfighsimnene 4364 UHet 2 Tle Ble PRECeH BT P@Cedure

L 17,00 R 9004 R AL g o
(@ Mé—gnﬂ(?az J5ahimet, 12)5 Bietoduttomdn HGIXNSVR Aﬁtﬁﬂsttvhlng f@3 objutes, a solution
OgH) g—g)i Ebgﬂano ?}qﬁlo(r%-ph@g)(lﬁ‘amo} ioffuoyp %—;ke(t]gyl—éaip&@grggiazole 5-
§r'6f1d31?)de lﬁthWIﬂgg 061 5%1)@91@ (2 34 1s‘3£dd@a)at 78 °C. After stirring

¢hl or o- phenyl am no) - 7-f | uor o- 3H benzoi
fori 4bampodutes-ag-78 2C, thetdratien id qusnghedevitla sgurated(aquegus NH,4CI at -78

°C, warmed to room temperature, and diluted with EtOAc. The organic layer is washed

with | brine, dried over MgSQ,, filtered, concentrated, and purified by flash
chromatography (1.5 % MeOH in CH,Cl,) to give the desired product (45 mg, 64%): MS
APCI (+) m/z 458, 460 (M+, Br pattern) detected.

Step B: 1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-
benzoimidazol-5-yl]-2-methoxymethoxy-ethanone 10j: A solution of 1-[6-(4-bromo-2-
chloro-phenylamino)-7-fluoro-3-methyl-3 H-benzoimidazol-5-yl]-2-methoxymethoxy-
ethanol 10i (44 mg, 0.096 mmol) and the Dess-Martin periodinane (49 mg, 0.12 mmol)
in CH,Cl, (1.5 mL) is stirred for 1.5 hours at room temperature. The reaction mixture is
diluted with ether (3 mL). Saturated aqueous NaHCO; (1 mL) containing sodium
thiosulfate pentahydrate (74 mg) is added. The resulting mixture is stirred for 10
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Step A
| -[6-(4-Brono-2-chl oro- phenyl am no) - 7- f | uor o- 3H benzoi
worR@anzd2sb- yl J- 2- met hanesul f onyl - et hanol 10t : PADUS2004/027199
solution of nmethyl sulfone (65 ng, 0.68 mMmmwol) in THF
Ol L d /it batudtedBaqueou
mlgqf!rteF H%)délh‘%lda\gﬁﬁgﬁt@Aé I‘fﬁ &Qatﬁé {deBitldyadi@d 24 queous

tion i exane) at -78 C. After
NAICOs iand) biioe, dried nmeM.gSGMPﬂlte{r@d 1andL<)on|csnteed@ﬂedl veupelo give a

l’lll-FfCIn]%lE).%glgl \X{%?E 1&?)911%% gngzash cﬁrlo?r’r?a%c?grxgh%/r (laéi/d e@ﬁam éﬁgClz) to

) amIAPCT - ) Ut A58, 438L(Me] Bi fatt
atford fid %ﬂgﬁﬁ%ﬂg%@@ ?&A) 26 o, oL ol ) e, Bt pattern)

defettedi) i s added. The resultl ng solution is stirred for
1.5 hours at - 78 C. The reaction is quenched with
sat tat ed aGueous!-JHGBY: omﬂrcéébrt)ﬂﬂhe@dmitn@}rde‘h@v erdepethyl-3H-

d d h, Et OAc. Th
e n et b e 10" bR SE B o
ph'eﬂylxl%ﬁwﬁ Mog%bﬁﬂyﬁ@Hménid@mz&hsngeg-ﬁﬁmbmeﬁ@%/~ethanone

0 give the crude desired product (3
100@15 9@/& Q&ﬁumhuol)s 1 eduenusdE€] (. Ivmlpomethipel (R} mL) and water

(Oggtntﬂfei ]ﬁ)s nérgii é%ttl\?gays§tt éé) r%temperaf‘cgl% ﬂx%die&m*én delxture is neutralized

with kfufatedBlgaesusNaC oL %ﬂhﬁlﬂtﬁd&nﬂt}nEDGAC The organic layer is washed
7-f 1 uoro- é]H- benzoi m dazol -

Wlﬁzh heinpasiias pmrnMgS@mhﬁh%rﬁé Q%entq‘cﬁ%i in preuos G duwtief y flash
| 0
L R B

MSrFEE(DIar(rE)SMYzfﬂayhlce(ManBt pdt(érnmmd:cltﬁ&i PHOSMRUEO0 MHzZ, acetone dﬁ)
descri bed in le 42, Ste

5§ GRG0 At L1 IAEk TEDCoRd: THLT St S 5o b, 494

[ (o]¢ h APCI
<s§2$.§5 315 Gt EW&W@N"%@%?B‘[&?{% Jertih 8 PR (400
MHz, acetone-rf d 8.44 (s, IH, 8.33 (s, IH, 7.59

(s, IH, 732(d IH), 6.68 (dd, IH), 5.00 (s, IH,
3.15 (s, 3H); F NWR (376 p¥dmpleg®t one-J ) -132.97 (s).
Exanpl e 48 |
| - [ 6- (4- Bronp- 2- chl or o-phexyl am no) - 7- f | uor o- 3H benzoi
t ni dazol - 5-yI ] - et handd . 2 ditol (1 ) Step A:

| - [ 6- (4- Bronp- 2- chl or 0- plrewy Q) - 7-f | uor o- 3H benzoi
m dazol -5-yl J- 2-(isopr a@; - di hyl - si | anyl ) - et hanol
10v: To a sol ution ofyg'heyGiFgna Beagent

1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl]-2-hydroxy-
ethanone (10k)
Step A: 1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl] -
2-methoxymethoxy-ethanol ~ 10l:  6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-
benzoimidazole-5-carbaldehyde 10f is treated with tributyl-methoxymethoxymethyl-

stannane according to the procedure described in Example 42, Step A to yield compound
101. MS APCI (+) m/z 444, 446 (M+, Br pattern) detected.

Step B: 1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl]-
2-methoxymethoxy-ethanone 10m: To a solution of oxalyl chloride (0.11 mL, 0.22
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prepared from My and chl oronet hyl di nmethyli sopropoxy
silane (Org. Synth. 1992, 69, 96) [4.4 nlL, 3.26 mol,
w®2004/002801 ut i on (based on 90% purity)] in THRPCT/ES2004/027199
added a sol ution of
c r epy. I 7 o
L g R T8 B0 DO Og 8 L el Afe
st(rmnmibr Aminutzs acsolmittne@f 5{6-t4-brognd- &chmrmmnyéﬂ;mmvhﬂﬂuom -3H-

N s

clﬂbﬁd@(lﬂﬁl)l i§ adl@e VTHe&eéHlﬂn%Cbowﬁh it ki@l ©d 30 aoneRHLT-g8ed. TEA
in vacuo to afford the crude desired product which is

(@ mebt Dy 1u§1@d31)/\n1& ﬁé@ﬁd f Ulhehespctiuy nfiKess ivslovdy gparmed to room
tel}lpf’%u‘%? 0 %3&%2 g%r20| m %?g e@X}n] i‘gnﬂ)%%ah wre,, ad glilyted, with) water and

CFIQCIzh Ghelodghic layer is separated, dried over MgSQy, filtered, and concentrated to
%rﬁﬂ (4- br ono- 2- ¢chl or o- phenyl am_no) - 7- f | uor 0- 3Hbenzoi m
glwa rudespryfi}}wtzﬂ\wlyéﬁir@ﬁbk e MyiboR( furtey Bificpi@t-hanol
10vin MeOH THF (5 nL- 5 nL) is added KHCO ng, 0.54
ol $tep &Fidl-[O-(47Bramp-2chivrowhenyjamiank 7 $ows @%He@ﬂgm(nm’azel S-ylJ-

oom tenp ture A re :

A R e

b&Mzbﬁm‘dﬁcﬁﬁ-ylﬁﬁdnﬁh@i}&l@dﬂﬁﬂ(y\l\ﬁthdmoﬁé @0 isTOprotegradiaceording to the
| ayer is dried over iltered, concentrated

pipaere deseatbpdipn Exaepls 3 fian r@ @W@W@@PH%} 8943 éP%é (+) m/z

3{&!}}?% Rﬁ&f‘t%‘)(“lj Sttt Olg'i\ﬁ\[@;i?mﬂ{ ¢fid) é g ?8 W), 8.04 (s,

1HEtve§2Q&i IFT} VR (&DQ}NFB53QHHQI)I) d4@ozla (251;) 19H)NMR 6276 MHz,
road s H) 7.47 (d, IH, 7.14 (dd, IH), 6.30 (d,
D) 418696 (s, 1FM), 3.64 (m 2H);: F NVR (376 MHz, CD
CD) -136.87 (s). Exanple 49
[ 6- (4- Brono- 2- chl or o- phenyl am no) 7-fl uoro- 3-net hyl -
- benzohni dazol -5-yl ] - pyridin- 2 -nmet hanol (10w) To a
sol ution of 2-bronopyri di Xampje f m_, 1.04 mmol ) in
THF (3 nL) at -78 Cig addedyn-BuLi (0.39 nL, 0.98
mol, 2.5 M sol ution”i ho exdane). After stirring for 10
mnutes at - 78 C, a soluti of

n
6- (4- brono- 2- chl or o- pheny no) I uor o- 3- net hyl -
aldehy (25 ng, 0.064

3i J- benzoi m dazol e- 5- R
nmmol) in THF (1 nl) is ‘added. The resultlng reaction
m xture is stirred for 1.5 hours at -78 C, quenched

vy i&(f’ﬂpﬁfzﬁtZ-cqzloro-phenylammo) 7-fluoro-3H-benzoimidazol-5-yl]-2-ethoxy-
ethanone (10n)

Step A: 1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl] -
2-ethoxy-ethanol 100: To a solution of lithiomethyl ethyl ether in THF (6 mL) (prepared
from 4,4’-di-tert-butylbiphenyl (585 mg, 2.20 mmol), Li (18 mg, 2.59 mmol), and
EtOCH,C1 (0.20 mL, 2.05 mmol) by the procedure reported in Tetrahedron 1996, 52,
1643) is added a solution of 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3H-
benzoimidazole-5-carbaldehyde 10f (29 mg, 0.080 mmol) in THF (1 mL) at -78 °C. The
resulting solution is stirred for 1 hour and then quenched with saturated aqueous NH4Cl

at -78 °C, warmed to room temperature, and extracted with EtOAc. The organic layer is

84
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aqueous NH4Cl, and extracted with Et OAc. The organic

| ayer is dried over filtered, concentrated in vacuo,
waeasped2sfi ed by flash chromat ography (2. 5% MeBH/US200H)27199

G ) to afford the desired product (18 ng, 62%: M5

W%ilgéi(c)l ‘F\,/II% blﬂ%é %%éﬂ ok 3\/[%%4 ﬁfeﬁ&aEBﬁeﬁﬂ?@&ﬁﬁ &lgiﬁﬁ) afégwﬁﬁed by
ﬂf‘?h chypmatoggphy 81%@?31‘1201&3 332 tov)MeTHIB C(Hb,Cl:D i) giveé.th®desired

il S S ol B

(4 PSR 2L GPepheérplyophentlasing)-6 e Si-bengpimidazpl-5-yl]-
5 Z%W&ﬂylél‘lﬁzﬁéﬁé 1 5n Wl‘he LS "b%rr@@n%@ isoh gaxA% [R50l 4-[?é(g-'11r o 2-chloro-

- 2-chl or o- phenyl am no | 'uoro- met h
pléftlwiﬁn)m)sﬁﬂ@@m ThemmlldaBOM 1 zmhwa;naﬂaaﬁdwwo accordmg to the

oo OaRRYAL B SRBITRE Mo BlaRRah s tescsion sz o rated

Withaathlmt@d aqueags NaHE ) Yon@ s sodiiR 118081 6hte Fer®Rdrm®! M1
IS sus&ended inamxture olfegSEtéH (6 m) ealged THF (4 S APCI

CR7yz GRS (31 Br pgitern) dateateds|'H NBIRa@I8 MEAFEBIOD) & 8.36 (s, 1H),

0 SRR, oo 341 5] B G2 LG . 20, 1.9

(o Lfma\]mu@newm aD,0bp-138aidRn M xture is
concentrated to dryness under reduced pressure and the
resi due partitioned between ethyl acetate and water.
The | ayers are separated and the organic |ayer is
washed with water (3x), Bivanmpledfd dri ed The organic
| ayer is concentrated under reduced pressure until a
white precipitate forsg wi@h isscollected by
filtration to give 0.225 ¢ (#P% |cl ean desired
product: LC/ MS ESI (+) 2478 4%6 (M+ Br pattern)
detected. Step B
6- ( 4- Br onp- 2- chl or o- yJ amfmo)~7- B uor o- 3- ( 2- net hane
sul fonyl et hyl ) - 3H benz&iNn dazol e- 5- car hal dehyde 1Qz:

4- Br omp- 2- chl or o- phenyl am no) - 7-
15 'Hs% rBrosnq-3-chlamphesvipmé)t 7- ﬂvwréH Dep todmidsicoh- Hal G- msthoxy-

yl]-met hanol 1Oy (0.050 is dissolved in
1:1 THF: acetone (2 i) 5’%’%@’%}?{( d I\/hO (0.046 g, 0.524

nmol ;). i.on ure

r oorr11 é per g?u% (gﬁ ?o'pﬁ%%’%our gjn] :f‘ﬁfaf‘i %ﬁ’eﬁ%o@éﬁé"?gﬂ”?
mdthxm}sethﬁdxﬂlbt 10p& piépaet O 64 66-G4-bRdnR2 4-iTRb -phésy1 RFRSH 7-fluoro-
3]? Qenzmmldazole S-carbaldehyde 10f and lithiomethyl methyl ether by the procedures

20 described in Example 44. MS APCI (+) m/z 412, 414 (M+, Br pattern) detected.

