N3 Al kyl at ed Benzi m dazol e Derivatives as MEK I nhi bitors BACKGROUND OF THE
| NVENTI ON Field of the Invention This invention relates to a series of
al kyl ated (1H Benzoi m dazol -5-y1)-(4- substituted-phenyl)-am ne derivatives
that are useful in the treatnent of hyperproliferative diseases, such as
cancer and inflammtion, in mammals. This invention also relates to a

nmet hod of using such conmpounds in the treatnent of hyperwoliferative

di seases in mamal s, €81 a huppns, and to phar utical conpositions
contai ni ng such co ' At R mIcazole rm&MI | signaling
t hrough growt h factor recept ]$ and protein kinases is an inportant
regul ator of cell grow h, E GROINR PERHEANYENEHYNat i on. In nornmal cel
growh, gromth factors, through receptor activation (i.e. PDGF or EGF and
others), adtifidpfdhefuventiohse pat hways. One of the npst inportant and nost
wel | understood MAP ki nase pathways involved in normal and uncontrolled
cell growth is thés Resntipmfreleiesatoe apadriveasf aliglaiede (GI-Behroimitabaiss- g4l ts in
the activation and indirect phosphoryl ation of Raf kinase. Raf then
phosphor y| atibstitiEdkphenyl)-2nioe tdedvabmes nehatesirduegefu$2i8 amd SR2dné@r HEKL
and S222and 8226 for MEK2) (Alin et at, Methods in Enzynol ogy 2001, 332,

417-431) . Agpérpadliferatibe disbases, PRRBP IO eithaat efdi inflaRblaYiok N MWinsmRst alfgg, the
MAP ki nases, ERK1 and 2. ERIC phosphoryl ation by MEK occurs on Y204 and

T202 for Eflentiosl AsbSeeland tJ 1B3ndigyy BRAR e i | yJpol ogy
2001, 332, 41?— 4318). Phosphoryl at ed ERI Cln ;Aérrdglrll &zoe Ogﬁ%@?ﬁggéttte%tﬁgﬁécéges to

t he nucl eu%ﬁé}ﬁfﬁférﬁﬁv%c auBLate Smbshatkh! DAY filmal: 8! J(S’r %@a%{%h%egxﬁf;qh ar

605-615). In the nucleus, ERICi's Involv I'n“several I np

functions, o,ReLUALRG Rk EhhG@al © nucl ear transport, signal

transduction, "DNA repalr, hucl eosone assenbly and transl ocati on, and nRNA

processi ng i in et at, Mdlecular Cell 2000, 6,
1343- 1354) .Si%g?lé{ﬁ?ﬁ‘%rﬁéfgfeﬁe of cells with growth factors leads to the

activation of E and.?2 which results in proliferation and, in sone cases,
differentiati on%(éﬁé"ﬁn t ?QWH&%EJ G"%@?t anflgggtemgnasagis pagmportant |
proliferati Ve, iscg.as]gs, v&gnet g‘% nut at i ons and/ or overexpression of the
growt h f actEHFEE 0LV RRIALerabiomaad gikrentigtion obbarommal esll gowthegrowikh nases
involved in the ERK ki nase pathway |ead to uncontrolled cell proliferation
and, event tHf¥$, thiougihreceriphiptiveiion (For PRGE WD ESTF andrmsharsinedivateddAP&iimse

mut ati ons which result in the continuous activation of this pathway due to
cont i nuous PERwAYEt Pahobthegresivitnpdrtent ands mo@twell wmdetsadddolisA Poleinase gathwiags
defects in the deactivation of the activated GIP-bound Ras conplex, again
resul ting Hyolied i aerinahat wichetrdlid detimaswethpiatheRay/ RM At arhoagodRALE forms
of Ras are found in 50% of col on and >90% pancreatic cancers as well as
many ot her §TPyipead ®hs canlteinghd Kaivhtion and ind@itccBphosSiedroRESn IPRF kink0, Raf
1834-1837). Recently, bRaf mutations have been identified in nore than 60%
of mal i gnathien pRbSHOYEtDAEKE Sind 1. orfhworderind\Rkidigs @992 andt 4722 R4 RH8f ing TheSE

mutations in bRaf result in a constitutively active MAP ki nase cascade.

St udi es of SEIi.ABISP2E YSOMESAIRIAGS A, ABdibods! HSS DAY 56&,%}9""’4‘17-?}31).
VAP p y S of

constitutive or overactivation of the i nase patfiway I'n cance

, ] O is hj . a6t e ON 1999,
D s oS Ak MERCHS Riabna Uy KIBHUBRR R e BK00 0,
overacti ve, MAP {4l Lting fr e i i ons, As
constitutive oﬁ%@?ﬁ%@??‘@’%‘@%%%vﬁﬁﬂ% %ggbég%nggyt?é éﬁ%@l &“‘f)’lf\l/%i #@d 1ol e

in cell proldSferati nd, dif, entiagtion, ‘inphibition_of this pathway is
bel i eved t’giggef%f)g%jé?{eéﬁ‘éft ‘ﬁnﬂ*ﬁ%g{; b’?%@’f”@{o&‘ ?&E’é%%é%éél)- W@PB@W&ﬁq{ley

pl ayer in %&s. athway.,gs it is downstream of Ras and Raf. Additionally, it
is an attracti e‘???é@é?)g{?f‘it@nflaﬁ‘%tm iescangiess phereghpseuminies (Kbbistlatehess f or.
MEK phosphoryl ation are the MAP kinases, ERK1 and 2. Inhibition of MEK has
been showft%: K&#el988t £htG041616he I ghsumucioundPRKiis hivelesdviarsabersit inthogtsnt For
exanpl e, small nolecule MEK inhibitors have been shown to inhibit human
tunor  gr oAy dugetices, iadeding dubgotitsied (Seioletr trawspoitdsighal atansduction,

Nat ur e- Medi cine 1999, 5 (7), 810-816; Trachet et -al., AACR April 6-10,
2002, PostNA#54f; mielebmeHassbR6ly2nadd | finelobatidnnal M@rﬁa&@siﬁés a?HOt ein
Ki nases, Septenber 9-10, 2002), block static al i odynia in ani ma WO

01/ 05390 published January 25, 2001) and inhibit growth of acute nyel oid

| eukem a cells (Mlella et al., J din Invest 2001, 108 (6), 851-859).

Smal | nol ecul e i nhibitors of MEK have been disclosed. At least thirteen
pat ent applications have appeared in the |ast several years: US 5,525,625
filed January 24, 1995; WO 98/43960 published Cctober 8, 1998; WD 99/01421
publ i shed January 14, 1999; WO 99/01426 published January 14, 1999; WO




- is an optional bond, provided that one and only one nitrogen of the ring
i s doubl e-bonded; R, R2, RO and Rim are independently selected from

hydr ogen, hal ogen, cyano, nitro, trifluoronethyl, difluoronethoxy,
trifluoronmethoxy, azido, -0OR3, -C(0)R3, -C(0)0OR3, NR4C(0)0OR6, -0C(0)R3,
-NR4502R6, - SO2NR3R4, -NR4C(0)12.3, -C(0)NR3R4, -NR5C(0)NR3124,

- NR5C( NCN) NR3R4, Nat!, and allcyl, al kenyl, C2-C10 al kyrl Y1, C3-C10

| oal kyl | 1 I
O1c| Sy i ats ol it p84Pl S bRYI ey o

"0 i m 1 EFBR TR el BTt o av&a%?%a%“% W 1
cycl onl ky! it i SucogoifmtlniethErde 55 P Yo bt T fidsridl

substitut ed wth one.to five gr s [ ndependent]y sel ect ed from 0XO0,

hal ogen, cyano, HiRtPEferafiye FI{SE%P %FW mu 1P’|1§16‘]‘jﬁe‘?‘1"?€?%9r63§1% pf ther gawthoxy,
azi do, - NR4802R6 - SO2NR3R4, - C(0) R3, -C(0)0R3, -0C(0)R3, -NR4AC(0)OR6,

- NRAC( 0) R3, factey cpmmmdowmsm Slgnﬁlmm}mﬁs R protaiRE masei retBRAn thoEBK
heteroaryl, arylal kyl, heteroarylallc het erocycl yl, and

het er ocycl Msﬁd)ﬂhwa%eﬁdstoslﬁlp@@tcé]@dfcﬁ% proiiferatereand, evértualityy bmet Hitmatiand
Cl-Cm al kyl, C2-C10 al kenyl, C2-Cl10 al kynyl, C3-Cl10 cycl oal kyl, C3-C10
cycl oal kyl_aﬂ'drwkamalnydomeacagzdeed dopkain h:sertaeilomaw;zich réveltén derephtiduopt activation of

het erocycl yl, and heterocyclyl al kyl, where each al kyl, al kenyl, al kynyl,
cycl oal kyl ,tharpathwalyeke teoanyihuarpréd®icBo06y@bwth facois. Ofhdr Snu@Rioh® b le¥d to
substituted with one to five groups independently sel ected from 0Xxo,
hal ogen, cy®fdts Mithe deactivationl@r deatisted GTHLURORRS ex,ldghih

azi do, -NRLSO2R., -SCENR R', -C(O)R, -C(0)01C -0((0) e &0) 0

-NR C(0) R' actitOhNe"the MO i Sfldred mg\lg% -
NR C(NCN)Ni fe", -OR, aryl, hetlgel%t%%?yl ar yd ecl’lncf(y , thfgt er oafﬁé%)algl%ﬁ‘d m

het er ocycl ygey, @P&l&]ﬁ&rﬁ@@@%aﬁbﬁ%ﬁy{:mc&s as ﬁeu% ml;;?m ‘%@fe@@? 'o¥rs

sel ected from hydrogen, |ower a , |l ower a ryI

Ay two of B AEINE . P bRy p R g %wat#éevm
et er ocyct R0 it 0@ R Bt bR IPRGREI ﬁg&éf?%?@#‘ WlTRa e

three gro i ndependen sel ected from hal ogen, nitro

trifluor ong@ﬁ% mu ﬁ?‘?%ﬁ?hﬁ%{eﬁ‘e}gyla?w‘?ﬁ%ﬁaﬁﬁ@t‘ww @g,asc%ey [Studies of

het eroaryl, aryl al kg/l , heter oa%I all cyl, heterocyclyl, and

het er ocycl PHEIFE JHHOTGRIRIES 25 lingtbays @%’k@?wfld'@éffﬁétﬂ"wrt gyeragiavadion aft o
which they are attached to forma 4 to 10 nenbered carbocyclic, heteroaryl
or het er ocyd MR kingse etbwny &t cappere BT pancenss.i colns lupg.susst andtidy WHoshimme t o
t hree groups independently sel ected from hal ogen, cyano, nitro,
trifluoromdttgylal, Gntegene BRI, WX ¥13-822) | Homaeniterroikyg staigomymelatiiRBER e,
-S2NRR', -C(O)RI, -C(0)OR, -0C(0)R, -NRC(0)OR-, - NRC(O)R', -C(0)NRR",
-NRR", - Nf e@(@)d\ﬁdlﬁh,overaﬂﬁe(l\mmﬁéﬂjathwﬂ%smﬁxyg frorhgteﬁtimﬁuthﬁonar yl al kyI :
het er oaryl al kyl , heterocyclyl, and heterocyclylal kyl; or RA and R5

i ndependent |y r egreasiitiveydragentedtionl of GAAR| Hydse c@srca(ﬁi%la?éja BRotdgskher with
the atomto which they are attached forma 4 to 10 nenbered carbocyclic, .

heteroaryl cell (6RFAiGN CdnldC diffohitia®RE Ninthitknl 61 thig Qﬂwaﬁ@é iSRSk byt ed
with one to three groups |ndependently sel ected from hal ogen, cyano, nitro,

trifluoromg 5,15% fl t
- 3:)2Nl|$ R, E%‘(%ﬂ%if r%(ﬂ%%’dgi?gﬂaseﬂeb qg%r\]fl-}é&)%ﬁyﬁgy e W%Blg -

0) NRR", het
arc§/l ;I kyl , Re% eroaryi'a E ejr_fet erd}o@%w hi‘f?’]rjlld tﬁ%‘?’é’%é%er X f‘é?ﬁr%%lbecﬁﬁel s
A e P S e AP it
wh h A het | d het lyl t
opt 1 onal |y e oEVER i ensHEAGS BBt terriaEs beRseh T varel %&E@"Pr om
oxo, hal ogen, cyano ni tro trifluoronet hK di f1 uor onet hoxy,
trifiuor onﬁ‘?%@i@?lp eazsp@g malpgieshERX inhibitors have been shown to inhibit human tumor

hoxy,



-C(0)12.', -C(O)OR, -0C(0O)R, -NR1C(0)0121-, -NR C(0)12.", -C(OONR R ",

-S802127, -NR R, -NRC(OONR-R, -NRC(NCNNR'Rn, - OR, aryl, heteroaryl,

aryl al kyl , heteroaryl al kyl, heterocyclyl, and heterocyclylalkyl; R7 is

sel ected from hydrogen, and Cl-Co al kyl, C2-00 allcenyl, C2-Cl10 al kynYl,

C3-C10 cycl oal kyl, C3-C10 cycl oal kyl al kyl, aryl, arylal kyl, heteroaryl,

het eroaryl al kyl , heterocyclyl, heterocyclylal kyl, where each al kyl,

al kenyl , al . I I y I d g 3 hon i s
éfé’ﬁﬁsﬂt %ntrﬁ.?[ﬁg sk YebnogBIn%! (SeBSL2EQRY ez 31 &E}engg%tﬁ}%b ﬁb?é’of Q&

optioRa:Iy sSu ~wth ore tofive groups_}n epen y sel@cted from
Cr LT Uor onelRasag? TRl o S bR AR BebAen0gs FORBORRIE TR ShaBC 38 o) o,
_ NRBO{ NON) SO gt O BRI ppses. Soptepb, 16, ot Webab FFal 1

het erocycl yl, .and heterocyclyl al kyl; Wis. selected fraom heteroaryl
het er ocycl yAllodyrig @ ma?s- é’(@)%?@@g? pulishsd\peryeey, 22 2@@%} FloiRbibit growily o3 c10

cycloalkyl), -C(0)(C -C10 alkyl), -C(0)(aryl), - 0) (heteroaryl) and

- C( 0) ( het ersg@iganyeioid leél&@mla@rell%\m%qﬂaieéa%p'ﬁ?%hémy 2&1@%&& Q0 &d-8%h 1-5
groups independently selected from-NR3R4, -OR3, -R2, and C1-Cl10 al kyl,
C2-C 0 al kenyl , Sowedl 1@2le01l® inHilktoms bf MEXC havef beghidiselosed. opt lcostathirigers pltent t ut ed
with 1 or 2 groups independently selected from- NR3R4 and -0123; R8 is -
sel ect ed f rapplitayidnoigee appEeddin theGhst sevBeal vedrs: By 41505,625 fited, Jamurarf 24)A005Et hyl |
di fl uoronet hoxy, trifluoronethoxy, azido, -C(0)123, -C(0)012. 3,

- NRAC( 0) 012%8), 98/@3Yc0) phibBished R4 SE:2 5,199 GONINBE/BA42 1- fed) Banuar (10} BG4,
-NR8C(0) NR3R4, -NR3R4, and Cl1-C10 al kyl, C2-C10 al kenyl, C2-Cl0 al kynyl
C3- C10 cyclwal %/b1426ubRatel Yhlaly14, 1954;000(6d/413053JukNdhkd Tuly 20, 2000; WO
-S(0)j (CRARS) nraryl, aryl, arylalkyl, heteroaryl, heteroarylafkyl,

het er ocycl ' & - : c y yl,
- 0( CRA128) ora2068 PUEIHe ﬁhl\ﬁ%é(%gg%s‘? faRpises 83]?]%%?& ot %412.5’33 4 e el y1

and - NRA( CRi 22 Mo es ey Sy Q%I“%@@?%@%P ﬁﬁ’%' 2000, Wbbmz@ieﬁﬁ%}%hed

cygloalkyl, ary teIo?r?I _ poItloP is optiona
hal §tgéhf“ o July 20 2066, NP0 dfioll] MRRCR WBREBEG 1o, B0 S GT6ad S hPlistony

i , - NR4SO . = R . =C(0),QR3, - , -NR4C(0) ORs,
iaZNIR4(é( 0) R3fésepfze§1%er 2@%%3@’ 0 %\I&éﬁi’ pu_bﬁ%)é?f 6‘}%&3&%&8@%&56( NCN)C(NRg% R4, -ORB,

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

het erocyclylallcyl; mis 0, 1, 2, 3, 4 or 5, andj is 1 or 2. DETAILED
DESCRI PTI ON OF TILE | NVENTI ON The novel conpounds enconpassed by the
instant invention are those described by the general formula | set forth
above, and. the pharnmaceutically acceptable salts and prodrugs thereof.

The present invention also provides conmpounds of formula | in which 12.2 is
Cl1-C10 al kyl, C3-C7 cycloal kyl, C3-C7 cycl oal kyl al kyl, C3-C7

het erocycl oal kyl or C3-C7 heterocycl oal kyl al kyl each of which can be
optionally substituted with I - 3 groups independently selected from oxo,
hal ogen, cyano, nitro, trifluoronethyl, difluoronmethoxy, trifluoronethoxy,
azi do, -NR4SO2R6, -SO2NR3124, -C(0)1le, -C(0)012.3, -0C(0)123, - SO2R3, -.
NRAC(0) OR6, - NRAC(0)R3, -C(0)NR3R4, NR3R4, NR5c(0)NR3R4, _
NR5C( NCN) NR3R4, -OR3, aryl, heteroaryl, arylal kyl, heteroarylallcyl,

het erocycl'yl, and heterocyclylal kyl . The present invention al so

provi des conpounds of fornmula | wherein R8 is -0CF3, -Br or -Cl, R2 is
hydrogen, and Rl is |ower alkyl or hal ogen. '



The present invention also provides conmpounds of fornula | wherein RO is

hydr ogen or hal ogen, and Rl is hydrogen. The present invention al so
provi des conpounds of formula | wherein Wis -C(0)012.3 or -C(0)NR4OR. 3.
The present invention also provides conmpounds of fornmula I1: wherein
WR7, R8, RO and Rl are as defined above for formula I. The present
i nvention al so provides conpounds of fornula Il in which R7 is Cl- Co

al kyl, C3-C7 cycloal kyl or Gukidisrs! ophisrk aNvyiNnTIeR¢h of which can be
optionally substituted with 1 - 3 groups i1 ndependently sel ected from oxo,

ol o NS0t [iyerich i OHRTE MG, (PREPAEG BN 5D G SRR Y
NR4C( 0) ORG, _,- - - R4 R NR2R4, R
N0y e G o Pyl o SPRARPEREY sl s

. T N i Vi
Formi a 1| TGRS ripsof 4hal HRrgactin ghe eestngfly SRS ONELY KoatP.

hal ogen. The )Present i nvent.ion _al so provi des cqnpounds of formula ||
wherein R9 Eipgmﬁyaﬂ o dhPEFem ARtHE redpies i cqngp%lygfr ghémula I thatpel 45 ME&nt

i nvention al so provides compounds of formula Il wherein Wis -C(0)OR3 or

- C( 0) NR4OR3thifpfersr Alserjprovidod g iaoneliipd dop tisoimseat of sapesindAlsefprovidedileze |11 ;
111 wherein R, R2, R7, BY and RO are as defined above for forrmula I, and A
is -0R3 or fornNR4ifliR3 confaiming conR@uadschifarmaze] axd tethiode of wsbw/be fampdundsrtd a | .
The present invention also provides conmpounds of fornula Wn which R7 is

Cl- Cl10 al ltmept 3 p@nCh ey theadolly In @iditod; BZrecye iasatibed mbéagtes feqaépadihg Wi ch
can be optionally substituted with 1 - 3 groups independently selected from
oxo, hal ogénhibityrgrompoinids @f fdrmiufd or onet hyl , di f | uor onet hoxy,
trifluoromethoxy, azido, -NR4SO2R6, - SO2NR3R4, -C(0)R3, -C(0)O0OR3, -0C(0)RS3,
- S02R3, - NRAC( 0)ANg6sdingh4iel 1428t invéxtidoh WrBRbs compounds of the formula I:

and phamlaceutically accepted salts, prodrugs and solvates thereof, wherein:
T is an optional bond, provided that one and only one nitrogen of the ring is double-
bonded;
R, R R’ and RY are independently selected from hydrogen, halogen, cyano, nitro,
triflnoromethyl, difluoromethoxy, trifluoromethoxy, azido, -OR>, -C(O)R3,
-C(O)OR?, NR*C(O)ORS, -OC(O)R?, -NR*SO,R®, -SONR’RY, -NR‘C(O)R?,

-C{ONR’R*, -NR*C(O)NRR?, -NR’CNCN)NR’R?, -NR*R*, and



_NRsc( NcN) NR3R4, NR3R4, -NR3C(0)NR3OR3, aryl, heteroaryl, arylallcyl,

het eroaryl al kyl , heterocyclyl, and heterocyclylal kyl . The present

i nvention al so provides conmpounds of fornmula Il wherein R8 is -0CF3, -Br
or -Cl, R2 is hydrogen, and Rl is |ower al kyl or hal ogen. The present
invention also provides conpounds of fornmula Il wherein RO is hydrogen or
hal ogen. The present invention al so provides conpounds of formula I Q
wherein R3 is hydrogenikgl, lcpwsp Ak, Whem, AaiksnylORE;-CandyRfalks), hgdepgen
when A is -NR4ACR3. The present invéﬁii on aloso provi d3es cor);poungls o?c?ogr mul a
[1ia: I11la V‘heraQ&l@l]cﬁ%}k R( | AL CREI% N v

formula |, and Ais PR3 ot -%?4%@?(:%&&5{3}1)’ Fg(czjﬁd R455“ér I’Zagﬁﬂgrfylia%e}g’ above

for FLF%EUNF: IE uhi ch Egﬁi@@iﬁ&@%%:%ﬂ R0 e RV H5 R IR,

| : . . . 3
cyecal kel 1 e of ecEam 05,07 Gpallh SRLLLY 08 oy,
o Ll e R
(C(O)NRGRA, - NRORA, - NRSO(Q) NESRA. - NRSCNCN) NRGRe, - 0RS, ary1
heteroaryl, aryl al kyWhepfeteapth flkplaalsgnyl, Cmﬁkyev cSxelqpikyl,apyl, heteroaryl and

heterocycl yl al kyl . The present invention al_sogfrqvi des conpounds of
fornmul a 111 a wher ei n hR@rdcygclyD @pgion- Bropfionally sulpfituted midlr onpede fivaderRipsi s
| ower al kyl or hal ogen. The present invention also provides conpounds

of formula Ifla wher éadep&Bichily bslerted Eonooxd)datagem. cyano, niffbetrifluemarthyl,
i nvention al so provides conmpounds of fornula 11la wherein R3 is hydrogen or
| oner al kyl when A i difi@R8nethng, Réifwréyeahagen axiien NR*SO,RR4 GRINIPRE
present invention also provides conpounds of formula Mo:
-C(O)R’, -C(O)OR’, -OC(O)R?), -NR'C(O)OR®, -NR*‘COR’,
-C(O)NR’R?, -NR’R*, -NR’C(O)NR’R?, -NR’C(NCN)NR’R*, -OR?, ary},
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and héterocyclylalkyl;
R? is selected from hydrogen, trifluoromethyl, and
C1-C10 _a]kyl, Cs-Cro alkenyl, Co-Cio a]kynyl, C3—C10 cycloalkyl, Cs-Cm
cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclj.zl,
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,

