WO 03/ 077914 PCT/ US03/ 07864 N3 Al kyl ated Benzi m dazol e Derivatives as MEK
I nhi bitors BACKGROUND OF THE I NVENTION Field of the Invention This

i nventi onwoaBarms4to a series of al kylated (1H Benzoi m dazeirAsoyhised 4-
substi tut ed- phenyl )-am ne derivatives that are useful in the treatnent of

hyper proliferativensdi @&&aﬁBeﬁﬂﬁﬁd%l&DBﬁ%uﬁs@% Mti@lmﬁﬁ &3, I n mamals.
This invention also relates to a ne USi ng suc unds in the
treatnment of hyperprol 'EQWGI@)@N%F%{EQNW SN espeC| ally hunmans,

and to pharmaceutical conpositions containing such conpounds. Sunmmary of

the Rel a nal ing through growth factor receptors and protein
ki nases }Fgag?rf&he%‘J ‘t"(l:J regul ator of cell growth, proliferation and

dlfferentlatlo[n. .Ln narmal cell grow h, ? rowh factors, through receptor
activation (i .1 PryEelgh fE@f-eSau%l otsRdeSs I alkylpipdt 6l HRRneimidaaol-pai)Hikay s .

One of the nost inportant and nost well understood MAP ki nase pat hways
i nvol ved spbstifigedrahenahcrmine ordarivetiess célal growtsefus tihe Ras/ trRafocki nase
pat hway. Active GIP-bound Ras results in the activation and indirect

phosphor WperpwiifaitiRailiseaseas suctRal cdnban aphasahanatioh esn MEmanRd 2rigy t wo
serine residues (S218 and S222 for MEK1 and S222and S226 for MEK2) (Ahn et

al ., Met hodsation oz ydmeddy 2Adhod3A uﬁﬂg sﬁéh Tdom dﬁﬁ&é VAt &d %&ﬂegf 5 ERK

phosphoryl ates its only known substrates; the I\/A Kl nases,

phosphor 4 T or ERK1 and. Y185 nd T183
for ERKZM Iggtfé%g %E%g%yc@ ?{%ﬁ%yngﬁ’%maﬁ%éﬁfm’ﬁsf 4%71’11%‘111@)“ utical

Phosphor Iat ed.. ERK dinerizes and en transl ocates to the nucl eus where it
accunul a esp?%(gﬁﬁplétta%suc tcoglpoun 1998, 93, 605-615). In the nucl eus,
ERK is i gvol ved | n several i rrportant cel | ul ar functions, including but not

limted cBMRRAYSfthe ReladetbArt * si gnal transduction, DNA repair, nucleosone
assenbly and transl ocation, and nRNA processi ng and 1 WO 03/ 077914
PCT/ US03/ 0786%&¢ll signaling through growth factor receptors and protein kinases is an important

regulator of cell growth, proliferation and differentiation. In normal cell growth, growth
factors, through receptor activation (i.e. PDGF or EGF and others), activate MAP kinase
pathways. One of the most important and most well understood MAP kinase pathways
involved in normal and uncontrolled cell growth is the Ras/ Raf kinase pathway. Active
GTP-bound Ras results in the activation and indirect phosphorylation of Raf kinase. Raf
then phosphorylates MEK1 and 2 on two serine residues (S218 and S222 for MEK1 and
S222and S226 for MEK2) (Ahn et al., Methods in Enzymology 2001, 332, 417-431).
Activated MEK then phosphorylates its only known substrates, the MAP kinases, ERK1 -
and 2. ERK phosphorylation by MEK occurs on Y204 and T202 for ERK1 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 several important
cellular functions, including but not limited to nuclear transport, signal transduction,

DNA repair, nucleosome assembly and translocation, and mRNA processing and
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translation (Ahn et al., Mol ecular Cell 2000, 6, 1343-1354). Overall,
treatnment of cells wth gromh factors leads to the activation of ERKlL and
2 whi ch rweuwBon%9if proliferation and, in sone cases, difPerarsns/ensson
(Lewis et al., Adv. Cancer Res. 1998, 74, 49-139). In proliferative

di seasestragdaietn Qlnudratl] Mieadd! Cell 0060, &5 1845-3854). dDverkie tegaomérh offcalls or
receptors, downstream signaling proteins, or protein kinases involved in

the ERK wﬁﬂh@ﬁﬁtmﬁicﬁwkahﬁﬁﬂth%%cﬁﬂﬁ%tdﬂERR@ af@R! wRcR k@ 3 hRINfEAon
eventual Iy, tunor formation. For exanple, some cancers contain nutations

whi ch eghﬁtl 's Et’fsaé: gﬁér P#@H?g Wk aP n Cahd¥r ?&a? altd@\éla?’% (1991358 to

cont i nuous ’pro ct|oﬁ tor &, her i'ons’ can’l'éa

resulting i n Therqge ”1%‘%%?%?%&3%@%@%%@ Thtay e Re St et BRoBeH o |

forms of Ras are found in 50% of col on and >90% pancreatic cancers as wel |
as many &CHEIEcaIesdaymstaHB signaling proteias, of|proteigdiiazfse invpdvpd ipghe E
1834-1837). Recently, bRaf nmutations have been identified in nore than 60%
of mal i gkaase pshanay had(iDamcesrolldd astl mbliferatan und, &6G0Ralld,1 Tmod £0mdBn,

These nutations in bRaf result in a constitutively active MAP ki nase

cascade. F&i ¢ithingsle,abmeRuhdoRd dorttalidiutsiune vetictareule Bl the bbm@miohay@ivatis® os hown
constitutive or overactivation of the MAP ki nase pathway in cancers of

pancreas th1§€£tﬁ*@'a O co%‘ﬁﬁﬁé(usgﬁ‘gdlﬁtlgﬁ oY tgm(ckpcﬁ R AGs. ﬁer ﬁﬁlt% ons cSNRIGENE

1999, 18, 813 Hence reis a strong corre at| on between cancers

and an Okﬂgfegtg tlh \fﬁe M:Aéctl{%tﬂ)%sc?f t%gtagyﬁﬁ{ %SX'# ];[)C;urlllg I{a{socm neipgglgr}lé%@éﬁlgﬁ]ns rol e

constitutrve or overactlvation ase casca

in cell proliferati d differentiatio |nh|b|t|ono thls at hway is
bel i ovedaftyatian Sahsbiaf Kinase.oHfHar pRoHF R Soose e Qaas Gk RaRR PEid oy

player in this pathway as it is downstream of Ras and Raf Addi tional ly,

it is anS@fetafge wdﬂ%%qua@c cancget astye basgwany; ofbers fiynes f ensersuBoht at es
for MEK phosphoryl ation are the MAP ki nases, ERK1 and 2. Inhibition of MEK
has beenestlowiridnoe 1849% 366 ¢834-88371)hReandyt li)l?:afbmnteﬁdms have devreidehtifedidh es.

For exanple, small nolecule MEK i nhibitors have been shown to inhibit human
tunor  2me Gah50P9 b nRGETHINPARE 1 SNGHEA (DA et BL NNEG-EDOGE 212N0)-854)S,

(Sebol t-Leopold et al., Nature-Medicine 1999, 5 ( 7),
These mutations in bRaf result in a constitutively active MAP kinase cascade. Studies of
primary tumor samples and cell lines have also shown constitutive or overactivation of
the MAP kinase pathway in cancers of pancreas, colon, lung, ovary and kidney (Hoshino,
R. et al., Oncogene 1999, 18, 813-822). Hence, there is a strong correlation between
cancers and an overactive MAP kinase pathway resulting from genetic mutations.

As constitutive or overactivation of MAP kinase cascade plays a pivotal role in
cell proliferation and differentiation, inhibition of this pathway is believed to be
beneficial in hyperproliferative diseases. MEK is a key player in this pathway as it is
downstream of Ras and Raf. Additionally, it is an attractive therapeutic target because
the only known substrates for MEK phosphorylation are the MAP kinases, ERK1 and 2.

Inhibition of MEK has been shown to have potential therapeutic benefit in several studies.

For example, small molecule MEK inhibitors have been shown to inhibit human tumor
2



810-816; Trachet et al., AACR April 6-10, 2002, Poster #5426; Tecle, H |1BC
2'd International Conference of Protein Kinases, Septenber 9-10, 2002),

bl ock st awvp®3naidhodynia in animals (WD 01/ 05390 publ i shedPrganisas/y7s@b, 2001)
and inhibit gromth of acute nyeloid |leukema cells (Mlella et al., J din
| nvest 280th k0Budebinou8SienBedfis, Grbblt-Levpad w el.j Maivpe-Madicind 1999, N (awe been
di sclosed. At least thirteen patent applications have appeared in the | ast

several yRagss; Tackot 52516 2RATR! agrid anuar Y024, PokR9 542801886 4B06B(paY! i shed
Cctober 8, 1998; WO 99/ 01421 publ'i shed January 14, 1999; WD 99/01426

bor 42005 SUETERE P 0 o b Ve as 206 bl § Shed oy o0 $880. wo

00/ 41994 .. publi.shed Jul ; 00/.42022 publi.shed .July 20..2000; WO
00/ 420291 “iaslﬁeaei“mﬁlé|(3§V§%?/(§gg@?“§%hﬁgﬂ%‘§%&25112‘#’4@}?8 1@%%%‘?*1 2000
WO 01/ 68619 published Septenber 20, 2001; and WD 02/ 06213 puagished
January Zate myeloid lgukgmia seltsMilllapenf. . y50ar dige 2005, i\é&&f{i SOE-SPRE | NVENTI ON
This invention provides for alkyl ated

(1H benzoi ni dSmell n3elydule (rhilktons of MR daveheanydipclagedneAtclsagi dhimigsn patentor mul a
I, and pharmaceutically acceptable salts and prodrugs thereof that are
usef ul i gpplidstidnsealeefieandd il yeaagpsovdrilefeaist US sibzk6xeRled JSpaey 24,0805y, the
present invention relates to conpounds of fornmula | that act as MeIN

i nhi bi t o5 oAIB960 RYIiERE DSoberEtI0E; D JorERLTERb I edCRAGSRY - 141999,

provi ded are forn&ﬁafions c%n{afning’conpounds of #ofhula I&and nmet hods of

are GesclBaa iy ot Bubieed TRbZLEAORE o SRR, bRIGE 1l o aR ¥, e

are des Sses pdri'ng’ the oun f mul a

b e B A9h D baShel R, 20BYSWD 8814B0 A PTG IR A Bo08! wid'Go/sP5gB 2 1

published July 20, 2000; WO 00/42022 published July 20, 2000; WO 00/42029 published

July 20, 2000; WO 00/68201 published November 16, 2000; WO 01/68619 published

. September 20, 2001; and WO 02/06213 published January 24, 2002.



N R7 | and pharmaceutically accepted salts, prodrugs and sol vates thereof,
wherein: ---""" is an optional bond, provided that one and only one

ni trogen Wb oBlozrnd ng i s doubl e- bonded; Rl, R2, RO and R1®CArGS03/07864

i ndependently sel ected from hydrogen, hal ogen, cyano, nitro,
trifluoromethyl, difluoroSEIMMARYIOF THDINVENIBMON azi do, -OR3, -C(O R3,
-C(O OR3, NRAC(O) OR6, -0OC(O) R3, -NR4SO2R6, - SO02NR3R4, -NR4AC(O) R3,

- O O) NR3R4, - NRSGHOLMNRHRArovitRS G NGy NRRRA H- ¥R Gnid il 54y1)\Q- bk OTRAL 4

PCT/ US03/ 07864 Cl1-Cl10 alkyl, C2-C10 al kenyl, C2-d 0 al kynyl, C3-C10

f;é‘{ o %‘;&%ﬁﬁr 10 o Pﬁ‘h%?“y”afgﬁéﬁlﬁ 1% i@?l%i‘%%??@%“ﬂ%"gs table ia“F and
& ORar Hiehies Bty ?%Ck &éﬂ% i W?%%t@srr@r* b 4R5 %Syeg%m ¥

and - NR4( CR4R5) m het eroc where each al al ken)il kyn

cycl oal kSiecifigaily, thegireses rrrwenfa%relﬁé% & 5APRIYP Sp?érff’%wa thﬁtp%‘it&ﬁﬁ\ﬁﬁ§
substituted with one to five groups independently selected from oxo,

hal ogen, inbipators, ilse providéd fiveronbodyior tredinéngorfopanchibxyAlse prdvidesk areet hoxy,
azi do, -NRASO2R6, -S2NR3R4, -C(OR3, -C(OOR3, -OC(OR3, -NR4AC(O ORs,

- NRAC( O fazmulatiGhYdWraithg codpdtéds of NRTG(ON MRS Rk:thodNRETEINEH)N: cBipbund €183,

aryl, heteroaryl, arylal kyl, heteroarylal kyl, heterocyclyl, and
het er ocyglay |a%|a{‘i¥ﬁt11n n&ﬁ ﬂh@re%?l BCiRioh! ﬂi&é‘é&g ldedeibed CPfdctaés'éQfd?'ﬁ?éﬂﬂth@‘d
Cl1- C10 al kyl, C10 al kenyl, C2-d o al kynyl, o cycl oal kyl C10

cycl oal k: ﬁ!P het er oaryl , heteroarylalkyl
het er ocyc aléég%or@ﬁ erocélj%%@(fal kyl, where each al kyl, al kenyl , al kynyl,
cycloal kyl, Ayclzordmgly, the present invention provides compounds of the formula I:

and pharmaceutically accepted salts, prodrugs and solvates thereof, wherein:

""" is an optional 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)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’C(NCN)NR’R*, -NR’R*, and



het eroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected fromoxo, hal ogen, cyano, nitro,
trifl uorowetodph791di f | uor omet hoxy, trifl uoronet hoxy, azi doPCTNRIBOBR - SO2NR

R", -C(OR, -CCOOR, -OC(OR, -NRCOOR"'".., -NRC(OR", CONRR',
-SSR, - S( O R'Ci-GiSGRRYINRCRC o - RMLORCR, alkynyNROSMNCNpyiRsdcyls GR-Car vl
heteroaryl, arylal kyl, heteroaryl al kyl, heterocyclyl, and

heterocyclyl al kyl ; cRlocallR1al® ) Cp@mdpns((y)(m{ﬂ{é)g} 1, ed1f sgmidr ogen,
| ower al kyl, | ower ﬁlkelﬁg/ ﬂdaf{ )J(and aryl al kyIJ 5 WO 02%3\/?06731;5,9141(y

PCT/ US03/ 07864 R'f. geég K Veterb@yia@b K emytr® | and
aryl al kyl ; or Any %%I%O&Rﬁag’%%yflw i C‘Vé‘lé[an ebeer take?\ %oggt(ger@\?\n’xt h the
atomto which they a 4 d. t ere clic,
heteroaryl or het e?éfLycl'&? m - gpm c 'i%lgteg%fmbnaT 5X‘i“t ut ed
with one to three groups._independ ntI cted fr gen a

nitro, trifluor orregﬁ?loaryél f'IQ(% {f’;'iocyci ‘g rB%/Y Pyir yl,

het eroaryl, aryl al kyl, heteroaryl aI kyl, het erocycllﬁ

het er ocycl yI al kyl ; woereRgacindlled, efenie alkyh, cyejes &k %Wl,hh@th@a@ﬂ omd o
which they are attached to forma 4 to 10 nenbered car bocyclic, heteroaryl

or heterocyclic rihgeroegehl pbrtishi shoptionaliptsubstithideyl withssriet tt dvevgrbtipone to
t hree groups independently selected from hal ogen, cyano, nitro,

trifluoronethyl, dhfdle d@i@ BO¥Med tFdnk |0H9rﬁ’ﬂ3 éﬁ())é%ancﬁﬁht‘ﬂ@ trrﬂuBRr&%
SNR R (O R -C(0 R -NR O ROCOR C(ONR R, -S2R NR R

Flét -eL\I(F)\yarcgllqall\IEyl R ’ ﬁlq (e)wo%(i:%/c(l[y&\l? @rﬂrggg})}é ;%szil %FL ;%Wm ané\ﬁg?l
the atom to whi ch THE)Rar & S EIoRed rEIToIs Y N CHIRE o R ERBRTT ™ 11
-C(O)NR’R*, -NR’R*, -NR’C(O)NR’R?, -NR’C(NCN)NR’R’, -OR’, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;
R’ is selected from hydrogen, trifluoromethyl, and
Ci-Cio alkyl, C,-Cyp alkenyl, C,-Cio alkynyl, C;-Cip cycloalkyl, C3-Cig
cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
and 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, cyéno, 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’, -SR’, -S(O)R”’”, -SO,R””, -NRR", -NR'C(O)NR’R”, -
NR'C(NCN)NR'R”, -OR’, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl;

R’, R” and R’*’ independently are selected from hydrogen, lower alkyl, lower alkenyl,

aryl and arylalkyl;



carbocyclic, heteroaryl or heterocyclic ring, each of which is optionally
substituted with one to three groups independently sel ected from hal ogen,
cyano, mwoOroe/07wn4 f 1 uor ormet hyl , di fl uoronet hoxy, trifl uor @cetusoxy’seazi do,
-NR S2R -S&2NR R', -C(OR, -CCOOR, -CC(OR, NRC(OOR, -NRCOR ",
-C(O NRIR";’ is SledRedNRoR 10wer A1, 10(48) MReRyINRyCUNCMYINRYR orOR,  aryl ,

heteroaryl, aryl al kyl, heteroaryl al kyl, heterocyclyl, and

het er ocyghykgb by iRy, RS, RS> SelReCt 85h hE iltch fiddekiep iafiethb Yitom &ntheh WG Pafe077914
PCT/ US03/ 07864 Cl1-C o al kyl, C3-C10 cycloal kyl, aryl, arylal kyl,

heteroaryl, hﬁL&gfIQﬂ(yﬂbﬁjﬂl%yﬁLtO f@ﬁl%h%%yegl cék ogpagceh&%?&*ﬂ|o§‘|h@é¥ocy¥\1ti"cefiﬁ each

al kyl, cycl oa ary eteroaryl an erocyclyl” portion-is op%’i onal |y
substituted with one to. five groups.inde dently sel ected fromo

hal ogen, cyan‘?ﬂ"ﬂrﬁ t‘i”]al,cﬁ 1 PPF?‘E@P’O‘?!‘B?W%Q ‘gﬁlIOE}S}%ﬁ&eﬁ&%pstlpfi?ﬂeﬂg?%&et hoxy,
azido, -NR S2R S02NR R ", -C(OR -C(QOR -O(OR, -NR.C(OORNR C(OR',
-C(ONR R', -Stgrted> fronr halogeREyeynR, IR%I‘Pa, iriffRogIRERYINR diluoromefhgry, ary| |
het eroaryl, aryl al kyl, heteroarylal kyl, heterocyclyl, and

het er ocycl y| atrifiororRsthésy, seidec byl Hﬂt@mrlylydiryigkmﬁl haistbagylal®yD hetekgdyclyG2- C10

al kenyl, C2-C10 al kynyl, C3-Cl10 cycl oal kyl, C3-CI O cycl oal kyl al kyl, aryl,

aryl al kyl, heirigasstyclylgiker,ear yl al kyl, heterocyclyl, heterocyclylalkyl,
where each al kyl, al kenyl, al kynyl, cycloal kyl, aryl, heteroaryl and

het er ocyg?b yhd ROLLA 88 tdiSn AUtRP itk the YRR kd WhRd théy BreOR@cRA toffbih aQr RUPS
i ndependently sel ected from oxo, hal ogen, cyano, nitro, trifluoromnethyl,

i e ey TR
hg{? S%g y Fg:?ﬁwt,iol}lﬁ ?M@ F\?\?itg;ﬂ%??d tﬁrregl grogpest ?r{d%gél}/dehﬂ? rs)éie%leﬁyhbm
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(ONRR”, -SO,R”", -NRR’, -NRCONRR, -
NR’C(NCN)NR”R”’, -OR, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl; or
R* and R’ independently represent hydrogen or C1-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 halo gen, 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’,

aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

RS is selected from trifluoromethyl, and



het erocycl yl al kyl ; Wis selected fromheteroaryl, heterocyclyl, -C(O OR3,
-C(ONR3R4, -C(ONR4AOR3, - C(OR4OR3, -C(O (C3-C10 cycl oal kyl),

-C(O (CL-wo03atteyd ), -C(O (aryl), - C(O (heteroaryl) and PCT/US03/07864

-C(O (heterocyclyl), each of which is optionally substituted with 1-5
groups i ndepeddent lajkyselaal;g deyictaaiiyl,NRBRA  arylaR3], h&Broasyid hetevi@riisikyy, 7914
PCT/ US03/ 07864 Cl1-d o al kyl, C2-Cl10 al kenyl, and C2-Cl10 al kynyl, each of

which is optional InesebRlylt Uictsodddilatk prw%ew QBE hMYEPendedk .ect ed
from- NR3R4 and - OR3; Q%RJI s sel é{ey(’:t}keld iyrom hydrogen ?SCFS)(g C%’ly éﬁl

cyano, nitro, trif taﬁylh £ 85& 10115.1 &l ﬁ t%z' do
CRSC( )C(O)R?,C( )C( ol RA s,

-NR4AC( O R3 O d 1ClO Ik CZClO

al kenyl, C2-C10 al %ﬁoupégmgcéf"@ﬁ% %&Fﬁ?ﬁﬁed "nc%g" CPgh ‘%gﬂn 1 By

b i ersts bk ki g e RS

- NR4( CRAR5) mar yI O( CR4R5) m heteroaryl, -NRA(CRAR)m hetgroaryl,
_ O CR4RS) nhet er ocy-S0sNRaRd -CHRR GREQ)ORheDEL@R/ cINR C(OYPRT e-NREKOMR Ky | |

al kenyl, al kynyl, cycloalkyl, aryl, heteroaryl and heterocyclyl portionis

opti onal | y subst i t.lajt(@t)inRh -SOR T p-NR'RE, -WROCM)NR RIgpuBISMINCY)Ne R Ct-ed from

oxo, hal ogen, cyano, nitro, trlfluoronethyl di f | uor onet hoxy,
trifluoronethoxy, @l doryl; NR4 Iﬁ@:’telro Rﬁ(’i R3 hetekd WY andC( O R3,
-NR4C(O) OR6, - NRAC(O'R3, C(O)N ) NR3R4,

- NRSC( NCN) NR3R4, - rbcfé'l het eroaryl aryl aI kyl, heteroaryl al kyl,
het er ocycl yl, and er-oc ]I%’al kyl; m sO, 1,2, 3, 4or5; and

R’ is selected from hydrogen, and

Ci-Cio alkyl, C,-Cyp alkenyl, C,-Cjp alkynyl, Cs3-Cip cycloalkyl, Cs-Cig
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, nitro,
triffuoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR*SO,RS,
-SO,NR’R?, -C(O)R?, -C(O)OR?, -OC(O)R?, -NR*C(O)ORS, -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;

W is selected from heteroaryl, heterocyclyl, -C(O)OR?, —C(O)NR3R4, -C(O)NR4OR3, -
C(O)R*OR?, -C(O)(C3-Cyo cycloalkyl), -C(O)Ci-Cio 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?, -OR3, -R?, and



j is 1 or2. 8 WO 03/077914 PCT/ US03/ 07864 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The novel conpounds enconpassed by the instant invention are

t hose deswpiobedroiby t he general fornmula | set forth abovepcCani$os/omses
pharmaceutically acceptable salts and prodrugs thereof. The present

i nvention al so pravj-@es atkytypGuHitls atifenflorandl &£21Ch naligmyth elh iof hicltl s

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

C3-C7 het erocycl oal kyl gjtionhileashstiaftedviith] @ar2 Beoupptindspahdsnily Wekktedut ed
with 1 - 3 groups independently selected from oxo, hal ogen, cyano, nitro,

trifluoromethyl, difluogQuetgRXY anatldd3l uor omet hoxy, azido, -NR4ASO2R6,
- S2NR3R4, - C(O R3, -C(O@CRS, Cb?ng)%{’ S02R3, -NAC(O) OR6, -NR4C(O) R3,

-C(ON , o= NRSC(,0) NR3 - SC N} N , =CR3,. .ar

het er oar¥yl ,*8 aﬁ%}%@ﬁk?ﬂn ﬁ&?&c}rg(%’r %Shy{& %P’Igr\%’c@%’ ,mgﬁ?g triftidfbmethyl,

het erocycl yl al kyl . The present invention al so prQui des, _conmpou formul a
| wherein R8 {igucropyethoxy, girifporomethoxy, | 42100, gikh; %&&3 i s‘rlﬂ@\)\é 3’al kyl

or hal ogen. The present inventjon also provide o] unds .of fornula I
wherein RO i s-NRIGHO (th -@C(@éR!égéﬂé S@m@"?RS@zNB%@d%@@)Wh&@)@%RR

i nvention al so provides conmpounds of fornula | wherein Wis -C(O OR3 or
-C(OWOW  TheNR egOMRIRfy XRIRIpad so provi des compounds of formula I1: W

RL Rlo N/ RO RB NN R7
Ci-Cpo alkyl, C,-Cjp alkenyl, C;-Cio alkynyl, Cs-Cyo cycloalkyl, C3-Cyo
cycloalkylalkyl, -S(O);(C1-Cs alkyl), -S(O)j(CR4R5)m-ary1, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -O(CR4R5)m-
aryl, -NRYCR‘R®)garyl, -O(CR'R®)n-heteroaryl, -NR*CR'R®)q-
heteroaryl, -O(CR*R®)y-heterocyclyl and -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)OR’, -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;
mis0,1,2,3,4o0rS5;and

jislor2.



Il 9 WO 03/077914 PCT/ US03/ 07864 wherein W R1, R7, R8, RO and R10 are as
defi ned above for fornmula |I. The present invention al so provides conpounds
of fornulwolos/ormimhi ch R7 is Cl- Cl0 al kyl, C3-C7 cycl oal pgir/usn3/CBeL7

cycl oal kyl al kyl , each of which can be optionally substituted wwth 1 - 3
groups i ndependent | PERAHERDESCRIPRION GF GEHhNYENITONI t r o,
trifluoronethyl, difluoronethoxy, tri fI uor onet hoxy, azi do, -NRASO2RG,

- SG2NR3R4, - THOER cofabSArid=Bncoh the>0éiaat imRIRIH &eWbse ddvbiiddO) R3,
-C(O NR3R4, - NR3R4, -NRSC(O NR3R4 - NR%C( NCN) NR3R4, - OR3, aryl,

het er oar r , [SIeTo)

het erocyly thiezaiéeégﬁ lfé#]nél 1%?3%%%’?@1 i ér?\g)g%fﬁﬂ gn hg%tgo prgl\g/t:léégg a?g%p%)&% alts andf ornul a

Il wherein R8 i.s -Br or -d, and RL is |lower alkyl or haI ogen. The

present Wﬂ@%‘ﬁfﬁ?ﬁeo& so provi des conpounds of formula Il wherein RO i s

hydrogen or hal ogen, and R10 is hydrogen. The L?r esent Jnventl on als

provi des conpbspresef VSRR Asq PYC\XHJ@F EPHPYYds 0 NGy 19]@80}3\@4@1&3 The
present invention also provides conpounds of forrrul alll: AOHRL NNRs
R8 R Rikyll | Cs-@herwiloalll, R2C; R¥yclddkdalllylRoOCate hsterheitlnelliyhbov &:fGr
formula I, and Ais -ORS or - NRAOR3, wherein R3 and R4 are as defined
above f Ofietérotyolbakylalk#Oeach 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(O)R?, -C(O)OR?, -OC(O)R’, -
SO,R?, -NR'C(O)OR®, -NR*C(O)R?, -C(ONR’R’, -NR’R’, -NR’C(O)NR’R’, -
NRSC(NCN)NR3R4, -OR’, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and
heterocyclylalkyl.
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.
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(O)OR? or -C(O)NR*OR’.

The present invention also provides compounds of formula II:




WO 03/ 077914 PCT/ US03/ 07864 The present invention also provides conpounds
of formula Il in which R7 is C1 C10 al kyl, C3-C7 cycloal kyl or C3-C7

cycl oal kywalokgpr79ieach of which can be optionally substiteCcedsesotsed - 3
groups independently selected from oxo, halogen, cyano, nitro,

£rifl uorehekyW, RYj R, &S RhetdR L yre dsrdefinebatmvetfoofoypuiadi do, - NRASO2RS,
-S2NR3R4, -C(OR3, -C(OOR3, -OC(OR3, -S02R3, -NRAC(O) OR6, -NRAC(O R3,
-C(O) NR3R4,  NRBPBsent R E) MR3RAovidBRSSHPUENINGS Rémd OR3in valiiyh R’ heCer oar yl
aryl al kyl , heteroarylalkyl het erocycl yl, and heterocyclylal kyl. The

Present EOVARKL 20 SupnE d;ﬁle@ €9 %gaeaggla&gl Qb 8L RoREY S

ror- - rogen, | oner al kyl or halogen The
present |nv I rOV|des erein
hydr ogen Fﬁi‘g 8&% g’ﬁ??@%érh%ep?rhr&%’gﬂ%SSWCtgp toOlBro(%(vi é\%lo gi(gncﬁ%ltljriaﬁ?g of
formula I]] wherein R3|s hydr ogen or Iovver al k el S and R4
i s hydr ogEhovgrasthyl, | diflnpoonyey OXThgnEP‘é@@fﬁt iy Aft Oe)nvl\\/ﬁ? g@%ﬁoﬁ@i@‘@omounds
of forwlallg: AOHR Nr/RNR9/R8 R vvherelnR}

R7, R8 afiOMB’arQORIefOGEIRADQR 0rNRIIIOR") | NBn@(o&R. s-COWRR’,
-NR4CR3 wherein R3 and R4 are as defined above for formula I. The present

i nvent i ONRAR40 -PROCIARER NP NRIAENGIN)NRCRAy| aOR’) aaryh eieodurft/ hislaliyl, C10
al kyl, C3-C7 cycl oal kyl or C3-C7 cycl oal kyl al kyl , each of which can be

opti onal héteroaH Rk Hét&%c?él&lbaﬂdheté’rogycgﬂﬁﬁcyi.ndependent|y sel ected from oxo,
hal ogen, cyano, nitro
The present invention also provides compounds of formula II wherein R® is -
OCF;, -Br or —Cl, and R! is lower alkyl or halogen.
The present invention also provides compounds of formula II wherein R is
hydrogen or halogen, 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 HI:

111

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

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

10



WO 03/ 077914 PCT/ US03/ 07864 trifluoronethyl, difluoronethoxy,
trifluoronethoxy, azido, -NRASO2R6, -SM2NR3R4, -C(OR3, -C(O OR3,

- OC( O) R3,wo90aR0B14 - NRAC(O) OR6, -NRAC(O R3, -C(O NR3R4, - RRIRA03/07864
-NRSC( O) NR3R4, - NRSC(NCN) NR3R4, -OR3, aryl, heteroaryl, arylalkyl,
het er oar yl al | €d prebatténaayich Wlso provddésedontppuynds yi folrkayla. ITewlcke Rerit C;-

invention also provides conpounds of fornula Illa wherein R8 is -OCF3, -Br
or -d, B élﬁylbﬁq,f@ﬂgfbloa@lw &RLCI-8; ouBalklaliyl, &kh RalvAGEN carl BE dpFiBSEA
i nvention al so provi des conmpounds of formula Illa wherein RO iS hydrogen

hal - ty | g ' f 1]
Oh ) 098l BEELNS LENBISA MRl REQUSR RO PR g 1112
Mib: Aoy BACRoRS, N re iRy N SR an R R as
defined ab f f la | d Ais - - NR4 [ d R4
are o QERONES SHOVSRTOrOPEIR SORTHIRGDOR. T NEUHIB HEBNBIRY | des
conmpounds of formula Il1lb in which R7 is Cl- Cl0 al kyl, C3-C7 cycloal kyl or
C3- C7 cyNRIRS,kyNR’KYOINRREh SfRUHNEN)NRARbe -0 oargl, | etesaabds i anyladlcylmi t h 1

- 3 groups independently selected from oxo, hal ogen, cyano, nitro,

trifl uor parelobiilalk @l héteoE peTRL BAX NetetobydiyluEDMet hoxy, azi do, - NRASC2RG,
-S02NR3R4, -C(OR3, -C(OOR3, -CE(C%RS, ZS02R3, -NR4AC(O) OR6, - NRAC(O) R3,

-C(ONR3R4, -l p\f@elc}@élg%ﬁt%ﬁl aﬁgrﬁryﬁggé QZ@)ﬁéunds of formula IIT wherein R® is

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

The present invention also provides compounds of formula III wherein R is
hydrogen or halogen.

The present invention also provides compounds of formula III wherein R? is
hydrogen or lower alkyl when A is —OR?; and R” is hydrogen when A is ~NR*OR’.

The present invention also provides compounds of formula IlTa:

9
R” N R

IlIa
wherein Rl, Rz, R7, R® and R’ are as defined above for formula I, and A is —OR? or
-NR*OR?, wherein R® and R* are as defined above for formula I.
The present invention also provides compounds of formula Ila in which R’ is C;-
Cyo 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,

11



NR3R4, -NRSC(O) NR3R4, -NRSC(NCN)NR3R4, -OR3, aryl, heteroaryl, arylalkyl,
het eroaryl al kyl , heterocyclyl, and heterocyclylal kyl. The present invention
al so prowoas/otompounds of formula I'11b wherein R8 is - OBE3/USeBO786+ - Cl ,
and R1 is |lower alkyl or hal ogen. The present invention also provides
conpound&ﬁhtn&ﬁﬂhﬂlahﬂh@bnmﬂ&mg;nnﬂammsmﬂkkgpmmmbr-@ﬁlS(QR?THﬁD@ﬂé@ént

i nvention al so provides conpounds of fornula Illb wherein R3 is hydrogen
or | over .@ldyrf, WENOR’| DE@HR’, 80, Y -NR‘OOIORISINRIS)R’| SCOYRRERS . -
Except as expressly defined ot herw se, the follomnng definition of terns IS

errpl oyed}q&ﬂaﬁougﬂ(yﬂg Wﬁpe%ﬁﬂcgﬁpl\@mf‘ﬁy .6k é}?'lal !ﬁ&lﬁroar lal ld<1' ial

"I owner int present i nv n 1's ‘meant rai ght d chain

al kyl gr 0 t ons nmet hyl , ethyl, propyl,

i sopr opy & E%%ﬂgh%@%w¥ﬁ?@ﬁ cﬁﬂ%?”ioC}S‘{lﬁ’]ﬁ‘ﬁyppentyI 2- pentyl, i sopentyl ,
neopentyl, hex |, 2-hexyl, 3-hexyl, 3- nethylpentyl hept octyl, and t he
like. Preferr [.I.jae Rrgognt mf"@?@ﬂ%’aﬁ@(’ arevidss @I&PWF‘S OFf/tfP’émHFépérW]é‘Hel&I ]Rylls
radicals are Cl -3 aIkyI By "C2-d o 9Iken yl", "lower alkenyl" and "al kenyl"
means st rQCHhtBand-Gk; gnadmogﬂ)ndamb&r isdewerzdlid aF Balogen. ng from2 to 10
carbon atons and at | east one doubl e bond and includes ethenyl, propenyl,

1- but - 3-enyl , The pestnt3in@aiytion dlsdProvidesnydmysords o€ foirkidla I[\Ibr\eheraheR% ig ed are
| ower aIkenyI having 3-5 carbon atons. By "C2-Cl0 al kynyl ", "lower al kynyl"
and "al kyjpwbged®aARgeL! @l ght and branched hydrocarbon radi cal s having from
2 to 10 carbon atons and at | east one triple bond and includes ethynyl,

propynyl, but Y | res?&t”ﬁ%(z&g?or{ hls@'b‘?oxhﬁ@sn&}@omﬁ&) lo? f?{g%hﬁ g% 9maikk§'£‘y'

havi ng 3-5 car term resen rnvention is

et Usoafy Igg‘i‘eilorag}‘(")’gn%*i‘g}’lw(:hl‘grésan&{3 i 4 having a

single rin e.
J 9 The present invention also provides compounds of formula IlIb:

A 0

R
H
N
R—N R? R®
\:_:-‘N
I11b

wherein R!, R7, 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 I.

The present invention also provides compounds of formula IIIb in which R” is C;-
Cio alkyl, C5-C; cycloalkyl or Cs;-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®, -SO,NR’R*,

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

12



phenyl), multiple rings (e.g., biphenyl), or nmultiple condensed rings in
which at |east one 1is aromatic, (e.g., 1,2,3,4-tetrahydronaphthyl,

napht hyl )wowhiozi914 s optionally nmono-, di-, or trisubstit®Cewsesolses e.g.,
hal ogen, |ower al kyl, |ower alkoxy, trifluoronmethyl, aryl, heteroaryl, and
hydr oxy NIBR* hatRTQ@NRRY, s -NRADINONINRIR ‘0GR r erpyf i leterbmyl, s yesylelyl, of 5-,
6-, or 7- menbered rings which includes fused ring systens (at |east one of

whi ch i ,ca5-04181ali§), Hferodik) Al MRr&SRkRiIKyINg at | east one and up to four
het er oat ons sel ected fromnitrogen, ~ oxygen, or sulfur. Exanples of

het eroaryl gr . i.di s /. di 8yd.,
riazolyl . pylopsor IRAEHEL A plofl 5 Epmdb s Ry Iy weEGERCYSS
oxazol yl i sat hi azglyl,, _jpyrrolyl, qujnolinyl, isoquinolinyl, indolyl,
benzin?d 3yﬁér%€%§o¥@#§ﬁ§LWW”§hﬂﬂgrbﬁ@g?L?ndazol3I, indoYizinyI, Y

pht hal azi nyl, pyridazinyl, triazinyl, isoindolyl pteridinyl, purinyl,
oxadi azol yl , The Beesenf|invenkipa dilse, Broyides campapagsopt, formula Jby sgherein R is
benzof urazanyl, benzot hi ophenyl, benzot hiazolyl, benzoxazol yl,

qui nazolfiuwyd pr cijaronoxal i nyl , napht hyridinyl, and furopyridinyl. Spiro

noi eties are also included wthin the scope of this definition. Heteroaryl

groups are opthpaként ifdMGion dlo prodidek rdofiipdahdst off &gmuld 1l whegein Riaisogen,
| ower al kyl, | ower al koxy, hanaFkyI, aryl, heteroaryl, and hydroxy. As

used henlafbgd i IGRERIESHRAVEL O, SEARDATYAIL vk Uck oRli®. or * C3- 0

cycl oal k efers to turated carbocyclic radicals having three to ten
carbon atons._The cycl oal.kyl. can be | 0§V CE G, : l.yc ¢ .fused
system and c%’ﬁce% g u?@&esflg g?{fnegr %tﬁg@garﬁlﬁg.oll@é IdggR@P Xs%fg kérfrhgd#c al s

i ncl ude cycl opropyl . cycl obutyl, cyclopentyl and cyclohexyl. The
cycloalH?ﬂﬂ§W6U§§“ﬁ@?@ﬂhméP%“ Bstituted or, as specified, substituted
in one or nore substitutabl e positions with various groups. For exanple,
such cycl oal Ry|“Cgrloupkylayalis! optd cewer plkaylibsy theresenivinventionyis Beappl| e,
Cl-C6 al kyl, Cl1-C6 al koxy, hal ogen, hydroxy, cyano, nitro, am no,

nmono( C1- o) gt oy beamicinel, chdin(dlityl grdupADafBig(Z 70 tabeCatoS031ch @8 pahethyl, ethyl,

C6) al kyl am no, C2-Co6al kenyl, C2-C6al kynyl, Cl1-C6 hal oal kyl, Cl1-C6

3 ?l( (C):(’ill- Eg@)&gmflé 3%35%}%2—1‘6%@ $e¥butyID Ref-balty ety b pehtyh (168peabilahéopensil,
hexyl, 2-hexyl, 3-hexyl, 3-methylpentyl, heptyl, octyl, and the like. Preferred alkyl
radicals are C;.¢ alkyl. More preferred alkyl radicals are C;3 alkyl.

By “Cz-Clo alkenyl”, “lower alkenyl” and “alkenyl” means straight and branched
hydrocarbon radicals having from 2 to 10 carbon atoms and at least one doqble bond and
includes ethenyl, propenyl, 1-but-3-enyl, 1-pent-3-enyl, 1-hex-5-enyl and the like. More
preferred are lower alkenyl having 3-5 carbon atoms.

By “C,-Cyg alkynyl”, “lower alkynyl” and “alkynyl” means straight and branched
hydrocarbon radicals having from 2 to 10 carbon atoms and at least one triple bond and
includes ethynyl, propynyl, butynyl, pentyn-2-yl and the like. More preferred are alkynyl
having 3-5 carbon atoms.

By the term "halogen" in the present invention is meant fluorine, bromine,

chlorine, and iodine.
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C6)all cyl. By "heterocycle" or "heterocyclyl" is meant one or nore
carbocyclic ring systens of 5-, 6-, or 7-nenbered rings which includes
fused ri ngogpwtems of 4-10 atons containing at | east onePamdSOposes f our
het er oat ons sel ected from nitrogen, oxygen, or sulfur, and with the
provi so t hat Byné&ani’hdgs afeahhean grraugticd ombocyalic cgrntmibavingoa atigkeceng (0.gar S
atons. A fused systemcan be a heterocycle fused to an aromatic group.
Preferr LERIGIBICHES (oG bisiRny ) UWr BhlEpRonténted eighet th whith a0 ldasti ol |
tetrahy?rjl(()3¥lit7jl;’§’anyI,9 dI?%y(g%Co’pur angl/P, tetrghydr ot hi enylg, t et r ahydr opyr anyl ,

?L?X%??ﬁ%ﬁﬁ%@ (e gy e Seish n%@%%ﬁk@?ggﬁ@ﬁ*ﬁgg g
et any o M AL vaP "B, BEegh hbver FHERA R ver HRLEP AN oron BHAACRIAY!

pyrrolinyl, indolinyl, 2H pyranyl, 4H pyranyl, dioxanyl, 1, 3-dioxolanyl,

pyr azol i#ejaroaryhjand h¥dEeKy. dit hi ol anyl, di hydropyranyl,  di hydr ot hi enyl ,

di hydrofuranyl, pyrazolidinylimdazolinyl, imdazolidinyl,

3- azabi cyco[ 3By “Dpteranyly|is 1Beanhpapioryobis] aromptio] g sestgms of 5-, 6-, or 7-

azabi cycl o[ 2. 2. 2] hexanyl, 3Hindolyl and quinolizinyl. Spiro noieties are
al so i nchueBerelvirings Whideinsludpefueéd fihg systahs (it 1dasnoncldfewliioh égobmgtigr aflps, as
derived fromthe groups |listed above, nay be C-attached or N-attached where

such is 5.POSSaMI @ontgﬁﬁn(% ASteBi CRe a%dgfép’cbpfdﬂ@'ﬂeté%tcﬁmQ REIBMEA Bof ARNER,
pyrrol -1-yl (N-attache or pyrrol-3-yl (Cattached). Further, a group

derived fromimd I . 0] -] - D18l pihdage! - 3- vl
(Catt ac%xélgfl.l’ A ug@gn%(%%%? ng #e{%rg%g%ﬁup% Ia{;er%(ﬂﬁ\%’gﬁlglﬁn © }g’ %Hr% car’bon
atons are substitut with o = ieties i.s.1,1-di.oxo-thionor i nyl.
The het ePB&4AYle t%ﬁgspﬂé?wﬁqgéaé%hgﬁ‘ﬁi itl%lﬁ%dlsB?‘?z"g’Q’ 8@8&11- 8’6&28{]3’?’
substituted in one or nore substitutable positions wth various groups.
For examspthiazelybhpyrealehs srinraliaylydsngyinolnyl, ipslelgh drrgmidaaeil eemzpbratd  may
be optionally substituted with, for exanple, Cl-C6 al kyl, Cl-C6 al koxy,
hal ogen, cintylihybx yindazphiho, indolizioyl, aphthdazingnop@idazd)yd) Kyikzinylnoisoindolyl,
di (Cl- C6) al kyl am no, C2- Co6al kenyl, C2-C6allcynyl, Cl-C6 hal oal kyl, Cl1-C6
hal oal kopyridiam, NqlushyC6)Mdaliilkelyl, triazolyl, thiadiazolyl, thiadiazolyl, furazanyl,
vbenzofmazanyl, benzothiophenyl, benzothiazolyl, benzoxézolyl, quinazolinyl,
quinoxalinyl, naphthyridinyl, and furopyridinyl. Spiro moieties are also included within
the scope of this definition. Heteroaryl groups are optionally mono-, di-, or trisubstituted
with, e.g., halogen, lower alkyl, lower alkoxy, haloalkyl, aryl, heteroaryl, and hydroxy.

As used herein, the term “carbocycle”, “carbocyclyl”, “cycloalkyl” or “Cs-Cig
cycloalkyl” refers to saturated carbocyclic radicals having three to ten carbon atoms. The
cycloalkyl can be monocyclic, or a polycyclic fused system, and can be fused to an
aromatic ring. Examples of such radicals include cyclopropyl, cyclobutyl, cyclopentyl
and cyclohexyl. The cycloalkyl groups herein are unsubstituted or, as specified,
substituted in one or more substitutable positions with various groups. For example, such

cycloalkyl groups may be optionally substituted with, for example, C;-Cs alkyl, C;-Cs

alkoxy, halogen, hydroxy, cyano, nitro, amino, mono(C;-Cs)alkylamino, di(C;-
14



nmono( C1- C6) al | cyl am no(Cl1l-C6)al I cyl or di (Cl-C6)al kyl am no(C1-C6)al kyl. The
term"arylal kyl" neans an al kyl noiety (as defined above) substituted with
one or nowe tanyivi4oi ety (al so as defined above). More prefrerrisds/ensyd al kyl
radi cals are aryl-Cl.3-al kyls. Exanples include benzyl, phenylethyl, and

t he |i keCq)dlkglatmiion 'GreCatleayly| @,kydalkyndan€: & dlakodlkyipi €{-Ls ( dslodibkyed
above) substituted wth a heteroaryl noiety (also as defined above). Mire
preferr egnﬂﬁsg [OgayR! dnol@ACHRILS1andh& Co-CoPlk - re MBI ACs)alkylamino(C;-

het er oaryl - C1_3-al kyfs. Exanpl es i nclude, oxazolylnmethyl, pyridylethyl and
the |i keC gﬁ}@ term "heterocycl yl al kyl" means an al kyl noiety (as defined
above) sf} stituted with a heterocyclyl noiety (also defined above). Mre

preferred heter, clylal kyl radical,s. are 5- or_ 6-nenhered. .

het er ocycl yl e%, . geﬁérlo@l"llg. 0@15{%?%@%"“ ]ﬁ&]il?fﬁgo?ee rr%ﬂﬁ?&?‘é%y g‘h%ﬁ%ﬁ%?rl?s The
term "cycl oal kyl al kyl " means.  an al ,kﬁl, noi ety (35 .defi ned aboveli)’Q substituted
with a c§ficPoabkyar AonerRered rings Jehichdackses dysed g systems, pld-NetomScycl vl
radicals are 5- or 6-nenbered cycloal kyl - Cl. 3-al kyl s. Exanpl es incl ude
cycl opr ogoyitaieinp vt ledbhene endnupMe" foue hntsrantinhy belected Tropeatiwogenhgdyget,Br nmeans
butyl and "Ac" neans acetyl. The phrase "pharmaceutically acceptable

sal t (s) "sulfs, andadtthiegirovise tHae 8t i the gupidods aet @atain Bed udiesens @l érs  of

aci di c and basic groups which may be present in the conpounds of the

present &nyepdi %”gg?&; @}é&?&ﬁ%ﬁ isa RbtetddScipIESANG Axﬁxl%ﬁ{aiti@ rblAt PREGredbasi ¢

in nature are cap formng a wdé variety of salts with various

i norgani ¢_.and .organ aci.ds._Th Ch. h 9§¥¥?ed

phar naceﬁett?rg%}( (‘11‘315 alclzlccs’ieup{3 ’ab%ng[ aa%:rl‘l-d(-1110 6519@683/8& 8’7% US@%%BQ%@Q%@ dition
salts of such_basic co und f. the present invention are.fhpse that form
non- tox@‘i‘y&@ﬁﬁa dditi o ec%?zlp’%?ft)hlf’r}y - sa?eg@i%%rﬁ?giam’lng pha‘}lﬁ?ﬁ@%lﬁfr?rbyi’l ly
acceptabl e anions, such as  the acetate, benzenesul fonate, benzoate,

bi car bontstrehydspthisipteanyl, piperding.amerphobingt tiompemhpheo, thioxapyly MPEIRNH at e,

carbonate, chloride, clavulanate, citrate, dihydrochloride, edislyate,
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
derived from the groups listed above, may be C-attached or N-attached where such is
possible. For instance, a group derived from pyrrole may be pyrrol-1-yl (N-attached) or
pyrrol-3-yl (C-attached). Further, a group derived from imidazole may be imidazdl—l-yl
(N-attached) or imidazol-3-yl (C-attached). An example of a heterocyclic group wherein
2 ring carbon atoms are substituted with oxo (=O) moieties is 1,1-dioxo-thiomorpholinyl.
The heterocycle groups herein are unsubstituted or, as specified, substituted in one or

more substitutable positions with various groups. For example, such heterocycle groups
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estol ate, esylate, ethylsuccinate, fumarate, gluceptate, gluconate,
glutamate, glycollylarsanilate, hexylresorcinate, hydrabam ne,

hydr obr orwvoe3/otmpds ochl ori de, i odide, isothionate, |actat@CTlEod/oisbonat e,
| aurate, nmal ate, nal eate, nmandel ate, nesylate, nethylsulfate, mnucate,
napsyl at®ay rbet sgtionallplsalsstierted xdthatfer epanplat €;-CerdlioyiaCe)Cs Pdhdxiyrihiabigen,
pant ot henat e, phosphat e/ di phosphat e, pol ygal acturonate, salicylate,

st ear at epy@&BACYAlE, I]ltﬁ)ucﬁfnﬁﬁ)t e mdnd{Tat HalkiRhdisct @i(Ch-ERIlRH Sninb0sgh-at e,
triethi odode,”’and valerafe salts. Since a sr ngl e conpound of the present

| nvent | on i NG UdenaRLe Lan 9neAGhdiE el RASHEoxTOLEARE)-Cififio,

COI’TpOUﬂd rese on nma |nc ude nono,

or osent PABSTTGHRR R CR g TS %E%GSB@D é?ﬂﬁ-é%)%l?ﬂp‘)ﬁgﬂpﬁﬂnéhﬁf the

present invention with a basic conpoun particul arly an inorgani c _base.
Preferred i noFB@are 1@1§,<yhr1@6%1}$o%§ba1kﬁlrW@tfts(/\,(%sﬁieélnﬁ%lag ‘éﬁg(i‘u}’%ﬁnktﬁql il eart h
nmetals such as lithium sodium potassium bariumand calcium Preferred
or gani ¢ tser satd aryl nolieiydalsd es deftaadpitoyeanivioné prferdichanylalityd radiedls are
benzyl anmmoni um  2- hydr oxyet hyl anmoni um  bi s(2- hydr oxyet hyl ) ammoni um

phenyl et kyl-DgpaidyiERempd brnzyibeatydlenagdiaiiane thelild. t he |ike salts. O her
salts of acidic noieties may include, for exanple, those salts forned with

procaine, quifjd ?erﬁln%ete%dmfam %@M@.{ﬂ QE# rabfé§ @@'d%ﬁnécpﬁﬁﬂ%/@) WidshuRasi ¢

am no aci ds such as glycine, ornithine, I sti phenyl gl yci ne, |ysine

and argi pi.ne. e pr.e t sal t
of o corpbindpofRERSlE st %srrfrgﬁ SR Ml B %%931%5@%@??%%8%%%%

Wth respect. to basic noieti a by. t treat t of, a
corrpoundEGf Sthélp é‘%"é‘?he“?dm}? ?‘HP{ &H ké(f? aﬁ?‘?ﬂ? e%o’r‘?ﬁg‘gﬁ’d OXgAY yér’rl y an
i norgani ¢ aci d. Preferred inorganic salts of this type may include, for
exanpl e, pyidylethylrasdiholiiec, hydrobromic, hydroiodic, sulfuric, phosphoric
or the like salts. Preferred organic salts of this type, may include, for
exanpl e, sal t $hé otemad “hdtédocyadylaiky]” anens can salkyli ma@etyci(ds idefinédcabiows)

mal eic, fumaric, palmtic, cholic, panoic, nmucic, D glutamc, D canphoric,
gl utari cgut@tidi®sd iwith a heterocyclyl moiety (also defined above). More preferred

heterocyclylalkyl radicals are 5- or 6-membered heterocyclyl-C;s-alkyls. Examples
include tetrahydropyranylmethyl.