Example 46
@)
BnO H Cl
N
HN F Br
\=N

2-Benzyloxy-1-[6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5 -yl]-
25 ethanone (10q)
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reaction mxture stirred at 55 C for 2 hours. The
reaction mxture is concentrated to dryness and the

wo e®sdeeesdi ssol ved in 10: 1 net hyl ene chl ori de: MEIDES20041€27199

10

15

20

25

solution is filtered through a silica gel plug eluted

W th Sty 1 et hylfﬁ& ﬁ %9 L{Q WQE'O—ZT&? Jo?fl}é 5)%}%1@9/&06—7—]11401’0-3H-

filtrate is concentrat er reduce
bgnzoénibibzaj--BPAhades i Ore Xo\ A sditioB Gﬁéﬁﬁzgzﬂlﬁ@methyl lithium in THF (2

3332\/I od C ello ol i t C (4
H@ P@ﬂbhﬁf@@* E)EB 9@5 %lﬁarbw%%ﬁ&%i} alﬂds 3333&1 04 mL, 122
IﬁmélHQ @qqzs%'ldﬂoﬂQﬁ‘%Xm%LM )chealé‘?]o ported in J, Am, Cher Soc 1978,

4- Br ono chl or o- phen ['uor o- 3- ( 2- rre’h

I QQLI flédl)l é ragied assplbbmz mfnﬁdé—;bocbme-a (dlzbarbaﬂldmﬁyldmol-@zﬂuoro 3H-

el hiss GRou o MieT L LR Em il EREEE gy 278 oc. The

rdsQBitlorselutivh id aRfedant 08okitQls oc. Fne 5&0’%‘1’915)% eﬂ_a{%d with saturated
reaction mxture is heated to refl ux under

aginers NEMGlepnde geiracig, withi ditOAsnalhe ogpnwelam is dned over MgSOsa,

y 0. OR8; dd and t 0

FGR0Y BBt i, g AR, s B ooty {Bp cracn o
3FheOFhdt CORCH) Xd fferdi the degtedhrb@uoct (46Thice BREY) aWAY BAPCI (+) m/z
é@ EQM: d under reduced pressure and dissolved in

4 ﬁ{g Péﬁenﬁ]%et?ﬂt@jam c solution is washed with

wat er and brine. The conbi ned aqueous washes are

ext r 8&Ped W'th étﬁﬁ]’?ylab’eifﬁ@ -beo- é’whfﬂm@dtemd(gamp)ﬂ fluoro-3H-

bgiébfn?z%zc‘ol-%{gg]-gz?z %ﬁ@ ?ﬁg%ér%tg&nmﬁn %%;ﬂ% %albwyloxy-l-

[€e(4=|b1©¢hdAﬁZ—bhlo?d)pﬂeﬂy%hnb)eﬂﬂuﬁmmlb@ﬁzdiﬁﬁdzgk5/ §H-cdhdhol 10r by
desired product 10x and 1 ng (49
th@@rg?% geserbest BL Brmmgle Y2 &tepﬂ%@x@ap[t 11(32 the reaction mixture is not

trgﬁ&h?ﬂﬁ%%ﬁéﬁ/ Lqu%BWNQLH@OO X842 mrgg %ldldnlﬁlﬁgsrﬁ{ﬁ{erﬂe%%ghrate MS

APEIBH) Wgz zs&;mmr(wp flﬁl’mttémﬁ dctfad:ted}rliﬂ- ﬁmx@zml Mﬁzybﬂﬁijg 5 8.37
enzoi m dazo

40
A Up—rat 751k, 0 dan, SONIRO (AboNE: 6 4G §1), 477 (s

7.51 (d,
Zﬁ)H)%?Bg( 3%1)( N@@Gg\gﬂ% d@@% %é’ S%ZS)( IH).
(4- Br ono- 2- chi or o- phenyl)-[4-fluoro-I|-(2- rrethanesulfon
yl - et hyl)-6-oxazol -5-yl | H benzoi m dazol -5-yl ] -am ne.
LC M5 ESI (+) mz 515, SkkapileBy pattern) detected; H
NVR (400MHz, MeOHd ) d 8.39 (s, IH, 8.28 (s, IH,

8.03 (s, IH, 7.52 (dyg 0 o
//\\ H
00 N
HN F Br
\=N

1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3 H-benzoimidazol-5-yl]-2-

methanesulfonyl-ethanone (10s)

Step A: 1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl] -
2-methanesulfonyl-ethanol 10t: To a solution of methyl sulfone (65 mg, 0.68 mmol) in
THF (1.5 mL) is added a solution of n-BuLi (0.27 mL, 0.68 mmol, 2.5 M solution in
hexane) at -78 °C. After stirring for 5 minutes, HMPA (0.1 mL) is added. After stirring
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15

7.37 (s, IH), 7.07 (m IH, 6.14 (dd, IH, 3.83 (t,
2H), 2.99 (s, 3H), 1.18 (t, 2H). Exanple 51

W@ 200Bi0226D- 2- ehl or o- phenyl ) -[ 4-f | uor 0- 6- ( 3H | NPCIEES10041027199
yl) -1 H benzoi m dazol -5-yl]- am ne (10aa) W/DE
fo%ﬂﬁfngp?ﬂmlﬁﬂtg’bsﬁ%ol\ﬁ'té{l o ?4-b omo-2-chloro-phenylamino 7 ﬂuoro 3H-
(4- Brono- 2- chl or 0- phen [ruoroﬁ (2- mst¥1anes
byhzogmt@plzc)le@-@a&baldehyde 10f (26 mg, 0.069 mmol) in THF (1 mL) is added The

%ﬁ#‘iﬂ%ﬁ%ﬁ tgo Si'lsl} Stgfﬁ)én% 410% di hy‘Ir 0703 P reiidon & quenched with

sHRuANt 2nebbONG,oherahRai @o\onZ Térhp@aﬁréaﬁ@dﬂﬁieamqe wkhRc. The
nyl - et hyI)-3Hben20| m dazol e- 5-car bal dehyde 10z (0. 050

5 oggang. lpger imvrished withusgiendaiad pﬁerEM@SD@,oﬁlsﬁr@d,)conm@gagedﬂd vacuo,
%18 ﬁfhﬁ% B% ﬂa'sl% mta{o(lgrzmal%ﬁg%o%%gt}f) i ﬁ%@ﬂ};@ %yes:’ iﬁae crﬁge desired

pkcmmbs@langd_%wﬁvmah arged diecthswithdbutVirither potidbatidd: WIS APCI (+)
After stirring for 16 hours at roomtenperature, a

" toh 306 gty BY eafterprdetesésdh et hyl i socyani de (0. 020 g,

0.105 mmol ) is added. After 8 hours, the reaction

m xt §te BsI¢6iédremeatethiomddenylaninosd-ProseShkberapinidazol-5-yi]-

10 2350 B3l Pup e 51 ThE R} kR Paaital Brfmgfed fim THb-(4-bromo-2-
chiérd3pheiiaznias)- Meomnwwehzdlﬂmfahwos-g}]ﬁz fn3fttah dsuttoddletharsl 10t

[ )-1Hoenzoi m dazol - 5-y -am ne_10a
by Abesprgpesiupe descrbet 1@@5@% e $2-Sten/B reggcept ihap the reaction mixture is not

RS ORY kool N S e g b bty i
A@Q:IOZJZ) Bz 4601882 I(MBH Bri pmtem; alerdtedj tH NMR. @00 OfH8, a?ceﬁ)ne ds) &
in MBQH s tion in seal ed gressure t ube

T
8r"éa(éat1ifé)ﬂgﬁn3>&ﬁu1r¥9 7§9t(he1rﬂ)h%§2é@ 11D, 008 (di 1Eh, §Opr($,|1|1f§ 3.15 (s,

r19 gla;'ﬂg er ed d at roomtenperature
3&2 % ayls&’%llﬁﬂgféa «%d% Jf?? 1%%’fr£ﬁ s transferred to a
round bottom fl ask and concentrated under reduced
pressure. Purification by flash colum chromat ography,
twice, eluted with 10:1 netdmprg chl ori de: MeOH,
foll owed by successive triturations with nethyl ene
chl oride and then di et Dhlerm% ves 3 ng (7%
desired product: LC 2 408, 406 (M+ Br
pattern) detected; H N pOHd ) d 8.23 (s,
IH, 7.87 (s, IH, 7.74 46 (m IH), 7.32
(d, TH, 7.05 (m IH) HNG.

20  1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl]-ethane-1,2-
diol (10u)

Step A: I1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl]-
2-(isopropoxy-dimethyl-silanyl)-ethanol 10v: To a solution of the Grignard reagent
prepared from Mg and chloromethyl dimethylisopropoxy silane (Org. Synth. 1992, 69,
96) [4.4 mL, 3.26 mmol, 0.74 M solution (based on 90% purity)] in THF, is added a
solution of 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-
carbaldehyde 10f (200 mg, 0.54 mmol) in THF (1 mL) at —78 °C. After stirring for 1
hour at -78 °C, the reaction is quenched with saturated aqueous NH4Cl, and extracted
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Exanpl e 52 |
6- (4- Br ono- 2- chl or o- phenyl am no) - 7- chl or o- 3- net hyl -

wheezozidazol e-5- carboxylic acid PCT/US2004/027199

(2- hydr oxy- et hoxy) -am de (10cc) Step A

i : ) . . _ .

PO S 52 1P BB I By n oo

affotskthe oiude éeslﬁ:depr@ﬁlca@fhg:h i4 Sir&thymsed withowdoelkrtporification.
stirred solution of concentrated 2S 4 (16 nL) and

fum S@pnﬁ? 1 14/ 6-(4Bram§Q- cﬁﬂo;ﬁiﬂh,@nﬂ@mﬂzoymg‘l’@oroﬁﬂ Bénzdimidazol-5-yl]-

AT B0l o v L Rigions s P i) T fioro-3H-
b%hﬁﬁ%‘cﬁ SU1D- 6’4 ot P8y Sy HihyD) Ui OF RN MeOH-THF (5 ml -

extracts are drie conce trated
5 pnb)s%a@edd@(?@e (%4 B, @ i@ﬁﬁr@ol};fandlléﬁr(%ﬁmg rle2l7 prmaldicdnd 30%

| lid.
§afl RS R0 z’l*’#%rtsmggrﬁﬁﬁ o it tiFing forg3 gahours at room
tefpeRdtineMhee4@oh deixaRb 1 dified RitBSvalbr, %Qf/ eltPhcWRLRHh BtOAc. The

58.9 mol) is added to a solution of 3-
ogganisrlaver isdded pymAdeOn ﬁlnets:dbmgmtcatqudva@ua grd. Birigied by flash

Al G0 18367 DI G S B Ao b2 e

34%;10MSOAPm[ X{(Hy 81/4 somlactOle(I\/HLOBf @@m:rh}éﬁﬁ@ﬁt@&u*ﬁ NMRE &400 MHz,
5 hours the reaction mxture is cooled to 0 C and

COsRBar §-80 éu 1D 7»@ (beaadfullEY, Bdded LHY 7 14t tdd, pH)06.30 (d, 1H),

28 LBFCL SRt PR ATEMEE Gy PP R ana

di et hyl et her. The solids are transferred to a round
bottom flask as a solution in MeOH and Et CAc and
concentrated under reduceghdpmegyre to give 2.96 g of
a yellow solid. The filtrate is partitioned between
di et hyl ether and water and the organic |ayer is
washed with brine. T qbnbi ned organic extracts are
dried and concentrat ed, L [
0. 65 g of product. Recover|ed |a thtal of 3.61 g (104%
of pure desired product, A% rrled forward

wi t hout further purifica

ester 4a: To a stirred selution of
4-am no-3-chl oro-2-fluoro-5-nitro-benzoic acid 3 a

( Po-64-Begmd-B-chlovaep RenylaniTir)- (-l oro-3-neenky DB k700 a)al-5-yl] -

T [ h 2 0 M
MB di azomet hane ( 9pyr§dnq17-yl-methanol (10w)

To a solution of 2-bromopyridine (0.10 mL, 1.04 mmol) in THF (3 mL) at -78 °C
is added n-BuLi (0.39 mL, 0.98 mmol, 2.5 M solution in hexane). After stirring for 10
minutes at —78 °C, a solution of 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-
3H-benzoimidazole-5-carbaldehyde 10h (25 mg, 0.064 mmol) in THF (1 mL) is added.
The resulting reaction mixture is stirred for 1.5 hours at -78 °C, quenched with saturated
aqueous NHCI, and extracted with EtOAc. The organic layer is dried over MgSOs,
filtered, concentrated in vacuo, and purified by flash chromatography (2.5% MeOH in
CHyCly) to afford the desired product (18 mg, 62%): MS APCI (+) m/z 461, 463 (M+,
Br pattern) detected; 'H NMR (400 MHz, CD30D) § 8.31 (d, 1H), 8.16 (s, 1H), 7.65 (m,
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solution in hexanes, 18.5 mol) is added. After
conpletion of reaction, the reaction mxture is

w@onsee2fat ed via rotary evaporation w th acetPCIT/as10d4/027199
in the trap. The recovered oily solid is triturated

3t N3glietiyl 7ebher 149 P deni.-o: 0 /& {0 . ;
1;31 i d. ( hgﬁ filt ?af e ?)’sp(?:cgggg’eﬁl;l%ﬁld@ghgﬂ? réi/(fﬁu{séﬁel)d 3.94 (s, 3H);
i NMRI(3F6nMHZzeERe®D) 01 3. %(shn addi ti onal 0.69 g of

yell ow solid. Atotal of 2.20 g (57% of pure desired
product is recovered. Step_D:

4- Am no- 3-chl oro-5-ni tro- ¥%Bﬁ)ﬁ0am no- benzoic acid

met hyl ester 5c: _

4- Am no- 3-chl oro- 2-f | uor(gé-_gI ni tro-benzoi c acid nethyl

ester 4 a (2.20 g, 8.84 I)Hi scsuspended in MeCH

(9.4 nL) and aniline (3.24_my 3% 4 mmol) is added.