LEET)

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””, -SOgR””; -NRR”, NR'C{O)NR’’R"”, -
NR'C(NCN)NR'R™”, -OR’, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl;

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

aryl and arylalkyl;



ifib wherein RI, 12.2, R 8 and RO are as defined above for foormla I, and A
is -OR? or -NRAOR3, wherein R3 and R4 are as defined above for formula I.
The present invention also provides conmpounds of fornmula DMin which R 2 is
Cr C10 al kyl, C3-C7 cycloal kyl or C3-C7 cycl oal kyl al kyl, each of which can
be optionally substituted with 1 - 3 groups independently selected from
oxo, hal ogen, cyano, nitro, trifluoronethyl, difluoronethoxy,

trifl =h e 0) OR3,
- BIC( O;J %onﬁogg%d@%g}&n 8“?)&56%91-2 %l%%(:( 0) 11% ﬂ%ﬁmr - -4 N??3R4

- NRSC( 0) NR3kg, 3
het e%a?yl al ky]:W het ér ocycl 32/?%84 alag?éarkg%gc%eﬂ{%?&@h% o @fﬁggdp{r% ent
vention al 5o REGUIKISS SAIPRYNTS sl LRHTIACI Ly HBSEEL B BRerbs Pt Sgr

or -C, and RI is Tower

provi des conpound f.,ormul a .Mo ei.n R9 or _chl or.o.

present inventi O%S%PEW%%Wlo &8“%@%‘%%@6?1&% 8P &‘Iﬁﬁﬁ RITESBITHE b’s
hydr ogen or | ower aI is -0OR3; and R4 js hydrogen when Ais

- NRAOR3. BFE@B*F sf“@?(plhé@&”%/ PR e PiEPh ctifiPgometg | GlpeRmsgoxy,

deflnltlon of ternms is enployed throughout this specification. By
"Cl-Cl10 al kyl ", tifipqromethgryy azjdgwaryLdie ?QIEWY prylatied, hatasanialkyh hetarpeyalills
meant stralght or branched chain al kyl groups having 1-10 carbon atons,

such as, nethyl anébpigtocygdylelkyl: ori sopropyl, n-butyl, sec-butyl, tert- butyl,
pentyl, 2- pentyl i sopentyl, neopentyl, hexyl 2- hexyl 3- hexyl

3- net hyI perR’yand lheqan;ble talcmttgvgetheamdthtthe atoirk®, wﬂcbtkeymsﬂaiﬁckgd torfarth aazl  are
Cl-5 aIkyI More preferred al kyl radicals are Cl-3 al kyl. By "C2-Cl10

al kenyl ", "1 owerlOaikmbyled artsbeyetlck digtekoarytean dietsiocadlightingnehchr ehehid is
hydrocarbon radi cals having from2 to 10 carbon atons and at |east one

doubl e bond and dptishdligesubetitaRnywith RPN Hree Lrdipk -idd@Ndent] s@&aied?:fr&ﬁyl
1- hex-5-<enyl and the like. Mdre preferred are | ower al kenyl having 3

carbon atons.  halogBY, cykn; 548, Rithiedem¥nyl, diflEMEhetBbky, 'ﬂ’iﬂluor@ﬂgchoﬂj KAy,

means straight and branched hydrocarbon radicals having from2 to ld “car bon

géﬁrsnagdyitaquﬁﬁegpgktrEEJﬁgggpgfer?%hng&gﬁﬂfkygﬂx ﬁ%Vlng g«%{%%rgghynyl
?fagfine bronlggg gﬂ FIngﬂﬁgﬁgj%ggl;@61@Festh§§hng; a?taﬁ

b I h I
i ngs (o, g, °Céﬁ£§§v§ﬁﬂﬁ$ e %aﬂgeﬁ@%ké‘a?xlﬁéﬁlﬂk%h%%?aw% Pone

is aromati c, Ad-tetra ht hyl , naphthyl), which is
optional ly nDnoh%Qﬂqmb%Fn ﬁ?ﬂﬁ@gﬁg%ﬁe with, e.g., halogen, |ower alkyl
Iomer alkox4 trlfluoronethyl ﬁ heteroaryl and hydr oxy. By

"het er oar y @gmeﬂﬁ@m}@wné wireganar CrGatkdyst ems of 5-, 6-, or 7-
menbered rings which includes fused ring systens (at |east one of which is
aromatic) & WAR tagdher widhthgiatem do abidhahex arsrastaghed fomn adt foolft mebencdat ons
sel ected fromnitrogen, oxygen, or sulfur. Exanples of heteroaryl groups -
are pyridinyl, mmhb%@ﬁalﬁﬁﬁnpwﬂinid&#w@qmbqr@mglymh of i wizioh yis, optyonaily nyl ,

tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl,
pyrrolyl, quinolsibsiituted wiiguhetaf thregl grovips dedepbndehidn zdieateal foinlhylogen, cyano,
benzof.uranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl,

pyri dA7i nyl, trinawm, rtMﬂuorbﬁw.@lhm;lQilﬁhoroﬂk&bkﬂl ﬂmuoromumdsry, azifX admasgguf
triazolyl, thladlazolyl t hi adi azol yl, furazanyl, benzofurazanyl

benzothlophenyl,ségngihl ky1,_@@ggggazgt%@ﬂaquNgﬁﬂngRyl,JQy gg§@1|nyl

napht hyri di nyl, and furopyrldlnyl piro noieties are alsoinclu Wit hin

t he scope of thi it rar S mongs:, di-

or trisﬁbstitute‘?i(c&ﬁhﬁir SQQR ha odgﬁ XFS%%§NE1§ QK$Q&§€ﬂ§$§6§y1Qﬁg

hal oal kyl , aryl her. e
carbocgcle g agﬁ§%§%%ﬁ§nhﬁa&&9h?%%ﬁﬁ@é#ﬂ.@ﬁmgéggéf@dgvgpggﬁy@ypi refers

to saturated.c Pﬁﬂﬁ’ adlcg}i ving three to ten carbon atons. The
cycl oal kyl é%seﬁe {{fuprome émgolycyclic fused system and can be

fused to an aromatic ring. Exanples of such radicals include cyclopropyl,
cycl obutyl, cyclopentyl and cycl ohexyl. The cycloallcyl groups herein are
unsubstituted or, as specified, substityted in one or nore substitutable
positions with various groups. For exanple, such cycloallcyl groups may be
optionally substituted with, for exanple, Cl-Cs al kyl, CI-Cs al koxy,

hal ogen, hydroxy, cyano, nitro, am no, nono(Cl-Cs)al kyl amno, di(Cl-

am no( G -C6) al kyl, nono(Cl-C6)al kyl am no( G - C6) al kyl or

di (G -C6)al kyl am no( G C6) al kyl .



By "heterocycle" or "heterocyclyl” is neant one or nore carbocyclic ring
systens of 5-, 6-, or 7-nenbered rings which includes fused ring systens of
4-10 atons containing at | east one and up to four heteroatons selected from
ni trogen, oxygen, or sulfur, and with the proviso that the ring of the
group does not contain two adjacent O or S atons. A fused system can be a
het erocycl e fused to an aronmatic group. Preferred heterocycles include, but

are not linitedd @, paarcﬂpl%;d'cmyhyclcsaﬁ&}n,a_fayﬂ,r afwaIRy | hetdtbdrydr ddtb APy,
tetrahydrot hi enyl, tetrahydropyranyl, di hydropyranyl,

t et rahydr ot hi opyr anyhetefl.P841 &80 IBFﬂli@ﬁ t RLgMofrhol [ nyl,
pi per azi nyl honnpipe?gzigy?f azetf%lny ,’oxe?gnyl, tﬁ?@?aﬁ@??kyﬂ i
honopi peri di nyl, oxe .10 is « i Jod hi azepi nyl ,
R e OxeBaR o Sy SRRRKL 1, PUASR o AR il 8
i thy ol anyl | di hyer oSk SO BRRBAIBNRY GHOToC droty By | fRy Svnol a2
pyrazolidinylimdazolinyl, im.d | i dinyl, 3-azabicyco 3'1'0jﬁﬁ- nyl., 3-
yabi oycl of 4. 1. 0] nepEuipremeBuAtfioranatotss FRAEERHFoSH 7 HBo YL SHE.
quinolizinyl. Spiro noieti.es are also included within the scope, of this
definition. The for eg?M BrolfdR aE (@R vECEDBmNRLEIGRps -NREUBWR above,
o oup. dor ved 11 om pyPONE RaySBE py DR SRCOINALK AABUS (N PR Ro)-3- y 1
group derive romp y p > ti.ac 3-Y
(G attached). Further, a group derived fromimdazole may be im dazoi-1-yl
(N-attached) or ini d@Rol -8Byly 1h¢t@oayl,acidakyl, Ahetevanypilieylofheterbmrbil,ocapdl i c
group wherein 2 ring carbon atons are substituted with oxo (=0) noieties is
1, 1- di oxo-t hi onoi phohetepbyclylakkyhet er ocycl e groups herein are unsubstituted
or, as spechfled, substituted in one or nore substitutable positions with
various gr @ipsseldet fionaapliregensteh het erocycl e groups nay be optionally
substituted with, for exanp%e, Cl-05 al kyl, Cl1-C6 al koxy, hal ogen, hydroxy,
cyano, nitro, agmq o( El-cCCalikeryrmones,, dikdadyt, Co,at kY Epmdangs, @:-cGaanyl,
C2- Csal I cynyi, O -Cs ha{ oal kyT", ey _hgl ke At nﬂl?()(d?6 éﬂs]% %%/l ,lga
qﬁgogglh$§éf;rélﬁ3199%§%%§a§%M§| %ﬁhﬁolégy&%ﬁéﬁgg¥%neéﬁgggyé%gghgf??%uted
with one or nore ary i fi b ) e r
aLyIa:IfﬁllradigaLﬁ %?gfgﬁ%ﬁg%géégﬁgifﬁg%aﬁggf%“%%fi?klkdé?%%ﬁ%@ﬁ,ﬁgL kvl
phenyl et hyl , an e, like. e rm." het eroaryl al.kyl " neans an al ky
mrely (a5 el ned aBavL &g%@ﬁf{ﬂcgwﬁﬁfﬁ% sk i vlafﬁggs 30?% d
ef med above). re preferred. hetero adi ca re 5- or 6:nmenbere
ot or oaryl + 1 3ol kyPES Rl TG SexiE A5 | 2t yloeShy Py Bithyl and
the |ike. The %ﬁﬂg%égﬁé%r%p cl¥%§%§%lkvﬁeans &; alﬁﬁg gg#&%éd&gs
defi ned above) subst Xh CHUREL ¢ |'GHUQFBIEY0XY; o Za¢p: above) .
More preferred heter%ii$%¥£glk I gadicalssaée S- ,0r q-nenb%red4' )
het erocycl yl - Cl. . 3- at - REx& s GAMPRd O EDRAPER G RY IRICHPIR,
The term"cycl oal kyl all cyl” ans_an agKyI ngiety gas degined abqy%)
substituted with a cyQCONRIE -FORY yNRARS oNBSE(DRTRBH oMR CONBNINRIRS er r ed
het erocyclyl radicals are 5- or 6-nenbered cycl oal kyl -Cl_3-al kyl s. Exanpl es
i ncl ude” cycl opr opy!l n®Rflylaryl, heterfingl,t erslalkiie" hareramylatied,hyHeterdcitlyl, maads
ethyl, "Bu" neans butyl and "Ac" neans acetyl. The phrase
"pharnmaceutical |y achagbejldalkgltt(s)", as used herein, unless otherw se
indicated, includes salts of acidic and basic groups which may be present
in the congpynesiedtéd bR MitaSAHL, HeRYRBEHRNC(GIORY drt QbR ‘PREsent
invention that are basic in nature are capable of formng a wde variety of

salts with vari @E@)w@gp’ga_@i(@)(@p_@mor%ﬁgﬁ]g%@gi-é%)éﬂl@maq f;_ltg\?) be used

to prepare pharnaceutically actcepta Ion s basi c
conmpounds of th [ Ni} h . nont axi i.d

ad(rtlr}) tion salts, él(@j’éﬁ} : &géﬁps@ﬁ gé%%‘%ﬁg"%ﬁ@? %%%eﬁh%g{ R? pﬁgl%a@ tsglfﬁ t%i ons,
such as the acetq%q, benzengsul ohiateié %ﬁnzoate, bi car bonat e, bisulfate,
bitartrate, bor 318 I"LFGHPSFEdeReatently sledtethiOat e, carbonate, chlori de,
clavul anate, citrate, di hydrqchl,oride, edislyate, estolate, esylate,

et hyl succi nat e, funa%g$§p" Rict {%@e, gl uconate, glutamate,

gl ycol l yl arsani | ate, hexylresorcinate, hydrabam ne, hydrobrom de,
hydrochl ori de, iodide, isothionate, |actate, |actobionate, laurate, nual ate,
mal eat e, mandel ate, nesylate, nmethylsul fate, nucate, napsylate,  nitrate,

ol eate, oxal ate, panpate (enbonate), palimtate, pantothenate,
phosphat e/ di phosphat e, pol ygal acturonate, salicylate, stearate, subacetate,
succinate, tannate, tartrate, teoclate, tosylate, triethiodode, and

val erate salts. Since a single conpound of thé present invention nmay




15N, 180, 170, 31p, 32p, 35n, J 18F, and 36C1,
respectively. Conpounds of the present invention, prodrugs thereof, and
pharmaceutically acceptable salts of said conpounds or of said prodrugs
whi ch contain the aforenentioned i sotopes and/ or other isotopes of other
atonms are wi.thin the scope of this invention. Certain isotopically-I|abel ed
conpounds of the present invention, for exanple those into which

radi oactive i sot opesCelizh altsyl, 3, ang alidyiaradi CeiPalkghed, eadk &fUGhicH| isi N
drug and/or substrate tissue distribution assays. Tritiated, i.e., 3H and
carbon-14, i.e., 14C, i SO}RRSI"K | Gathar by 2P&E8hey %h&i ase of
preparation and det ect abi Illﬁt y. utﬁ?ldg?d,rtédsﬁ%sti t ut P%rﬁ 1v%w tﬁ%}ggg‘f}}t r |e;cgetaopes
such as deuterium i.e., ﬁ&%ﬁéﬁﬁﬂk Egtﬂgcertain t her apeuti c advant ages
resulting fromgreater netabolic stability, for exanple increased in vivo

hal f-1if [ be_.pr ef [
come o r cunet Eneheie) RPTIRCTEA LECR ST 08 ol d o oo ru o TGEnt | on

and prodrugs thereof can generally b repar.ed by.carryl put pr ures
di'sclosed in t hALEGR °"§ndﬁ8ﬁ“‘?‘ﬁmﬁﬁ’89§xa% s ang °Prt ti o‘r@ogéﬁow, by
substituting a readily ayailable,isotopically |abeled reagent far
non-i sot opi cal | Néﬂd@@ wﬁ%@@ﬁ?f.» XR'S6 i §(¥Mﬁti W@@%lm‘éwgggés
pharmaceutical conmpositions coptaining a conmpound of formulas I-lab and
met hods of treathREFEPBRIB erMRiR/eatfi sor ders, or abnormal cell growth, by
adm ni stering prodrugs of conpounds of the the present invention. Conpounds
of the present Codentdlyl, hawCng alreoyl, afb-fa alkindl, Ksdiioxgyadeallgdr Kix@Hoi c
groups can be converted into prodrugs. Prodrugs include conpounds wherein
an am no acid resi dueyclmikydelig) yHON(Te@s alkpl),n-SO0);(CRIROK,-amyl; eryl,eargialkyt, wo,
three or four) amino acid residues is covalently joined through an anide
or ester bond to a fheeoayl, teterbatsiiatyy leteredichiXbdtérecriyislkgl COCRR),,-
conpounds of the present invention. The am no acid residues include but are
not limted to the 2@ynat uNRFICRREGUEA] NO-OIORMZ) AhbRfoap@ MR (RS Nat ed
by three letter synbols and éFfB_?n?ﬁﬁdes(g-hydgpxyprgﬁ?ne, hy&roxyﬁysine,
denpsi ne, isodenDsi NesterdaryBt hMF@Rﬁsbmdhéﬂé‘mcﬁWIV%ﬁneNR*I@RaRﬁL-%Biefb% clyl,
gama- am nobutyric acid, Cirtulline, honocCysteine, honpseri'ne, on?tﬁlne and
met hi oni ne sul fone. Additippakptiyp lu al ' S . For
i B R e St R R

i nstance, free carboxyl groups z m dés or

ool L5, 010 EGURRTRE S B SRSt BL S
d ph h I thyl ox b , t]li,ned in Ad d_.Dr i ,
a0, phosphon ! DT B QYGRS o8 R AtaS. LSRR Bl )

al so included, as arﬁ‘carbo ate pr_drugﬁ sul fonate esters.and sul { at
esters of hydroxy grOfpo K¥pat FSEPIOBMTGKYhy A y R AR asSONRRY,
(acyl oxy) net hyl and ac¥lpxy)eth | .ethers wherein the acyl group may, be an
al kyl ester, optionalit{)Rubsttt » wi 19CERUps THef > butNRG(OR i t ed
to ether, amne and carboxylic agud fu ctionguitie§, or mhgrg th; acyl
group is an am no aciCORIRE . DRTEs ARBLDNRR o NBrENANSDRERG 0ABasw .
Prodrugs of this type are described in Med. Chem 1996, 39, 10. Free am nes
can al so be deri vat i hatatomsl, arylalied, hederbdrplabyl, desrapyclyh esbhaeracyctidakAl | of

t hese prodrug noieties nmay incorporate groups including but not limted to
et her, am neis@nt 2c3rbardyland aci d functionalities. It is to be
understood that in instances where two or nore radicals are used in
successi onjisq gdef i ne a substituent attached to a structure, the first naned
radical is considered to be termnal and the | ast naned radical is
considered to be attached to the structure in question. Thus, for exanple,
the radical arylallcyl is attached to the structure in question by the

al kyl group. The invention also-relates to a pharnmaceuti cal
conposition for the treatnment of a hyperproliferative disorder in a mammal
whi ch conprises a therapeutically effective anmount of a conpound of the
present invention, or a pharmaceutically acceptable salt, prodrug or
hydrate thereof,. and a pharmaceutically acceptable carrier. In one

enbodi nent, said pharmaceutical conposition is for the treatnent of cancer
such as brain, lung, squanous cell, blaglder, gastic, pancreatic, breast,
head, neck, renal, kidney, ovarian, prostate, colorectal, esophageal,
testicul ar, gynecol ogical or thyroid cancer. In another enbodi nent, said
phar maceuti cal conposition is for the treatnent of a noncancerous
hyperproliferative di sorder such as benign hyperplasia of the skin (e.qg.,
psoriasis), restenosis, or prostate (e.g.,benign prostatic hypertrophy
(BPH)) . The .invention also relates to a pharnmaceutical conposition for




Patients that can be treated with conpounds of the present invention, or
phar maceutical ly acceptable salts, prodrugs and hydrates of said conpounds,
according to the nmethods of this invention include, for exanple, patients

t hat have been di agnosed as having psoriasis, restenosis, atherosclerosis,
BPH, |ung cancer, bone cancer, CMVII" pancreatic cancer, skin cancer,
cancer of the head and neck, cutaneous or intraocul ar nel anoma, uterine

cancer, ovarian cancer DETAJLED DERSCRIPTIGNGSF T#E INWENTADN €gi on, stomach
cancer, colon cancer, breast cancer, testicular, gynecologic tunors (e.qg.,

uterine sar COMasTheCidfvel Fduals atten{paéstet@ By afk ﬁ:@taﬁtsmve;ﬁ{o%' 050 ledcRbed

endonetrium carcinoma of the cervix, cartinoma of the vaglina or carcinoma
of the vul MR) e HRAGK Arsudi 5&RS e hg%f’ C f.the
smal | int e\s{bt%rl ngl_égcancer %l? %e %Hld%%? ?néends@élp %étﬁi%ﬁﬁggglc%@g@ﬁ%{t%&d

t hyroi d, paﬁg&ﬂégﬁkg pr adrenal gl ands), sarcomas of soft tissues, cancer
of the uret cancer of the penis, prostate cancer, chronic or acute

| eukem a, solid t,unors af c tic ncer of the
bl adder, cancer T BQ“%GOB?%W%¥H¥ ﬂ%wsP%%%$RQ3P¥“@§$é$H%QH Cig

carci noma of the rena eIV|sé or neopl asns of the central nervous system
(e.qg., pri max% Wﬁrfoi apyegalkylatiodp rGs-Chr gt ??0%){0@1@1@1 emds-Gr
p|tU|tary adenonas Thi s |nvent|on also relates to a pharmaceuti cal
conposi ti or’tletf‘é?CYPWHlkbﬂa{lﬁYh@aﬁb abmhigh eal be @ptonailyi substithiedrmuith ihi 8heroapspr i ses
an anount of a conpound of the present invention, or a pharmaceutically
accept abl e is¢gpendsntly stleciedefram oppdutaggn,tdyene aftro, iriflupoorhéthy difinosaitethoan,
anount of a chenotherapeutic, wherein the anounts of the conpound, salt,

sol vate, ortrifinodmethoxpnaridd, NRISORYDSGRNRIRYICIOR e COQ¥OIer-Osf(ORY, ive in
i nhi biting abnornal cell growth. Many chenotherapeutics are presently known
in the art.SOR*onaVR‘ctoRfentNRidIOR) enotdFIREUL-NR'RE  SBIREC@AIPROM t he
group consisting of mtotic inhibitors, alkylating agents,

ant i - met abIRIRNCN)RRERG aORY, i s, B&%to'ab@tz\r?ﬁ]k r¥drbarl RGP heiddblyR IPth[nﬁ cell
cycle inhibitors, enzynes, t opol soner ase |nh|b|tors bi 6l’ogi cal” résponse
nmodi fiers, naftde H9hﬂ8@e$ angi ogenesi s inhibitors, and anti - andr ogens.