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;.s-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 are
basic in nature are capable of forming a wide variety of salts with various inorganic and

organic acids. The acids that may be used to prepare pharmaceutically acceptable acid
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phthalic, tartaric, lauric, stearic, salicyclic, nethanesulfonic,

benzenesul foni c, paratol uenesul fonic, sorbic, puric, benzoic, cinnamc and
the |i ke woganim®ieci ds. An especially preferred salt of PhiraSHypmsed s a
hydrochl ori de or sulfate salt of a conpound of the present invention. In

t he conpadinda salts dheichrbasie tbmpometstdfahe prwhertenvaatios aguthbseathal ORARENM or
(CR4AR5)t are used, R4 and R5 may vary with each iteration of ra or t above

1. For 4hNsthainGaditMienss, MeQkalts dohtafning BRarhRic 6icaDR4Edeprable dnfdrékh asay
equal - CH2CH2- or - CH(CH3YC(CH2CHB) (CH2CH2CH3) - or any nunber of simlar

moi et | eZhe]; %ek%tﬂ%eﬂe%@glﬁ{o%% bém%&?cg, lﬂéarﬁﬁgd\t/ég%ﬁéu%fe', Rk, Sa@NstoRede, Certain

conpounds e presen I'nvent1 on my asymetric centers and

therefore exist in different enantjoneri.c forns. Al. ti.cal is0 s and
st er eoi SAIFBEY SPMSYIRLS, E%Thﬁ%ﬁcle?o&det V‘blfl%a%%n"(qg?tﬁv‘ilh?’(?lgﬁl}logclrlled eﬁ%sgfé llEJer’ es
thereof, are considered to be within the scope of the invention. Wth
respect esolathe eDRFBUNEYIUCEREE,pr STBHEN nalrEePEe: t BEcoalfy endlPEe il udes

the use of a racemate, one or nore enantioneric forms, one or nore
di ast er epymeilytardaoilats, hexylmsortinateshydvarapohe, lpdeobromisisuhyisodflondes igitids ent
invention may also exist as tautoners. This invention relates to the use

of all sushichad! ORBEE, aRdtobidnitellr Brdid e medite, Tinalestshj matdelaiy,e mhésylatal so
i ncl udes isotopically-Iabel ed conpounds, which are identical to those

recited j i ' foxhiaee, hagbatk @hboHAe) Ofalififage, at ONE
18 WO 03;[%1 %k}ﬁ;lg%ﬁﬁégﬁ%%%g}a %%%q%%tg’@%%ﬁ;ged b;fg anaa? om havi)(rjlﬁga 1an atom c

rass O SRE OIS SLLALSNoRIOTENS AL, HARSILEL UESR, WERRLysual 1Y

found i 0 can I n¢orporated 1 nt
compounds of the inventiaon jnclude isotaopes.of .hydrogen, carbon,. nitrogen,
oxygen, SYRGEHRoFBOIC BTGy t,eo?lF"iSo?‘?Sﬁg?earfge@md(?ﬁ?’d@d gﬁ%‘)ﬁtea?ﬁtﬁH?s@?-f 413C,
14C, 15N, 180, 170, 31p, 32p, 35S, 18F, and 36Cl, respectively. Conpounds
of the pirglespmppwd af it pregens drvrsion Haw® drcludenloph Biaperne acidig oF pasic
acceptable salts of said conpounds or of said prodrugs which contain the
af or enenhbietiey thes eirmpamdandtler presdue inveatvw pey ioflude hwno, di or tri-salts in a

single compound.

In the case of an acidic moiety in a compound of the present invention, a salt may

be formed by treatment of a compound of the present invention with a basic compound,

particularly an inorganic base. Preferred inorganic salts are those formed with alkali and

‘alkaline earth metals such as lithium, sodium, potassium, barium and calcium. Preferred

organic base salts include, for example, ammonium, dibenzylammonium,

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.
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atonms are within the scope of this invention. Certain isotopically-I|abel ed
conpounds of the present invention, for exanple those into which

radi oact iwe i3sovopes such as 3H and 14C are incorpor at edpCaresosemsbul i n
drug and/or substrate tissue distribution assays. Tritiated, i.e., 3H and
carbon- 14, i .With réspect tobakiopesictigsea pat isiformhealr byythp tehimane df & comphmidrofease
of preparation and detectability. Futher, substitution w th heavier

| sot opesihs YedeSnveHBidh SHtIAR adidR- confound PartRfulLlychrCiabigahid dche ' PlRftedC
advantages ' resulting fromgreater netabolic stability, for exanple

i ncreased 1n. Vi L5 -1 e q%fﬁ% | S ce, may
be pref efraf)} ml\éns‘égc(s)%g tf(%1|Sr ﬁs@%n%ngg&%’l gogt opl gﬁ’lt{}g?lgglé)lggﬁ%tgﬁgg%rﬁgﬁ%f t he
present Jinvention.and prodrugs thereof .ca nerally. b repared b

carryi ngh%?wé)‘Fo%’é@HF OFPRY o%retge Lﬁe pals: %E%egﬁ%éor%‘éf Sgltﬁo%ﬁﬁﬁéy@x | es and
Preparations bel ow, by substituting a readily available isotopically

| abel ed inelgentor fegpmple, salis if%fé“teép‘i"’g]éllfPVmPab‘@Uéd SicsHBRngitricTHRcdic] Fipdsi®si on

al so enconpasses pharnmaceuti cal conpositions containing a conpound of

f or mul asfulmaric) palantic, netohiodpamdict maatci My glutaphicf Brcaniphoridi ghitatier glycolic,
abnormal cell growth, by adm nistering prodrugs of conpounds of the the
present pHIMARS | @aitaricConpAeNdsiteatict healiohelig ntméthaesilif@iic,haydnaendsiilégmigm no,
am do, hydroxy or carboxylic groups can be converted into prodrugs.

Pr odr ugs i 06|l FeRRO Yads, Wiek e bBnAt, fMghic 3GH dhk 9iledsi@anielacRisPoypept i de
chain of"two or nore (e.g., two, three or four) amno acid 19 WO 03/077914
PCT/ US03/ 078 resi du i n 1. QI ! ester
bond to &°f ?@é’ grr%%er%efa %%%Q@O‘\g‘?‘i %C%irq%d&%@g&aéﬁ%ﬁgﬁ?%%agp%f%%ﬁ%%ﬁ s of the
present jnventiqn. The ami no acid residues include but are not limted to
the 20 nRERFSPMYRGREART i ng amino acids conmonly designated by three |etter
synbol s and al so i ncludes 4- héglroxypr_ol i ne, hydroxylysine, denosine,

i sodenpsi ne, B thet dopnvuads @f Ake Prrsevtainy erdionp atheren feamis rigich ga - Rnr@but yri ¢
acid, cirtulline, hoinocysteine, honoserine, ornithine and nethioni ne

sul f one. (GRI®’}, iapn aked, tRfpasl 8 mapdanygwithreachlismtioncafimpass edbowot. i Fst ance,
free carboxyl groups can be derivatized as am des or al kyl esters. Free

hydr oxy @kRHES wiYe BEoeld ¥,aht Z&thsUSRIB®), or (CR'R’), may equal ~CH,CH,- or -
CH(CH3)C(CH,CH3)(CH,CH,CH3)- or any number of similar moieties falling within the
scope of the definitions of R*and R’.

Certain compounds of the present invention may have asymmetric centers and
therefore exist in different enantiomeric forms. All optical isomers and stereoisomers of |
the compounds of the present invention, and mixtures thereof, are considered to be within
the scope of the invention. With respect to the compounds of the present invention, the
invention includes the use of a racemate, one or more enantiomeric forms, one or more
diastereomeric forms, or mixtures thereof. The compounds of the present invention may
also exist as tautomers. This invention relates to the use of all such tautomers and
mixtures thereof.

The subject invention also includes isotopically-labeled compounds, which are

identical to those recited in the present invention, but for the fact that one or more atoms
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groups including but not limted to hem succi nates, phosphate esters,

di nmet hyl am noacet ates, and phosphoryl oxynet hyl oxycarbonyls, as outlined in
Advanced wDroa@7DPed i very Revi ews 1996, 19, 115. Carbanate pCcodrSoye’sef
hydroxy and ami no groups are also included, as are carbonate prodrugs,

sul f onatage eplaeesd baan aoul hatisy ashentc alhshyrdnass yumdpeodiferenDéoin/tit iafamicon of
hydr oxy groups as (acyl oxy)nethyl and (acyl oxy)ethyl ethers wherein the
acyl gr opRs &Y g A0mBEKYkuABt &undORt hanal. | Exatpsdsi 6ﬂﬁ§>@0p@sttha19bﬁu%
including but not [imted to ether, am ne and carboxylic acid

functi oqlgg ré Sed 2o @Qﬁé&ﬁd@ N 111vgﬁtﬁ)g1f fud@lis ébo oP‘Hy@r %@ﬁ Clar

descri be ove, are 0 enconpasse rugs 0 e ‘are déscri bed

inJ. Med. Chena. 199 9 10. eg am nes sQ ,be By ats

ani des, né'iﬁ‘i’get‘i‘nﬁ?‘r}’%%‘sp gsp Pﬁ?élf)’h%ﬂg‘ﬁl e ,gijd Ort‘(ﬂe%&bla%gﬁ gI)f Fé?q%s may
i ncorporate. up§1|qglu but ngt limted to ether, $n1ne and

car boxy!'i¥, (Q d néti‘oha Stl ‘& angy pb respasEveldeFempatndshat the,presgitances
where two or nore radlcals are used in succession to define a substituent
at t achedntantiansproduigs tieredthand phamapaniedly adieptablei sslts ob maifl gempdunds dye
termnal and the |last naned radical is considered to be attached to the

Struct urdf shid fib@ské @hich touRin fherfayasmided ideopeadhd/at otheyisadolsyd ofl @hat t ached
to the structure in question by the al kyl group. 20 WO 03/077914

PCT/ USO [ I a hAsGoMbANRGEE icepoaRIERESI tion
for t hes{tgégtgfr%e‘ﬁ%mg th@y%%é’?glﬁlg lﬁﬁgflglkl %ﬁ%ll sgr dIBl |ygﬁla rrar(r;rra:po\/\hl ch

CODY | 8GR, BB ARG RSB Y aBhlSRb! g BIRANhiBoiReGRIRRUI R, LGy fr coent

i nventio ut|ca y accepta rate
t hereof ,;,and a pharmaceutlcalpéa(]li[1 tab e carrier enbodi nent ,
s

sai d phar@a@éu@?@ﬁpr gils rar’t & Y éﬁ?tﬁeﬁisuf)f‘ﬁﬁt&hﬁté‘?n LES-as
brain, |ung, squanous cell, bladdgr, gastic, pancreatic, breast, head,
neck, r ePatiatediigndll and sobendd, i-pr 05t OPes dlePartouly RIstspRa deraheir ease
testicul ar, gynecol ogical or thyroid cancer. In another enbodi nent, said
phar maceaft j)mphraﬁmmndi ddtemtabityf oFuthieg $ubsttubremtwith heavien-isatepes evuohisas
hyperproliferative disorder such as benign hyperplasia of the skin (e.g.,
psori asi fhteriu@8t BNOSHS carPlafPiD bRk hereuthre ad@mtdpes Stalliing Mope rdrsanghy

BP
e metabolic stability, for example increased in vivo half-life or reduced dosage
requirements and, hence, may be preferred in some circumstances. Isotopically labeled
compound of the present invention and prodrugs thereof can generally be prepared by
cérrying out procedures disclosed in the Schemes and/or in the Examples and
Preparations below, by substituting a readily available isotopically labeled reagent for a
non-isotopically labeled reagent.

This invention also encompasses pharmaceutical compositions coﬁtaining a
compound of formulas I-IIIb and methods of treating proliferative disorders, or abnormal
cell growth, by administering prodrugs of compounds of the the present invention.
Compounds of the present invention having free amino, amido, hydroxy or carboxylic

groups can be converted into prodrugs. Prodrugs include compounds wherein an amino

acid residue, or a polypeptide chain of two or more (e.g., two, three or four) amino acid
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The invention also relates to a pharmaceutical conposition for the
treatnent of pancreatitis or kidney disease (including proliferative

gl oner ul owephwoiis and di abetes- i nduced renal disease) oPCrhsoyomsed nent of
pain in a manmmal which conprises a therapeutically effective anmobunt of a
conpoundegitiuéshie cpvaleghyt joinedeahiough an @mide opétaritmnd ud bdedel ynincdepitady @ sal t,
prodrug or hydrate thereof, and a pharmaceutically acceptable carrier. The
i nvent i oy iRdxSAc 8idas88p b cOmPHRITREFAHS Ffé@éntCiﬁ{}Hi@i%hI TR dnfihio bid REiaN&Nt i on
of blastocyte inplantation 1n a mammal whi ch conprises a therapeutically

effecti v f d . 0f 5hh e I j: 00,
phar nacelglgllﬁggl y %rgclé%t gg{@gg@l 'Ed% 8?0 %t%ﬁng&hwg:%ﬂ HtQ earc gfgf @orgnr?gn%/
pharmaceuytical l.y acceptable carrier,. . The invention alsq.relates to a
phar mac e‘%ts’rg@ﬁ‘iedctlynﬁ’é%ﬁqt@ﬁ SYIBElOIF 04 3150y e lygies erhé@@ﬂo’fyé’l'“g{ngd %roxylysme’
vascul ogenesi s or angi ogenesis in a manmmal which conprises a . ,
t her apeudsneesiney isodemesine.emghylistidine, Hor@lipe ip-alpninke2MBL8RNbRGRI | on,
or a pharmaceutically acceptable salt, prodrug or hydrate thereof, and a
phar mac eadid, cadtiliing doepticatibiae,damiaserine, lomithomearshvinedhiaongre sulfaé.d Additional
pharmaceutical conposition is for treating a disease selected from 21 WO

03/ 077914 p8CHf YERFLEY B4 alsh RAc@hpasped: OFdE Shitgepfret Watboxghgiuge vasiis
chronic inflamatory di sease such as rheumatoid arthritis,

at her oscl&A8hss ad AR AN Rone! FkSBARBxy PhupsdhSPBE QRrisMERdABIng

psoriasis, excema, and scl eroderma, diabetes, diabeti’c retinopathy,

T onaP el nBLERR. Wbt Y ngROoubita: o8 "REHIA.RAcr ShRlhAR. TerBRgl o

glioma, Mo s 'sarcoma and ovari an, st, ng, pancreatic,
prostate, colon and epidernojd _cancer. The inventjon also relates tp a
et hoq. olime BT RGce R POP PR AT N Soteatony b 3 Sl 4fidced
conprises admnistering to said manmal a therapeutically effective anount

of a conPounBelstery Revipweldf, IP.n\idntGashamaie peodpesrardiydigorl ead pingcgreppabl e

salt, prodrug or hydrate thereof. In one enbodi nent, said nethod rel ates
to the taealswantluddd, enaeenrbeudth prasugy, silfonateuesters sguamidtesesteed 0f hywhradder ,
gastic, pancreatic, breast, head, neck, renal,
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 including but not limited to ether, amine and carboxylic acid functionalitiés.
It is to be understood that in instances where two or more radicals are used in
succession to define a substituent attached to a structure, the first named radical is
considered to be terminal and the last named radical is considered to be attached to the

structure in question. Thus, for example, the radical arylalkyl is attached to the structure

in question by the alkyl group.
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ki dney, ovarian, prostate, colorectal, esophageal, testicular,
gynecol ogi cal or thyroid cancer. In another enbodi nent, said nethod
rel at es twotlh®71Lat nent of a non-cancerous hyperprol i f ePaTivses/issor der
such as beni gn hyperplasia of the skin (e.g., psoriasis), restenosis, or
prost at e (e. gThd@Regiorpsles taites tdy prartnacgitical @Rhf)dsitiobhfer ilreviesatment cdlaso
relates to a nethod for the treatnent of a hyperproliferative disorder in

a mamal yRgioRRAVe SESor@8MiM iaSighly WiAclS *othpiBesTRI thérabbRTcalDe etfeidd ¥
ef fective amount of a conpound of the present invention, or a

phar maceut i cal |y ﬁﬁh g .0or . i
conbinat?%%ﬁﬁfgﬁlgn gn |?$t%%§§%%%%?&8§gﬁég?gé %ro%%ﬁiéﬁg{ﬁﬁﬁnggggﬁgiing of
mtotic inhibitors,. al kylating agents, anti.:- tabolites, i.ntercal ating
ant i bi ot PRME CbRHIREC et o popBimigeyticall| FSPRATE baTE BN e

inhi bitors, topoisonerase inhjibitors, biological response nodifiers, anti-
hor monesemberiinetfe saisi Bharpargitical sompasifiomnis 108 he Jirafment 9fecanadesitichio? al so
relates to a nethod of treating pancreatitis or kidney disease in a mammal

t hat conmins &g dgiametsareilnblatiders gasticnpencedatie, Wrhest.dpeds ekl tepakekidseyi ve 22
WO 03/ 077914 PCT/ US03/ 07864 anount of a conpound of the present invention,

or a phagvmagUplosatd, YoResstdl! addpRageal, testicilan dHyugeaddgibal drahgroidemeat . InThe
invention also relates to a nmethod of preventing blastocyte inplantation in

a mammal, ffiate Eﬁt,e%aﬁdgiijd?n%ﬁ%e?&ikﬂgc&n%c%ﬁicﬂ [ ehe Ardahfin@REUW hedl | Y

effective anount of a conp the present invention, or a
pharmaceuti cal | y acceptabl.e salt ro?{ or. h ?é 4 h f o dh
nvent | oftpeye FBPaRIa e Broraa” B HE by HredhEet AR, weh Ge.
vascul ogenesi s_ or angi ogenesis in . a mamual that conpri adm nistering to
said naPIPERSE), [ESETRDE ALIEaTHg (%Sfbé&ﬂgfkpéo%ﬁkﬁl}mpeﬁoq’gyégmund of the
present invention, or a pharnmaceutically acceptable salt, prodrug or
hydr at e t her ehe inventipre alseyglitaseinta phaaindceutiselhesanpositiogy for theatrp#igent of sease
selected fromthe group consisting of tunmor angi ogenesis, chronic
i nf | ammapatcyeadiis @adedisycdisese (ineluditgopralifarstivel glomerdodephots hed dsibstes-
i nfl ammat ory
induced renal disease) or the treatment of pain 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 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 disease selected from
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bowel disease, skin diseases such as psoriasis, excema, and scl erodernm,

di abetes, diabetic retinopathy, retinopathy of prematurity, age-related
macul ar owQenerat4 on, hemangi ona, glioma, nel anoma, Kapo®PCTAISSH0We4a and
ovarian, breast, lung, pancreatic, prostate, colon and epidernoid cancer.
Pat i ent ghé hrbui aondistitgr efttechowi dnigiogengsis, rudisondé inflammatese ndisdase esneh @m, or
phar maceutical ly acceptable salts, prodrugs and hydrates of said conpounds,
accor di RfedrBatoldn@HiFRish Afsroséletodiss i fA¥SMIb bWt Idiktese, fskin @xasg sichpati ents
t hat have been di agnosed as having psoriasis, restenosis, atherosclerosis,
BPH, |u e n a ML 4 o ' CRR b ,
cancer ggoﬁgégﬁhé%cgﬂféhgmﬁegﬁlgfog& aﬁeglﬁg&gg Fl%tg%tgacgclgl ar fhgéfllg{r%go : u'?)refri ne
cancer, ovarjian cancer ect al. cancer ancer 1 anal regign st omach
cancer, FEW?JW“%n@g‘?'fd%t?(iaglacl’:]%cg?%enf’réﬁ??’c ﬁﬁe%‘%g‘é’% néc%ﬁ%la?’c q{lﬁ%ornsla’( e.g.,
uterine sarcomas, carcinoma of the fallopian tubes, carcingma of the
endonet rikanpsi’ e SRePRa rAd PVariam dreast. IR, RAAFIERHG RLOH#C ?Fgo@&ﬁgﬁﬁldégn‘?} rci noma
of the vulva), Hodgkin's disease, cancer 23 WD 03/077914 PCT/ US03/ 07864

of the emopdragus, cancer of the small intestine, cancer of the endocrine
system (e.g., cancer of the thyroid, parathyroid or adrenal glands),
sarcomas of spidintvémiduaiso reatwes adicthdd el treathda Aypaprotifsratie disvedgednias,
prostate cancer, chronic or acute |eukem a, solid tunors of chil dhood,

|'ymphoc i hGinday FRP Q(f]ﬁ%ésleg e flistefingd RSsalt] AGERTal 2 CRRaRItiOflly dFRckil S AaYuRr

ureter (e.g., rena carcinoma, carcinoma of the renal pelvis), or

neopl asmg. aoéqtrﬁdtr%%rncsl %? g-freglﬁlra]segf iéa\r%gﬁltgqnf %ok gﬁ%r%rﬁ&&fﬁcaﬁ& bg@gy b1 %ﬁlgaq%rlg

spi nal axi's r oma urtary enonas

invention also relates to har raceut i ca 0 ition for inhibiti
bnor i IVCEHEE Chr e 1 PRS Sl bR GO AR etk Stedt ob Pttt ieloung o

the present invention, or a_pharmaceutically acceptable salt or solvate or
pr odr ug ashbraénf lung.nsquegens relli Gleddet neashc. apangraties bipasth dgpd: asckp éenabc,
wherein the amounts of the conpound, salt, solvate, or prodrug, and of the
chenot hekidpeyyt dvariameprosig, etoredtile cisophageal, tdstitilii, t Symgealbgiosinert thyadid
grow h. Many chenot herapeutics are presently known in the art.
cancer. In another embodiment, said method relates to the treatment of a non-cancerous
hyperproliferative disorder such as benign hyperplasia of the skin (e.g., psoriasis),
restenosis, or prostate (e.g.,benign prostatic hypertrophy (BPH)).
The invention also relates to a method for the treatment of a hyperproliferative
disorder 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, in combination with an anti-tumor agent
selected from the group consisting of mitotic inhibitors, alkylating agents, anti-
metabolites, intercalating antibiotics, growth factor inhibitors, cell cycle inhibitors,
enzyme inhibitors, topoisomerase inhibitors, biological response modifiers, anti-
hormones, angiogenesis inhibitors, and anti-androgens.

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
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I n one enbodi nent, the chenotherapeutic is selected fromthe group
consisting of mtotic inhibitors, alkylating agents, anti-netabolites,

i nt er cal awprg/oam4 bi otics, growth factor inhibitors, cel PCEuSI&07864

i nhi bitors, enzynes, topoisonerase inhibitors, biological response

nodi f i eramovanbl ah@wnponesd of dAngpregandsvationhoba phasyacenttaliptaceeptedlospdis. Thi s
invention further relates to a nethod for inhibiting abnormal cell growth
in a mypdhe e hididRithado@ hyperproliferative disorder which method

conpri ses adnlnlsterlng to the mamal an anount of a conpound of the

present inveng 4 ORyertlon ﬂabyohl%ga@@s%% {n%ﬁllogéf pRARARLE Biaao@éar&gran&abma or

prodrug thereof, i n conbi nation w erap erein the

amount s of th ou solvate, or ination with
the radi8¥oh EhﬁE{’@BW“@FP F’il‘%%mfg{[o . ﬁ’ifﬂf‘lﬂrﬁ& gl %ﬁﬁg‘falfé'eqffécgbowl%

treating the hyperproliferative disorder in the mammal ., Techni ques for

admi ni sted gegnoaa af fsrpreseRteinptioss ar k RBAFaPSHLcARY aseeptablecalinredrig&hni ques
can be used in the conbination therapy 24 WO 03/077914 PCT/ US03/ 07864
descri bdgdme GiereofThe admi ni stration of the conpound of the invention in
this conbination therapy can be determ ned as described herein. It is

bel i eved t hatThhencanpauals aflatkdetopraespethod nye nidatng cdiseasen detatabror mal
cells nore sensitive to treatnment with radiation for purposes of killing

and/ or 'V%Qi:lﬁb dnd¥s &én 5%3%& ah fUGBmARL |Rat AGEAKSE nﬂhﬂlmsielﬂing fohggRation

further s toane d for sen5|t|2|ng abnormal cells in a mamual to
treatment wt di at o | an
arount_ GPoRmEbABaa b g BB ¢ “uﬂhmﬁaé}gse‘n& Higtp o
acceptabl e salt .or solvate or pro rug the eof am)un s eff t|ve

i s sensiRhaEmAgputiellr areFPialle salts pro atﬁnﬂf“ﬁe‘i’ ﬁ“a?‘?e ?fn léleﬁl}’rﬁ

the conmpound, salt, or solvate in th| s net hod can_be determ ned accordl ng
to the meaihedivfor aeating afisvasg scleqted Homile SFAVDROBSIHINGfHMEbHIREFISSLS,

descri bed herein. The invention also relates to a nethod of and to a

phar mac ediirdgia linfizmmpeeiyt disensofuch ashihbimbtogyl afingisprathemstlerogispmflamnmterymanmal
whi ch conprises an amount of a conpound of the present invention, or a
phar mac eplivi& alikdasac siant dibdaBesS8lidh @5 R6HNM, eaicbRbeahd seleroderma, diabetes,

diabetic retinopathy, retinopathy of prematurity, age-related macular degeneration,
hemangioma, glioma, melanoma, Kaposi’s sarcoma and ovarian, breast, lung, pancreatic,
prostate, colon and epidermoid cancer.

Patients that can be treated with compounds of the present invention, or
pharmaceutically acceptable salts, prodrugs and hydrates of said compounds, according to
the methods of this invention include, for example, patients that have been diagnosed as
having psoriasis, restenosis, atherosclerosis, BPH, lung cancer, bone cancer, CMML,
pancreatic cancer, skin cancer, cancer of the head and neck, cutaneous or intraocular
melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomach cancer, colon cancer, breast cancer, testicular, gynecologic tumors (e.g., uterine
sarcomas, carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of

the cervix, carcinoma of the vagina or carcinoma of the vulva), Hodgkin’s disease, cancer
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prodrug thereof, or an isotopically-I|abeled derivative thereof, and an
anount of one or nore substances selected from anti-angi ogenesi s agents,

si gnal trapgdotwion i nhibitors, and antiproliferative ag@araiso3/07864

Anti - angi ogenesi s agents, such as MW-2 (matrix-netall oproti enase 2)

i nhi bi t osfsthe dvbftra@ug, neeintérxefreteadrhadp iméstianasancer) of te bidoorise spsiem X%, |

(cycl ooxygenase Il1) inhibitors, can be used in conjunction with a conpound

of the DPLASKNT thOVBRGIAOParditeroid Re LIREAULIGR)Y, GRIFAAS iof sof isslRs Céanbacbther ei n.
Exanpl es of useful COX-11 inhibitors incl ude CELEBREXTM (al ecoxi b),

val decoxj hh.  F S . Aty I lL.enase

i nhi bi t)c()tlrhg “5%@6%%%%@%%‘%%%%@%3%5&( %ﬁd’gﬁﬁe%‘l@l? Hogée%rﬂ’zs%m?%ﬂg RS
96/ 27583 uhl i shed rch. 7. 1996 Eur op Pat ent | i i Qn, No.
0730497 104 P L Ao YRt AR B COHoh SRRt R e or
99308617.2 (filed Octobher 29, 25 WO 03/Q77914 PCT/US03/07864 1999), WO
98/ 0769 7uteist 5¢-Bs Herpl el qragipoms, cargogna ofythe et pelyiypabneapemns ghtiery 29,
1998), WO 98/34918 (published August 13, 1998), WD 98/ 34915 (published
August  deBtrall 8@8Pus VBLEB/ (837 6@ irpybCNS hiythphaga sipitgy ax898imors\(bred/ SOB66

(published July 16, 1998), European Patent Publication 606, 046 (published

Jul'y 13, glif3@#)or pRUit@pedendi@dsgnt Publication 931, 788 (published July 28,
1999), WO 90/05719 (published May 31, 1990), WD 99/52910 (published

Qctober 21, 1999) invWAR0/aRE88HatePUB! b SHREmMEdRRAN _cgl%%opsiﬁ&%% HER}H29667
publ i shed June 17, 1999), PCT International Application No.

(
PCT/ 1 B98/,0111 [ - P | ' .
99302232’“?bf°“’(‘$1i ‘feféldgﬁfg’rﬂ?]:#{ éﬁ*%é@%ﬁ%"&@i&%%?laﬁﬁ%ﬁﬁi Sﬁﬁ Q&%’%?‘?%ﬁ?.f gf% No.
9912961.1 (filed June 3, . 1999), United Stat Pravi si onal | i cation No.
007 145, 4B FNEER SR Gk PhEBnacEbHEly Socpiaa S af SOVER L ROGIBESSIon | ssued
January 26, 1999), United States Patent 5,861,510 (issued January 19,
1999) , ~ a¢rdntEnatinse avithPan epnomibPf @athamothgepaws, (Phaseinshedanows 2 the1997) |
all of which are incorporated herein in their entireties by reference.
Pr ef er r ecbmpdviRd 2sa#in s 1 dvE)- & pirodrupi androg tlar ehentndiseagentic ateaogethérteffeetivr inno
activity inhibiting MP-1. Mre preferred, are those that selectively
i nhi bit MviiZnahothal\YR-Rowel NhecHethotgapeutics are presently known in the art.
In one embodiment, the chemotherapeutic is selected from the group consisting of mitotic
inhibitors, alkylating agents, anti-metabolites, intercalating antibiotics, growth factor
inhibitors, cell cycle inhibitors, enzymes, topoisomerase inhibitors, biological response
modifiers, anti-hormones, angiogenesis inhibitors, and anti-androgens.
This invention further relates to a method for inhibiting abnormal cell growth in a
mammal or treating a hyperproliferative disorder which method comprises administering
to the mammal an amount of a compound of the present invention, or a pharmaceutically
acceptable salt or solvate or prodrug thereof, in combination with radiation therapy,
wherein the amounts of the compound, salt, solvate, or prodrug, is in combination with
the radiation therapy effective in inhibiting abnormal cell growth or treating the

hyperproliferative disorder in the mammal. Techniques for administering radiation

therapy are known in the art, and these techniques can be used in the combination therapy
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other matrix-netal |l oproteinases (i.e., MW-1, MW-3, MW-4, MW-5, MWP-6,
MVP- 7, MWP-8, MWP-10, MWP-11, MWP-12, and MWP-13). Sone specific exanples
of MWP i rWDlBWoM$4 useful in the present invention are AGPB8IAB)I/RBB2- 3555,
and RS 13-0830. The terns "abnormal cell growh"” and "hyperproliferative

di sor derdesatbed us@ein. i rfler aldange@dtion ofi thhi eonapphi caf ithe. invetioor malthisel |
grow h", as used herein, unless otherwise indicated, refers to cell growh

-that '%oiﬂwﬁa@i%ﬁ@féﬁpy@an%@rd@&hn{&alaha&&wembmnl sns (e.g., loss of contact
inhibition). This includes, for exanple, the abnormal growth of. (1) tunor

cells (tunor i t nase or
over exE)r essi (S)In oﬁaﬁk’?&e)g}g‘lpt)tt%ér%&gg % qg%%?géf%gﬁgﬁfg&%%?ﬁg%%&%tbg%ﬂglne

Ki nase; beni gn. an nt. .cel of. ot h r feratl es in
whion- 4504 mRe StyB8 ReRnaL b aceR fn” BRBE T i RERpaE RS,
proliferate by receptor_  tyrosine Kkinases s that pro |ferate
by aber rthaeresithi efesuchreslhi ncaerdiagly. ﬂﬁ%t"i“(?&fl?% I#""rm./ﬁﬁ f%s %%Pr

mal i gnant cells of other proliferative diseases in which aberrant

seri ne/ tsamsitizing dbnorawé calls iivat mamnea chor tseatme vith rediptiemtiingr comprisesed

herein, unless otherw se indicated, nmeans reversing, alleviating,
i nhi bi t | AenihidRriAE QGRS Sneﬁﬁmapén RIhean oif g céhsoutidsefk ther present dndkintionrort o

whi ch  such term appl | es one or nore synptons of such disorder or

condi Ui QfrdRRuliEi acc tﬁﬁé gﬁf‘&r solfsic UPRHANEY BERof, WHiSS BmBhh ek Wedive

i ndi cated, refers e act of treating as "treatlng" i s defined

i mredi at.el bove, t whi ch
e enodnsEar by oRe ST e G NRC ARG, FHE BEREDL wcRKERLLAT. 1T

2?%222"%333% %téﬁf@?%%aﬁ St D o ERBREb ACorEe S8 e PEEER BN Eel ow
are intended to illustrate particul ar_enbodi nents of the invention, and
are not dffecnelatonnss pf svich compoerdssesaibed hereipeci fi cation or the clainms in
i The invention also relates to a method of and to a pharmaceutical composition of
inhibiting abnorfnal cell growth in a mammal which comprises an amount of a compound
of the present invention, or a pharmaceutically acceptable éalt 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 II)
inhibitors, can be used in conjunction with a compound of the present invention and
pharmaceutical compositions described herein. Examples of useful COX-II inhibitors
include CELEBREX™ (alecoxib), valdecoxib, and rofecoxib. Examples of useful matrix
metalloprotienase inhibitors are described in WO 96/33172 (published October 24, 1996),
WO 96/27583 (published March 7, 1996), European Patent Application No. 97304971.1

(filed July 8, 1997), European Patent Application No. 99308617.2 (filed October 29,
25



An illustration of the preparation of conpounds of the present invention is
shown in Schermes 1-4. 27 WO 03/077914 PCT/ US03/07864 Schene 1 CO2H CO2H

CR2H F FWOooB/H02PNMF O2ZNF F 1 F NH2 2 3 CO02-Me 1-10 O HeCoasswyo®Be4+ | ~ N
/ 1D 02N F O02NF/ NH2 N2 R2 45 i0OOHR1 1-10 0 HR-NN H2ZNF N F
NH2 R \ 398B), AWRR98/676970(publistkd Fabhhall 261 FA98)N WD 198/03516-{publisiied BunkityF R N

neE /29l,\|1998), WO 98/34918 (published August 13, 1998), WO 98/34915 (published August

13, 1998), WO 98/33768 (published August 6, 1998), WO 98/30566 (published July 16,
1998), European Patent Publication 606,046 (published July 13, 1994), European Patent
Publication 931,788 (published July 28, 1999), WO 90/05719 (published May 31, 1990),
WO 99/52910 (published October 21, 1999), WO 99/52889 (published October 21,
1999), WO 99/29667 (published June 17, 1999), PCT International Application No.
PCT/IB98/01113 (filed July 21, 1998), European Patent Application No. 99302232.1
(filed March 25, 1999), Great Britain Patent 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 January 26, 1999), United States Patent 5,861,510
(issued January 19, 1999), and European Patent Publication 780,386 (published June 25,
1997), all of which are incorporated herein in their entireties by reference. Preferred
MMP-2 and MMP-9 inhibitors are those that have little or no activity inhibiting MMP-1.
More preferred, are those that selectively inhibit MMP-2 and/or MMP-9 relative to the
other matrix-metalloproteinases (i.e., MMP-1, MMP-3, MMP-4, MMP-5, MMP-6, MMP-
7, MMP-8, MMP-10, MMP-11, MMP-12, and MMP-13).

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
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~NHRR9 8H ,NOHOOOHRL HR-NNRSHNF// RS FHNRANR R7
N R2 11 10 28 WO 03/077914 PCT/ US03/ 07864 Schene |la CO2Me MeO O MO O H
H F _ 1\wBNoBo77914\ N I\ 02N F 02N F HN F NH2 NH2 ~=N 4PR6/1R#3/0m6a 0 MeO O

nt yl?[erosin;/kinase; (2) benign and malignant cells of other proliferative diseases in which
aberrant tyrosine kinase activation occurs; (3) any tumors that proliferate by receptor
tyrosine kinases; (4) any tumors that proliferate by aberrant serine/threonine kinase
activation; and (5) benign and malignant cells of other proliferative diseases in which
aberrant serine/theroine kinase activation occurs.

The term “treating”, as used herein, unless otherwise indicated, means reversing,
alleviating, inhibiting the progress of, or preventing the disorder or condition to which
such term applies, or one or more symptoms of such disorder or condition. The term
“treatment”, as used herein, unless otherwise indicated, refers to the act of treating as
“treating” is defined immediately above.

Representative compounds of the present invention, which are encompassed by
the present invention include, but are not limited to the compounds of the examples and
their pharmaceutically acceptable acid or base addition salts or prodrugs thereof.

The examples presented below are intended to illustrate particular embodiments of
the invention, and are not intended to limit the scope of the specification or the claims in
any way.

An illustration of the preparation of compounds of the present invention is shown

in Schemes 1-4.
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1HRL RRFRBRR-NF/ RRNNRNR NR/_F~Ra 19 20 NR2 23 HZN N
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NRR NRRR~9R730R31 RXHROHRLHRL NN HNFRs HNF Rs
Y-:-=NR2 /_ NR2 R7 32 R7 33 CGeneral synthetic nethods which may be
referred wo oBor79ps epari ng sone of the conpounds of the pPEIArsN3/NMB9LNt i on
are provided in PCT published application nunber WO 00/42022 (published
July 20, 2000). The foregoi ng patenSclap@E4 cation is incorporated herein by
reference in its entirety. The exanpl es presented bel ow are intended to
illustrate particular enbodinents of=Nthe invention, and are not intended
to limt the scope of the specific&idn or the clains in any way. An

illustration of the preparation of c ungf of tHE® present invention is

shown in Schenes 1-4. Schene 1 ill est he synéﬁa\?i s of conpounds of
[ [ I@lli €

the present invention. In stepgrl ni trated usi ng st andard

condi tions preferable fum ng nltr'fJ C|d/n H2SO4. B 2, the aniline

is prepared by fluoride displ acem&*n;_1 th NHACH at m ) 03/ 077914

PCT/ US03/ 07864 tenperature in water fpollowed bR~ae et Rfication with

concentrated mneral acid to pH near [0. In st 3\=khe e¥ter is prepared

by standard nethods including by not limted fo Fisper Esterification

(MeOH, H2SOA9._@nd reaction with TWESGEHN2 in suitable org‘&ﬁ§Lc solvents |ike
i veg=i

sl

PhMe/ MeOH or THF N In step BNT di ani kl no derivative=ihs prepared by
heati ng (60 t he_ester w ess of the appP '_pte gni line
neat or kn_an =0 ggol vent ik | e For exXanpl e, em = Me and
R2 = H the 'k rr R™~N /e/ \(/
\=N R\N
19 20 \ \=N
23
HoN
l =N
O_N
H R’
MeHN N

32



method is stirring the ester with 10 equivalents aniline in xylenes at
reflux until conplete reaction. In step 5 the nitro arene is reduced to
produce twe odioarvice by standard reduction conditions, in®CudiSego01sy4 not
limted to H2, and Pd/C or Pd(OH)2/C or Raney Nickel in organic solvent

|i ke EtOH or THF, Fe in AcOH, Zn i rScAe@el5or Zn, NHACl(aqg) in MeOH |In step
6, the diamne is cyclization by heating with form c acid neat or

formam di ne acetate in an appropriate solvent |like EtOH Alternatively,
when Rl or R2 does not equal halo the nitro arene can be converted
directly t§ tge benzi m dazol e ip step 7 by heating in formc acid with
Pd(OH) 2/ C other palladium sourge like @d/C. In step 8] apyhal iRle can be

i ncor por at edi b N gdard met hods nig r:(ijng but not lim or NCS
and pTsOH i rgdhi’c| cosotvents e Hgggnd MEOH ™1 n st , the
benzi m dgg 5 R&t ed t opgl VE -Fné efual m xt uHE,,0 £ 4 d RS

g \
products ybi;\ch aré separabl e J9‘§:r\'lstancﬂérd t echni ques, |/év‘i udi ng2 for
exanpl e, _fLhr omat ogr aphy and ty turg&i on. The al kyl atgon i g, acconplished by
use of an al kylating agent |ike an™al kyl halide and base |1 ke NaH, or
K2C03 in suitable organic solvent |like DVF or THE at tenperatures ranging'
from0O to 80 C. R7 can be further nodified by various synthetic nethods
known in the art, as exenplified below In step 10, the ester is
hydr ol ysi zed by st ahde e sapaqpi fication Btpods. Thg acid is then
converted to the desiredjhy{?%xanate in step 1 andard coupling
ﬁ\lin‘ited to ED(
gpriate hydro

1Hby78
@ r PyBOP and the 34 WO
Aam hNRs sui tabl e organic
de. Sghenme 2 illustrates an

sol vents |ike ,N\\; E or gtret hyl ene chl n/L
exanple in which the R8 substituent is o aniline prior to the

th
coupling pr oceduRé wi t® the nitro ester.RThe %%eaction descri ption is
exactly like that for Schene 1 except that there is no need to
incorporated R8 as it is present in the aniline fromthe beginning. In
Schenme 3, the preparation of N3 al kyl am no benzi m dazole derivatives is
illustrated. In step 1, the term nal al kene of the N3 al kyl at ed

benzi m dazol e hydr oxanat e . .
General synthetic methods which may be referred to for preparing some of the

compounds of the present invention are provided in PCT published application number
WO 00/42022 (published July 20, 2000). The foregoing patent application is
incorporated herein by reference in its entirety.

The examples presented below are intended to illustrate particular embodiments of
the invention, and are not intended to limit the scope of the specification or the claims in
any way.

An illustration of the preparation of compounds of the present invention is shown
in Schemes 1-4.

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 HaSOs,.

In step 2, the aniline is prepared by fluoride displacement with NH4OH at room
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i s di hydroxyl ated using a suitable oxidant |ike OSO4 in suitable solvent or
KMh04 or 12, AgOAc, AcOH, water. The diol is then further oxidized in step
2 by Nal OWoms/0PP{4©Ac)4 in suitable biphasic mxture to gipeg/ushaombdehyde.
Alternatively (step 3), the alkene can be directly converted to the

al dehydeefayeratuas itawateméslords bynedrefill agdificatiorowithicoheantrated mivetshe¢iNEQ S,

Nal 04/ 0s04 or KWVn04. In step 4, the amne is prepared by reductive

am nat | P g0 18 kRpdaig ARt RaEp8eCHy aendiad HMHBHS incNaliKYey BdHimited to
NMVe4BH(OAc)3 with or without AcOH in a suitable solvent such as nethyl ene
chl ori de;: ictrll e T abl QN 12680 i his to
reat t Ao dshoiiblorf (aEor; thsOLE AR Er yAul SILTIIRE ISRl SRR ot
roomte rature. i tr t r Akl of the
br esent PRFAIR G PR P CHTVEDEE Joist D £ B Ui RIPRAARAY ' 1
converted to the hydrazjde by stirring vvitg hydr azi.ne iq.a suj tabl e

sol vent by Ieatize €89 2000 ¢ dhaesierawith pp rrases elthe gaprepriggenilng depiy m an
heterocyclic derivative is then prepared by cyclization with the

appr opr i aganic sekrgeinlike Rglenesx adpmzrdnaple,1where Rhyd Mg e R s £ &gt prgfopiedh an
orthoformate like triethyl orthoformate, and an acid catalyst |ike pTsOH
in a suitaiabe iPdtFang thesstey @nth 10 il atilineinewddned at eifijpe uatileasples0 - 100
C). For hydroxy oxadi azol e 22 the hydrazide can be cyclized with phosgene
or a phogsgens e@yisual eninel hik® hehPROIERNEI 36 pradikenyit dirmiHedBy Qta@dard> WO
03/ 077914 PCT/ US03/ 07864 in a suitable organic solvent |ike toluene at

et 2L g A, 30T D BOORRL kG0, RAcon b

prepared—re y reacti on Wi in suitable

organi c solvent |ike Et .at va e r es._ (.50 - 0 ~1 D am no
oxadi az ézk?l&n@%?llkfesoﬁffgglg?]a&gef &gﬁ’ &fgﬁgéﬁa@rﬁ%&ﬁ‘a%ﬁ§§°ﬁ1§‘kéﬁﬁéﬁ&§, ina
sui t abl e bi phasi c solvent system|ike di oxane and water_at, roo
t enper atior MeOF.ndn |sigp ¢:hihe dipmpine is gyshzationky Biaé@iga‘fﬁhefoﬁ@cca&ﬁ{n Beatfepar ed
by first reacting the hydrazide with an appropriate isothiocyanate. in a
sui t abl efoomgamidine swtateit ah iaferophFe splvEriHilet EtQhp drlternatiosly, whsgiRngrf om 25
to 100 T. The internedi ate can be isolated or can be cyclized directly
with thedddsent e%m hatb tEDRroQirerd a8 rbecanbatdi diiedety tothsthichzihli¢azotega siep

HE o

solvent like T r
7 by heating in formic acid with Pd(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 NBS or
NCS and pTsOH in organic cosolvents like THF and MeOH. In step 9, the
benzimidazole is alkylated to give a near equal mixture of N1 and N3 products which are
separable by standard techniques, including, for example, chromatography and trituration.
The alkylation is accomplished by use of an alkylating agent like an alkyl halide and base
like NaH, or K,COj3 in suitable organic solvent like DMF or THF at temperatures ranging
from 0 to 80 °C. R’ can be further modified by various synthetic methods known in the
art, as exemplified below. In step 10, the ester is hydrolysized by standard saponification

methods. The acid is then converted to the desired hydroxamate in step 11 by standard

coupling procedures including but not limited to EDCI, HOBt or PyBOP and the
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DMVF at tenperatures ranging fromroomtenperature to 80 C. In Schene 5, the
preparation of keto benzim dazole derivatives are illustrated. In step 1,
t he net hyWoasiemidi s converted to the benzyl al cohol by st @&oaarsd3/emeucti ve
met hods, preferably LAHin THE at O C or NaBH4 in Et OH THF at room
t enper atapppriidel BalrboNaming ihhwitabldedrgaldc catvebis ldecDVI,i BHEdori metbylpe2 usi ng
M2 in acetone: THF at 50 T. In step 3, organonetallic reageants, such as
or ganol ik 440 reagents and Gignard reagents, can be added to the al dehyde
in THE at low tenperature (e.g., -78 C) to give the substituted benzyl
al cohol . The SeLacIan BB GRMAE MHEPRAE dBsRhaR ioPhOmifiRlpRR of

ol “unde ar

t he benyzl al<To rstan condi tions such as Swern or Dess-Martin

oxi dation. The compounds of  the present._jnventio . a ,C

car bon 4F SHeCoup B BEREFEBRSIPanER e EE S Be Ty S BT RE

i ndi vi dual di astereoners on the basis  of their physical chencal..

di f f er erfeeSchsmant exesit thehbers is domeed to rpIPPEG R #Hk Ipresent gy the apiling) e py
chromat ography or fractional crystallization. Enantiomers can be separated
by converdm g hdggnném@ant i oner mixture into a diastereoneric m xture by
reaction with an appropriate optically active conpound (e.g., alcohol),
separating thg SdiReices eoppBirspantbn 60MNAEakyhgmim Yenzimydhzoleyddrivglivdshia

i ndi vi dual diastereoners to the corresponding pure 36 WO 03/077914

PCT/ USO%Q&%%. ﬁ%@tt%@{eﬁmnﬁ LIk SHEST the REBNIS latbd Géisth Bz 6l A5G0k SARRY | C

m xtures and pure enantioners are considered as part of the invention. The
activity af, the ounds of .t nr tALAV E ingd by the
Fol | owi 15 BPECaTRE TiEe 3Ry SRhRIB L R R P o SV IS
(2-393) is_ . expressed in_E. coli_and protein i.s puri.fi C nt{ onal
et hodb ABRASSREGR: waiss Tie dlel e it osiizeTofieh 2y Rt I GRe ke i s
assessed by neasuring the incorporation of 7-33p-phosphate from y-33P-ATP
onto N tierswitalzlp bighasic agigbue EREYe thihpldphyds. e&b«?ré%ts\@gv (step B, theoalkengren; s
purified by conventional nethods, in the presence of MEKL. The assay is
carri ed wudiréatlyd@nweittdd fpothy pidehyde by spindsrd. mdtheds imclvidatg out nwit timited 100 L)
conprises of 25 nM Hepes, pH 7.4, 10 nM MyC12, 5 nM (3-gl ycerol phosphat e,

100 M Naszone/Me,S, NalO4/OsO; or KMnQO4. In step 4, the amine is prepared by reductive

amination using standard methods such as Na(CN)BHs, 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
elevated temperatures (50 — 100 °C). For hydroxy oxadiazole 22 the hydrazide can be

cyclized with phosgene or a phosgene equivalent like triphosgene or carbonyl diimidazole
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ort hovanadate, 5 mM DTT, 5 nM MEK1, and 1 M ERK2. Inhibitors are suspended
in DMSO, and all reactions, including controls are perfornmed at a final
concent r aWpD®R/00M14% DMSO. Reactions are initiated by thepraddisoy/ansepnf 10 gM
ATP (with 0.5 jCG y-33P- ATP/well) and incubated at ambient tenperature for
45 m nuties sufEhiabraaoicusotyenf liR5MuehCAL fempatitiads tangigdpom B8 to ¢2¢ ?G?o dhand
precipitate the proteins. Precipitated proteins are trapped onto gl ass

fi ber Brfdrbdpts Bkaligple 20daeB6 ppated bl BattdARvidRsRBON dfshifide] agl basd diltbec
MACH Il harvestor. Plates are allowed to air-dry prior to adding 30 L/ well

of Packas@dy iMaRAie iog%arr]lézgsol?éﬁg HE@: #6Ef aqre‘?ev‘éfé'drﬂéﬁgeﬂdﬁﬁéﬂ?(ﬂ@ Pagdkeryd ThepCount .