The reaction rrixtureis ated Feflux with stirring
under a nitrogen atnosphere l_Af 9 hours, the

reaction is conplete. HE{:sti | I'ed wat et (3.22 nL) is

added to the reaction mxture and refl uxi ng is

”
o

5 PR RO kSRS 0D S5 e o

m nutes. The r fon mixture is filtered and washed

Wi t nS5P1 ol s(ﬁe'%éféf’%?léﬁ%' ’tyé@mﬁfz)-%-&glamgz(ﬁﬂlqﬂr@ﬁsulf’onyl-
eyl '8 ENBENF 0indi8- 3L I nicgnatlb 5 S by d6—M-@oﬁ@-ﬁhl%gphenylamino)-7—

concentrat ed under Treduced pressure to give 2.40 g
flpgued-(meghanesuliosylrahylh3 bedvanzoinizaRcs-cirbpxylicz agA0nB®thyl ester

thO4 0500 B553 umphIBe Sogristip amibrneRBIRE (Gava AR ¢ mb)

10 ueddrel,. BRaBH; (0.112 g, 2.97 mmol) is added. After approximately 4 days stirring,

15

20

25

Ami_no- 3-chl oro-5-ni tro-2-phenyl am no-benzoic acid
reaglionmidyieds quenched by thy, additng offiiOH ustiliths sesctien niixiues reaches

o B 10 o N AU B o

reaidie gadétbnedbbtvees tatliyl i dogtafeind2WateOUMhe lijees kRARbi@rkd and the
m xtyre is dilyte vvith3§:&5|Q1ITHF and water. The ) )

Olé&aaléﬁfﬁ@r inyather SVihaypen (-t hiingeind dieg(Na:Sthe. désrsnsi layer is

cAcHAtEd Bdek ?&fu%ec?gl%ss%é I%ﬁil Qll\!ﬁri}%gr}ci?ﬂge ?&H&%i&lﬂs%tﬂﬁcted by

under reduced pressure. e SO s are triturated w
fiitabien ta givgia25Q 2% clcad Ypesicddgaoduwbe:siC/AS BESD otz 4382476 (M+

F.ol- ro- - phenyl am no- SK- benzoi m dazol eS- car boxylic
Bae%therﬁgq%ﬁiﬁede

ster 7c:
4, 5- D am no- 3-chl or o- 2- phenyl am no- benzaoi c aci d net hyl

est epleBb 0. 3?’6’,‘3@.’7@92'2*46{’ Q'PWZ“F’HF%Wd?@'é%@temgsulfonyﬁ
ez‘ﬁz)zlg-3@19611}01@1%!&93@—3—0&%(15!@%6( §97,:”t-é—(ﬁﬁ?orﬂ@-étc%ﬁjoro-phenylamino)-7-
fluoro-3-(2-methanesulfonyl-ethyl)-3H-benzoimidazol-5-yl]-methanol 10y (0.050, 0.105
mmol) is dissolved in 1:1 THF:acetone (2 mL) under N, and MnO, (0.046 g, 0.524
mmol) is added. The reaction mixture is stirred at room temperature for 16 hours, and
then at 55 °C for 5 hours. Additional MnO, (0.046 g, 0.524 mmol) is added and the

reaction mixture stirred at 55 °C for 2 hours. The reaction mixture is concentrated to
dryness and the residue dissolved in 10:1 methylene chloride:MeOH. The solution is
filtered through a silica gel plug eluted with 10:1 methylene chloride:MeOH. The

resulting filtrate is concentrated under reduced pressure to give 41 mg (82%) desired
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with stirring, to 80 C. After 44 hours, the reaction

m xture is cooled to roomtenperature and diluted with
wEe@do2rsd washed with water (3x), saturated Ne®IZUS2004/027199

and brine. The conbined organic extracts are dried (Na

SHcl 6 A& shi€d under reduced pressure to give
protih asd R, YeHONS

cl ean desired product as a solid. M5 APCI

(+) 0% L) IS LRS- B8Ry 3 -oxazol-5-yI-1H-benzoimidazol-
6- (AS?%% ggho?(gﬁ%;%%a)mc}ggﬁo-eé]% cgl) (gr tz)ﬁ 34 eoryggzgi m'ydazol fen-zgl-ig
5-ply-ooine>| 16x:act-(h-BedrhgR2-chddrephBgylamino)-7-fluoro-3-(2-methanesulfonyl-

7- - Q- | am no-3Hb im =5- [ .
et Hshepr Pl s clss T 0 NS F 57 pERM K Klpladed in
ME@HOQ%Q(M mQOﬁ(@!oNB 6902 93m@1) % RBedFBldwddSby tosylmethyl

added. After one hour, the reaction mxture is
isapyemdé €80 bly gt heS &udiol). chheokagipnunituse islepatedus rqfiex under N, for

actiopn. mxture is.then partiftioned T ;

16 hartr UG T R A CRE BTG 648 oD i

adled B84 tHNRacs hitadreon@tdd © @Rk attis Wy €ordié ddufsNaltsGreaction
) and concentrated under reduced pressure. The

mixEEOViST eaplesb|tp drops! {empaRHce PORPUHatadh BRdroreghged gresaye and
di%&%ﬁ@l e%%l%c&g ! g@%e%glg_y (‘S%Ituggﬁggwasﬂe@ wﬂfx Zyd@2andIithe. The

tern
cobntidedBaquepu® velshey arepiieniglednvith)othi civetate - Jticbemualtined drganic
azol e-5- carboxylic acid net h%l Sster ‘l‘zﬁ‘gjd: Fcation b
exgragts -opy Grisd SNarNHed #ndh Goneeniped tgdeIsaHcRS: HetfysS| Eurification by

RSBl B8 20807838 aB s ¢ m
(19%D\esif@] proxduanti0Nas! (178.gnE %) (488 dmurdbthloiosphensbd 4-fluoro-1-(2-

Af t th is i | yt.i ent r at HCl (0. 005
O} e S RS R L b,

bi bonat t dded t ti.or

i drgiomso? o HeTP e D Qe A agals e NI o s

; t ' g ' . t
wffh0 30y, AT QB 1Y) (B Pl AERr TR PR ciooM
Me@t-&))rd) 8.det(ectie 8.28t @p1H),:7.94 (bs, 1H), 7.51 (d, 1H), 7.33 (s, 1H), 7.07

6- (4- Bronp- 2- chl or o- phenyl ani no) - 7- chl or o- 3- net hyl - 3Hb
(denHd), /ilddddi 181)- 5- car boxyl i ¢ acid nmethyl ester 10ee:

6- (4- Brono- 2- chl or ophenyl am no) -
7- chideBronBrR-shleraphingbzdt fuoso-d A2 typsthmesuliRnyd-ehyngrpxazol-5-yl-

ter .l Odd (9.141 . | i .
3 . BCRISTRIL pRESE YGRS g
'H NMR (400MHz, MeOH-dy) § 8.39 (s, 1H), 8.28 (s, 1H), 8.03 (s, 1H), 7.52 (d, 1H),
7.37 (s, 1H), 7.07 (m, 1H), 6.14 (dd, 1H), 3.83 (t, 2H), 2.9 (s, 3H), 1.18 (t, 2H).

Example 51
FN
HN__~
H Ci
N
HN F Br
\=N

(4-Bromo-2-chloro-phenyl)-[4-fluoro-6-(3H-imidazol-4-yl)-1H-benzoimidazol-5-ylJ-

amine (10aa)

WDE - 80248/0027 - 213332 v1 90



1.02 mol ) are dissolved in dinethylformamde (3 nli).

After 20 hours, the reaction mxture is diluted with
wee@so2ast washed with water (3x), potassium ceCDUSHD€(027199

and brine. The organic Iayer |s dried and concentrated

to ashpomn @Lﬂ?rom-gh.? NB3rAPAL 3’&’119/%] 9”?%1%69/ 6‘9&1?6%2? bihyl)-6-[4-

are separated by flash c
(: tpé@@@réfsylfoﬁyl,t -Ré- dt@)ahb%ydz@t’-édzlﬁ - tensmnkiazolsS-P)-aming 10bb: 6-(4-

etp%- é’lgéslogﬁgﬁygla&unn’i) Z7 t%lizoéo 3- étl\l/lgnesulforgr?te%h%/ nf?H-
bérZofniRBLHTE:5 2aiH @h9dd DeN Y. 630 BO). T67 ‘ﬁl}h&') s SudpBided! m 3O (0.5

enzoi m dazol e- 5-carboxylic acid
5 md) (L@dgr Dereng i@ﬁlrmtbylrlm?mldﬁﬂh@?() E; @ﬂDﬁ) mpng@)) is added followed by

S R T C Y L N—

ATl /stiertrey fc(rll&hﬁﬂlr)s a’tﬁdotﬂa@ﬂpéﬁuﬁfgoa Eecond- &dwaﬂéiﬂmsylmethyl
sol ut 190 mmol ) is. added. After stirring fo

iSRSy 1h07b o DiLgR ol s ckad ARemditaurea e SoiR et ture is

4B B L M TR A S 1

10 me6deh69 Gvie Bripattepiny detegtedt i t ati ve yi el d of desi red
product as a white solid. M5 APCI (+) mz 414, 416

(M+, SBp pa&:tern) (ﬂBio@ﬁd—%hlo%@Berﬂ 7) -[4- ﬂuom 6-(3H-imidazol- 4-yl) 1H-
6- (4~Br omp- 2- chl or o- phenyl ani no) - 7- chl or o- 3- net hyl - 3H
b@ﬁ%ﬂﬁ%&émﬂeams% ar bd¥¢#i ¢ dfdromo- ] -chloro-phenyl)- {4- fraoro- -(2-

RO DR E R R PR don Wi o

bwﬁmdaﬂmﬂ»ﬁyﬁ} -@QnAd tDHlQOf 07232 07 1@11{6?)715 mieededl with 2.4 mL of a 2.0

15 M 3 MRERT SiuSorh 4 srlsd prempieyne Tt mgatiminietie Jothen heated
to'go °@ V&@t?ﬁst m for ﬁ%uﬁ%d f(n]tﬁmg@ st(IQe&LQt 15BR t)elaﬁ[aﬁture focf 3 days.

di ssol ved 1 nto di nmethyl f or mam de 0 m)
T]tlfo regction gmigewre as miansfogeh tarmespd drottont flaskoemd concentrated under

SR Rt SREbPRe, iodshae v 10

mPOYRES cHIBr@a! Mwﬁt RI6IA by Satdekate ditaaBm WﬁhQHétHﬁlsl‘ijﬁechlonde
brine, dried and concentrated under reduced pressure

20 andgth W/FEI B otre/aies B mpi3 %8 deyiged, progacty LEYMS5EE ) en/z 408, 406
R i) BBl 't N Glovtfrs, Ricort My 5 §23PR! 1) W.s7 s, 1),
7.84 (54-1ED ons cﬁH o7 92 ph ey A0 (&ﬁ) 1Hy, etoque; Bayret hyl - 3Ho

enzoi m dazol e -car boxyl Ic acid
(2- hydr oxy- et hoxy) am de 10cc: Hydrochloric acid

Example 52

H
HO\/\O,N 0 ol
H
N@
~N Cl Br
\=N

6-(4-Bromo-2-chloro-phenylamino)-7-chloro-3-methyl-3H-benzoimidazole-5-

25

carboxylic acid (2-hydroxy-ethoxy)-amide (10cc)
Step A: 3-Chloro-2,4-difluoro-5-nitro-benzoic acid 2a: 3-Chloro-2,4-difluoro-

91
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(0.78 nL, 1.0M aqueous solution, 0.78 rnnol) is added
to a suspension of 6-(4-brono-2-

wae kdosozs2phenyl am no) - 7-clil oro-3-netliyl - 3H bePrzpUsi0da@27199

10

15

20

25

30

ol e-5-carboxylic acid 1 Qgg (2- vinyloxy-etlioxy)-am de

b@&%lé'@md 92 Q380874 & Molb/?sqad@é- tcmr)sﬁrr&f §o@1§tld?1r@ c'BHé’erntrated H,S0,4

he reaction mixture is neutralized pH
(lﬁ)méé and Aweidg witde rcid€0.86 el R0k murod). A’fh@‘ 3slnﬂm$js peecipitate forms.
dried

R yalnY Blrblimnier opltite atreir A 0Q i, o gaheSts Hiture is extraced

vl disioghanBy). (B8 arg@m@\emﬁﬁs SeWicl IRWSOY afdlEShcentrated under
product: M5 APCI mz A Z 475 (M, Br pattern)

r?ﬁébp@tpr@éﬁurﬁow 3 51@@ (R4$p) ofzean desitediprogugias aiprie, yedopgolid.
(s, IH, 7.57 (d, IH, 7.15 (dd, IH), 6.21 (d, IH),
3.97 S(eg BH) 4 Bn8eo-Grohla bl 2-flidareD-Rivro- lRaH;razc Exairp| #4:53Ammonium

henyl am nqyS enzo l.eS- car bax
BRSBTS TR 4B 5 £ SR of 5.
cElorine) urtﬁﬂu@rom RIRALRAZID adid ﬁr@lpg,qwsv ﬁﬁﬁﬂ) Bwhier (1 %6 mL) at 0 °C
Exarrpl e 52 except that Step | is elimnated. M

with) stiring4 5¥poa gpnpigtionpef ghet pamepivge thydraxide piditign (tho @eaction

"iyﬁiﬁ %%gg" ﬁi"éé)te(’%’ Qaf"'[_l%'d Al"]“%)i_3 “@*%%F%eacﬁgﬁ&l&@w%f cooled to

0(°Q andHoncitriated FBO4 841@0AK-adddB ddAMmhe pH of the reaction m1xture is near
956- ( 4- Br.ono- 2- chl qr o- phenyl am nqg) - 7- f | uor o- 2- net hyl -
Z¢op éﬁlfoﬁow dnsofested bycilimtos, pad wastied with water and diethy ether The

sélﬁfshe}fg rtl%ﬁyfeﬁ%@?cf(}i)ro&fﬁg en;qa'slz 2528R1fon. in Meogl an E;L/ﬁ)Ac and

DI am no- uor o- 2- am no-penzol ¢ acl
c@siemlratﬁd: undekniedoeed pressure to give 2.96 g of a yellow solid. The filtrate is

B B o S e i i
T8E hR3RAMindd4 02 ahik) exd gtsaﬁgQﬁiédn’g‘ﬁéES@)t 6nd dn&BuTted 1&eP reduced
18.79 mol ) are

nmol ) and 2 %Pd(Ogm/C(O . .
preggiee fo Five OrGdag of produtix t Recoversd etttptai efi3 &l ©0608%)rdgure desired

P¥°§H%t3ﬁ1§fnﬁnUt eﬁéo%%i%w@ PRI Eel | te. rinsing
A LTS ot B PRSEAS LS s e o o
st 56KtiBh QUG TanASo-8-AMrOLIREL 55 RH b Benzoic acid 3a (3.61 g, 15.4
mmol) in THF (30 mL) and MeOH (10 mL), TMS diazomethane (9.23 mL, 2.0 M
solution in hexanes, 18.5 mmol) is added. After completion of reaction, the reaction
mixture is concentrated via rotary evaporation with acetic acid in the trap. The recovered
oily solid is triturated with diethyl ether to provide 1.51 g of a yellow solid. The filtrate
is concentrated and triturated with diethyl ether to give an additional 0.69 g of yellow

solid. A total of 2.20 g (57%) of pure desired product is recovered.