This invention further relates to a method for |nh|b|t|ng abnor mal Cel

growth in a manmgl perselttt,%hﬁﬂgatgoa%m%peo% Jugh ffpﬁﬁﬁ%%‘ dxthffgcpﬁ thod

conprises adm ni St ring to ITDUI’] oun

pr esent |nv%pg#_@lRp% Eg%q%&%yg %%% §ﬁ%able salt or solvate or

prodrug thereo rn co i'on mn Fﬂ%rapy, wherein the amounts

of the compound,.,salt, solv , |s i.n ation wth,the

radi ation ther apy® F PR Wgr?ti“ﬁl iaﬁﬁilgf"(l ?‘Fg IO%c’gBP&d joﬁhﬁre& K1i8ati ng
the hyperp ferat e d| rqder .in the nannal Techni ques for adm nistering
radi ation EW@PaﬁyOf Rnisdipdrogen. * and t hese techni ques can be used in
t he conbi nati on therapy descri bed hereln The adm ni stratiron of the
conmpound of the f‘lﬁ\lﬁ?ﬁFPfoHWPW(tnhP]@dﬁ%ﬂ?ﬁaﬁ@@%@ﬁeﬁﬁp@a@@lﬁ bahgsie Wiised as

descri bed herein. i s, believed that the conpounds of the present
i nvention c@@)ﬁ)&td’érc@ﬂ&%? cells nore sensitive to treatnent with
radi ati on for purposes of killing and/or inhibiting the growmh of such

cel I's. Accor di nghgpresént mvemtiosralsoqmo fidest doerponmdsalf dsatude H: met hod f or
sensitizing abnormal cells in a mammal to treatnent with radiati on which
conprises adm nistering to the margal an anougt of a conpound of the
present invention or pharmaceuticajly a¢pepta-|e salt or solvate or prodrug
t hereof, which anount is efREctive 2| Nng abnormal cells to
treatnent W th radiation. The affo of thg yound, salt, or solvate in

i eans for ascertaining
Eﬁll.o ferel . The invention
maceut i cal® conposi tion of
i nhi biting abnornmal cell gromt -4-} a mammal whi ch conpri ses an anount of a
conpound of the present invengaon, or a pharnmaceutically acceptable salt or
sol vate thereof, a prodrug thereof, or an isotopically-Iabeled derivative
t hereof, and an anobunt of one or nore substances sel ected from
anti-angi ogenesi s agents, signal transddction inhibitors, and
antiproliferative agents. Ant i - angpogenesi s agents, such as MWP-2
(matrix-nmetal |l oprotienase 2) inhibitors, MW-9 (matrix-mnetall oprotienase 9)
i nhibitors, and COX-11 (cycl ooxygenase |1) inhibitors, can be used in
conjunction with a conpound of the present invention and pharnaceuti cal
conpositions described herein. Exanples of useful COX-I1 inhibitors include
CELEBREX' (al ecoxi b), val decoxi b, and rofecoxib. Exanples of useful matrix
met al | oprotienase inhibitors are described in WO 96/ 33172 (published




An illustration of the preparation of conpounds of the present invention is
shown in Schenes 1-4. Schene | a MeO O HN,2R8 R 9 \' n HO O HN
Hhyrdoxyl H Rl am ne HNF-/---R8

wherein W, R}, R7, R8, R® and R are as defined above for formula I.

The present invention also provides compounds of formula II in which R” is Ci-
Cio alkyl, C3-Cy 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, triffuoromethoxy, azido, -NR*SORS, -SO,NR’R?,
-C(O)R?, -C(O)OR?, -OC(O)R?, -SO,R?, -NR“C(ojOR“, -NR*C(O)R?, -C(ONRR?, -
NR’RY, -NR’C(ONR’R!, -NR’C(NCN)NR’R’, -OR’, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl.

The present invention also provides compounds of formula I wherein R® is -
OCF3, —Br or —C1, 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(OINR*OR®.

The present invention also provides compounds of formula IIT;

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



R2FIN, Fif7.-Thel Raz-.-.-_-N RM="NR- 10 29 Scheme 3 0 R2 1'%-' R8 15 0

--- R8 HOR2Z OH

The present invention also provides compounds of formula I1I in which R’ is C;-
Cio alkyl, C5-C7 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,RS, ~SOgNRéR4,
-C(O)R?, -C(O)OR®, -OC(OIR’, -SO,R?, -NR*C(O)ORS, -NR*C(O)R?, -C(O)NR’R, -
NR’R!, -NR’C(O)NR’R?, -NRC(NCN)NR’R, -OR’, aryl, heteroaryl, arylalkyl,
| heteroarylalkyl, heterocyclyl, and heterocyclylalkyl.

The present invention also provides compounds of formula I 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
‘hydro gen or halogen.

The present invention also provides compounds of formula II wlierein 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 IIfa: .

A 0
H 1
R
N
\(\\\j\
RN RE Z RS
R? .
EN '
IIla

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 I
The present invention also provides compounds of formula Ila in which R is C;-
Cyo alkyl, C5-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



Schemre 5 0 OHOHRIHRI NI , , L'1---R81-"R8 HNF , RZHN R70R730

Ceneral synthetic nmethods which may be referred to for preparing sone of
t he conpounds of the present invention are provided in PCT published
application nunmber WO 00/ 42022 (published July 20, 2000). The foregoing
patent application is incorporated herein by reference in its entirety.
The exanpl es presented below are intended to illustrate particular

enbodi ment syi@fuotdiftiylV AiffuofinetBRd, AfieubRnetHkgNdgidot QNJR"SE)% RSt hgp of
the specification or the clains in any vvay An illustratron of the

prepar at i on.cgb)rONe Q‘f)Ct@ﬁ@F ORﬁ‘ |m4@a§¥§eéen{ pes_1-4.

Schene 1 ill usgrat es the’ synthes corrpoun S of the | nverit I on.
R T R STt e TR
di spl acenerheté’}”ogrglaﬂ%memcyclyp and heterocyclylalkyl. :
The present invention also provides compounds of formula Ila wherein R® is
-OCF3,—Br or —C, R? is hydrogen, and R! is lower alkyl or halogen.
The present invention also provides compounds éf formula Ifa wherein R® is
hydrogen or halogen.
The present invention also provides compounds of formula IIla 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 b:

g 8
RT—N R R

ITib
wherein R', R”, R® and R® are as defined above for formula I, and A is —OR? or -NR*OR?,
wherein R and R‘f are as defined above for formula 1, |
The present invention also provides compounds of formula b in which R” is C;-
Cio alkyl, C5-C; cycloalkyl or Cs-C; cycloalkylalkyl, each of which can be optionally
substituied with 1 - 3 groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR*SO.RS, -SO,NRR?,

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

12



tenperature in water followed by careful acidification with concentrated
mneral acid to pHnear 0. In step 3, the ester is prepared by standard

met hods i ncluding by not limted to Fisher Esterification (MOH, H2804),
and reaction with TMSCHN2 in suitable organic solvents |ike PhMe/ MeOH or
THF/ MeOH. In step 4, the dianilino derivative is prepared by heating (60 to
200 C) the ester with an excess of the appropriate aniline neat or in an
organi c sohvemt!, | NEFC@hates, RICCRERNPIRIRWNSIRR aryl, MieRRshrit, 2arylalityihe
preferred nmethod is stirring the ester wwth 10 equivalents aniline i'n

xyl enes at i l1e. | n step 5 the nitro arena is
heREdfaldL hbteoByIHS &‘E{yﬁege?g%ml

reduced to produce the di amné eduction conditions, including

I e e T s e e e

In step 6, diiam ng. i s, gyclization by heating with formc acid neat or
f or mani di nb@?@t—ﬁlé’rTﬁl’gﬂdgp’ﬁr[%‘ﬁ?ﬁayfyéo %arl?/%eﬂt i ke EtOH. Alternatively,

when Rl or R2 dgr;s not equal.halo the pitro arene can he converted djrectly
to the benzi m ddP8FEcseR Lvepion alsp wxides gorpoysls pf dompyly TP rwhapeip &H) 5C or
ot her palladiumsource |like Pd/C. In step 8, a halide can be incorporated
by st andar dlUaEx 9i6Hor0, ncl uding but not linmited to NBS or NCS and pTsOH in
organi c cosolvents |like THE and MeOH. In step 9, the benzim dazole is

al kyl ated to gi V&e @resenlr ingeptiah aljoxprovisles compoundd ofFornual JHb svhwéin IR aise
separabl e by standard techni ques, including, for exanple, chromatography
and tritur ayidogen ditlewat iyl athienr. iss-ORCcandiit ‘iis hpdtogen wisa ofs -AR‘GRy| at i ng
agent like an alkyl halide and base like Nall, or 1C2C33 in suitable

organi c sol vent Extdpe d3VexpadssiiHEefRied t @hfeis] uhe Jollawigs nefhliom 6F tem80isC.
12.7 can be further nodified by various synthetic nmethods known in the art,

as exenpl i kipthyeeti@vaghblit ibisepeclfibatibme ester is hydrol ysized by standard
saponification nmethods. The acid is then converted to the desired

hydr oxandte in I %(Eita PO R CHRLENERP GF §ickL kB i not
limted to EDCl %ﬂégr BCPgﬂignd t he aprpfué%ri ate ?ging%eg?néﬂ]n% Ilggént

sui tabl e oLGABHGSRINME Giald 1%@1{})% ékﬁg@ - 158G h G C Qic?xrajs,?rﬁgth\élh Ictlh_PfISC hemre

2 illustrates an exanple 1n I substituent rs on e

i t t i i i t Th ti
Resori pui ontri Rt PhBREE e bk el iAol bRty oA hcBlt, | o
to i t ed,BY it t i th il f t he. beqi i .
o sohone B8 2 REED attert? REERTREA el "ot 380 e ks o eroRBrE Wb es i s
ill trated...| t t t i | | ker f th | kyl at ed
Ibeng?mrgag&décaﬂ%%? ﬁé%leﬁ‘geg{%ﬁ&y&lmenelﬁ%? gf%d‘\‘gu?t a)l:/)I 2 gxi dant |ike

0s04 in suitable solvent or KVh04 or 12, AgOAc, AcOH, water. The diol is
then further oxPdi redw pkeEp wsy alamds piseyAbmenns staishbmiddbranobhdsi ¢
m xture to _give the al dehyde. Alternatively (step 3), the al kene can be

di rectly chhdrerarben radicelshaving oy bl earbovcriems ard Hdehst pnecdaybilerhynd ead not
limted to ozone/ Me2S, NalO4/0s04 or KWVnh04. In step 4, the amne is

prepar ed byjnchulis cthend, propewyt, ildmt-3sinyly 1speandang, idehddnybashthadikélaMohe BH3,
Na( OAc) 3B11, NMe4BH(OAc)3 with or without AcOH in a suitable solvent such
as net hyl epefahddord ever alkatyd hating 3-6 catboil klomsThe preferabl e reduction
amnation is to treat the al dehyde with am ne, Me4NBH( OAc)3 and acetic acid
in MeCN at r 0ONByeTpET; ahlliyel”, “lower%l;,k\,ln?ﬁﬂeaﬂd FAUSAT Ab8S siriiRhPaRRIRhE@N Of
conmpounds of the present invention ere Wis heterocyclic. In step 1, the

met hyl est ﬁfzdrbzsars&maafcmqhaﬁa% e Y616 8kE8n BonRldnliat s IiE WoRdbAG 1N @
suitabl e solvent |ike EtOH af tenperatures from50 to 100 C.~ The desired

het er ocycl i L Ve r gl 4 zaj 4 i e

Appr Opr | at SRS UG Rob Ay BBt BBLEE N InERE THE SR lottel Ml Slony
orthof ormage, ..l | K i et orthoformate, and an acid catal yst |ike pTsOH in
a suitabl eh%gscc%bgﬁ\?%& | i ke EtOH at el evated tenperatures (50 - 100 CO).
For hydroxy oxagdi azol e 22 the hydrazide can be.cyclized w th phosgene or a
phosgene equi va @?1%‘6 tF%Z'P?lP%Wgs‘fj‘eﬁ’Q HP“BEI“B‘%?HWIYd? 2Rk 2 YpEee, | JoEmey; ¢ abl e
organic solvent |ike toluene at tenperatures ranging from50 to 120 C. The
mer capt o oXHEMB%RAREI0dMec an he prepared by reaction with carbon disul fide,
and base like KOH in suitable organic s¢jvent |ike EtOH at el evated
tenperatures (50 - 100 C). The ami no oxadi azol e 24 can be nade by reaction
with BrCN and base |ike NaHCO3, in a suitable biphasic solvent systemlike
di oxane and water at roomtenperature. Finally, the substituted am no

oxadi azol e 25 can be prepared by first reacting the hydrazide with an
appropriate isothiocyanate in a suitable organic solvent |ike DVF or THE at
tenperatures ranging from25 to 100 C. The internedi ate can be isol ated or



291 29s 29t 29bb 29111 29nmmm Adm ni stration of the conpounds of the
present invention (hereinafter the "active conpound(s)") can be effected by
any nmethod that enabl es delivery of the conmpounds to the site of action.
These net hods include oral routes, intraduodenal routes, parenteral
injection (including intravenous, subcutaneous, intranuscul ar,

i ntravascul ar or infusion), topical, and rectal adm nistration. The
amount of the a@y vayeonpRead AdFoRiags Mok grbah g&egﬁgcaeﬂhglerﬁﬂgﬂe.%sybj ect
being treated, the severity of the disorder or condition, the rate o

adni ni st r aty Q&]))hﬁlﬁtiﬁ%%ﬁ%%% %?ﬁpg%nyg??re%@?@%@ﬂdﬁﬁgd hils iﬂiviﬁﬁéﬂaﬁti 104 9156% the

prescri bi ng physici an. osage 1s”1n e range o

o about 35 ROTRRTUyE Phrer REp B Bt E it oG Bk BBV S

woul d anmount t.o .about. 0.05 to .7.g/ da ref er abl bout 0,05 to, about 2.5
o day. 1 S5 SRER B gl el S0 et G b gast e

af oresai d r.apge qp e nore than adequate, while in other cases stil

| ar ger dosé@“ﬁﬁyybél BYed without causing any harnful side effect,

provi ded that such |arger doses are first divided into several small doses
for adni ni strat B heteBughoist mesd qpgyer more arqmatiq Eme\aystemas Uind Smegr Be
applied as a sole therapy or may involve one or nore other anti-tunor

subst ances mdmgereivangs| which twindes fosed dug systams (ebleasd oampof whichiis atonmtic) of

i nhibitors, for exanple vinblastine; alkylating agents, for exanple

ci s-pl ati n,5-Uhetoop| @niamniagdt topsi apraad pipatei fber heintohtomst shroteil tfeay nitargegxanpl e
5-fluorouracil, cytosine arabinside and hydroxyurea, or, for exanple, one
of the prefoaygadoanilivrrEkaiples bebetetossl goeaps ad plridmpt anidRaitAnpyaididygat i on
No. 239362 such as N-(54/4-(3, 4-di hydro-2-net hyl- 4-

0X0oqui nazolplyikw6lyy,| tiiezdIl pyMzi®1, idttaaoiyl) oiry,- thik@RD Vidoxakoldl, Wi, 8Ldzdlyl,gr oW h
factor inhibitors; cell cycle inhibitors; intercalating antibiotics, for

exanpl e adiiomiN£ily), BfdolRl, QRRMHNYS, i QRENEBSEY], iﬂll‘blﬁ,xﬁél\%lﬁidaid%'ﬁéﬁﬁﬂﬁﬁnﬂnd

anti-hornones, for exanple anti-estrogens such "as vade (t amoxr't'en)
or, for exapbBadanting 1008A5); h aﬁ%ﬁg@le ;5}}4332 T T
(4'-cyano-S??aﬁ?ﬁhoro%ﬁg%yl§hﬁ%ﬁ%ﬁyf§-ﬁ- y foﬁ)- -&%ﬁhyF@?ﬁﬂ’ tsoindolyl,
(trifluoro prapi.onaniJ i Syg nj Qi at f achi eved
by way of e sﬁrfuléan dus‘%’gag%%%lglhtilﬁg 05’?’ s@ﬁagﬁaazﬁ’lérﬁdotsﬂﬁﬁl&z% ’tﬁﬁra?% *vi dual
conmponent s’

f t t . Th h ti.cal I 11 i
xanpl 6. DEATIUEY b < BFEABT PR o UL aP Y ot ¢ SEFBRCAL e CUBRER e
le, pill, , ained. el ul ations, solution, . .
Cuepensi on gy ARAF pFRCRYY Bt FireoRaing. cPBRY POt be i HbeHEN BN or

enmul sion, for topical admnistration as an ointnent or creamor for rectal
adni ni st r atfoioRsoLhs deRBdipno Hetereyl sRws AL epftanaly mossmpdisi aritdribadytede in
unit dosage forns suitable for single adm nistration of precise dosages.
The phar mad8il p-8abalesen tsver iabeyl. Wewer ajkiexy.daloalkyl srxlebrtsroasl, aphydnexyeut i cal
carrier or excipient and a conpound according to the invention as an active
i ngredi ent. | n Addised dwrein, tthedgni Harhmtgclet, Hearboewild?’,ndycloalkph aorn@elihi cal
agents, carriers, adjuvants, etc. Exenpl ary parenteral adm nistration
forms i ncl ugdoalkylliréfenmso erturated perbatyeiis ralicalstiavirg thespotendarbomaster iMhe
aqueous solutions, for exanple, aqueous propyl ene glycol or dextrose
sol uti ons. cfledikyloade: fmonsdyclianobe pslycidaiel fasdliffsenegthndi damdesisel o an
Sui t abl e pharmaceutical carriers include inert diluents or fillers, water
and vari ougrogagiaing. S ESe i MEMBAS o !

i, ?{@gﬁ% of IR rRNAIMARAIG c@@ﬂo%g&@s}mwswﬁb F%ﬁ‘ﬁ%ﬁ

desired, contain | ingredients such as tlavorings,

Var bus. oxarDi A ROV Cng MBIy Yy TR, 20 BBt ST, PR, "

vari ous excipi énts, "such as“citr

vart ous 1 Sl BRLEICh: S ARSI BLER oo s S B GBAE”
RO A0 050 s U AR RIS Lot yapd i aur

conpositions of imlar type may al so be enployed in soft and hard filled
gelatin ca Bﬁésiagﬂ@%eﬁﬂéﬁxﬁaﬂéFWhl§@ﬂ%héF@?brBKWP“hﬂbB%Kﬂ%%m@seﬂ@Ern1Ik
sugar and hi gh nol ecul ar wei ght pol yet hyjene gl ycols. Wen aqueous
suspensions or elixirs are desired for oral adm nistration the active
conmpound therein may be conbined with various sweetening or flavoring
agents, coloring matters or dyes and, if desired, enulsifying agents or
suspendi ng agents, together with diluents such as water, ethanol, propylene
gl ycol, glycerin, or conbinations thereof. Met hods of preparing
vari ous pharmaceutical conpositions with a specific anount of active




The invention is illustrated further by the foll owm ng exanpl es which are
riot to be construed as |imting the invention in scope or spirit to the
speci fic procedures described in them The starting materials and
various internedi ates may be obtained from conmercial sources, prepared
fromcomercially avail abl e organi ¢ conpounds, or prepared using well known
synt heti c net hods. Represent ati ve exanpl es of nethods for preparing

i nt er medi at@galRflabhli®, | CyERikeV,arE,-Solkyndl t X8 MaloaliEXanples ndedmie 1 HN
7- Fl uor 0- 6- (4- br onw 2- met hyl - phenyl al ni ngl) - 3I1—I- benzoi m da;méll e6-55- car boxylic

aci d cycl opy9Ry R~ 1 ‘o3 AT f X hlr-o-benzoic
acid 2 A 3dclq$::6er thr eeﬂﬁgs:ﬁ%jraolﬁé]ﬁﬂgﬁ(ﬁloﬁﬁ%ask isd H?rﬁgjrﬁgagghagvﬁhﬁ% 125 n
112504. Fur’@gg%_kﬁitri c acid is added (8.4 m, 199 mmpl) and the m xture
gently stirred.”2,3,4- Trifluorobenzoic acid 1 (25 g, 142 nmmol) is added in

5 ortions ov 90, m nut 8s. «.Jhe dark, brownj sh yellow solution is stirred
For B0 min at wiCeiaaeleh B (B onRv: G iR Toorf acdicthic Bhe s e 1 s
poured into liter an ice:water mxture and extracted w th diethyl
ether (3 x "ééﬁf» rﬁt'a or %@e’@Bﬂﬁ&rﬁé‘@SoWB’& “icludes; Gised e Sysieres) of g Ho#sonnd

concentrated under reduced pressure to give a yellow solid. The solid is
suspended (SSniERH atsleat Pns aud, wytor ur efcreriomsr elgetegnirem nitrgen; pxygenféd t er ed
to give 29 g (92% of clean desired product as an off-yellow solid: M5 APCl
(-) rrth 22z8lfiveng withitegpretiso $hag pheBingdofAng grovp deesdiot comain-tFoniliacant Beorz oi ¢
acid 3~ Amoni um hydroxi de solution (-30%in water) (35 nil, 271 mmmol)
is added t & atossl A ifesedclyst@m3gad-ter a hétaocypis fused to ehenamite gouns Prefdfedg,

67.8 nmmol) in 30 mM water at 0 Cwth stirring. Upon conpletion of amoni um
hydr oxi de adttirddycies t esludeac bionarei otir #mitsd W& PyEroliGing O RRtEAFMORRIIHLE Wi th
stirring. After 2.5 h, the reaction mxture is cooled to 0 C and

concent r at efthydefiiagyic ar ef ubitahyaddeehyiint i | itagfdrdSagii,on M xh irshvpear 0.
The reaction mxture is diluted with water (30 m) and extrac%;ag%’y\fvi tyg]l

di et hyl et hgfahlydrodidratly), pipBedias) AR, &ﬁi_&hﬁ»ﬁi&ﬁiﬁ@,?&ﬁoﬁhﬁf %Epﬂﬁ% X 304)

and concentrated under reduced pressure to give 14 g (95% © sired

product M5 ilpéfa)zin'ﬂ zaz?tﬁnﬁ“@etgﬁﬁ,eﬁeﬁglyhﬁoﬁ@ngg?ienﬂ, A)xepanyl, &hifpewlyl,

4- Amino-2, 3-diTluoro-5-nitro-benzoi’c aci

sol ution of . di a e | ne . 13..75 |) i.s added to a
suspensi on 0(}:)(% E g%’n i‘%g%bg@gl f%&%@’- n?’tz’%%-%gﬁh%d}“ocp agfnéfl’gr%)'@}rﬁ(dmé? g.'l?
nmmol) in 2 . 4: 1. . THF MeOH at under nitrogen .at.nmosphere. Upon

conpl et i on%gﬂio %I%I&i Hdé]ﬁlhf‘ gact18mw lm%%"W%mfl’s HW&F‘?’Pgd q@(#f”é%ﬁ?ﬁ’eﬁﬁ@?‘g%‘m’e.
After 0.5 £XCess i azonet.hane is destrqyeq by the careful addition
of acetic tP’(f?’f‘}(;l’l'he Eﬁ@?ﬁ‘? isd prmglentr%g‘%}}ﬁ/%% r eadiB¥dofyraayk ur e
and dried in vacyo to give 1.95 g _8920_ . of pure desired product: M5 APCl
(-) mz 23P%% nydirudazolnyls: ep P azolidinyl, -~ 3-azabicyco[3.1.0]hexanyl, 3-

4- Ami no- 3-fl yoro-5-nitro-2-o-tolyl ani no-benzoi c acid nmethyl ester 5a

4- Ani no- 2, 3zievclebt bOthentanylp apbicyeiol2. hidthaxawat, BYi-indelyk and qindlizinyg, Sito 7

mol ) is suspended in xylenes (60 mM) and ortho-toluidine is added (55.2
m, 517 nmioicticyiaee slemincludad mithinithe spapetrddhie defimtiorf Mhx fovegding tioupd, ag under
a nitrogen atnosphere. After 36 h, the reaction mxture is cooled to room

t enper at ur detidd! faere dhevigtdupsl itistelt yabows, ety teen@-aniashed corviNtattadR¥oviHe aish ikiCL
solution. The aqueous washings are extracted with diethyl ether. The

conbi ned opgssitile Botinstatice, akfoupaiReeant frahgﬂrru&dﬁﬁy b@ﬁj&@cﬁd—ﬁl@xﬁ%&ﬁ‘ed? the
residue is dissolved in nmethylene chloride and filtered through silica gel
in a flittggrdlBIfelC-attdched)N Further, a group derived from imidazole may be imidazol-1-yl
(N-attached) or imidazol-3-yl (C-attached). An example of a heterocyclic group wherein
2 ring carbon atoms are substituted with oxo (=0) 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
15



wi th nmethylene 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-Fl uoro-6-o0-tolylam no4H benzoi m dazol e-5-car boxylic

aci d et hylmepberopfisnally subétithéd nei3- fol ¢QiApIs; 0-Tk aidi,oct-o Yﬂk% MRl HZO' c
acid nmet hyl ester SaH(f 5u7 g, 4.92 mml)ﬁﬁ%orn}cgam 1L L H% &’%

and 20% Pd(19kh c&@c £ven8,’ 1Hiro,2- a%ﬁndm%c)no JakeidoH &r(@r ?Q%'yt f rdgr;bq .

stirring to 95 After 16 h, thereaC|onm ture is c00

{emmer ot ur Ak, ScactRR gé"@ﬁcq‘ﬁ%%%? .ff?”rfﬁ qxa:aﬁg& fﬁﬁ‘lﬁgﬁdh%ﬁ@u o
wth Eror TRSEPFERR RIS ERRERR el Vil ééaéé*#%&sﬁe' unti 1 the’

desi red product reg i.tates.,, The desi od ct s cted

filtration. The ‘?"51 t e oRiEdH 8’5 r‘?‘?’jiiﬂ‘ egoﬁgﬁti’fé'édb’fl@duct
precipitates. The pr oduct is collected by filtration. Repeated EtOH
concent r at % °T FRYAFEY ™eipty(alsp 3p delinedrabiove) dere metepod ebdelylgadigals Az
pure desired product: M APCI g+ ink 300 (M+1l) detected; MS APCI (-) mz
298 (MA) d@f}é&gcﬁﬂcg@é?gamples mclude benzyl, phenylethyl, and the like.