In this assay, conp of the invention exhibited an 1 C50 of |l ess than

50 micronolar. The.fgllow.,ng c ounds exe i u C

et vi t i 24 i Rl KA VPRI AR TR IEE R Brag
PCT/ US03/ 07864, 29s 29t 29bb 29111 29pmmm Adm nistration of . the conpounds
of the prkadipbinhasieselven sysendiksdiexene apd watge pf {pom @&?ﬁEﬂ%WB( ?}n mée
effected by any nmethod that enables delivery of the conpounds to the site
of act i enbstifiied emiee hyabadobc?3iden be areparsdtteisiirst reactieg fydnarazidsuyih an
par ent er al

appropriate isothiocyanate in a suitable organic solvent like DMF or THF at temperatures
ranging from 25 to 100 °C. The intermediate can be isolated or can be cyclized directly
with the treatment of EDCI or other carbodiimide in suitable organic solvent like THF or
DMF at temperatures ranging from room temperature to 80 °C.

In Scheme 5, the preparation of keto benzimidazole derivatives are illustrated. In
step 1, the methyl ester is converted to the benzyl alcohol by standard reductive methods,
preferably LAH in THF at 0 °C or NaBH, in EtOH:THF at room temperature. Oxidation
to the aldehyde can be accomplished in step 2 using MnO, in acetone:THF at 50 °C. In
step 3, organometallic reageants, such as organolithium reagents and Grignard reagents,
can be added to the aldehyde in THF at low temperature (e.g., -78 °C) to give the
substituted benzyl alcohol. The keto derivatives can be prepared in step 4 by oxidation of
the benyzl alcohol under standard conditions such as Swern or Dess-Martin oxidation.

The compounds of the present invention may have asymmetric carbon atoms.
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 enantiomer 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
36



injection (including intravenous, subcutaneous, intranuscul ar,

i ntravascul ar or infusion), topical, and rectal adm nistration. The anpunt
of the acwpwa/otompound admi nistered will be dependent on rhe/usob)met bei ng
treated, the severity of the disorder or condition, the rate of

admi ni stenattioamers.t Adl sudhSpasérs, aoludihgtdietaeomeimohixmes tthé pdiesaratioroersof t he
prescribing physician. However, an effective dosage is in the range of

about  0..00d QA0 akQt iDinREktideY body wei ght per day, preferably about 1
to about 35 ng/kg/day, in single or divided doses. For a 70 kg human, this

woul d anmount 05 : qttpﬁg; : @bﬁ’i t 2.5
g/day. In sorrltéh%i a%@?‘g%gg%e C&%@’é’élé@ﬁ[ g@éf gﬂz*rbq'gétgév t lénl 0 re %t%‘l’ﬁ?ﬁégf t hg

af oresai d_range mm be, nore than.adequate Lle in.ot C still

| ar ger dBdew! Ob%luéﬁ"rp Nl (o Bl tase §Pﬂsdlt'éh‘§f?¥1§?tmeu%]dgﬁg§%)e§t ,

provi ded that such larger doses are first divided into several small doses
for admiexpssssedtindh coHrandgmetein sharifag by TRevasionydnetBadioihd sral. dengspl i ed
as a sole therapy or may involve one or nore other anti-tunor substances,
for exanyod, P& K660 CTad attivity off MIEKdxiamséessedntyt miepssiringthé bicoxpogatiohor
exanpl e vinbl astine; al kylating agents, for exanple cis-platin, carboplatin

and cycl gnfrs pRaPndR; ARt > PIEbG b Ne@rm el HRXAFRERIKT lwideisleapicksed

cytosi ne arabinside and hydroxyurea, or, for exanple, one of the preferred

ti-metaholit. di scl. i Pat ' ' : h
R e R R e e Sl SR e

[ l'i n-6-yl net hyl) - t hyl am -2-1 | ).- L- ' i.d; wt h
Fctor | FAISOBY  Cecubl PEDEIBYIHRPEIT oF i ISP L A SEF R DALY BPBRHES, 7 or
exanpl e adrianycin and bleomycin; enzynes, for exanple, interferon; and

ant i - hor efb2® snMf Hepesx pip 7, dift mM ddgClogs mMs Beglyessolibosphaiex TR (DA f en)
or, for exanple anti-androgens such as CasodexTM

(4" - cyansiidvAnddatéd 5 GRREDYITS 8| i EK]) 7 @hdly M0 BREKZ:. nizhityidors3are suspended in
(trifluoronethyl)propionanilide). Such conjoint treatnent may be achieved

by way 015}\/}5*& anaiamlaﬁ(ﬁ‘i%?g,qﬁcluéiﬁ WeRtd1ahreterRemad af £iHRIoNBeratibh8f 1%
i ndi vi dua cdnponents of ‘treatnment. The pharmaceutical conposition may, for
exanpl e, DR/FSd.n I?ea];gornns] are. itm glte% {)}9 rtheoagclition of 10 uM ATP (with 0.5 pCi y-23p-
ATP/well) and incubated at ambient temperature for 45 minutes. Equal volume of 25%
TCA is added to stop the reaction and precipitate the proteins. Precipitated proteins are
trapped onto glass fiber B filterplates, and excess labeled ATP washed off using a Tomtec
MACH TII harvestor. Plates are allowed to air-dry prior to adding 30 pL/well of Packard
Microscint 20, and plates are counted using a Packard TopCount. In this assay,

compounds of the invention exhibited an ICsg of less than 50 micromolar.

The following compounds exemplify compounds of such activity.

Compound #
8n

11b

11c

11p

18i

29¢

291
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adm nistration as a tablet, capsule, pill, powder, sustained rel ease
formul ati ons, solution, suspension, for parenteral injection as a sterile
sol uti on,weuwspensi on or enul sion, for topical adm nistraPCoUSayImm
ointment or creamor for rectal administration as a suppository. The
pharmaceutical conposition may2pe in unit dosape forns suitable for single
adm ni stration of precise dosages. The pharnmaceutical conposition wll

i nclude a conventional phar §9H5|cal carrier|or excipient and a conpound
according to the invention a?_gﬂldbtlve rrgredient. In addition, it may

i ncl ude ot her nedicinal or pn“*.aVCULibal agents, carriers, adjuvants,
etc. Exenpl ary parenteral admLa? @ | on forme i ncl ude sol utions or
suspensi ons of active conpounds in sterile aqueous solutions, for exanple,
aqueous propyl ene glycol or dextrose solutions. Such dosage forns can be
sui tably buf f sdmthistiatiodef ifreechmiBuints bf theyhesentaisentiondberstmaftprths “petivieude
inert diluents or fillers, water and various organic solvents. The

phar mac edsinhgsorih ﬁpm@@@ bt bﬁﬁaedﬂﬁy any inediesi theidenablen teliverpdfittei nglounds to

i ngredients such as flavorings, binders, excipients and the Iike. Thus for

or al adtme %ﬁtétdfaafch&ﬂ Tl ﬁfeﬁm‘e@ REAhAY BE YéMtbs) WstrRNEHE 8 R ites, Pafdhtersl Citric
acid may be enployed together with various di si nt egrants such as starch,

al gi ni c .aci such as
cuer ose, Hseraf el blafBR, Sl fidofif e s BRI 056
Iubrlcatlng ents as nm ne5|un1stearate, sodium |l auryl sulfate and
tal ¢ ar eoBfg % (ﬁfmpéqtra{ug& eting purposes. Solid conpositions of a
simlar type may aI so be employed in soft and hard filled gelatipn

capsul es. ~ Pr eThe smaeunief g agtize compourpdminisisrad jwdl heopgadentpn thﬁlsphle%hgar
and hi gh nol ecul ar wei ght pol yethyl ene glycols. Wien aqueous suspensions

or eli xibenaneadéstheedvény aff the dshriler et canditom, ﬁhﬂara@pﬁl\ﬂéHEmMImdthmer ein
may be conbined with various sweetening or flavoring agents, coloring

nmatters @epskies @Mk cdrhpoush€Sing €6k digdrelici Sfthe pre8@ibihg plysicas pldodexnag, agent s,
t oget her mnth di l uents such as water, ethanol, propylene glycol, glycerln

or conbi &?éclu%%o%]&e A3 the'\@ﬁépgisa%ﬁlt B0BPa5 4BShi I®DI Y DePRELBRE FMlgh Bbr

COI’TpOSI trons wt SpeCI

day, preferably about 1 to about 35 mg/kg/day, in single or divided doses. For a 70 kg
human, this would amount to about 0.05 to 7 g/day, preferably about 0.05 to about 2.5
g/day. In some instances, dosage levels below the lower limit of the aforesaid range may
be more than adequate, while in other cases still larger doses may be employed without
causing any harmful side effect, provided that such larger doses are first divided 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-
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anount of active conpound are known, or will be apparent, to those skilled
in this art. For exanples, see Rem ngton's Pharnaceutical Sciences, Mack
Publ i shi yoGanpamy, Ester, Pa., 15th Edition (1975). ThePexarspd/escand
preparations provided below further illustrate and exenplify the conpounds
of the pkegERhzoliAVE Ry RNGmERhadsool-theneyix glgtastic keap mgouwmttisfactor is  to
be understood that the scope of the present inventionis not limted in any

way by fif¥Ghit§ig0 IO&:nO&Eyc}le!q BihftRl kO WikiSroaMARP hAgbiaHek, Fsreaandllé adiSamydin he
foll owi ng exanples nolecules 'wth a single chiral center, unless otherw se

22;? gr S%ﬁ'ﬁ)ﬁ]ﬁ}g@@ ge[nrﬁ Cer,ﬁsfér ﬁg%%%ﬂl,re,e int 1@«%}31’? JR SRELGRokS Mok ‘éﬁ?alﬂ?lerﬁ?ftﬁ chiral

c exist 'ds a racemc mxture o

i astereoners. Single_epanti s/ di.ast er eqners be. obt ai ned net hods
known t GSEREEE KN| Fsebl0 Vﬁg‘f’ﬁlg\qg&?mo’ﬁ*%éls fifs ?ro%‘?rgﬁgiar’il%t'%’l%c’gfﬂf)lslu@étalson of
all articles and references, including patents, are_ incorpaqrated herein by

r ef er endéasodirdMnvent i on (&-qyenedt(@lussrhery Fephopyr#r8Y r@FY‘@VW YeXanpl es

which are not to be construed as linmting the invention in scope or spirit
to the gpéfidromethyhpegimmesilides Suchednjoim tehtarent Ry WOa0BLOTAYIWay of the
PCT/ US03/ 07864 The starting materials and various internedi ates may be

obt ai ned;hiRMcEREIB A oF Sei628 dofihg pethe dndividmaicompeneitabf yeanvait! abl e
organi ¢ conpounds, or prepared using well known synthetic methods.

Represent ati vg_ e : C%E{JSB f ' Lat er ' e
I nvention ar@lesél?a%%mg%el OW. Qigénvn\%gybgc;rgé%%fgn BEQB%'?'I} %sfgig‘?g%%ze fa)frExoi;ftérjrpl es

Exanpl e a]dml_i|nistration 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
pharmaceutical agents, carriers, adjuvants, etc.

Exemplary parenteral administration forms include solutions or suspensions of
active compounds in sterile aqueous solutions, for example, aqueous propylene glycol or
dextrose solutions. Such dosage forms can be suitably buffered, if desired.

Suitable pharmaceutical carriers include inert diluents or fillers, water and various
organic solvents. The pharmaceutical compositions may, if desired, contain additional
ingredients such as flavorings, binders, excipients and the like. Thus for oral
administration, tablets containing various excipients, such as citric acid may be employed
together with various disintegrants such as starch, alginic acid and certain complex

silicates and with binding agents such as sucrose, gelatin and acacia. Additionally,
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ONOH N HNF I Br N 7-Fluoro-6-(4-brono-2-snetl ayl

phef ayl am no) - 3H benzoi m dazol e- 5- car boxylic acid

cycl opr opybreetaoky- am de (1la) Step A 2,3,4-Trifl uor o- 5PROITtUSe3/wmeL oi C
acid 2 A3 liter three neck round bottomflask is charged with 125 ni

H2S04. Hibfchgng Bidntd SuchCisdmbgnesideae sterBted sodinm1i@8ryinsulfjte and talberardfieur e
gently stirred. 2,3,4- Trifluorobenzoic acid 1 (25 g, 142 mmol) is added in
5 g por LiansroPVadletH ;{Epéﬁé LSS0l @mudattiond bO¥Bins ar Yielay 860 bé braploiyed st i rred
for 60 rﬁL’n atO whiech%ti t he (ileact iﬁgﬁ is conpl et ew The reaction mxture is
poured intq. 1 litearcof, an. .ice: erp 1l r : g 1'@%9tgfég{,hyl

et her (§1 §<&E56]E)A }r}%@ fil degeg%lr%?a}%%&m%ﬂa%%%ﬁe@%@g%? ’?ﬁgﬁegﬁ%r ?%gﬁ( Cé’Oﬁl) and
concentrated under. reduced pressure .t ive a vellow solid. The solid is
suspend8&dll Wgaﬁé@éh’ég I%WBC‘Q% Vrighf nodyeliygenq ﬂy‘é‘ﬁﬁ‘elr\ﬁ\ﬁ?i a@ﬁe?lfs%lsl?etnsﬁgg
filtered to give 29 ¢ 392% of clean .desired product ag ﬁ” of f-ye| | ow
solid: NBE chimg@p fre)desired 2D qrah administiglpp dhe Qcfige gpompound therein may be

4Am no- 2, 3-di fl uoro-5-ni tro-benzoic acid 3 Amoni um hydroxi de sol ution
(730% i pomdired wiflBFandys Siettemng Jr flavosingexgents, eplodug matteny asfdyes and, if
2,3,4-trifluoro-5-nitro-benzoic acid 2 (15 g, 67.8 mml) in 30 nM water at
0 C Wi ighsifddl efiulgfyiddPQsbneOosméshdrdingOigentsyasyetirer Widr ditictes adHiasivoater, he
reaction mxture is 42 WO 03/077914 PCT/ US03/ 07864 warned to room

t enper a | b A ddg o1 ALEE or 2omblhatibheheRBEL i on mixture is cooled to O
C and c%ﬁ%@%%ﬁ#@ﬁélﬁi sfgc@re ’uolrl 3 adoalleld until pH of reaction mxture is
near 0. The .reaction mxture i s djl i ; k-1 act ed
with diethyl Mgfgds s B%regﬁrln%ﬁvﬁlo%é’ﬂérg‘??&%ﬁe 1 e stidfls T, 30 SpBRE A°L 0

i 0
dosirol a%r‘]’g‘ﬂg ef gﬁ%r%%uﬁg ;ﬁ%ev%g 7 ?\q\i/illreeaspspléjnte%t,ttg HbsCaditba%n (@R %G, OF Pure

For examples, see Remington’s Pharmaceutical Sciences, Mack Publishing Company,

Ester, Pa., 15™ Edition (1975).

The examples and preparations provided below further illustrate and exemplify
the compounds of the present 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,
are incorporated herein by reference.

The invention is illustrated further by the following examples which are not to be
construed as limiting the invention in scope or spirit to the specific procedures described

in them.
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detected. Step C. 4 Anm no-2, 3-di fluoro-5-nitro-benzoic acid nethyl ester 4
A 2 Msolution of TMS di azonethane in hexanes (6.88 m, 13.75 mol) is
added towe oszpensi on of 4-am no-2, 3-di fl uoro-5-nitro-bereaiusoneisss 3 (2. 00
g, 9.17 mmol) in 25 m of 4:1 THF: MeOH at 0 C under nitrogen atnosphere.
Upon conpl et iTie cfartinli ibwerials medcvirams minttroredidtes waaynet tabtaingsim from
tenperature. After 0.5 h, excess TMS di azonethane is destroyed by the

car ef ul - adghdbian sehrcas ef)ﬂega@&i fom T Bén#BRS411y0 Aviitibld @fgmdn Gemipbaidsd orunder
reduced pressure and dried in vacuo to give 1.95 g (92% of pure desired

product: NS ¢ - tected. Step D. 4 Ami no-3
f1 uor o- FFRIYY o-@%‘g’f%%‘g%gﬁé?%%é%t?g&aci d nethyl ester 5a

4- Am no- 2, 3-dj fl uor 0-.5-ni tra- be zo{c acid meth Iineste(i[. 4 é}ﬁo ge t%%.?
mol) s susHPRTERAHe SYATENES Of BEURAY T RIS B UrECR 8T S MYdeE" (55, 2
m, 517 mmol). The reaction mxture is heated to reflux with stirring
under a Elﬁwﬁ@*t(f@}@hb%{PWDsphere. After 36 h, the reaction mxture is cooled to
roomtenperature, diluted with diethyl ether and washed w th 10% aqueous
HC1l solution. The aqueous washings are extracted with diethyl ether. The
conbi ned organic extracts are concentrated under reduced pressure. The
residue is dissolved in nethylene chloride and filtered through silica gel
inafritted funnel, rinsing 43 WO 03/077914 PCT/US03/07864 w th nethyl ene
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: M5 APCI (-) mz 318 (M1) detected. Step
E: 7-Fluoro-6-o0-tolylam no-1 H benzoi m dazol e-5-carboxylic acid nethyl

ester 7a 4-Am no-3-fluoro-5-nitro-2-o0-tol yl am no-benzoic acid nethyl ester
5a (1.57 g, 4.92 mnol), formc acid (25 m, 26.5 mmol) and 20% Pd(OH) 2/ C
(1.57 g, 2295 mol) in 25 mM EtOH are heating with stirring to 95 T. After
16 h, the reaction mxture is cool ed
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to roomtenperature and 0.5 g 20% Pd(OH) 2/C and 10 ml form c acid added.
The reaction mxture is heated to 95 Cwth stirring. After 16 h, the
reacti on woNBMr®i4s cooled to roomtenperature and filterea/ushs/osgh Celite
rinsing wth EtOH The filtrate is concentrated under reduced pressure
until the desired product precipitates. The desired product is collected
by filtration. The filtrate is concentrated again until nore desired
product precipitates. The product j ected by filtration. Repeated EtCOH
concentration, product filtration Efuifle times. Recovered 1.09 g (74%
pure desired product: M5 APCI (+) mz 300 (M+l) detected; M5 APCl (-) miz
298 (M1) detected. Step F. 7-Fl ligro-g- 4- br ono- 2- et hyl

phef ryl am no) - | H benzoi m dazol e- 5- lic acid nmethyl ester 8a

7- Fl uor o- 6- o-t ol yl am no- 1H benzoi m dazol e- 5-carboxylic acid nethyl ester 7a
(2.00 g, 6.68 nmmol) is suspended in 1:1 THF: MeOH mi xture (60 nm) and cool ed
to -78 C under a nitrogen atnosphg&re.. A solution of NBS (1.20 g, 6.75

mol) in 1:1 44 V\DO3/0779W Sg (il|786 THF/ MeOH (5 m) i s added
followed by a MeOH (5 m) soVution of Ts$OHH20 (1.9 g, 10.0 nmol). After
30 minutes, the reaction mxture @

Q

fme 0 C and then after 1 h
warnmed to A. After 16 h, nore NBS 2.9, \0 %mml) i s added and the
reaction mxture is allowed to"™Stir/for 3 h. he reaction mixture is
guenched by the addition of 10% 204 solution. After 30 min, the
react i on JFUpkl 44oSs-145hrSin MB-REL NI WHaBiin D BI BLhaimidigaled-eurboxyliclueid ayer s
separated. The aqueous |ayer is extracted with ethyl acetate. The conbi ned

organic extracts are dried l)lg;@ A Shiae Lt ed under reduced
pressure. The recovered sg‘fl i tnrlturvat ed \?vit met hyl ene chloride to

give 2.00 g (799 yre gdesired product: Ms APCI (+) miz 380, 378 (Ml Br
patter nﬁ’@e@eé&ﬁiﬂé’(‘gﬂ%ﬂ 'cf’-'%nﬁglféz-c%f 4- br ono- 2- net | zyl

phenyl am no) - 1H benzoi m dazol e- 5- car boxyl i agi d. 1 .

7- Fl uor o- 6- ( 4 Brigeptpeemsckypuih W%%aﬁ%}s gliﬁf%? Ny ?71%3}10]11@%‘ CAFBB%yI i ¢
acid nethyl ester 8a (63 ng, 0.167 mmol) is suspended in MeCOH (1.? m) and
20% nitric acid is added (8.4 ml, 199 mmol) and the mixture gently stired.” 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 min 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 (MgSQOy4) and
concentrated under reduced pressure to give a yellow solid. The solid is suspended in
hexanes and stirred for 30 min 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 solution (~30% in water) (35 ml, 271 mmol) is added to a
solution of 2,3,4-trifluoro-5-nitro-benzoic acid 2 (15 g, 67.8 mmol) in 30 ml water at 0 °C

with stirring. Upon completion of ammonium hydroxide addition the reaction mixture is
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NaOH (400 |) is added. After 16 h, the reaction mxture is cooled to 0 C
and 1 N HCO solution is added dropwi se until pHis 2 to 3. The reaction
m xture iwodshued with ethyl acetate and water and the Paydarss3/empar at ed.
The organic layer is washed with brine, dried (Na2SO4) and concentrat ed
under r egimed tPreees tthetAugiwith GBring ASEL3.5df thdesaatied miproehscpoleV® APCl  ( +)
mz 366, 364 (Mtl Br pattern) detected; Ms APCI (-) mz 364, 362 (M1 Br

pat t er npcdgliedn8shtraii€RCllis cazetﬁily' %El@ecﬁuﬁtﬂ‘ﬂl{ Offecadticreblistuure is near 0. The

phenyl am no) - 1H benzoi m dazol e- 5- carboxylic acid cycl opropyl net hoxy-am de
Ila

th diethyl ether (3 x 50
7- Fl uor oeaém() 4 rglxture lﬁd ttegﬂlt 3tr?§l(3z’a?nn}11%) ikﬁ%%crgezdo?%hdé%oy ee 561c(ar)f)oxyl iC
acid 10a _4 V\D 0 /077914 PCT, U 03/ 078 no i;ssol ved
h 11 TR R OrE Rt BRET e i od gt PR s ncpiaR Ry pfughss
mml) is added foI | owed (82 n 0. 158 mmol After a m nut es,
cycl oprd}@i?ﬂsumtOhﬂVehwrgo(g/%f’/a)nPﬁ@uWyé?%@ﬁIRfPii‘éFé M%f#gc 1 ¢) 758 %ﬁ\ﬂ Dwo
0042022) is added. After the reaction is conplete, the mxture is
partiti aleedtedbet ween net hyl ene chl ori de and saturated NaHCO3 sol ution. The
| ayers are separated and the organic layer is washed wth saturated NaHCO3

and brine. The organic layer is dried (Na2SO4) and concentrated under
reduced pressure. After purification by FCC (elute with 20:1 nethl ene

chlorid y f | B p%t4ls i sol ated: M5 ESI
(+) mze‘%f%mﬁ'% (gﬁm%i %@é&%?é#ﬁ”ﬁ’é@?ﬁ‘%‘%‘ﬁ’*%@ ) mz 433, 431 (M1

728 (o 1ryk 2 g S gt el 8%% ?W%F%miaﬁ 7 %dc‘% o
éD?C)g 3§ > tgglg)ug]ge%(sg?l o(f @gﬂﬁpg,%dlf@o&%ut%&ewwc#& I};‘(2.%|(_)|)f:,r, 9.]197Fman|>)/B 1%1%%6“/'_'2
ml of 4:1 THF:MeOH at 0 °C under nitrogen atmosphere. Upon completion of addition,
reaction mixture is warmed to room temperature. After 0.5 h, excess TMS diazomethane
is destroyed by the careful addition of acetic acid. The reaction is then concentrated

under reduced pressure and dried in vacuo to give 1.95 g (92%) of pure desired product:

MS APCI (-) m/z 231 (M-1) detected.

Step D: 4-Amino-3-fluoro-5-nitro-2-o-tolylamino-benzoic acid methyl ester 5a
4-Amino-2,3-difluoro-5-nitro-benzoic acid 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 h,
the reaction mixture is cooled to room temperature, diluted with diethyl ether and washed
with 10% aqueous HCI 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
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\=N 7-Fl uoro-6 phenyl arni no- 3H benzoi rrai dazol e- 5- carboxylic acid net hyl
ester (27a) Step A: 4Am no-3 fluoro-5-nitro-2 phenyl am no-benzoic acid

met hyl eswero3@ém14 4- Ami no- 2, 3-di fl uor o-5-ni tro- benzoi c acipdTrEsodiyiseest er 4
(23.48 g, 101.1 mmol), the product of Exanple 1, Step C, is suspended in

xyl enes £ 2t ndloddy. | TREe (AetidHs are AddveredinDhe fifss (tide)ds nddrty clemct i on
mxture 1s stirred at 125 C for 16 hours under N2. The reaction mxture is

cool ed : ] gD AHly ShrtiaV witeONThe The
ol ds B BT R e B o e B e hen
di et hyl

t . 46 WO 03/.077914 PCT/ USO3 8 . : : 2.78
nmol ) oﬁres\} earﬁg%l Loy eRiFa e up erpfﬁ&egeéj g?slrs‘g% a%ﬁotg%%%%ﬁgpd%l&ﬁr&ggr e€Q|75
trated d d d , i | ved in. | ord d d
P U hod Eirid dgn (357 ol 97 domTPEBOG a6 FNGY Pl RO SREL Ch T PHb The

desired fractions are concentrated under reduced pressure to give a brown
sol i d wiiMel) desectadi t urated with diethyl ether to give 5.47 g (17.91 nunol)
of yellow solid which is pure desired product. Conbined product yield is
27.69 g (90% . M5 APCI (-) mlz 304 (M1l) detected. Step B:
7- Fl uor o- 6- phenyl am no- 3H benzoi m dazol e-5-carboxylic acid nethyl ester
272 4- A N3 frh M0 8- Rrdhikimot IRl Asle Db Sliantid meehiytectd er 26a
(16.70 g, 54.71 mmol), formc acid (250 nL, 6.63 nol) and 20% Pd(OH) 2/ C
(9.00 g, 16.91,mmol ) «.l.0 et hangl ) [ t 0 hour s
%-lhlglhnoé% ﬂélgpocg %lgt?@? 9 t(ogﬁgnﬁ% breaﬁﬁc Sfcid hRfhyAtestt? da {1057 tono

under N2 and 't ours. e reaction mxture 1s cooled to

The 1 | ERGaTIoN: SERELH L Lm AR p P SLATRIC ) by T BRI REL 7

solid. The solid is triturated with doiethélgle
I
I

i . ) Rer totgive.13.47gcé§> 6% of
the degbmaldEiMbaischeating withahirdeng fofS B A ) the, Feastiom e c ct ed;
M5 APCI (-) mlz 284 (M1l) detected. Exanple 3 ) _

to room temperature and 0.5 g 20% Pd(OH),/C and 10 ml formic acid added. The
reaction mixture is heated to 95 °C with stirring. After 16 h, the reaction mixture is
cooled to room temperature and filtered through Celite rinsing with EtOH. The filtrate is
concentrated under reduced pressure until the desired product precipitates. The desired
product is collected by filtration. The filtrate is concentrated again until more desired
product precipitates.  The product is collected by filtration.  Repeated EtOH

concentration, product filtration several times. Recovered 1.09 g (74%) pure desired

product: MS APCI (+) m/z 300 (M+1) detected; MS APCI (-) m/z 298 (M-1) detected.

Step F: 7-Fluoro-6-(4-bromo-2-methyl-phenylamino)-1H-benzoimidazole-5-carboxylic
acid methyl ester 8a

7-Fluoro-6-o-tolylamino-1H-benzoimidazole-5-carboxylic acid methyl ester 7a
(2.00 g, 6.68 mmol) is suspended in 1:1 THF:MeOH mixture (60 ml) and cooled to —78

°C under a nitrogen atmosphere. A solution of NBS (1.20 g, 6.75 mmol) in 1:1
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OOCH3 G H N-C~ HNF OBr \=N6-(4-Btonp-2-chloro

pl zenyl am uo) - 7-f f | uor o- 3H beuzoi m dazol e-5-carboxylic acid nethyl ester
(8b) 47 WoOo®3/0078TH14 PCT/ USO3/ 07864 Step A 6-(4-Brono plremusaniised - 7

fl uoro- 3H benzoi m dazol e-S-carboxylic acid nethyl ester 28a

7- Fl uor opter/pMsOY (RN - dldeb €olzoi ¢ Biaz oe0B-(6 anlh exlpkivn o disOHEIDY1.Iest er 27a
(4.99 g, 17.51 mmol ) is dissolved in N, N-dinethylformam de (275 nlL). N

bromosucgi ildie ABerld0 Minutes, A BRHoh rhiknaé fedlarafedao 900 sheen biig reaction

m xture is stirred at roomferrperature under N2. After 30 mn, the

o R MR e e gLatagod un

€ reaction m poure INnto a separatory

funnel, djluted wat er acet at and the ar at.ed. The
aqueous TFEE 1§ @W@Y&%rfgcst“écfo &h iﬁ%ma@é‘?}’e Bre }f’tﬂl‘le]& ‘E‘&ﬁgﬁlﬂ £
extracts are washed three tines with water, once wth brlne and then are
dried (N&2ED4)S:0anedlutioncAfier 30 aundhelmeciayubdaeis ddued withgvaerand ehydg

(100% of the pure desired product as a tan solid. M5 ESI (+) mz 364 366
(M+ Br patterad telaetsedparStedp Bie BrubdusBayaros extraviest with ity beatitao I

fl uor o- 3H benzoi m dazol e-S- carboxylic acid nethyl ester 8b

6- (4- Br qpastRienotb @it RRiracts hleUd@idd- Bt $O1)zal dotectatedourtiar abuydd pressuired met hyl
ester 28a (6.38 g, 17.51 mmol) is dissolved in N, N-dinethylformam de (275

N- s QLOSHEs 's&ﬁ@t??nl‘%tgtp vdth théth g&nmllandestoagﬁr%dz ¢ ’/@@/L)' ﬁm@”d t he

reactlon mXture 1s stirre roomteénperature un N2 untl
react| Onde'sfretf prrgﬁucet;[ ﬁS(gPéI g+%¥n/} 38(}:@%8 (M+1 Br pattern) detected.

Step G- 7-Fluoro-6-(4-bromo-2-methyl-phenylamino)-1H-benzoimidazole-5-carboxylic
acid 10a
7-Fluoro-6-(4-bromo-2-methyl-phenylamino)- 1 H-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 h, the reaction mixture is cooled to 0 °C and 1 N HCl1
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,SOy) 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.

Step H: 7-Fluoro-6-(4-bromo-2-methyl-phenylamino)-1H-benzoimidazole-5-carboxylic
acid cyclopropylmethoxy-amide 11a

7-Fluoro-6-(4-bromo-2-methyl-phenylamino)-1H-benzoimidazole-5-carboxylic acid 10a
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reaction mxture is quenched by the addition of aqueous saturated sodi um
bisulfite solution to give a suspension. The resulting solids are

col | ect edwby3fpriot4 ati on, washed with water and diethyl eth@rusasiarsesi ed
under reduced pressure to yield 6.07 g (87% of the pure desired product

as a beigemsobird2 1%0%31; dssdlved n 3ASTHAO thefifterif chperidee(Innl)datdetiveig’'s 48 WO
03/ 077914 PCT/ US03/ 07864 Exanple 4 0 OCH3 Cl H HNFCO \-- N6-(2,4

Di chl or | .ani ng).- 7f I i Iﬂg@p pha n6)aCAfer 4 net hyl
ester (§%¥Qﬁg¥#ﬁggggﬁgg% ggﬁ?%%?ﬁ%@géggngoinigggggg-S-ggbgogylic acid

met hyl ester, 27a (1,00 g, 3. |) .is.su nded.in L 1

t et r ahy HPOIERYSE YRy (@ﬁghgy;gﬂ%ﬂ%meeﬁ&ﬁ?ﬁﬁ? @bum?ero']l\%. SO H20
(3.00 g, 10.50 mmol) is added foll owed by N- chl orosuccininde (0.95 g,
7.08 nnAdi0 0042023 i3 ddedhutler theerepetipn: sopompleteu e PUXIES A dartlignel c 't o
give a solution and then 30 mn |ater wanned to roomtenperature. After
sti rri ngefiween hethylsiis chibfide pedettimted Nad6fp|setwsion THEer kagiersiaon serasatet e i s
guenched by the addition of aqueous saturated sodium bisulfite solution

and di | gh@thaNbbinistdpet inRedhel evignshuraRt NalE0; iEbliey eThe srpaicdbg is The
aqueous layer I's extracted with ethyl acetate. The conbi ned organic

ext 1 act @8 INMERAS Gt doBoBitaRl uiler GEaddd 5Ol andh iee Db AeBy FTE!

reduced pressu e resulting solid residue is triturated with nethyl ene

T e L
patter n)iso?aetésci/FSdESIE{+%%L ?1355, 43% w Br yattFem) detected; MS ESI (-) m/z 433, 431

(M-1 Br pattern) detected, '"H NMR (400MHz, CDCl3) & 8.15 (s, 1H), 8.02 (s, 1H), 7.28
(s, 1H), 7.43 (d, 1H), 7.07 (dd, 1H), 6.36 (m, 1H), 3.70 (d, 2H), 2.38 (s, 3H), 0.86 (m,

1H), 0.41 (m, 2H), 0.13 (m, 2H); °F NMR (376MHz, CDCl3) —134.05 (s).

Example 2

Ox_OCHj
H

O
HN F
\=N
7-Fluoro-6-phenylamino-3H-benzoimidazole-5-carboxylic acid methyl ester (27a)

Step A: 4-Amino-3-fluoro-5-nitro-2-phenylamino-benzoic acid methyl ester 26a

4-Amino-2,3-difluoro-5-nitro-benzoic acid methyl ester 4 (23.48 g, 101.1 mmol),
the product of Example 1, Step C, is suspended in xylenes (125 mL) and aniline (92 mL,
1011 mmol) is added. The reaction mixture is stirred at 125 °C for 16 hours under No.

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.
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N HNF Br \=N 6-(4-Brofno-2 fluoro phenyl am no)-7

fl uoro- 3H benzoi m dazol e-5-carboxylic acid 49 WO 03/077914 PCT/ US03/ 07864
met hyl esworo38md)4 Step A: 4 Am no-3 fluoro-2-(2 fluoro PCT/US03/07864

phenyl am no) - 5-ni tro-benzoic acid nethyl ester 5b

4- Am no-Recdvetiedl 122020 ¢ {70178 rrmb) natoyetlonc salidnwhicil is geire desdrefl prdduoy, Thed 6
nmml) is suspended in xylenes (7.5 nL) and 2-fl uoro-phenylam ne (6.24 niL,
64.6 nﬁvﬁlhateslsaaﬂe&ltrat@an&&%aﬁ&a PFb2shR ¢ @ed@soweurlheﬂe Erleﬁé%h@ridl@dﬁfd N2.

After stirring for 6 days, the reaction is conplete. e reaction mxture

is coole r ng . di;| Iq nd
filter edﬁjl%sl&}g%l}ﬂlﬁ)ﬁgﬁ Fﬁ’ﬁgt" ik gel Aptiheg %Vg‘mw thﬁaﬁﬁﬂgﬂge ont B @ g&eﬁ( L) to
gi ve an ra.neflltrate f||tr teis oncentrated ness and then
Pr 1 Cur ac GRrR0f pk apEhgied P i paregTs BelgHe e ol wbichds Speted
trituration is repeated. The yellow solid is collected to yield 1.08 g
(529% of withaligihiylectiastor gige prdbdadd 7-Ohpump) of yollopy golidwhighns ]I)ur%léﬁ%&ded
Step B: 6-(4-Bronp-2

f 1 uor ophmoglcim Godnbitfed ugnodud® Hritldniz A2 o @z (1086)5- MBS bARYT (-0 mac3@ (et-hyl
ester 8d 4- Am no-3-fluoro-2-(2-fluoro-phenyl am no)-5-nitro-benzoic acid
met hyl esh&te®b 1s converted by the reduction/cyclization and brom nation
procedures already described to yield the desired product. Ms ESI (+) niz

3_8_2’ N384 (NH"Stg}; pat ?—Wlﬁ@ro%ﬁﬁ&}ﬁgzin@ﬁ%ﬁoiﬁtidd?gf;g—garlﬂox)%facibwngz‘ldzl c

ester 27a

4-Amino-3-fluoro-5-nitro-2-phenylamino-benzoic acid methyl ester 26a (16.70 g,
54.71 mmol), formic acid (250 mL, 6.63 mol) and 20% Pd(OH),/C (9.00 g, 16.91 mmol)
in ethanol (250 mL) are stirred at 40 °C for two hours under N; and then at 95 °C for 16
hours. The reaction mixture is cooled to room temperature and filtered through Celite
rinsing with ethyl acetate. The filtrate is concentrated under reduced pressure to give a
yellow solid. The solid is triturated with diethyl ether to give 13.47 g (86%) of the
desired product as a tan solid. MS APCI (+) m/z 286 (M+1) detected; MS APCI (-) m/z

284 (M-1) detected.

Example 3

Os_OCHs

H Gl
N

HN F Br
\=N

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid
methyl ester (8b)
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6- (4- Chl or o- 2- net hyl phenyl am no) - 7f | uor o- 3H benzoi m dazol e- 5- car boxyl i c
acid nethyl ester (8e)

7- Fl uor o-wWom®30o19y4 am no- 3H benzoi m dazol e- 5- car boxyl i ¢ aciPdTrasohyiseest er 7a
is 50 WD 03/077914 PCT/ US03/ 07864 converted by the procedure already
descri beg or chr@Bromatphemiamne@Ttlro-Shl-bamseiutdizolard-dertiosylirsedd inagybad of

N- br omosuccinimde, to yield the desired product. M ESI (+) in/z 334, 336
(M, C ;?g;;n) detected. Exanple 7 H3COOH | NHNF OCF3 \=N

7- Fl uoro-6-(2-nethyl -4-trifl uorosnet hoxy "

Pheny s N0 R BePBRBAL ROl e S RO Sl Al o MRl W ober 095) St e

uor omet hoxy

phenyl ani nQ) - 5-nj tro-benzaic.. agid neth ester..12a .

2 A nol8.99" & {1tk JUEON 15 odissaivest by i]g'd%?tﬁ%fo%%%fle 448, 89y, Y15
mml) is suspended in xylenes (3 inL) and _ , , )

2- et hy [brampsuceinigide i A 17 pidempiod)isrrdded apa sglid gné ghe Fraghion MXtAdsd. The
reaction mxture is stirred at 140 C under N2. After stirring for 7 days,
t he reactiired at ®om teinperatwe ahdatMy. t iAfgr A0 en) the reastiop nostuct is qibeche@ikt i on

m xture is cooled to roomtenperature. The reaction m xture is poured into

a separ ahohydifisBeAquRabEL satiratel bdRhhsikulaRdsolii¥ona qligoteactidnl mixteredeithed and
the | ayers separated. The aqueous phase is extracted with three portions

of 1 et ot RS 2 SRE-ERIARY, BWRRE: b i1 aBEtcdirthe Me9?) and

concent under pressure. The residue iS redissolved in

t hyl hl or i d flushed th g Of,.sili el.uting with
ot hyl onEPAEor TR el PR Para it aPeitndd? PRRE Ml o (o

ive a bright yell ow_ solid. ) . . .
J extr%cts a%/e 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-5-
carboxylic acid methyl ester 8b

6-(4-Bromo-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid methyl
ester 28a (6.38 g, 17.51 mmol) is dissolved in N,N-dimethylformamide (275 mL). N-
chlorosuccinimide (2.36 g, 17.70 mmol) is added as a solid and the reaction mixture is
stirred at room temperature under N, until the reaction is complete (5-6 days). The
reaction mixture is quenched by the addition of aqueous saturated sodium bisulfite
solution to give a suspension. The resulting solids are collected by filtration, washed with
water and diethyl ether and dried under reduced pressure to yield 6.07 g (87%) of the pure

desired product as a beige solid. MS ESI (+) m/z 398, 400 (M+ Br pattern) detected.
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The solid is washed with diethyl ether and the filtrate is concentrated
under reduced pressure and the residue is further purified by FCC (el uting
wi th 100%vowBlyloehe chloride) to yield 0.39 g (45% of tIr€TASe3/07864 pur e
product as a yellow solid. M5 APClI (- 51 WO 03/077914 PCT/US03/07864 ml z
402 (M 1) detected. Step B. 7-Fl uoggasples nmet hyl - 4-trfuoromet hoxy

phenyl am no) - 3H benzoi m dazol e- S-carboxylic acid nmethyl ester 8f

4- Am no- 3-fluoro-2-(2-nmethyl -4-trifl uoromet hoxy-phenyl am no) - 5-nitro-benzoi
c acid methyl ester 12a is converbgdoby, t he reduction/cyclization procedure
already described to yield the desjred pfoduct. M5 APCI (+) mz 384 (Mtl)
detected; M5 APCl (-) mlz 382 (MA st ed. Exanple 8 Preparation of
Hydr oxyl am nes Hydroxyl am nes usef oF_syt hesi zi ng conmpounds of the
present invention nmay be preparéd /as ol T od (1)

O (2- Met hoxy- et hyl ) - hydr oxyl ani ne~ St ep A:

2- (2- Met hoxy-e -1soindol e-1, 3:- di pne 10 6 |)..ls added to
a mxture of é—'%‘?‘ﬁ%?jﬁlﬁ‘f"rﬂgfdﬂy?”(”&’."W'M”ﬁ%’%&f’,’"’%ﬁe '?f‘fm':g&*%’%ﬁa?fﬁol ), and
N- hydr oxypht hal i m de (10 g, 62 mmlé{) in THE (170 nlL). The resulting orange
solution is stirred 16 h at rooninedpbesiat (ck. The reaction nixture is
concentrated in vacuo, and the solids are filtered washing with CHCL3. The
filtrate i s chbRment-6ahedylagiiornH -bauzdimalagolei dearbee/lit  dcide methyheester 2gawi t h
CHC13. This process is repeated until no precipitate forns. The final

yel | owi sth.opod, 30k bl) & eadpeada ini 2 e eetfah 9droBirivniethago MROthE) aigisioos tor oduct
(7.7 g, 55 %9. Step B: O (2- Met hoxy-ethyl)-1|ydroxylam ne To a sol ution of

2- (2- met_haxycet ity N, | saisoialf | 2odigdnR. 40 - vimBl) #5 2888 Jfolldwed 9CIR_ (30
m.) at rr(;%m tCe{rlrlgue)e?a%Iﬁr eq:Ss ad%jed(3froe();jt1ggrﬁ)y§(zazi ne) (2.30 rrL,036 em*rol). The

chlorosuccinimide (0.95 g, 7.08 mmol). After 10 minutes, the reaction mixture is warmed

to 0 °C to give a solution and then 30 min later warmed to room temperature. After
stirring for 16 hours, the reaction 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,SO4) 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.

Example 5

Os_-OCHj

Lo F
Aol
HN F B
\=N

r

6-(4-Bromo-2-fluoro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid
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52 WD 03/077914 PCT/ US03/07864 resulting solution is stirred for 16 h at
roomtenperature. The white solids are filtered off. The solvent is

car ef ul | ywaiospriohed of f under reduced pressure, then the eCmASNI/OWmEL S
distilled under vacuum (20 torr, 57-58 C) to afford the desired product
(2.2 g, 68%. (ii) The foll ow ngubiplS¥ey|(&d nes are prepared as descri bed
above using the appropriate alcohols. The isqindole-1, 3-dion

i nt er nediearkst-dringdvivored-Byluorehenyianisial J4ra WV?’G"’-CL%I”EI% E@ﬁrﬂll—’lZ

O (2-1sobut oxy-et hyl)-hydroxyl am ne is used directly wthout urBf.i cation.
ON-- " ~O NH2  @-AmirR-2Bidiilwere-5-nitrethepagic l&?ldrféﬁ‘@y]a?ﬁtﬁei/ (135%&;4? “5‘?‘?1 ¥
directly without purification. IDN-11-~-,NH2 O )

O (2- Pi pgypeided-itxylenes (15 inlhydd Bxiuloasrphenylaming (6.24 etl, 1oy Gkumebrip pdded.
distillation (chanber tenperature 140 C, 1 torn). iS,-,--,,ONH2

O (2-Me i ihry HAEN). SARM dtirtiggl fd? Ulereacti
G 2 sl anast ROt s oAy e s sl erescion

O (2- Phenyl sul f anyl.- et hyl.) - hy.dr oxyl amne .i.s e ' I ' o
purificat PB‘??.pieie-' 1 J%X‘R@ né:t(]ge Kfetc ﬂ?/lF(gt}i)frgﬁi)%’I %rl)‘%!oe%y - %@%@g%ﬁa%ﬂhe is
used directly without purification. (iili he | | owi, ng hydr oxyl ai nes are
pr epar eddthdens ghlorgianshiltered thraug 8&8@‘ gél, ug F%’ﬁ‘@g B‘\{ﬂhd%ﬂg‘é]t%fl% ﬁmﬁgﬁ]ﬁg oxone
(Tetrahedron Lett. 1981, 22, 1287), and then 53 WO 03/077914
PCT/ USO31D)7®6zive diepravgediirge dhe didisae ieancapmisd toptryness and ghegyfpiturated
O (2- Met hanesul fonyl -et hyl ) - hydroxyl ami ne is used directly w thout

with diethyl ether to yield a bright yellow solid. The trituration is repeated. The yellow

solid is collected to yield 1.08 g (52%) of the pure desired product. MS APCI (-) m/z

322 (M-1) detected.