Step D: 4-Amino-3-chloro-5-nitro-2-phenylamino-benzoic acid methyl ester 5c:
4-Amino-3-chloro-2-fluoro-5-nitro-benzoic acid methyl ester 4a (2.20 g, 8.84 mmol) is
suspended in MeOH (9.4 mL) and aniline (3.22 mL, 35.4 mmol) is added. The reaction
mixture is heated to reflux with stirring under a nitrogen atmosphere. After 19 hours,
the reaction is complete. Distilled water (3.22 mL) is added to the reaction mixture and

refluxing is continued for one hour. The reaction mixture is cooled to 0 °C in an ice bath

WDE - 80248/0027 - 213332 v1 92



M5 ESI (+) mlz 276 (M+l) detected. Step B:
7- Fl uor o- 2- net hyl - 6- phenyl am no- 3H benzoi m dazol e- 5-ca

WO bwgprize1 aci d net hyl ester 3la: PCT/US2004/027199

10 wa

15

20

30

4, 5- Di am no- 3-f | uor o- 2- phenyl am no- benzoi ¢ aci d net hyl

f(?SQ@rrilﬁﬁlte(so A e Irealtiond rﬂ]ﬁﬁ’l}e) 1§ Sﬁlﬁi’b?lpﬁﬂﬂeﬂashé’d %‘B@@iod distilled

and 5 M aqueous (1 O mol) is ad

Wik MeQid t(bd mJpritotel) mad |tberbwﬁh| @\mOHo TI@f jolid igarselvadavith CH2CL,
alﬁq 8or}cggt6?te£ Hnﬁi‘?rng‘}CgH ipge(sglﬂrle QP gave % &Q (ﬁga%s’ rozg Ipu%eogesueg ‘product.

ME ARPCES-) n/N820.8 @0t 1)Qfetddtedt ure i s cooled to room
tenperature and treated with saturated aqueous until

the @'z‘e?fE 1 hﬁ5—iﬁﬁﬁﬁzb9ﬁcm;ﬁ-}'})ﬁeﬁ)§mﬂ% Z)e%gc h&dtlhﬁl?)ﬁl ester 6b: 4-
concentrated under reduced preSsure to dryness

Angigp-Geehlore-Seiitngt 2= phemytamine-fyhzosc @mit ale&hrbd @mre Be (0.50 g, 1.55

B e P e, B fbeedl asephys SRR Siesges e s

niLf)l e, pod\fdeﬁdl @mg CROERTY, %h@Q“HF‘(d@me)%iél a@dbdp I ®&Wkifring for 20
The red solid residue is triturated with diethyl ether
h@l@s,yﬁh@ IrepcHon mykiuregis slifwtesovitl CihgLA TR and wteraflée orgaaic layer is

e, G0 SGLPS, PIUCIANE] s Y o8B0 [ Qys0) n

cd)rlo@hlttratbd OMBrS'éducéd pf@sﬁ&l ’I(nébolﬁdsZarQ ‘i‘lﬁlufa%d yitdetieg tedive 0.32 g

Step . C .
(@-(V?)ﬁlﬁnd}?éll%dﬁrﬁﬂ%“rto phenyl ani no) - 7- f | uor o- 2~met hyl - 3Hp
enzoi m dazol e- 5-carboxylic acid

( 2- hytgp oRy /et hossry-phawdeningr 3H-banzpimidezsle S rearhppylie -acigd methyl
5%1 602%8]68%? é?b%g’ %-p\ﬁeg}élam no- l§nzom acid methyl es&er 6b (0.32 g,

nyT ani no enzoi carboxylitc-ac

1r®etﬂfnmb1) ent domahaidle aenie7l etlg, y64 fendly mnEﬂm{ (3mL) are heated,
¢hl orination, eé gé%SI s, coupling, and hydrolysis
withostitingeto A0r 544 b@&sat they Feapion HEXPE 5 F@sledetp Toom

G A RS e 55 ot B o,

aﬁ'd bfind.s Thb [dpmbihed Driahic Iek&acts? aﬁb8dr(add;N ab$04) zﬁ1d4®n@mtrated under

. H%%i 3.91 (%%9 ZH)O %E’s%?gg/(k %1)3311 lpéocg@t as a SollgI MS APCI (+)

e %’]@ﬁq.[l%éﬂé@tédphenw am no”y-fl uor oSH- benzoi m dazol e-
S-carboxyl’ic acid cycl opropyl net hyoxy-am de (I11vyy)
Stepg; : 3 :
- F 8 oG (g mlsmigring Lt eraimidazel dreqgbonti
aaid| mefhyl ester 8g: 7-Chloro-6-phenylamino- 3H-benzonmdazole 5-carboxylic acid

methyl ester 7¢ (0.327 g, 1.08 mmol) is dissolved into DMF (16 mL) and NBS (0.193 g,

1.08 mmol) is added. After one hour, the reaction mixture is quenched by the addition of
saturated aqueous NaHSO;. The reaction mixture is then partitioned between
EtOAc/THF and water. The organic layer is washed with water and brine. The
combined organic extracts are dried (Na,SO,) and concentrated under reduced pressure.
The recovered solid is triturated with ether to give 0.225 g (54%) pure desired product.
MS ESI (+) m/z 382, 384 (M+, Br pattern) detected.

Step H:  6-(4-Bromo-2-chloro-phenylamino)-7-chloro-3H-benzoimidazole-5-
carboxylic —acid methyl ester 10dd: 6-(4-Bromo-phenylamino)-7-chloro-3H-
benzoimidazole-5-carboxylic acid methyl ester 8g (0.225 g, 0.591 mmol) is dissolved in
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carboxylic acid nethyl ester 1G;
7- Fl uoro-6-o0-tolylam no-Ii7-benzoi m dazol e- 5-

w@200box325i ¢ aci d methyl ester 7a (1.47 g, 4.92PemuUb3004/627199

10

15

20

25

30

suspended in 1:1 THF: MeOH m xture (44 nL) and cool ed

' f. :
UI\I\I;QFS( 2 481, ﬂ]@fS g79n1‘n r)@ggﬂ rﬁhHBSiP'a&&e;ﬁ | éf%gdﬁé:ji\]@@ 8Yin solution

cemen@m@Hﬁﬂ (8.008 0., 00 59Umeb lisieddsd. g¥fict 2. IR sodinubicarbonate,

the.reaction mxture Js
War rreg I@ﬁgétargn%idi&l %ilﬁafeﬁﬁltf éln]émf:tmeorg?}@t Sj&e fﬁ‘i%e& and washed
wiihewiteegid @Rerd t5 g3veOOM ¥1 8l(5PWREf El8an@ésifell PréRRMhs a tan solid. MS
tenperature with sti rrleng over 16 hours. The reaction

ARG arez #64,ddérivheBr pajteraletegtéidt i on of 10% sol uti on.

The reaction mxture is then diluted with water and
et hylSteacet at & and t b4 Brymps’- déqzva)ﬁdteejzllami’m 7acfilemd$-methyl-3H-

I i Wth, et h cet he c
be’%éi’?ffil 2 %Zi" 'rcgazfc lg? e ‘éﬁ"iledmérlﬂﬂz3l ccfﬁ ént rlé % d 'Rg'épmmo'z chloro-
ph@glggido PT-eERKS-8H-DdACoi R EDVRE $Harb Ok JIR dctd hidiiH reaie@%dd (0.141
wth MeOHto give 1.45 g (69% pure desired product

ENBs3 EgimeL),) pofgssiuaperhanars Okl g 1l myeDESR {odpmethand $0063 mL,

1@)&4’__\*1}11 5%%91{ gglvgcggr? gm%t{l%lfcinna 1de anrrllL%'o)Afffg-%Or ?%?,h%}‘i geaction
mmmrwiseilhmedyWﬁhFEtD)Ac d&ﬁ]ﬂif@ﬂféﬂ dﬁﬂﬂ!v@teﬁ-(sﬁ); bowysiim a@ebchate, and

| ester | Okk:. 7-Fluoro i odo- ]
blém’me I,/ 9r2pE fRHeR i dris G\Tﬁpmﬁ eonesBigted & zhioEsjl. i Ehe N3 and

I 0 4
N?ﬁ%% nded%gl&%;l\]ﬁérf 296] eg)Qr ﬁag bg %aqgogfﬁeﬁaﬁg)[ aé)'hg EthAr?)' The
racoesryvat e N&Dﬂéylﬁetidégidi%ﬂer-lg 2833Ag\(Déoh. MEBST 60 m/z 428, 430
il, 0.018 g, 0.470 nmol) is added.
a\%&"’f}g aﬁﬁr"&dﬁ%ﬁ%g the reaction m xture is warned to
roomterrperature and stlrred for 30 m nutes. Afte
cool P88 to 07C, SEMI( 130070%7? fif‘éo'OG?hégldaWﬁ‘tﬂ))7-¢’§0'ézdﬁé@fhyl -3H-
b%gz;ﬁzﬁ&ofeeﬁ%ib% Hié ol lfb_f 1}'3%{11({1?10%@9 ?H@:%ytlammo) -7-chloro-3-

tenperature Wlt stirri
methyi-3Hebeangoiquiéaroteestclxporyie auﬂjnieﬂg'h estér VeedR 1 aig) 0.048 mmol) is

b Th t ed t t hy
aigialyedh oo A TiEE il 2ombhind NaE GER B el itiartops sotuton,
0MBd MmaANsk Kidene ’Af?é?@tlﬁ{ﬂgg r (éll\fgﬁg\th%rfga&i%ﬁqg Gﬁﬁ@ﬁ %ch water and

under reduced pressure urification by f col umm
agitifiodrde oft 2phyadslitienedf W0t M HCL ﬁl%kwameslmtlhyheracmmed with 3:1

EfAATIRE O fich (400 el TR e Bl wpticot dsivd
podict a6 anhte Zonet B9 APORY) a8 0416 (MY B Qaftein] ddto@EdY !
si | anyl et hoxymet hyl ) -

Step K: 6-(4-Bromo-2-chloro-phenylamino)-7-chloro-3-methyl-3H-
benzoimidazole-5-carboxylic acid (2-vinyloxy-ethoxy)-amide 10gg: 6-(4-Bromo-2-
chloro-phenylamino)-7-chloro-3-methyl-3H-benzoimidazole-5-carboxylic acid 10ff (32
mg, 0.077 mmol), O-(2-vinyloxy-ethyl)-hydroxylamine (0.010 mL, 0.092 mmol), HOBt
(13 mg, 0.093 mmol), triethylamine (0.011 mL, 0.077 mmol), and EDCI (19 mg, 0.10
mmol) are dissolved into dimethylformamide (1.0 mL) and allowed to stir under a
nitrogen atmosphere at room temperature for 24 hours. The reaction mixture is diluted
with EtOAc, washed with water (3x), 10% potassium carbonate (2x), saturated

ammonium chloride, brine, dried (Na,SOy4), and concentrated under reduced pressure to
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benzoi m dazol e-5-carboxylic acid nethyl ester 1011:To

a stirred solution of a 1:1 mxture of NI :N3 isoners
W@B0034023260r 0- 6- (4- i odo- 2- net hyl - phenyl am no) - (PET/US2004/027199

trinmethyl silanyl - et hoxynet hyl ) - benzoi m dazol e- 5- car box

i jﬁngcéf%S%{)ﬁﬁlmﬁéﬁeﬁrM@OAﬁ@ﬂ P/ 40% 0§01”@@J Br';)ﬁttém)'@etected.

room erature under 1s added

. oaf ) 1T ooy 5 S 2y e ok o

beﬁﬂzzmﬁﬂz%’le&l&ﬂboxy]"h eadz‘éB(Qtliydfbxmexltauy)eamsiehb@n‘ced{ydmodlﬂ@lc acid

C for 45 m nutes. The rggctlo? (ﬁ(gre i's coole ()Is& o
(078 &kt YR A LSOl g o) ByAdARE o RSP PRSP G5Hfpromo-

5 chﬁl)fr %héx\%alﬁmﬂ) Kl f08L métﬁ&ygﬂlb%gzdﬂgﬂa%%méﬁ%}fﬁﬂ:egld 10gg (2-

The aqueous”layer is extracted wi'th K
vimdetyatthoxyremide (d? mey 0d¥7§amivoDeint MaOEs (bnd-)wasfiedong hevr, the

rel g kot dsopbeed RepAs, Fit o atieDiRad JeARE Fifsie. he

sofilld SRR BIOAEdwidnel whthl bRX am@st @Uiﬂbm%ﬂ&bﬁcemrated
gives 38 ny (77% of desired pr oduct as 1:1 mxture

undér Mduceghpredidirg.s dileshschrapapgiBhy 30: MQH@qu@H) provides 9 mg

d
10 8% §F b5 RO R PG G AT RSO B R, SeSpis MR
(4@@ Nﬁ%’l@j@%g@t)WM) »e8 71 H) dAED(E 15@@[9@1@;!11{9 @zl @, 1H),

1 mxture of NL:N3 isoners o
3561(843]?&}/&86(@,2@) BT @h&)! ami no) - 7-fl uoro- (2-tri met hyl
si | anyl et hoxynet hyl ) - benzoi m dazol e-5-carboxylic acid
net hyl ester 1011 (31 ngEx@mpd85Imol) is hydrol yzed
wi t h aqueous sodi um hydr oxi de as descri bed previously
to give 26 ng (87% of desired product. Step E

6- (4- Cyano- 2- met hytiepheny!l '@o)-?-C | uoro-(2-trinethyl

si | anyl et hoxynet hyl ) - benzoi|m dazolje- 5- car boxylic acid
cycl opropyl met hyoxy- am de >N m xture of NI1: N3
i somers of
6- (4- cyano- 2- et hyl - phepwl ani nogl- 7=
80248/ 0027 -213332 v Q =N
Orimenyl sil anyl - et hoxynenyty-benzoi m dazol e- S- car boxy
15 64(i-Bremp2-didmm pMyhgmnO)—@Hébewwm)dazgleebayfbewlw adil gydroxy-
and cycl opropyl nethyl r oX) hydr ochl ori de as
descri bed previously f’é’ %‘( élg?%r}?%% of desired
Pr Odulfet abo'\A/\eP (é:lom%/osun(d 1)s preparesdl191 an analogous fashion to Example 52 except
that Step I is eliminated. MS APCI (-) m/z 457, 461 (M-, Br pattern) detected; '"H NMR
(400 MHz, CD;0D) § 8.40 (s, 1H), 7.85 (s, 1H), 7.50 (d, 1H), 7.14 (dd, 1H), 6.21 (d,
20 1H), 3.84 (m, 2H), 3.61 (m, 2H).

| udro-(2- \\\DE-
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(Mtl) detected. Step F:

6- (4- Cyano- 2- net hyl ~phenyl am no) - 7-f | uor o- 3H benzoi ni i
wa@awehes25t car boxylic acid cycl opropyl net hyoxyPEnismo4/027199

[lyy: To a slurry of a 1:1 mxture of N1:N3 isoners

6- (4- cyano- 2- met hyl - pheny lxﬁﬂi[p o34 7-fluoro-(2-trimethyl

sil anyl - et hoxynet hyl ) - benzorm dazol e-5-carboxylic

acid cycl opropyl net hyoxyam de |1zz (28 ng, 0.055 nmol)

in 0.5 L EtOH is added 5L100/éib The reaction

m xture is heated to 50 Cvu_t stirring overnight

(Wiitten et al, J. Og. 'Y’mo 4986, 51, 1891-1894).