7- Fl uor o- 6- (4- br ono- 2- net hyl - phenyl am no) - 1H- benzoi m dazol e- 5- car boxylic
aci d nethyl est dthegerm “heteroarylalkyl” means an alkyl moiety (as defined above) substituted

7- Fl uor 0-6- 0-t ol yl am no- 1H benzoi m dazol e- 5-carboxylic acid nethyl ester 7a
(2.00 g, 6.vé&h abetbpaiyd nwissypGited defindd dboVe)F Nilw@ Ifreferxdd lictero6891alldy) raditdisc ool ed
to -78 C under a nitrogen atnosphere. A solution of NBS (1.20 g, 6.75 mmol)
in 1:1 THatdVEDH of 5 6rhémbesedadabedodrol-CoMaRybY BxaMpR (Rludk) ox@tdljlRhydf
Ts0111120 (1.9 g, 10.0 moft. After 30 mnutes, the reaction mxture is

war ned to QyfRdviethyt frnhéfiker 1 h warnmed to rt. After 16 h, nore NBS (0.12
g, 0.67 mmol) 1s added and the reaction m xture is aIIowed to stir for 3 h.

The reaction m Xl grhS “BUEBERSHa Y Hﬁ%gggé ia% q{,mn]s&er@%ﬁdgag?dﬂnsal%y%l on.

After 30 mn, the reaction mxturels etate

and the la e h eth
acet ate. Tﬁgg%ongcp a‘;@; o?ghae?ﬁi](g e ra s a?/@fsalr?ee@%{m%g) an cBl}?)cleerﬁfir ated

under redu recqve solid tr|t Iene
chl ori de t%@%{@&&%ﬁg{ﬁ ra%gag a?‘3p§r e de?%’a"“’ﬂr e&?f8?3’° IAﬁ&? )]gTE *2P' 580,
378 (M1l Br_pajter detected tep G

7- Fl uor o- 6“{%‘1(%]{ W B'H’ nyl am no) - 1H benzoi m dazol e- 5- car boxylic
acid 10a

7- Fl uor o- 644- br GHH IS ﬁ??ﬂcﬂﬁgﬂklﬁ?ﬁnﬁ@fmﬂ)w(ﬁsd@QB?dea@Y@)aﬁubMﬂeﬂc aci d
met hyl ester, 8a 63 167 nunoft is suspended in MeOH (1.5 m and 20%
NaOH (400 piith g %YC ng mmfstt)'e(ﬁlsqéeﬂnedtqbew)eé\é?rﬁ@rﬁfm@dt hetesosyshd sslieads aro 0 C
and 1 N HCI solution is added dropwise until pHis 2 to 3. The reaction

m xture i s>dPT ersmbgredisydosyl-Geeslliyle Brrinplestineludedclopeopyayeind. separ at ed.
The organic layer is washed with brine, dried (Na2SO4) and concentr at ed
under reduced piésderme‘Me” giorns SBthyl ‘(B%%eansf eifigk i“Batl nprans batyl abB“APCTH (+)
Inn 366, 364 (M+l Br pattern) detected; Ms MCI (-) nib 364, 362 (M1 Br
pattern) deteendadtyl.Step H:

7- Fl uor o- 6- (4- br ono- 2- et hyl - phenyl am t zo) - 1H benzoi m dazol e-5-car boxylic

aci d cycl opr opy Ty pifaseciphamiicel@icdiy acceptable salt(s)”, as used herein, unless otherwise
7- Fl uor o- 6- (4- br ono- 2- net hyl - phenyl am no) - 111- ben20| rni dazol e- 5-carboxylic

d 10 I d
(1 ) an‘nﬂﬁ“ﬁfgg » SIAES I e GREBIRC et ik g B APl W pp

(82 nm, gﬁﬁp t X Iam ne
hydrochl ori &I%i\é[é b ﬂéOIS ?%gﬁmfv%;{'{}dﬂ &Bﬁ%gﬂﬁ%jsogéﬁgcyf’aes ]R#D&QX%HS %action
is conpl et xture | oned, bet ) t hyl ene chl ori de anpd

sat ur at ed ﬁ%{"ﬁcﬁzﬂ a% ‘@Habﬁﬁ'ﬁg% TS & Wideovatls a&e?gjgsdwéhﬁa?% "BgARs &nd ayer
is washed with sat ﬁgg@ brine. The qgrganic_layer is dried
(Na2so4) af@* st t 1 rmaryglmﬁsé ) Pé@éﬁr@ﬁ%@@mﬁﬂ Bfgeptahlei asidl by FCC
(elute with 20:1 et hl ene chlthide: MeOH)g 25 ng (45% of pure desired
product is isolated: Ms ESI (+) m'z 435, 433 (M+tl Br pattern) detected; M
ESI (-) mz 433, 431 (M1 Br pattern) detected; 1H NWR (400MHz, CDC13) 5
8.15 (s, 111), 8.02 (s, 1H), 7.28 (s, 111), 7.43 (d, 111), 7.07 (dd, 1H),
6.36 (m 1H), 3.70 (d, 2H), 2.38 (s, 311), 0.86 (m 1H), 0.41 (m 211),

0.13 (in, 211); 19F NWR (376MHz, CDCI3) -134.05 (s). Exanple 2 RN \=-1N
7- Fl uor o- 6- phenyl at ni no- 3H-benzoi nti dazol e-5-car boxylic acid nethyl ester




Recovered 22.22 g (72.78 mol ) of yellow solid which is pure desired
product. The filtrate is concentrated under reduced pressure, redissolved
in nethylene chloride and flushed through a plug of silica gel eluting with
met hyl ene chloride. The desired fractions are concentrated under reduced
pressure to give a brown solid which is triturated with diethyl ether to
give 5.47 g (17.91 mmol ) of yellow solid which is pure desired product.

Conbi ned peadteh sitisf QuitSbadic @hpBul@Uthe Mosd¥PGlvehition #8 2ha30hat M) non-
det ect ed. Step B:

7- 71 uor o- Srphensih aHiAG: s hanasiidinzohe plraREAIY Soafiie ML higsker 27a

4- Ami no- 3-fl uoro-5-nitro-2-phenyl am no-benzoic acid nethyl ester 26a (16.70

, . | j i T 5.). and 0 . ,
U6 01" mvol e etatepbelisfncfitthal S BhaB biEa it bibu RS et bR bionk e, 00 9,
dth 95 C h o T i i i )
Fomper at ur SIS 1 12 P Riie P aul BT Gl Xt iR, QAR

filtrate is concentrated under .reduced pressure to give a yellow solid. The
Sol 1 0 5 t FH6BHRa: GOVRIcL h CHPGERYTE: nortog; BHceny SR oRMIB Hes: & od
product as a tan soljid. M5 APCl, (+) raiz 286 (Mt]1) dgt ected; M5 APCl (-)
ink 284 ( Ngbyo]épé@rg@p]@tp_, hggyéqﬁﬂr@nge, hydrabamine, hydrobromide, hydrochloride, iodide,

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

aci d met hylsoddensge, ( Biglate, Slasfobponate, laurate, malate, maleats, mandelate, mesylate,

6- (4- Brono- phenyl am no) - 7-f | uor o- 3H benzoi m dazol e- 5- carboxylic acid nethyl
ester 28a methylsplfie mmnont§ -nopeyinié, autiats -oBittch exalatcpagenats (emborpda)peliplitate, aci d
met hyl ester 27a (4.99 g, 17.51 mmol) is dissotved in NN-dinethylfornmam de
(275 L) . hliartoiesits gibosphattédifiRsplmtg , polygalaClumomate) salicyiutky estbacede, aubmketatt, and
the reaction mxture is stirred at roomtenperature under N2. After 30 mn,
the reacti giciia tirBales tagBClREeEatbY ok latea eibitiibdoiicp hndqulenteSs4i8! BiatL
sodium bisulfite solution. The reaction mxture is then poured into a

separatory siim%léf\%lmpodhd GF st Phckdht WNeBtio RthyShbNle a6é M8 @RGcidIE of BUGE S
e

separated. The aqueous |ayer is extracted with ethyl acetate. The conbi ned

organi ¢ ex H"gﬁfef’ Hit 8o 86 of MeSfFedehiBSeMohm¥Phflnde U8, ¥ drtriliaitdd and

then are dri Na2SO4) and concentrated under” reduced pressure to yield

6.38 g (1009 ure desired product as a tan solid. M5 ESI (+) nth
364, 366 (%I@]g%%lgpl?led?n) det ect ed. Step B:

g'ci( g' E;f’ E‘y)l' 2'62[‘ P 'B-Qs%%'%%h 3B Poidtyth 4 UL ARE GioR; o SR ARY! 1 ©
6- (4- Brono; phenyl.am no) - 7-f l.uor 0- 3H-.benzoi m dszol e- 5- cay boxyli c aci d nethyl
oster oaa PRI BT oAb PoRROIIST g BT RIS T AIHG AR (275
inL). Nchlorgsuccinimde (2.36 g, .17.70 nml) .is added_as a soljd.and the
reacti on nP¥HEHaly an @organgdbase Frsbmied dngsarnag salls armiese ipmshvith akkple apdact i on
is complete (5-6 days). The reaction mxture js quenched by the addition of
aqueous s af¥abirnceRarth sastelpseabsas i, sestivrn, Revessigmy Dodur aad spens; dhsferpd
resulting solids are collected by filtration, washed wth water and di et hyl
et her and drgap¢ ubaser salislucioeluds, esour exemplpi elathmgordpng (drogylapimenivmpur e
desired product as a beige solid. M5 ESI (+) ink 398, 400 (Mt Br pattern)
det ect ed. bébeytmpinsondumn, 2-hydroxyethylammonium, bis(2-hydroxyethyl)ammonium,

6- (2, 4- D chl or o- phenyl am no) - 7-f | uor o- 311- benzoi m dazol e- 5-car boxylic acid
met hyl est phenfyfthylbenzylamine, dibenzyl-ethylenediamine, and the like salts. Other salts of

7- Fl uor o- 6- phenyl am no- 311- benzoi m dazol e- 5-carboxylic acid nethyl ester
27a (1.00 ﬁbidi%-rﬁéietﬁeiﬁhég inSludél FBEHSRMHIM, Mhoke SaltselobBEY HtR biicamée, Biimanand ( 20
m.) and cooled to -78 under N2. Ts011B20 (3.00 g, 10.50 nmol) is added
fol | owed by ey nRsHEHIN Sty fnSPwith bEsi03mHPlclds oAl & erldhd btk (e

reaction mxtureé s war Cto give a solution an n'30 mn |ater

warnmed to ; I e. StdFri r .. reaction is
Corpl et c. A IIRRIBYELE 1yl Bl Shinbic, Oth bieciflly BifHinRa V'R J SR B0
saturated saodi um biéLP fite soddoug' on and. dil.uted with ethyl acetate and

wat er and PPRSSUY Eflkotacompapng o LB My er is extracted with ethyl
acetate. The conbined organic extracts are washed with brine, dried
(Na2SO»4) and concentrated under reduced pressure. The resulting solid
residue is triturated with nethylene chhpride to yield a white solid which
is collected by filtration to yield 1.05 g (85% of the pure desired
product. MS ESI (+) nmlz 355, 357 (Mt O pattern) detected.




Exanpl e 5 HN

6- (4- Brono- 2-f | uor o- phenyl am no) - 7-f | uor o- 3H benzoi m dazol e- 5- car boxylic
acid nethyl ester (84) Step A

4- Am no- 3-f |l uor o- 2- (2-fl uor o- phenyl am no) - 5-ni tro-benzoi c acid nethyl ester
5b 4- Am no- 2, 3-di fl uoro-5-nitro-benzoic acid nethyl ester 4 (1.50 g,
6.46 mml) is suspended in xylenes (7.5 nL) and 2-fl uoro-phenyl am ne (6.24

m., 64.6 ml) iwirRedpet tlBRid B8RtibOR sdlt lroHiRdiby 184 irkdt@dn@lf 2 BRpbudingier N2.
After stirring for 6 days, the reacfion is conplete. The react|On m Xt ure

{1 ored t Lﬂ?%B%ﬁ%‘@??ﬁﬁ%?:%?‘%%ﬁﬁdg%ﬁ% H‘mné?ﬁ'yf%%%ﬂzéé Rl Ff éé%jﬁ)h to
. .' . T 1 s I X a

1 turat od BPERL F%l%['“f{’ﬁz i3 E‘éﬁ IP%)I‘ %fcﬁelfda{ Tor g @f I@%t 'ﬁ%dgﬁc%&ﬁ% s %518103 -
turated et e 3 o Y

(5209 of ¢ et GO SR an Pt W Rsgsl Poof it %65 sl ¥ B ma” s ep

géi g Ergt E;ﬁrq;ggcf%&érg%a?npqgesgﬁé ?g]n{]e%)wﬂ Ifclajr(z)x:[ig, a%lgt_ig eé[u%gigilc?] ci(ij:r;i'lcz,ollacﬁic,5 nfa?erictxj,oxyl e
4- Am no- 3-f | uor o-2- (2-fl uor o- phenyl ani no) - 5-ni tro-benzoi c acid nmethyl ester
5b i s convERRaEC, IR, phadige PrBpicc Jruricz Bt gletamic P-srmnhoris igbrariss glyedlic.es

al ready described to yield the desired product. M5 ESI (+) mz 382, 384
(M+, Br patphihahg, dertetes, edauri® arspadic,6 $4BO@lo, HeDanesulfonic, benzenesulfonic,

6- (4- Chl or o- 2- net hyl - phenyl am no) - 7- f | uor o- 3H benzoi m dazol e- 5- car boxylic
acid paratoluenesulfonic, sorbimgtuny) bembier cihBahic and the like organic acids, An

7- Fl uor o- 6- o-t ol yl am no- 3H benzoi m dazol e- 5-carboxylic acid nethyl ester 7a
i s conver teggbelajly pheferpedatidef thisathpeeR dyhydeshloride dr &alfatd s41MbNA LbBPoungeFe Pt
Nchl orosuccinim de is used instead of N-bronosuccinurThide, to yield the
desired pr aibigkseniivéstlon(+) i nk 334, 336 (mt, O pattern) detected. Exanple
7 H300 0 HNOCF3 '

7- Fl uor o-6- (2- 1 mety dorfipdunizd ot Qo R itveRRGH WS Mhhs Shin ERERME dagol e- 5-

(CR'R), are used, R? and R’ may vary with each iteration of m or t above 1. For
instance, where m or t is 2, the terms (CR'R%), or (CR*R®); may equal —-CH,CH;- or -
CH(CH3)C(CHCH3){(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 isémcrs and stercoisomers of ;
tiw 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 therepf. The compounds of the present invention may
also exist as tautomers. This invention relates to the use of all such tautomers and
mixiures 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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carboxylic acid nmethyl ester (8f) Step A

4- Am no- 3-fl uoro-2-(2-nmethyl -4-trifl uoromet hoxy- phenyl am no) - 5-ni t ro- benzoi
c acid nethyl ester 12a 4- Am no- 2, 3-di fluoro-5-nitro-benzoic acid

met hyl ester 4 (0.50 g, 2.15 mml) is suspended in xylenes (3 nm.) and

2-met hyl -4-trifl uoronethoxy-phenylamne (1.00 g, 5.23 mml) is added. The
reaction mxture is stirred at 140 C under N2. After stirring for 7 days,

the reacti are fe?la@ed%y(wﬁ&nq{avﬁlk%t&dﬁﬂc EBkLb Bhss ARMDEY Befbeht rdghd faald ON
m xture is cooled to roomtenperature. The reaction mxture 1s poured into

a separ at oy, %}”ﬁhssaﬂtﬂn@reﬁsm{lﬁ%%ﬂﬁr i:f‘BQtuﬂer/OPB&h'x%fétEﬁot gftggéseﬂ?ag%ﬁ' gnd the

| ayers separated. The agueous phase IS extracted portions of
r

di et hyl et : i i | IS - ri SA4) . and
concont rat eborpeags iREUASRAAE LM, Bhidion BEFLEE PG MRy Shoth

met hyl ene chloride and flushed through a.plu sjlica gel. elutingswth
met hyl ene CHFR U YEMHPIPRR OF%{SeSlf@:tﬁﬁ%rHﬁﬂtk}ngt‘g%Mlﬂ?dé C%r%d%ehﬁpligssegr eto
give a bright wellow gol i,d. i3sThggsol i d,i s washed with di ethyl ether and the
filtrate is “onPentYated g’nd ?]:ed%i@eggcbr]@%?@%noc‘%@qﬂéﬁi@@e ipEeseRfr t her
purified by FCC (eluting with 100% net hyl ene chloride) to yield 0.39 g
(45% of t Aevegtan, pEefrpgs theisplh dud pheammaseujistilosgcensthlel saligmiveid qompoynds or02

(M 1) detected. _ )

St epB. 7- FI @6f&d pradrugyethish coptain thelaforemensionad {sotohesandéoriottu) isBtdpes of other

benzoi m dci zol e- 5- carboxylic acid nethyl ester 8f

4- Ami no- 3- fatomoy are Frithh e tsbopst-of-this iifitention n€etain ysofiparaity-datieted) compbividsafbenz oi
c acid nmethyl ester 12a is converted by the reduction/cyclization procedure
al ready desler plossit frveption| fortdxam@hrsthodinter whikk tadiddot APSbiopes suth a88Y and\ 4+1)
detected; Ms .APCI (-) nfr 382 (M 1) detected. Exanple 8 Preparation of
Hydr oxyl ami'ftesre incorpdysléd xath afei@ Sn UGaE Undfodrsubstitd Gisdel Migbaaniouhdss of the
present invention nay be prepared as follows

(i) 0- (2- Metrigepsded S dVe) anyeaiponviliaie. "ecSbiBpdY are particularly preferred for thei
2- (2- Met hozy- et ﬁ’oxy) -i soi ndol e-1, 3-di one P am%EA%1 ?rl%pr%e,r{e G%I t%%ﬁsei S

ol ), and NS e o T 160 en 3ol WAn iR il dn fg
resul ting guaBae, SpbULHORe Sk Lhsh Helbdlic 'ARM SIRSLALY So The feact i on

m xture is concentrated i'n vacuo, a SO s ar W th

CHC13. The_filtrate ,i.s concentrated again, .and the solids are filtered
washi ng w {rﬁkaéﬁ[‘ffiisgabf“ﬁ%s Fofi’@ggﬁ‘? smflgﬁsg t & ava iBelHGe o PE cepvaedt do3a8F s
The fi nal ¥e| | owi sh Sé)| ids are I‘ECI‘%(S'[$|_| ized fromEtOH to give the desired
product ( 7TeAugemeEs gpd, hepcs, may by profeyred i sme pircAmstanses okgericabnlsbeled T a
sol ution of 2-(2-nethoxy-ethoxy)-isoindole-1,3-dione (7.7 g, 35 mol) in
CH2Cl12 (30°%poud ¢lgBerpiearRidrEinire and presress thétteﬁ@%wﬁnaﬁllmgve(mewﬁby 36
mmol ). The - resulting solution is stirred for 16 h at roomtenperature. The
white sol i BATHERS qUt| propsiyrest flisclppesl gw| thenBcliemes agndfan| fry the sExdnipdet efd under
reduced pressure, then the concentrate is distilled under vacuum (20 tom
57-58 C) t Breapfabent hedhew,dossubsiitupng d ueadily 2valahle i6@opically labeléd rpgditdor a

foll owi ng hydroxyl am nes are prepared as descri bed above using the

appr opri at sorisowpihRy labtled repgémtdol e- 1, 3-di one intermedi ates are purified by
fl ash chromat ography. NO-(2-1sobutoxy-ethyl)-hydroxylarnine is used
directly w thouThis invention also encompasses pharmaceutical compositions containing 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
19



purification. NH2 0(2-PyrrolidinThyl-ethyl)-hydroxylamne is used directly
w t hout purification. CN

0-(2-Piperidin-1-yl-ethyl)-hydroxylam ne is purified by Kugel rohr
distillation (chanber tenperature 140 C, 1 ton). o-NH2

0- (2- Met hyl sul fanyl-et hyl)-hydroxylam ne is purified by vacuumdistillation
(76-78 C, 20 ton). O-(2-Phenylsulfanyl-ethyl)-hydroxylamne is used

directly wirkdiduds ipusvaldneigtibiann thilddh an amide or ester bond to a ﬁ:ee amino, hydroxy or
0- (3- Met hyl sulf anyl-propyl) - hydroxyl anBne is used directly wi f hout

purificati Q@rboxylic acifl 5& I @ufpRlh B Mge Pﬁ@é’érﬁ’iﬂ\lrﬁffbﬁ‘eq‘h@%ﬁmw F‘{'e%)gl é{

the appropriate isoin 1 3- d| one by oxidation using oxone ef

Lot 1981 iR 1B APGhAST o 08! SELLED ARuRACHRS aaafvcg 0.9, )3

0- (2- Met hanesu fonyl ydr oxy am ne 1s use
i ficat 2-.B I I
s puri 1 catBgd mws&ﬁtawmwn HENRoe e lﬂ%ﬁydroyxy Bk, " "

demosine, 1sodemosine, 3-methylhistidine, norvaline, beta-alanine, gamma-aminobutyric

acid, cirtulline, homocysteine, homoserine, omithine and methionine sulfone. Additional
types of prodiugs are also encompassed. For instance, fres carboxyl groups can be
derivatized as amides or alkyl esters. Free hydroxy groups may be derivatized using
groups including but mnot limited to hemisuccinates, phosphate esters,
dimethylaminoacetates, and phosphoryloxymethyloxycarbonyls, as outlined in Advanced
Drug Delivery Reviews 1996, 19, 115. Carbamaté prodrugs of hydroxy and amino groups
are also included, as are carbc—anate prodrugs, sulfonate esters and sulfate esters of hydroxy .
groups. Derivatization of hydroxy groups as (acyloxy)methyl and (acyloxy)ethyl ethers
wherein the acyl group may be an alkyl ester, optionally substituted with groups including
but not limited to ether, amine and carboxylic acid fanctionalities, dr 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 functionaliﬁf‘:s.'