Step B: 6—(4—Brom0-2~ﬂu0ro—phenylamino)-7~ﬂuoro—3H-benzoimidazole—5—carboxylic
acid methyl ester 8d

4- Amino-3-fluoro-2-(2-fluoro-phenylamino)-5-nitro-benzoic acid methyl ester Sbh
is converted by the reduction/cyclization and bromination procedures already described to

yield the desired product. MS ESI (+) m/z 382, 384 (M+, Br pattern) detected.

Example 6

N
Cl

HN F
\=N

HsCO.__O

6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3 H-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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purification. 0"0 Ph'S, ,,,~O NH2

O (2-Benzenesul fonyl -et hyl ) -hydroxylamne is purified by flash

chr omat ogwepbyp779186 MeOH in CH2C12). S ONH2 O 'O PCT/US03/07864
O (3- Met hanesul fonyl - propyl ) - hydroxyl ami ne is used directly without

puri fi calgn@sredPhby Sthe Cl_é%dﬂé@ur@ (BreRiNe NMbRHbERNYor- Phomihatiday degoept amne s
prepared from PhSCHZ CH2Br and N-hydroxyphthalim de by the patent

%822‘;? GuoiEh PR 3o bRE %ﬁ?‘ﬁ@%ﬁﬁ%ﬁn@%ﬁg VBT P Rt e
" <oi ndol SSE 4] ,3%;34%@@3@41 UG, 1, Brepared rom s Ty

deprotection as descri bed above and is purified by flash chromatography
(100% CH2C12 to 2% McOH in CH2C12). (v)
O (2- Mor phol i n-4-yl -et hyl) - hydr oxyggl(g%lﬁ}fe 4i hydrochl oride Step A
O (2-Brono- et hyl ) - hydr oxyl am ne hydrobrom de
2- (2- Brono- et hoxy) -i soi ndol e-1, 3-di one is prepared from 1, 2-di bronoet hane
and N hydroxypht hal i m de as dcﬁcddb in WO 0018790, and is then subjected
to the procedure in J. 9R3,| 28, 1604 to yield the desired
product. Step B: (2- Brom) et hoxy) - Nan acid tent-butyl ester 54 WO
03/ 077914 PCT/ US03/07864 To a soO i on O (2- brono- et hyl ) - hydr oxyl am ne
hydr obr onmi de (100 ng, 0.45 nmoHN"ayfd @i -Y - Byl di carbonate (110 ng, 0. 49
mmol) in CH2C12 (1 nL) at room YéWperature is added Et3N (0.08 niL, 0.56
nmol ). The Lgp.. ﬁ?’ﬂ’ L ture The
reaction m Z??frtueﬂoléslgzd?llé dg\bmlﬂ?ﬁiozn%i&%ﬁﬁ% %%nm&ﬁﬂ] lfeﬁ%ﬂ;&@d}?& *

carboxylic acid methyl ester (8f)

Step A. 4-Amino-3-fluoro-2-(2-methyl-4-trifluoromethoxy-phenylamino)-3-nitro-benzoic
acid methyl ester 12a

4-Amino-2,3-difluoro-5-nitro-benzoic acid methyl ester 4 (0.50 g, 2.15 mmol) is
suspended in xylenes (3 mL) and 2-methyl-4-trifluoromethoxy-phenylamine (1.00 g, 5.23
mmol) is added. The reaction mixture is stirred at 140 °C under Ny. After stirring for 7
days, the reaction is a mixture of starting material and product. The reaction mixture is
cooled to room temperature. The reaction mixture is poured into a separatory funnel and
diethyl ether and 10% aqueous HCI are added and the layers separated. The aqueous
phase is extracted with three portions of diethyl ether. The combined diethyl ether layers
are dried (MgSO,) 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 (-
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HCl and brine, dried over MgSH4, filtered, concentrated, and purified by
flash chronmat ography (100% CH2Cl12) to give the desired product (81 ny,
75% . St ewo@3/0¢214Mor phol i n-4 yl - et hoxy) - caf bam ¢ aci d t er PCoiSgs/omst er To a
sol ution of (2-bronp-ethoxy)-carbamc acid tert-butyl ester (252 ny, 1.05
nol ) i ) #E0E @ViA))derictedoom t enper ature i s added morpholine (0.14 nl, 1.6
nmmol). The reaction mxture is stirred for 7h at 50 T. The reaction
mxture is diluted with EtOAc, and washed with water. The organic layer is
dried over MgSH4, filtered, concentrated, and purified by flash

chr omat ogr ap 2% OH in t 6 o,
46% VS APCF% ¥) z 247 d??i’?%"é%ét@"%%‘” “O%t?%horﬂ %%g%;"oﬁ

-ethy r dlh 0 a solution of
(2 rmrpt%fq‘%/l %Paﬁ%/ gm% 83%@{? }1}265% tert-butyl ester (118 rrg, 0. 48
mml) in MeOH , I)gls added4Mdloxanesolutlonganél(il’él 9. 60
nmmol ) at roorfi- fugre2-(Firecthdsdririiuegomaethory-Bireryndng -3+ HrqhB‘?nZ?g h at
room tenperature. After addition of additional HQ (2.4 nmL) fol|owed by

stirringcidomethyl, estére12a éactanyerted Soyuthe r@iucmrd@wﬂlzamd pravedureudlieadygi ve
yellow solids (82 ng, 78% . (vi) The isoindole-1,3-dione internedi ates of

the fol |dewritedhy ik Heatesineb padact. MEARCE¢H-f m&rﬁ&#(Mﬁ}:)pfe@qntadam AIPIQII
hal i de and N-hydroxypht halimde by the procedure described wthin

Het er ocxtgl;ggg,@ M- 1PR8Qe37, 827-830. The isoindole-1,3-diones are
depr ot ec by t'he ‘procedure descri bed above: O but-3-enyl-hydroxylam ne; 0

55 WO 03/ 077914 PCT/ Us03/ 07864

(tetrahydro-furan-2-yl net hyl)-hydroxyl am ne;

O ( 3- met hoxy- propyl ) - hydr oxyl am neExamptt 8

O (3-benzyl oxy-propyl ) -hydroxylam ne. (vii) The follow ng hydroxyl am nes
are prepared as described i Rreperasipyf Pydrosylamines

O (2-vi nyl oxy-et hyl ) - hydr oxyl am ne; 2-am nooxy-2-nethyl -propan-1-ol;

1- am nooxy-2- nethyl - propan-2-ol; 3-am nooxy-propan-I|-ol; and

( 2- ami nooxy- eiitbxylamirey hsafal foasynthestzdngicangpauntisiofthe peisent inveotiap Iney9

be prepared as follows
() O-(2-Methoxy-ethyl)-hydroxylamine
Step A: 2-(2-Methoxy-ethoxy)-isoindole-1,3-dione

DEAD (10 mL, 63 mmol) is added to a mixture of 2-methoxyethanol (5.0 mL, 63
mmol), PPh3 (17 g, 63 mmol), and N-hydroxyphthalimide (10 g, 62 mmol) in THF (170
mL). The resulting orange solution is stirred 16 h at room temperature. The reaction
mixture is concentrated in vacuo, and the solids are filtered washing with CHCls. The
filtrate is concentrated again, and the solids are filtered washing with CHCl3. This
process is repeated until no precipitate forms. The final yellowish solids are
recrystallized from EtOH to give the desired product (7.7 g, 55 %).

Step B: O-(2-Methoxy-ethyl)-hydroxylamine
To a solution of 2-(2-methoxy-ethoxy)-isoindole-1,3-dione (7.7 g, 35 mmol) in

CH,Cl; (30 mL) at room temperature is added methylhydrazine (2.0 mL, 36 mmol). The
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H~-ONOHC N HNF I Br ~=N 6-(4-Brofno-2-chloro

phenyl am no) - 7f | uor - 3H benzoi sni dazol e-5-car boxylic acid

cycl opr opybfopetoky- am de (11b) Step A: 4- Am no- 2- ( 2- chl oPoTAIsSeNYI8e4M NO) - 3
fluOrO 5-nitrO benzoic acid nethyl ester 5b

4- Am no- &sBHinifsblution iSstittedror e andoomaem@ermatrlly Theshée slidsdrOfltered 862

mml) is suspended in xylenes (15 m) and 2-chloro aniline (9.06 nm, 86.15

mol ) i sTREd8Nenil e careRAKT HidMIA SEURRIek SediRBE §fedstrel 4RenCHidNdS cefrdid tif 09EN
at nosphere. After 6 days, the reaction mxture is cooled to room

t enper at i i . bhyb I 1 Xgol e is
washed V\AH{SﬁHS@?[gdre? IV%M té% 53{ ?%nc)gtﬁgltf%%(?%lgm%%&%?g@ﬁ%z Iré]ag’(/ée}rdf‘i s dried
(MgS™) 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 gi)OV‘I‘HeSfblﬁmihgj hydrokPRmbhesare Prépaddd g@ﬂgs'cﬁ%'e@ Bb&FPusing the

- a

phenyl am no) fl uoro-benzoic acid nethyl "ester

4- Ami no- 2 (2= chl or0s ny kam. -fluera-5-nitro-benzai i d.ethyl ester
b 50 i G0 TSRV RS B hacke Rl iR nRR' Puftd bl R 7
AcCH (5 n]%l% aFd zinc dust (0.29 g, 4.42 mol) is added. After 15 m nutes,
the react TSNS ®oNpl ete. The reaction nmixture is diluted with et hyl
acetate and filtered through Celite. The filtrate is washed with water,

sat ur at ed |_Nak 1@% K2C03 and brine. The organic layer is dried (MSO)
and concéntrated Ondet reduismtvoxpstiylehydoxylaeine. is3used dBetlypwithodesi r ed
product as an whitish brown foam Step C 6-(2-Chl orophenyl am no)-7

f | uor o- 3ptub@dutiohm dazol e- S-carboxylic acid nethyl ester 7b

4, 5- Di am no- 2- (2- chl or o- phenyl am no) - 3-f | uor o- benzoi c acid nethyl ester 6a

G\J _NH » . .
~No 2 O-(2-Pyrrolidin-1-yl-ethyl)-hydroxylamine is used directly without

purification.
()\l\/\ ,NHQ . . . . .
o) O-(2-Piperidin-1-yl-ethyl)-hydroxylamine is purified by Kugelrohr
distillation (chamber temperature 140 °C, 1 torr).
S NH2 o L :
-(2-Methylsulfanyl-ethyl)-hydroxylamine is purified by vacuum
distillation (76-78 °C, 20 torr).

.S ~NH .. .
Ph”o"07 2 O-(2-Phenylsulfanyl-ethyl)-hydroxylamine is used directly without

purification.
/NH . . . »
R ek O-(3-Methylsulfanyl-propyl)-hydroxylamine is used directly without

purification.

(i) The following hydroxylamines are prepared from the appropriate isoindole-

1,3-dione by oxidation using oxone (Tetrahedron Lett. 1981, 22, 1287), and then
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(0.125 g, 0.404 mmol) is suspended in EtOH (2 ml) and formam di ne acetate
(63 ng, 0.605 mmol) is added. The reaction mxture is heated to refl ux.
After 16 wWows®779the reaction mxture is cooled to rt andPdirluspzases t h

et hyl acetate. The organic layer is washed with water, saturated NaHCCS,
10% K2CQR, ndiibh b 8eschibsl s¥gani ¢ layer is dried (MgSO4) and concentrated
under redgced pressure to give 0.109 g (85% pure desired product. Step D
6- (4- Brodg;;oZ-chl oro phenyl am no)-7 fl uoro-3H benzoi m dazol e- S-carboxylic
aci d net hy/l t eH.8b . . .

6- (2- Ch mmﬁeﬁ& Zgnpn@)M?thPP’éﬁS‘?anElF?@é}TE}S‘#ﬁi‘ﬂ%ee issused digseilyi withgut
nmethyl ester 7b (55 ng, 0.172 innol) is dissolved in 1:1 THF: MeOH (2 mM)
and coolpadification78 C under an at nosphere of nitrogen. TsOH H20 (49 ny,
0.258 mml) is added followed by NBS (31 ng, 0.174 mol ). After 10
mnutes, ®YP reaction mxture is warned to 0 C and then 2 hours later

war med tg Bt Af+HH2 16, ho act v i 3¢ Q e 57
V0 03/ 077514”PCT) Usoar St h AP b e, 55 HEIRE IRl oy

acetate and ter. LS separated and t he aqueous |ayer is

ext ract é’g“w?\f,%ﬁg%?m&b/g&e?ﬁ&c%g%onbi ned organic extracts are dried
(MgS™4) and conce . at ed under reduced pressure. The crude product is
triturateg wth oetifyl ene chloride to give 58 ng (85% of pure desired
product @soa tan sol i dO-G-BlettEnesifodylBrropyl)-Rydiokplanine is used directly
phenyl am no) - 7f | uor o- 3H- benzoi m dazol e- 5- carboxylic acid 10b

6- (4- Br qgﬁlc;{ugﬁliﬂéa@foﬁhenyl am no) - 7- f | uor o- 3H benzoi m dazol e- 5- car boxylic
acid nethyl ester 8b (58 ng, 0.146 mol) is suspended in EtCH (2 mM) and 1

m 2 N palHd s added, After 16 hoyrs, the.reactiqn mxture is diluted with
ethyl acet %fe}/wgper,2 afld 31%%“94@&%%’@?‘?99’&* %Xﬁaﬁ}g‘res I%r@e%aéﬁ‘gr%?rgd and
the organic layer is washed with brine. The organic |ayer is dried (MSH)
and concRmG CihBe an¢ ddlsseryphtulimide by theipetenhpiosedutf OB Wiards 22 ny
(39% pure desired product.

then is deprotected by the procedure described above and used directly without

purification.
~ .NH

2R\

(iv) OO 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%

CH2C12 to 2% MeOH in CHzClz)

(v) O-(2-Morpholin-4-yl-ethyl)-hydroxylamine dihydrochloride
Step A: O-(2-Bromo-ethyl)-hydroxylamine hydrobromide

2-(2-Bromo-ethoxy)-isoindole-1,3-dione is prepared from 1,2-dibromoethane and
N-hydroxyphthalimide as described in WO 0018790, and is then subjected to the
procedure in J. Org. Chem. 1963, 28, 1604 to yield the desired product.

Step B: (2-Bromo-ethoxy)-carbamic acid tert-butyl ester
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Step F. 6-(4-Brono-2-chloro

phenyl am no) - 7f | uor o- 3H benzoi m dazol e- 5-carboxylic acid

cycl opr opybreeiohxy - am de (11b) PCT/US03/07864

6- (4- Brono- 2- chl or o- phenyl am no) - 7- f | uor o- 3H benzoi m dazol e- 5- car boxyl i c

acid 10b (22 1®a Bl o@"@@—bfo'in@bﬁl?yglﬁyﬁﬁbxgmnﬂh@hgldroBio)midél@1(}@ , 095D,
0.062 mol) followed by triethyl amne (18 |, 0.132 nmol) is added.

Oyt oPr aln) TR M. INTAEAAENELIBY O FUPERAR) (1 (TLOP. AGRLITRdoh, added

f ol | owed After 16 hours, the reaction m xture

Is diluted with eth t a er .angd the.l. r r al: The
organi c tF%?PE’ia%qrg %é‘#éicaﬁtg[ﬂ mségﬁgroﬁmnﬁﬂ?e fﬁﬁlﬁ@gg‘@% Sgér%lgfq’ 5%1%%%%,

wat er and brine. The organic layer is dried (MSH nd 5 .03/Q77914
PCT/ USO3V60ty sBun tesmiesiiier dideaniion mixiwe sehlufriatdly Eﬁoga ‘ﬁﬁsgeélgst% @89%
pure desired product. M5 APCI (+) m(z 455, 453 (Mr Br pattern) detected,
M5 APCl HC) andz bdisg, ddsd ¢wer BigSQuatfilterer), clecensrated, and m:mﬁ(adozywﬂa:sh
DVSO-d6) 8 11.69 (broad s, 1H), 8.43 (s, 1H), 7.62 (d, 1H), 7.28 (dd, 1H),
6. 42 ( mchidthatograpBy (ID0Y2EH,CL) €3giterthe eliredbréd@uct (81 Ab)75%).19 (m 2H); 19F
NVR (376MHz, DMSO d6) -132.95 (s). The follow ng conpounds are prepared by
met hods &bﬁfld: ar t ot NBRFRRSICHLIRSy)-ParbEX A R 1edt-BRS) dspert hi s Exanpl e 9 by

using the appropriate Carboxylic acid and the appropriate 'k'lydroxyl am ne:
1 "2 0N o B @ fiton b Rotgrem it g By sz g1 957

mmol) in DMF (2 mL) at room temperature is added morpholine (0.14 mL, 1.6 mmol).

The reaction mixture is stirred for 7h at 50 °C. The reaction mixture is diluted with
EtOAc, and washed with water. The organic layer is dried over MgSQ,, 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 HCl (2.4 mL, 9.60
mmol) at room temperature. The resulting solution is stirred for 16 h at room
temperature. After addition of additional HC1 (2.4 mL) followed by stirring for 4 h, 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-
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HH NI NHNFC HNFOCF3 § H ONOHS8n HOONOHC NN HNFI C
HN F Br N Exanple 10 HHO- OONOHC N --NI FI Br N59 W

03/ 077914WB@30USDB/ 07864 6-(4 Bronzo-2-clzloro pl enyl amPom)use3/07864

fl uor o- 3- met hyl - 3H benzoi m dazol e- 5-carboxylic acid

(2- hydr gxya18fdaeRha A0 1ER U ASYdrStyeanite; 6-(84ndthenppdpgiihodorknihagm no) - 7

fl uoro- 3-met’hyl - 3H benzoi m'dazol e-5- carboxylic acid nethyl ester 9a and

6- (4-Br 2rC I 2T uoro- | -

geE Zylb %%ﬁzﬁ%@&%ﬁ%@y&?@#@@y fnlg acid nmethyl ester A solution of

- (4- br ono- 2-chl or.0- nyl am no) -.7-f.1 uor o- 3H benzal ni. I oxylic
acijd net hyl é‘é‘{ber lg‘ﬁ%ﬁ%‘émﬁ&yd]@%‘%@nﬂ?ﬁa’fe p’ie%r%&n{ﬁ ﬁ%sﬁ%ﬁi@ \’805%()&2{%%/)

and potassium carbonate (78 ng, 0.56 nmmol)_in dinethyl farmam.de 5m) is
sti rr ed Qef2-vipglogyseshylirhEdmyylpminey ¢-anHBRAXY ohMFBA-BF Y 'sl"g}i; E%PE’&O%ST 1 et hgu
acetate, washed with saturated aqueous potassium carbonate (2x), brine,
and dri ebtifylaGd)2-oE|Jashinook wprepanfirananddgreaphgoxyzehyl)-methgcarpemio

chl oride/ ethyl acetate) provides 56 ng (36% of the nore nobile

6- (4- br epR-tértGatyaksephenyl am no) - 7- f | uor o- 3- net hyl - 3H benzoi m dazol e-

Example 9

HN F Br

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid
cyclopropylmethoxy-amide (11b)
Step A: 4-Amino-2-(2-chloro-phenylamino)-3-fluoro-3-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 Sb
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5-carboxylic acid methyl ester 9a as a white solid. 19F NWR (376 Mz,
CD30D) -133.5 (s). Ms APClI (+) mz 412, 414 (WM+, Br pattern) detected.
Al so i solwbDedor®ibd ng (35%  of PCT/US03/07864
6- (4- br ono- 2- chl or o- phenyl am no) - 7-f | uor o- | - met hyl - 1H benzoi m dazol e- 5-

car boxylg §o %00@8 rlﬁltnbwls §§§p%ﬁdél‘{5maA2'!@Ht(§ 181 labd zinkSdushid2§ 37 8.48zmolPi8 CD)
-139.9 {s) (+) mz 412, 414 (M+, Br pattern) detected. Step B.

6-(4-Br O lgérolasoﬂﬁﬁﬂég HY RQetich i lCHHlE)%’EG?' RS RobkrdnleRéOis Hidfachen S-

car boxyl |

6-(4-B > ch) heny! F met h

car bOXL%HE& &e%@e%aﬁh@teergé o ki e ¢ Gy M@?ﬁ%&‘@%ﬁ?@%ﬁﬂiﬁ%o 21
THE/ wat d NaOH (0.55 ni, 1,0 M ut 0. 55

added. A0 1D RgOs Ao brive Rbaroeesiolay b o (VESUh BBbETSSEHED quar t o

initial volume via rotary evaporation and the remainder diluted to 50 ni
Wi th watader rEecedquressus wogiue 0A3 g $48%6) plirkidesiredopyoduet Ban@hiyBh Graven 4

PCT/ US03/ 07864 by the addition of 1.0 M aqueous HCl and extracted with 1:1
tetrahydgpghuran/ et hyl acetate (3x), dried (Na2S04) and concentrated under
reduced pressure to provide 43 ng (79% pure carboxylic acid as an off
white solid. Ms ESI (+) mlz 397, 398 (M+, Br pattern) detected. Step C

6- (4- Brono- 2-chl oro phenyl am no) -7 fl uoro-3-nethyl - 3H benzoi m dazol e- 5-

carboxyl C a id ( | oxy- et.-hox
oo B ol 2on of 6 S SLRBIRT AT TlsrS 38 Baeinyacsle- bewdomiicassif o- 5
carboxylic_acid 10c (2.00 g, 5.0 mol), O (2-vi nyI oxy- et hyl ) - hydroxyl am ne
(0. 776 drethyf esferfly) )| HOBt (0.88 g, 6.5 nmmol ), triethylamne (1.61 ni, 2.3
mml) and EDCl (1.3 g, 6.5 nmol) are dissolved in di msthylformam de (52
nL) and sti r etDaaminod(2-chdenoenheniiemine3-eoradgnzcic TaEd r sighyl #sishi QR ure i s
diluted with ethyl acetate, washed with water (3x), saturated potassium
car bonat(6.1¢2>g) 0.4dtmmei)ed saspanded in EHOHr @dml)( ) formamhﬁne achtite 63 M2 SO4)
and concentrated under reduced pressure to an off-white solid. Trituration
0]1: f the spbdHmpid)isdhdiehy ! TIRS RREHAT BNHRSIshedBddo(130%. dedr Boh@irgdtet as an
O -

reaction mixture is cooled to rt and diluted with ethyl acetate. The organic layer is

washed with water, saturated NaHCO3, 10% K,COs and brine. The organic layer is dried

(MgSO;) and concentrated under reduced pressure to give 0.109 g (85%) pure desired

product.

Step D: 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic
acid methyl ester 8b
6-(2-Chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid methyl
ester 7b (55 mg, 0.172 mmol) is dissolved in 1:1 THF:MeOH (2 ml) and cooled to —78 °C
under an atmosphere of nitrogen. TsOHH,O (49 mg, 0.258 mmol) is added followed by
NBS (31 mg, 0.174 mmol). After 10 minutes, the reaction mixture is warmed to 0 °C and

then 2 hours later warmed to rt. After 16 hours, the reaction mixture is quenched by the
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white solid. M5 ESI (+) mlz 483, 485 (Mt Br pattern) detected. Step D

6- (4- Brono- 2-chl oro phenyl am no) -7 fl uoro-3-net hyl - 3H benzoi m dazol e- 5-

car boxyl iwoagia9fL- hydr oxy- et hoxy) - am de 29c Hydrochl ori c pagiusog/a®e4i, 1.0
M aqueous solution, 14 mvol) is added to a suspension of

6- ( 4- br oaddiBien hifor @6 NSy aand alikuied Withr @hd- aetdy land Hvdtenz Aihei Weze! e
-5-carboxylic acid (2-vinyloxy-ethoxy)-amde 29a (2.18 g, 4.50 mmol) in

ethanol (&firatbd hn@ Bt AfCoNECRGEH Rexiakikd MRtAbth tdt) Thicofh®ined%orPiE s- The

reaction mxture is concentrated to dryness by rotary evaporation and the

sol i ds j bl : : 7

cet at of Coridh SRRl RO And o HledtaiBl s S Bt PR e
hase is. extracted with 3:1 et. acet at e/ r.ahydr of ur a x), the

Ponbt ned AR HRUDITREBEHY o GHE ST SR ve B BT o moduiss oy
(100% 6-(4-brono-2-chl oro-

phenyl arrF?lléf}'- 7-fluoro-3-net hyl - 3H benzoi m dazol e-5-carboxylic acid

(2- hydroxy- ethoxy)-am de as an off-white solid. M5 ESI (+) Tn/z 457, 459
(M+, Br pattern) detected. 1H NWR (400 WMHz, MeOHd4) S 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), SBpAF: ( M5-(2ByomdIciibiB-fia7HlaMiio)- Mesdro BH-benzbBRidobi4-S)carbosaipl € 11

The foll ow ng conmpounds are prepared by nmethods simlar to those described
in Examplg ¥ by using nethyl ester 8b and the appropriate al kyl ating
agent (Step A) and the appropriate hydroxylamne (Step C): 29d HOB - N O N
a 29ff H O 6Q4931Jc\>jm9-2-'c\hlgro'fpﬂelﬁyiamlziné)-’}"—%ruoro-3-ﬁlb\ef1z[\éimi’2(?a%01[él-590a%§g)8rlic

acid methyl ester 8b (58 mg, 0.146 mmol) is suspended in EtOH (2 ml) and 1 ml 2 N

NaOH is added. After 16 hours, the reaction mixture is diluted with ethyl acetate, water,

and 10% HCI solution. The layers are separated and the organic layer is washed with

brine. The organic layer is dried (MgSO,) 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-3 H-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 triethyl amine (18 ul, 0.132 mmol) is added. Cyclopropyl methyl
hydroxylamine hydrochloride (8 mg, 0.062 mmol) is added followed by EDCI (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 NH4Cl, brine,

saturated NaHCOs;, water and brine. The organic layer is dried (MgSO,) and
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00OC c¢ci ON oNHN -NF/ Br \NCQ _ /- FBr 29f o~oN o 29hh i0 O C
HCLH NI ~N-N FBr FI Br \--N\=N rli 62 W 03/077914

PCT/ USO3/W03847791k H 29g N o Hci 29ii NOC NH ~ (| ‘CWUS03/07864 Br
\--NCNFBr 29h Ho~~-ONHO Hci 29JJ ONOC N\ Br H-NI F( NI A

\ =N - - N| cdncBiitraté@un¥ #kedbressre€d gNeQLng @9%) pure desired product. MS
APCI (+) m/z 455, 453 (M+ Br pattern) detected; MS APCI (-) m/z 453, 451 (M- Br
pattern) detected; 'H NMR (400MHz, DMSO-ds) 8 11.69 (broad s, 1H), 8.43 (s, 1H),
7.62 (d, 1H), 7.28 (dd, 1H), 6.42 (m, 1H), 3.63 (d, 2H), 1.03 (m, 1H), 0.48 (m, 2H), 0.19

(m, 2H); "F NMR (376MHz, DMSO-dg) —132.95 (s).

The following compounds are prepared by methods similar to those described in
Example 1 and in this Example 9 by using the appropriate carboxylic acid and the

appropriate hydroxylamine:

8g H 8k
& @
HN F Cl Cl
\=N
8h | N o 81 |ho
. PN ,N
0 H (o)
N i
HN F Cl
\=N
8i H 0 8m N
Ej N
HN F Cl OCF3
\=nN
8j H 8n
J ><o,N o) HO\/\O H ol
H N
F B
Nl T ° A r
Example 10

~N F Br
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F B
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o\
\

\ NHI Vi Br -NFBr 29) LOH2911 NOCIl OH NONHGOG |
r -NF/ Br 29k HO 29nun S H HO-~-OH . Ph'" -1.1~-ON OH C
FwBroso7Mi4 F Br  \=N "=N 291 H 29nn 0 O H HO 0/\ OPRT@ShB/CI864

ONOHC N NI FBr ~( FBr "-NN Id- \=N 29m,N O 290 0 O H

He<git-Bo M oQ2-Eh ok o-phedyliinbhoy-7-fii vl 3-midthyl-3 H-bégbimidazote-5-catboxfiéc
acid (2-hydroxy-ethoxy)-amide (29¢)
Step A. 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-
carboxylic acid methyl ester 9a and 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-1-
methyl-1H-benzoimidazole-5-carboxylic acid methyl ester

A solution of 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-
carboxylic acid methyl ester 8b (150 mg, 0.38 mmol), iodomethane (28 ul, 0.45 mmol)
and potassium carbonate (78 mg, 0.56 mmol) in dimethylformamide (1.5 mL) is stirred at
75 °C for one hour. The reaction mixture is diluted with ethyl acetate, washed with
saturated aqueous potassium carbonate (2x), brine, and dried (Na,SO,4). Flash column
chromatography (20:1 methylene chloride/ethyl acetate) provides 56 mg (36%) of the
more mobile 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-

| 5-carboxylic acid methyl ester 9a as a white solid. *F NMR (376 MHz, CDs;0D) -133.5
(s). MS APCI (+) m/z 412, 414 (M+, Br pattern) detected. Also isolated is 54 mg (35%)
of 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-1-methyl-1H-benzoimidazole-5-
carboxylic acid methyl ester as a white solid. '°F NMR (376 MHz, CD;0D) —139.9 (s).

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 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
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WD 03/ 077914 PCT/ US03/07864 H H 29n HO''--\ONO C 29pp NOC H NN
Br NFBr ~N\=NH 290 H®,,,-~-ONOC 299gq Phg"'~-ONOC HH NNL
| Br NwBlo3Br7914\--- HN 29p H 29rr HO,,,-,0 N OHC ecousmmw®H CI N

Br -NFl: Br ~N =N TOH29g HO,,,,0,O0NO29ss C Pho H SON O C

I
!_lNO ég’éir}le Eﬁ{ﬁlfl%of\#\ll() Mlﬁ:ﬁ%erolé% I:-W}"}Jn& hr£&8d $Aeh 29t tbtratPdbb fikah/c@ylabdtate © NH Cl

(3x), dried (Na;SO,) and concentrated under reduced pressure to provide 43 mg (79%)

AF
N F
N F
H N
N H

pure carboxylic acid as an off white solid. MS ESI (+) m/z 397, 398 (M+, Br pattern)

detected.

Step C:  6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-
carboxylic acid (2-vinyloxy-ethoxy)-amide 29a
6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-

carboxylic acid 10¢ (2.00 g, 5.0 mmol), O-(2-vinyloxy-ethyl)-hydroxylamine (0.776 g,
7.5 mmol), HOBt (0.88 g, 6.5 mmol), triethylamine (1.61 mL, 2.3 mmol) and EDCT (1.3
g, 6.5 mmol) are dissolved in dimethylformamide (52 mL) and stirred at room
temperature for 48 hours. The reaction mixture is diluted with ethyl acetate, washed with
water (3x), saturated potassium carbonate (2x), saturated ammonium chloride (2x), brine,
dried (Na;SO,;) and concentrated under reduced pressure to an off-white solid.
Trituration of the solid with diethyl ether provides 2.18 g (90%) desired product as an off-

white solid. MS ESI (+) m/z 483, 485 (M+ Br pattern) detected.

Step D:  6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-
carboxylic acid (2-hydroxy-ethoxy)-amide 29¢

Hydrochloric acid (14 mL, 1.0 M aqueous solution, 14 mmol) is added to a
suspension of 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole
-5-carboxylic acid (2-vinyloxy-ethoxy)-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
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29s H29uu H HO ,,-,,ONOHC NOHC NI I NI AFLBr -NFBr N
=N S\/N 64 WD 03/077914 PCT/ US03/07864 29t HOO~~ON O ClI 29vv o HN, ~ON O
HC H NvoNgoFiBr / ~N ~NF Br 29ww BOC H 29u HOH O OPHTIS03/07864 , ~, O, N
Cl N~Nb NF:: Br NI NFBr \=~=N 29v HOB/-ON O Cl 29xx HO- O NH
0 G H kectatdidtrablydibfifraBind satd¥ated Bbtasdthim carbonate. The aqueous phase is

extracted with 3:1 ethyl acetate/tetrahydrofuran (3x), the combined organics dried

(NazS0y4), 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-dy)

~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

the appropriate hydroxylamine (Step C):

29d H 29ff H
HO._~..N._.O _N._O
o) e V\o e
N N
)\N F Br N F Br
H\::N CI/\/\H\:—_N
29¢ 0 _N.__O 29gg
<fo H ¢ ﬁ\ oM Cl
ho! “
\NL F Br \©\
=N
Cl\/\N\__N F Br
20f H 0 (0]
9 o ™o NP yo o 29hh g H §
Ao A
~N F Br
_ N F Br
\=N // \::N
Cl
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\=NOO0O 29x HOHCO 29ZZ HOHO OOHCO NN _NFI Br /- FI Br N 29aaa
Ho HO 299081009 Cl O-,0 HCO NN ((: F Br ~NF ~N, Br PREDS$3/0B64 WD
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D208 N T 5 2911
SN e X O N0 cl
N H
N
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\=n Cho~"n F Br
\=N
H e
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N\©\ H
N
~N F Br
\=N ~N F Br
\=N
29i OH 29kk H
0 O~ .N_0
[ (@] Cl
O« _NH H
cl N
NH
~N F Br
— F Br _
N\;N i \=p
i 2911
0 H
[ N
O« _NH
¢ 15
NH \N/&F Br
\=N
~N F Br
\=N . .
29k 29mm
Ao N y C Ph” "o NP e
” ol
N F Br ~N F Br
\=nN \=N
291 H 20t | Q0 H
HOwo/NEO o N oMo
H
N N. i
N F Br ~N’ E :F Br
{ =N e
29m H 2900 Q.0 H
HO _N__O N
N ol
N F Br — F Br
\:(\ =N N\:N
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29ee NHO29ggg, HOHCO N,-,-~-ONOC NL NFB "NI Br Fb/ O~
~=N 66 WD 03/077914 PCT/US03/07864 Exanmple 12 H HO'--r'ONOHC OHI
N -N F 6 80 030791N 6- (4- Broi no-2-chloro PCT/US03/07864

phenyl am no) - 7f | uor o- 3- net hyl - 3H benzoi m dazol e 5- car boxylic acid

(2, 3- di BT GXypropoxy) Ham de (Z9nhh) T #K01 [+
6- (4- briono- 2- chPoce™phdhyt@ni noy- 7- f 1 uor 6- 3- e kél' 3 o
benzoi ni dazgl e- 5- car boxylli c faci d al | yl oxy-am|de Y QI O4cinmol ) |in
0.50 nl| 4:1 tetrahydr n ris ﬂdded ds04 (41 L, NM sl ution in
t-BuOH,| 0.002 mol) f d MO (7, mg, Q.06 mmol ). oI nis
stirred at rloomteppeNatiireF for eiBjht hours |after whic ' réalysis
showed |conpl et & ver'sidn to product. | The gol ution |sNth n gtl rred w th
sat uratied NaHSOB_#hd diluted with ethyl| acetdte. The orgé‘hl c phase is
dried (Na2SQM)I. Purification by FCC (DOM -> 20:1 DCM MeCOH) provided 16 (ng
desi red Bodugs as_arof fy white solid. MOVESI (?‘?CMZ ¥87, 489 (M, Br
pattern) det ectéﬂ/\@ e, 13¢l NN o
H
N N
N F Br _ F B
\= N '
N \—=N
E H
20v 29xX | Ho N. O
HO~ o N p© e ~o H C
N N
F Br
N F Br 7N
\=N N
0]
. H H
29w 29yy
HO\/\O,N @] Cl HO\/\O,N o H cl
H N
N F Br FSC/\N\:_N F Br
\ \=N
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O
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OHHHO,,J,~ O-NOHOC N11 ~-NF Br \=N 6-(4-Brono-2-clzloro
phenyl am no) - 7f | uor o- 3- net hyl - 3H benzoi m dazol e- 5-carboxylic acid

(3, 4- di hymipesp7dut oxy) - am de (29iii) PCT/US03/07864
6- (4- br ono- 2- chl or o- phenyl am no) - 7-fl uoro- 3 - net hyI 3H benzoi m dazol e-5- 67
WO 03/ 058914 PCT/ Ubbld/ 07864 carboxyli ¢ 2esbl| put qqhyl xy-am de 29uu i

subj ectjed to | agj on nmet hod deseri b/\
(+) nal/lz 501,V503 (lVHr Br atfern) dete¢ted. Exanple
CF3CO2H N N F Br i no-2-chloro ph

enyl am|no) - 7f | uor o- enzoi m{dazol e- 5- oxVy|irc ~acBd
(2- ni ethyl ailni ng-8Y hoky) - amde A salt] (29j ]| P Prepared from
(2-{[6-(4-brom) 2- chithor o- phenyl am no) - 7- f | uor o- 3- et hyl -

benzoi i dazol,gyS- carbonyl ] - am nooxy} -ethyl ) - et hyl - carbamic acid tert-butyl
ester Szzsg\r%v Dy tritTiHioroacetic acid depgnot@ction in fethylene chloride.| M

anpte 12. Ms APCI
,-~ON O HCd

APCl (4 ; ’ @I\/Hr Bf pattern) detecte (400 MHz, CD3OD) b
8.31 (s }, 17.51 (d, 1H), 7/19"(dd N
4.11 (m 2H)|, 3.97 (g 12 (m 2H), 2.72 (s, 3 19F MVR (376 M,
CD30D) [-77.41 (s, 3 34 79 s, 1F).| Exanpl e 15-fhe7T oFl Mgy conpounds
are prepared by@\t\lhos sinilar %o thode des¢MeBed i¥eN Exanpl e 10 by using

nmet hyl |ester] 8a and“THe appropriate al kylatimg agent (Step A and
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the appropriate hydroxylamne (Step ©: Ilc ONOIlie OHON N--NF 1 Br
NF B N/ ~=N68 W 03/077914 PCT/US03/07864 |id oo NOIIf OHO~ H ~
| NHF BvoN3®7Bi4 N N Exanple 16 The foll owi ng conmpound®cCarisopomspar ed by
met hods simlar to those described in Exanple 10 by using nethyl ester 8e
and the appropriate al kyl ating agephalgﬁr A) and the appropriate

hydr oxylamne (Step ©: |Ilg vil~ 0 OONONH~6 NFCO N\- NF
o Ilh HOIlIk NH~/~O" N~oH v ~\ NI\ I\ NI NFCAO ~Fd NHOill

NoHIIi N H
HO/\/\O/N 0O y Cl
OH N
~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)
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 conversion to product.
The solution is then stirred with saturated NaHSOj; and diluted with ethyl acetate. The
organic phase is dried (Na;SO,). 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.

Example 13

OH
H
HO_ A~ o N0 ol

H
N

~N F Br
\=N

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-carboxylic
acid (3,4-dilydroxy-butoxy)-amide (29iii)
6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-
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C, OH \ NN L11NI FA NNFOC N Exanple 17 The foll ow ng
conpounds are prepared by nethods simlar to those described in Exanple 10
by usi ng wetobyr79est er 8c and t he appropriate al kyl ati ng agemtusf8omsps A) and

t he appropriate hydroxylamne (Step C: 69 WO 03/077914 PCT/ US03/ 07864 H O
H O 29145l acid Blut-3- kg?/l&ﬁaﬁldé $9yu N éub!]ec%d' to ﬂieFdl@dro%IEtlorgneﬂ@&a”m e

18 The foIIovm ng conpounds are prepared by nethods simlar to those

oo R MR TR P G el

29111 HO, _,-,CNOF 29mMmmHO\ NOF -NF Br -N F Br Exarrple19H ON OH
N NF Br

Example 14

N N_o
~INTNor e
CF3CO.H N
~N F Br
\=N

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3 H-benzoimidazole-5-carboxylic
acid (2-methylamino-ethoxy)-amide TFA salt (29jjj)

Prepared from (2-{[6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-
benzoimidazole-5-carbonyl]-aminooxy}-ethyl)-methyl-carbamic acid tert-butyl ester
29ww by trifluoroacetic acid deprotection in methylene chloride. MS APCI (+) m/z 470,
472 (M+, Br pattern) detected; "H NMR (400 MHz, CDsOD) & 8.31 (s, 1H), 7.74 (s, 1H),
7.51 (d, 1H), 7.19 (dd, 1H), 6.39 (dd, 1H), 4.11 (m, 2H), 3.97 (s, 3H), 3.12 (m, 2H), 2.72
(s, 3H); '’F NMR (376 MHz, CD30D) —77.41 (s, 3F), =134.79 (s, 1F).

Example 15

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

the appropriate hydroxylamine (Step C):

l1c 1le

N F Br N F Br
\=ny ~ N
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"=N 6- (4-Brozno- 2-nzetl zyl phezayl anzi zzo)- 7f |1 uoro-3 [ 4- (4- net hyl

pi perazin-1 yl)-butyl]-3H benzoi zni dazol e-5-carboxylic acid

cycl opr opybreeiohoty - am de (11q) Step A 6-(4- Brono- 2- net hylPCphusnydmed no) - 7
fIuoro-Spent-4-enyI-3H—berazoinidazole- 5-carboxylic acid nethyl ester 9b

7- Fl uoy - nyr phenyla pg)-lH—benzoi daéole-S-carboxyIic
acid m , 2.419 pmol)) i in D (18 nji)
under i e tr gen. Bropopent en ) . 629 mmol|) and
K2C03 (0. PCT/ US03/{07864 3. 62 @ added and
the reaction nlxtur to 80| T. |After action
mxture is cool INo oorﬁterrperBdture and po Nt 07100" m “of A:1 |et hyl
acet at ¢: di ¢ et hefN The organic |ayer iSashed Wth water and brlne,

dried (Na2804) and concentrated under reduced pressure. The N3 and N1
al kyl ated products are separat Ed’be% flag€ col utm chr omat ogr aphy, el uted
with 20:1 net hyl ene chloride: et hy gtPé Conpl ete separation of the

i somers is obftimesyi ?c@ﬂﬁgﬁﬁd@:it@p&é‘iﬂredcliyﬁlﬂﬂfodglsﬁmMQosmardakdrﬂmémThe
hi gher Rf product is the product 9b, while the lower Rf product is the

N prodyg MTJ1§%E§?%}¥‘%r otfif1 st Sl rtﬁ@' gﬁrol%’até 8ithe dbeh  A) bftd M5 ESI

(+) in/lz attern) et ected. The recovery o he Ni  product

g?ZpOBAB]ge %Jpng 5‘?3 l@dﬁg&ﬂgﬁne&@hﬁaﬁn ﬁg? 7446 (M+1 Br pattern) det ect ed.

f | uor o- 3pent - 4- enyl - 3H benzoi m dazol e- 5-car boxyl ic acid 10d

6- (4- Brono- 2- net hyl - phenyl am no)-7-fl yoro-3-p j azol e-
5-car boxyki ¢ acid thﬂ ester 9b is dildkol ved. i an THF MeOH (10 nml) and
1 N NaQH spkuti o (2 Aft enAh, & are
renoved under’reduce e residue di nd 100
m 1.1 |THF: =t hyl acd are|separate ayer
extractied with et ) i ned or gany i ed
(Na2sS®™) and ncen_J:Nat ed under reduced pf essure\‘t_cN afford O. 39 g

\
11h H 11k N_o
_N._O )
v/\o H {\O H
- F Cl
N F cl Ney
\’;N
111 : 111

TG | TS,

Q/\/\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

the appropriate hydroxylamine (Step C):
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(100% clean desired product as a light yellow solid. Step C

6- (4- Brono- 2- net hyl phenyl am no)-7 fluoro-3 pent-4-enyl -3H benzoi m dazol e-
5- car boxyWwpm®3atists cycl opr (c) pyl met hoxy-am de I1f PCT/US03/07864

6- (4- Brono- 2- et hyl - phenyl am no) -7-fluoro-3 -p ent-4-enyl-3H benzoi m dazol e
71 WO OJfHﬁ 914 PCH/ US03/ 07864 5-car D%%kl C acid #0d (0.390 g, 0.902 mmol )
i s dissplved d N~FPF: mgt hyl ene chloride N-and Hurj g' s base (|0. 346

. u
m, 1.985 mpol) is eﬁ'j ol l owed by PyBOP|(0.563 g 083 mmol ). Afiter 10
t hydr oxyl am ne hydr ochl ¢ @I 34 g, 1./083
cp, the reactign m xt , 0 togd Wit h |et hyl

m nut es, cyqgl oprop
mol ) is added.
acetate] and washedywith 0.1 N HCl, sjaturatjed NaHCGg), and brine. The
organic layer is dried (Na2SO4) and concentrated under reduced pressure.
The crude yellow residue is purified b}/ FCC eluted with ethyl acetate to
give 0.315 g (70% pure desired prB¥g@pled a yellow solid: MS APCl (+) nlz
503, 501 (Ml : : - . -

TR Sﬁg‘%ﬁ% 3%1}1g§1§1ﬁgéaﬁ€%e?%§ﬂ fb|9 m@thééi BhPAP 12 t3EL B¥dcribed in

phenyl am no) - 3- ( uor -

benzoi m dazol.e-.5-.car boxyl i.c,aci d o ropyl net h -amde i

o e br oo DB oI et RS 6 Yo A5 SISV Rk GFen Bl A) and
enzoi m dazol e 5-carbagoxyljc acid cycl opropyl net hoxy-am de 11f (0.307 g,
0.612 rmbrRPPerHatedyrimylamine (Btep é)—'u:: water (8 m) and 1.134 ni (0.061 mmol)
of an 0.054 M Gs04 solution in t- BuOH Has added foll owed by NMO (0.093 g,
0.796 mol). After ﬁh, the reaction mxture is quenched by the addition of
10% NaHS2%08 utiof. After 10 mn, tROmMmmMaGq xtgre is filtered
t hrough| Cel i ts-gj\r/i\n%'i ) 6Mt et hyl acetate argtdn\%(@qﬁg gy Chil oride. The

filtrate is|diluted oty| acetate and washed w N.O HCl , and
ra under reduced

brine. | The |organic er dried (Na2S04) |and cong
pressure. The crudé roduct iBs purifiied by |[FCC etNit&d Wit 9B1 et hyl
acet at et-MeOH-t 0 g#\)f‘é‘NO. 244 g (74%  pure desired pr\’éfjuct. StepE:
6- (4- Brono- 2- met hyl phenyl am no)-7 fl uoro-3-(4-o0xo-butyl)-3H
benzoi m dazol e-5-car boxylic acid cycl opropyl net hoxy-amde |In

Example 19

- N F Br

6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3-[4-(4-methyl-piperazin-1-yl)-butyl]-3H-
benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide (110)
Step A: 6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3-peni-4-enyl-3H-benzoimidazole-
S-carboxylic acid methyl ester 9b
7-Fluoro-6-(4-bromo-2-methyl-phenylamino)-1H-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,
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72 WD 03/ 077914 PCT/ US03/ 07864 To a m xture of

6- (4- br ono- 2- net hyl - phenyl am no) - 3- (4, 5-di hydr oxy- pentyl)-7

f I uor o- 3HVbaadTiomd dazol e- 5- car boxylic acid cycl opropyl net ireTyrsasvses | | m
(0.244 g, 0.456 mmol), THE (5 m) and pH 7 phosphate buffer (3 m) is
added 'sodlsdfpeél) alARed iy ﬁfe%gcuoﬁ aitkur WAL byanfibd &1 8 & NS 1 Holie dheact i on
mxture i's diluted wth acetate and washed wth CO3, "and bri ne.
The organic.layer, is.dri and con entr ce

or eseur oRpEia R it S e ?rﬂue%tap POy éﬂﬁ o Wi R o

met hyl ene chl OJ’I d OH yields 0,189 g (82% .pure desired product as a
yel | ow satetate: diggyhpier. eﬁr&ango}slye@esva@mdlw waien adyringe deed @N¥a2SWB APCH
(-) mz 503, 501 (M1 Br pattern) detected. Step F 6- (4-Brono- 2- net hyl
phenyl anamb)corrcentraf@dourgler Areducedepiosdupd. peFlaez N3 ang|y1 alkylated products are
but yl ] - 3H benzoi m dazol e-5- carboxylic acid cycl opropyl net hoxy-am de Ho

6- ( 4- Br osspaietiebin flaslp ke hiphra chioajatokriphyp et (4thodmi biktlylensS thloride:ethyl
benzoi m dazol e-5- carboxylic acid cycl opropyl net hoxy-amde Iln (15 ny,

0. 030 mMpdelatd.s o@&ﬁﬁﬂeteeohepﬂau&@q}f (tﬁ@olsbﬂieﬁsn% n@lstaﬁﬁb@l B?f ﬁéﬂfd’rﬁnﬁgl%o 0.089

mml ) is added followed by A

e RN LSRR A h@?ﬁ’ RO 2,
140 RS B4 T A A A 1 o

white SO|Id 29%4{% z 587 585 ng Br attern) det ect ed; 1H NWR
(400 MHzL @é&@ (S) M/, 446 (Wl Bragigrn) gletepigyl, The oYy of the Ny posfuctid,

1H), 630 (d, 1H), 6.1 (broad singlet, 1H), 4.26 (t, 2H), 3.64 (d, 2H),

3. 37 (S,MW.ASQgA({SS%}JrI@’MS BSi) (+)2n/4442( ﬁAG:{M—hlEcI%te(n),demel)ed. 2.28 (s, 3H,
1.95 (quin, 2H), 1.55 (quin, 2H), 0.98 (m 1H), 0.50 (qt, 2H), 0.22 (qt,
2H). 73 WO 03/077914 PCT/ US03/ 07864 Exanple 20 The foll owi ng conpounds are
prepared by nmethods simlar to those described in

Step B: 6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3-pent-4-enyl-3H-benzoimidazole-

S-carboxylic acid 10d
6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3-pent-4-enyl-3 H-benzoimidazole-
5-carboxylic acid methyl ester 9b is dissolved in 1:1 THF:MeOH (10 ml) and 1 N NaOH
solution (2.3 ml) is added. After 5h, the organic solvents are removed under reduced
pressure and the residue diluted with water and 100 ml 1:1 THF:ethyl acetate. The layers
are separated and the aqueous layer extracted with ethyl acetate. The combined organic
extracts are dried (Na;SO,4) and concentrated under reduced pressure to afford 0.39 g

(100%) clean desired product as a light yellow solid.