An additional 0.5 nmi 109% iC N shadded and the reaction

m xture stirred at 70 C n| The reaction

m xture is cooled to r S u;re and neutralized

to about pH 8 with 1. NN NaC]—| The reaction m xture

is extracted with ethyI acetate, dried and

concentrated under reduced pressure to give 14 ny

( 669Y-Bromd QL klor®phenythumiiohé- fhwm—itmetéyb!Hfhwazlmzele-5-

M5 APCl (+) 380
358 (M (1) dé{"é?ewé’lf‘s‘%hﬁ??/ﬂﬂgt it ﬁg"()d) 8m412L
é 21 tlgpnA |4,|§-7§zgm;]@-%—ﬂuo;@ %p ny?c@nzg'_l)b(n&zz;zqsggz(dl_ﬁwghg? ﬁsfer 6c: 4-

A{gﬁno-%—% %%ié-glﬂﬂ)@ﬁyl%}g%lg%eggmc Lacri lr'roethég -Afer (62@% 6(@ Il—lﬁl‘4 gl_ 37.48
nﬁhgﬁt iB wsﬁendiedmtdﬂwnep@ea ymIa)mndcamrﬁommmd’smaie nﬁklowgdbﬁﬂd? mmol)
aqil_ ioc‘%)erd%()Si{I)Z/g (10 I06i g,C ¥80J7901andqy are a‘c;igé)(f( yThaerPegc 101 lel%l‘e } Wirred at

953 °(5 !u%@%rm{f 20 W8k éé "ﬂié feo ﬁﬁﬂe%é’écﬂéd‘%bmﬁ@ﬁ@&ﬂa&re and

enzoi m dazo -car boxylic acid
theiy cilepsdo mrbunght beliy,- ﬁmm@ withbéthandl - FTo ifidtr@e (ig-concentrated under

i odo- 2- et hyl - ph ' -3H b
reﬂﬁ%e%azrpﬁr;eu@yf& i ShyE At ey i G Kt Ipcaa% g PIBIREY sold
WQQ‘?@#@%&&&:& 1 acetonitrile/triethylam ne
I'trimethylsilane (0.013 nL, 0.092

(0 O sp gj ( gﬁg’ﬁ@)fo g'm l? AL éhé;rg(f% JQW§%ZVZ7Z%%66%%?I boxylic acid

méihPB 3greM |30 AN ACCDidnviRd-B- tanﬂo@hﬁxenﬁaminosbamth ani@ mehyl ester 6¢

stirred at 60, C for 1 ho
(0.20 g, 0.73 mmol) is suspended in gthanoqc%g rmI;r)he?nd 5 M aqueous HCI (1 mL, 5.00

mmol) is added. The reaction mixture is brought to reflux under N, and then 2,4-

pentanedione (0.150 mL, 1.45 mmol) is added. The reaction mixture is stirred at reflux
for 60 minutes. The reaction mixture is cooled to room temperature and treated with
saturated aqueous NaHCO; until the pH of the reaction mixture is pH 7 and is then
concentrated under reduced pressure to dryness. The residue is diluted with ethyl acetate
and water, poured into a separatory funnel and the layers separated. The ethyl acetate
layer is washed with brine, dried (N2;SO4) and concentrated under reduced pressure.
The red solid residue is triturated with diethyl ether to yield a light brown solid and a red
filtrate. The solid is collected and washed with diethyl ether to yield 0.20 g (91 %) of the
pure desired product as a light brown solid. MS ESI (+) mm/z 300 (M-+1) detected.

Step C: 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-2-methyl-3H-
benzoimidazole-5-carboxylic acid (2-hydroxy-ethoxy)-amide 10ii: 7-Fluoro-2-methyl-6-
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reaction mxture is cooled to roomtenperature and
concentrated under reduced pressure. The residue is
w@eosHreel by FCC (eluting with 20:1 net hyl ene PCT/US2004/027199
chloride:nethanol) to yield 0.020 g (87% of the
pH&S/1 4R o IBFRBeHbimidhRfe-Bicarboxylic acid methyl ester 31a is converted by the
6- (4- Et hynyl - 2- net hyl - phenyl am no) - 7- 'l uor o- 3H benzoi m
brogainafias, Sehlerirabiony hiydrodisisd eopplingr apd (hydropsty ampatdures already

;. 7=-Fl uer 9- 6- ( 2- met hyl - 4- : .
apsoF B8 1o 7oL Bk o ST bR oigehits i, SYSESLES) @ 457,
45%-(WR, Bpakibh) @eictteay ol ARVIRPUOTRVING X YB30B8 § ¥ BBRs, 1H), 7.49 (4,
0.020 g, 0.044 mmol ) is dissolved 1 n tetrahydrofuran
1%0).751)8 (ﬁ%) 1H)cb-4 hémy Bk 8i9r(t, BB 661t i280) cD6] €l 3TD; BFQIMR (376
F m 4050 mmol, 1M solution in

e’§§%§g?5?3?§ﬁ) is added. The reaction mxture is

warmed to roomtenperature and additional TBAF (25 nL

, 0.025 mml, 1M solution in tetrahydrofuran) is

added. The reaction m xt ugghpleSti rred at 50 C for 2

hours under The reaction mxture is cooled to room
tenperature, a few drops @f are added and then it is

concentrat ed underiﬁedu@é& ssure. The residue is
purified by FCC (elMdting w hgo: met hyl ene chl ori de
(

nmet hanol) to yield 0.011 the pure desired
product. M5 APClI (-) mz M det ect ed; H NWR
(400 MHz, CDOl ) d 10.58 (QOroall s, I H\y8.12 (s, IH),
7.99 (s, IH), 7.28 (s, IM"N 7.11 (d, IH), 6.42 (broad,

: 2 2.96 (d, | 2. 37 ,. 3H), 0.85
I(ﬁ:;f?‘f-?%I;g%gi%%ly?-’ﬂ{le%lﬂilw)izfll(éfp-%_en@?ﬁ. Egg-ftgarboxylic acid
Phosphoric acid S
mono- ( 2-{ [ 6- ( 4- br ¢ r?fa"f’ﬁ‘f”cvﬁ’f’%tr”'%%’ﬂ’e%’ﬁ‘lgrgﬁgf -7-fluoro-3-m
gts :] Z,F fe% ';g ﬁ)i]nf] ;) ' ?lg@é%g&g%—?o'dg-aj-ngﬁ%} —1]715 e%)q}a%%? oéy}H —%teﬁz%lir)z idazole-5-

crboXIBr atol 2nethyloresteph @)l ahRTFejo-G-of tblydinbind-1FEbébiidazole-5-
c\\b%;ﬁz 236?42{,3&2431/2,2%%@%7%?%%%% |4|V%2 gpng)) is suspended in 1:1 THF:MeOH
™ - -{ganhde and
B L o oot S plogh bR e "M sduffth of IS
(1ch6s g,07.92 airsol3 pe ATEN(2i mL3@s addedffobowgdbpasMENH @nuk) selntion of

f The reactlion m xture was stirred for
T%%ﬁﬁfﬁ;ﬁﬁ uff’is"-g‘{ ol ABR 34 Rnlhss HeZestog miie doprERed to 0
°Ct @nd 1A8L é@Rfere SMloflic Rf adOIO Rk treRUbY lis AYIPI8RWVed to warm to

per oxi de was added. The cooling bath was then taken
rogiwalprpsehtyrpavith stirring over 16 hours. The reaction mixture is quenched by the

addition of 10% Na,S,0, solution. The reaction mixture is then diluted with water and
ethyl acetate and the layers separated. The aqueous layer is extracted with ethyl acetate.
The combined organic extracts are dried (Na,SO;) and concentrated under reduced
pressure. The recovered solid is triturated with MeOH to give 1.45 g (69%) pure desired
product: MS ESI (+) m/z 426 (M+1) detected; MS ESI (-) m/z 424 (M-1) detected.

Step  B: 7-Fluoro-6-(4-iodo-2-methyl-phenylamino)-(2-trimethylsilanyl-
ethoxymethyl)-benzoimidazole-5-carboxylic acid methyl ester 10kk: 7-Fluoro-6-(4-iodo-
2-methyl-phenylamino)-1H-benzoimidazole-5-carboxylic acid methyl ester 10jj (0.200
g, 0.470 mmol) is suspended in DMF (2 mL) under N, and cooled to 0 °C in an ice-water
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reaction was slowy warmed up to roomtenperature and
reacted over night. The reaction was then partitioned

whedseznsa sol ution of ethyl ether/ethyl acetap@r/{iS2083/027199
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and saturated aqueous The organic | ayer was saved and

bRWUC D@IB (608} Mls%ﬂ‘%?i ﬁ%wt@oﬁé e &ﬁ)lﬁQQHq%;&eSXh&J tOermn:l)fltes the

times wth wa I na
r@rcg@m nixtusy é5 waasedi to edomviempkiaSird ,anfli sltir&deﬂwe&ﬂimmutes After

cgo ntr s%g}fég&)lrﬂ%\%ﬁﬂu& 4 The s I(agﬁ ot t@g:rgaz?}l)ﬁl 1s allowed to

s
w&frﬁ@@ Eﬂtﬁlﬁ Gen%erﬁﬁbéb\;mﬁ stir®iag to'v@t'ﬂl%ﬂtaeg."ﬁ%efagﬁ&% f}frlr%tﬁfl%oi@\%enched by

tenperature for about 2 hours
l@o%@%ﬂnr af watey ageé rbﬂlﬂac ulthe readionHaixters b tGKtlrg:tcCE siithuethyl acetate.

B8 ohinkd SEeoh b RROCA vt §7 ot ey it pigd @ieSO9) and

cmhmemuhherrrﬁtdhwm brdsqlrb.oviagifistiat by ﬂ@dhh@cnuﬁaﬁdct&&%atography
all‘-dl‘]I@ed to give 2,717 g of the desired product.

clufgd Vb d: Ivhexaneelhwl jeetate sogs @blrsg g (19%) ef depired ,pnpm as a 1:1
m?xtgl% c(ftNISm](ddI@ 180%56255%(%‘51]1& 60 (s, IH), 7.25 (dd,

6. 37 19F NI\/R (376 MHz,
DNSOSZ‘%%) Séwgshgléé)(% 9yan)o Z—meﬁz p/?eny[%tmmo)g ﬂuoro (2-trimethylsilanyl-

etﬁﬁ@d&tl{y[%bdn%ozbﬁ&if@fe%—@&ﬂb@kﬂm b2y ester 191:UPS Q-sBrrB® kolution

Ofgmbéﬁ%ﬁﬂﬁﬁ R N5 isomeso ﬁ§|%ﬂwﬁd&xlyﬁo@tmyuh@bp@mylmno) -(2-
tnhﬁ(&ﬁﬁﬁmbgt ét‘ﬁo?ﬁh h 2Ibtenz(o%% 316 : hC%lP%&tyyr Iegglragltnlae 1 7y [e%ter 10jj

tert oxycar I"am no- 3- me
(0¢0p0kg, Onl®8 2nmhl) Gn d)pinbﬂm\ﬂﬂm 100)1r témipbtature under N; is added dppf (2 mg,

o 86 ] ol P deton 1 et g agetahe br&%&v:@ﬂm g 065 rmrmol)

(Z@Mﬁ&z’r&)@l’,@tt M ¥691149), 9f9ﬁ8£ . T ¢ reactio le }éeﬁ.eg to 120 °C for
br ono- 2- chl orophenyl am no) - |'uor o- enzol

45nnm@e eThe mpmmlxtcreaxsu @ole\i\tﬁ)&eoraamaé@ﬂﬁa an® 4BERAM by the

4@55&Lfgépﬁﬁ€¥ Pg§%& e§3§g%ﬁﬁﬁ§pﬁc agﬁgggkeﬁb&hééhwaﬁi The
adde® BRI ayeras éxtﬂa[é%d \iﬁﬁf\etﬁ% 288t TI: cbithifePdr %aﬂu@ ei‘tr?ﬁ%)aljc washed

RBF with a magnetic stirrer and nitrogen 'l ne

Wit M@s@xmmne( Bng sigied, (MeSOwY anﬂmO)lcmt@er treduché pressure.
Pﬂ{fﬁkﬁﬁoég% ﬂ'ééh &l‘r'l{gn tcﬁl%mago grap 1y e uted w1t% er ﬁg}éjarrlgs:\e/ﬁyl acetate gives

red overni
38 mg (77%) of des1red product as a 1:1 mixture of N1 and N3 isomers: APCI MS (+)

m/z 455 (M+1) detected.

Step  D: 6-(4-Cyano-2-methyl-phenylamino)- 7-fluoro-(2-trimethylsilanyl-
ethoxymethyl)-benzoimidazole-5-carboxylic acid 10mm: A 1:1 mixture of NI1:N3
isomers of 6-(4-cyano-2-methyl-phenylamino)-7-fluoro-(2-trimethylsilanyl-
ethoxymethyl)-benzoimidazole-5-carboxylic acid methyl ester 101l (31 mg, 0.068 mmol)
is hydrolyzed with aqueous sodium hydroxide as described previously to give 26 mg
(87%) of desired product.