C Ttisto be understoc;d fhat 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.

20



0 00- ( 3- Met hanesul fonyl - propyl) - hydroxylam ne is used directly w thout
purification. Ph, SO, NH2 O-(3-Phenyl sul fanyl - propyl) - hydroxyl arnine is
prepared from PhSCH2CH2CH2Br and N- hydr oxypht hal i m de by the patent
procedure WO 0018790 and then is deprotected by the procedure descri bed
above and used directly without purification. Ph,-NH2 ,S\0 (iv) O\O0

0- (3-Benzenesul fonyl - propyl ) -hydroxylam ne is prepared fromthe above

i soi ndol e- 1, 3- diTHeentdhtior Gkoi rbfted%b @ phivacditichl @xeitb ! fhioMe ¢elVnent of a
deprotection as descri bed above and is purified by flash chronat ography

(100% CH2 Cligmb@raltfea e dirdet 48 Gl SamntaY which compri th i '
0- (2- Mor phg%?n@4- yl - et hyl )¥hydr oxyl an‘ianeW d? h;dr 8CSF16ISoari deéapggté%allx: cffective

0- (2- Brono- } ].de .

2-(2-Br om-ﬁﬁ%‘k% Q %ﬁgg@%{lﬁgﬁ ?ﬁsﬁ é%éﬁ@g’?@"%r 8{33rpgan?arcg%mf}bé-aaﬁeggaglr?osgphane
and N-hydraq hal i3 described in W 0018790 nd i s then_subjected
to the pr oc%é%pé ‘?&Jn }g)dldd% gﬁer&%%n?ndl%gi}a%?e@%%@ taScQ}}?aé’?ed PHE gedRr

product. Ste X - Br. -et hoxy)-carbam c acid tert-butyl ester To a
sol ution ofenﬁlf’?z}@%ﬁio%‘?g@m@ ]rﬁ%ﬁ}ﬂ’oéiﬁ%‘shé?art%eo#&?ﬂ”&@%’?ﬁ@@wﬁb sugh ass
mol ) and di-t-putyl dicarbonate (110 ng, 0.49 mmol) in CH2C12 {1_m_) at

r oom t enper#it Bngssanagews eslbRladderp gastie, papcrsalionbstapt, hyade neeks goal, idney,
suspension is stirred for 16 h roomtenperature. The reaction m xture is

di | ut ed wi tdyapam REostalg pdaecipl Rsophagealy testinulerm gyachlegicaller pirodd eamcty 4,
filtered, concentrated, and purified by flash chromatography (100% CH2C12)
to give thenddsi pabodimsdticeid Blarmgeeuil&iconPosipion is for the treatment of a non-

C. (2- Morpholin-4-yl-ethoxy)-carbamc acid tert-butyl ester To a

sol uti on ofcafi@rdusohypegirhbifeyitive adibardircswehi a5 bedipn Mypyiplasiat of 2 5Binn@.g.,1. 05
mmol) in DM (2 nL) at roomtenperature is added norpholine (0.14 nL, 1.6
mol ). The psedasis),aestehosisPdreprosiats (4.£./betigh prosihic &Kpéiﬂo;ﬁy (Eme?)". eaction mxture
is diluted with EtOAc, and washed with water. The organic layer is dried
over MJSO4, fil traeafventioh aRoteRiddo adsidnRabehfidad dolyodii@sidr 4R QERLEG! APhY
(2% MeOH in CH2C12) to give the desired product (118 ng, 46%: MsS MO (+)

mh 247 det §h&6atitiSt @ PiftheyOdibsdBinPRGh L Brdtinkariol Bmertivalf%Ht 30 QBbetes-
di hydr ochl ori de

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 acceptabl_e salt, prodrug or hydrate thereof, and a pharmaceutically
acceptable carrier. |

The invention also relates to a pharmacsutical 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 cartier.

The invention also relates to a phé:[maceutical composition for treating a disease
related to vasculogenesis or angiogene;is in a mammal which comﬁrises a therapeutically
effective amount of a compound of the present invention, or a pharmaceuticaliy-
acceptable salt, prodrug or hydrate thereof, and a pharmaceutically acceptable carrier. In

one embodiment, said pharmaceutical composition is for treating a disease selected from
21



To a solution of (2-norpholin-4-yl-ethoxy)-carbamc acid tert-butyl ester
(118 ng, 0.48 mml) in MeOH (1 nL) is added 4 M di oxane sol ution of HCL
(2.4 niL, 9.60 mol) at roomtenperature. The resulting solution is stirred
for 16 h at roomtenperature. After addition of additional HCL (2 4 nl)
followed by stirring for 4 h, the reaction m xture is concentrated in vacuo
to give yellow solids (82 ny, 78%. (vi) The isoindol e-1, 3-di one

i nt er medi attks goburt bensisting ovfi tugndry shighopehesis, nebsordd enfunepaned dseo §RB as
appropriate al kyl halide and N hydroxyphthalim de by the procedure

descri bed whédihdloid dritifs, thetdsclerdshe Mflad@Rforybowed Aikesb3Oskid Rieases such as
i soi ndol e-1, 3-di ones are deprotected by the procedure descri bed above:

0-bt-3- " _f r .2 | . : :
O Dyt -3 ol OupklBad iolorddefhd,ABE, | ito? ratldSBidhY, FedhbpliRy Y™ e

0- ( 3- benzyl PH el cYeTo) VM) 0 1.n . Vil ol J;owi_ng
hydr oxyl ampgéé’}s{a ar?p%%p%%?g ;%A escra?‘c{?élgtafl%é’v@%%lﬁ%g: éh%ma’ melanoma,

0- (2-vi nyl - ot hyl ) - r l.am.ne:  2-am nooxy:2-nmet hyl - propan-1-ol ;,
1-am nooxy- Z* O%‘es{]%a#op%y %‘6‘2@5‘5‘% ?re%ff’ kit VA }cosg)ﬁfaie},'(g ﬁﬁm epidermoid
(2-am nooxy-ethyl)-nmethyl -carbam c acid tert-butyl ester. Exanple 9 ClI HN
6- ( 4- Br ono—22%¢Hi or o- phenyl ami no) - 7- f | uor o- 3H benzoi ni dazol e- 5- car boxyl i c

acid cycl opropyl pet hoxy-ani de, (11b) Step A: . ) o _
4- Ani no- 2-(2-¢ 556@;%%%#% ta2 methodef bepfingrdipemsdiferativs disqrdettiyl est er
5b 4- Am no- 2, 3-di fl uoro-5-nitro-benzoic acid nethyl ester 4 (2.00 g,
8. 62 ol ) mansydhwamarises adgpinistering tosaidimaramal Dthetapertisaliyneffictive (0@8 M |
86.15 nmml) is added. The reaction mxture is heated to 140 C under a

ni trogen avidspmprend ofithepre@ntimysntionher 2 plsacmacsaticallytageaptibde ettppredrigarr oom
tenperature, and diluted with ethyl acetate. The reaction m xture is washed
wi t h wat er hydié thigeos dnuwnk embadithebt, isaid meTinel elatand thel topatierit of daricetsucivy SO4)
and concentrated under reduced pressure. The crude product is triturated

wi th diet hgs tesihelung wineeous cetl] bedBerd Bagic( baffredtie] dradses iead RcRIwGR], as a
browni sh solid. Step) B:

4, 5- Di ani nQidirey,20¢dia) Bropfa®) WoRitdid) estphbtal, QediRIBA) SyrR6h1dgRAL &ymyﬁﬁfler 6a
y

4- Am no- 2- ( 2- chl or o- phenyl am no) - 3-fl uor o- 5-ni tr o- benzoi ¢ acid net ester

5b  (0.30 @anclr.8f M) chBodileRE RIS thed JASHs ¢ Ht Deadiht %‘rgpot.gak?%gsw 9,

4.42 mol ) is added. After 15 mnutes, the reaction 1s conple

oot on Mgbapeisll el & BiheRSBRabRAT Wl hgherl 4 Shailpcet
The 1SRN el U8t ol (AT A0, SORGERLL By ncer T educed pressure

C. 6- (2- Chl ar o- phenyl at ni no) - 7-f 1 upr o- 35+ henzai ni dazol e-5- carboxyl|i ¢ acid
net hyl ester 7bl%Ee v L %%anﬁl?"fBS- %% ?e&qﬂ%og’baﬁn%‘?m%q{cﬁ bypemrolieniBenz oi
acid nethyl, ester 6a %gm 2&1 % 0. 404 I_% IS suspended in EtOH (2 m) and
f or mami di nSisg¥ist it & 1p %llg 20CHOBIFS teringi@etiid mepma g thewaewicgir e i s
heated to refl ux. After 16 hours, the reaction mxture is cooled to rt and
di | uted wi EHCERyImambioft 8. compoupd infhe presant in¥enfiaaher aviphirmesewically
saturated NaHCO3, 10% K2CO3 and brine. The organic layer is dried (MgSO4)
and concen#gcapigble salie prodattu el bydrriestbereet, tin Ogtrglélaﬁoﬂ_()@'ﬂgm @8tidumporr ezedesi r ed
product. Step D: '

6- (4- Br onpseleaitd drom phe ngrbepri qondistingf lofi amniet3H-ittebitars, matkglatihg - fpenR bawy! i c
acid nethyl ester 8b - :

6- ( 2- Chl or mehbelity$, aintereuddting- frktibiutivs,3 phdwneh zfaitoi datzbitds,5calRIDES Vinhibita&i d .
nmet hyl ester 7h (55 ng, 0.172 ranol) is dissolved in 1:1 THF: MeOH (2 nl)

and cool ederizgmre? ntfibithil € topdikonicriRs PG o] MblEREE TespbadHR; - 0. 258
Mol ) i s adaad f ol oved ba NBe (a1 moRof, olkie tespoties TS ’?néﬁ’uﬁr’été, t he

reaction Nhotid¥ns, higi¥@nBBdinhbibfs, mnmﬁgﬁ’%%&wr s later warnmed to rt. After

16 hours, the reactioh m xture i S quenc y the
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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addi tion of 10% Na2S203 and diluted with ethyl acetate and water. The

| ayers are separated and the aqueous layer is extracted with ethyl acetate.
The conbi ned organic extracts are dried (MgSO4) and concentrated under
reduced pressure. The crude product is triturated with nethyl ene chloride
to give 58 ng (85% of pure desired product as a tan solid. Step E

6- (4- Brono- 2- chl or o- phenyl am ti 0) - 7-f | uor o- 34 benzoi m dazol e-5- car boxylic
acid 10b  amount of a compound of the present invention, or a pharmaceutically acceptable salt,’

6- (4- Br ono- 2- chl or o- phenyl ani no) - 7- f | uor o- 3H benzoi m da7ol e- 5-"car boxyl i ¢
aci d net hy r&ﬁﬁg}gr}%}&z{tégm ¢ 0.146 mmol ) is suspended in EtOH (2 n) and 1
m 2 N Na is added. After 16 hours, the reactlon m xture is diluted with

ethyl acetate, VL Svend a%(p %’l{t‘%]‘%) Ol!ng{h' %f p;r Qg Efzils g{ 531? %‘g%?%jﬁ/gg&)

the organic Iayer IS was rine.
and concentiahad g -@Bﬁg%uagedmggargfg%%fs%d Rttt ler%{;eu%“cax'?y 0K SL4E5 2

6- (4- Brom) chI or o- Ip& f'f 7:-fl uoro- 3H benzqi t ni dazol e- 5- car boxylic

acid cycl 0 % 3 eg:étt {m%ﬁ 3on, or a pharmacentically acceptable salt, prodrug or

6- (4- Brono- 2- chI or henyl am no) - 7-f | uor o- 3H benzoi m dazol e- 5- car boxyl i c
aci d 10b(§2dr ‘Efg7 mml ) .is dissolved in DM (1 nl) and HOBt (9 ng,

0 062 mmol ) foIIovved by Methyl am ne (18 pl, 0.132 mmol) is added.

Cycl opropyl net K¢ myentiseylalsai rdathy oo ehimstlicde of Sireafing 0 di36@esmmlafed g0 added

followed by EDCI (14 ng, 0.074 rnnol). After 16 hours, the reaction mxture

is diluted Vaﬁicvlmgmelaifl_Ola@agiagmea'mdnvmtrmnaaﬂdﬂtahe;ohmyimsmhﬁpﬁteﬁihgdto ddie

organic layer is washed with saturated NH4Cl, brine, saturated NaHCO3,

wat er and braimmeal aTherapsugjaailyceffeaties arsunt of @ dofipRHAYF teplescnO R BIidnabes under

reduced pressure to give 23 ng (89% pure desired product. M5 APCI (+) mz

455, 453 ( MrarBacasicilsr sceptable chlg dirodfBs APBldiate) thededs, 4B3encAibdd¥ent Biaid
pattern) detected; 111 NWVR (400MHz, DMSO-d6) 8 11.69 (broad S. 11 , 8.43

1 7 03
ol bl i iy 6 o B iy

The fol | oWsigne QAR Qﬂﬁﬁtl t: ri bed
in Exanple 1 and in t%s E%gﬁébﬁﬁﬁéﬁg?/&yu%ai@% t he %B@F{S}g@?@ e’]gg%aoxy?fc acid

and the app5pRr hidlLe, "dh QXYL O £9pddrBsill Qxc'élmla,l landY sclel%lgggna BCEabetes NN 00

diabetic retinopathy, retinopathy of prematurity, age-rclated 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 ﬁresent invention, or
phannaceutically 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, bm;e cancer, CMML,
pancreatic cancer, skin cancer, cancer of the head and néck, cutaneous or intraocular
melanoma, uterine clancer, 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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of the esophagus, cancer of the small intestine, cancer of the endocrine system (e.g.,
cancer of the thyroid, parathyroid or adrenal glands), sarcomas of soft tissues, cancer of
the urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, solid tumors
of childhood, fymphocytic lymphomas, cancer of the bladder, cancer of the kidney or
ureter (e.g., renal cell carcinoma, carcinoma of the renal pelvis), or neoplasms of the
cenfral nervous system {e.g., prirhary CNS lymphona, spinal axis tumors, brain stem
gliomas or pituitary adenomas).

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

In one embodiment, the chemotherapeutic is selected from the group consisting of mitotic

UN

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—apdrogbns.

This invention further relates to a method for inhibiting abnormal cell growthin a
mammal or treating a hyperproliferative disorder which method comprises administering
to the mammal an amount of a compound of the'present iﬁvention, ora pﬁmmaceuﬁcally
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 cgll 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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described herein. The administration of the compound of the invention in this
combination therapy can be determined as described herein.

It is believed that the compounds of the present invention can render abnormal
cells more sensitive to treatment with radiation for purposes of killing and/or inhibiting
the growth of such cells. Accordingly, this invention further relates to a method for
sensitizing abnormal cells in a mammal to treatment with radiation which comprises
administering to the mammal an amount of a compound of the present invention or
pharmaceutically acceptable salt or solvate or prodrug thereof, which amount is effective
is sensitizing abnormal ceils to treatment with radiation. The amount of the compound,
salt, or solvate in this method can be determyined accordjﬂg to the means for ascertaining
effective amounts of such compounds described hell'ein.

The invention also relates to a method of and to a pharmacentical composition of
inhibiting abnoﬁnal cell growth in a mammal which comprises an amount of 2 compound
of the présent invention, or a pharmaceutically acceptable slaIt 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 preseﬁt 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



Cl 0O NS HN Exanple 10

6- (4- Br oi no- 2- chl or o- phenyl am no) - 7- f | uor o- 3- net hyl - 34 benzoi m dazol e-5-car
boxylic acid (2-hydroxy-ethoxy)-am de (29c) Step A

6- (4- Brono- 2- chl or o- phenyl am no) - 7- f | uor o- 3- net hyl - 3H benzoi m dazol e- 5-
carboxylic acid nethyl ester 9a and

6- (4- Brono- 2-t hl or o- phenyl am no) 4-f | uor o4net hyl - 1H benzoi m dazol e- 5- car boxy

lic acid nmaohy), veotasro#sos ehubliskyd Bdbruary 26, 1998), WO 98/03516 (published January
6- (4- br ono- 2- chl or o- phenyl am no) - 741uor o- 3H benzoi m dazol e-5- carboxylic

id t hyl : 121 : . |
e Ot AL ROERIR, WO Gi5A uputlishiy AURN) 13, BOBTSYDIRA20 @illisndd AallD )
ti d at 145 i Jox t i il 1 hyl
stirred at 43 PWCP@@/ﬁ'%%{(guébmﬁed gﬁg&gt 81114955, Wcﬁgs/g%érygt(ga@glgg Mg;( i%g,&y and

acet at e, washle%g\?\n th safura aqueous pot assr’'um car
acerat &) proghaEurdEh B TpR kR oB R TR hay B AR Toheft RiIGRT
A0 () oieson g3 90k iy dunaitng U, bf Sl oo Gbiate i o g

(35% of , :

6- ( 4- br omo-WOCAY 82U Ipfrilished P¢teher 2% | 198P)- W EPRPREIL pubdishesi Prighotolb- 5-
carboxylic acid net ha/(l ester as a white solid. 19F NWR (376 Mz, CD30D)
-139. 9 (s) 1988, WP $929667k (pwbtished dang NF¥, 1B99)p&CTe Inigratismak tigrlicagion pNo.

B. 6- (4- Br ono- 2- chl or o- phenyl am no) - 7- f | uor o- 3- net hyl - 34 benzoi m dazol e- 5-
car boxyl i c PAGVIBO8(Y 113 (filed July 21, 1998), European Patent Application No. 99302232.1

6- (4- Brono- 2- chl or o- phenyl am no) - 7- f | uor o- 3- met hy1- 3H benzoi m dazol e- 5-
car boxyl i c (Gleid Maneh 2] 1895%)cGrean Beitdin Pgtend Abglicatioh ]Nd. SotRgd dl (el Fmie03,2: 1
THF/ water (3 nmL ) and NaOH (0.55 nalL, 1.0 M aqueous solution, 0.55 mmol) is
added. Aft apo®) iUnited Gtdtey PlowddidnaliApplidation @R t0NIA3]484 I(EHHACAEUED 1DNBgyar t er
initial volume via rotary evaporation and the remai nder diluted to 50 nL

wi th wat er Unfte@ Sefsiaaumt SSb3bADAssusd Rty 162 8999), Urlided Sthis bhtentaddiitsign of
1.0 M aqueous HCl and extracted with 1:1 tetrahydrofuran/ethyl acetate

3x), drieg K i { de 43
1700y pusahaZaily B 00on SRIERpen, PAGEIPULRCHGR 10086 bRk IOX,0°

398 (M+, B t t i in thei e
o- (4 Br oo 3 B ML HER S BlorplllR erein in shee entirgtos b tefrsmcs, Profred.

b i i ' et - am 29 P .
car boxy! | o\ LAY b RO RIS B o no s P PRARR . 5.
(0. 776" o, “VRGe Rriryed Aepihofhotiomeyfoige mby v el SMBLL el e 5°
nmol ) and E%glm§1.3 ,..6.5 mmol ) are dissolved in dinmethylfonnamde (52 nl)
and stirre8ngt W?@H%Ptﬁ’cnﬁ?eé (o MM - L NVE-3 M-, oty YAVEP @ MMPs
diluted with ethyl acetate, washed w th water §3x)-, saturated potassium

carbonate (2XMP-8aMMEH @MMPbnMMECI? a8 MMR-2%) " brine, dried (Na2SO4) and
concentrated under reduced pressure to an off-white solid. Trituration of
the solid with 8paeispecife Reammplesoof NBIP dnhibiteys (19efd) indthsipresgnipinyeitioh ars  an
off-white solid. M5 ESI (+) mz 483, 485 (M+ Br pattern) detected. Step D:
6- (4- Br onoAZ-3 o RE> PhdiHpl amiR$ 03-0834.1 uor o- 3- net hyl - 3H benzoi ni dazol e- 5-
carboxylic acid (2-hydroxy-ethoxy)-am de 29c

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

~ Interchangeably in this applicafion.
. “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 recepior
26



Hydrochloric acid (14 nL, 1.0 M aqueous solution, 14 mmol) is added to a
suspensi on of

6- (4- br ono- 2- chl or o- phenyl am no) - 7- f | uor o- 3- net hy1l- 3H benzoi m dazol e
-5-carboxylic acid (2-vinyloxy-ethoxy)-amde 29a (2.18 g, 4.50 nmol) in

et hanol (50 nlL) and the reaction mxture allowed to stir for 24 hours. The
reaction mxture is concentrated to dryness by rotary evaporation and the

sol i ds par ttifosme &ihdiet @ enigh hntniibnan® celRbRthet pralifeiine tm@@seari'ﬂl u&ﬁ&w at ed

pot assi um car bonat e. The aqueous phase is extracted with 3:1 ethyl

acetate/t Etdbéﬂmrt%ogfn@rlcﬁéé )actlxtfaji‘l%n %Q)gﬂ?é Nesh af0RMdEsS 1t bRsliNR3R Qddptodnd

concentrated to provide 2.