Step C: 6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3-pent-4-enyl-3H-benzoimidazole-
5-carboxylic acid cyclopropylmethoxy-amide 11f

6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3-pent-4-enyl-3 H-benzoimidazole-
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Exanpl e 19 by using the appropriate al kenyl substituted benzim dazole and
the appropriate amne in the reductive amnation (step F): H 18a H O 180
IN o HOWOoK@4N\ NI\ NFI/ O CN~IN HONF Br yPCraANoI@860, N H O
18p OINOHHNI\ ~\ !\IHONFBr NFdJA HQ)-/- =NND 18c HO 18qg Ho
O H o N-ddrbo§lic aciddod (01390 &) 0.94Q hine]) id Atkslved i 1.8 THMidHy]leneldhMride~N F Cl

(6 ml) and Hunig’s base (0.346 ml, 1.985 mmol) is added followed by PyBOP (0.563 g,

1.083 mmol). After 10 minutes, cyclopropyl methyl hydroxylamine hydrochloride (0.134

g, 1.083 mmol) is added. After 16 hours, the reaction mixture is diluted with ethyl acetate

and washed with 0.1 N HCI, saturated NaHCOs, and brine. The organic layer is dried

(N2a,S04) 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 1.134 ml (0.061 mmol) of an 0.054 M OsO, solution in -
BuOH iias added followed by NMO (0.093 g, 0.796 mmol). After 5h, the reaction
mixture is quenched by the addition of 10% NaHS,0; solution. After 10 min, the
reaction mixture is filtered through Celite rinsing with ethyl acetate and methylene
chloride. The filtrate is diluted with ethyl acetate and washed with 0.01 N HCl, and brine.
The organic layer is dried (Na;SOy) and concentrated under reduced pressure. The crude
product is purified by FCC eluted with 9:1 ethyl acetate:MeOH to give 0.244 g (74%)

pure desired product.

Step E: 6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3-(4-oxo-butyl)-3H

benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 11n
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NNFC HO N=N 18¢e H18s H INOO o OVNNI FCA NFOQ N\=
\~-N HO 74 WD 03/077914 PCT/US03/07864 18f O N H O 18t o,No HN N ~
F Br F BwON3077414 N 18g O N O 18u "O-N O HH NI~ F ~ Br PNTIUSB3/07864 Br

\--NN6 NH 18n NHO 18v cr o 0, HN~
To a mixture of 6-(4-bromo-2-methyl-phenylamino)-3-(4,5-dihydroxy-pentyl)-7-

fluoro-3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 11m (0.244 g,
0.456 mmol), THF (5 ml) and pH 7 phosphate buffer (3 ml) is added sodium periodate
(0.195 g, 0.911 mmol). After 16 hours, the reaction mixture is diluted with ethyl acetate
and washed with NaHCO;, and brine. The organic layer is dried (Na,SO4) and
concentrated under reduced pressure to give an orange solid. Purification by FCC eluted
with 4:1 methylene chloride:MeOH yields 0.189 g (82%) pure desired product as a
yellow solid: MS APCI (+) m/z 505, 503 (M+1 Br pattern) detected; MS APCI (-) m/z

503, 501 (M-1 Br pattern) detected.

Step F:  6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3-[4-(4-methyl-piperazin-1-yl)-
butyl]-3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 110
6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3-(4-oxo-butyl)-3H benzoimidazole-5-
carboxylic acid cyclopropylmethoxy-amide 11n (15 mg, 0.030 mmol) is dissolved in
MeCN (500 pl) and methylpiperazine (10 pl, 0.089 mmol) is added followed by AcOH (5
pl, 0.089 mmol). After 5 min, tetramethylammonium triacetoxyborohydride (12 mg,
0.045 mmol) is added. After 5 min, the reaction mixture is diluted with ethyl acetate and
washed with NaHCOj3 and brine. The organic layer is dried (N2;SO4) 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, CDCl3) 6 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 (d, 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, 2E), 0.98 (m, 1H), 0.50 (qt, 2H), 0.2 (qt, 2H).
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\' NF Br

HN~ N/ FBr N~) NNHNW Ho 18i NHO 18w O N O , N H):
NC NF~Br F/ Br N~ \=N CNND/ ~=N~NJ 18 OQONHoO 18x NHo o, H
v~ HNWOoBW017918r H _//---NI1 F1 d g\ N-/ =N/ N BCTASk3/0IS6# O 18y N
O, ON HCNFdOA NI\ NI\ NFBr N~\=N -/ \=NH
Example 20

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

Example 19 by using the appropriate alkenyl substituted benzimidazole and the

appropriate amine in the reductive amination (step F):

18a H 180 R_o
HO -~ N~ 20 Lo oo '
N
HQ Ohver~""\ ] °
N F Br
HO\)I \;HN -
18b 18p
_N__O _N.__0O
v H v © H
N N
HO F cl
N F Br Ny
Ho\)\/\ \=N SN
O
18¢c H 18q N o
V/\O/N 7 VoY
H N
fl & Q
\ N F Cl
N F cl ™ e
/\(\/\ \=N
HO  bh - ]
18d 18 )
O/N O T v/\QN OH
H N
\N\/\\\/N\/\/\N\;N F Cl
N F Cl
catis
18¢ H 18s oo
v/\O,N 0] v/\o "
ﬁl éﬂ Q
N
N N F cl
N F cl N~
LN
"
HO
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181 ,NHO18z ooNOOH N~I NI ~F1 / Br N~-NFCQ ~Ni \-N75 W
03/ 077914 PCT/ US03/07864 N 18m O N OI18aa O-NO H \--.IN, \=NNF Br 18n
I N O | 8bwommr®1H ci OHI \ N(\ N- NNF Br F C N-PNTHSaspise4 21 H
ONON\ ONFI/ Br N 6-(4-Brono-2-nethyl

phenyl amm )-3-[4-(1¢&-diuxu-iﬁ@-thionnrphoiﬁgf4 yI ) -Dutylg 7-

: . N. 0 :
fluoro-|3 benzg:n?Qg— 5-carboxylic acid ¢gyc oaropxyﬁﬁpho y-amyde (j18cc)
To a sol ution H N

6- (4- briono- 2- met hyl - il -7-fluoro-3{(4-thi onorphol

4-yl -butyl ) -{3H benzoi ﬁ?' > %?rboxylic acid :yckgprﬁﬁgi ﬁhoxy-%nide
181 (8 : N r
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H
_N._O
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0.014 mml) in 1:1:1 water/acetone/ MeCH (1 nlL) is added NMO (1.6 ng, 0.014
nmmol) and osmumtetroxide (250 1 L, 0.054 Msolution in t-BuCH, 0.014

m nol ). AVOaB/ogwi4ring for 24 hours, the solution is dil ®CedSas/01864
saturated sodiumthiosulfate, stirred for 10 minutes and diluted wth

et hyl ghate. The sofutiam i s washed wi th |brgeng (2x), (Na2S™4) and
concentrated under @d“ €ssure to a griey salid. oc

di chl or onetjhane/ net hanol ) prowﬁles 6 ng (719 desired pro @
off-white dolid. M ESI ( 624 (M+, Br—yant erp ectedi | 76 WO
03/ 077914 RCT/ US03/ 07864 Ie ON OH|C N\=N O N

6- (4- Br ono-|2sChi\or o g'o no)-7 fludro-3-[4-(4-nmethyl piperazin-1

yl)-butyl]-|3 oi mi dazoNe- 5- car boxylic |aci d {cycl opr opyl net hoxy- aj de

(18dd) = totT ormof 18bb N0

6- (4- bl_i%ﬁ-Z-Chl or O-K%Je‘ﬁ U& }40) - 3- (4- chl orjo- butlyl )-7-f5|7/u\8r0
oxy

benzoi m dazol e- 5-ca

ic jacig cycl opropy| net hoxy-am de 0,
0.018 mmol )|, sodiumiodid . 092 nmji nol) ,\,\aTTd Azi ne
(10 L, 0.092 mmol ) are st a C for| three heurs The reactioh
mxture is My aBetate 9nd Mmashed three tines with water,
washed [t W ce vmt at ur at Naqueous pot assijum cljarbonate, dried (Na2sM4)
and concentrat cu uvhder—Teduced pressure to a yelltTow oi . Flash col umm

chromat ogr aphy (1: 1 di chl or omet hane/ net hanol foll owed by nethanol foll owed
by 20:1 nmet hanol /triethyl am ne) yiExladgpleRtan product (8 ng, 72% as an

of f-white foam
N__O
v f q 1
N
F Br

6-(4-Bromo-2-methyl-phenylamino)-3-[4-(1,1 -dioxo-1A5-thiomorpholin-4-yl)-butyl]-7-
fluoro-3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide (18cc)
To a solution of 6-(4-bromo-2-methy1—pheny1amino)—7-ﬂuoro-3-(4-thiomorpholin—

4-yl-butyl)-3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-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 plL, 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
(N2;SOs) 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.
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M5 ESI (+) in/z 607, 609 (M+, Br pattern) detected. 1H NVR (400 Mz,
DMSO-d6) 6 8.37 (s, 1H, 7.71 (s, 1H, 7.49 (d, 1H, 7.18 (dd, 1H), 6.40
(dd, 1H) ,wo.03877914 2H), 3.62 (d, 2H), 2.45 (broad, 8H), 2PCFWS(3/9788H), 2.28
(s, 3H, 1.96 (m 2H, 1.54 (m 2H, 1.07 (m 1H), 0.50 (d, 2H), 0.22 (d,
2H). 77 WO 03/077914 PCT/ US03/ 0786ﬁxag§me 23 The foll ow ng conpounds are
prepared by nethods simlar to thoSe scribed in Exanple 22, using an
appropriate amne and primary al kyl chloride. 18ff OINH OC [8tt oNo C
HHN~\\ _ NFvB | N\NNNA,=NFBr NN 18¢gg HO18uu Ho IN~0 H
Cl o0 Ncl H6~-NFBr N" NFBHNof NN d 18hh H18vw H ON O a

v--* 0o'Ho HC vﬂo/N OH cl
N

N F Br

)

&N\
6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-[4-(4-methyl-piperazin-1-yl)-butyl]-3 H-
benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide (18dd)

A solution of 6—(4—bromo-2-ch10ro-phenylamino)-3-(4-chloro-buty1)—7-ﬂuoro-3I—I—
benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 18ee (10 mg, 0.018 mmol),
sodium iodide (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;SO.) 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—d6)
8 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).
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Example 23

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

Example 22, using an appropriate amine and primary alkyl chloride.
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Example 24

6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3-oxazol-5-ylmethyl-3H-benzoimidazole-
5-carboxylic acid cyclopropylmethoxy-amide (18ggg)
6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3-(2-oxo-ethyl)-3H-

benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide (0.020 g, 0.046 mmol) is
dissolved in methanol (2 mL). Potassium carbonate (0.013 g, 0.093 mmol) and 1-
isocyanomethanesulfonyl-4-methyl-benzene (0.010 g, 0.051 mmol) are added. The
reaction mixture is stirred at reflux for 16 hours under N,, then concentrated under
reduced pressure. The residue is dissolved in ethyl acetate and poured into a separatory

funnel and washed with water and brine. The combined aqueous layers are reextracted
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/| ~NNNF FBr 18s H HOO.NOHC N\ NFI / Br Exanple 24 H ~O N
ON H/ ONI/ FA O \-NN 6-(4-d zloro-2-nethyl phenylam no)-7

f | uor o- 3-wRazol79%4 yl net hyl - 3H benzoi m dazol e- 5-carboxyl i @Caaisds/07864

cycl opropyl i net hoxy-am de (18ggQ)

6- (4- Chl 91iR- dnyreidavte piagny*rﬁéﬁcegl)oirzea}‘ tHor ch?aé ZayxOnRd Bkd f%%m and

benzoi m dazol e-5-carboxylic acid cycl opropyl net hoxy-am de 207g, 0.046

ol ) angprieRfed Bt e dUebd QB MrenlhE Rl REERUARBEBT gl Ui 1oy
are added. The rg?ztion m.xture is ?tirr d. a:tmrefl ours under

x faor .16

N2, thenclepmatasrapay seduitaith Toehmethylsnesd eﬁ@obetgiﬂ?}éjq'%l o8 &%ved in
ethyl acetate and poured into a separatory funnel and washed w th water
and bri nef theKlesicadrispdiecd APARNE (Fhyer 4702 (Mex(laetten) dgecipd 08/NVIRO14
PCT/ US03/ 07864 w th ethyl acetate (2x). The conbined ethyl acetate |ayers
are dri edoONABZ0OEDC1r8d10.601ibes)t 118 8 D7UBJEN), IBetuGe dHYr B8S s, eLH)The3r@esul ting
solid was purified by flash colum chromatography (eluting with 15:1
met hyl engg b OF dgdeeriTi aaeml A .y &, 9u; &1L s PAYI5.45 (5, 2H), 3.62 (d, 2H),

2.40 (s, 3H), 0.87 (m, 1H), 0.49 (m, 2H), 0.20 (m, 2H). ""F NMR (376 MHz, CDCls) —

134.54 (s).

Example 25

)\/\N\—— F Br
=N

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(3-oxo-3-pyrrolidin-1-yl-propyl)-3H-
benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide (18hhh)
Step A:  6-(4-Bromo-2-chloro-phenylamino)-3-(2-tert-butoxycarbonyl-ethyl)-7-fluoro-

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, 1.25 mmol) is dissolved in DMF (8 ml) under N; and K,COs
(0.26 g, 1.88 mmol) 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 h, the reaction mixture is cooled
to rt and diluted with ethyl acetate. The organic layer is washed with water (3x) and
brine, dried (MgSO,) and concentrated under reduced pressure. Purification by flash

column chromatography eluted with 19:1 methylene chloride:ethyl acetate gives 0.41 g

81



of the desired product. Ms APCI (+) nmlz 470, 472 (M+, C pattern) detected;
1H NV\R (400 MHz, CDC13) 8 10.51 (br s, 1H), 8.07 (s, 1H), 8.02 (s, 1H),
7.89 (s, WH)03/077928 (s, | H, 7.15 (d, 1H), 6.92 (dd, 1H) pCEBL3/(M64 1H),
6.11 (br s, 5.45 s, 2H) 3.62 (d, 2H), 2.40 (s, 3H), 0.87 (m 1H),

0. 49 (| 19F NMVR (376 MHz, CDC13) - 134.54 (s). Exanple
25 H oq?\?dwf’%fgd%g?‘{“% NF B N 6-(4 Bronp-2-chloro

phenyl am no) - 7f | uoro- 3- (3-o0x0-3 pyrrolidin-1 yl propyl)-3H
benzoi m dazol e- 5-carboxylic acid cycl opropyl met hoxy-am de (18hhh) St ep A
6- (4- Brono- 2-chl oro phenyl am no) - 3- (2-tent- butox car bonyl - th fl uoro-

3H benzad¥dn dazoPe- 5- carlBdryrpe-eldpre F{ﬁnﬁﬂﬂl’mwt%( -car boxy—eﬂl)’l idro- 5

6- (4- Br ono- 2- chl or o- phenyl am no) - 7- f | uor o- 3H benzoi m dazol e- 5- car boxyl i c
aci d netbeytoimatoeoleSocdrdoblicgridimabylrestsr Y Fdssadli ssol ved in DVF (8 ml) under
N2 and K2C03 (0.26 g, 1.88 mml) is added followed by t-butyl acrylate
(1.84 m, 12.64-Brtho-2-chit@o-phedgirhian)-6i(Riteit-Suickybebogd-ctiy]PD-fiGomi-31-
stirring. After 4 h, the reaction mxture is cooled to rt and diluted with

et hyl a%ﬁ%?ﬂd&g% QLS80 Aic! RUBheth§] é@e? 8950ist f 098heo1f B6isseREd ibr i ne,

dried (MyS and concentTated undér reduced pressure. Purification by

acet at o G UUEREHQHE: RS AR Rs, %ﬁ%l%%fﬁﬁﬁ%ﬁﬁ%ﬁﬂ% s REieEr; o™
Pl or o minge Fﬁ?‘&ng“r‘ﬂ(i%?{%{ 6 Buisar By P A0 FUP6 e Dot EGARS Y
m/z 472, 470 (M+ Br pattern) detected; 'H NMR (400MHz, DMSO-de) & 8.51 (s, 1H),
8.20 (s, 1H), 8.13 (s, 11L), 7.64 (d, 1H), 7.29 (dd, 1H), 6.45 (dd, 1H), 4.55 (t, 2H), 2.89 (t,

2H).

Step C: 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(3-oxo-3-pyrrolidin-1-yl-propyl)-
3H-benzoimidazole-5-carboxylic acid methyl ester

To solution of 6-(4-bromo-2-chloro-phenylamino)-3-(2-carboxy-ethyl)-7-fluoro-
3H-benzoimidazole-5-carboxylic acid methyl ester (60 mg, 0.13 mmol) in DMF (1.8 mL)
is added HOBt-H,O (24 mg, 0.16 mmol), EtzN (0.043 mL, 0.31 mmol), pyrrolidine
(0.011 mL, 0.13 mmol), and EDCI (34 mg, 0.18 mmol) at rt. The resulting yellow
solution is stirred 16 h at rt. The reaction mixture is diluted with EtOAc and water,
washed with sat'd aq NH;Cl, brine, sat'd aq NaHCO3, and brine. The organic layer is
dried over MgSQy, filtered, and concentrated in vacuo to give a crude material which is
purified by flash chromatography (3% MeOH in CH,Cl,) to afford 45 mg (67%) of the

desired product: MS APCI (+) m/z 523, 525 (M+, Br pattern) detected.
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6- (4- Brono- 2- chl or o- phenyl am no) - 3- (2-tert-butoxycarbonyl -ethyl)-7-fl uoro-3
H benzoi m dazol e- 5-carboxylic acid nethyl ester (0.050 g, 0.095 rnol) is

di ssol vedwores/omdthyl ene chloride (0.5 nl) and TFA (0.5 nl pcCirassasfamsat Af t er
45 mn, the reaction mxture is concentrated to dryness to give 0.49 g
(88% desISIf@derdaéVuB’(Oind_@’c%rEx‘jsVze;(yk)mznﬁ)iﬁ-;flu@?&3 (mo(ﬂ%yrﬁﬁha@iavi Ropyl)-
detected; 1H NWR (400MHz, DMSO-d6) b 8.51 (s, 1H), 8.20 (s, fﬁo é/13 (s

1H), 7.64[7(—5&112&1%1’@’(123]&9—0& Adhoid 6. 45 (dd, 1H), 4.55 (t, 2H) 2.89 (t,
2H). Step C. 6-(4-Bronp-2-chl oro phenyl am no)-7 fl uoro-3-(3-0x0-3

pyrrolidin-1 Wo P OPYtion3 Per’g@i RoHRZ2LKiors S%n?r?a)ﬁ)ﬁno) 7- uoro—gﬂa -0 o- ?St er

To sol ution of

6-(4-bro |0 et hyl fluoro-

3Hf benzoi a(iz:igl1 {IISP r83§1§§9§1§’% %@ﬁ?iz(oieegﬁﬂ 0% Ce?cq @%ﬁﬂﬁd esigr ¢4 mEod-P79n DVF
(1.8 n) S & &%%ﬁﬁt H20 ,. 0.16 mmol), Et3N (0.043 niL, 0.31 mmol),
yrro||df“H’é°) h (161@3/  is aAdede029 i34 2ymuol) 6f hidbag LidHmt . The
resul ting yeIIow solution is stirred 16 h at rt. The reaction nixture is
di | ut ed W t FheRteawging selutian ds stirradalhled Thistrbacsiah'miixage N-¥@ifiedriitel Nsag ' d ag
NaHCO3, and brine. The organic layer is dried over MySH, filtered, and

concent r BG3dpHN~Y a6 B) dnd Qiuted &imrmmméicﬁg &Rr i drikd’o %1' fey flash
chromat ography (3% MeOH in CH2C12) to afford 45 ng (67% of t esired

duct P ed, 82 WO
03/ Oggglgwg%%godg%%ﬂgﬁe Bg, gﬁﬁé’ %{}{%’2‘19 e RRSARE M @t ‘%ﬁ Ay ey psed

fl uof o- 3w§tﬁo ht?ch{‘ 1 yl propyl)- 3H benzoim dazol e-5-carboxylic
acid To a so | on o g br ono- 2- chl or o- phenyl am no) - 7-f | uor o- 3- ( 3- oxo- 3-

pyrrolidin- 1- yI propyl ) - 3H benzoi m dazol e- 5-carboxylic acid nmethyl ester
(41 ng, 0.079 mol) in THF/ H20 (1.5 nL/0.75 nmL) is added 0.20 nL (0.20
nol ) of 1 %ag LiOH at_rt. The resulting solution is stirred 16 h. The
react i onS&P & E("i%’oﬁlé"r%iﬁlﬂpéﬁp@ﬁ"yﬁm%?r7aﬂu0ﬂel€3t(i -pH-3ytiolid- Bpkprdpyiit ed
with Et OAc. The organic layer is dried over MpSO™4, filtered, and

concent réﬂé@nzwnubzzda-i-cmgomézcazcntaydbpm}@dwhow;ﬂg)Islmh ch is directly
used

The title compound is prepared from 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-
3-(3-oxo-3-pyrrolidin-1—yl—propyl)-3H—benzoimidazole-5-carboxylic acid and O-
cyclopropylmethyl-hydroxylamine hydrochloride by the standard coupling procedure
described in Step A: MS APCI (+) m/z 578, 580 (M-+, Br pattern) detected; 'H NMR
(400 MHz, DMSO-ds) 8 11.66 (s, 1H), 8.42 (s, 1H), 8.01 (s, 1H), 7.76 (s, 1H), 7.62 (s,
1H), 7.28 (d, 1H), 6.39 (m, 1H), 4.52 (t, 2H), 3.66 (d, 2H), 3.33 (t, 2H), 3.28 (t, 2H), 2.89
(t, 2H), 1.83 (m, 2H), 1.76 (m, 2H), 1.06 (m, 1H), 0.49 (m, 2H), 0.22 (m, 2H); °F NMR

(376 MHz, DMSO-ds) —132.94 (s, 1F),
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wi t hout further purification.
fluoro-3-(3-0x0-3 pyrrolidin-1 ylpropyl)-

Step E: 6-(4-Brono-2-chloro phenyl am no)-?
3H benzoi m dazol e- 5- car boxylic

aci d cyclwproepyiomet hoxy-anm de 18hhh The title conpound i sPprasas/eses r om
6- (4- br ono- 2- chl or o- phenyl am no) - 7- f | uor o-

3-(3-0x0-3-pyrrolidin-1-yl

- propyl)

q@ﬁ)i m dazol e- 5- carboxylic acid and
oc

0- cycl opropyl net hyl - hydr oxyl am ne oride by the standard coupling
procedure defteifbldsiving cBppuids dvE pARGted(bs) method$ FBnilds 80 thdse de®ribpdiid er n)
detected; 1H NVR (400 MHz, DVMSO-d6) 8 11.66 (s, 1H), 8.42 (s, 1H), 8.01
(s, 1H), Eia%@l&%us&?metﬁyﬁ%ﬁr%b andfthe ap<7p a‘;djamﬂlbﬁ 6.39 (m 1H), 4.52 (t,
2H), 3.66 (d, 2H) 33 (t, 2H), 3.28 (t 2.89 (t, 2H), 1.83 (m 2H),
1.76 (m 2H), 1.06 (m 1H) 0. 49 (m 2H) 0 22 (m 2H) 19F NWR (376 VHz,
DVSO- d6 18141132 S4—(s,—1F) g 83 WO 031077 11‘/.8513% US037 67864 —Exanpte—26—The
foll ow ng co ds fep@r ed %Y met|h @escrb ed iin
Exanpl e| 25 us Westerﬁ nd th | 841 i
18kl cl c|HO, [ NH
HO-,,-,/ON O H N,’]11NJ. N; r
)\/\N F Br Br
e O H \:N
81| ho NP e .
L) i
N)\/\N F Br
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Example 27
HO H o]
~0 e
N

(i{N\::N Br

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-ylmethyl)-
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 Nj.

The reaction mixture is poured into a separatory funnel, diluted with ethyl acetate and
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HO,,--OONOHC N N | F1 Br \=N 6-(4-Brono-2-chloro phezzylam zzo)-7
fluoro-3-(tetrahydro pyran-2 ylnmethyl)-3H benzoi m dazol e-5-carboxylic acid
(2- hydr oxwyoetihownyd - am de (11lp) Step A: 6-(4-Brono- 2-chl or @charsyd/ersso) - 7
fluoro-3-(tetrahydro pyran-2yl net hyl)- 3H benzoi m dazol e-5-carboxylic acid

met hyl  gate@lanll théllayers separated. The ethyl acetate layer is washed with water and brine,
6- (4- Brono- 2- chl or 0- phenyl ai ni no) - 7- f | uor o- 34 benzoi m dazol e-5- car boxylic

acid m?hﬂ%#] &Q?ztgg%%ﬂ% (éQQ%ﬁun%d g.n%e? IRt ﬂr@ss@tie.s stHeVRsultiflg solid residue is

N, glédi i nle ] Br onmonet hyl -t et rahydr o- pyran (0. 34dg, ]
1. . i : .
react | o BN GG ThER JREH Bl Oy Folig fE oo PO IRRPIRALT, (1

m xture i s poured into a separ ry funnel, diluyted . with .ethyl acetate and
84 WO oxﬁwgﬂuatp@mﬁm%ﬁg@ag tl‘l?éa%/e&ol%ﬂ%ef% R¥ ;‘ET JWS&BB Sa?‘écf." ?%E@et hyl
acetate layer is washed with water and brine, dried (Na2SO4). and |

concent rad sdshaddeith disthyd etheptoedieldr®e]2 g7 %belithe Hee destediNS degigisempdc
triturated with diethyl ether to yield a pale yellow solid (N3 regi oi sonmer
by NWVR) padithicBas ¥/gdlb 9uldw bélidathdS BEItLné 496, 408 @i, Bidatteqi) detsoivdr s by NVR) .
The solids are collected and washed wth diethyl ether to yield 0.12 g
(379 of the pure desired N3 regioisoneric product as a pale yellow solid.
MS ESI (+) nmlz 496, 498 (M+, Br pattern) detected. Step B:

6- (4-Br - 25.chl.or,g, phenylam no) - OrNz3- (£ ) - tlhayl)-
4 benz T s of &/ RUFTE AP fIgh g Aol PUERI S s AP

6- (4- Brono- 2- chl ar o-,phenyl am.no).-,7-f| uor o- 3- (t et r ahydr o- pyran- 2-yl nmet hyl ) -
3H benzéﬂff’%%’l”gq@-l%gﬂ ﬁ"éa‘?a’téﬁér methyl ester |lq is suspended in 4:1
tetrahydrofuran/water (2.5 nL) and agueous 1 M L'h IS adgeﬁg%ﬁ}'ﬁl? m.) .
After stirri rfy4-Bromegrahicserpbentlapiao)-drilupso-Rdtftahy iR yFalacy I Xture is
honogeneous and the reaction is conplete. The reaction mxture is cool ed
to 0 C 3H-beimiidatdletatasboxghe agdeomsthyl Mester 11q is suspended in 4

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
HCI 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,S04) and concentrated under reduced pressure to yield 0.11 g (100%) of the pure

desired product as a white solid. MS ESI (+) m/z 482, 484 (M+, Br pattern) detected.

Step C: 6-(4—Br0mo—Z-chloro-phenylamino)~7-ﬂu0ro~3-(tetrahydro-pyran—Z-ylmethyl)—
3H-benzoimidazole-5-carboxylic acid (2-vinyloxy-ethoxy)-amide 11s

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(tetrahydro-pyran-2-ylmethyl)-
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HCl is added dropwi se until the pH of the solution is 1-2, at which tinme it
turns to a suspension. The reaction mxture is poured into a separatory
funnel arwodBloted with ethyl acetate/tetrahydrofuran anegCratses/omed t he
| ayers separated. The aqueous layer is extracted with ethyl acetate. The

conbi ned;anaAsN; ida%%ésﬁ.gagfg&p;}’lgsﬁaé it {byﬁ;kfxn%amdhhﬂ@!z i§ NRGS8Y ANt N-

concentrated under r ssure to d 0.11 g (100% of the pure

desired produ as a ite sall S )0 . 4 ( N r ttern)
detected&ngggg0&?”@5¥$@épgﬁp?§b%%ﬁgﬁ% %H%%?f%ﬁ%ﬁgﬁgiéqﬁﬁ%9®p§pégét hydr o
%f \6,1 :1 ;“2” éi@%@%}é@g 2@33%%%15?%% o_x?/:e%l?}yl)b- §( logc}(l:lar%(l:rlled(0.0% g, 0.27 mmol)

6- (4- Brono- 2-chl or o- phenyl am no) - 7-f | uor o- 3- (t et rahydr o- pyran- 2-yl met hyl )
85 WO 03a0Y7EDCE (POTH gSEBIDRBeA) agHadsled 2ol ithel agastion Inistwrd dx fiirras afciogm  1r
(0.11 g, 0.23 mml) is dissolved in N, N dinethylformamde (2 niL). HOBT

(0. 037 gtentheratureiider ad uhtill EIPLY ahdwie tHeDrddBdomtis cofplefe (R13083yspr eTladded.
Then O (2-vinyl oxy-ethyl)-hydroxyl am ne (0.028 g, 0.27 mmol) and EDCI
(0.056 grealiicaPmiiiie)is PofreddfiRda 88HrdidlS MiBRE! diffledPvith WildyliRetdle] AntiQFatat room

tenperature under N2 until HPLC shows the reaction is conplete (2-3 days).

The react| ] I.S1payr.ed. | g f . i ait it h

et hyl acelﬁ‘daﬁlreé 1a %E' e aéétéd'an et‘%hey 1%&%&%@?@%&?"2@%‘? Sﬁfﬁgg@ﬁ%ﬂ“l‘%’%{‘ﬂﬁ%& | ayer
i s washed suc i ve ith ueous saturated. NHACL (2x),,hkrine (lx),
hqueous. SabdT i i sEbameoe Pl iR ipbiatkasohite bl
dried (Na2SO»4) and concentrated under reduced pressure. The resulting
solid isaplbiing €&).0drigdodNa8Pur Flgcamcemratest undep rediced aressirer e reitienol ) to
yield 0.039 g (79% of the pure desired product as an off-white solid. M
ESI (+) bdlidd i5GUrifi&dBy FUE, (ehBmgpetht EY:h metietiest abihridstregh@iol) to yield 0.039 g

6- (4- Brono- 2- chl orophenyl am no)-7 fluoro-3-(tetrahydro pyran-2 yl nethyl)-
3H- benzoimivghesrahe phreCisshok ptodactadi h df2wihitg doB&Y MS BEK ) B¢, $6PpM-+,

6- (4- Brono- 2- chl or o- phenyl am no) - 7- f | uor o- 3- (t et r ahydr o- pyr an- 2- yl net hyl )
3H benzoingiIp Sra&@r boxylic acid (2-vinyloxy-ethoxy)-amde his (0.039 g,
0. 068 nmo I's dissolved in ethanol (2 nL) and aqueous 2 M HO (200uL) is
added. The

Step D:  6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(tetrahydro-pyran-2-ylmethyl)-
3H-benzoimidazole-5-carboxylic acid (2-hydroxy-ethoxy)-amide 11p
6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(tetrahydro-pyran-2-ylmethyl)-

3H-benzoimidazole-5-carboxylic acid (2-vinyloxy-ethoxy)-amide 11s (0.039 g, 0.068
mmol) is dissolved in ethanol (2 mL) and aqueous 2 M HCI (200uL) 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 (~200 uL) 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;SO4) 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)
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reaction mxture is stirred at roomtenperature for 30 m nutes. The
reaction mxture is diluted wwth water and then neutralized with aqueous 2
M NaOH (-wo®3ntpiuntil pH 7 and concentrated under reducedTrseyssre. The
residue is partitioned between ethyl acetate and brine in a separatory

f unnel aar%%{lam% i ?4% @gﬁg}egg ég% g&@)@ BHeYy 3&53 s) AL, 499@1 qﬁgegl 1§Na2804)

and conC&nt rat sure ta yrel 034" g e pure
desired product as an off-white so M5 ESI 5 Br
patter n)(gd:B %@3@73@15 %@8}6%@%1?’“‘“%@% éciig éﬂ %l\ﬁf‘%%oé%? CD30D)
6 8.29 (s, 1H), 7.75 (s, 1H), 7.49 (d, égl%) 7. 18@%} 6.40 (dd, 1H),
4. 40 (ddH)A3SR (MBX phAB&: patieln) )43 Qé {3 B3s(mA pia%ﬂt (emnlﬂ) 1Kp, (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. 281) 3.28 3&)3H).11.54 (1) 3E), 3130, (ndl, .1BY). (R NIVIR) (376 M INED{BDB-M4287 GP30D)
-134.87 (s). Exanple 28 The follow ng conpounds are prepared by nethods
simlar to that described in Exanple 27 by using the appropriate nethyl
ester and al kyl ating agent (Step A) and the appropriate hydroxylam ne in
(Step Q "t HO-0O"N O ClI IIx HO -- KxyugpleR8] N fNIFOBr NF Br \--N O\--N

|y HOO, O'N OT @ﬁg%smg colmp%ci\ls e Erepyrehlby%gchéds%ﬁmhgr 6 tilt descripbi i © O'H O

HC Ilz /OH
Example 27 by using the appropriate methyl ester and alkylating agent (Step A) and the

appropriate hydroxylamine in (Step C).

H
11t Ho\><O,N o l1x HO\/\O
H
Br
o
H
O O H F
N
N F Br
0 \=N
OH
H
N O
O<_NH
H Cl
N F Br N
sl
HN N\’ F Br
\ =N
\/N
11w 11laa H
HO. _N.__O
\/\o wo ! o]
N F Br
\=N
4
N
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O NI Br ONHC -tLFN =NHNNFBr =N \\ BNHIIwWHONO Ilaa NH
0~0 HOA ~O HA N~ N fNFCI N~ N N 87 WO 03/077914 PCT/ US03/ 07864
Exanpl e 280M3/070IN OH C NS F / - N 1. Br 6-(4Brono- 2PChIusn®07864

pl zenyl ai ni no) - 7f | uor o- 3- (2- met hanesul f onyl - et hyl ) - 3H

benzoi nzi dazol e- 5- car boxyl i ¢ aci dEggﬁJpq)mg)pyl I net hoxy-ai nide (11bb) Step A
6- (4- Brono- 2- chl or ophenyl am no) - 7 fl uoro- 3- (2- met hanesul fonyl - et hyl') - 3H
benzoi m dazol e- 5-carboxylic acid nmethyl ester 11 cc

6- (4- Br ono- 2- chl or o- phenyl am no) - 7+f | uor o- 3H- benzoi m dazol e- 5- car boxylic

.N.__O
v/\o H Cl

N
00
W /N F Br
/° \=N

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(2-methanesulfonyl-ethyl)-3H-
benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide (11bb)
Step A: 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(2-methanesulfonyl-ethyl)-3H-

benzoimidazole-5-carboxylic acid methyl ester 11cc
6-(4-Bromo-2-chloro-phenylamino)—7-ﬂuoro-3H—benzoimidazole-5-carboxylic

acid methyl ester 8b (1.55 g, 3.89 mmol) is dissolved in 15 ml DMF under N,. K,CO;3
(0.70 g, 5.06 mmol) is added followed by methyl vinyl sulfone (0.41 ml, 4.67 mmol).
After stirring 16 h at room temperature, the reaction mixture is diluted with ethyl acetate
and water. The layers are separated and the organic layer is washed with water (3x) and
brine. The combined aqueous washes are extracted with ethyl acetate. The combined
organic extracts are dried (MgSOy4) and concentrated under reduced. Purification by
dissolving the residue in methylene chloride and precipitating with diethyl ether, repeated
several times, gives 1.16 g (59%) pure desired product as a yellow solid: MS APCI (+)

m/z 506, 504 (M+ Br pattern) and 400, 398 (M — methyl ethyl sulfone Br pattern).

Step B:  6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(2-methanesulfonyl-ethyl)-3H-

benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 11bb
6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(2-methanesulfonyl-ethyl)-3H-

benzoimidazole-5-carboxylic acid methyl ester 11cc is subjected to methods previously

described to give 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-(2-methanesulfonyl-
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r epeat ed | tinmes, gives 1.16 ¢
431(5,d DN OAres 1)L Y. 77,7119 8.62504 (M
et hyl
,Criggda, pig6)40 @d) 11), 47781 (WRtD; 382 2 BHED HaéR2al) 2E0,8,.07 &, BH),) - 3H-

e-5-carboxylic acid cycl opropyl met hoxy-am de 11bb

crpHoRRE DY 207 Dath; 7T M YOKES (37 EMPRS, MO oy 6tshy | ) - 3H

l1lcc is subjected to nethods

tern). Step

is dissolved in 15 mM DM under

one

are
The
d

B:

6- (4- br ono- 2- chl or o- phenyl am no) - 7- f | uor o- 3- ( 2- net hanesul fonyl - 88 WO

03/ 077914 PCT/ US03/ 07864

et hyl ) - 3gkd@pledoni dazol e- 5- car boxylic acid

cycl opropyhnet hoxy-am de: MS APClI (+) niz 561, 559 ( Br patter and M5
APCl (-) Mz E@@fﬁbwng RPRPUKIS WP Pye gty i‘ﬁngﬁkﬂé a?H@BW,m d6)
b11.75 (s, 1H), 8.47 (s, 1H), 8.04 (s, 1H), 7.77 (s, 111), 7.62 (d, 1H),
7. 28 ( ddestertdnd Mickagl aehgptor pid methpds describeq pregiogsly(t, 211), 3.62 (d, 2H),
3.07 (s, 3H), 1.02 (m 1H), 0.49 (m 211), 0.21 (m 2H); 19F NWR (376Mz,
DMSO-d6) -132.66 (s). Exanple 30 The foll owi ng conpounds were prepared
simlar[ydasi ng the [ @priabﬁ met hyll 11jgstler and M Hhhael acceptor and
met hods| desclri bed preV|ou%ﬂy. |1 dd HO O Cl:%kf}d dﬂ
Q.0 ©\ '
(7 N F Br 0
S/ Os F Br
\—= N N
/ HN /s\/\ \:ﬁo ]
1lee 11kk
N__0O
HoN o ¥
N
N7 N r \=N
/S\/\ \=n @
11ff NH 1111 H 5
,\’T%o v N
O F Br
/ N
\© S~
\9\/\[\, F Br
g | no H o 11mm N 5
~ A -
0 e V/\O H
Ao RO
O\\’(’)\/\N F Br Ne— N F Br
/5 \=N \=N
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00-~ / F/ Br OLONFI Br NS/ _ \--Nllee HO 1lkk HOO H2N- C H H
N N\ OIl~i i FBr NFBr NIIff NH2 1111 INHO NON-O N HC N\
/ NF Br weaBlo7@IN F Br OS / \=NH 1 1mrn HC O N O || @gThSN3/0B6O, N O H
HGQ ~-NNFICBr NG/ NNF Br 89 WO 03/077914 PCT/US03/07864 1lhh |Ilnn
,-O0 O|®Olkh [HN F Br| 11nn _0_0
0._0 H
H N
N
N F Br
of N F e Ne~"Ny
/ \=N
11ii HO. O
N
O\\S/cl)\/\N F Br
/ \=N
Example 31

HoN
=N
O__N

H
N
HN F Br

\=N

[6-(5-Amino-[1,3,4]oxadiazol-2-yl)-4-fluoro-1H-benzoimidazol-5-ylj-(4-bromo-2-

Step A:

methyl-phenyl)-amine (24a)

acid hydrazide 20a

6—(4—Br0mo—2—methyl—phenylamz’no)—7—ﬂu0r0—3H—benzoimidazole-5—carboxylic

6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic

acid methyl ester 8a (0.051 g, 0.135 mmol) is suspended in EtOH (5 ml) and hydrazine

hydrate (0.118 g, 2.023 mmol) is added. The 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—[],3,4]oxadiazol-Z-yl)—4-ﬂu0ro-]H—benzoimidazol—5—yl]-(4-bromo-

2-methyl-phenyl)-amine 24a
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NNC./" NN Ilii HOOH N ONFBr NExample 31 HZNN O1,5 NH N HN
F Br \=N[6-(5 Asnino [1, 3, 4] oxadi azol-2 yl)-4

f I uor o- 1HWWba@nmwiond dazol - 5yl J- (4- Brono- 2- net hyl phenyl) - aRCRaS)2dmp4 St ep A:
6- (4- Brono- 2- met hyl phenyl am no)-7 fl uoro-3H benzoi m dazol e-5- car boxylic

acid hydrazi de 2 I - 10)-7- -3H-b imjdazole-5-carboxyli
6- (4- Br ono- 2?66&43}%3?@%%%‘3%%# 1}160 l-alll’{u]"lcf)u%?g?r??l—l- bere1IéZ(§)iHrr1l1'1 callzzi%gl e?a%-oggrlct:)oxyl I C

acid nethy|. ester 8 0.051 0.135 .mmol ) |s .syspended j.n E{.OH.( ) and
v az) rd iyt 20n{004 g, Piotmsolis o i doPERRas U D0l e s
heated at reflux for 16 hours. The reaction m xture is concentrated under
reduced a3 dsdution opeyanderblomidon methpleael ciliorife Gaddedt NaHC L P a8®: MeOH
to give 0.041 g (81% of clean desired product: LC Ms ESI (+) nal/z 378,
380 ( M+ Bropatmicly ) wehedre@tseshl) Bt tapn Bddddo- AReAil Ailnard, thSrebbomadiianrd is2
yl)-4fl uoro-1H benzoi m dazol -5yl ]-(4-brono- 2-nethyl phenyl)-am ne 24a 90
WO 03/ 0778440 Wil Addrd 3l 18384 and extracted with THF. The combined organic extracts are

dried (Na;SO;4) and concentrated under reduced pressure. Purification by FCC eluted
with 98:2 ethyl acetate:MeOH gives 24 mg (55%) of pure desired product as a yellow
solid: LC/MS ESI (+) m/z 403, 405 (M+ Br pattern) detected; '"H-NMR (400 MHz,
DMSO-dg) 6 12.97 (s, 1H), 8.42 (s, 1H), 7.94 (s, 1H), 7.74 (s, 1H), 7.36 (s, 2H), 7.33 (d,

1H), 7.15 (d, 1H), 6.40 (bs, 1H), 2.34 (s, 3H).

Example 32
NH,
N=(
N O
H Me
N
HN F Cl
\=N

[6-(5-Amino-[1,3,4]oxadiazol-2-yl)-4-fluoro-1H-benzoimidazol-5-yl]-(4-chloro-2-
methyl-phenyl)-amine (24b)
[6-(5-Amino-[1,3,4]oxadiazol-2-yl)-4-fluoro-1H-benzoimidazol-5-yl]-(4-chloro-

2-methyl-phenyl)-amine 24b is prepared as described in example 31 starting with 6-(4-
chloro-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid methyl
ester 8e. LC/MS ESI (+) m/z 359, 361 (M+ Cl pattern) detected; 'H NMR (400MHz,
DMSO-dg) & 8.42 (s, 1H), 8.00 (bs, 1H), 7.78 (bs, 1H) 7.48 (s, 2H), 7.22 (s, 1H), 7.04 (d,

1H), 6.48 (bs, 1H), 2.37 (s, 3H).
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6- (4- Brono- 2- met hyl - phenyl am no) - 7- f | uor o- 3H benzoi m dazol e- 5- car boxylic
acid hydrazide 20a (0.041 g, 0.109 mmol) is suspended in 1,4-dioxane (1.5
m ) and 3®O0lo3/oiea 3 M sol uti on of cyanogen brom de i n neoylesos0sh ori de

i s added. NaHCO3 (9 ngy, 0.109 nmol) in water (1.5 nml) is then added. After
16 hours, the reaction mxture ispg ﬂrﬁrﬁlkg g with water and brine and

extract ed with THF. The conbi ned organic extracts are dried (Na2SO»4) and
concentrated under reduced pressure. Purification by FCC eluted wth 98:2
ethyl acetate: MeOH gives 24 ng (55% \pf pure desired product as a yellow
solid: LM ESI (+) mz 403, 405y r pattern) detected; 'H NVR (400
MHz, DWMSO-d6) 6 12.97 (s, 1H), %%(s, 1H), 7.94 (s, 1H, 7.74 (s, 1H),
7.36 (s, 2H), 7.33 (d, 1H), 7.157Yd, ,1H)Cl 6.40 (bs, 1H), 2.34 (s, 3H).
Exanmple 32 NH2 N=~ N~ OH Me HNEG |
yl)-4- 1luoro-I|H benzoi m dazol -S (
[6-(5-Am no-[ 1, 3,4] oxadi azol -
-(4-chl oro- 2-nethyl -phenyl) -
31 starting with 6-(4-

hi 2- ] Wl d
et hyl eﬁé-&*@aﬁnm%@“égf?t)a@zé W Ao B L e E AR 0,7
NVR (400MHz, DMSO-d6) 8 8. 42nldve-phbhyl)-tuike Bg), 1H), 7.78 (bs, 1H) 7.48
83 / 03%147pgm&§mgg@ 4]oxa(1dCJazol 2@1) 4- ﬂuo?o gIl-)I ben%clﬁi)mldazofﬂ-yﬂ -(4 brlai)mo- 91 VO

=N [ 6- (5Am no-[ 1, 3, 4] oxadi azol -2
0-2- nethyl phenyl)-am ne (24b)
~4- f e~ 1 H benzoi m dazol -5 -yl]

=I3

D__E‘N24b is prepared as described in exanple

2-chloro-phenyl)-amine 24c is prepared as described in example 31 starting with 6-(4-
bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic  acid methyl
ester 8b. MS APCI (+) m/z 425, 423 (M+ Br pattern) and MS APCI (-)m/z 423, 421 (M-

Br pattern) detected.

Example 34
NH,
HN_ O M
H e
N
HN F Cl
\=N

6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid
hydrazide (20b)
6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic

acid hydrazide 20b is prepared as described in example 31, step A from 6-(4-chloro-2-
methyl-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid methyl ester 8e.