Step E: 6-(4-Cyano-2-methyl-phenylamino)-7-fluoro-(2-trimethylsilanyl-
ethoxymethyl)-benzoimidazole-5-carboxylic acid cyclopropylmethyoxy-amide 1lzz: A
1:1 mixture of NI:N3 isomers of 6-(4-cyano-2-methyl-phenylamino)-7-fluoro-(2-
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at room tenperature. The reaction m xture was added
slowy to 210 L of deionozied water w th nechani cal
W@ 005021261 The white slurry was stirred for 1 POUDS2004/027199
filtered through a nediumfritted funnel. The cake was
n’{ﬁéﬁ%ﬂéﬁm@t&kgﬁkﬂ&ﬁOoeﬁkoiﬁﬁdéﬁ@fe@i-cﬁﬂ&ﬂié' 4c&f18nfn (26 mg, 0.059
through the cake for 10-15 mnutes. Tert-butyl nethyl
negndlpis ¢Gupladiyithvd Goadd cydoprhpylaakibykbmgirexylaming hyidtdehboride as

spatula. The vacuum/filtration s._conti.nye
GZBRbH BisialSh RolvE naent B e AN RouBtE Apcify Gy s s10
(Mhe) gstestet  cont ai ni ng about 80% of the undesired

i somer. The t-butyl nethyl ether |ayer was

conc raged t JoreYap) A ' s :
desi ?e Slf'oduc?(ﬁgjﬁpri sig%g%}zp ?hén%?dlﬁlgg);? %ug{)brrg}r??enzsot"g E)dazoze ’
c@bokylapaadtichpropylRedpvxyorBded iy Mo siniry ofieildl mixture of N1:N3

.2-{[ 6-(4- br om- 2- . . _
ST Gt YRy BRH T Smp R g methyD-
be&oﬁﬁfdla%lwskaﬁmx?ﬁ@xy&d S UBEDY51y2hH0¢ ORGSRt (28 mg, 0.055

acid salt: A mxture of Z-tert-butoxycarbonyl am no- 3-
myeelhin B 8wyl E¢OHds @dded 0.5 mL 10% HCL. The reaction mixture is heated to 50

ol-J1:6-(4- br onm- 2- chil-0 henyl am, no)~,7-f | - 37 5
& sl BRI P | 1950, T o
addifiomd] ACyindt 1Y, BN Eddel 28d the roRdtRNthBAIre dtitted Bt A0 % Blernight.

of trifluagroacetic acid for 0.5 hours. An HPLC trace

The reaqtion gu¥rols Gepledup dodndemarereiee shiqutighzeda about pH 8 with
| ' . .

1EE R, RaOHL L Klhich MR AR ECRAT Pl ¥hF aELPy diea (MesOy

and tor{cOntPatey) undeh ecdiepd ptesutret sisel esg (@) LAY ptuedproduct as a

i Rpr QPR S 4 vos SRBIED defgisd A5 avpe 378 O

| uor _ _ ) _
R R A O PRy % L RO AR B0 1D,
7:38-(dat lipreyd 1] @ani H)p 8342} (d, @5HY), 8sseld; 1.5 H), 2.41 (s, 3H), 0.98 (1H, m),

033 el DT B0 SR G ERe kg R A (A5 B

f 1 uor o- 3- et hyl - 3H benzoi m dazol e- 5- car bonyl ] - am nooxy
}-ethylester trifluoroacel¥ampeiS® salt (474 ng) was
suspended in 80 nL of EtQAc. Addition of 15 nL of

sat urat ed aqueous sol uti om gave a bi phasic m xture and
di ssol ved nost of th biNdez° Vater (5 nL) was added
to dissolve sonme turbVdity s L the aqueous | ayer.
The | ayers were separat ed @ dqueous | ayer was
extracted with 20 nL of ,RrSAC:
\=N

6-(4-Ethynyl-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid

cyclopropylmethoxy-amide 11aaa

Step A 7-Fluoro-6-(2-methyl-4-trimethylsilanylethynyl-phenylamino)-3H-
benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 11bbb: 7-Fluoro-6-(4-
iodo-2-methyl-phenylamino)-3H-benzoimidazole-5-carboxylic acid
cyclopropylmethoxyamide 1lece (0.025 g, 0.052 mmol) is dissolved in 1:1
acetonitrile/triethylamine (0.50 mL). Ethynyltrimethylsilane (0.013 mL, 0.092 mmol),
Pd(PPh:),Cl, (0.004 g, 0.006 mmol), and Cul (0.002 g, 0.011 mmol) are added
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conbi ned Et OAc | ayer was diluted with 50 L of t-butyl
nmet hyl ether and washed with 2 x 25 nL of water, 10 niL

wo@Rooboenel dried with and filtered. The organi BCT/HY®04/87199

10

15

20

- 80248/ 0027 -213332vwas concentrated to a foam
oRRPSAN AR e Y T o 05 e .
r&%ﬁ@n ﬁ‘ﬁxtﬁre% 'cB@le@ & fo@m Hnb'éﬁnfrégl@d Mﬂ%ent%gﬂieﬁ Péiiu&at&ressure

exchange) d: 3H), E
Thig resBlyg is mulgﬁect ba F Q)(elu@ng&vl(hdzo b nﬁ:thylemp ch qmgde rgetg@ol) to yield

3 4.24 (d br, 2 6. 36 (dd,
Og)%pﬁ%ggé)%glejﬁﬂrwogahual cgupl |rng |_?I—I) 7. Zé (dd

2, d
7 7 5 g’(eg ? H) , 6 %ﬁy@grg—pﬁh)}? ghéﬂymﬁn?):,; %W%Hﬁ%u&zdazole 5-
c%gx)@co ex&han %Llo?ropy%eoih%amgee P P.l aa}?zr epai Ffub{%l% @3 -methyl-4-

A no- S- net h yric acid {[6 br ono-
thttbyle}imwi’fﬁgthmwmbynﬂaminubﬁﬂ @nmnmjazom—ﬁ b@bzloylm dazol e acid

cgdoipb Rt AT RNb (0 B . BB i) SN hydroforan
(G50 e phe d Aatt) soiuttdnqa Boldd e Ryl -TBAbesx ng) ds@ alreol, 1 M

-5-car bon%/ ]%Wam nooxy}- ethylester (325 ng) was
sl D eld TRy dpfyian) 1is5addeds abg ofeaeEonENTKEII g Wargsdnio room

Binchlcing RafERBITIRR (RHET0 L% R, El bty in paaygrofuran

id zﬁlde&k T HeBadod rMhktirBiif stirfddeatSIUTT Yor@sows X@del M5, Thé Qeaction
m nutes and concentrated on a rotary evaporator. The

RS iSotdodesl (Rerasms kaneperatyrey a| fewvirens ahdl26r meddadiend then it is

ofbetgs v Bl PRI PRBTAMABPRRCE g gin 201

mettdlen@. Glor{dd; methéndd) tdzyieldH).0111g §O5%Y of hepifie @edilzed @bllyct. MS

2.20 (br, IH, 3.91 (s, 3H 3.93&13 br, |>2:|§)7 4,09 (

ABCT (/2 WT3dH1) etecterly |H NMB. (409 M.+ DCE) $71Q.8) (broad s, 1H),
8 -tz (- JqerH e 3 i coupl i .

8‘1235' ﬁ{)L 7?@8(814121:6_'5—?;4@&15 $i1 {'7(1“2%1),( S4B '(b3q, 1'2@@ 70 ®f s, 2H),

2J95|)(d {H)78.30 55, 3EB) 0.87 (A2115 0156)(m, BH30.03 hy 2HBH) 8. 43

(s, IH), 11.86 ( br, IH. F NVR (376 Mz, DMSO-d ) d:

-132.98. Exanple 59 H (S)-Phos hor| c
aci dnono- ( 2- {[ 6- ( 4- br omo-BXBAPSdphenyl ani no) - 7-f | uor o
- 3-

\\: _OH
T/\/o/ \OH
0 NH
al
H
N
\ F Br

Phosphoric acid mono-(2-{[6-(4-bromo-2-chlorophenylamino)-7-fluoro-3-methyl-3H-

benzoimidazole-5-carbonyl]-aminooxy}-ethyl) ester (29nnn)

3.000 g of  6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-
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(tetrahydropyran~2-yl met hyl ) - 3H benzoi m dazol e- 5- car bo
nyl ] -am nooxy}-ethyl) ester(29ppp) WDE- 80248/ 0027

W0 20038325v401. 2 g of PCT/US2004/027199

(S)-6-(4-brono-2-chl orophenyl am no)-7-fluoro-3-(tetrah
b¥HoARMa g - SZCa)‘l&dgE? 193é|c1)d é’-‘h}bﬁ&?ﬂé‘tﬁbﬂ%zﬂﬁe 5660aﬁ1%08§ﬁ’ {e'txﬁzole and

acid (2-hydrox hoxy) - am-de, of tetrazol e and
2:82)0nht>f df—tedubutyé dnmmqﬂylﬂhwwbpnaupwe— whtmimgkvaflflsuﬁpteeded in 30 mL

re di saﬁ\é{)ged/su @‘n? GF%%%FP’J\?; Pé?célo 2 ?WP%&tmed for

achSHt 3RS afferOBICE tidld BE rRti6R waks MBolel 8o LeREL |88 AHBEmL of 70%
cooled to 0 C and 300 nL of 70% tert-butyl hydrogen

tepebwyl h@rmea@@é@wasrn@edo ditiersgobieg bathaens tth@htaqu@ﬁay and the

o 308, DOSY SRR e B0 kO Wetpol g Rosk e PP it The

red@gort kes thgiepatidoned bdiwtdn @fsomebi fodteat)] athee/ethy] a&dﬁtur(s 1) and
thiosul fate. _The resulting, soI ution was partitione
SWH@O@&WW% &he @tgﬁwc lter aas R YR anéé&?f&@%vilxovafljwd with

16‘% %Hﬂﬁé’@tnﬂ%? o g@@ﬂfg %@ﬁﬁ%ﬂ;y%h%d P¥resulting

succ SS|ve y was then w th
olpahitelay@ihwas elsigt taveg MaSfanifitetegly ad vascedtrated! under vadpSm. The

A AP R B RO AP a1 (O (- o am amosphere of

DREO BB wad Stlrkddtht Wi te%nﬂerﬁhféyﬂor about 2 hours after which time
acet at e/ di chl oronet hane to give my of phosphoric

1ta{vjasdcmngmj1:a(c@l yridgr yacuyrnoansl the resultlng remdue was stirred in methanol for

hl or enyl am Qr.o tetrahydro
iyt SBer 8 G g Rl Ve SR L BB LRy pfiea with
nﬁﬂiaﬁbl d1tdwasdt by léﬂby'l el @hdWabE fhlr\l\ﬁ'iiedt foepivei B301 e the desired
a solution of 5 nL of TFA and nmL of dichl oronet hane

pipdeelr &h BM%Q;ds)Tﬁé %e@é‘?e 160> $4@ (11 886 fers, 1H),

i S t chpt BB
\/\Zgggqcfo nt?(g ge@BVac ¢ 1ﬁ2f AF(?% @%{Hsl é\h\%R (376
l\/Wé@DMBe)pa’Gblpl?m9(ﬁ‘;‘uEﬁnol and reconcentrat ed (2X). The
resulting residue was stirred in nethanol for about 1

hour. The white solid vvas col | e%tsed via suction

filtration, washed with fol | owed by et hyl

ether and then air-dried to give 188.6 ng of the

desired product. H NVR (400 WHz,~DWSO-J ) 11.83 (bis,

IH), 8.35 (s, IH)), 795%%/(3 P 7.79 (s, IH), 7.61
(d, IH), 7.26 (dd, IH), € 4 NB, 4.37 (m | H),
4.26 (m IH, 4.03 (1 NkuH),C;soss(m IH), 3.70

H

N H-CI
—N F Br
\=N

2-Amino-3-methylbutyric acid 2-{[6-(4-bromo-2-chlorophenylamino)-7-fluoro-3-methyl-
3H-benzoimidazole-5-carbonyl]-aminooxy}-ethylester hydrochloric acid salt (29000)
Step A: Preparation of 2-tert-butoxycarbonylamino-3-methylbutyric acid 2-{[6-
(4-bromo-2-chlorophenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-carbonyl] -
aminooxy}-ethylester: Dimethylacetamide (30 mL) was added to a mixture of 6-(4-

bromo-2-chlorophenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-carboxylic  acid
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(m IH, 327 (m IH, .80 (m IH, 1.70 (m IH),
1.46 (m 3H), 1.22 (m IH; NW (376 Mz, DMSOJ )

wo 1@20%8265, |F). The invention and the nmanner BETUS2004/027199
process of nmeking and using it, are now described in

(ﬁﬁfa#bx& by)S: oL (360N6. k§e rﬁﬁgnemﬁ-y@hﬁ& @I1H0g, ewa@d; Snmol),

rson "sKi n the art tO pertalns
H@BR“(H;_&N(:II WegthesSomml) nd, TEA ¢0.929 g,nﬁbl é?%nm@d) rhap0@ mL RBF

fore descri bes referr
Y B SO BT B EHe A Preap S CRlL 5yt 7 mmoD
whSRIIBA B e RS s618RGH il e 500 &l RBS. smie ohik tv@E W eeedbvernight
the present invention as set forth in the clains. To

at peorhitepeatuge. p’éhmreaotmn aid Ui was arded ylogyla ol ppEof deionozied
w %\g éoozlziar{vﬁai 1? B%Zgoﬁ ngw% bél&l%l \&g@ts{lﬁ“éde fo§Q%c9§dﬁﬁéed through

al Ns” conc
2 BREiGkT iRl fiihel TMee Waltdiwas ®astpdivsieh dbouc a0 mIs bflgrater and pulled

s Hrenbigbe erke B 1] minutes. Rt D] By SRR Ty aves added to
th% %lg]grﬁpstgr?edSQﬁﬁ' f%a{\ﬂ? RhESERGE Hir QRS Whs E%Htﬁmé& atI%@ solids

ures, 1ntegers, nponents, or steps, but they
waetdripd aﬁdiejdzacudme apﬁ()a‘@ m:gve)rz gatcfdhet produdsfcontaming abrewt éO% of the

e BeSoPOTPor L F NP b Helioh SOieh TS 8ReBale Bt IaHG L 18 9
er@{&ﬂecfﬁacﬁggéslféﬁ blodu8AintpfisACiinilielof@dfmetki | | €d in the

, It I1s not desiredto I'ilmt the invention to the

ex acg‘z‘e opstr P%pla%}zo%n Ph! %;19725 f? %e%ﬁﬂbzgﬁ% a!?&él €2-{/6-(4-bromo-2-

Accor i ngly, I e no i cat’i ons an
cIfereph@dytumiiso )pBylubie-3-ewoi-84-bazdiadiddzoly- jhcctiﬁvmyl]-hennooxy}

scope of the inventi ef d b
erb el riBecaheagsiab g2 7 G580 AR R s gmino-3-
mﬁthéibﬂgﬁépha cﬁdor 271 e I?t%hﬁ) ﬁEﬂ@fd&e&ﬁaﬁm@W@%-methyl 3H-

or mul a and pharmaceuti cal accept ed
bmbmdaq@iaaﬁwa@sn)dhdnmmowa}@thyieh@r gofl its/herasilated jispmgy (0.6 g)

'q%ﬂe% \’Vﬁg qd%ﬂ@bg%hgﬁgﬁ%g | ong f%gg gﬁ “ﬁl Oﬂ’% ﬁpﬂ&q&%g of the

reb&%&ﬁﬁﬁﬁ@ shdtwseihe gtReoh Wﬁ‘cbﬂlﬁk&g €The MBtOGEIas @yidehdrated on a
nitro, trlfluoronetg¥ di f I uor onet hoxy,

rotary f ¢vaperatest #nsx purped ¢, highrgacuugy ¢y mave yellow oil (0.9 g). The
deprotected samples were submitted for HPLC purification to give purified product as a

trifluoroacetic acid salt.