A R A T
11,5 e B A R

(s, 311), 3 9 (m.211). é\P 19F NVR (376 Mz, MeOH d4) -133.68

(s). Exanpl eﬁﬂ? TInG BmP§WF§ 56%fids are prepared by methods

simlar to those descrlbed in Exanple 10 by using nethyl ester 8b and the

appropriate al kyi&tsTHY EHERS" > @susyl We%dﬂﬂqsﬁémﬁﬁﬂﬁ%m%ff’éa HpeNsaRyersing.ne

(Step ©: 29d H)-N I \-=_.--NHa.."..... ,0" . NOcl HN1 29ff "N O
,N \i ciry-aipyialipg,inhibiting the progress of, or preventmg 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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Scheme 2
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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 00/4_2022 (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 H;SOs.

In step 2, the aniline is prepared by fluoride displacement with NH,OH at room
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temperature in water followed by careful acidification with concentrated mineral acid to
pH near 0. Instep 3, the sster is prepared by standard methods including by not limjted to
Fisher Esterification (MeOH, H,SO,), and reaction with TMSCHN; in suitable organic
solvents like PhMe/MeOH or THF/MeOH. In step 4, the diénilino derivative is prepared
by heating (60 to 200 °C) the ester with an excess of the appropriate aniline neat or in an
organic solvent like xylenes. For example, WhQIl R! = Me and R* = H the preferred
method is stirring the ester with 10 equivalents aniline in xylenes ‘at reflux until complete

reaction. In step 5, the nitro arene is reduced to produce the diamine by standard

. reduction conditions, including by not limited to Hy, and Pd/C or Pd(OH),/C or Raney

Nickel in organic solvent like EtOH or THF, Fe in AcOH, Zn in AcOH or Zn, NH,CI (aq)
in MeOH. In step 6, the diamine is cyclization by heating with formic acid neat or
formamidine acetate in an appropriate solvent like EtOH. Alternatively, when R! or R?
does not equal halo the nitro arene can be converted directly to the benzimidazole in step
7 by heating in formic acid with PA(OH),/C or other palladium source like Pd/C. In .step
8, a halide can be incorporated by standard méthods, 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

ONO

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,CO3 in suitable organic solvenf like DMF or THF at temperatures ranging
from 0 tﬁ 80 °C. R’ can be further modified By various synthetic methods known in the
art, as exémp]ified below. In step 10, the ester is hydrolysized by standard saponiﬁcatioﬁ
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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appropriate hydroxylamine in suitable organic solvenis like DMF, THF or methylene
chloride.

Scheme 2 illustrates an example in which the R® substituent is on the aniline prior
to the coupling procedure with the nitro ester. The reaction description is exactly like that
for Scheme 1 except that there is no need to incorporated R® as it is present in the aniline
from the beginning.

In Scheme 3, the preparation of N3 alkyl amino benzimidazole derivatives is
llustrated. In step 1, the terminal alkene of the N3 alkylated benzimidazole hydroxamate
is dihydroxylated using a suitable oxidant like OsQy4 in suitable solvent or KMnO, or I,
AgOAc, AcOH, water. The diol is then further oxi;ijzed in step 2 by NalO4 or Pb(OAc),
in suitable biphasic mixture to give the aldehyde. Alternatively (step 3), the alkene can
be directly converted to the aldehyde by standard ﬁlethods including but not limited to
ozone/Me;S, Nal0y/0sO4 or KMnO4. In step 4, the amine 1s prepared by reductive
amination using standard methods sucﬁ as Na(CN)BH;, Na(OAc);BH, NMe;BH(OAc)s
with or without AcOH in a suitable solvent such aé 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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in a suitable organic solvent like toluene at temperatures ranging from 50 to 120 °C. The
mercapto oxadizaole 23 can be prepared by reaction with carbon disulfide, and base like
KOH in suitable organic solvent like EtOH at elevated temperatures (50 — 100 °C). The
amino oxadiazole 24 can be made by reaction with BrCN and base like NaHCOs, in a
suitable bii)hasic solvent system like dioxane and water at room temperature. Finally, the
substituted amino oxadiazole 25 can be prepared by first reacting the hydrazide with an
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 temperatﬁres 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 MnQ, 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 temperatﬁre (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 .1;resent invenfion may have asymmetric carbon atomé.
Diastereomeric mixtures can be separated into their individual diastereomers on the basis
of their physical cﬁemjcal differences by methods known to those skilled in the art, for
example, by chromatography or fractional crystallization: ‘Ena.ntiomers 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.
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enantiomers. All such isomers, including diastereomeric mixfures and pure enantiomers
are considered as part of the invention.

The activity of the compounds of the present invention may be determined by the
following procedure. N-terminal 6 His-tagged, constitutively active MEKI {(2-393) is
expressed in E. coli and protein is purified by conventional methods (4hn et al., Science
1994, 265, 966-970). The activity of MEK1 is assessed by measuring the incorporation
of y-*P-phosphate from v-*P-ATP onto N-terminal His tagged ERK2, which is expressed
in E. coli and is purified by conventional methods, in the presence of MEK1. The assay
is carried out in 96-well polypropylene plate. The incubation mixture (100 pL) comprises

 of 25 mM Hepes, pH 7.4, 10 mM MgCl,, 5 mM B-glycerolphosphate, 100 pM Na-
orthovanadate, 5 mM DTT, 5 nM MEK], and I pM ERK2. Inhibitors are suspended in
DMSO, and all reactions, including controls are performed at a final concentration of 1%
DMSO. Reactions are initiated by the addition of 10 uM ATP (with 0.5 pCi y-*’p-
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, a;nd excess labeled ATP washed off using a Tomtec
MACH I harvestor. Plates are allowed to air-dry prior to adding 30 uL/well of Packard
Microscint 20, and plateé are counted using a Packard TopCount, In this assay,
cdmpounds of the invention exhibited an ICsq of less than 50 micromolar.

The following compounds exemplify compounds of such activity.

Compound #
8n

11b

ilc

11p

18i

29¢

29i
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Administration of the compounds of the present invention (hereinafier the “active

- compound(s)”) can be effected by any method that enables delivery of the compounds to

the site of action. These methods include oral routes, intraduodenal routes, parenteral

injection (including intravenous, subcutaneous, intramuscular, .intravascular or infusion},
topical, and rectal administration. |

The amount of the active compound administered will be dependent on the subject
being treated, the severity of the disorder or condition, the rate of administration, the
disposition of the compound and the discretion of the prescribing physician. However, an
effective dosage is in the range of about 0.001 to about 100 mg per kg body weight per
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 sti_ll 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 invc;lve one or
more other anti-tumor substances, for example those selected frorﬁ, for example, mitotic
inhibitors, for examfnle vinblastine; alkylating agents, for example cis-platin, carboplatin
and cyclophosphamide; anti-metabolites, for example 5-fluorouracil, cytosine arabinside
and hydroxyﬁréa, or, for example, one of tﬁe preferred anti-metabolites disclosed in

Buropean Patent Application No. 239362 such as N-(5-[N-(3,4-dihydro-2-methyl-4-
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oxoquinazolin-6-ylmethyl)-N-methylamino]-2-thenoyl)-L-glutamic acid; growth factor
inhibitors; cell cycle inhibitors; intercalating antibiotics, for example adriamycin and
bleomycin;, enzymes, for example, interferon; and anti-hormones, for examplé anti-
estrogens such as NolvadexTM (tamoxifen) or, for example anti-androgens such as
CasodexTM (4’-cyano-3-(4-fluorophenylsulphonyl)-2-hydroxy-2-methyl-3’-
(uiﬂuoromethyl)propionanjlide). Such conjoint treatment may be achieved by way of the
simulianeous, sequential or separate dosing of the individual components of treatment.

The pharmaceutical composition may, for example, be in a form suitable for oral
adminisiration 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 accord;ing to- the
invention aé 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 propyleﬁe 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 compoéitions 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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lubricating agents such as magnesium stearate, sodium lauryl sulfate and talc are often
useful for tableting purposes. Solid compositions of a similar type may also be employed
in soft and hard filled gelatin capsules. Preferred materials, therefore, include lactose or
milk sugar and high molecular weight polyethylene glycols. When aqueous suspensions
or elixirs are desired for oral adminisiration the active compound therein may be
combined with various sweetening or flavoring agents, coloring matters or dyes and, if
desired, emulsifying agents or suspending agents, together with diluents such as water,
ethanol, propylene glycol, glycerin, or combinations thereof.

Methods of preparing various pharmaceutical compositions with a specific

| amount of active compound are known, or will be apparent, to those skilled in this art,

For examples, see Remington’s Pharmaceutical Sciences, Mack Publishing Company,
Ester, Pa., 15" Bdition (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 prelﬁarations. In the following examples molecules |
with a single chiral center, unless otherwise noted, exist as a racethic mixture. Those
molecules with two or more chiral centers, unless otherwise noted, exist as ;':1 racemic
mixture of diastereomers. Single enantiomers/diastereomers may be obtaiﬁed 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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The starting materials and various intermediates masz be obtained from
commercial sources, prepared from commercially available organic compounds, or
prepared using well known synthetic methods.

Representaﬁve examples of methods for preparing intermediates of the invention

are set forth below.

41



H HOO,N 01 N V----- NOC HNA4110 29%uu H "---:-5----/.."-0 ,N __ N I1I
HN 1111

Cl

Examples

Example 1

H
-N
HN F Br
=N

7-Fluoro-6-(4-bromo-2-methyl-phenylamino)-3H-benzoimidazole-5-carboxylic acid
cyclopropylmethoxy-amide (11a}

Step A: 2,3,4-Trifluoro-5-niiro-benzoic acid 2

A 3 liter three neck round bottom flask is charged with 125 ml H,SQ,. Fuming
nitric acid is added (8.4 ml, 199 mmol)} and the mixture gently stirred. 2,3,4-
Trifluorobenzoic acid 1 (25 g, 142 mmol) is added in 5 g portions over 90 minutes. The
dark brownish yellow solution is stirred for 60 min at which time the reaction is complete.
The reaction mixture is poured into 1 liter of an ice:water mixture and exfracted with
diethyl ether (3 x 600 ml). The combined organic extracts are dried (MgSO4) and
concentrated under reduced pressure to give a yellow solid. The solid is suspended in
hexanes and stirred for 30 min after which time if 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 stirting. Upon completion of ammeonium hydroxide addition the reaction mixture is
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warmmed to room temperature with stirring., Afier 2.5 h, the reaction mixturé is cooled to 0
°C and concentrated HC1 is carefully added until pH of reaction mixture is near 0. The
reaction mixture is diluted with water (30 ml) and extracted with diethyl ether (3 x 50
ml). The combined organic extracts are dried (MgSO,) and concentrated under reduced
pressure to give 14 g (95%) of pure desired product: MS APCI (-} m/Zz 217 (M-1)

detected.

Step C: 4-dAmino-2, 3-difluoro-5-nitro-benzoic acid methyl ester 4

A 2 M solution of TMS diazomethane in hexanes (6.88 ml, 13.75 mmol) is added
to a suspension of 4-amino-2,3-difluoro-5-nitro-benzoic acid 3 {2.00 g, 9.17 mmol) in 25
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-tolnidine 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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with methylene chloride. Thres 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 fo
give 11.2 g (68%) of clean desired product as a bright yellow solid: MS APCI () m/z 318

(M-1) detected.

Step E: 7-Fluoro-6-o-tolylamino-1H-benzoimidazole-3-carboxylic acid methyl ester 7a
4-Amino-3-fluoro-5-nitro-2-o-tolylamino-benzoic acid methyl ester 5a (1.57 g,
4,92 pamol), formic acid (25 ml, 26.5 mmol) and 20% Pd(OH),/C (1.57 g, 2.95 mmol) in
25 ml EitQH are heating with stirring to 95 °C. After 16 h, the reaction mixture is cooled
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 étirring. Afier 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-Fluore-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 mmuol) in 1:1
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THF/MeOH (5 ml) is added followed by a MeOH (5 ml) solution of TsOH-T1,0 (1.9 g,
10.0 mmol). Adfter 30 minutes, the reaction mixture is warmed to 0 °C and then after 1 h
warmed to rt. After 16 h, more NBS (0.12 g, 0.67 mmol) is added and the reaction
mixture is allowed to stir for 3 h. The reaction mixture is quenched by the addition of
10% Na,S,0; solution. After 30 min, the reaction mixture is diluted with water and ethyl
acetate and the layers separated. The aqueous layer is extracied with ethyl acetate. The
combined organic extracts are dried (Na;SO;) and concenirated under reduced pressure.
The recovered solid is triturated with methylene chloride to give 2.00 g (79%) pure

desired product: MS APCI (+) m/z 380, 378 (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 methy! ester 8a (63 mg, 0.167 mmol) is suspended in MeOH (1.5 ml) and 20%
NaQOH (400 pl) is added. After 16 h, the reaction mixture is cooled to 0 °C and 1 N HC1
- 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
(NazS04) 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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(48 mg, 0.132 mmol) is dissolved in 1:1 THF: methylene chloride (1 mi) and Hunig’s
base (0.23 pl, 1.32 mmol) is added followed by PyBOP (82 mg, 0.158 mmol). After a
few minutes, cyclopropyl methyl hydroxylamine hydrochloride (20 mg, 0.158 mmol)
(WO 0042022) is added. After the reaction is complete, the mixture is partitioned
between methylene chioride and saturated NaHCOs solution. The layers are separated
and the organic layer is washed with saturated NaHCOz and brine. The organic layer is
dried (N2;SOy) and concentrated under reduced pressure. After purification by FCC
(elﬁte with 20:1 methlene chloride:MeOH), 25 mg (45%) of pure desired product is
isolated: MS ESI (+) m/z 435, 433 (M+1_ Br pattern) detected; MS ESI (~) m/z 433, 431
(M-1 Br pattern) detected, 'H NMR (400MHz, CDCl3) 5 8.15 (5, 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, CDCl;) —134.05 (5).

Example 2
Os.OCH3
H
N\.@
F

7-Fluoro-6-phenylamino-3H-benzoimidazole-5-carboxylic acid methyl ester (27a)

HN\==N

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) ahd aniline (92 mL,
1011 mmol) is added. The reaction mixture is stirred at 125 °C for 16 hours under Na.
The reaction mixture is cooled to room temperature and solids precipitate out of solution.

'I‘h¢ solids are collected by filtration and are washed with xylenes and then diethyl ether.
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Recovered 22.22 g (72.78 mmol) of yellow solid which is pure desired product. The
filtrate is concentrated under reduced pressure, redissolved in methylene chloride and
flushed through a plug of silica gel eluting with methylene chloride. The desired
fractions are concentrated under reduced pressure to give a brown solid which is triturated
with diethyl ether to give 5.47 g (17.91 mmol) of yellow solid which is pure desired
product. Combined product yield is 27.69 g (90%). MS APCI (-) m/z 304 (M-1)
detected.

Step B: 7-Fluoro-6-phenylamino-3H-benzoimidazole-5-carboxylic acid methyl
ester 27a

4—Amino-3-ﬂuoro-5—nitro-Z—phenylainino-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) aré stitred 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

Oz -OCH3
q ¢l

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid
methyl ester (8b)

47



29x 1 1 A 0C HNIle 29zz HHao.NO Ha N O O Br ry--Nrry ----N 140

Step A: 6-(4-Bromo-phenylammino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid methyl
ester 28a

7-Fluoro-6-phenylamino-3 H-benzoimidazole-5-carboxylic acid methyl ester 27a
(499 g, 17.51 mmol) is dissolved in N,N-dimethylformamide (275 mL). N-
bromosuccinimide (3.15 g, 17.70 mmol) is added as a solid and the. reaction mixture is
stirred at room temperature under N, After 30 min, the reaction mixture is quenched by
the addition of aqueous saturated sodium bisulfite solution. The reaction mixture is then
poured into a separatory funnel, diluted with water and ethyl acetate and the layers
separated. The aqueous layer is exfracted with ethyl acetate. The combined organic
extr.acts are washed three times with water, once with brine and then are dried (Na;SO,)
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-
cafboxylic acid methyl ester 8b

6-(4-Bromo-phenylamino)-7-flnoro-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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Example 4

Os_OCH3
e

N

HN F Cl
\=N

6~(2,4-Dichloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid
methyl ester (8c)

7-Fluoro-6-phenylamino-3H-benzoimidazole-5-carboxylic acid methyl ester 27a
(1.00 g, 3.51 mmol} is suspended in 1:1 tetrahydrofuran/methanol (20 mL) and cooled to
—78 °C under N;. TsOHH;O (3.00 g, 10.50 mmol) is added followed by N-
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 bisulfie 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,S0O,) and concentrated under
reduced pressure. The resulting solid residue is triturated with methylene chioride 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 pattem) detected.

Example 5

Ox_OCH;
H F
Aot
HN F Br
=N

6-(4-Bromo-2-fluoro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid
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methyl ester (8)
Step A: 4-Amino-3-fluoro-2-(2-fluoro-phenylamino)-3-nitro-benzoic acid methyl ester 5b

" 4-Amino-2,3-difluoro-5-nitro-benzoic acid methyl ester 4 (1.50 g, 6.46 mmol) is
suspended in Xylenes (7.5 mL) and 2-ﬂuoro-phénylamine (6.24 ml., 64.6 mmol) is added.
The reaction mixture is stirred at 140 °C under Na. After stirring for 6 days, the reaction
is complete. The reaction mixture is cooled to room temperature and diluted with
methylene chloﬂde and filtered through a silica gel plug eluting with metﬁylene chloride
(1L) to give an orange filirate. The filtrate is concentrated to dryness and then triturated
with diethyl ether fo yield a bright yellow solid. The trituration is repeated. The yellow
solid is collected to vield 1.08 g (52%) of the pure desired product. MS APCI (-) m/z

322 (M-1) detected.

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

4-Amino-3-fluoro-2-(2-fluoro-phenylamino)-5-nifro-benzoic acid methyl ester Sb
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

HsCO._.0
N
HN F Cl
\=N
6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid

methyl ester (8¢}

7-Fluoro-6-o-tolylamino-3H-benzoimidazole-5-carboxylic acid methyl ester 7a is
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converted by the procedure already described for bromination, except N-
chlorosuccinimide is used instead of N-bromosuccinimide, to yield the desired product.

MS ESI (+) m/z 334, 336 (M-, Cl pattern) detected.

Example 7

N
N F OCF,
\=pN

7-Filnoro-6-(2-methyl-4-triftuoromethoxy-phenylamino)-3H-benzoimidazole-3-

HsCO._O
H

carboxylic acid methyl ester (8f)
Step 4. 4-Amino-3-fluoro-2-(2-methyl-4-trifluoromethoxy-phenylamino)-5-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 N,. 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 diethy! ether layers
are dried (MgSOy) 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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) m/z 402 (M-1) detected.

Step B. 7-Fluoro-6-(2-methyl-4-trifluoromethoxy-phenylamino)-3H-
benzoimidazole-5-carboxylic acid methyl ester 8f

4-Amino-3-fluoro-2-(2-methyl-4-trifluoromethoxy-phenylamino)-5-nitro-benzoic
acid methyl ester 12a is converted by the reduction/cyclization procedure already
described to yield the desired product. MS APCI (+) m/z 384 (M+1) detected; MS APCI

(-) m/z 382 (M-1) detected.

Example 8
Preparation of Hydroxylamines

Hydroxylamines useful for synthesizing compounds of the present invention may
be prepared as follows

(i) O-(2-Methoxy-ethyl)-hydroxylamine
Step A: 2-(2-Methoxy-ethoxy)-isoindole-1,3-dione

DEAD (10 mL, 63 munol) is added to a mixture of 2-methoxyethanol (5.0 mL, 63
mmol), PPh; (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 concenfrated again, and the solids are filtered washing with CHCl;. 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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resulting solution is stirred for 16 h at room temperature. The white solids are filtered off,
The solvent is carefully distilled off under reduced pressure, then the concentrate is

distilled under vacuum (20 torr, 57-58 °C) to afford the desired product (2.2 g, 68%).

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

chromatography.

)\/ O\/\O’NI-l2 O-(2-Isobutoxy-ethyl)-hydroxylamine is used directly without

purification.

<’:‘\I\/\O’ N O-(Z—Pyrrblidin-l-yl-ethyl)-hydroxylamine is used directly without

purification.

Q"\/\o’NHZ O-(2-Piperidin-1-yl-ethyl)-hydroxylamine is purificd by Kugelrohr
distillation (chamber temperature 140 °C, 1 torr).

SNt O-~(2-Methylsulfanyl-ethyl)-hydroxylamine is purified by vacuum
distillation (76-78 °C, 20 torr).

F’h’s\/’\O’NHZ O-(2-Phenylsulfanyl-ethyl)-hydroxylamine is used directly without
purification. |
'y N O-(3-Methylsulfanyl-propyl)-hydroxylamine is used directly without

purification.

(iii) 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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deprotection as described above.

N

AN O-(2-Methanesulfonyi-ethyl)-hydroxylamine is used directly without

purification.

N

Ph’s\/\o"\m"Z 0-(2-Benzenesulfonyl-ethyl)-hydroxylamine is purified by flash

chromatography (1% MeOH in CH,Cly).

\S/\/\O’NHZ

EZB\Y

without purification.

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

ph‘8/\/\0’NHz O-(3-Phenylsulfanyl-propyl}-hydroxylamine is prepared from

PhSCH,;CH,CH,Br and N-hydroxyphthalimide by the patent procedure WO 0018790 and

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

purification,

Ph “S/\/\O’NHZ

PR

(iv) C O 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%

CH,Cl; to 2% MeOH in CH;Cl,).

(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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To a solution of O-(2-bromo-ethyl)-hydroxylamine hydrobromide (100 mg, 0.45
mmol) and di-t-butyl dicarbonate (110 mg, 0.49 mmol) in CHCl, (1 mL) at room
temperature is added Et3N (0.08 mL, 0.56 mmol). The resulting suspension is stirred for
16 h room temperature. The reaction mixture is diluted with EtOAc, washed with 1 N aq
HCl and brine, dﬁed over MgSQ,, filtered, concentrated, and purified by flash
chromatography (100% CH;Cly) to give the desired product (81 mg, 75%).

Step C: (2-Morpholin-4-yl-ethoxy)-carbamic acid tert-butyl ester

To a solution of (2-bromo-ethoxy)-carbamic acid tert-butyl ester (252 mg, 1.05
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 HCI (2.4 mL, 9.60
mmol) at room temperature. The resulting solution is stirred for 16 h at room
temperature. After addition of additional HCI (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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6- (4- Br ono- 2- chl or o- phenyl am no) - 7-f | uor o- 3- net hyl- 3H bent oi m dazol e-5-carb
oxylic acid (2, 3-di hydroxy-propoxy)-am de (29hhlt)

(tetrahydro-furan-2-ylmethyl)-hydroxylamine; O-(3-methoxy-propyl)-hydroxylamine;
and O-(3-benzyloxy-propyl)-hydroxylamine.

(vi)  The following hydroxylamines are prepared as described in WO 0206213;
0-(2-vinyloxy-ethyl)-hydroxylamine; 2-aminooxy-2-methyl-propan-1-ol; 1-aminooxy-2-
methyl-propan-2-ol; 3-aminooxy-propan-1-ol; and (2-aminooxy-ethyl)-methyl-carbamic

acid tert-butyl ester.