LC/MS ESI (+) m/z 334, 336 (M+ Cl pattern) detected; "H NMR (400MHz, DMSO-d)
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Exanple 33 NH2Z N=C NNOH C NHNF Br \=N|[6-(SAm no-[1, 3, 4] oxadi azol -2
yl)-4 fluoro-1H benzoi mdazol -S yl J-(4-brono-2- chl orophenyl)-am ne (24c)

[ 6- (5- AmMWO-0B/077914 PCT/US03/07864

1, 3, 4] oxadi azol - 2-yl )-4-fl uoro- 1H benzoi m dazol - 5-yl ] - (4- br ono-

2-chlor ?ozli_%h@k‘ds), 18] 583 3€C1iS sICR2TAY £%7 U8S IH)PPE4i(Bs, etBIPRE @Ll1:f,arting

br ono- 2- r o-phenyl anm no) - 7- fl,.yar 9-3H zoi m dazol e-5-carboxylic acid
met hyl ﬁ&{@k?ggéeﬁﬁbﬁ\%),&& (Fr’IQLZLBﬂfg%% @&%ﬁ(l\m Br pattern) and M5 APC
(-)fn/z 423, 421 (M Br pattern) detected. Exanple 34 NH2 HN OH M N HN
F1 C NG6-(4-d zloro-2-nethyl phenylam no)-7
fl uor o- 3H benzoi m dazol e- 5-car boxyﬁ#aﬁ?@%iﬁ hydr azi de (20b)
6- (4- Chl or o- 2- net hyl - phenyl am no) - /- or o- 3H benzoi m dazol e- 5- car boxylic
acid hydrazide 20b is prepared as described in exanple 31, step A from
6- (4-chl oro-2- methyl - phenyl am no) - 7+ uor o- 3H benzoi m dazol e- 5- car boxylic
acid nethyl ester 8e. LC M5 ESI &;)( mz 334, 336 (Mt C pattern) detected,
1H NVR (400MHz, DWMSO- d6) Ne O

Me

H
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 1h and then cooled to rt. The reaction mixture is quenched
by the addition of a 1:1 mixture of THF and 10% HCI (20 ml). The layers are separated
and the aqueous layer is extracted with THF (3x). The combined organic layer is washed
with brine, dried (Na;SO4) and concentrated under reduced pressure to give 54 mg (99%)
of desired product as a yellow solid: LC/MS ESI (+) m/z 360, 362 (M+ CI pattern)
detected; 'H NMR (400MHz, DMSO-ds) § 12.64 (s, 1H), 8.83 (s, 1H), 7.88 (s, 1H), 7.30

(s, 1H), 7.20 (d, 1H), 7.00 (dd, 1H), 6.38 (dd, 1H), 2.30 (s, 3H).
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92 WD 03/077914 PCT/ US03/07864 8 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. 49W093/0214)4 2.23 (s, 3H). Exanmple 35 OH NN O H MPCTNIShiMOB6Ll \=-N
5-16-(4-diloro-2-methyl plzenylanzino)-7 fluoro-3H benzoi m dazol -5 ylj-

[ 1, 3, 4Joxadi azol - 2-ol (22a) Example 36

6- (4- Chl or o- 2- net hyl - phenyl am no) - 7- f | 'uor o- 3H benzoi m dazol e-5- car boxylic
acid hydrazide 20b (0.050 g, 0.150 mmol) is suspended in PhMe (2 nml) and a
20% phosgene solution in Phve (On24 M, 0.45 mmmol) is added. The reaction
mxture is stirred at reflux unggr §\2 for Ih and then cooled to A The
reaction mxture is quenched by the additéon of a 1:1 mi xture of THE and
10% HO (20 m ). The layers are and the aqueous | ayer is
extracted with THE (3x). The co c layer is washed wth brine,
dried (Na2SO4) and concentrat g edu€ed pressure to give 54 ng (99%
of desired product as a yellow'soljd: LCM5 ESI (+) in/z 360, 362 (M C
pattern) detected; 1H NI\/R(400M—|Z'\,l DMSO-d6) 8 12.64 (s, 1H), 8.83 (s, 1H),

230 (o, Cigrore e oBe b et o Bredr AR Vel S 10

amine (21a)

6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic
acid hydrazide 20b (0.048 g, 0.144 mmol) is suspended in 3 ml absolute EtOH and
HC(OEt); (0.60 ml, 3.54 mmol) is added followed by catalytic pTsOHH,0. The reaction
mixture is heated to reflux under N,. After 2h, the reaction mixture is cooled to room
temperature and concentrated under reduced pressure. Purification by flash column
chromatography (97:3 ethyl acetate:MeOH) gives 36 mg (73%) desired product as a light
yellow solid. LC/MS ESI (+) m/z 344, 346 (M+ Cl pattern) detected; "H NMR (400MHz,
DMSO-ds) $13.10 (bs, 1H), 9.39 (s, 1H), 8.49 (s, 1H), 8.10 (bs, 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 Cl
\=N

5-[6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazol-5-ylJ-

[1,3,4]oxadiazole-2-thiol (23a)
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HM NHNFCI \=N (4-Chloro-2-inethyl phenyl)-(4;

fluoro-6-[1, 3, 4] oxadi azol -2 yl -1 H benzoi m dazol -5 yl)- am ne (21a)

6- (4- Chl owo-03amdthyl - phenyl am no) - 7- f | uor o- 3H benzoi m daz@CeABpensboxyl i c
acid hydrazide 20b (0.048 g, 0.144 mmol) is suspended in 3 nl absolute EtCH

and HC(OEt)3 A | Sh AYRIind)S7-Ad6RHBH-Ohwiaitiabylecatabyylic
pTsCOH, H20. T‘ﬁg r%élgcg?l orﬁe ?11115}>)< tufe |1Is1 heated to refl ux ugger szykfter 2h,

h

igégétg%?a%&fa?ét E%Ggqj%%é%@ o 8k ESA IuABeqn¢ MOME A gl under
\V 0

S R T AR e

DVSO-d6) b13.10 (bs, 1H), 9.39 (s, 1H), 8.49 (s, 19 ( 7.78
(bs, 1H).150 n2eol).( dhftet Birring. 200 (Cfor 39H)11n theqreagtion m‘é&k}'e 15 hiqay ‘P 'EO §Eg‘

Exanple 37 SH N=NNOH M HNF C =N 5

[ 6- (4- CAltbPB 5-12-the esdoribp henytais qehehed by teoadditionerf vites, daleowedsby the

%1(2 gfxadlgzol e- Zéthlffbglmd( 23a) 94 WD 03/077914 PCT/ US03/ 07864

-(4- iQorfofEthPl acet Al HOR) THe fayserage Sdpatassizaidnihd agudoms Sayeaihoxyl i ¢
acid hydrazide 20b (0.050 g, 0.150 rrrmF,) I S suspended inag m aby:ol ut eyEtC]-l

and coo etracted with ethyl acetate. The combined organic extracts are dried (NaSO4) and

concentrated under reduced pressure to give the desired product as a yellow solid: LC/MS
ESI (+) m/z 376, 378 (M+ Cl pattern) detected, '"H NMR (400MHz, DMSO-de) § 8.51 (s,

151), 7.92 (s, 1H), 7.19 (s, 1H), 7.12 (s, 1H), 6.98 (d, 1H), 6.29 (d, 1H), 2.28 (s, 3H).

Example 38

HN F Br
\=N

6-(4-Bromo-2-chloro-phenylamino)- 7-fluoro-3H-benzoimidazole-5-carboxylic acid
methylamide (1100)

6—(4-Bromo-2—chloro-phenylamino)-7-ﬂuoro-3H-benzoimidazole-5—carboxy1ic
acid 10¢ (0.029 g, 0.076 mmol) is dissolved in N,N-dimethylformamide (1.1mL). HOBT
(0.016 & 0.10 mmol), triethylamine (0.028 mL, 0.20 mmol), methylamine (0.059 mL,
0.12 mmol, 2 M solution in tetrahydrofuran), and EDCI (0.019 g, 0.10 mmol) are added
consecutively to the reaction mixture at room temperature. The solution is stirred at room
temperature for 16 hours under Np. 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 NH,Cl (2x), brine (1x), aqueous
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to O Cunder N2. CS2 is added (26 ng, 0.346 mml) foll owed by powdered KOH
(8 mg, 0.150 mmol). After stirring at O Cfor 30 mn, the reaction m xture
i s heat edwDm®3pediux. After 3.5 h, the reaction m xture i CHusSnybmsds by t he
addition of water, followed by the addition of ethyl acetate and 1N HCl.

The | Y Sy %ﬁg%ﬁﬁlﬂﬂﬁ&%oﬁé}g RE RIEQUD), | AMePriké (10X IdRAt @dg3D)haret hy!

acet ate. organic eXtracts are dried (Na2SO4) and concentrated

2o °( +) CaeprtirRl S5B8 ety oo FRMHEE sPRIRRERR O JUT e BHmINE L S
8.51 , 1 7.92 oA, 7,19 (s, Y/ 1 .9 , 6.29
EEINECHE X NEAE Mk e ey En gt fe

6- (4- Brono-2-chl oro phenyl ami no)-7 fl uoro-3H benzoi f ni dazol e- 5- carboxylic
acid  ndMhAPEH(Hen(213970899 (M+, Br pattern) detected; "H NMR (400 MHz, DMSO-do6) 6
6- (4- Br ono- 2- chl or o- phenyl ai ni no) - 7- f | uor o- 3H benzoi m dazol e- 5- car boxyl i c
aci d 109.7&%3%8 sgaH@,-m@(rmmH), 8.4 @] SHYVEEI(s, N, Ne3l(drat)y7.Boxdd e
(1.1m). T (0.016 g, 0.10 nunol), triethylamne (0.028 nL, 0.20 mmol),
met hyl agi 0 752 AR, 38 tMaB UnHliE RtatnBrs). €AV oI 76! MB)z, and
EDCI (o@é?g(dg’, Hgi%o%_rrfarno(} ?'7251?((53 ada’edﬁ cgrisecuti vel y %o t he reg{ti on i xture
at roo er at , e solution is stirred at room tenperature for 16
hour s mw@#ﬁﬁ?gﬁcu on mxture is poured into a separatory funnel
and diluted with ethyl acetate and water and the | ayers separated. The
ethyl acetate |layer is washed successively wth aqueous saturated NH4CL
(2x), brine (Ix), aqueous 95 WD agﬁﬁggg PCT/ US03/ 07864 saturated sodi um
bi carbonate (2x), water (Ix), and brine (Ix), dried (MySO4) and |
concent r at ed Thedletlowagucenpqmnds ster erepathé usisguhethods sivtilag 9 dapdesoribed by FCC
(eluting with

above in Example 38 by using the appropriate carboxylic acid and amine. In those cases

that contain two amine functionalities, the appropriate mono Boc protected amine is used

in the coupling reaction and the Boc group is later removed in a final step under standard

TFA deprotection conditions.

1t NH Iluu (N 4
PP o r\(\) SN0
LIHﬁ)\ KE[H (EL
N N
F NN HN F Cl
HN\=N A \'—:r\f_l
11qq | H=N 1w | g N._O
H
N._O |/ N
H
N HN F cl
\=N
HN F Br
\=N
11rr /\/H o 11ww Nr:\s
h
N @) L cl
N
HN F Br \©\
\==
N HN F Br
\=N
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19:1 nethyl ene chloride: nethanol) to yield 0.013 g (42% of the pure

desired product. M APCl (+) mz 397, 399 (M+, Br pattern) detected; 1H

NVR (400 WB3/0DvBO- d6) b 8.76 (broad s, 1H), 8.69 (m 1HpCTAIS4d07884 111),

;hSGS(SL'}tbl 7.63 (q, 1H), 7.30 (dd, 1H), 6.50 (dd, 1H), 2.76 and 2.75 (s
, tp = am de rotanmers). 19H 376 , DMBO-d6) -132.6P (s).

Exanpl jg‘? Tﬁlﬁé},@ |owWi ng conpounds ar eﬂgﬁepar edqr'kﬁi thg net hod)s simlar 'Eo)

t hat descri ped™ abovie i h Exanple 38 by using t eNgE]propri ate carboxylic

acid and ani ne. M cases that contailn t nel functionalitiges, the

appropri at e} non - ted amne |s used | upling reactipn and

the Bo¢ group "l"‘k,lllater renoved in a fjnal gte der ndard TFA

deprotectiop conditions. Ilpp (NHIlluy N O HH N®M: HNFHNFCI
| 1

1 gq HZZJ}I 11_’}'!\'HN OH-—N-O-+—F+—N+HN e Nt TT=NHO0 | | ww
Nns N OlAf ¢ _N OI;l{N FI Br NNHNF Br 96 WO 03/077914 PCT/ US03/ 07864
N
HN F Cl
\=N
Example 40
HO
H Cl
N
HN F Br
\=N

[6-( 4—Brom0-2-chloro-phenylamino)—7-ﬂuoro-3H-benzoimidazol—S—yl]—methanol( 10e)

6-(4-Bromo-2-chloro-phenylamino)-7-ﬂuoro-3H—benzoimidazole-5-ca:rboxylic
acid methyl ester 8b (1.06 g, 2.65 mmol) is suspended in tetrahydrofuran (25 mL) and
cooled to -78 °C. Lithium aluminum hydride (8.03 mL, 8.03 mmol, 1M solution in
tetrahydrofuran) is added dropwise to the reaction mixture. After stirring for 10 minutes
at —78 °C, the reaction mixture is warmed to 0 °C and becomes a homogeneous solution.
The reaction mixture is stirred for 5 minutes at 0 °C and then cooled again to -78 °C.
The reaction mixture is quenched with MeOH, diluted with Rochelle's salt, warmed to
room temperature and stirred for 1 hour. The reaction mixture is then poured into a
separatory funnel, diluted with ethyl acetate, and the layers separated. The aqueous phase
is extracted with ethyl acetate. The combined ethyl acetate layers are dried (Na;SO4) and
concentrated under reduced pressure to yield 0.98 g (100%) of the pure desired product

as a pale yellow solid. MS ESI (+) m/z 370, 372 (M+, Br paitern) detected.
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llss HN IIxx NN~NONNH NONHHC Fs B NHHNI FBr Ittt HOH N
~ HNFI C Exanple 40 HOHC NHNI FI Br \= N/[6-(4 Brosno-2-chloro
phenyl anmiwo)o3/f7Mlwuor o- 3H benzoi i ni dazol -S yl J- snet i aanol ( IPCE)US03/07864
6- (4- Brono- 2- chl or o- phenyl am no) - 7- f | uor o- 3H benzoi m dazol e- 5- car boxyl i c
acid methyl ester 8b (1.06 g, 2.6ExaHRIe4iS suspended in tetrahydrofuran
(25 nm.) and cooled to -78 T. Lithiumalum num hydride (8.03 nL, 8.03 nmol,
IM solution in tetrahydrofuran) is added dropwi se to the reaction m xture.
After stirring for 10 mnutes afj_ - C the reaction mxture is warnmed to
0 C and becones a honogeneous sol ufiop. @he reaction mixture is stirred
for 5 mnutes at 0 C and then coagled &ggin.to -78 T. The reaction m xture
is quenched with MeCOH, diluted w Roc e's salt, warnmed to room

fre r€ackF on mxture i s then poured

tenperature and stirred for 1
into a separatory funnel, diluteg with ethyl acetate, and the |ayers
separated. The aqueous phase s extracted with et hyl acetate. . The conbi ned

et hyl ace(éBeome Igo@rlgze@y{aggneﬁmgﬁ%@nzoimidazo e-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 stirred 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
amounts of MnO, that passed through the silica gel. The filtrate is concentrated under
reduced pressure and the residue is purified by flash column chromatography (eluting

with 20:1 methylene chloride:methanol) to yield 0.81 g (85%) of the pure desired product

as a bright yellow solid. MS ESI (+) m/z 368, 370 (M+, Br pattern) detected.

Example 42
O
HO H Cl
N
—~N F Br
\=N

1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazol-5-yl]-2-
hydroxy-ethanone (10g)
Step A: 1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazol-5-

yl]-2-methoxymethoxy-ethanol 10i
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concentrated under reduced pressure to yield 0.98 g (100% of the pure
desired product as a pale yellowsolid. M5 ESI (+) rn/z 370, 372 (M, Br
pattern) wetormi4 97 WO 03/ 077914 PCT/ US03/ 07864 Exanpl @CFwsks/Osk4 CI N

HNI1 F Br "=-N 6-(4-Bronp-2-cl:loro phenyl am no)-7
f 1 uor o- 3H belgZ0l i dlAgPhitufy 19@% fiokgefliyQelannane (864 mg, 2.37 mmol,
[ 6- (4- Bronp- 2- chl or o- phenyl am no) - 7- f l uor o- 34 benzoi m dazol - 5-yl] -net hanol

oy o apsg by Ewcgaursg kB39 1°Brd. Tyksl oRy Isohsmnh AT @haLf 3 1. 15

e feaction mxture IS

t d at 50 C f
fh'rLLSh b Feaidod sl @Rt %fmfml@a@uﬁﬁ‘rﬁ%ﬁ&a@ g slifinktht 17 7
L). The filtrate is concentrated under reduced pre vol urre

and thef finfi,erad sphitionghofan6Atbeumee-ciarpigenylamt -7r qr%-&ﬂ%t gﬁ&l“’r
anounts of Mi02 that passed through the silica gel. The filtrate is
concent baiztmidagse-5-castidaydpl Ol §38 megafd Stthmobasi TR (2 milpis pddedctby8 f | ash
col um chromat ography (eluting wth 20:1 nmethyl ene chloride: nethanol) to

yi el d 0981 grdr&H¥ingfor UnanpLd:e78186] thedeqatiot s fuermhed withi syhuratyd bdueaus ol i d.
IVB ESI (+) mz 368, 370 (M+, Br pattern) detected. Exanple 42 HO OH C

CN -- N KBy ot =h% 3l QabflePBioraeh Lot R et 20 hedd #eth-BtOAc. Th
Iluogo 3-n7et Iazy?\g SEF benz%?nz?%g‘?rﬁ%éry ' J-2- Iz;/ldroxy et har?onee(olr%%;%lc Step A
[ (412%%9 MO 4 &Pneen%nac[“ ) I\/FgSfd UQHQred; TBhdMtradd RRNgQ M Bzol - S-
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: I-[ 6—(4-Brom0—2—chloro—phenylamino)-7-ﬂu0r0-3-mez‘hyl—3H—benzoimidazol—S-
yl]-2-methoxymethoxy-ethanone 10j

A solution of 1-[6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-
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 h at rt. 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 min and diluted with EtOAc. The organic layer is washed with saturated
aqueous NaHCO3 and brine, dried over MgSO,, filtered, and concentrated in vacuo to
give a crude material which is purified by flash chromatography (1.5% MeOH in CH,Cl,)
to afford the desired product (31 mg, 71%): MS APCI (+) m/z 456, 458 (M+, Br pattern)

detected.
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yl J-2-inetl| zoxynet hoxy-et hanol 10i 98 WO 03/077914 PCT/ US03/07864 To a
solution of tributyl-nmethoxynet hoxynet hyl -stannane (864 ny, 2.37 nmmol,
prepar ed W9 Blz79ps ocedure reported in J. Org. Chem 1988, PE3/USALBBH4 i n THE
(8 nL) at - 78 Cis added n-BuLi (0.94 nL, 2.35 mmol, 2.5 Msolution in

hexane) .q4f ter or mgﬁ thyl-3H-benzoimidazol-5-
6- (4- br osﬁ & hf gJ ng gﬁgﬁé acril |l%8 'B_Hén)fléiggi% Gﬁ t me y enzoimidazo

benzoi m)%,a_f%%)?é)?y_ r bal de glde 10h (59 ng, O. 15 rrm)l) |n THE (2 nmL) is added

at -78 |at1?|eng or 40 mn at -78 C, the reaction i s quenched

G 1 ut o wi ¢ 1 GREPneobr gl B-bioper SHERGe T T TGS ML byor

MpSO4, filtered, concentrated and purified by flash chromatogra hoy (1.5 %
MeCH i n tesz@nddazobsgllvemateoxymsihoxs-oftenane t 10441 hyme, 64083 WmoRpClO%+) m 2
458, 460 (M+, Br pattern) detected. Step B: 1-[6-(4-Bronp-2-chloro

phenyl andgnegus HCL@: Dnd-)neetiphel3@-(ienkpiaml detal (095 mL) is stirred for 3 days at

yl J- 2- met hoxynmet hoxy- et hanone 10j A sol ution of

1- [6 (4-1r PAPrehc &Y RiAuRIE MehiPdliA@ hvith-datfe@ aguddat NAFCRDE, and diluted with
benzoi m dazol - 5-yl ] - 2- met hoxynet hoxy- et hanol 10i (44 ng, 0.096 mmol) and

t he Dessj?t(()-j?@cr t’JE{éhoqgéﬂJQ ?Jy@f_?:ﬁ%va(sﬂgd {n tPind ZarfBRvkr Mb g@"zﬁ‘ﬂtgreé ToRcdhkrhtedS

stirred reaction mxture Is "uted with ether (3
m.). Saturated a ueo H 1

pent ahy df'at?64{- 74 ﬁé%’d% é}ﬁtﬂlgat)pggaﬁﬁ (ﬁa W%ﬂ&tquf?gn @2@ ?‘? %‘g R#

and diluted vmth EtOA The o nic layer is h satu ted 'aqueous
NaHCO3 adfdiret PW@duQIr(7e7’dn8v%‘tA’)\/§é§)4°’P(§I| I(“{r)e’r””ézd‘l1\2%2thfﬁlI gﬁtptaﬁ‘?r@ T’ﬁc cuo to
give a crude material which is purified by flash chronatography (1.5% MeCH

i n CH2C1'H NMR (40 My, tahetonke di)rée8l64 (9 dis 8.831s,ndD), B1% (s, NB), RFS@ (d¢ D). z
456, 458 (M, Br pattern) detected. 99 WD 03/077914 PCT/US03/07864 Step

C 1-[6-141 &Icprm%% soka, th¢9¥l(§r2m04 08 (s, 3H); 1°F NMR (376 MHz, acetone-ds)
f1 uor o- 3- et hyl H benzadi mi dazol - S-

~132.45 (s, 1F).

Example 43

o)
HO e
“@
HN F Br
\=N

1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3 H-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
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yl J- 2- hydr oxy- et hanone 10g A m xture of

1-[ 6-(4-brono- 2-chl oro- phenyl am no) - 7- f | uor o- 3- net hyl -

benzoi m daoeBABMY4 | - 2- met hoxynet hoxy- et hanone 10j (15 ng, POCTAB83/0M%64 ), 10%
aqueous HCO (0.3 nmL), methanol (0.01 nL), and water (0.05 nlL) is stirred
for 3 dagescdbed int Exahhiste “eaSteboA toiyidldicempsumieldlr aViSzABCIV ¢ nsatids,added
aqueous NaHCO3, and diluted with EtQAc. The organic |ayer is washed with
brine, diniedsoy. ﬁ{enﬁgg%edflltered concentrated in. vacuo, and purified by
flash chronatograp (1.5% MeCH in CH2C12) to afford the desired prouduct
(7.3 ng, 54%: MS APCI (+) mz 412, 414 (M+, Br pattern) detected; 1H NWR
(400 MHz, acetone-d6) S 8.64 (s, 1H), 8.34 (s, 1H), 8.16 (s, 1H), 7.58 (d

(376 oo otlbne. WE5 B gisH b ol o g ors STEEs 6o o IR 7 ) e

(37

N1/[6- (4 Brosno-2-cl zl oro Bwenyl am no) -7 fluoro-3H benzoi nzi dazol -5
yl J- 2- | Zypdihoxynetbapigiiorene 10k) Step A

1-[ 6- (4- Bronco- 2- chl or ophenyl am no) -7 fl uoro-3H benzoi m dazol -S yl J-

2- met hoxynet hday-setubiamof 044¢l chloride (0.11 mL, 0.22 mmol) in CH,Cl, (1 mL) at -78 °C
6- (4- Brosno- 2- chl or o- phenyl am no) - 7- f | uor o- 3H benzoi m dazol e- 5- car bal dehyde

10f is tisemided DMISO (D.0ILO WY, 0. 2B hhEexNY Malfee XiniRE Tyt 3 $hiannasiaties 60146 g- to the
procedure 100 WO 03/077914 PCT/ US03/ 07864 described in Exanple 42, Step A

to yiel dliﬁ) = ldﬂgrolﬁ%e %@%ﬁ@g f{l].le}o- - Oémlcﬁé@l 5-(y|MH2 nﬁ&h&@h‘feﬁ{o&gf det ected.

Step B: 4-Bro nyl am n

t1uoro- 3<|3_tl_han0q21% (% glag,z 8.'05 yr{n‘%lol?) in metﬂy Xémhl Jetice (ﬁnﬂfilnsoa{]d%e& Olﬁle resulting
solution is stirred for 30 min at -78 °C. TEA (0.1 mL, 0.71 mmol) is added. The reaction
mixture is slowly warmed to room temperature, stirred for 5 min at room temperature,
and diluted with water and CH,Cl,. The organic layer is separated, dried over MgSOyu,
filtered, and concentrated to give the crude product which is directly uéed without further

purification.

Step  C:  1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl]-2-
hydroxy-ethanone 10k

1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3 H-benzoimidazol-5-y1]-2-
methoxymethoxy-ethanone 10m is deprotected according to the procedure described in
Example 42, Step C to yield compound 10k. MS APCI (+) m/z 398, 400 (M+, Br
pattern) detected; "H NMR (400 MHz, CD;OD) § 8.38 (s, 1H), 8.04 (s, 1H), 7.52 (d, 1H),
7.22 (dd, 1H), 6.53 (dd, 1H), 4.90 (m, 2H); °F NMR (376 MHz, CD;0D) —133.96 (s,

1F).
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To a solution of oxalyl chloride (0.11 m, 0.22 mmol) in CH2C12 (1 nmL) at
-78 C is added DVsO (0.016 nL, 0.22 mmol ). After stirring for 3 mn, a
sol uti on wb 030fB14 4- PCT/US03/07864

br ono- 2- chl or o- phenyl am no) - 7-f | uor o- 3H benzoi m dazol - 5-yl ] - 2- net hoxynet hox
y- ethanol 101 (25 ng, 0.056 nnnl&xkﬂlmngylene chloride (Inm) is added.
The resulting solution is stirre 0|P 30 mnat -78 T. TEA (0.1 n., 0.71
nmol) is added. The reaction mxture is slowy warnmed to roomtenperature,
stirred for 5 mn at roomtenperatur and diluted with water and CH2C12.
The organic layer is separatéﬁTOorl“gjgyerﬂhgscn, filtered, and
concentrated to give the crude prodyct igh is directly used w thout
further purification. Step C 1- 4- B- 2-chl oro phenyl am no) -7

fl uoro- 3H benzoi m dazol -S yl J- 2; Aygfoxy-ethagpne 10k

1-[ 6- (4- Brono- 2-chl or o- phenyl a '*@)N- 7-fl uoro- 3H benzoi m dazol - 5-yl ] - 2-

nmet hoxynmet hoxy- et hanone 10mis deprotected according to the procedure

305, 400 (VB OMREclrs PHER LG PR OTRE R SR oy, 17

1H), 8.04 (s, 1H), 7.52 (d, 1H), ehitmadde (kh) 1H), 6.53 (dd, 1H), 4.90 (m

2H); 19F NWR (376 M4z, CD30D) -133.96 (s, 1F). 10 03/ 077
PCT/ U80§f%’786é-' E%a(ﬁ';fﬂeB’”Qwo(g‘FW@fo‘P’%”M{Q”ﬁnq)’ ”OFN'%{%-’Z(’H?’%%O?%X%%M or o
phenyl am no) -7 fl uoro-3H benzoi m dazol -S yl J-2- et hoxy- ethanone (10n) Step
A 1- [ 6effxBredmpolllhl or o phenyl ami no) -7 fl uoro- 3H benzoi ni dazol -5yl | - 2-
et hoxy- et hanol 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,Cl (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 h and then quenched with saturated aqueous NH4Cl1 at -78 °C, warmed to
room temperature, and extracted with EtOAc. The organic layer is washed with brine,
dried over MgSO,, filtered, concentrated in vacuo, and purified by flash chromatography
(100% CH,CI, to 3% to 5% MeOH in CH,Cl,) to give the desired product (15 mg, 44%):

MS APCI (+) m/z 428, 430 (M+, Br pattern) detected.

Step  B:  I-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl]-2-
ethoxy-ethanone 10n

The title compound is prepared from 1-[6-(4-bromo-2-chloro-phenylamino)-7-
fluoro-3H-benzoimidazol-5-yl]-2-ethoxy-ethanol 100 according to the procedure
described in Example 42, Step B except that the reaction mixture is not treated with
saturated aqueous NaHCO; containing sodium thiosulfate pentahydrate. MS APCI (+)
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To a solution of lithiomethyl ethyl ether in THE (6 nL) (prepared from

4,4 -di- tert-butyl bi phenyl (585 ng, 2.20 mmol), Li (18 ng, 2.59 nmmol), and
Et OCH2C1 w0.020779m., 2. 05 mmol ) by the procedure reported PRTNSDS/eMseddr on
1996, 52, 1643) is added a solution of

6- (4- br f1 VIER I aan)aI dehyde
101g (299%4%8 %588(@3%’%?) #ﬁl%rra%f%am}ywé\@- st T%e@qjgﬁff.sﬁg o it on e

stirred 1 n Wi a 0

war nmed tgb(?‘{qsobﬁ%’a@ﬂp@r gﬁh% @Hdﬁe‘&p ﬂc@g’dﬁé\% h%égg@ §$ﬁzm%am C ayer IS
washed w th brine, ~dried over filtered, concentrated in vacuo, and
purifi ecIBy FINMR @fie dae-SdPIny- 3@1966% CH2C12 to 3% to 5% MeOH i n CH2C12)
to give the desired product (15 ng, 44%: NS APClI (+) rn/z 428, 430 (M,

Br pattern) detected. Step B: 1-[6-(4-Bronp-2-chloro phenylam no)-7

fl uor o- 3H benzoi m dazol -5 yl J- 2- ho ﬁ hanone 10n The title conpound is
prepared from 1-[ 6-(4-brono-2-chl "b‘ﬁ él am no) - 7-

fl uor o- 3H benzoi m dazol - 5-yl ] - 2- et hoxy- et hanol 100 according to the
procedure described in Exanple 42, Step B except that the reaction m xture

is not treated with saturated>@ s  NaBCO3 cont ai ni ng sodi umthiosul fate
pent ahydrate. Ms APClI (+) 102 WO 3/(ﬁ’79 4 PCT/ US03/ 07864 nlz 426, 428
(M+, Br pattern) detected; 1H N CD30D) 8 8.36 (s, 1H), 8.04
(s, 1H, 7.51 (d, 1H, 7.21 (dd, 15 1H), 4.76 (s, 2H), 3.57 (q,

2H), 1.19 (t, 3H); 19F NNR(SV'B' ,CD3CD) 1133, 96 (s). Exanple 45 OOMH
Cl NHNFI Br \=N1-[6-(4 Brorn'ﬂZchIoro

phenyl am I-I .9-)(4-%r2;;1w Q(Eholm%)':;}) eny;a%lurl;]o)d 95’8:'0}0-3% genzozmz%}zzr})(?)gyyl]-g me?ﬁoonge (10p)

ethanone (10p)
1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl]-2-

methoxy-ethanone 10p is prepared from 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3H-
benzoimidazole-5-carbaldehyde 10f and lithiomethyl methyl ether by the procedures

described in Example 44. MS APCI (+) m/z 412, 414 (M+, Br pattern) detected.

Example 46

BnO Cl

H
“@
F Br

2-Benzyloxy-1-[6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-ylJ-

HN
\=N

ethanone (10q)

Step A: 2-Benzyloxy-1-[6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-

5-yl]-ethanol 10r
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1-[ 6- (4- Brono- 2- chl or o- phenyl am no) - 7-f | uor o- 3H benzoi m dazol -5-yl]-2

nmet hoxy- et hanone 10p is prepared from

6- (4- br orwO23pIMI0L 0- phenyl am no) - 7- f | uor o- 3H benzoi m dazecCeAsyersbal dehyde
10f and lithionethyl met hyI et her by the procedures described in Exanple

44. M5 APCI 2 | 6 BnD o H
ISt M A, e i S

ghggxlzsgb‘?@qﬁ CE%“ &)gﬁ?HrTE%gZOI ?\ y@J4-9nI§j§“- uor o%ﬂ@%ﬁzé&m dazol -

S ylJ-ethanol 1O 103 WO 03/ 077914 PCT/U 3/ 0786 t.io
benzy| o%yhetang) by the prassdyrerrgpoytod iy J. fﬁfﬂeg‘g?’@ %G iﬂ'?% ]é@?%% 8 de(dS%)S
1.23 mml) and n-BuLi (0.49 nL, 1.22 mml, 2.5 M solution in _hexane) by
the proseiitioe repaf t ed6i(A-tlomag?-chiprerphesgeminedTsiluorotH-beaweimidazolerded a
sol ution of 6-(4-brono-2-chl oro-phenyl am no)-7-fl uoro-3H benzoi m dazol e- 5-
car bal dehwdricARfe 10815 NBg, 0.1B4nmob)ih TEF (BHEL) & -78)°CatTheZesullingodutioadal t i ng
solution is stirred for 1 h at -78 T. The reaction is quenched with

sat ur at \%/g?@%g%opﬁ Hf'@c A reStiondis lg@EnoMel Rvifit @ﬁ@rate'cﬂ uen\GaNHeCl, ayér i s

dried o ered, concentrated in vacuo, purified by flash

o oduct & O?Q%gﬁ%“fté%?f@ﬂéﬁ%%?&zm‘%? Fhd Sg3e0L q"‘éﬁ‘i?f’@?%?%ﬁ? ccted.
fSIt 5&5 3%?43?2% Oxﬁ%émh éfbro{zﬂ%?r%?ggfz ‘W C,‘%ﬂzgf]{ ?‘Jlmé (%% r%iﬁcsﬂpr epar ed

from 2-benzyl oxy-|-[6-(4-brono-2-ch
afford the desire pro(duct (46 mg, 68%) MS APCI (+) m/z 490, 492 (M+, Br pattern)

detected.

Step B: 2-Benzyloxy-1-[ 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-
5-yl]-ethanone 10q

The title compound is prepared from 2-benzyloxy-1-[6-(4-bromo-2-chloro-
phenylamino)-7-fluoro-3 H-benzoimidazol-5-yl]-ethanol 10r by the procedure described
in Example 42, Step B except that the reaction mixture is not treated with saturated
aqueous NaHCOs containing sodium thiosulfate pentahydrate: MS APCI (+) m/z 488,
490 (M+, Br pattern) detected; "H NMR (400 MHz, CD;0D) & 8.37 (s, 1H), 8.02 (s, 1H),
7.51 (d, 1H), 7.26 (m, 5H), 7.19 (dd, 1H), 6.46 (dd, 1H), 4.77 (s, 2H), 4.58 (s, 2H); °F

NMR (376 MHz, CD;0D) —134.52 (s).
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phenyl am no) - 7-f | uor o- 3H benzoi m dazol -5-yl ] -ethanol 1Or by the procedure
described in Exanple 42, Step B except that the reaction mxture is not
treat ed wWwOh3mzow at ed aqueous NaHCO3 cont ai ni ng sodi um Pliramsed/6zmee

pent ahydrate: Ms APCI (+) mz 488, 490 (I\/Hr Br pattern) detected; 1H NWR
(400 MHz, CD3OD) S 8.37 (s, 1H) g &p .51 (d, 1H), 7.26 (m 5H),
7.19 (dd, 1H), 6.46 (dd, 1H), 2 : 4 58 (s, 2H); 19F NMR (376
MHz, CD30D) -134 52 (s). 104 V\O 03/ 077914 PCT/ US03/ 07864 Exanple 47 SO H
Cl ODNHNF):: Br \,--Nl
[ 6- (4-Bronzo- 2- chI or ophenyl am) X
nmet hanesul f onyl - et hanone (105)0 b
phenyl am no) - 7f | uor o- 3H benzoi m d

?lrl_pl’ oCI3H- benzoi m dazol - S yl J- 2-
N 1- (4-Brono-2-chloro

@ rret hanesul fonyl - et hanol 101
To a solution of nethyl sulforwN i in THE (1.5 nmL) is added

a solution of n-BuLi (0.27 nl,"\Q.¢8 mol, 2.5 Msol ution in hexane) at -78
C. After stirring for 5 mn, HI\/P (0.1 rrL) is added. After stirring for

addi tional 1 i a I t] ol _
6- (4- br ono- Zgé%]f%{%‘l’ﬁﬁ'?%ﬂ%% e?'fvl?"fl 1) f g g bencoinidazol 32 o ba dehyde
10f (26 ng, 0.069 mmol) in nidkardebulfbylicthadaedlOsThe resulting solution is

stirred for 1.5 h at -78 T. The reacti ench Wth s aqueous
NHACL, Siear med t o l/6dthBremeer dileiosph e&ﬁ@”ﬂi"‘? Dﬂéﬁo’iﬁl‘ E‘?W’daﬁ‘#eé %Z-? cgj7an| c
| ayer is washed with water, dried over MpSO4, filtered, concentrated in
vacuo, arw%cpwulfdnyﬂetbgndlllﬂéh chr omat ogr aphy (3% MeOH in CH2C12) to give
the crude desired product (31 ng, 96% which is used directly wthout
further puri ficatélation ¥Smel§! silfonertb ndD,684Bma)Ma, TIBF (1.pankeisrddedeect ed.
solution of n-Buli (0.27 mL, 0.68 mmol, 2.5 M solution in hexane) at -78 °C. After
stirring for 5 min, HMPA (0.1 mL) is added. After stirring for additional 10 min, a
solution of 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3 H-benzoimidazole-5-
carbaldehyde 10f (26 mg, 0.069 mmol) in THF (1 mL) is added. The resulting solution
is stirred for 1.5 h at —78 °C. The reaction is quenched with saturated aqueous NH4Cl,
warmed to room temperature, and diluted with EtOAc. The organic layer is washed with
water, dried over MgSOy, filtered, concentrated in vacuo, and purified by flash
chromatography (3% MeOH in CH,Cl,) to give the crude desired product (31 mg, 96%)
which is used directly without further purification: MS APCI (+) m/z 462, 464 (M+, Br

pattern) detected.

Step  B:  1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-ylj-2-
methanesulfonyl-ethanone 10s

The title compound is prepared from 1-[6-(4-bromo-2-chloro-phenylamino)-7-
fluoro-3H-benzoimidazol-5-yl]-2-methanesulfonyl-ethanol 10t by the procedure
described in Example 42, Step B except that the reaction mixture is not treated with

105



Step B: 1-[6-(4-Bronp-2-chloro

phenyl am no) - 7f | uor o- 3H benzoi m dazol - 5yl ] - 2- net hanesul f onyl - et hanone 10s
The titl ewooapound i s prepared from 1-[6-(4-bronp-2-chl or ®CprEsnyd®ed no) - 7-
fl uor o- 3H benzoi m dazol - 5-yl ] - 2- net hanesul f onyl - et hanol 10t by the

pr ocedur gturgtes afndre NdHERaephiaindd, sodigh tBosxéapbeithiafdraitbeMSeABCI o) xt ur e
is not treated with 105 WO 03/077914 PCT/ US03/ 07864 saturated aqueous

Nan (o "y BOHEL A Bl PR AL FEPRUE YRS ol i) gl THEDZO0,
?3333(H)S gg)ﬁs 1:&1)&(5%7@ i@ i%iﬁoﬁﬂléé%@ (dflsé?’gvg?’g)( 1@1&1’% 2 ?54@)14%@0 H3CI15

N): HNF LBr ~=N 1 [6- (4Brom) 2-chl oro phenyl am no) -7

f | uor o- INMBRFZ6INIHE cRegtsmegly) 71 Hefk- 1, 2- diol (10u) Step A

1-[ 6- (4- Brono- 2-chl oro phenyl am no) -7 fl uor o- 3H- benzoi m dazol -S yl J- 2-

(i sopropoxy-di net hyl -si |l anyl)-ethanol 10v To a solution of the Gignard
reagent prepared from My and chl or rret h‘yl di met hyl i sopropoxy silane (O g.
Synth. 1992, 69, 96 ) [4.4 nL, 3. €48y 74 M solution (based on 90%
purity)] in THF, is added a soluti.on of 6-(4-brono-2-chloro-

phenyl am no) - 7- f | uor o- 3H benzoi m dazagl e- 5- car bal dehyde 10f (200 ny, 0.54
mol) in THE (1 nL) at -78 C. n& OE'tirrcﬁng for 1 hat -78 C, the
reaction is quenched with saturat a,'due us NH4Cl, and extracted with

Et OAc. The organic layer is dried , filtered, concentrated in
vacuo to afford the crude desired C h i's dlrectly used w t hout
further purification. Step B: &N 6-/(4- romo- 2°'chl oro phenyl ami no) - 7

f1 uor o- 3H benzoi m dazol - S yl J- et KalNe-

1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl]-ethane-1,2-
diol (10u)

Step A:  1-[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-3 H-benzoimidazole-5-carbaldehyde 10f (200 mg, 0.54 mmol) in
THF (1 mL) at -78 °C. After stirring for 1 h at -78 °C, the reaction is quenched with
saturated aqueous NH,Cl, and extracted with EtOAc. The organic layer is dried over

MgSO,, filtered, concentrated in vacuo to afford the crude desired product which is

directly used without further purification.

Step B: 1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl]-ethane-

1,2-diol 10u
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1, 2-diol 10u 106 WO 03/077914 PCT/ US03/07864 To the crude

1-[ 6-(4-brono- 2-chl or o- phenyl am no) - 7- f | uor o- 3H benzoi m dazol

5-yl]-2- (Weamptopokxy- di met hyl - sil anyl)-ethanol 10v in MeOHPTHRUS)S07864 5 i)
is added KHCQ03 (54 ng, 0.54 mmol), and KF (74 ng, 1.27 mmol), and 30%

aqueous H202 10.tR9 cridle) 1-96-(4-bromd-L&hickbiphbhylemine)-73foré-38-ben@6ifhidazol-
tenperature, the reaction mxture is diluted with water, and extracted

W th Et Qi Tﬁ@cﬁ%&kg Jﬁlgyﬁ%{'f&ﬂ éth%l 96 in LTHE | §&ie§mL&49'a&<‘f‘é&t rated

in vacuo, hr onmat ogr ap 8%to 10 % Me CH2C12)

to give i,red oduc 4 49, PCI o/ N 4 (M-, Br
pattern)kglgicgc@éan P 3)46‘6“?&%4?(74 DZGH(?%A’%{)%O O%P%@ ad s,
1H), 7.47 (d1,714(dd 1H), 6.30 (d, 1H), 4,96 3.64 (m
oH): 19PDIVRE TtaPdteRpipTing Esatonh at 1o9sn @meggtureé%aﬁiﬂceongtwwd@ted wvﬂih b -NF
Br \=N [6-(4-Bronp-2-cliloro phenylam no)-7

f I uor o- 3watet,harld SHirdstadz withi &Y. - Thel argamiy rlaytirnis 2rjdd- erearhilgbOq,( filepd.To a
solution of 2-bronmopyridine (0.10 nL, 1.04 mmol) in THF (3 nL) at -78 C is
added n- &ukcent{AedB% viduo, @ndPuriiel ,by2{lashMigometophy (Merane)% MEOH! in
stirring for 10 mn at -78 C, a solution of

6- (4- br ogpz 2Ly Ry g’i@t}{é%@ﬁfé@ﬁidaﬁ&r(774fﬂ%g1(y4@*)3MB9ALPﬂI n/z 400, 402 (M+ Br
benzoi m dazole- 5- car bal dehyde 10h TI—’lF (

auenched i Bhelyatid BB TR LB AF LRy
organic |ayer is dried filtered, concentrgted in vacuo, and

ouP T ey Th1 A3 (@he atCoat BB 4.9604NB0N 364 GRoen) T SMR (376 Mt
CD;0D) ~136.87 (s).