Step C: Preparation of 2-amino-3-methylbutyric acid 2-{[6-(4-bromo-2-
chlorophenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-carbonyl] -aminooxy -
ethylester: 2-amino-3-methylbutyric acid 2-{[6-(4-bromo-2-chlorophenylamino)-7-
fluoro-3-methyl-3H-benzoimidazole-5-carbonyl]-aminooxy} -ethylester  trifluoroacetic
acid salt (474 mg) was suspended in 80 mL of EtOAc. Addition of 15 mL of saturated
aqueous NaHCO; solution gave a biphasic mixture and dissolved most of the solids.
Water (5 mL) was added to dissolve some turbidity seen in the aqueous layer. The layers
were separated and the aqueous layer was extracted with 20 mL of EtOAc. The
combined EtOAc layer was diluted with 50 mL of t-butyl methy! ether and washed with
2 x 25 mL of water, 10 mL of brine, dried with Na,SO, and filtered. The organic layer
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-C(OOR3, NRC(OOR 6, -OC(OR3, -NR SO R6, -SO NR R4,
-NR C(OR3, -C(ONR R4, -NR C(ONR R4, -NR C(NCN)NR

WOR40050MRSR4, C -C al kyl, C - alkenyl, C -C al kpewyius200t/027199
C cycl oal kyl, C -C cycloal kylalkyl, -S(O (C- C

Waﬁe %é%gn’trate]ﬁ( t@% egog’x%j a'%o)lfenl%’ééh with ¥lx 1@%{]'4 %lk’ K¥utyl methyl ether and

oar , heterocycly
dnla&thﬂéithmhab kv 34(0(1@F{86<’7)) of dlreyfree bagR a(scaqwmtg solig. ny NMR

(4@@%4,@{4590%%%@’ | hﬁpge()éR E%)(d et ogr\?t}’ﬁ o8} (1 =67

Hzﬁ%?lg ﬁk&éﬂp mlj ey, 7 alskymy, 1H)cY.0b @gi3ky) 4. oar(mlbr 21-1), 4.24 (d br,

roar heterocyclyl portion is

ZHS)uﬁ)Sﬁ l(dldeJﬁ.@i =v8 8 flzo fres T 4- 4fHZ/§1r@\ﬂquy@hngbdégeﬁ&é ,@(ﬂ 3} 8.8 Hz, 2.3
I h 19
115 Sl 2 (r of iy 28 7 | AE9% 05 (5300 8.40! Gy Py ¥ ool (NMR (376 MEHz,
Dﬁétﬁ@ andwﬁicﬁgoﬁﬁng SQIRROR, C( O R3 - C(O) OR3,
oo O R R C(O) OR6, -NR C(OR3, -C(ONR R4, -NR
R4 St 1§( O)P‘F%B%lanon'\'%f G m&uﬁn%hylb@sc @iy 2-{[6-(4-bromo-2-

heter aryl, ar kyl ,” heteroaryl al kyl, heterocyclyl,
chéovdphet kmoey)eT-uatokHnelliRG 3 Hebenedimidasalet - erbwypd 6w @100}

iflu 2-
el Prectiete ety & Akng: Sty g2 0 g bromo-2
c}ﬁ’(fr}ﬁbl?én@}é!mm@e? BLORL- Y m et e BEI-Bazyingiiiole- 51¢etb®l’1§o]q-3amny¢qu}

heterocCycl yl'al kyl , where each al kﬁ é}gaé ljg',tp (ﬂﬂ\f/irblv)# L of
ethyleswra@%lnlx%)aww disspdyash waabprt hadnhea ePERIVE }g °
oha thtar ed 0
ZMﬁ[aT@g %tgﬁrt wis Secf)eﬁ e%\ge% ? (t)l)fni']bl%)gre‘albﬁtaf ogé% %@%132%%1%5 mL of ether
wf‘rlret zﬁ@lﬁgtrtg lniltblﬁtg rtmglhyygtmdl {'{hsgslungt\gzss(wéxed for 5- 1§3m1nutes and
iflu X zi do
co_ngggmh@ éotala/nqvlqgorgggrd T éoig% i es%(ggﬁ% ygl}m:l?’l% ani ldnf;d
%) ©F et t
DL g%ot%%p% %gurr sfl?ghﬁho%ﬁho%a?ﬁ%@ R o
1ILI"?I\TIVIR (49($®IBIIRR)MSO d&)}(&))OFW (d; CEOp OR Lz, ib{jg D)OR, (4, T = 6.6 Hz, 3H),

2 2@@@)@3 D), 34 @ 3H5\IF§ %\fg)blﬁﬂ) 4%%'\'&? g g?'@’n br, 1H), 4.43 (m
v | 7 = z,
ﬁ:ﬁ‘ﬁg oa’)\w Nj;/l R'8 He, g% 4@']3’2 irthel @upRiig 11H)AT.2 @ﬂdgy 88 H

het er ocycl and_het erocycl

| al k
zarHR:iHjnaGMd,tbg atndz, Vi) R %Ké Do mo2ds WH)-ch3 { gﬁé 8.43 (s,
35880 bk 9H @ # iR BPHERY DMSO-ds) 6: -132.98.

Example 59

S, on

0™\_0" “oH
O NH

g C
N

"// N F Br
0o H \=N

(S)-Phosphoric acid mono-(2-{] 6-(4-bromo-2-chlorophenylamino)-7-fluoro-3-
@ tetrahydropyran-z-ylmethyl)-SH-benzoimidazole-5—carbonyl]—aminooxy}-ethyl)
ester(29ppp)
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car bocyclic, heteroaryl or heterocyclic ring, each of
which is optionally substituted with one to three

w@emaps32sndependent |y sel ected from hal ogen, CRERUS2004/027199
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nitro, trifluoronethyl, difluoronethoxy,

t 2:'( fol) g&&%ﬁ%ﬁ’@g (ﬁﬁﬁg%? %@p&n’yhumv %fé u'él’ro-f_i-%%&@ﬁopyran-
2'yImethi50-F benzoililaR]e;5-eaNboxGiOpdR (B-HydroxybiRo)NGNIBF 8.6 mg of
R' , -OR : t |, | al kyl, e
rfeazeleoarf afﬂ% Hot e oSG ctamEoRsplpsRhgragyfie  were
dﬁsolvgi/s@s%gn(fgd in! fﬁl@@@ﬁﬁ?&loﬁs @’MF%B@LC&? Qtn{d'sﬁﬁ'%re of dry N,. The

hydrogen, |ower alkyl, Iower alkenyl, aryl
reaciibmbhliyture W8 stired St @outd hours aftbowsich anwm rdaomm was cooled to

IO ERA o dh A Sor ety P Yprmens i W eflior i Sootifs bath was

tlaérﬂtalgéﬂleﬁviy%mtﬁe feadtRnkRas RIS vRAmea E@& Yoo femperature and reacted

het eroaryl or heterocyclic rin each of which is
forpt-b bawsi Theuprstipn witas dhem qUﬁndwg with 1¢lrréeofgqaamﬁisd aqueous sodium
I n
o DAREL ARy ARL SR AR AR50 e AP b Gy vy

adethtd o(10&lynd bﬁhﬁtdﬂaaqdeouﬁﬂ%m(Kw Tlhsebﬁg‘aﬁ:&f y;:iyaf Ms saved and
het er ocycl yl, and heterocyclylalkyl R4 and R5
speresheshnarensd WihredeHsX)pad dapanwish balngy | Thegiesiing arganic layer

WAR dtn%g%ifgt A\ éﬁgj hﬁ&%g g&) Son nﬂ@ﬂe I'Lllllhae\yacﬂﬁlﬁ af‘lfeal%gﬁﬂng residue

forma ocyc het'eroaryl "or
whst epwefiel | asingngsilieac hgebf ohtl'nmdtogmph)}pt iebutalgl ywith  2:1  Ethyl

substitute th one t hr ee oups .i ndependent | y
SRR B PTG OB 208 Of BhOSEBOrip AP TIORGhs(y-bromo-2-
cﬁlo@éﬁl‘l@i&flﬂﬁiﬂb@ﬂﬂg&&iﬁ téiﬁih?&gg&ﬁ%ﬁ%ﬁlﬁfétﬂ@) BHN%nRﬂﬁldazole 5-

-

-NR (
carbonﬂ]-@(n@)qQXy} etl@()o):smst Ri-tepr-bigg) Rster whigiR RS then NRssolved in a

soluf SE St oA A G Eenlatoreins, Bt pmapalrepe of dry N

ThB Gedtabe Re ekl at kddm tdnfper BuR oL ebRA of KWW after which time it was
trifluoronethyl, alk - C10 cycl oal kyl, aryl,

capeEnizpiRs [undereyasuamy | )fh% seselivaripsigng yias thlesnewo sy glefianol and re-

R I o R P AR . e
wihile Sblidl titae dolMédidal via suction filtration, washed with methanol followed by ethyl
ether and then air-dried to give 188.6 mg of the desired product. ‘H NMR (400 MHz,
DMSO-ds) 6 11.83 (brs, 1H), 8.35 (s, 1H), 7.95 (brs, 1H), 7.79 (s, 1H), 7.61 (d, 1H), 7.26
(dd, 1H), 6.40 (dd, 1H), 4.37 (m, 1H), 4.26 (m, 1H), 4.03 (brs, 4H), 3.85 (m, 1H), 3.70
(m, 1H), 3.27 (m, 1H), 1.80 (m, 1H), 1.70 (m, 1H), 1.46 (m, 3H), 1.22 (m, 1H); ’F NMR

(376 MHz, DMSO-dg) —132.9 (s, 1F).

The invention and the manner and process of making and using it, are now
described in such full, clear, concise and exact terms as to enable any person skilled in
the art to which it pertains, to make and use the same. It is to be understood that the
foregoing describes preferred embodiments of the present invention and that
modifications may be made therein without departing from the spirit or scope of the

present invention as set forth in the claims. To particularly point out and distinctly claim
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\\\ DE- 80248/ 0027 -213332 vone to five groups
i ndependently sel ected from oxo, hal ogen, cyano,

wWRaos02326¢ i f 1 uor omet hyl , difl uor onet hoxy, PCT/US2004/027199

10 e

trifluoronmethoxy, azido, -NROR, -SONRR " -C(OR ,
thdXdab{dtt » mattdr( B dBrded MRCHRefon, the lRwideOdRims: conclude thi
-C(O)%tRma, { Ssred, S TNRR Y -ﬁRcf’O)N%(g'F‘i"ms SRigce tus

SXONBIMIINR "R ' " , -OR aryl, heteroaryl, arylalkyl,
het er oaryl al kyl, heterocyclyl, and heterocyclyl al kyl ;
R7 i §hsewenrk ettobipoige,ly'tompeiging C1 iad0da! k'yric,ludﬁlg,c 49d "includes"

“@{‘?Ele%éc* p&ﬁxlét? é%lﬁca&% Clcg}rgﬁjg ﬁ{)vls(nn:gé;(l@m@ S intended to specify the
(318 I |

PBLET Akl BLELE Mg LS LA o e

prestusiedhe presemng dretddttnmymﬂ c}de cpranbreomthelsfe@tptaso mld:geys components

éeﬁip Z&%Itgéogltp? errr?ogh gouﬁﬁ%é%:ﬁs\ﬁﬁg Los eﬁp H%a’uons a)llld changes will
réadilf lob@irasetdsy kkilled fd we raﬁnﬁiiﬂ‘iﬁﬂdesﬁerd' tb |11!rkﬁf &@Qﬁ%ﬁ}én to the exact
azido, -NR SO R6, -SO NR R4, -C(OR O OR

comtuchen gnd pNRes@(d@)smee abONR @(c@mnzgly, @(@wbaemodlﬁsmons and

grgy?l’entﬁleﬁf ?fbg arreé;lq%eggo lilg(w thmhl}lg? géo P!]é\el 1EV?nt10n as %bﬁned by the

chéhethacitlow., and heterocyclyl al kyl ; WIS sel ected
fromheteroaryl, het er ocycl yl , -C(O)CR 3, -C(ONR R4,
-C(ONR OR3, -C(OROR3, -C(O(C -C cycl oal kyl),
-C(O(C-Calkyl), -CcO (aryl), -C(O (heteroaryl) and
-C(O (heterocyclyl), each of which is optionally
substituted with 1-5 groups independently sel ected
from-NR R4, -OR 3, -R2, Cl1-Cl10 al kyl, C -C al kenyl,
and C -C al kynyl, each of which is optionally
substituted with 1 or 2 groups independently sel ected
from- NR R4 and - OR3; RB is selected from hydrogen,
-SCF 3, -d, -Br, -F, cyano, nitro, trifluoronethyl,
di f 1 uoromet hoxy, trifluoronethoxy, azido, -OR 3,
-C(OR3, -COOR 3, -NRCOORESG6, -OC(OR 3, -NR SO
R6, -SONR R4, -NR COR 3, -C(ONR R4, -NR C(O NR R4,
-NR R4, C-Calkyl, C-C alkenyl, C-C alkynyl, C-C
cycl oa&yl, C -C cycloal kyl al kyl, -S(O j(d-C al kyl),
-S(O (CRR)-aryl,
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aryl, arylalkyl, heteraryl, heteroarylal kyl,
heterocyclyl, heterocyclylalkyl, - QCRR) -aryl, -NR

w@ arRsmpsaryl, -Q(CR R ) -heteroaryl, -NR (CR RC)/US2004/027199

heteroaryl, -OQOCR R ) -heterocyclyl or -NR (CR R
WrHRGtSI@CX A h.1swher e each al kyl, al kenyl, al kynyl,
cycl oal kyl, aryl, heteroaryl and heterocyclyl portion
is optionally substituted with one to five groups

o, PEPTBE AT 2o e AR ynd VS B formala
tr| fl uoronet hoxy, azidoyw -NR SO R6,r"-SO NR R4, -C(OR
3, -C(OOR 3, -CC(OR 3, W/DE
-80248/ 0027 -213%32 M 1 NR KO R3 -C(ONR R4, -NR
R4, -NR C(ONR R4, -N , aryl,
heteroaryl, aryl.al kyl & , heterocyclyl
and heterocyclylalky S 5. and j is 1
or 2. 2. A conpouns accrd| ngR(‘%o cMai m TRhereWis 3.
A conmpound accor di n\g to/claim1l whereWis -O NH . ,NH
4. A conpound accor nd"to claim1l having the fornula
R 5. A compound acfording to claim4 wherein Ris