Example 9

V/\O’H OH ci
N

HN F Br
\=N

6-(4-Bromo-2-chioro-phenylamine)-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 (MgSOy) 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-fluore-5-nitro-benzoic acid methyl ester 5h
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To a sol ution of

6- (4- br ono- 2- chl or o- phenyl am no) - 7-f | uor o- 3- net hyl- 3Hbenzoi m dazol e- 5- car bo
xylic acid allyloxy-amde 29tt (20 ng, 0.04 mml) in 0 50 nL 4:1
tetrahydrofuran/water is added Osai (41 gL, 0.054 Msolution in t-BuCOH,
0.002 mmol ) followed by NMO (7 ng, 0.06 mmol). The solution is stirred at
roomtenperature for eight hours after which Iime BPLC anal ysis showed

NarBos. andCind o8t P t%55‘*@5%%e@a@@ﬁ%&'ﬂﬁﬁiﬁﬁgqﬁf@@d 4 EoPRos0n -
s an of f - et AT mwﬁéﬁ 2 sy e Bl Rk B W FALPIE oG

Ex I 13 HOJ 0J1

6- (4 Br omoBYL AIHI e gt ﬁeﬂxmowae @% YR TS car
oxylic acid (3, 4- d|h dr oxy butoxy%‘anld

6- ( 4- br omo 30k éﬁ%m&%@% "he [ORSRS- 133!%% Ayiad Gvieban A5 canceatigrd.- 5-

carboxylic acid but-3-enyl oxy-am de 29uu is subjected to the

di hydr oxy| andeymedweed presaes ta gived. i3ng Ei@&@mm ﬂgsuemrmct gs-ypn whitishdgawn 503
(Mt Br pattern) detected. Exanple 14 HH .". . N.,....... -.." ,,N0 0C H
CF3CO2Ha Nfoam.

6- (4- Bronp- 2- chl or o- phenyl am no) - 7- f | uor o- 3- et hyl - 3H benzoi nti dazol e- S-car
boxylic acid (2-nethylam no-ethary)-am de TF24 salt (29)/f) Pr epar ed
from

(2- 1[ 6- (4- Brepc:2- C Il QIChIBIEIRENFRIINS)-T Frubk oI OH Greizoimidayole-3 Harsvafidn gad ol e- 5-
car bonyl] - am nooxyl -et hyl ) -net hyl-carbam c acid tert-butyl ester 29ww by
trifluoroaggelif.agiAg deprotection in methylene chloride. M5 APCl (+) nfr
470, 472 (M, "Br patter n) detected; 111 NMR (400 MHz, CD30D) 5 8.31 (s,

L 75785 Mk s bR b Bkt oL ()

-77.41 (s, (&B.‘S’ g, (;‘%14 m?nc‘l)sis Ju@’endgi( mkﬁ-l J(§ ml) and formamidine acetate (63 mg,
0.605 mmol) is added. The reaction mixture is heated to refiux. After 16 hours, the
reaction mixture is cooled to rt and diluted with ethyl acetate. The organic layer is
washed with water, saturated NaHCOs, 10% K3CO; and brine. The organic layer is dried

(MgS0Qy) 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 7h (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,0 (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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The follow ng conpounds are prepared by nmethods simlar to those described
I n Exanpl e 18 bymasi ng nethyl ester 8a and the appropriate al kylating agent

A) and the appropriate hydroxylamne(Step O: 1 1cHOOMSOIlie H
(Ste.p--z. O,N PP 87---7--- \=----NNO N 101 Br H N NO V--N

addition of 10% Na;S;03 and diluted with ethyl acetate and water. The layers are
separated and the aqueous layer is extracted with ethyl acetate, The combined organic
extracts are dried (MgSOs) and concenirated under reduced pressure. The crude product
is triturated with methylene chloride to give 58 mg (85%) of pure desirec_l product as a tan

solid,

Step E: 6—(4—Bromo~2—chlaro-phenylamino)—7~ﬂuaro—3H—benzoz'midazole—5—carboxylic
acid 10b

6-(4-Bromo—2—chloro-phenylamino)~7—ﬂuoro-3H-benzoimidazole—5-carboxylic
acid methyl ester 8b (58 mg, 0.146 mmol) is suspended in EtOH (C2ml) 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)-7ﬂuoro-3H-benzoimidazole-5~carboxylz'c
acid cyclopropylmethoxy-amide (11b)
6~(4-Bromo-2—chloro-phenylamino)-7~ﬂuoro-3H—benzoimidazole—S-—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 pl, 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 NH,C), brine,

saturated NafICO;, water and brine. The organic layer is dried MgS0y) and
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concentrated under reduced pressure to give 23 mg (89%) 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-d¢) 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); “FNMR (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 Jo) 8k
g o H ci
'O @
HN F cl Cl
8h N ;o 8l Ho\/\O,N
8i 8m N
0 H
HN’ 7I/ :F ct N \If: OCF;
\=pN
] H 8n
) ><O,N o) . HO\/\ON OH o
N N
i B
HN\=N F Cl AN r
Example 10

~N F Br

39



HNO ON,---7-- V----- N Exanpl e 16 The fol | owi ng conpounds are
prepared by methods simlar to those described in Exanple 10 by using

nmet hyl ester 8e and the appropriate al kylating agent (Step A) and the
appropriate hydroxylam ne (Step C): 11 g H

6-(: 4~Bromo-Z-ck.laro-phenylamino)— 7-fluoro-3-methyl-3H-benzoimidazole-5-carboxylic
acid (2-hydroxy-ethoxy)-amide (29¢c)

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 pL, 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
safurated aqueous potassium carbonate (2x), brine, and dried (Na;S0y4). 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-carboxyﬁc acid methy! ester 9a as a white solid. "F NMR (376 MHz, CD;0D) -133.5
(s). MS APCI (+) m/z 412, 414 (M, Br pattern) detected. Also isolated is 54 mg (35%)
of 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-1-methyl-1H-benzoimidazole-5-
carboxylic acid methyl ester as a white solid. °F NMR (376 MHz, CD30D) -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 10¢
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. Afier 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 pH2
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by the addition of 1.0 M aqueous HCI and extracted with 1:1 tetrahydrofuran/ethyl acetate
(3x), dried (Na;80;) and concentrated under reduced pressure to provide 43 mg (79%)
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-
catboxylic acid 10c¢ (2.00 g, 5.0 mmol), O-(2-vinyloxy-ethyl)-hydroxylamine (0.776 g,
7.5 mmol), HOBt (0.88 g, 6.5 mmol), tricthylamine (1.61 mL, 2.3 mmol) and EDCI (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;SO4) and concenfrated 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 sthyl
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acetate/tetrahydrofuran and saturated potassium carbonate. The aqueous phase is
extracted with 3:1 ethyl acetate/tetrahydrofuran (3x), the combined organics dried
(NazS0y), and concentrated to provide 2.11 g (100%) 6-(4-bromo-2-chloro-
phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-carboxylic acid (2-hydroxy-
ethoxy)-amide as an off-white solid. MS ESI (+) m/z 457, 459 (M+, Br pattern) detected,
"H NMR (400 MFHz, MeOH-dy) § 8.26 (s, 1H), 7.78 (s, 1H), 7.57 (d, 1H), 7.24 (dd, 1H),
6.40 (dd, 1H), 3.86 (s, 3H), 3.79 (m, 2H), 3.49 (m, 2H). '°F NMR (376 MHz, MeOH-dg)

~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):

20d H 29ff - B
HO._~.__.N._.O _N.__0O
o) h V/\O y ¢
N N
)‘N F Br N F Br
\=p CI/\P \=N
H H
29¢ <O:,/\0’N 0 y O 29gg o0 cl
hol ape
"“N\_ F Br
29f H 0_.0
9 O/\‘/\O’N ' | 29]311 -~ H Cl
go! Ao
N F Br
. N F Br
NN 4/ \-‘i-‘N
Ci
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Cl 111 HoONO HN 0 O NFCl \---N--. Exanpl e 17 The foll owi ng conpounds
are prepared by nethods simlar to those described in Exanple 10 by using
nmet hyl ester 8c and the appropriate al kylating agent (Step A) and the
appropriate hydroxylam ne (Step O): | 1in H

HO\/\O EE
\——N
r

29p 201

HO\/\O E; Ng SN ™S
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C(\’N

29n 29pp

290 29qq

é
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Exanpl e 10 by usi ng net hyl
(Step A) and the appropriate hydroxylam ne (Step O :

N 40 CI 291dck HO 1-i

NO HCI
foll ow ng conpounds are prepared by nethods simlar to those described in

ester 8d and the appropriate al kyl ati ng agent
HHa"..---.

--N

s CI  Exanple 18 The

29111

H
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N ~"0 w o
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HF O NO "N\-=---N 29num HO..0 NHF O NO "N V--N Exanple 19

6- (4- Brono- 2- net hyl - phenyl am no) - 7-f | uor o- 3- 14- ( 4- net hyl - pi per azi n-1 - yo- but
yl E3BH benzoi m dazol e-5-carboxylic acid cycl opropyl net hoxy-am de (110) Step
A. 5-carboxylic acid acid nethyl ester 9b

29z H 20bbb H
s HO N__O
v/\O/N ’ ¢l \/\o " cl
“CL CL
F B
N F Br g0~ "\ '
\=n
HO . .
29%aa 29cce
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V/\O N y o C vl g o
B! N
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Br M O_./\N_-,
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2%bb 29ddd
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7- Fl uor o- 6- (4- br ono- 2- net hyl - phenyl am no) - 1H benzoi m dazol e- 5- car boxyl i c
acid nethyl ester 8a (0.915 g, 2.419 mmol) is suspended in DMF (18 nl)
under an atnosphere of nitrogen. Bronopentene (0.430 m, 3.629 mmol) and
K2CO3 (0.502 g, 3.629 mml) are added and the reaction m xture was war ned
to 80 C. After 1 hour, the reaction mxture is cooled to roomtenperature
and poured into 100 mM of 1:1 ethyl acetate:diethyl ether. The organic

| ayer is washed with water and brine,.dri Na2SO4) and concentrated under
reduced pressure. The N3 and Ni aIIc&FﬁP@&’ oducts are separated by flash
col um chromat ography, eluted with 20:1 nethyl ene chloride: ethyl acetate.
Conpl ete separation of the isoners is gptained by performng two

chr omat ogr aphi ¢ separati ons. IIWJN product is the N3 product 9b,
while the | ower Rf product is'tThe Nl (gro ucty e recovery of the N3
product 9b is 0.415 g (38%: LC/ MBHES Ny F~g48, 446 (M+l Br pattern)
detected. The recovery of the N produ S l@ g (45%: LC/ M5 ESI (+)
m x. 448, 446 (M+l Br pattern) detectwed.7Sté&p B "Br

6- (4- Bronzo- 2- net hyl - phenyl am no) - 7- f I\’ 0- 3- pent - 4- eny1- 3H benzoi ni dazol e5
-carboxylic acid 10d

6- ( 4- Br ono-CBrane-2ellargivbenmkeying)- Y uor o33n gyl 3 Hrbanyiniditoles\eaibeciaz ol e5-

carboxylic acid nethyl es ) Lhssolyed, in. 1 HE: MeOH (10 m) and 1
N NaOH sol uti onﬁ. 3 m) %@kgggéﬁc@)d%@é’%’%“ﬂ) f’ff’ed%&%%é'ﬁ?c solvents are
removed under rédducedspnéasuo G(ibtone-2-eklvshettlhntireil7Wiidio-3ah&hylaHl 100
m 1:1 TBF:ethyl acetate. The |l ayers are separated and the aqueous | ayer

extract ed Wentimidyblodcatiatglic Ttie algihlRedORBANICMEXDAGhESBHE 0o 19%
(Na2SO™4) and concentrated under reduced pressure to afford 0.39 g (100%

cl ean desi rietl tarabg@ietiradwatet 0Rlded &DICAW43alT, & ot jon_in ¢
6- (4- Br ono- 2- net hstlﬂ-ﬁphen‘;ll gn‘i no) -67-f IC%\(I)\(r o%ﬂl’goe?lstﬁ-g?séo%ﬂon?,ﬁ B%HCZ)ISIT Prioc%zol e5-

car boxylic i r ni.de P

6- (4- Br onn-ng-ﬁ?rg{fﬁweghényl W%W@l@g byﬁ%%oelﬁttw-nﬁ SHReAL 24 FP ot A 2 o e-
5-car boxyl i ' 2 | ). is dissolved in 1:1

THF: et hyl efﬁreégwﬁlgrl ge ?g%r%%)tg%enﬁpagn ?Tygls 5hgked Wrpieie fenversiopes pRedc | s
added foll - B .563.49, 1.083. ). After 10 _m nutes,

cycl opr opyﬁ\f%f) %Pm@@;gfgg{rs%%@ %%%S%M%F%énﬁ Gilyigd with ethygmetsieoThei s
added. After 16 hours, .the reaction mxture is diluted wth ethyl acetate
and washed "W BPage ﬁ?ﬁ‘? @%S&")at Eyrifigationdy BRE GIGMe> 2hé REMAMEOH) ayer

is dried (Na2SO4), and concentrated under reduced pressure. The crude yel |l ow
resi due i sPHIII 840 desedrrdyetay apjoffiwhithsalida dS BSB(H) ov/gitys 489 85, Br ( 70%)
pure desired product as a yellow solid: M5 APCI (+) mx 503, 501 (Ml Br
pattern) d@eekdptectsdep '

D: 6- (4- Brorno-2-nzet hyl - phenyl am no) - 3- (4, 5- di hydr oxy- pentyl)-7-fl uoro-3H
benzoi m dazol e-5-carboxylic acid cycl opropyl net hoxy-am de |int

6- (4- Brono- 2- et hyl - phenyl am no) - 7- ] uor ?f pent - 4- enyl- 3H benzoi m dnzol e5-
carboxylic acid cycl opropyl nmet hoxy- ati ¢13 (0.307 g, 0.612 nmmol) is
dissolved in 4:1 THF: water (8 m) and 1.134 m (0.061 nmol) of an 0.054 M
0804 solution in tBuOH Has addegyfol | owed by NMO (0.093 g, 0.796 nmol).
After 5h, the reaction m xt Hbe ijs quenghed, by the addition of 10% NaHS203
solution. After 10 mn, the cton

rinsing wwth ethyl acetate and met hyl enelchiorilde. The filtrate is diluted
with ethyl acetate and washed with 0.0 )d brine. The organic |ayer
is dried (Na2504) and concentrated ur uceg L essure. The crude
product is purified by FCC eluted wt _,?\[ 1 ethyl acetate: MeOH to give 0.244
g (74% pure desired product.

St epE: 6- ( 468 @9%, ( Wi-18) ./ -af [0s33( 4-0x0-but y1) -3H .
benzoi m dach%I’ g???%ggig%‘% lp?zg)ﬁg%?égz%%y gﬁggp'li%%%ﬁ{%)? fzgﬂ'i"gﬁz"?lﬁ'%"’ rboxylic 14 5
m xture of 6-(4-brono- 2- metidys,4plilenlybrxyrbutony)-anfide, 39:4) hydr oxy- pent y1) - 7-

f1 uoro- 3H benzof ji. |l £-.5-carboxylic i d cycl oprqpyl met hoxy-am de 11m
(0.244 g, O. 250 Wéﬁ"ﬁﬁﬁorﬁé’hﬁ@@W‘?ﬁ“?%%‘&?&%é‘gﬁ—mﬁ@da@@erﬁ-) i s added
sodi um periodate (0.195 g, 0.911 mmol ). After 16 hours, the reaction
mxture is diluted with ethyl acetate and washed wi th NaHCO3, and bri ne.
The organic layer is dried (Na2SO4) arfd concentrated under reduced pressure
to give an orange solid. Purification by FCC eluted with 4:1 nethyl ene

chl oride: MeOH yields 0.189 g (82% pure desired product as a yellow solid:
M5 APCI (+) nmfz 505, 503 (Mtl Br pattern) detected; Ms APCI (-) ni/z 503,
501 (M1 Br pattern) detected. Step

F: 6- (4- Brono- 2- ni et hyl - phenyl at ni no) - 7-f | uor o- 344- (4- net hyl - pi perazin-1-yl)
- butyl] -3H benzoi nzi dazol e-5-carboxylic acid cycl opropyl net hoxy-am de | bo

e igfiltered through Celite




Exanpl e 19 by using the appropriate al kenyl substituted benzim dazole and

the appropriate amne in the reductive amnnation (step F): 18a H HO,, ,NO
HOLO HO -FrN\:=NO HNC O 180 7."--....0,0 4/0 Niii
Cs-r-r\:----"NiffliFl1 18b HO

carboxylic acid but-3-enyloxy-amide 29uu is subjected to the dihydroxylation method

described in Example 12. MS APCI (+) m/z 501, 503 (M+ Br pattern) detected.

Example 14

§ R o
~ONTN cl

CF3CO,H N
~N F Br
\=N
6-(4-Bromo-2-chlora-phenylamino)~7- uoro-3-methyl-3H-benzoimidazole-5-carboxylic
acid (2-methylamino-ethoxy)-amide TFA salt (29jjj)

Prepared from (2-{[6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-methyi-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, CD;0D) & 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, CD;0D)~77.41 (s, 3F), —134.79 (s, 1F).

Example 15

The foliowing 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

H
v/\O,N 0] H
/\/\N\__;N F { Br

the appropriate hydroxylamine (Step C):

A
o N0

N
\=N

11c 11e
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Example 16

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

the appropriate hydroxylamine (Step C):

11g ’n 0 11j
v o 7f/ ‘ | 7f/ [
N
N F Cl ‘
11h H o 11k
v/\O H\@
N F Ci
/\/\ \=N
11i : H 111
-N.__.O
V/\Of;t“fi éﬁﬁi
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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Example 18

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

the appropriate hydroxylamine (Step C):

A
HOL~G N0 29mmm | o > N0
H
15 @
—~N F Br
A==

Example 19

H
v/\O,N O ﬁ
___N/“j J\/\ f F :’[ Br

6-(4-Bromo-2-methyl-phenylaminae)-7-fluoro-3-f4 -(4-methyl-piperazin-1-yl)-butyl]-3 H-

2911t

benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide (110)
Step A: 6~(4—Bromo—2—metkyl—phenylaminé)—7-ﬂuoro-3—pent-4~enyl—3H~berzzoz‘mz'dazole—
S-carboxylic acid methyl ester 9b
7—Fluoro-6-(4-bromo-2-methy1—phenylamjno)-IH-benzoimidazole-S-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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3.629 mmol) are-added and the reaction mixture was warmed to 80 °C. After 1 hour, the
reaction mixture is cooled to room temperature and poured into 100 ml of 1:1 ethyl
acetate:diethyl ether. The organic layer is washed with water and brine, dried NaS0y)
and concentrated under reduced pressure. The N3 and N1 alkylated products are
separated by flash column chromatography, eluted with 20:1 methylene chloride:ethyl
acetate. ~ Complete separation of the isomers is obtained by performing two
chromatographic separations. The higher R¢ product is the N3 product 9h, while the lower
R¢ product is the N1 product. The recovery of the N3 product 9b is 0.415 g (38%):
LC/MS ESI (+) m/z 448, 446 (M+] Br pattern) detected. The recovery of the N1 product

was 0,486 g (45%): LC/MS ESI (+) m/z 448, 446 (M+1 Br pattern) detected.

Step B:  6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3-pent-4-enyl-3H-benzoimidazole-
5-carboxylic acid 10d
6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3-pent-4-enyl-3H-benzoimidazole-
S-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 rednced
pressure and the residue diluted with water and 100 m! 1:1 THF:ethyl acetate. The layers
are separated and the aqueous layer extracted with ethyl acetate. The combined organic
extracts are dried (Na;SO4) 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-3H-benzoimidazole-
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5-carboxylic acid 10d (0.390 g, 0.902 mmol) is dissolved in 1:1 THF:methylene chloride
(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 NaHCQs, and brine. The organic layer is dried
{Na;SO4) and concentrated under reduced pressure. The crude yellow residue is purified
by FCC eluted with ethjrl 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-3 H-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 QsQ, solution in -
BuOH 1iias 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 filirate is diluted with ethyl acetate and washed with 0.01 N HCI, and brine.
The organic layer is dried (NazSOs) and concentrated under reduced pressure. The crude
rproduct 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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To a mixture of 6-(4-bromo-2-methyl-phenylamino)-3-(4,5-dihydroxy-pentyl)-7-
fluoro-3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 1Tm (0.244 2,
0.456 mmol), THF (5 ml) and pH 7 phosphate buffer (3 ml) is added sodium periodate
(0.195 g, 0.911 mumol). After 16 hours, the reaction mixture is diluted with ethyl acetate
and washed with NaHCO;, and brine. The organic layer is dried (Na;S04) and
concentrated under reduced pressure to give an orange solid. Purification by FCC eluted
with 4:1 methylene chloride:MeOH yieids 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 i)~
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. Afler 5 min, the reaction mixture is diluted with ethyl acetate and
washed with NaHCOQ; and brine. The organic layer is dried (Nap80y) and concentrated
under reduced pressure to give 12 mg (69%) of pure desired product as a white solid. MS
APCI(-) m/z 587, 585 (M-1 Br pattern) detected; "H NMR (400 MHz, CDCls) 5 7.99 (s,
1H), 7.98 (s, 1), 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, 2H), 0.98 (m, 1H), 0.50 (qt, 2H), 0.22 (qt, 2E).
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Lxample 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 H_o
Ao N0 yo o VY k
N
F Cl
HO C\NJJ N\-‘—'-‘—N
N F Br
Ho\)‘ﬁ \5HN
18b 18p M
v/\O,N O y V\O,N 0 Y .
HO
N F Br N Fo>a
HO\)\/\ \=N N
O
18¢c H 18 N
JN.__.D q N0
V\O H v K
b\ el
3 N F Cl
N F cl Jr
HO bh .
18d 18r N
_.N__.O o~
VoL et
\NCN\/\/\N\:‘—'N F ¢
N F Cl
HO/\(\ \=N
18 OHH 18 H
e S
N0 _N._.O
v'/\0 y V/\O H
& éﬂ@
N F Cl
N F cl o~ A
NN
2
HO
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Example 21

N._o
v/\()/ H
E :N‘. i
o )
O:—._“ﬁ N F Br

6-(4-Bromo-2-methyl-phenylamino)-3-[4-(1,1-dioxo-1 AS-thiomorpholin-4-yl)-butyl]-7-
fluoro-3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide (18cc)
To a solution of 64(4-bromc.1-2-methyl—phenylamino)—7-ﬂu0r0-3-(4-thiomorpho]_in-

4-yl-butyl)-3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 181 (8 mg,
0.014 mmol) in 1:1:1 water/acefone/MeOH‘ (1 mL) is added NMO (1.6 mg, 0.014 mmol)
and osmium tetroxide (250 pL, 0.054 M solution in t-BuOH, 0.014 mmol). After stirring |
for 24 hours, the solution is diluted with saturated sodium thiosulfate, stirred for 10
minutes and diluted Witil ethyl acetate. The solution is washed with brine (éx),l dried
(Nay;SOs) and concenirated under reduced pressﬁre 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 (Mi+, Br pattern) detected.
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Example 22

o)

6—(4-Bromo-2-chloro-pkenylamino)—7-ﬂuoro-3—[4—(4—methyl—pz]perazin-]-yb-buMI-SH-
benzoimidazole-5-carboxylic acid cyclo}:mpylmethoxy—amide (18dd)

A solution of 6—(4—bromo-2-ch10ro—phenylahllino)—3-(4—chloro-butyl)—7 -fluoro-3H-
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 (N 32504) and concentrated under reduced pressure to a yellow oil. Flasﬁ
column chrom'atography (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, DMSQ-dg)
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

_ 18k

HOHNO

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

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

e

6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3-oxazol-5-ylmethyl-3H-benzoimidazole-

S-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-

isocyanomethanesnifonyl-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




18mH 0 H 18aa v-"oP Onhkx---7-Nv.._ Nwv...... y 18n

with ethyl acetate (2x). The combined ethyl acetate layers are dried (NazSOj,) and
concentrated under reduced pressure. The resuliing solid was purified by flash column
chromatography (eluting with 15:1 methylene chloride:methanol) to yield 0.011 g (50%)
of the desired product. MS APCI (+) m/z 470, 472 (M+, Cl pattern) detected; 'H NMR
(400 MHz, CDCl3} 6 10.51 (br s, 1H), 8.07 (s, 1H), 8.02 (s, 1H), 7.89 (s, 1H), 7.23 (s,
1H), 7.15 (d, 1H), 6.92 (dd, 1H), 6.31 (d, 1H), 6.11 (br s, 1H), 5.45 (s, 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 (g).