Example 49

~ "N
f
™ OH
e
N@
N F Br
\=N

[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3 H-benzoimidazol-5-yl]-
pyridin-2-yl-methanol (10w)
To a solution of 2-bromopyridine (0.10 mL, 1.04 mmol) in THF (3 mL) at -78 °C

1s added n-BuLi (0.39 mL, 0.98 mmol, 2.5 M solution in hexane). After stirring for 10
min 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 h at -78 °C, quenched with saturated aqueous
NH,4CI, and extracted with EtOAc. The organic layer is dried over MgSQ,, filtered,

concentrated in vacuo, and purified by flash chromatography (2.5% MeOH in CH,Cl,) to
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107 WD 03/077914 PCT/ US03/ 07864 afford the desired product (18 ng, 62%:
MS APCI (+) nmlz 461, 463 (M+, Br pattern) detected; 1H NVR (400 MHz,
CD30D) S wos/ofM4 1H), 8.16 (s, 1H), 7.65 (m 3H), 7.38 @dT/WskH/07864 10 (m
1H), 7.00 (dd, 1H), 6.11 (dd, 1H), 6.05 (s, 1H), 3.94 (s, 3H; 19F NWR
(376 Mzaff¢d3a®Nesidedopréudi ) 8 nigs BOWI)EMIOAPCI - (M) 782z 6T 463IN(MIN Br batbéin) \ =N
(4-Brosno-2-cl zl oro pl zenzyl) - (4fl uoro-6-oxazol -5 yl -1 H benzzoi m dazol -S

yl)-amn . : > I '

! lor o 5o BLNBE R et (b RIS s S 08, AR LY LTS O B34 oy
6- (4- Bropp-.2-C ro- ] =7~ =3-(2-nethan | £ | roet - 3H
benzoi m GteDer S0 6% eyl PR tDried b JEDef-03 T 02005 306 g 00 Egi iRl )
is suspended in a mxture of EtOH (6 m) and THE (4 nl) under N2. NaBH4
(0. 112 g(378 MHAz eBsPD) sI3H5FUSYH. After approximately 4 days stirring,
reaction mxture is quenched by the addition of AcOH until the reaction
m xture reaches pH 7. The reaction m xture is concentrated to dryness
under reduced pressure and the res'gdue Eeaﬁ]iti oned between ethyl acetate
and water. The |ayers are separat &*%R e organic layer is washed with
water (3x), brine, and dried (Na2SQ4). The organic |ayer is concentrated
under reduced pressure until a white precipitate fornms which is collected

by filtration to give 0.225 g (79% tlean desired product: LC/ M5 ESI (+)
mz 478, 476 (M+ Br pattern) det€? .Hlo%I

N

HN F Br
\=N

(4-Bromo-2-chloro-phenyl)-(4-fluoro-6-oxazol-5-yl-1H-benzoimidazol-5-yl)-amine
(10x)
Step A:  [6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(2-methanesulfonyl-ethyl)-3H-

benzoimidazol-5-yl]-methanol 10y
6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(2-methanesulfonyl-ethyl)-3H-

benzoimidazole-5-carboxylic acid methyl ester 11ce (0.300 g, 0.594 mmol) is suspended
in a mixture of EtOH (6 ml) and THF (4 ml) under N,. NaBH, (0.112 g, 2.97 mmol) is
added. After approximately 4 days stirring, reaction mixture is quenched by the addition
of AcOH until the reaction mixture reaches pH 7. The reaction mixture is concentrated to
dryness under reduced pressure and the residue partitioned between ethyl acetate and
water. The layers are separated and the organic layer is washed with water (3x), brine,
and dried (Na;SO,). The organic layer is concentrated under reduced pressure until a
white precipitate forms which is collected by filtration to give 0.225 g (79%) clean

desired product: LC/MS ESI (+) m/z 478, 476 (M+ Br pattern) detected.
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WO 03/077914 PCT/ US03/ 07864 Step B: 6-(4-Bronp-2-chloro phenyl am no)-7

fl uoro-3-(2-net hanesul fonyl - et hyl ) - 3H benzoi m dazol e- 5- car bal dehyde 10z

[ 6- (4- Br owo-03/0thlor o- phenyl am no) - 7- f | uor o- 3- ( 2- met hanesulpCorushs/esby| ) - 3H
benzoi m dazol - 5-yl ] - net hanol 10y (0.050 0.105 mml) is dissolved in 1:1

THF: acetone p.(2 6”2‘4)-B1%%e§ C%I‘%?ﬁ?i (l) e)07ﬁﬁ9r093)’ Q—n@?]ﬁmmfoﬁyﬂ&h)ﬂﬂgﬁd The

reaction xture i's stirr nperature for H, ‘and ‘tthen at 55 C

for 5 h., Additj onal . g, 0.524 mmol) is added and the reaction
mxture@f’?@ﬂé&z f55%"8,alfl%f8’doéa The reaction mixture is concentrated to

dryness and the residue dissalved iin 10:1 nethyl epe or.i The
solution is ff¢-BreRorhshiogrrhenylaniing- 7g@}‘°rﬁ'rzlj @Fﬁ’?@?ﬁ“&{o %WIMt hyl ene
chloride: MOH. The resulting filtrate is concentrated under reduced

pr essur dentomifazel-#y1]myethaxMy1 0 d8i060.0. pooohmeal) Hsdissobiedgntl:y EHFRRCOBE d.
Step C (4-Brono-2-chloro phenyl)-(4 fluoro-6-oxazol -5

yl -1 H bﬁ(ﬂzlﬁ%fﬂndéiZNh -2031 | MInOR (0,086 1g0.524 mmol) is added. The reaction mixture is
6- (4- Brono chl or o- phenyl am no) - 7-fl uor o- 3 - (2- met hanesul f onyl - et hyl ) - 3H

benzoi msﬁg%@lafew%np LilgRyee 16 82 OnBR5: S5 °© f853h Mmidltidrs] SuERF0ded i n
MeOH (2 (0.015 g, 0.105 nnnol) is added foll owed by

t osyl net h 7 n
heat ed t% I uxxgqéquﬁzj 1%1&1 %gacﬁlgng? coo dl %{Sﬁ @ggl% ?or?gl'e)f%%ggflnet hyl
i socyani de (0 01 8 e t he neac t.io ' e _heated
to refl URXHHEEN cFB‘ir i‘g qq%ssr @ﬁ@t&'ﬁ r@‘f’uﬁilésqhé B g(d tldﬂe{?jg%
tenperature, concentrated under reduced pressure and di ssolved.|n_ ethyl

b

acet at e. chityale:Me@Hni dhsotolitiopnisi §ltiad H@ugh 1o siist el ae shitsde Witth 0 oimbi ned
aqueous washes are extracted with ethyl acetate. The conbi ned organic

ext r act smethglene tlddri(é®&REML) Tandesulmgdeivbteds ednagnigiated nadercediced eEeseiire.
Purification by flash colum chronmatography eluted with 20:1 nethyl ene

chl ori degp 1ghg@$z%) adbired 8P6dudesiateiphpyeltivetolifox and 1 109 WO 03/ 077914
PCT/ US03/ 07864 ng (4%

(4- br ono- 2- chl or o- phenyl )-[4-fluoro-I-(2-nethanesul fonyl -ethyl)-6-oxazol - 5-
Step C: (4-Bromo-2-chloro-phenyl)-(4-fluoro-6-oxazol-5-yl-1H-benzoimidazol-5-yl)-
amine 10x

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(2-methanesulfonyl-ethyl)-3H-
benzoimidazole-5-carbaldehyde 10z (0.025 g, 0.053 mmol) is suspended in MeOH (2 ml)
and K,CO3 (0.015 g, 0.105 mmol) is added followed by tosylmethyl isocyanide (0.011 g,
0.058 mmol). The reaction mixture is heated to reflux under N for 16 h. After cooling,
additional tosylmethyl isocyanide (0.011 g, 0.058 mmol) is added and the reaction
mixture heated to reflux under N, for 16 h. The reaction mixture is cooled to room
temperature, concentrated under reduced pressure and dissolved in ethyl acetate. The
organic solution is washed with water and brine. The combined aqueous washes are
extracted with ethyl acetate. The combined organic extracts are dried (Na;SO4) and
concentrated under reduced pressure. Purification by flash column chromatography

eluted with 20:1 methylene chloride:MeOH gives 4 mg (18%) desired product 10x and 1
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yl -1 H-benzoi m dazol- 5 -yl] -am ne.
(4- Brono- 2- chl or o- phenyl ) - (4-fl uor o- 6- oxazol -5-y1- | H benzoi m dazol -5-yl) -
am ne 10xwolGhMS1ESI (+) nmlz 409, 407 (Mt Br pattern) det @cramsp3/aideNVR
(400M—Iz I\/bO—I—d4) b 833 (s, 1H), 8.24 (s, 1H), 7.94 (bs, 1H), 7.51 (d,
7. 33 ! x 1[4- - Y8lmeltAhesulfonyl-ethyl)-6-oxazol-5-

(4 Br on%lgz 4@’1’% ](lr-Dbro 8%?1?&%[%-6?1 l(%cgér1 gl-u%fb q o yl-efthy)

-(2- et hanesul f Qny ) - 6- oxazol -5 -yl - 1H benzoi m dazol -5-yl]-ani ne.
LC/ Vs EgrlR-bpnzgioi i%l%lﬂ RE Br pattern) detected; 1H NVR (400MHz,

MeOH-d4) ~ 8.39 , 1H), 8 28 , 8.03 , 1.5 : , 1.37
(s, 1H)) 7. 0@- Bm(n?(lf%l)Ch osomher(sdh(54 ﬂllerp-%%@ot*g'ﬁ’l'éﬁy%en%?’é‘é‘a%éo?'5:9?13&? 1.18 (t,
2H). Exanple 51 [-- NHNHC NHNF I / Br =N (4-Brono-2-chl oro

phenyl ) ahhef10x0rToC/84S BBE (Hi rdaz6P; 407% (N=+Ba et detestefid 42 HIMB (9®?MHam ne
(10aa) Step A: (4-Brono-2-chloro phenyl)-{4fl uoro-I

- (2- et r;:‘ @@zh@tmw 9 26¢{ 4H()t7394Jg5se1H§§ 753l (o bb),)7-38 &; tithyidibiddxazol - 5
yl]-1H enzoi M dazol -5 yl }-am ne

6- (4-Br phenyl am no) - 7 fI uor o- 3- ( 2- et hanesul f onyl - et hyl ) - 3H
benzoi n?ggz()z]r‘gwg pg)r bal dehyde IN (0.050 g, 0.107 mml ) is suspended in Et OH

(0.5 m) under. N2 and.tos i SO 2

added f ol | owidtBEgmo2zahlgroy f%%ﬂtﬂf‘ G ‘meﬁ'faf‘ésr“”g - Syis ATl dded to
assist with solubility. After stlrrln for m%)mtegﬁedr?y

second éHdbenadionitazel-Styblgninst MM%E&/ He 51@161 ctecte

PCT/ US03/ 07864 (0.020 g, 0.105 mmol) is added. After 8 h, the reaction

i Xt ur e ISNRR MR, @de OHRY § 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
/:N
HN__~
H Cl
N
HN F Br
\=N

(4—Bromo-2-chloro-phenyl)-[4-ﬂuoro-6—(3H-imidazol-4-yl)-IH-benzoimidazol—5—yl]-
amine (10aa)

Step A: (4-Bromo-2-chloro-phenyl)-{4-fluoro-1 -(2-methanesulfonyl-ethyl)-6-[4-(toluene-
4-sulfonyl)-4,5-dihydro-oxazol-5-yl]-1H-benzoimidazol-5 -yl}-amine 10bb
6-(4-Bromo-2-chloro—phenylamino)-7-ﬂuoro-3-(2-methanesulfonyl—ethyl)-3H-
benzoimidazole-5-carbaldehyde 10z (0.050 g, 0.107 mmol) is suspended in EtOH (0.5
ml) under N, and tosylmethyl isocyanide (0.020 g, 0.105 mmol) is added followed by
catalytic NaCN (~1 mg). After 2 h, 2 ml THF is added to assist with solubility. After

stirring for 16 h at room temperature, a second equivalent of tosylmethyl isocyanide
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reduced pressure and used as is in the next reaction: LCM ESI (+) mz
671, 669 (M+ Br pattern) detected. Step B: (4-Brono-2-chloro phenyl)-[4
f | uor o- 6-wBHKBlomiddazol -4 yl)-1H berazoi m dazol -5- yl J- am n@CI0®Ba3/07864

(4- Brono- 2- chl or o- phenyl )- {4-fluoro- |

- (2- et W | s adsdl 4akt i&‘l'le@l?é reaction mixture is concentrated under
4-sul f ony -g’, gqg?mélzxgéazg }5\ y]lO -1H benzoi m dazol - 5-yl }-ami ne 10bb

0.072 g,, 0,107 m i . dwth.2. . i
gol ut | o?Fdiuﬁedaprgﬁsé‘?]%%%p‘l)’sglgéﬁﬁsr %ﬁﬁ%{. réf‘ﬁtel&%'[etac |S(;jr:TSfl +§t"t%)/%§l7 ?’Is%% ? Klgﬁl\’%g;t ed to

90 Cwith stirring for 20 h and furthered stirred at roomtenperature for
3 days.PW}@é‘?ﬁt‘F%n m xture is transferred to a round bottomflask and
concentrated under reduced pressure. Purification by flash colum

chr omat ogr aphy, twice, eluted with 10:1 nethyl ene chl oride: MeCH, foll owed
by successive trituations with nethylene chloride and then diethyl ether
gi ves 3.Smy K.7Y9-Browsiadonorsidupl)-{4-Y1Ebrs6 B -igridazol-4-y DOE]-beAG6iniNgzoBro-
pattern) detected; 1H NVR (400MHz, MeOHd4) b 8.23 (s, 111), 7.87 (s, |

H) , 7-7§;l(c§niné|1'))aa7-46 (m I H, 7.32 (d, 1H), 7.05 (m 1H), 6.20 (dd,
1H). Example 52 HHO- OONOHC N --NC Br \=N6-(4-Bronpo-2-cliloro

(2= hyar oxy- e (KBRS RS B AR AgBE S e BT A Bt e
aci d | eation b EgaR B RadEh S et Y P 0B P et  at e
Hesot ¢ %)61 Or;erun%Bc:{s I:rg:tﬂieg gvit?li 2té{ ;n(l: ofé:l g IZ% lsdoN}SI?ianeO%—Péo?fut?ngPiln)a' sealed pressure
tube. The reaction mixture is then heated to 90 °C with stirring for 20 h and furthered
stirred at room temperature for 3 days. The reaction mixture is transferred to a round
bottom flask and concentrated under reduced pressure. Purification by flash column
chromatography, twice, eluted with 10:1 methylene chloride:MeOH, followed by
successive trituations with methylene chloride and then diethyl ether gives 3 mg (7%)
desired product: LC/MS ESI (+) m/z 408, 406 (M+ Br pattern) detected, 'H NMR
(400MHz, MeOH-ds) § 8.23 (s, 1H), 7.87 (s, 1H), 7.74 (s, 1H), 7.46 (m, 1H), 7.32 (d,

1H), 7.05 (m, 1H), 6.20 (dd, 1H).
Example 52
N._O
HO~ o e
N

~N Cl Br
\=N

6-(4-Bromo-2-chloro-phenylamino)-7-chloro-3-methyl-3H-benzoimidazole-5-

carboxylic acid (2-hydroxy-ethoxy)-amide (10cc)
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After 3 hours a precipitate fornms. The yellow slurry is poured onto ice
water (100 nmL). The aqueous mxture is extracted with diethyl ether (3x).
The orgamwo oentmacts are dried (Na2SO4) and concentr at ed Pamdsn3/6meuced
pressure to give 3.50 g (95% of clean desired product as a pale yellow
solid. B;_ L %07 36005952 Lok ;24 By t r o- benzoi ¢ aci d 3a Ammoni um
hydr oxi ?é%g%l%utcﬁlgﬁb ?24 gléﬁtg,é)- 216%/00 ¥

in water, 58.9 mmol) is added to a
| uti f 3-ghl -2.4-di fl 0-5:-ni t £z i ind: : .7
mmol) i n et orCeg-Sagingrop B2t iS00 e 1B eCmREI i AR 1S aPriptd
Ferper atsakibion of cercesumisdrd:Schel 16aBEL sh et e, id (BEY B0 0 8 Thg

concentrated HCl is carefully added until the pH of the reaction mxture

i s near Afiard hothea poddipitats faois) ddeanllpy sturry isaouend emel spyAed (MOtALhat er

and diethyl ether. The solids are transferred to a round bottomflask as a
sol ut i onMHemagiesatd mixnte F ©Aeactsidwith s reditee G)ndére orgahic estrptessuiriedt o gi ve
2.96 g of a yellow solid. The filtrate is partitioned between diethyl

ether angy, 42ran@@gnéeﬂﬁaﬁﬂ%ﬂéﬁehﬁdéﬁrpré@uﬂéﬁ§fg@xds 360 g (95%4) BE cledi gestiedbi ned
organi c extracts are dried (Na2SO4) and concentrated under reduced

pressure_t ive Q. .product. Recovered a total of 3.61 g (104% of
pure deﬁr?(g%ga%?gégﬁg?{l&”%&tl&i s carried forward w thout further

purification. Step C. 4-Am no-3-chloro-2 fluoro-5-nitro-benzoic acid nethyl
ester 4a To a stirred solution of 4-am no-3-chloro-2-fluoro-5-nitro-benzoic
acid 3a§‘3. 61 g, 15.4 mnol) in THE (30 nL) and MeOH (10 nL), TMS

di azomet¥anB: {-grggo-gtchlgog-forp1 > nifD-LrsE@i? oS 9PCT/ US03/ 07864 sol ution in
hexanes, 18.5 mmol) is added. After conpletion of reaction, the reaction
mxture i s coAmenniw dydxalersotuion (6:38pr-30%o0n waterh 58.0aninel)ds pdiedro ghe
trap. The recovered oily solid is triturated wwth diethyl ether to provide

1.51 g oolgionedfi3ommis@l, a-difligofsihitrd depzdis acid @aqdIst g, aretimand) inrwater @6ed wit h
diethyl ether to give an additional 0.69 g of yellow solid. A total of

- o TR B B o e ey oot o1 e
reaction mixture is warmed to room temperature. After 5 hours the reaction mixture is
cooled to 0 °C and concentrated HCI is carefully added until the pH of the reaction
mixture is near zero. The solid is collected by filtration and washed with water and
diethyl ether. The solids are transferred to a round bottom flask as a solution in MeOH
and EtOAc and concentrated under reduced pressure to give 2.96 g of a yellow sblid. The
filtrate is partitioned between diethyl ether and water and the organic layer is washed with
brine. The combined organic extracts are dried (Na;SO4) and concentrated under reduced

pressure to give 0.65 g of product. Recovered a total of 3.61 g (104%) of pure desired

product, that is carried forward without further purification.

Step C: 4-Amino-3-chloro-2-fluoro-5-nitro-benzoic acid methyl ester 4a
To a stirred solution of 4-amino-3-chloro-2-fluoro-5-nitro-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
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4- Am no- 3-chl oro-2-fluoro-5-nitro-benzoic acid nmethyl ester 4a (2.20 g,

8.84 mmol) is suspended in MeCH (9.4 nlL) and aniline (3.22 nL, 35.4 mol)
i s added.wdhg/o7meacti on m xture is heated to reflux w th ®Crrusesigrsaender a
ni trogen atnosphere. After 19 hours, the reaction is conplete. Distilled

vat er ( 3sdtitiin hexAREeB.5 qnhby ik 8Aasd. OTAMBEr dotpetiodN6F Fe@étdhX it rdadtion
continued for one hour. The reaction mxture is cooled to O Cin an ice

bath for i g i i re..d il ter: i 3:10
i sti 11 ety bR E AR B Fich Boco bR R AT AL

di ssol ved.. wi t h. CH2C1 n concentrated under. reduc res e i.ve 2.40
o (84 B pehkissarebgn Sl St pisesde(og! fFEe SSBS TN e ifaida
Step E: 4,5-Di am no- 3-chl or o- 2phenyl am no- benzoi ¢ .acid nethyl ester 6b

4- Ani no- Sorgsnisated gudhfritprgtepl Wikl ﬁgﬁﬂa/iﬁb@r fregiye pe addiiional O ad s Oéqu@rw sdid( 0. 50

g, 1.55 mmmol) is dissolved into 2:1 Et OH/ MeCH (15.5 nL). Saturated aqueous
NHACL( 15A tota)l of Z20pdddE) of Aure Zegjredioduatmndeyqvesadd THE (10 nl) are added.
After stirring for 20 hours, the reaction mxture is diluted with

CH2C12/ THF and water. The organic layer is washed with water (3x). The
conbi ned organic extracts are dried (Na2SO4) and concentrated under

reduced E?feﬁ$l§.-%ﬁmi;'zUl?-cﬁfb%-@%%-@-ﬁﬁén%}& EleMblch sl el lt&tegifﬁe 0.32 g
(70% clean desired product. 113 WO 03/077914 PCT/ U803¥0786 Step F:

7- Chl or o- 6phe ] np-3H-Db i m-dazol e- 5- car.noxy}i (o] I er 7c
1,50 2 no- soeNTBIGe AR Pk oot ot R e P A 5L
1.09 ol nd for 1.dj et a 12 , 1.64 1) in Et (36 _n) are
ot ed, RS FSRFPAGIN MEORCrt Db i G424 -4 Bl e GG | <
cooled to roomtenperature and diluted with Et OAc and washed wi th water
(3x), sattraeemingrosdcatgddo miluravitypiaringowgenetitiogga Aineosehere.achBenat® dri ed

(Na2SO4) and concentrated under reduced pressure to give 0.33 g (99%
cl ean desouredthprexdtiat isasnplagal DistilIMBWAREY3.22- mINfiza®B tBthekdction ddkmed ed.

and refluxing is continued for one hour. The reaction mixture is cooled to 0 °C in an ice
bath for 20 minutes. The reaction mixture is filtered and washed with 3:10 distilled
water/MeOH (65 mL total) and then with MeOH. The solid is dissolved with CH,Cl, and
concentrated under reduced pressure to give 2.40 g (84%) of pure desired product. MS

APCI (-) m/z 320.3 (M-1) detected.

Step E: 4,5-Diamino-3-chloro-2-phenylamino-benzoic acid methyl ester 6b
4-Amino-3-chloro-5-nitro-2-phenylamino-benzoic acid methyl ester 5¢ (0.50 g,
1.55 mmol) is dissolved into 2:1 EtOH/MeOH (15.5 mL). Saturated aqueous NH4Cl (15
mL), Zn powder (1.02 g, 15.6 mmol), and THF (10 mL) are added. After stirring for 20
hours, the reaction mixture is diluted with CH,ClL/THF and water. The organic layer is
washed with water (3x). The combined organic extracts are dried (NaySO,;) and
concentrated under reduced pressure. The solids are triturated with ether to give 0.32 g

(70%) clean desired product.

113



Step G 6-(4-Bronophenyl am no) - 7-chl oro- 3H benzoi m dazol e-5- car boxylic acid
nmet hyl ester 8g 7-Chl oro- 6- phenyl am no- 3H benzoi m dazol e- 5- carboxylic acid
met hyl esweori3/ft7914{ 0. 327 g, 1.08 muol) is dissol ved i nto DWET(UB63/ori8y4 and NBS
(0.193 g, 1.08 mmol ) is added. After one hour, the reaction mxture is
guenched by the addition of saturated aqueous NaHSO3. The reaction m xture
is then partitioned between Et QAc/ THF and water. The organic |ayer is

hed with yat i ne. . Th ined organi ¢ ext ; i ed
(Na2S0n) and o Eent -t Haa-GHlser e itiods pr s e aper- SR bPER, allcribly | ¢

triturated with ether to give 0.225 g (54% pure desired product. M5 ESI
(+) mlzeggR7c 384 (Mr, Br pattern) detected. Step H 6-(4-Bronp-2-chloro
phenyl am no) - 7- chl or o- 3H benzoi m dazol e- 5-carboxylic acid nmethyl ester

| Odd 114 WO @F-Diangihd-3RilsroShpliienyBdaino-benzoic acid methyl ester 6b (0.32 g, 1.09

6- (4- Br ono- phenyl am no) - 7- chl or o- 3H benzoi m dazol e- 5- carboxylic acid net hyl

ester 8enrhd) 238 fermdhidhk deemate) gizsfngii 566 meal) imEEMH (8@ niil)) arahdatdCSvitlr 9 g,
0. 591 mml)) is added. After the NCS is in solution concentrated HC1 (0.005

m., 0.0 ' ; i i d
gtr?gfﬂgg Jg)e 80 G Rﬁt@? 44 nblik She feaROSK MmixtaRAL ¥Bb1BA ERfRANRMPeratat ahd an

NaHSCO3 dto the reaction mxture. Solids are filtered and washed

with water. and.ether, to giv . S5ARY agEssi od as a
tan sol id Pte@swi&ﬁélg X ?ﬁcgwﬂ%fg &% V%{)%r, éé%’ %gutr?tglrln) de %ca{ngg?r?{e& ggél .

0 By PPBb G P Dftaste i onghaa:S0: Mol InlEhded e 18 Préidags

6- (4- Brono- 2- chl or o- phenyl ani no) - 7- chl or o- 3H benzoi m dazol e- 5- car b03<yl iC

aci d metgind 083t%(99%) glepn degitedgproductsasnarspid. JEP ARGCLHcotlitat éMP) 141 g,
1.02 mmol ), and iodonethane (0.063 nmL, 1.02 mmvl) are dissolved in

di net hyldetetedm de (3 nlL). After 20 hours, the reaction mxture is diluted
with Et OAc and washed with water (3x), potassium carbonate, and brine. The

organic layer is dried (Na2SO4) and concentrated to a brown oil. The N3
and N1 al kyl ated regi oi soners are separated by flash

Step G- 6-(4-Bromo-phenylamino)-7-chloro-3H-benzoimidazole-5-carboxylic acid methyl
ester 8g

7-Chloro-6-phenylamino-3H-benzoimidazole-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

114



chromat ography (EtQAc). The recovery of the N3 al kyl ated regi oi soner is
20.4 nmg (28%. Ms ESI (+) mz 428, 430 (M+, Br pattern) detected. Step J.
6- (4- Br omw023pt9os o phenyl ami no) - 7- chl or o- 3- et hyl - 3H benzoirnisdaemsbe- 5-
carboxylic acid 10ff 6-(4-Bronp-2-chl oro-phenyl am no)-7-chloro-3

- net hyl - 3H bembz@diBiotazp ety misey Pokpld-SHashgbinbddasle- sasarsbxylﬁ%ld %l%tltgg .

0.048 mml ) is dissolved into 2:1 THE/ water (1.2 ni) and OH (
1.0 M aqugeH8g 0yl iom, sA. hab1yOkksdl SNe ours
the reaction ?g;( di | ug(t)ed W th v\j/argge)r1 ; dg‘(r}lchgﬁﬁ g%h%% mﬁ%@ @gcﬁ}gt?g%{]of

1.0 M HCI ur,

( Na2S04) an@il@% 6% B?‘f&?ggﬂ@‘} %%ﬁéoﬁﬁg‘é%ﬁaf’ed#é@@ﬁé i téﬁéﬂ% WOI
quantltatlv |.d desired cut as a whjte solid. M5 APCl (+ m z
414, 416 S(M%CX zﬁﬁaﬁ‘&“ﬁ) S%%E’P@ﬁ”“ﬁ@eﬁa@ @Wﬁ%@@?ﬁ? agldedfoghe reaczlon
phenyl am no) - 7- ¢chl or o- 3- et hyl - 3H benzoi m dazol e-S- carboxylic acid
(2-vi nyl @3@ - hoRKds. gmfg@rqdwgi washed with water and ether to give 0.141 g (57%) of

6- (4- Bronp- 2- chl or o- phenyl am no) - 7- chl or o- 3- net hyl - 3H benzoi m dazol e-5
car boxy| icleamdésired @idducBas arign soLid 7MISWBC]) (-) m/z 414, 416 (M-, Br pattern) detected.

O (2-vinyl oxy-et hyl)-hydroxylam ne (0.010 niL, 0.092 nmmol), HOBt (13 ny,
0.093 mml ), triethylamne (0.011 n, 0.077 mmol), and EDCI (19 ng, 0.10
nmol ) are dissolved into dinmethylformamde (1.0 nL) and allowed to stir

under & Bidf 0Ben IBSHIEs £k LRSI ATES.BhiT &ﬁ;g@@%f?ggm g% heact!on

m xture is dilute W|th EtOAc opo S5
car bonat ni um chl or| de brine, dried (Na2S®™), and
concentrg 7(b§§))licds?c§me uce& Fessure to give 39 ng of 85% pure material. MS

APCI (-) nalz 4 rn) detected. Step L:
6- (4- Br ono- 2- éﬁg éfaﬁlﬁé%ﬁélalﬁﬂ %nem%o%h lgrorgilthy nzgml@@ﬁkroﬁ -pirbemdice- S-
carboxylic acid (2-hydrox ethoxy) arni de 10cc Fwdrochlorlc acid (0.78 ni,
1 0 M aqaedmectiyd|egter éﬂdd ).¥4l garhB4 mingolh pdtadsitim. arberEpOridil gn 1 O2 mmol),
6- (4- br ono- 2- chl or o- phenyl am no) - 7- chl or o- 3- met hyl - 3H
and iodomethane (0.063 mL, 1.02 mmol) are dissolved in dimethylformamide (3 mL).
After 20 hours, the reaction mixture is diluted with EtOAc and washed with water (3x),
potassium carbonate, and brine. The organic layer is dried (Na,SO;) and concentrated to
a brown oil. The N3 and NI alkylated regioisomers are separated by flash
chromatography (EtOAc). The recovery of the N3 alkylated regioisomer is 20.4 mg

(28%). MS ESI (+) m/z 428, 430 (M+, Br pattern) detected.

Step J:  6-(4-Bromo-2-chloro-phenylamino)-7-chloro-3-methyl-3H-benzoimidazole-5-
carboxylic acid 10ff
6-(4-Bromo-2-chloro-phenylamino)-7-chloro-3-methyl-3H-benzoimidazole-5-
carboxylic acid methyl ester 10ee (21 mg, 0.048 mmol) is dissolved into 2:1 THF/water
(1.2 mL) and NaOH (0.190 mL, 1.0 M aqueous solution, 0.190 mmol) is added. After
stirring for 4 hours the reaction is diluted with water and acidified to pH 2 by addition of

1.0 M HCl. The mixture is then extracted with 3:1 EtOAc/THF (3x), dried (NazS04) and
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benzoi m dazol e- 5-carboxylic acid 10gg (2-vinyl oxy-ethoxy)-am de (39 ny,
0.078 mml) in MeOH (1 nL). After one hour, the reaction mxture is
neutral i 280 BO7PIH 7 and concentrated under reduced press®cg/USIierssol i ds
are dissolved in Et CAc, washed with brine, dried (Na2SO), and

concent r atredntiatd@ o giedysaditpihesreldef detiggiprotiud avt egiirpolid. MOAPCI (+)
CH2C12/ MeOH) provides 9 ng (239% of pure product: Ms APCI (+) mz 473, 475

116 WO O 7 / M-, Br pattern) detected; 1H NVR (400
VHz coc%?%%?%gl@&%%%%g{dé, 1H), 7.57 (d, 1H), 7.15 (dd, 1H),

6.21 (d, 1H), 3.97 (s, 3H 3.86 (m 2H), 3.57 (m 2H). Exanple 53 H HO -
OONOHC N HNI C | Br "=N6-(4-Bronmp-2-chloro

phenyl am_no) - 3H bepzoi m dazpl e- 5- car boxyl j c. ACi 2-hy. Xy- . et hoxy).-am de
( 10hh) T abgve R ’2’%’6’@%@’&1#% aﬁhlgrpag-&g%@g -ﬁ%gmzeﬁmfl%%(ém e 52
except that Step | is elimnated. M5 APCl (-) mz 457, 461 (M, Br
pat t er n) ceépudicasid CryimNRY-¢thoo)1wide Hi3g0D) 6 8.40 (s, 1H), 7.85 (s, 1H),
7.50 (d, 1H), 7.14 (dd, 1H), 6.21 (d, 1H), 3.84 (m 2H, 3.61 (m 2H).
Exanpl e 54 OH6-(#BdoiNoQ-clioxGHphelylaifko )+ 7-Bliiloro-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,SQO,), and concentrated

under reduced pressure to give 39 mg of 85% pure material. MS APCI (-) m/z 497, 501

(M-, Br pattern) detected.

Step L: 6-(4-Bromo-2-chloro-phenylamino)-7-chloro-3-methyl-3H-benzoimidazole-5-
carboxylic acid (2-hydroxy-ethoxy)-amide 10cc

Hydrochloric acid (0.78 mL, 1.0 M aqueous solution, 0.78 mmol) is added to a
suspension of 6-(4-bromo-2-chloro-phenylamino)-7-chloro-3-methyl-3H-
benzoimidazole-5-carboxylic acid 10gg (2-vinyloxy-ethoxy)-amide (39 mg, 0.078 mmol)
in MeOH (1 mL). After one hour, the reéction mixture is neutralized to pH 7 and
concentrated under reduced pressure. The solids are dissolved in EtOAc, washed with
brine, dried (Na,SO,), and concentrated under reduced pressure. Flash chromatography

(20:1 CH,Cl/MeOH) provides 9 mg (23%) of pure product: MS APCI (+) m/z 473, 475

116



[ ~-- N 6-(4-Brono-2-chl oro phenyl am no)-7

fl uoro- 2- net hyl - 3H benzoi t ni dazol e-5-carboxylic acid

(2- hydr oxyoeslomwyd - ani de (10ii) Step A 4, 5-Di am' no- 3 PCT/US03/07864
f | uor o- 2phenyl am no- benzoi c acid nethyl ester

o AT ']**Oria%e%ﬂ ?&éﬁﬁ%ﬁﬁ%‘@ Wﬂ@aﬁlﬁﬁ ?E/é‘gf )ﬁig%d(%"lﬁ%'og ﬁ%?e( 11/ 4
11.80 g, 187. 117 WO 03/077914 PCT/ USO3 86 20 % P 2/ C
(10700 . B81 79588 160 Qatm: e Fhct P meathy Mo g 308, 771 oot o7

under N2 for 30 m nutes. The reaction mxture is cooled to room
tenperature and then filtered through celite, rinsing with ethanol. The
filtrate is concentrated under e%uced]gﬁr:;essure to give 9.63g (93 % of
the pure desired product as a purpFErp solid. M5 ESI (+) mlz 276 (M1)
detected. Step B:

7- Fl uor o- 2- met hyl - 6phenyl am no- 3H benzoi m dazol e- 5- carboxylic acid methyl
ester 3la 4, 5-D am no- 3-fl uggo- h nyl@m no- benzoi ¢ acid nethyl ester 6¢
(0.20 g, 0.73 mmol) is suspen ed n tha.noIC'(B m) and 5 M aqueous HO (1
nmL., 5.00 mol) is added. The reactiegq Mxttge is brought to reflux under
N2 and then 2, 4-pentanedi one (0.150 @ pl ) is added. The reaction
m xture is stirred at reflux for b 8BS @2 reaction mxture is
cooled to roomtenperature and treateg w th saturated agueous NaHCO3 until
the pH of the reaction mxture is pH 7 and is then concentrated under

reduced BL@SBNR-DRNErYYIRRYIamiY) 3R ORDihfladble St QB bR aRldy2 nydrsdyat e and
water, poured into a separatory funnel and the | ayers separat ed he et hyl

acet ate | ayer is washed with b _ 2S04) and concentrated under

reduced pressure. The red soli dzw%’ 3%&‘:?@} i‘{}bal turated WI th diethyl ether

to yield a light brown soli ared filtrate. The id i col |l ected

and’ vashed m?lr-ﬁ RGP Beogrtop %anw%sh}gn ?ﬂep%érze X588 1 e

product as ght brown solid. % m z 300 (NHr&e det ec;t ed St ep C.
6- (4- Br othetiiteemlsoele}aﬁem MMCHW{M% 40yl Bty

(400 MHz, CD;0D) & 8.40 (s, 1H), 7.85 (s, 1H), 7.50 (d, 1H), 7.14 (dd, 1H), 6.21 (d, 1H),

3.84 (m, 2H), 3.61 (m, 2F).

Example 54
OH
H [/
Og _N—0
y ©
N
HN F Br

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-2-methyl-3H-benzoimidazole-5-carboxylic
acid (2-hydroxy-ethoxy)-amide (10ii)
Step A: 4,5-Diamino-3-fluoro-2-phenylamino-benzoic acid methyl ester 6¢

4-Amino-3-fluoro-5-nitro-2-phenylamino-benzoic acid methyl ester 26a (11.44 g,

37.48 mmol) is suspended in ethanol (400 mL) and ammonium formate (11.80 g, 187.0
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carboxylic acid (2-hydroxy-ethoxy)-am de 10ii

7- Fl uor o- 2- net hyl - 6- phenyl am no- 3H benzoi m dazol e- 5- car boxyli ¢ acid net hyl
ester 3lawDa3ponverted by the brom nation, chlorination, Rgdushyeisss
coupling, and 118 WD 03/077914 PCT/ US03/ 07864 hydrolysis procedures

al ready desel) bhddo 9% PA(OHY/C{€0.p01ee 1898 infir@6l) Rk® 8@tdd. aphARa&idn- Wiinie is sol i d.
MS ESI (+) mz 457, 459 (M+, Br pattern) detected; 1H NVR (400 I\/Hz CDSCD)

b 7.58 ( : 1

5,55 (1, %610t e 1y 0% g i st odied o) ool
55 HO\IOH HNF met hyl . phei zyl ai ni no) -7

f1 uor o- 3@%@%% ﬁ‘?‘h%?ﬂ é( I@I%alg&%él‘ CEht&cFHlSElﬁc Meibr sthonefet MRpex{ilieig de
(11lyy) Step A: 7-Fluoro-6-(4-iodo-2-nmeth

phenyl anpwﬁntyw%m;rmc E@EW@%@MB%EK% 4%0iod thawuhyesiedpeodutOjs a

7- Fl uor o- 6-0-tol yl am no- | H benzoi m dazol e-5-carboxylic acid nethyl ester 7a
(1. 47 g, purpbZredwolid. MS ESiSpenderl76 M-41)delddiedVeOH mi xture (44 nl) and cool ed
to -78 C under a nitrogen atnosphere. A solution of NIS (1.66 g, 7.39

mmol) in THE (2 mM) is added followed by a MeCH (2 m) solution of TsOHH20
(1.87 g, 9.84 mmol ). After 30 mnutes, the reaction m'xture is warnmed to O

C and 1 Ri.,RUAYLLNE 2GhLALL @%hérﬁ]mgggﬂ b%ngég%%’é 9! r}a}’bsf) ic acz%{ne ?f? wed o

warmto roomtenperature Wi t Irring over m xture
i's quench %ﬁ the addition of 10% Na2S204 sol ution. The reaction m xture
IS then ted with water and ethyl acetate and the |ayers separated. The

aqueous Iayer extragtﬂed wi.th ethyl acetate. The conbined organic
extracts are 6’!57 mino-3-fluoro-2-phenylamino-benzoic acid methyl ester 6¢ (0.20 g, 0.73

mmol) is suspended in ethanol (3 mL) and 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
NaHCOs 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 (Na,SOy) 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 diethy] ether to yield 0.20 g (91 %) of the pure desired product

as a light brown solid. MS ESI (+) m/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-phenylamino-3H-benzoimidazole-5-carboxylic acid methyl

ester 31a is converted by the bromination, chlorination, hydrolysis, coupling, and
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(Na2SO4) and concentrated under reduced pressure. The recovered solid is
triturated with 119 WD 03/077914 PCT/ US03/ 07864 MeOH to give 1.45 g (69%
pure desiwedsproduct: M ESI (+) mz 426 (M+rl) detected; PRB/USBI 07869 m z
424 (M1) detected. Step B: 7-Fluoro-6-(4-iodo-2-nethyl

phenyl anhyrtealzs@ g‘r&de%h ¥lrSidyauritilaNe N YIB tYpure dBGRAY G RRES kS0 BRI OX Y T C

aci d net hyl

el L”?ré?%oqd(‘i@?%?(ﬁm 45560 %”hé}%)mraﬁt%%‘?e@é"%uspe DENREIRS 1)

under N2 and cool ed in an i ce-water N? 60% di s rsion |n
oil, O. 0§§5é(501121)l(74ﬂw@b)1HD57 5316k 1H)s 6.84 (mi(])H?nz‘r’Pl e (it )mzoélure is
war med t o roomtenperature and stirred for 30 mn. After cooling to 0 C,
SEMCI  ( O(sD8H); MFNWMWZ)CDSOEOI%ES &)t he reaction is allowed to warm
to roomtenperature with stirring overnight. The reaction m xture is
quenched by the addition of water and brine. The reaction mxture is
extracted with ethyl acetate. The conbi ned organi c extracts are washed
with water and brine, and dried (Mysmmplea concentrated under reduced
pressure. Purification by flash colum chromatography eluted with 1:1
hexanes: et hyl acetate gives 0.182 (709 of desired product as a 1:1

m xture of N1 and N3 isoners as_a |t<§: foam Step C. 6-(4-Cyano-2-net hyl
phenyl am no) - 7f l uoro- (2-tri yicsi Teny | €t hoxynet hyl ) -

benzoi m dazol e- S-carboxylic acid neth I er 1Ol To a stirred solution of
a 1:1 mxture of NL1:N3 isoners of @ 4-i odo- 2-

met hyl - phenyl am no) - (2-tri net hyl si }apy et et hyl ) - benzoi m dazol e-5-carb
oxylic acid nmethyl ester 10jj (WN060 g, 0.108 ®¥Nol) in 1 i DVF at room
tenperature under N2 is added dpp\( 2 mg, O. 004 rrrml) foI I owed by Pd2dba3

2(2), nggg %545?;‘9’1%2 mqu}é tpl(h(%l lr%z]m)gg[(tﬁ ??Iuoro-?]ésl{ ao;{ d‘%ﬂ%t oxy h]ent Tﬁ299,

reaction mxture is cool ed t r oo er at ure a} 120 V\D 03/ 077914
PCT/ USOB / 0786 4 cyc propy met oxy—amt (1 yy

Step A: 7-Fluoro-6-(4-iodo-2-methyl-phenylamino)-1H-benzoimidazole-5-carboxylic acid
methyl ester 10jj

7-Fluoro-6-o-tolylamino-1H-benzoimidazole-5-carboxylic acid methyl ester 7a
(1.47 g, 4.92 mmol) is suspended in 1:1 THF:MeOH mixture (44 ml) and cooled to —78
°C under a nitrogen atmosphere. A solution of NIS (1.66 g, 7.39 mmol) in THF (2 ml) is
added followed by a MeOH (2 ml) solution of TsOH-H,O (1.87 g, 9.84 mmol). After 30
minutes, the reaction mixture is warmed to 0 °C and 1 ml methylene chloride is added.
The reaction is slowly allowed to warm to room temperature with stirring over 16 hours.
The reaction mixture is quenched by the addition of 10% Na,S,04 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,S04) and concentrated under reduced pressure. The recovered solid is triturated with
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guenched by the addition of 5 mM of a 4:1:5 mxture of sat NH4C : conc
NHAOH:. wat er. The aqueous |l ayer is extracted with ethyl acetate. The
conbi ned woganr®iextracts are washed with water (3x), bripag/usasierses i ed
(MgS™) and concentrated under reduced pressure. Purification by flash

col um CMéUHtt@g[v%pm!S gl o5y pWeFdés&ecﬂ-¥%%ﬁ@tn§/§S ekhyt m/%Q%a(m1gi_d\é€e/§t5 8 v

(779 of desired product as a ure of N1 an N3 | soner

(+) mz 2 D: 6-(4-Cyano-2-net hyl phenyl am no)-7
fluor o(ﬁ??%%%g Af@{{l S ?%oxymst hyl ) - benzoi m dazol e-5- carboxylic acid
10mm A 1:1 m xture of Nl.N3 i somers of

6- (4- cyano- 2- net hyl - phenyl am no) 7-fl uoro-
(2-trimet hyI si l anyl - et ho>é<3/mat h - benzoi m dazol e-5-carboxylic acid nethyl

ester 108%P $31 fdlugoaBE-tadst me@yhzglmwaww (Rittimetlylsdloud-etlwdymathpl)dr oxi de
as described previously to give 26 ng (87% of desired product. Step E:

6- ( 4- Cy ahenz2imiguiojé-S pinebopybicrueid ynethyl ester 10kk
fluoro-(2-trinmethylsilanyl-ethoxynmethyl)- benzoi m dazol e-5-carboxylic acid

cycl opr opsiiasb oy exivdass-gethy/LpEenfahiio )] Pibefigoidid idleM3cdrBORIC Sachf methyl
6- (4- cyano- 2- et hyl - phenyl am no) - 7- f | uor o-

(2-tri -”EEﬁé’Il ﬁh §U}2rd0' f@@@%ﬁﬁbbﬁ%}%s%%%@'nﬂﬂﬁﬂoﬁﬂﬁurﬁi]@f Rngé%d O%Illy i g)x mm (26

ny, coupled w't and cycl opropy am ne

hydr ochl Vj-0usl.

product : 8{%5%% ﬁ'%t +3% nﬁ%ﬁ%@@@ %Pf’ﬁ lgcql@agzg’ gﬁfg ?rrret hyl
phenyl a P% 7, 1l uo 0- 3H- ben20| m dazol e- 5 car boxyl ic aC| d

cycl opr gw hehf {}Olh?ﬁl "’llin_‘L toer 3PP eeduc prdrstisddpnIbmin. Afer
slurry of a 1:1 njxture of NI: i somers 6-(4-cyan-2-net hyl

phenyl anpcmiyngqu forgZNel {Q. Q%mhw 434 ainyal) staddsq aed el rpadsiondoeltowat t e- 5- ca
rboxylic acid cycl opropyl net hyoxy-am de 11zz (28 ng, 0.055 mmol) in 0.5 m

Et OH i s wduedo Godn terhpet¥eHEith sthinmgrovantiglan ThextautienimixheaisaghehehddbyC Wit h

stirring overnight (Witten et al., JOC 1986, 51, 1891-1894). An

addi ti ongle dddfioflof Wiertdad brige 2UWHE fbadich b@ureqR EXtkRPed with ethyl acetate. The
combined organic extracts are washed with water and brine, and dried (MgSO,) and
concentrated under reduced pressure. Purification by flash column chromatography

eluted with 1:1 hexanes:ethyl acetate gives 0.182 g (70%) of desired product as a 1:1

mixture of N1 and N3 isomers as a white foam.

Step C:  6-(4-Cyano-2-methyl-phenylamino)-7-fluoro-(2-trimethylsilanyl-ethoxymethyl)-
benzoimidazole-5-carboxylic acid methyl ester 101l

To a stirred solution of a 1:1 mixture of N1:N3 isomers of 7-fluoro-6-(4-iodo-2-
methyl-phenylamino)-(2-trimethylsilanyl-ethoxymethyl)-benzoimidazole-5-carboxylic
acid methyl ester 10jj (0.060 g, 0.108 mmol) in 1 ml DMF at room temperature under N,
is added dppf (2 mg, 0.004 mmol) followed by Pd,dbas (2 mg, 0.002 mmol) and Zn(CN),
(8 mg, 0.065 mmol) (Tetrahedron Lett. 1999, 40, 8193-8195). The reaction mixture is

heated to 120 °C for 45 min. The reaction mixture is cooled to room temperature and
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m xture stirred at 70 C overnight. The reaction m xture is cooled to room
tenperature and neutralized fo pH N8 with 1.5 nl 1N NaCOH The reaction

m xture iwWOo@snrTAected with ethyl acetate, dried (MJSO) amdTasnyerssts at ed
under reduced pressure to give 14 ng (60% of 90% pure product as a

m xture ghedcBEALYIRS 8ddilién 6PS ml 4 22713 13%Qiré MLt Nﬁ%@%ﬂ%%&ﬁlﬁp 2kdr, (-)
zn/z 378 (M 1) detected; 1H NVR (400MHz, MeOHd4) 8 7. 5

( m 1H) Té& %ggéo}i l%g)r’% @(é@%&g ylﬁjlk%hyl n%c%ilaé)é gg‘h%?omf 1%91610 ﬁ%@(ﬁ% A 5 H)
g- (2451 (E'(tj I ?S]?ﬁ@qdl_%’lthe‘f" ‘i/l(g’gh alﬁjg“i]mﬁ gm(gsﬂqbéﬂﬁpmtﬂ‘éy’é‘ﬁg— gﬁd@&?%oxyl ic

acid cyclopropyl zzzet hoxy-am de 11 aaa Step A

7- Fl uor opBsguze.ngturifightion by i fasktdelunst Ichmma@zgﬁw elptednyltlrti: h bpxBiek:ethyl
benzoi m dazol e- 5-carboxylic acid cycl opropyl met hoxy-am de 11bbb

7- Fl uor oa&t4td gived G82mpge T M) -of lesiyddapiodadt -a3 H- hré naiiture dd201 endNSakdbaxy] i C
aci d cycl opropyl net hoxy-anm de 1lecc (0.025 g, 0.052 mml) is dissolved in

1:1  ace@@ItMs$ (-&/hizisthyi-a ?ug@c&g_. 50 mL). Ethynyl-trinmethylsilane (0.013
m., 0.092 mmol), 122 V\D 03/ 077914 PCT/ US03/07864 Pd(PPh3)2C12 (0.004 g,
0.006 mml), and Cul (0.002 g, 0.011 mmol) are added consecutively and the
reaction mxture is stirred at 60 C for 1 hour under N2. The reaction

m xture ol tQ rogmt ra concent.r reduce
pressur e!glsepTﬁ ?2@ (’3)%03 mf)tanjplf @HZU Oﬁ’dméh(oéf’l.{?qﬁ {@’&Ha@g e hoﬁ%’f"ﬂ;l’lg'ne
chl oride; met hanol) to yi lld
benzoimidazole-5-carboxylic acid 10mm
A 1:1 mixture of N1:N3 isomers of 6-(4-cyano-2-methyl-phenylamino)-7-fluoro-
(2-trimethylsilanyl-ethoxymethyl)-benzoimidazole-5-carboxylic acid methyl ester 1011
(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 117z

A 1:1 mixture of N1:N3 isomers of 6-(4-cyano-2-methyl-phenylamino)-7-fluoro-
(2-trimethylsilanyl-ethoxymethyl)-benzoimidazole-5-carboxylic acid 10mm (26 mg,
0.059 mmol) is coupled with EDCI and cyclopropyl methyl hydroxylamine
hydrochloride as described previously to give 28 mg (93%) of desired product: APCI MS

(+) m/z 510 (M+1) detected.

Step F:  6-(4-Cyano-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic

acid cyclopropylmethyoxy-amide 11yy
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0.020 g (87% of the desired product. Step B: 6-(4-Ethynyl-2-inethyl
phenyl am no) -7 fl uoro-3H benzoi m dazol e-5-carboxylic acid

cycl opr opybreeiohty - am de llaaa PCT/US03/07864
7- Fl uor o- 6- (2-met hyl -4-trimet hyl si |l anyl et hynyl - phenyl am no) - 3H

benzoi m dazol @o5-acahiexydfi G aci dnsiy@kOPsO Y1 M8t Heotierd Mo 8-yt P20 g,
0.044 nmmol) is dissolved in tetrahydrofuran (0.50 nL) and the reaction

sol ution hénﬁég% Bl7iR R)- -r1 Vs lgfhox%n 89%01m%d%%@-%b%§rﬂc

tetrahydPofur is a e Teaction e I's warne

t enper at d add {i TBAF ut
tetrahyd?l%l?w@ﬂympgnaa O&W?%éeﬂé Yebane t b rolan e a8 RE 48,

hour s 1r]rﬂlr)\lﬁ,ngrg‘rea(;tlon m xture is copled to roomtenperature, afew
drops of T8 s FLL dhasspcuoymixure lﬁtlwiitﬁd&%ﬁ%e(ﬁt"‘flﬁltsém%ﬂiéﬁrm HOVBiiteBees sur e.
The residue is purified by FCC (eluting with 20:1 methyl ene

chl ori de2fe{®&AgBs, -"E101§9]ei18)940 daradgliti@rg.5ofil 1096 Hillrie addwisindatic pracdoct . VS
APCI (-) mz 377 (M1) detected; 1H NMR (400 MHz, CDC13) b 10.56 (broads,
1H), 8. 1migtere dthiped at.BPq Gverﬂilght. Th@Beatton ilrﬁ'&mreﬁslcboled,to bbm témpeatuis oad,
IH, 3.70 (br s, 2H), 2.96 (d, 1H), 2.37 (s, 3H), 0.85 (m 1H), 0.50 (m

2H), 0. 2gnd Autedilked TEH i-3UQIH 1 STmA TN NASHMBIREEacod rﬂl&ﬁﬁg%se)gltacféﬁ%iﬂg and

using it, are now described in such full, clear, concise and exact terms
as to en =To] r to make
and use | F;‘i@%@p?ﬁéﬁ‘@%ﬁ% e L B 8 e

PCT/ USO3/ 64 [ d b ed t f t
nvent 1 o VSAKC: RAD A e eﬁ%?éha&ﬁgéro‘é Slpieert e RChDhate UL AT ng
fromthe spirit or scope of the present invention as set forth in the

clai ms. ¥efegiadi MYIARGLY o7 8dM- 1%1#1@1%@!16@{ i HONMR €408MHHZ, tMeOBub) 6ct4imat t er

regarded as invention, the follow ng clains conclude this specification.

f124 V\:o oefsomamnaﬁrr/usos/sm(senﬁ R3RT(d| SHELA MeR) 159, 372Ads 080K B%50{, t he
or mul a

1.5 H), 2.41 (s, 3H), 0.98 (1H, m), 0.58 (d, 1.5 H), 0.40 (d, 0.5 H), 0.25 (d, 1.5 H), 0.19

(d, 0.5 H).

Example 56
N_o
«\O H |
N
HN F ™
\=N 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
cyclopropylmethoxy-amide 1lcee (0.025 g, 0.052 mmol) is dissolved in 1:1

acetonitrile/triethylamine (0.50 mL). Ethynyl-trimethylsilane (0.013 mL, 0.092 mmol),
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W R1I0 NRL N#R9 RO RB R , NH R7 and pharmaceutically accepted salts,
prodrugs and sol vates thereof, wherein: ------ is an optional bond,

provi ded wba/oomet and only one nitrogen of the ring i s dorbrasoborsded; R,
R2, R9 and Rl are independently selected from hydrogen, hal ogen, cyano,

nitro, X tl r th OR3,
oot R Mo B e L A Mo
- - NR3R4, R d
C2- C10 &ppssayfivel sczn@@e E7ae | Ry X e C@l %?Ffi 6%?@‘3?3 ﬁk&sla g%f p! E %?an kyl ,
-S(Oj(Ad-C6 alkyl), -S(Oj(CRARS) m aryl, aryl, yl al kyl , heteroaryl
het er oargdcibik yixtuletseooteddb ybom hestmarausecing) c@mgntrated@(r@m;@yqaﬁ aespre.
-NRA(CRAR5) m aryl, -Q(CR4R5)m heteroaryl, -NR4(CRAR5)m heteroaryl,

- A CRARThBhedi @06 )fﬁlbiﬁbd %P@G@Mﬁt%ﬁﬁh OHemethyte ciloridenhstianobac tyidd ky | |
al kenyl , al kynyl, cycl oal kyl, aryl, heteroaryl and heterocyclyl portion is

opt i onaloloéo%@g% to'ftt}?eddéédrle(ﬁ‘p&'aﬁctt o five groups independently selected from
oxo, hal oge nitro, trifluoronethyl, difluoronethoxy,

trifluoronet hoxy, a2| do, -NRASO2R6, - SO2NR3R4, -C(OR3, -CCOOR3, -0C(ORg,
-NRAC( O) OR6, - NR4AC( O) R3, 125 WD 03/077914 PCT/ US03/ 07864 - ( O) NR3R4,

R O N S NSRS, O LI P fp, 1

hydrogen, trifluoronethyl, and
acid cyclopropylmethoxy-amzde 1laaa

7-Fluoro-6-(2-methyl-4-trimethylsilanylethynyl-phenylamino)-3H-

benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 11bbb (0.020 g, 0.044
mmol) is dissolved in tetrahydrofuran (0.50 mL) and the reaction solution is cooled to 0
°C. TBAF (50 uL, 0.050 mmol, 1 M solution in tetrahydrofuran) is added. The reaction
mixture is warmed to room temperature and additional TBAF (25 uL, 0.025 mmol, 1 M
solution in tetrahydrofuran) is added. The reaction mixture is stirred at 50 °C for 2 hours
under N,. The reaction mixture is cooled to room temperature, a few drops of H,O are
added and then it is concentrated under reduced pressure. The residue is purified by FCC
(eluting with 20:1 methylene chloride:methanol) to yield 0.011 g (65%) of the pure
desired product. MS APCI (-) m/z 377 (M-1) detected; '"H NMR (400 MHz, CDCl;) &

10.56 (broad s, 1H), 8.12 (s, 1H), 7.99 (s, 1H), 7.28 (s, 1H), 7.11 (d, 1H), 6.42 (broad,

1H), 3.70 (br s, 2H), 2.96 (d, 1H), 2.37 (s, 3H), 0.85 (m, 1H), 0.50 (m, 2H), 0.22 (m, 2H).