{Sﬂinﬁa@%’u@ﬁl}%/&lsﬁ’t% EM{SC%IGan&Z aky §Al%laé<ﬁhla%bky;&heré§§ C7

erocycl oal’kyl or heterocycl oal kyl al’kyl , each
"'6f isveini apttionalrbdnd, prswvidsd ghatyons and tandy peel niffoghn of thedring is double-
groups %ﬂijependent ly sel ected from oxo, hal ogen,

cyan trifluoronethyl, dlfluoronethoxy,

Rty i éifélr Rﬁ%tal?@)iﬂde ﬂdéﬂlﬂ sﬁNBteﬁOﬁBﬁl Iy Sf g %Ré cyano nitro,
C(O)R3 %‘Lp(g;{ OR3 SORG -NRC( 3

o( O) Riliargp ﬂaﬂuorom@thw ! trifbmaspebemy, - azide33OR), -C(O)R

ﬁg?sm@q 3NMP§BFR4M?§%0 W%ﬁ? ’hetérocylglryl ‘COOR’,

and t@(mmékél MG(@DNNR“ —NRSC(NCN)NR3R4 NRR*, C-Cyp alkyl, Cp-
Cyo alkenyl, C,-Cy¢ alkynyl, C5-Cyg cycloalkyl, C3-Cg cycloalkylalkyl, -S(O);(C;-
Cs alkyl), —S(O)j(CR4R5)m-a1yl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
heterocyclyl,  heterocyclylalkyl, -O(CR4R5)m—ary1, -NR4(CR4R5)m—aryl,
-O(CR*R?)prheteroaryl, -NR*(CRR®)-heteroaryl, -O(CR*R®)-heterocyclyl or -
NR4(CR4R5)m-heterocycly1, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to five
groups independently selected from oxo, halogen, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR*SO,R®, -SO,NR’R, -C(O)R3, -
C(O)OR®, -OC(O)R?, -NR*C(O)OR®, -NR*C(O)R?, -C(O)NR’R*, -NR’R’,
NR’C(ONR’RY, -NR’C(NCN)NR’R*, -OR’, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

R® is selected from hydrogen, trifluoromethyl, C;-Cio alkyl, C,-Cio alkenyl, C,-Cio
alkynyl, C;-Cqo cycloalkyl, C3-Cyo cycloalkylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl, heterocyclylalkyl, where each alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, heteroaryl and heterocyclyl portion is optionally
substituted with one to five groups independently selected from oxo, halogen,

cyano, mnitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido,
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RO is hydrogen or hal ogen; Rl is |ower alkyl or

hal ogen; and R8 i -OCF or hal ogen. 6. A conpound
w@ewenehizeg to claim5 wherein RO is fluoro. 7.PEI/US2004/027199

conmpound according to claim®6 wherein RL is nmethyl or

chl orosghate® aﬁﬁﬂ@ Qb‘l’ddre%‘aﬁé’r qiomﬁ)ebﬁdélléhﬁ%u%ciﬂﬁf%r ?!h@sp’ﬁgte esters,

is chloro or . onpound adcor di ng [aim 8
wher eilmwlwnmaeetate/\ phb@halwéaxofmed‘ryﬂmcaiopwlpr o;;lhcwghonmmde

(- b SRIGH e, S ORRIR | SANG) SEBIER 2 605 @B o1 DICIIOR ", -

boxylme;c;go)w cycloponorRR et hgry,- anmigieyr*>>,  -SO,R~, -NRR’,
6- (4- Br ono- 2- chl.or o- phe ani ng), 5 7-f1 yoro:
5 3H beNRFNR AR e-5 @%& ci dOR, aryl, heteroaryl, arylalkyl,

I
(I:S%/g %@%9@%*1%?{ g,h %ﬁ%ﬁ%&‘g fan ?h%té}ch&clylauc\g/l ’met hyl - 3H benzo
o B dad &* eodwthet avithaky hiom @@Vldcl( ﬂtely)aifb’ sarhed ooy 4 &1 @/embered

6- (4- Brono- 2- chl or ophenyl am no
7- fI Gabecy ]ﬁ‘et O%’Vf ugnéepwuﬁwomgs o5k bek yylieh aisi gptionally

( 2, 3+ sulggulﬁﬁgri 0(1)1% %’ %ﬁﬁkﬁd gpe_yd?rllt}}/ selec&ed from halogen, cyano,

6- (4- Br ono- 2 | oro- .
10 (tet mahydnrﬂupmnhﬂ giiﬂmtdwétho@l,—l-thﬂnmomethzbay,o heid5 4R ISO,R ™,

e A

lda[zg'—t(if)gﬂik (%@Rﬁﬁ&i\ﬁiﬁétfwﬂm@bmwﬁ AINRENCN)NR'R”, -OR,
- r ono- 2-
chl oesdgirsargarshiandglkyl, h¢t@r@awlazkﬁehmbcsmmbmmmmﬁalkﬂ

R RE 5 OSSR B Srleriot drm Byceoss dover e fore kens
15 |dazafy1 aﬂdyﬂy]a-uzymet hoxy- et hanone,
,,,( - Bronp- 2- chl or ophenyl am no) -

1Sl§éle§te§-ﬁi9€tm b&avyasiascaxt envé asd evtabioty| i ¢ aci d
7o Al ks -
0£ g?y %r {())?}D&chh oir Org§ |to Zny m nﬁ”glf@fﬂe%%é‘? ‘@B%Q}%ﬁ% attached

-21388th a 4 to 10 membered carbocyclic, heteroaryl or heterocyclic ring, each of
VI fluot S—’\et dro-furan-| -yl met hy®- SH benzoi m dazo

| e- S lpga $U(§)Sfetgtq4y\@1[ﬂg))99e &9 nge/gzogms dedependently selected
20 gz gﬁg_@ﬁ‘l Hil@ge%, B hnitR]) QHﬂﬁ@lﬂhﬁFﬂyl,7d1ﬁﬁ6i9ﬁ1%ﬂ1%§l9,ef}ﬁﬁfopargethoxy,

azido, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and
heterocyclylalkyl;
R* and R® independently represent hydrogen or C;-Cs alkyl, or
R* and R’ together with the atom to which they are attached form a 4 to 10 membered
25 carbocyclic, heteroaryl or heterocyclic ring, each of which is optionally
substituted with one to three groups independently selected from halogen, cyano,
nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR’SOZR””,
-SO,NRR’", -C(O)R, -C(O)OR), -OC(O)R’, -NR'C(O)OR"", -NR'C(O)R”,
-C(ONRR’, -SO,R™", -NRR", -NR'C(O)NR'R", -NR'CINCN)NR R””, -OR,
30 aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;
RS is selected from trifluoromethyl, C;-Cyo alkyl, Cs-Cio cycloalkyl, aryl, arylalkyl,
heteraryl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, where each alkyl,
cycloalkyl, aryl, heteroaryl and heterocyclyl portion is optionally substituted with
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5-ca
6-(4

rboxylic acid tert-butoxy-am de,

- Brono- 2- f | uor ophenyl am no) -

w(Q@ 2Gos02326t 3- et hyl - 3H- benzoi m dazol e- 5- car boxyPCTUSIINH027199

(2- hydroxy-ethoxy)-am de and
6- (2, e Do AL or RoRite hd-AeHdBRKy & M6 oxp, hal itr
met hyolzﬁ-e ? G benzég?lﬁékd gizﬁgﬁéﬂ- 5- c}érgglfgéts?i Cach e THosen, cyano, nio,

( 2- hytdflooeparetiybx y Yifbwrabesthdxly, Ariflosposiltaxyn eoidpy i SNRFOR ™,

a co
acce

SRR Ly, IR, 1 LlARP REICTBIR: hriR CE)gR I NR COR',

:::::

act i VY@)NRRE, 09O, CRRIK] SNRT(OIRNR St LRRICTBIEA)NR 'R, -OR’,

co
5 effe

Igf is?

conp

npound of claim1 to the mamal in an” anount

crylvketeroaryhHiryakkylviterongylalkylrbetaogyélpl and beterpepelylalkyl;
| i ' i S r~i A a
R BEf) BR8£S RSECLE PRI i oy, -

mamMalyclonlkg§l) @F0WN bycﬁ(ﬁaf]l@;ﬂﬁ]{c/?’l@ drgl, tafRalkyls dietbréir§D rtbddroarylalkyl,
\\\DE- 80248/0027 -213332
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heterocyclyl, heterocyclylalkyl, where each alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, heteroaryl and heterocyclyl portion is optionally substituted with one to five
groups independently selected from oxo, halogen, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR*SO,RS, -SO,NR’R*, -C(O)R?, -
C(0)OR’, -OC(O)R’, -NR*C(O)OR®, -NR*C(O)R?, -C(O)NR’R*, -SO,R®, -
NR’R?, -NR’C(O)NR’R?, -NR*C(NCN)NR’R*, -OR?, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

- 15 W is selected from heteroaryl, heterocyclyl, -C(O)OR?, -C(O)NR’R?, -C(O)NR*OR?,

20

25

30
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-C(O)R*OR?, -C(O)(C3-Cio cycloalkyl), -C(O)(Cy-Cyp  alkyl), -C(O)(aryl),
-C(O)(heteroaryl) and -C(O)(heterocyclyl), each of which is optionally
substituted with 1-5 groups independently selected from

-NR’R?, -OR?, -R?, C;-Cy alkyl, C,-Cyo alkenyl, and C,-Cyp alkynyl, each
of which is optionally substituted with 1 or 2 groups independently selected from
—NR’R* and ~OR’,
selected from hydrogen, -SCFs;, -Cl, -Br, -F, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -OR?, -C(O)R?}, -C(O)OR’,
-NR*C(O)OR®, -OC(O)R?, -NR*SO,R®, -SO,NR’R?, -NR*C(O)R?, -C(O)NR’R?,
-NR’C(O)NR’R?, -NR’R?, C}-Cy alkyl, C»-Cip alkenyl, C,-Cyo alkynyl, Cs-Cio
cycloalkyl, Cs3-Cyo cycloalkylalkyl, -S(0);(Ci-Cs alkyl), -S(O)j(CR4R5)m-ary1,
aryl, arylalkyl, heteraryl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -
O(CR*R’)yraryl, -NRYCR'R®)p-aryl, -O(CR*R’)y-heteroaryl, -NR*(CR*R%)-
heteroaryl, —O(CR4R5)m-heterocycly1 or -NR4(CR4R5)m~heterocycly1, where each
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl and heterocyclyl portion is
optionally substituted with one to five groups independently selected from oxo,
halogen, cyano, nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido,
NR*SO,R’, -SO,NR’R*, -C(O)R®, -C(O)OR?, -OC(O)R’, -NR*C(O)ORS, -
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NR*C(O)R?, -C(O)NR’R*, -NR’R*, -NR’C(O)NR’R*, -NR’C(NCN)NR’R*, -OR?,
aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;
mis0,1,2,3,40r5;and

jis1lor2.

5 2. A compound according to claim 1 where W is
0]
O N O OH
\C NG /\/ N I P
) [
@)
3. A compound according to claim 1 where W is

~

(P/\/O\H/\NHZ
O%/NH O .

10

4. A compound according to claim 1 having the formula

0
W R
H
N
RI— N R® R®
\:_—'_—N .

5. A compound according to claim 4 wherein
R’ is C1-Cyo alkyl, C3-C57 cycloalkyl, C3-C; cycloalkylalkyl, C5-C; heterocycloalkyl or
15 Cs-C7 heterocycloalkylalkyl, each of which can be optionally substituted with 1 -
3 groups independently selected from oxo, halogen, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR*SO,R®, -SO,NR*R, -C(OR?, -
C(O)OR?, -OC(O)R?, -SO.R®, -NR'C(O)OR®, -NR*C(O)R?, -C(O)NR’R?, -
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NR’R?, -NR’C(O)NR’R?, -NR’C(NCN)NR’R*, -OR?®, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

R’ is hydrogen or halogen;

R' is lower alkyl or halogen; and

5 R%is —OCF; or halogen.

10

10.

15

20

25
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A compound according to claim 5 wherein R is fluoro.
A compound according to claim 6 wherein R' is methyl or chloro.
A compound according to claim 7 wherein R® is chloro or bromo.

A compound according to claim 8 wherein W is

OH
HN\O /\/o\i:Ii __OH
o)

A phosphate or amino acid prodrug of a compound selected from 7-Fluoro-6-
(4-bromo-2-methyl-phenylamino)-3H-benzoimidazole-5-carboxylic acid
cyclopropylmethoxy-amide, 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-
3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide, 6-(4-
Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-
carboxylic acid (2-hydroxy-ethoxy)-amide, 6-(4-Bromo-2-chloro-
phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-carboxylic acid (2,3-
dihydroxy-propoxy)-amide, 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-
(tetrahydro-pyran-2-ylmethyl)-3H-benzoimidazole-5-carboxylic acid (2-
hydroxy-ethoxy)-amide, [6-(5-Amino-[1,3,4]oxadiazol-2-yl)-4-fluoro-1H-
benzoimidazol-5-yl1]-(4-bromo-2-methyl-phenyl)-amine, 1-[6-(4-Bromo-2-
chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazol-5-y1]-2-hydroxy-
ethanone, 1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-
benzoimidazol-5-yl]-2-methoxy-ethanone, 6-(4-Bromo-2-chloro-
phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-carboxylic acid (2-

hydroxy-1,1-dimethyl-ethoxy)-amide, 6-(4-Bromo-2-chloro-phenylamino)-7-
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10

11.

12.

13.

fluoro-3-(tetrahydro-furan-2-ylmethyl)-3H-benzoimidazole-5-carboxylic acid
(2-hydroxy-ethoxy)-amide, 6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3H-
benzoimidazole-5-carboxylic acid tert-butoxy-amide, 6-(4-Bromo-2-fluoro- -
phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-carboxylic acid (2-
hydroxy-ethoxy)-amide and 6~(2,4-Dichloro-phenylamino)-7-fluoro-3-
methyl-3H-benzoimidazole-5-carboxylic acid (2-hydroxy-ethoxy)-amide.

A composition comprising a compound of claim 1 and a pharmaceutically

acceptable carrier.

A method of inhibiting MEK activity in a mammal comprising administrating

a compound of claim 1 to the mammal in an amount effective to inhibit MEK.

A method for treatment of a hyperproliferative disorder in a mammal
comprising administrating a compound of claim 1 to the mammal in an

amount effective to treat said disorder.
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