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
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Cl-d o al kyl, C2-C10 al kenyl, C2-C10 al kynyl, C3-C10 cycl oal kyl, C3-C10
cycl oal kyl al kyl, aryl, arylal kyl, heteroaryl, heteroaryl al kyl,

het er ocycWwwloz/o7amd het erocycl yl al kyl , where each al kyl, alPk&rgso3/ombkynyl ,
cycloal kyl, aryl, heteroaryl and heterocyclyl portion is optionally

subst i t%&%m gt faea{}ﬁ,ego rdfd é@l@uorom @Qegfnﬁﬁntﬂraseﬁﬁlﬁ%ﬁﬂmf rM oA,

hal ogen tr| I f I uoronet hoxy, trlfluoronethoxy

aZNIRd(c):( O;rngéﬁQ"O%@Pb)rw '@ﬁlﬁefelrg%sghgﬂ depca:%%cgc)m t}%&ﬂ)ﬁﬁc@fcﬁ\&m

NR C(NCN) NR'R , heteroaryl, arylalkyl, heteroar
het er ocyaesent 1113[?1%110@&3@%@37@ iy the R]%ms R0 pagticylady point py %}E%{IV glaime
sel ected from hydrogen, |ower alkyl, lower alkenyl, aryl and arylalKkyl;

R'" is ghtedjednfattermeganded anitvghtion, dvefollawlngrajaims geyeludsidisapgeifration: or Any
tw of R, R', R"" or R'" can be taken together with the atomto which they
are attached to forma 4 to 10 nenbered carbocyclic, heteroaryl or

het erocyclic ring, each of which is optionally substituted with one to

t hree groups independently selected from hal ogen, cyano, nitro,
trifluoronethyl, difluoromethoxy, trifluoronethoxy, azido, aryl,
heteroaryl, arylal kyl, heteroaryl al kyl, heterocyclyl, and

het erocycl yl al kyl ; or R3 and R4 can be taken together with the atomto
which they are attached to forma 4 to 10 nenbered carbocyclic, heteroaryl
or heterocyclic ring, each of which is optionally substituted with one to
three groups independently selected from 126 WO 03/077914 PCT/ US03/ 07864
hal ogen, cyano, nitro, trifluoronmethyl, difluoronmethoxy, trifluoronethoxy,
azido, - NR S2R S2NR R COR, -CCOOR -OC(OR -NRCOOR- NRCOR",
-C(ONRR', -S®2R ", -NRR', -NRC(ONR ,R>,, - NRCNCNNNR R, -OR, aryl,
het eroaryl, aryl al kyl, heteroaryl al kyl,
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het erocycl yl, and heterocyclyl al kyl; or R4 and R5 i ndependently represent

hydr ogen or Cl1-C6 alkyl; or R4 and R5 together with the atomto which they

are attacwedsfomm a 4 to 10 menbered carbocyclic, hetero®CylUsos/07864

het erocyclic ring, each of which is optionally substituted with one to

three gr ! gy@gp .y selected from hal ogen, cyano, nitro,

trifl uor%%ﬁéﬁ% uofrgdmet hoxy, trifluoronethoxy, azido, -NRSO2R

-S2NR R', -C(ORCOOR, -OC(OR, -NRC(OOR, -NRC(OR', -CONRR™",

-S2R-NR R ", -NR CONR RNR C(NCN)NR, R-OR, aryl, heteroaryl, arylallcyl,

heteroarylg]kylfxa@%@mg@ﬁgﬂ%ubm@ﬂg het erocycl ylalkyl; R6 is selected from

trifluoronethyl, a Cl-Clo al kyl, C3-d o cycloal kyl, aryl, arylalkyl,

het eroaryl, heteroarylal kyl, hegerocyclyl, heterocyclylal kyl, where each

al kyl, cycloal kyl, aryl, heteroaryl and heterogyclyl portion is optionally

substituted with one to RI%e graups imdep |y sel ected from oxo,

hal ogen, cyano, nitro, trifly Sthyl , i f I’'0%r omet hoxy, trifl uoronet hoxy,

azido, -NR S2R, SO2NR R ", - , ~PODOR | -OC(OR, -NR C(OOR

NRCOR', CONRR", -SO2K ngx NRR,, -NRCNCNNR R, ,,
r

- OR aryl, heteroaryl, arywal kyy, het®ro yl al kyR, heterocyclyl, and

het erocycl yl al kyl; R7 is sel¥cted, from hydrogen, and 127 WD 03/ 077914

PCT/ US03/ 07864 C1-C10 al kyl 4 10 al kenyl, C2-C10 al kynyl, C3-Co
cycl oal kyl, C3-C10 cycloalk?lalkyl, aryl, arylallyl, heteroaryl,

het eroaryl al kyl , heterocyclyl, heterocyclylallcyl, where each al kyl,

al kenyl , al kynyl, cycloal kyl, aryl, heteroaryl and heterocyclyl portion is

opt i onal 4ngd phapsadenticadly agkaptedovadis trsodmps, andysobiais theralp BHEEHY | y sel ected from

oxo, hal ogen, cyano, nitro, trifluoronethyl, difluoronethoxy,
trifl uoromas hnoptionditdod, priR4SORRG, one and only one nitrogen of the ring is double-

bonded;

R', R?% R’ and R' are independently selected from hydrogen, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -OR?, -C(O)R’,
-C(O)OR’, NR*C(0)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", and
C-Cio alkyl, C,-Cip alkenyl, C,-Cio alkynyl, Cs-Cio cycloalkyl, Cs3-Cio

cycloalkylalkyl, -S(0);(Ci-Cs alkyl), -S(O)j(CR4R5)m—a1‘y1, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -O(CR4R5)m-
aryl, -NRYCRR®)paryl, -O(CRR®)y-heteroaryl, -NR*CR'R’)n-
heteroaryl, -O(CR*R)rheterocyclyl  and -NR*(CR*R®)-heterocyclyl,
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’RY,
_C(O)R?>, -C(O)OR?, -OC(O)R’>, -NR*C(O)OR’, -NR'C(O)R’,
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-S2NR3R4, -C(OR3, -C(OOR3, -OC(OR3, -NRAC(O OR6, -NRAC(O R3,

-C(O NR3R4, -S2R6, -NR3R4, -NR5C(O) NR3R4, -NRSC(NCN) NR3R4, - OR3, aryl,
het er oar yWp oanyi9ad kyl , heteroaryl al kyl, heterocyclyl, andPCT/US03/07864

het erocycl yl al kyl; Wis selected from heteroaryl, heterocyclyl, -C(O OR3,

O NR3R4, O N &3 o \
g((Og(Cl do gl(kg/l ;&%@@5(%{% %&%(he$er§§§iﬁ) an?@{Ki’ DR, aryl,

%rzcégééhieltnﬁégélﬁﬁ'e%l d%}@fé%ﬁi@gﬂf%%}mr %g'fer%a@%%&fﬂ%ﬁff‘f%% hefbilye l&:*li%ﬁ@ oyl
1
substlot aﬁﬁggﬁe?ﬁgnﬁo&h@r@ge@g@‘ﬁo{@é ﬁﬁg |y siafec!t Zd Oﬁ :)%n? Né3R4 and

-OR3; R8 is selected fromhydrogen, -SCF3, -d, -Br, -F, cyano, nitro,
trifluoronet hgi-Cio cilkyluoEpfiat Hdsenyl t IszCFluoﬂ@fﬂﬁYlthyCuaz%@@alkMB Co(O R3,
-C(OOR3, -NRAC(O OR6, -0OC(O R3, -NRASOZR6, -SO2NR3R4, -NRAC(O) R3,

-C(O NR3R4, - NRSG{yDIddR3RAkyl; bR Rerylalng, Eéteﬁ]aﬁylahktyto,ar}d}akmmeard@nm,,
C2-C10 al kynyl, C3-C o cycloal kyl, C3-Clo cycloalkylallyl, -S(Oj(Cl-C6

al kyl ). -S(O)j ( CRARR)KB@byyclylak Iwhefeyéa@hlsud 1, alb@ERdghyl, cydledlRyioany| al kyl
het er ocycl yl, heterocycl y?(}}aIS[(y yl QO CR4R5) my 124 3\0 %%77%14 Ryloaby,

PCT/ US03/ 07864 aryl em %@@%ﬁ%ﬁg typgmonqs 433 g} BsBROM With one to

-NR4(CRAR5) m het eroary er ocyc

- NR4( CR4AR5) mhet er ogcycl ere e al ken | Gl oaI kyl,
aryl, heteroaryl ﬁ%ﬁ %8‘{‘1’& %B?Wn rs[e 68}\%‘1 foghG f%hglafﬁel u%{rgnl ){} %% with
one to five groups . independently selected from oxo, hal ogen, @y nitro,
trifluoromethyl, @ifuopespehyy HWTOIFW“P}FBGJF‘@#B]EW]&OXY&?F]&S N&ﬁy&%z

- SCRNRSRA, - -C(O O O-RE?O)R_ O-%((%gfi _52?3)% A 00 R or”,
-C(O)NRR, -SR’, -S(O)R”*”’, -SO,R””, -NRR", -NR C(O)NR”’R"", -
NR'C(N CN)NR'R”, -OR, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl;
R’, R and R*”’ independeﬁtly are selected from hydrogen, lower alkyl, lower alkenyl,
aryl and arylalkyl;
R’’”’ is selected from lower alkyl, lower alkenyl, aryl and arylalkyl; or
Any two of R’, R”’, R’”’ or R’””’ can be taken together with the atom to which they are
attached to 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, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl,
and heterocyclylalkyl; or
R? and R* can be taken together with the atom to which they are attached to 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
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-C(O NR3R4, -NR3R4, -NRSC(O) NR3R4, -NR5C(NCN)NR3R4, -OR3, aryl,

heteroaryl, arylal kyl, heteroaryl al kyl, heterocyclyl, and

het er ocycWwgloalokywil4 ms 0, 1,2,3, 4or5; and jislor2. 2. ARczxarspyorses of t he
formula WRL H RIO NN RO R8 N R7 and pharmaceutically accepted salts,

prodrugs and gohyeat @%nbhﬁh%%ﬂu‘&tﬁﬁ&hﬁ difluoromethdkya it MidkdRRRdx 0 9do, -
provi ded that one and only one nitrogen of the ring i s doubl e- bonded; R1,

RO and R10 ar r end el dr o al nitro,
trifluoronethyl, I Uofg;btmlgiy%(tkﬁﬁf ?ngt hogg?o%lﬁz'i dgﬁg@@?@ C( O R3,

- 3 %MNM%%(%% NR4 R4, - N}i\l %‘3“%@3/ 077914

PCT/ US03/ 07864 ,Cl1-Cl10 al kyl, C2-Cl10 al kenyl, C2- C10 al k nyI C3- C10
cycl oal kyl, OYREONNRAR kyl PRy , aryky d}?t@rei%a ariglkyl, ” -Istaparylafiais) m
aryl, aryl, arylalkyl, heteroaryl, heteroarylal kyl, heterocyclyl,

het er ocycl yl ahdtgdocyel @ @Rﬂﬁiﬁ?mydyly]ﬂ{yl; oNR4( CR4AR) m ar yI , -Q(CRAR5) m

het eroaryl, -NR4(CRAR5)m heteroaryl, -O CR4R5),n heterocyclyl and

- NR4( CR4R'5M&R§111661§&M61|1'£Wreprdéﬁﬁﬂ@d@@@@oﬂ@k—ﬂg alkgl;kenyl , al kynyl, cycl oal kyl,
aryl, heteroaryl and heterocyclyl portion is opti onal |y substl tuted with

one to Trve, Eﬁo%Bgethér%%Pﬁﬁdﬁ%W WISEE fle§thrl LR Forh @l PELT6 nfhfRPed NI LT O,

trifl uoronet

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(OR"™”, -C(O)OR’, -OC(O)R’, -NR'C(O)OR™", -NR'C(O)R”,

-C(O)NRR’, -SO,R””, -NRR", -NR'C(O)NR'R ", NRC(NCN)NR”R”’ -OR,,

aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

R® is selected from trifluoromethyl, and

C1-Cio alkyl, Cs-Cyo cycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
heterocyclyl, heterocyclylalkyl, where each alkyl, cycloalk.yl, aryl,
heteroaryl and heterocyclyl portiqn is optionally substituted with one to
five groups independently selected from oxo, 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/, -NR'C(O)NR R, -NR C(NCN)NR'R ", -
OR, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and
heterocyclylalkyl;

R’ is selected from hydrogen, and
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di fl uoronet hoxy, trifluoronmethoxy, azido, -NRASOZR6, -S2NR3R4, -C(O RS,
-C(OOR3, -OC(OR3, -NleC(OOR 6, -NR4C(OR, -C(O NR3R4, -NR3R4,

- NRSC( O) NRBR4/079NRS5C( NCN) NR3R4, -OR3, aryl, heteroaryl, a&cylusbkyises

het er oar yl al kyI het erocyclyl, and heterocyclyl al kyI R3 is selected from

hydr ogen, tr| %@ zlkclocglﬂ%%%pl%z 1(l)<y 1@% C?;J k(%}a)ﬁalkygz C@J@

al kynyl , - aryl, arylalky

heteroaryl, heteroar het er o cIy y ere
each al kyl, al keny#® %’3%%1 al@'yc‘f‘lg hétsrro Q%E]i% oar{’/1 lh%!e CBICIYYW
het erocyclyl portion is op onaIIy substlt wi.th one to ups
i ndependent |y sel é@ff‘é‘épylc}u HH B gvh eﬁ%lle@@léﬁ‘ Yoy ]ffenﬂr Heynyl, ¢ gy C’Iahgfo%é(fhyl ,

di fl uoronet hoxy, trifluoronethoxy, azido, - NR' S2R ,,,,, -SX2ZNR R',

-C(OR, -CCOR hete@ta(r@) Rd hetirRceelol Q]mmpz' igopfimally substijuse@d with o.ngpto
“S(OR", -S®R.", -NRRNR IC(ONR'R NRC(NCN)NRR', -OR aryl,

het eroaryl, aryl alfiel ,grdi@befndapmﬂalhtk}ylselecﬂaétﬁomcmb,yhalogmj cyano, nitro,

het erocyclylal kyl; R, R' and R'' independently are sel ected from hydrogen,

| ower al kyl, |0Wertr1ﬁl151%ﬂ‘)élthy1 Allorénenaky, | flffiskomdBOMAAR, ONIEH,R®,
PCT/ US03/ 07864 R'" is sel ected from | over al kyl, lower al kenyl, aryI and

aryl al kyl ; or Any EU)NﬁﬁRR Cg@ %%o(of)éka F\foc%@?ﬁs Qgﬁ‘“@@g]i@%k’%(bgwt h the

atomto vvhlchtheya at'ta orm a ed car yClic,

het eroaryl or heter i 4 0f op ituted
wWith one to three &%ﬁﬁfé I?ndggg%deﬁﬁfg m&gﬁhﬁ? M%gﬁ)ﬁ%

nitro, trifluoronethyl, dlfluoromethoxly trlfluoromethoxxéi azj do, %ryl,
heteroaryl, arylal@§l., ands ehesaopryal kaylallaybt dretsaqasylplkyl, diterocyelyl, "an

het erocyclyl al kyl; or R3 and R4 can be taken together with the atomto

whi ch they are at tlwtdrecyciydalkgkm a 4 to 10 nenbered carbocyclic, heteroaryl
and heterocyclic ring, each of which is

W is selected from heteroaryl, heterocyclyl, -C(O)OR?, -C(O)NR’R*, -C(O)NR'OR?, -

C(O)R*OR®, -C(O)(Cs-Cyo cycloalkyl), -C(O)Ci-Cio 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?, and
Ci-Cip alkyl, C,-Cyo alkenyl, and C,-Cyo alkynyl, each of which is
optionally substifuted with 1 or 2 groups independently 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(0)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*, and
Ci-Cio alkyl, Cy-Cyo alkenyl, C,-Cio alkynyl, Cs3-Cjo cycloalkyl, C;-Cio

cycloalkylalkyl, -S(0);(C;-Cs alkyl), -S(O)(CRR’)nraryl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, ~-O(CR*R®)m-
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optionally substituted with one to three groups independently selected from
hal ogen, cyano, nitro, trifluoronethyl, difluoronethoxy, trifluoronethoxy,
azi do, - WR00ZR14 S2NR R C(OR, -C(OOR, -CC(OR, -NR'PC(I"!D)SGRO7-864
NRCOR', -CONRR, -S2RRNRR, -NRCONRR,,, NR'C(NCN)NR'R' , -OR,

aryl, heteroaryl, | al fopk tser yl a 4R35\ N Et‘é cIyI
het erocycl yl al kyl ; er¥ R4N§n Igékfn %endQK@#R egrelg t’ hydro ggn or™Cl- C6

al kyl; or R4 and r s ato o] r ttached form
a 4 to 10 nenber edFegt %ﬁ'ﬁj 8(&% ﬁﬁ@?‘g‘ S%Cryﬁy o] m@ef@?@ﬁ% Ei}e’? Ocycgyjth of
whi ch is optionall substlt d th o three rou nde endentl

sel ected flroom hal oé’@ﬁfe €3ckn glky iniaﬁgr%yl rh‘ coetkyh | rgﬂs b‘?}ﬁt}og’ﬁ%t%yy
trifluoromethoxy, azido, -NRSO2ZR -S2NR R ", -C(OR, -C(OOR, -OCC(OR,
-NR C(O OR -NR C( @@erocyclle( DytiRn RS, optsmaky NRle'tuted NRUID( aeNR fiRe NROTINCN) NR
R-OR, aryl, heteroaryl, arylal kyl, heteroarylal kyl, heterocyclyl, and

het er ocycl yI al kyl ; nﬁ@penﬂelstlzj ecléaeld fﬁrommkm hdlugnnpﬂ?iﬂmy Imtrca,rlﬂiﬂﬁBn’brﬂMlyl

03/ 077914 PCT/ US03/ 07864 C1-C10 al kyl, C3-Cl10 cycl oal kyl, aryl, arylal kyl,

heteraryl, heteroagyhatdadthodiet ﬁﬁﬂfdf@hyﬂhoxﬁndazﬂﬁt etRISHYal LsrchNR%er e

each al kyl, cycloalkyl, aryl, heteroaryl and heterocyclyl portion is
optionally substit RWM th f_ z)ups nt | y8 ed from
oxo, hal ogen, cyant)&&ﬁl t’r o, C??EO};{I uor ronet hox%é}{ € 6)%3

trifluoronethoxy, N R (
“NR C(O) OR NR [ 0) %QO%&%) EPQ%% @W&ﬁ %ﬁ&ﬁm@ CWRO%?( ACN) NR
R>, - OR, aryl, heteroaryl, arylal kyI het er oaryl al heteroclicl yl,

and het erocycl yl ahgigioaryRarylaliyh betsresaylpiambrisecy hané£@CM¥@YGHW kyl ,
C2-d o al kenyl, C2-C10 al kynyl, C3-d o cycl oal kyl, C3 C10
mis 0, 1,2,3,40r5;and

jislor2.

2. A compound of the formula

R7

and pharmaceutically accepted salts, prodrugs and solvates thereof, wherein:
""" is an optional bond, provided that one and only one nitrogen of the ring is double-
bonded;
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*, and
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cycl oal kyl al kyl , aryl, arylal kyl, heteroaryl, heteroaryl al kyl,
heterocyclyl, and heterocyclylal kyl, where each alkyl, alkenyl, alkynyl,
cycl oal kyWp oany1914 heteroaryl and heterocyclyl portion isPoptusonedsby
substituted with one to five groups independently sel ected from oxo,

ol do | NRISCETD. " ShaNa. R O R B o e,
azi do, - , - , - , - , - _— :

- OR3, -C(O 2 6O MNRIRA 11 INRREAC oS R4, -
oRa, syl hetor oar U STETAT kyf e B SR Rebewah it ML

"o o e %0 o e SR B TSR Mo b 5O
i ci-d - | kyl), .- (O - (O (het er aryl) and ’

- g(( 3 E het er gcscl §I %{Yle%#%‘?ééﬁsbﬁaﬁyg o)pb(GRgRﬁy'@i@mj’lt ut R (GRIR)4- 5
groups independently selected from-NR3R4, -OR3, -R2,4 and 132 WO 03/077914
PCT/ US03/ 07864  Clhetemagylk yiO(CBIROmchetaraasisistl, aadd -KR(CRIRY) Kyatarbeyobdeh of

which is optionally substituted with 1 or 2 groups independently sel ected

from- NR3R4 and - GRBre REchi wlisél eileasl, f alkynyhy drolgamyl, - SGF 3hetelohryl- Bla - F.
cyano, nitro, trifluoronethyl, difluoronmethoxy, trifluoronethoxy, azido,

- - - . - 4,
. Slgi’c( O)C(R??? R-3b( C»C(N%t%&,%ydm 5C( O)ql\sl Z?na%(R%a ?ﬁ%? %Sotan%)lz > c10
5|1 v PO SR B
het er oaryl al kyl , h(ehi r%c% I he@eroc %I }(/I a:ﬁ?{é}e - 4R5) m_ ar, I3R4
- |, & ¥ hEHgRgihoxy.N 4%%02% er RY,
_NRéESEQRﬁfﬂL?;¥OC §§f| ;§%¥-NR4 4R5) m he ergc | yl,

A ) ISR A" L ORI ToNRE T R OjorS, 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;
R’ is selected from hydrogen, trifluoromethyl, and
Ci-Cro alkyl, C;-Cyp alkenyl, C,-Cyp alkynyl, C3-Cyo cycloalkyl, C;-Cqq
cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
and ﬁeterocyclylalkyl, 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’SOZR ”””
-SO,NRR”, -C(O)R, -C(O)OR, -OC(O)R’, -NR'C(O)OR ™", -NR C(O)R,
-C(O)NRR’, -SR’, -S(O)R”’”, -SO,R””, -NR’R;’, -NR C(O)NR’’R””, -
heterocyclyl, and heterocyclylalkyl;
R’, R” and R™” independently are selected from hydrogen, lower alkyl, lower alkenyl,

aryl and arylalkyl,
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where each al kyl, al kenyl, al kynyl, cycloal kyl, aryl, heteroaryl and

het erocyclyl portion is optionally substituted with one to five groups

i ndependewOlog/oz®ii€ct ed from oxo, hal ogen, cyano, nitro, tPCTiusos/@mses hyl ,
di fl uoronet hoxy, trifluoronethoxy, azido, -NRASO2R6, -S2NR3R4, -C(O RS,

- O( O) OR3y>»» - Qiiow QIYRIRE, - NR3R4,
- NRS&%%%%%@C@S%%%RS A OW&QSB?{%%%}?I anr%a?gr oaryl, arylalkyl,

het er oar yl al kyl . het grgeycl yls,» c ; ' - 4or5;
and | SrSpEh gt Rk ST ROV BEd kel RSpelst Wil s s b sk B, 07604
AOHRL NR7 R an har mageut.i cal.l ccepted. salts,..pr.odrugs
and sol vat es %t%wgﬁoﬁ%ﬁér‘bf"nﬂ) %fmrb%fﬁ CQFR?C]@“%PE ef%%’éﬁéﬂ?ﬁ@?ﬁ%@“@@?%ct gd
from hydrogen, hal ogen, cyano, nitro, trifluoronmethyl, dif]|uoronethoxy,
trifl uor onet heaely ofawhigh is opfgnally gubytrsted with oports thikRerguop dréerendsntly) R3,
-NRASCR2R6, - SO2NWR4, -NRAC(O) R3, -C(O) NR3R4, - NRSC(O) NR3R4,

- NRSC( NCN) NR3delkected\NREBY, haldgdi] - Cyanagl kyitrp, CaifTlovorabtkelny IdifleRe@tdoay.kynyl ,
C3-d o cycloal kyl, C3-ClO cycloal kyl al kyl, -S(0O)(Cl1-C6 al kyl),

- S( O | (CRARS) tiEhtométhoity, adidy] akkHeterodigl @FRakyl, heleedaeylakiy lhatekddyclyl,
het erocycl yl, heterocyclylalkyl, -OQCCRARS) m aryl, -NRA(CRARS)m aryl,

Rl L DR R T
cycl oal kf\(j andRY Icétn Qee Ea?(%r? ?orgel[he?quth the atom to which they are attached to form a 4 to
10 membered carbocyclic, heteroaryl and 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(ONRR’, -SO,R™, -NRR’, -NRCONRR’, -
NR’C(NCN)NR”R”’, -OR, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl; or

R* and R’ independently represent hydrogen or C;-C 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
substitﬁted 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”,

aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

RS is selected from trifluoromethyl, and
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het erocyclyl portion is optionally substituted with one to five groups

i ndependently sel ected from oxo, hal ogen, cyano, nitro, trifluoronethyl,
di f | uor orwOleny7914 ri f | uor omet hoxy, azi do, - NRASO2R6, - SO2RRIR#A)3/078640) R3,
-C(OOR3, -OC(OR3, -NRAC(O OR6, -NRAC(O R3, -C(O NR3R4, -NR3R4,

- NR5C( O) NR3R4; NR! R = , | ;
& O %,-C 5&?4 r’(c)](\:&);(-:% éycé%aﬁ, ﬁ&y arglki;ﬁlerl‘i’e%ﬂﬁlyllés%!éﬁék@érﬁéik 1,

het er oaryl al kyll “1%¢ |, eterécy al kyl : I's selecfed from

hydrogen, trifluoroneth and,Cl-C10. al kyl - e -

al kynyl, C3-Clo cytrgarept, S BoeyEl Wﬁ% %’/‘% %%‘%l , L"’r"‘y A ‘i‘%’?

het eroaryl, heteroarylal kyl, heteraocyclyl, . 134 03/077914 PCT/ US03/ 07864
and het er ocycl yl allejiroanghand heigrasyelykportion 1§@P§‘P¥\g§1 R‘ihﬁ?ﬁu,?e]acvg ﬂie%‘?l ,

aryl, heteroaryl and heterocyclyl portion is optionally substituted with
one to five grouplve puepentdepdnyenttt scleeigd f from oxe, hhlgkeyetyaney E0, nitro,
trifluoronethyl, difluoromethoxy, trifluoronethoxy, azido, -NR SO2R

-S2NR R', - (O R tiftublod iR, difioRrRthoxy\RrigIoaRINRYCAGIR NRSCLR) NR R',

-SR'", -S(OR'", -S®R, -NRR', -NRCONRR", - NRCNCNNR'R -OR
aryl, heteroaryl, sy -c(OR eeoioRaler(o)R helEteo)or Y] NRITIO)R
het erocycl yl al kyl; R, R' "and R independently are sel ected from hydrogen,

| ower al kyl, | ower_ Y q@lyt é ar_)(h@\t@jm B AR’ #'ram | oner
al kyl, | ower al kenﬁblﬁg%#r ’a% %ry?‘yﬁw . or - Any !tﬁwd %@@WR” or R""

can be taken together wth e atomt e he e ttached.to forma 4
to 10 nenbered carﬁgcy@ﬁlc,ﬁ%%“f’@rrﬁari’;}’ awl’hg'ﬁtef%%ﬁﬁﬁy& ?’IeLe ?Cycg'é’changf whi ch
is optionally substituted with one to three groups independently selected

from hal ogen, cyanksterapyaldalkyki f | uor omet hyl, di f | uor omet hoxy,

trifluoronethoxy, azido, aryl, heteroaryl, arylalkyl, heteroaryl al kyl,
het er ocyR] glselectad dronehwiroganc bnd al kyl ; or

C1-Cyo alkyl, Cy-Cyo alkenyl, C»-Cio alkynyl, Cs-Cio cycloalkyl, C3-Cio
cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
and 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,R®,
-SO,NR’R*, -C(O)R?, -C(O)OR?, -OC(O)R?, -NR*C(O)OR’, -NR*C(O)R’,
_C(ONR’R*, -SO;R®, -NR’R¥, -NR’C(O)NR’R?, -NR’C(NCN)NR’R*, -
OR®, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and
heterocyclylalkyl;

W is selected from heteroaryl, heterocyclyl, -C(O)OR?, -C(O)NR’R?, -C(O)NR*OR’, -
C(O)R*OR?, -C(O)(C3-Cyo cycloalkyl), -C(O)(C,-C1o 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?, and
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R3 and R4 can be taken together with the atomto which they are attached to
forma 4 to 10 nenbered carbocyclic, heteroaryl or heterocyclic ring, each
of whi ch we o3opwvional | y substituted with one to three grokp3/usnsieendent |y
selected from hal ogen, cyano, nitro, trifluoromethyl, difluoromnethoxy,
trifluoronethoxy, 1@o, aikyvIN Ry Rafd , C;-8( O 5 “WWOiR . -NR
(O OR, - NR C(O)%%"(lfﬂlg- 5 A F\’E'E, R ?NSQOR%W-Y%R@&%%Q%@IB !

NR C(NCN)NR'R"', -OR, e | iRy Kk ter gar vl al

het er ocycl yl, and het er%@%ﬁ}ﬂaﬁ%@%rw%g& b@boéj%ﬁ%ﬁp‘i%#@éé%%m R4
and R5 independently represent snydrogensor Cl-C6 al kyl; or R4 and RS can be
taken together with the%ﬁ’[nbﬁme\/\ﬂ?(g 8Rh‘ey are attached to forma 4 to 10
menber ed_carbocyclic, heteroaryl or heterocyclic ring, each of which is

opti onal Ry subdesteditieemuwhydioses € ehreb dploups ¢yaaepaifsntrifiposehebyled from
hal ogen, cyano, nitro, trifluoronethyl, difluoromethoxy, trifluoronethoxy,
azi do, - NR S@ZRor@@hRR CrifjuRrometifxs) ORizidQC( MR, -CIR)RE,0) GRG)OR?,

NR CCOR', -C(ONRR', -S2RRNR R ", -NR CCONR RNR C(NCN)NR'R, -OR, aryl,
heteroaryl, aryR&CK)ORNedE(OR’Y MRISORS, D AFORY cLvRiC(@)RE, - {O)NR3R4
heterocyclylalkyl; R6 is selected fromtrifluoronethyl, and CI-C10 af kyl,

C3- C10 cycl oalite(@NRPRY aNRPRF kyl, heteroaryl, heteroaryl al kyl,
het er ocycl yl, and (heteroc’ycl yl al kyl , where each al kyl, cycloal kyl, aryl,

heteroaryl ang hete clyl~porti is pptional ly sulstitut W th one to
five groups igélretg%n%lgﬁ%ll ;l(/j)zlsce1 e%lﬁ(g%q’f r@%neg)xoa?km#’oégﬁ‘?wcﬁﬁﬂ@gﬁ]ﬁbé)', 10
trifluoronethyl, difluqyongetho triflyoronethox zido, -NR SO2R |,
“S®NR R ', -C(O RFYQIQ%)}I&E?}VE-%@%%&-%%(@}% 41%1@)@1, aryl, eybylke R
-S®2R,,,, -NRR, -NRCONRR> -NRCNNNRR,, - OR aryl,
heteroaryl, aryl al k§teraryethstesearylaiyky hetetoeydylo dyetérptycldalltyl, -O(CR'R)n-

aryl, -NR*CR'R’)yraryl, -O(CR*R®)y-heteroaryl, -NR*CR*R%)-

heteroaryl, -O(CR4R5)m-heterocycly1 and -NR4(CR4R5)m-heterocyclyl,
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, triftuoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR4802R6, -SO,NR’R?,
-C(O)R’, -C(O)OR’, -OC(O)R’, -NR*C(O)OR’, -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

jis 1 or 2.

3. A compound of the formula
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het erocycl yl al kyl; R7 is selected from hydrogen, and Cl-Cl10 al kyl, C2-C10
al kenyl, C2-C10 al kynyl, C3-Cl10 cycl oal kyl, C3-Cl10 cycl oal kyl al kyl, aryl,
aryl al kylwohawemoaryl , heteroaryl al kyl, heterocyclyl, ana@CT/US03/07864
het erocycl yl al kyl , where each al kyl, al kenyl, al kynyl, cycloal kyl, aryl,
het eroaryl and heterocyclyl portion iss optionally substituted with one to
five groups independently sel ectesfrom oxo, hal ogen, cyano, nitro, 136 WO
03/ 077914 PCT/ US03/07864 trifluorjomethyl, difl ugr omet hoxy,
trifluoronethoxy, azido, -NRASO2R )] NR v C(OR3, -C(OOR3,
-OC(O R3, -NRAC(O OR6, -NRAC(OF R4/~ SO2R6, - NR3R4,
- NRSC( O) NR3R4, - NRSC( NCN) NR3R4, roaryl, arylal kyl,
het er oaryl al kyl , heterocycl yl, ar S ego | ; Ais selected from
-C(O OR3 or C(O)NR40?3 RF?B—:NS sellect ed™fr. ydrod%n, -SCF3, -d, -Br, -F,
cyano, nitro, trifluoronethyl \__difluoromethoxy, trifluoronethoxy, azido,
- OR3, C(O)R3 -C(O) OR3, - NR4 O%'CRG -OC(O R3, -NRASO2R6, - SO2NR3R4,

-NR4AC( O R3 @) R Cl0 alkyl, C-do
al kenyl | Cg %ﬁ“@%}f a°°8§ &Q‘g c@f?& Fﬁﬂ’;‘{‘\l R%ﬁéesd%Sre"g He5aMiy ! al kyl |
-S(OJ C1C6alk S(.O j (CRARS) mar ar I ryl al het er oaryl ,
he'g ez ch.l’ aylangh%t @F%é}} ‘JPI’g(‘FP ef}ﬁ]é(% éer?% X 1P<39§ g@ﬂq@%@mcymm ird
- NR4( CR4R5) maryl, -Q CR4R5) m het eroar yI - NR4( CRAR5) m heter oareé
- O( CR4R5) m hetrdhweyobthyl, adifluonma¢ioRaRs mfltnsoweboys| yzido, wHeRe e@EMRAI kyl |
al kenyl , al kynyl, cycl oal kyl, aryl, heteroaryl and heterocyclyl portion is

optional I y sutts(())()m3ed\]mﬁ@(m)0Ré t-OC’((D)R-? gNRIBO,RT, npaRi®i; -WRSe(@B’ed from

oxo, hal ogen, cyano, nitro, trifluoronmethyl, difl uoronethoxy,

trifluoromet haxH)NRZREANR NS RER, “NTSORNBRRUR’R?, -NR’RY, and
C1~C10 alkyl, Cz-clo alkenyl, C2-C10 alkynyl, C3-Clo cycloalkyl, C3-C10

cycloalkylalkyl, -S(O);(Ci-Cs alkyl), —S(O)j(CR4R5)m-aryl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -O(CR*R®)q-
aryl, -NR*CR'R®)y-aryl, -O(CR4R5)m-heter0aryl, NR*CR*R®)n-
heteroaryl, -O(CR4R5)m;heterocycly1 and -NR*(CR*R®),-heterocyclyl,
where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl and
heterocyclyl portion is optionally substituted with one to five groups
independentiy selected ﬁom oxo, halogen, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, NR*SO,RS, -SO,NR’ R*,
-CO)R’, -C(O)OR’, -OC(O)R’, NR*C(O)OR®, -NR*C(O)R?,
-C(ONR®R*, -NR®R*, -NR’C(O)NR’R*, -NR’C(NCN)NR’R*, -OR?, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;
R3 is selected from hydrogen, trifluoromethyl, and
Ci1-Cio alkyl, C,-Cjp alkyenyl, C,-C;p alkynyl, Cs;-Cjo cycloalkyl, Cs-Cio

cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
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-C(OR3, -C(OOR3, -CC(OR3, -NRAC(O OR6, -NRAC(OR3, -C(ONR3R4, -NR3R4,
-NRSC( O) NR3R4, - NRSC(NCN) NR3R4, -OR3, aryl, heteroaryl, arylalkyl,

het er oar yWwalokgr791het erocycl yl , and heterocycl yl al kyl; m iP€TMSOA)7884 3, 4
or 5; and jislor2. 137 WD 03/077914 PCT/ US03/07864 4. A conpound accordi ng

to claim3 which i ' =15 ding to
claim4 wherein R7§1|1d§h%r_o§<‘: gyllgl’]ﬁ(ygﬁlwgé??a C%?B%(I:k)yg’l_%lz{aell%%/’ I%&WHBQK% =B

oyel oy L0, oS SRR HooBl TP SR A

each of which can
I ndependent |y sel ected from oxo, hal ogen, no, nitro, trifluoronethyl,

cy
di f | uor omet hoxy, t FiVe | SeFRSheRdspsRdently | pifcted\RPBLARS, halgePRREFEN0: Tafey R3. -
C(OOR3, -OC(OR3, -S02R6, -NRAC(O OR6, -NRAC(OR3, -C(O) NR3R4, - NR3R4,
-NR5C( O) NR3R4, - NReTWwaMrsiRgR4lifluamasthakyl trifleramahexy,  azedoy |-ARSDR
heteroaryl al kyl, heterocyclyl, and heterocyclylalkyl; RO is hydrogen or
hal ogen; RL is | oweSONKR/, -@{OhR], cg@)OR3RAC(BIR | SNROUB3ORr ,hHROYEIR 5. A

conmpound according to claim5 wherein RO is fluoro. 7. A conpound accordi ng

to claim6 wherei nGbOINRREL WY >°0r .Sebier o, -SGR ANRRIOURE @EINRAIRY 0
claim?7 wherein R8 is 'chloro or brono. 138

aaaaa

heterocyclyl, and heterocyclylalkyl;

R’, R’’ and R’”’ independently are selected from hydrogen, lower alkyl, lower alkenyl,
aryl and arylalkyl;

R”’”’ is selected from lower alkyl, lower alkenyl, aryl and arylalkyl; or

Any two of R’, R”’, R””” or R’’’ can be taken together with the atom to which they are
attached to 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, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl,
and heterocyclylalkyl; or

R® and R* can be taken together with the atom to which they are attached to form a 4 to
10 membered carbocyclic, heteroaryl or heterocyclic ring, each of which is
optionally substituted with one to three groups independently selecte(i 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(OR", -C(ONRR’, -SO,R”, -NRR’, -NRCONRTR", -

NRC(INCN)NR'R™, -OR’, aryl, heteroaryl, arylalkyl, heteroarylalkyl,

heterocyclyl, and heterocyclylalkyl; or
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WO 03/077914 PCT/ US03/ 07864 9. A compound according to claim5 wherein A
is -C(ONR4OR3. 10. A compound according to claim1 wherein R7 is Cl-Cl10

al kyl , C3wa@aspyvhoal kyl , C3-C7 cycl oal kyl al kyl , C3- C7 het @ecoaysod/ambkyl or
C3- 7 het erocycl oal kyl al kyl , each of which can be optionally substituted

wth 1 - Iﬁomﬁé@ﬁ@f% E%tg(hjgﬁ%g?ﬂoféljd&m}@)@ hal ogen, cyan, nitro,

trifl uororret uor omet’hoxy, azi do, - NR4SO2RE,

30 Mo, ‘%N) S b it et N ST G RO

het er oaryl , | al k het er oary al kyI het er oc ., and

het er ocycl yI aI yqnemﬁgr l scarkgsivglic,” kgterggryl @r h qf&mf’gﬁ]ﬁyﬂ}lgwgé?‘fzh ghaviveh s | ower
al kyl or halogen; R9 is hydrogen or hal ogen; R10 is hydrogen; and Wis
-C(O OR3 or @p@rmmcﬂ@sumed m&loma@dh@@cmpﬁgndqpend@ﬂm seleoigse fisith Wi s
-C(ONR4AOR3. 12. A compound according to claim?2 wherein R7 is Cl1-C10

al kyl, C3-C7 aylokaglckato, aitroCR+ ivoremethpla diinoadndthoxg tiifludrombihoky, @aidobe
optionally substituted with 1 - 3 groups independently sel ect ed from oxo,

A e e *%%“R’”Q’%‘é?%? OO, et e
hmggg(( ﬁ)Clc\lll)Qg:?SW R3ar y(?ﬁ\%uefg:r:{garf ngfy Ohm?ar y,I, a’l”’kyl ‘
ower al k! oP GG 5o WY, Brhor i ts@ﬁthsosafﬁ?%ia B onn o

hal ogen; R10 is hydrogen; and W O OR3 or O NR4AORS.
d hetero%ycly and heterocyclylalk C( ) 49

R® is selected from trifluoromethyl, and
Ci-Cio alkyl, Cs-Cyo cycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl, where each alkyl, 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,NRR’, -C(O)R, -C(O)OR/, -OC(O)R, -NR'C(O)OR ", -NR C(O)R”,
-C(O)NRR’, -SO,R"", -NRR, -NR'C(ONR' R, -NR'C(NCN)NR' R, -
OR’, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and
heterocyclylalkyl;
R’ is selected from hydrogen, and
Ci-Cyo alkyl, Cy-Cyo alkenyl, C,-Cjp alkynyl, C;3-Cio cycloalkyl, Cs-Cio
csrcloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
and 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,
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13. A compound according to claim 12 wherein Wis -C(O NRACR3. 14. A
conpound according to claim1l which is selected from

7- Fl uor o-wo(0d0bmono- 2- net hyl - phenyl am no) - 3H benzoi m dazolPeTArSo&0186K Y| | C
acid cycl opropyl net hoxy-am de;

6- (4- Br oi no- 2- chl ogamRR&HA%L f“&lﬁho%rﬁe'tﬂ&go’tﬁﬂh&%ﬁéﬁio da%fabe -RREGOAOX Y| 1 C

acid cyclopropyl net hoxy-a 6-(4-Bro 2-chl or o- phenyl aimi no) - 7-f | uoro-3

(4 Br omo- 2- chi o RGN = ?“’X& %%%%%ﬁﬁ%%ﬁ@éﬁk?}%%g@% 5 carb
r ono- 2- chl or G- - Zoi m :5-car

oxylic acid (2, 3- de;

6)(%/4I Brom)I 2- f:hl oroé@gﬁgﬁé iQ)??{Q;yI%‘Rﬂ%I 5C(O)NR3R4 NRSC(NCN)NR3R4

- (tetrahydro-pyran-2-yl nethyl ) -3 H benzoi nm dazol e- 5- carboxylic acid
(2- hydr oxy- et hoxy) ORi daryl,| @(%Oarﬂm Aeylqlkyl, Eet@]oaﬁsk%ugylazbqrte@cyqul, 42184 yor o- 1
H benzoi m dazol -5 -yl] -(4-brono-2- nethyl-phenyl)-am ne;
1- [ 6- (4- Br onp- 2- chhetemcpéighyitydm no) - 7- f | uor o- 3- net hyl - 3H benzoi m dazol - 5-yl
] - 2- hydroxy- et hanone;

1-[6-(4- W@@Qe&e&ﬁbﬁf@(@b@@bfﬂ@(@m?@ﬁ -uor o- 3H benzoi m dazol - 5-yl ] - 2- et ho
xy- et hanone;

6-(4-Bro n 0 o H: -5-carb
ox§/I ic ;Nizl %‘l‘gé‘ﬂ%r@g %ycﬁg%éﬁm)egshyﬁ et ogij ng{mkwmélﬂg%&gg}ﬂm%%

PCT/ US03/ 0786

6- ( 4- Br on- 2- @muarogn%h%w alFiEHTomP Pty 02200t ot @Ry ar S DBy =an-§<(§)%t hyl)-3
H benzoi m dazaql e; ar Roxylic acid (2-hydroxy-eathoxy),am de

6- (4 Br om- 2- AT EI e PG RG) VRIS o SHNECRror Y SAouRs. EMBRY | i ¢
acid (2- hydroxy ethox¥) am e; 6- (4- Brono- 2- f| uor o- phenyl am no) - 7-f| uor o- 3
- met hyl - 3H be AIRTGHQINRIRE- N&Er,@@dyl ic acid (2-hydroxy-ethoxy)-anide; and

Ci-Cio alkyl, C;-Cyo alkenyl, C;-Cjp alkynyl, Cs-Cip cycloalkyl, Cs3-Cyq
cycloalkylalkyl, -S(O);(C:-Cs alkyl), -S(O)j(CR4R5)m-ary1, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, —O(CR4R5)m-
aryl, -NRYCR'R’)g-aryl, -O(CR*R’)n-heteroaryl, -NR*(CR*R®)-
heteroaryl, -O(CR*R’)y-heterocyclyl and -NR4(CR4R5)m-heterocyclyl,
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)OR®, -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

jislor?2.
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6- (2, 4- D chl or o- phenyl am no) - 7-f | uor o- 3- et hyl - 3H benzoi m dazol e- 5- car boxy!
ic acid (2-hydroxy-ethoxy)-am de. 15. A conposition conprising a conpound
of cl ai mwoand7®@1phar maceutically acceptable carrier. 16PCAUSBY/ITBH Of
inhibiting MEIN activity in a mammal conprising admnistrating an

ef fective anmoynt OfA@oﬁ?amla%%ﬁfnggb%ia%% Wch ke mammal . 17. A net hod for
treatnent of a hyperproliferative disorder in a manmal conprising

adm ni strating an effective anount ofya conpound of claim1 to the nmammal .

141 A R'
H
N
RT——N R® R®
—N
5. A compound according to claim 4 wherein

R’ is C1-Cyo alkyl, Cs-C7 cycloalkyl, Cs3-C; cycloalkylalkyl, C3-C; heterocycloalkyl or Cs-
C7 heterocycloalkylalkyl, each of which can be optionally substituted with 1 - 3
groups independently selected from oxo, halogen, cyano, nitro, trifluoromethyl,
diftuoromethoxy, trifluoromethoxy, azido, -NR*SO,R’, -SO,NR’R*, -C(O)R3, -
C(O)OR?, -OC(O)R?, -SO;R®, -NR'C(O)OR®, -NR*C(O)R?, -C(O)NR’R’, -
NR’RY, -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

R® is —OCF; or halogen.

6. A compound according to claim 5 wherein R’ is fluoro.
7. A compound according to claim 6 wherein R! is methyl or chloro.
8. A compound according to claim 7 wherein R® is chloro or bromo.
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9. A compound according to claim 5 wherein A is -C(O)NR*OR>.

10. A compound according to claim 1 wherein

R’ is C;-Co alkyl, C3-Cy cycloalkyl, C3-C; cycloalkylalkyl, C3-C; heterocycloalkyl or 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(O)R?, -
C(O)OR’, -OC(O)R’, -SO,R®, -NR'C(O)OR®, -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,

R® is -OCF3, -Br or —CL R%is hydrogen, and R' is lower alkyl or halogen;

R’ is hydrogen or halogen;

R' is hydrogen; and

W is -C(O)OR? or -C(O)NR*OR?.

11. A compound according to claim 10 wherein W is -C(O)NR*OR>.

12. A compound according to claim 2 wherein

R’ is C1-Cyo alkyl, C5-C7 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, -
NR*SO,R’, -SO;NR’R’, -C(O)R?, -C(0)OR?, -OC(O)R?, -SO,R?, -NR*C(0)OR’,
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;

R® is -OCF3, -Br or —Cl, and R1 is lower alkyl or halogen;
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R’ is hydrogen or halogen;
R is hydrogen; and

W is -C(0)OR? or -C(O)NR*OR?,

13. A compound according to claim 12 wherein W is -C(O)NR*OR?.

14. A compound according to claim 1 which is 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-y1]-(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-mei:hyl—3H-benzoimidazole-S-carboxylic
acid (2-hydroxy-1,1-dimethyl-ethoxy)-amide;
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6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(tetrahydro-furan-2-ylmethyl)-3H-
benzoimidazole-5-carboxylic acid (2-hydroxy-ethoxy)-amide;
6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid (2-
hydroxy-ethoxy)-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.
15. A composition comprising a compound of claim 1 and a pharmaceutically
acceptable carrier.

16. A method of inhibiting MEK activity in a mammal comprising

administrating an effective amount of a compound of claim 1 to the mammal.

17. A method for treatment of a hyperproliferative disorder in a mammal

comprising administrating an effective amount of a compound of claim 1 to the mammal.
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