Example 23

N N F Br
)'\/\ \=N

6-(4-Bromo-2-chloro-phenylamine)-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-phenylamina)-3-(2-tert-butoxycarbonyl-ethyl)- 7-fluoro-

3H-benzoimidazole-5-carboxylic acid methyl ester
6-(4-Bromo-2-chloro-phenylamino)-7-fluore-3H-benzoimidazole-5-carboxylic
acid methyl ester 8b (0.50 g, 1.25 mmol) is dissolved in DMF (8 mi) under N; and K,CO;
(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 reducéd pressure. Purification by flash

column chromatography eluted with 19:1 methylene chloride:ethyl acetate gives 0.41 g
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6- (4- Brono- 2- net hyl - phenyl am no) - 3-14- (1, 1- di oxo- Le-t hi onor phol i n-4-y1) - but
y1J-7- fluoro-3H benzointi dazol e-5-carboxylic acid

cyci opropyl met hoxy-anti de (18cc) To a sol ution of

6- (4- br ono- 2- net hyl - phenyl am no) - 7- f | uor o- 3- (4-t hi onmphol i n4-yl - butyl)-311-
benzonni dazol e- 5- carboxylic acid cycl opropyl net hoxy-am de 181 (8 ng, 0.014
mml) in 1;1:-1 water/acetone/ MeOH (1 L) is added NMO (1.6 ng, 0.014 mmol)
and osni un(ﬁlr’%)rd&?ﬁﬂlé’f? L, 0.054 Msolution in t-BuCH 0.014 mmol).
After stirring for 24 hours, the solution is diluted with saturated sodi um
thiosulfate, stirred for 10 mnutes and diluted with ethyl acetate. The
solution is washed with brine (2x), dried (Na2SQ4) and concentrated under

reduced pré&Bure Bo a gielf-RBrolpd-ciE@e-fireaylamiiotB(érarborivethplfeluonerdHy
provides 6 ng (71% desired product as an off-white solid. M5 ESI (+) Inh
622, 624 (bénzoBridgrala-erabogyéhcacidenkthy! ester TFA salt
6-(4-Bromo-2-chloro-phenylamino)-3-(2-tert-butoxycarbonyl-ethyl)-7-fluoro-3H-

benzoimidazole-5-carboxylic acid methyl ester (0.050 g, 0.095 mmol) is dissolved in

methylene chloride (0.5 ml) and TFA (0.5'ml) is added. After 45 min, the reaction

mixture is concentrated to dryness to give 0.49 g (88%)desired product: LC/MS ESI (+)

m/z 472, 470 (M+ Br pattern) detected; "El NMR (400MHz, DMSO-dg) § 8.51 (s, 1H),

8.20 (s, 1HD, 8.13 (s, 1H), 7.64 (d, 1H), 7.29 (dd, 1H), 6.45 (dd, 1H), 4.55 (¢, 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-ethyi)-7-fluoro-
3H-benzoimidazole-5-carboxylic acid methy! 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 NH4Cl, brine, sat'd ag NaHCOs, and brine. The organic layer is
dried over MgSOy, 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 pattem) detected.
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6- (4- Br ono- 2- chl or o- phenyl ai ni no) - 7-f | uor o- 3- 14- (4- met hyl - pi perazin-1-34)-b
utyll -3H benzoitni dazol e-5-carboxylic acid cycl opropyl nzet hoxy-am de
(18dd) A sol ution of

6- (4- br ono- 2- chl or o- phenyl am no) - 3- (4-chl oro-butyl)-7-fl uoro- 3Hbenzoi m dazo
| e-5-carboxylic acid cycl opropyl net hoxy-am de 18ee (10 ng, 0.018 mmol),

o ) 0, S e el AR RSSO

mol) are stirred at 85 C for t our’s. i m ut ed

with ethyl sgedptfmaad.nashe O*IP’Q‘EES?'“ mes with water, washed twice with

sat ur at ed aqueous potassium carbonate, dried (Na2SO4) and concentrated
under reduced prossuse .a vyello il. E h cql unn chronmat ography (1:1
di chl or onet hane/?}it hh;ng{)ﬁ?glfl oq{edgv B‘gﬁrﬁ&o%ﬁ?r%&epm%ﬂ"@@rqﬁ-(3-0X0-3-

met hanol /tr] ¥k am_ne | cl ean product (8 ng, 72% as an off-white
f oam M5 ESI bﬁ%@}%ﬁpﬁg@ﬂ?w@g azola-3-ephpxdistasid wathyNnder (¢ 101G, 0079
DVSO- d6) 8 839’%13[,1{}%%1%) 7.71 (75, 111), 7.49 (d, 1H), 7.18 (dd, 1H), 640
(dd, 111), %98 il HEHLG (1.5 18b/0(7q mblp addedd52q mLo@0 Bhd)),0f2.M 3q LIOH2H) |
2.28 (s, 311), 1.96 (m 211), 1.54 (m 213), 1.07 (m 111), 0.50 (d, 211),
0.22(d, 211 Thgarryiteezolution is slirshitly Thepoutios mxiersis apriifd Wih 18t Apds
simlar to those described in Exanple 22, using an appropriate am no and
primary al kgl GH oRitde?) 48F diltted WHEI EdVAce Thd 8idanitliayer is dried over MgSO;,

filtered, and concentrated in vacuo to give a crude product (42 mg) which is directly used

without further purification.

Step E: 6-(4—Bromo—2—chloro-phenylamino)—7—ﬂuoro-3—(3~oxo-3-pyn~olz'din—I-yl-propyl)u
3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 18hlih

The title compound is prepared from 6-(4-bromo-2-chloro-phenylamino)-7-flucro-
3—(3-0x0-3-pyrrolidin—1-yl—propyl)—3H-benzohnidazole-S-carboxylic acid anci 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 MIIz, 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-dg) —132.94 (s, 1F).
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Example 26
The following compounds are prepared by methods similar to those described in

Example 25 using methyl ester 8b and the appropriate amines:

H H
18 | o v/\O,N o 1| e HO A~ N0 o
LN H [ \ N H |
%N F Br N)H\/\N F Br
o . =N o =N
18jjj X
HO_~-N oH .
0 Ao
;\/‘N F Br
g =N
Example 27

Ho\/\o,n o} lﬂé\
@\N\:—'—N F Br
6-_(4—Bramo-2-chloro—phenylamino)-7-ﬂaoro-3-(tetmhydro—pymn—2-ylmetkyl)—3H—
benzoimidazole-5-carboxylic acid (2-hydroxy-ethoxy)-amide (1 Ip)
Step A: 6—(4~Bromo-2—ckloro—phenylamino)~7-_)‘2uoro-3-(tetrahydro-pymn-z-ylmetkyl)—
3H-benzoimidazole-5-carboxylic acid methyl ester 11q
6-(4-Bromo-2—chloro-phenylauﬁno)-?-ﬂuoro-fSH—benzoimidazole—S-carboxylic

acid methyl ester 8b (0.25 g, 0.63 mmol) is dissolved in N,N-dimethylformamide (5 mL).
2-Bromomethyl-tetrahydro-pyran (0.34 g, 1.88 mmol) and potassium carbonate (0.26 g,
1.88 mmol) are added and the reaction mixture is stirred at 60 °C for 12 hours under N,.

The reaction mixture is poured into a separatory funnel, diluted with ethyl acetate and
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water and the layers separated. The ethyl acetate layer is washed with water and brine,
dried (Na;80,) and concentrated under reduced pressure. The resulting solid residue is
triturated with diethyl ether to yield a pale yellow solid (N3 regioisomer by NMR) and a
vellow filtrate (mixture of N1 and N3 regioisomers by NMR). The solids are collected
and washed with diethyl ether to yield 0.12 g (37%) of the pure desired N3 regioisomeric

product as a pale yellow solid. MS ESI (+) m/z 496, 498 (M+, Br pattern) detected.

Step B:  6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(tetrahydro-pyran-2-ylmethyl)-
3H-benzoimidazole-5-carboxylic acid 11r
6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(tetrahydro-pyran-2-ylmethyl)-

3H-benzoimidazole-5-carboxylic acid methyl ester 11q is suspended in 4:1
tetrahydrofuran/water (2.5 ml.) and aqueous 1 M LiOH is added (2.5 mL). After stirring
at room temperature for 16 hours, the reaction mixture is homogeneous and the reaction is
complete. The reaction mixtare is cooled to 0 °C, diluted with water and aqueous 2 M
HCI is added dropwise uniil 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
(N2;SQ04} 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-Bromo-2-chloro-phenylamino)-7-fluoro-3-(tetrahydro-pyran-2-ylmethyl)-
3H-benzoimidazole-5-carboxylic acid (2-vinyloxy-ethoxy)-amide 11s

6-(4-Bromo-2-chloro-phenylamino)-7-fiuoro-3-(tetrahydro-pyran-2-ylmethyl)-
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3H-benzoimidazole-5-carboxylic acid 11r (0.11 g, 0.23 mmol) is dissolved in N,N-
dimethylformamide (2 mL). HOBT (0.037 g, 0.27 mmol) and triethylamine (0.094 mL,
0.68 mmol) are added. Then O-(2-vinyloxy-ethyl)-hydroxylamine (0.028 g, 0.27 mmol)
and EDCI (0.056 g, 0.29 mmol) are added and the reaction mixture is stirred at room
Vtemperature under Nz until HPLC shows the reaction is complete (2-3 days). The
reaction mixture is poured into a separatory funnel, diluted with ethyl acetate and water
and the layers separated. The ethyl acetate layer is washed successively with aqueous
saturated NH4Cl (2x), brine (1x), aqueous saturatéd sodium bicarbonate (2x), water (1x),
and brine (1x), dried (NazSO4) and concentrated under reduced pressure. The resulting
solid is purified by FCC (eluting with 15:1 methylene chloride:methanol) to yield 0.039 g
(79%) of the pure desired product as an off-white solid. MS ESI (+) m/ 567, 569 MV,

Br pattern) detected.

Step D:  6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(tetrakydro-pyran-2-yimethyl)-
3H-benzoimidazole-3-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 aquedus 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 0.034l 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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detected; "H NMR (400 MHz, CD;0D) & 8.29 (s, 1H), 7.75 (s, LH), 7.49 (d, 1H), 7.18

(dd, 1H), 6.40 (dd, 1H), 4.40 (dd, A of ABX pattern, 1H), 4.28 (dd, B of ABX pattemn,

1H), 3.92 (m, X of ABX pattern, 1H), 3.66 (¢, 2H), 3.35 (m, 1H), 1.89 (m, 15), 1.76 (m

1H), 2.28 (s, 3H), 1.54 (m, 3H), 1.30 (m, 1H). *F NMR (376 MHz, CD;0D) —134.87 (s).

Example 28

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

Example 27 by using the appropriate methyl ester and alkylating agent (Step A) and the

appropriate hydroxylamine in (Step C).

A H
1t | ho X R_o x| o~ _N_0
o y o HoF
o F Br N F Br
A== O \=N
1Tu | o N.__O 11y N_o
\/\0’ cl ¢ F
H H
“ ho!
E Br N F Br
\=N 9 =N
O
11v H 11z OH
HOL_~ N 20 o I
H o)
1
o o
F Br N
N
(-
HN N F Br
\=N
11w y 11laa H
HO_~N._0 _ N._O
o by v~ o H G
éﬁ“@ “
F Ci N F Br
0 =N \=N
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Example 29

N O
V/\O H Cl
N

Qé(?\/\l\l F Br
/ A=

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 mi DMF under N,. K,COs;
(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 (MgSQO,) 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 pattem) and 400, 398 (M — methyl ethyl sulfone Br pattern).

Step B:  6-(4-Bromo-2-chlovo-phenylamino)-7-fluoro-3-(2-methanesuifonyi-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 11ee is subjected to methods previously

described to give 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-(2-methanesulfonyl-
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ethyl)-3H-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide: MS APCI (H)

m/z 561, 559 (M+ Br pattern) and MS APCI (-) m/z 559, 557 (M- Br pattern) detected; 'H

NMR (400MHz, DMSO-ds) 811.75 (s, 1H), 8.47 (s, 1H), 8.04 (s, 1H), 7.77 (s, 1H), 7.62

(d, 1H), 7.28 (d4, 1H), 6.40 (dd, 1H), 4.78 (t, 2H), 3.82 (t, 2H), 3.62 (d, 2H), 3.07 (s, 3H),

1.02 (m, 1H), 0.49 (m, 2F), 0.21 (m, 2H); °F NMR (376MEz, DMSO-dg) -132.66 (s).

Example 30

The following compounds were prepared similarly using the appropriate methyl

ester and Michael acceptor and methods described previously.

11dd HO_O 13jj H
N O
H -~
i{jN L V/\OE;E Wiﬁ
@] 0 .
W N F Br 0
1lee ﬁ o 11kk
HoN” y |
N
L /N Br
W N F
/Sf \=N
11£f NH; 111
N
N | O |
Na.
H
N
&N Br
? N F
O:ISf \=N
llgg HO\/\O’Q o 11mm v/\oﬁ o
H -
/ A=N \=N
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Example 31
HoN
=N
O N
H
N
HN F Br
\=pN

[6—(5—Amina-[1,3,4]oxadiazol-2-yl)-4—ﬂuora-1H—benzoimidazol—5—y{]—(4—bmmo—2—
methyl-phenyl)-amine (24a)
Step A: 6—(4—Bromo—2-methyl—phenylamino)—7—ﬂuoro—3H—benzoimz‘dazole—5~carboxylic

acid hydrazide 20a
6—(4-Bromo-2~methy1—pheny1amino)-7-ﬂuoro~3H—benzoimidazole-5-carboxy1ic
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~[1,3,4]oxadz’azol—-z-yl)—4—ﬂuaro-]H—benzoimidazol—5—yl]~(4—bromo-

2-methyl-phenyl)-amine 24a
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6-(4-Bromo-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic
acid hydrazide 20a (0.041 g, 0.109 mmol) is suspended in 1,4-dioxane (1.5 ml) and 36 pi
of a 3 M solution of cyanogen bromide in methylene chloride is added. NaHCO; (9 mg,
0.109 mmol) in water (1.5 ml) is then added. Afier 16 hours, the reaction mixture is
diluted with water and brine and extracted with THF. The combined organic extracts are
dried (NazSO4) and concenirated 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

HMe
N

HN F Cl
\=N

[6-(5-Amino-[1,3,4Joxadiazol-2-y1)-4-fluoro~1 H-benzoimidazol-5-ylj-(4-chloro-2-
methyl-phenyl}-amine (245)
[6-(5-Amino-[1,3,4]oxadiazol-2-yl)-4-fluoro- 1H-benzoimidazol-5-yi}-(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-ds) 6 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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Example 33

NHs

N=(
Ne O
P
N‘CL
HN F Br
\=N

[6-(5-Amino-{1,3,4]oxadiazol-2-yl)-4-fluoro-1 H-benzoimidazol-5-yl]-(4-bromo-2-
chloro-phenyl)-amine (24c)
[6-(5-Amino-[1,3,4]Joxadiazol-2-yl)-4-fluoro-1H-benzoimidazol-5-ylj-(4-bromo-

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 pattemn) and MS APCI (-)m/z 423, 421 (M-

Br pattern) detected.

Example 34

N,
HN. .O
H Me
“f‘;l
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 paitern) detected; "H NMR (400MEz, DMSO-de)
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513.09 (bs, 1K), 9.98 (s, 1H), 8.40 (s, 1H), 8.17 (bs, 1H), 7.64 (bs, 1H), 7.20 (s, 1H),

7.03 (d, 1E), 6.41 (bs, 1), 4.49 (s, 2H), 2.23 (s, 3H).

Example 35
OH
N=(
N. O
H Me
N
HN F Cl
=N

5-f6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazol-5-ylj]-
[1,3,4]oxadiazol-2-ol (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 1. 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 extrgcted with THF (3x). The combined organié layer is washed
with brine, dried (NazSO4) 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+ Cl pattern)
detected; 'H NMR (400MHz, DMSO-de) & 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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Example 36
N=
Ns O
H - Me
N
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(4-Chloro-2-methyl-phenyl)-(4-fluoro-6-{1,3,4Joxadiazol-2-yl-1 H-benzoimidazol-5-yi)-
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,O. The reaction
mixture is heated to reflux under Nb. 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-dg) $13.10 (bs, 1H), 9.39 (s, 1H), 8.49 (s, 1H), 8.10 (bs, 1H), 7.78 (bs, 1H), 7.20

(d, 1ED), 7.00 (dd, 1ED), 6.41 (bs, 1II), 2.18 (s, 3H).

Example 37
SH
N=(
Ns 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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isorm_ry-NN_,NO HC N so Br Exanple 24 NOO 'N

6- (4- Chl or o- 2- net hyl - phenyl am no) - 7- f | uor o- 3- oxazol - 5-yl net hyl- 3H benzoi m d
azol e5-carboxylic acid cycl opropyhnet hoxy-am de (18ggQ)

6- (4- Chl or o- 2- net hyl - phenyl am no) - 7-f | uor o- 3- ( 2- oxo- et hyl ) - 3H

benzoi m dazol e- 5-carboxylic acid cycl opropyl met hoxy-am de (0.020 g, 0.046
nmml ) is dissolved in nethanol (2 nml). Potassium carbonate (0.013 g, 0.093

mml) and 1- i%Q@g@g%gﬁ_%ae@gggﬁgnm&ﬁﬁh&ﬁ%@ggﬁg%a&&@i@m@mﬁi&51 mol )

are added. The'r e’'rs stirre X for 16 hours under N2,
th frated, . _The  resi i i i t hyl
acetate anapurats fbgoBSE Bl sRy D e i S Al ks BB i <1 ™Y
Cox) S The te Orots v e Hhs Q@b g Brdt Zraolh Rilas o1 kBt off (8! ©

concentrated under reduced pressure. The resulting solid was purified by
flash col WhibOchmeneatAferasbimyng &10LIG frg 30imi, the: reachigl BIKUHIS NG F‘h@lﬁét hanol )
to yield 0.011 g (50% of the desired product. M5 APCI (+) mz 470, 472
(M+, O paAfierh) hoétecrsaion nhikusp/ig queacheltyy, thepdditiyn gt votes1follpwed by the )

8.07 (s, 1H), 8.02 (s, 111), 7.89 (s, 1H), 7.23 (s, 1H), 7.15 (d, 1H), 6.92
(dd, 111),adBitdh ofdthyl Bctate add INHCE, TheHpyerS avtSscparate@ 21d theagegousdayepy , 2. 40
(s, 311), 0.87 (m 111), 0.49 (m 2H), 0.20 (m 211). 19F NWR (376 Mz,
CDC13) - Ixfra&tdd Gilh cfyPB®Re. 2T he combined organic extracts are dried (NaySOs) and

6- (4- Bronza- 2-t hl or a- phenyl am no) - 7- f | uor o- 3- (3- oxo- 3- pyrrol i di n-1-yl - propy
0-311- benzAkini:AazAle Bdked PR fo B0 the Q¥Gledpiaig Rtatfellow\sohd: TiCRIY 18hhh)
ESI () m/z 376, 378 (M+ Cl pattern) detecied; "H NMR (400MHz, DMSO-dg) § 8.51 (s,

1H), 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-3 H-benzoimidazole-5-carboxylic acid
methylamide (1100)

6-(4-Bromo-2-chloro-phenylamino)-7-fluore-3H-benzoimidazole-5-carboxylic
acid 10¢ (0.029 g, 0.076 mmol) is dissolved in N,N-dimethylformamide (1.1mL). HOBT
(0.016 g, 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 NH4CI (2x), brine {1x), aqueous
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Step A

6- (4- Brono- 2- chl or o- phenyl am no) - 3- (2-tert-but oxycarbonyl -ethyl)-7-fl uoro-
3H benzoi m dazol e-5-carboxylic acid nethyl ester

6- (4- Brono- 2- chl or o- phenyl am no) - 7-f | uor o- 311- benzoi m dazol e- 5- car boxylic
acid nethyl ester 8b (0.50 g, 1.25 mmol) is dissolved in DMVF (8 m) under
N2 and K2CO3 (0.26 g, 1.88 nmmmol) is added foll owed by t-butyl acrylate

(1.84 m, 12:54 . . The reaction_ni xture t tQ.: 2
stirring. S&ﬁ?%‘Fd %Hﬁfwﬁq Ili’écafbeogg i @ﬁ?n)fv ?(tte{lr(g)f sahgo%}ﬁ%dﬁt(}%’ %&grqg( gg?%)ufmédd W th
ethyl acetate. The organic | ayer is_washed w water (.3 brine dried
(MpB04)  armesEt TaRage e Sresmuty Lot b ' Blffed R G Ry
v 0 httT dmmerleriismgheice vield D013'g P cl BE pure Gl 3™ ©

St epB: 6- (4- Br ono- 2- chl or o- phenyl ai ni no) - 3- (2-car boxy-et hyl )-7-fl uor o- 3H
benzoi ni da¥iS| ARGL GArigo3Sl, B89 Qdi-dBreatieyd) detspied; (400 , DMSQ-d6) &

6- (4- Brono- 2- chl or o- phenyl am no) - 3- (2-tert-but oxycar bonyl -ethyl)-7-fl uoro-3
Hbenzoi r ni glag (reads, AAN)PREY I(ing 1HY, st Infe} 1), 76kt (85 1K) 7@BAd,gl H)Y) 709%ddyridl)) is

di ssolved in nethylene chloride (0.5 m) and TFA (0.5 nil) is added. After
45 mn, these @@egtlm,nz.%éh&la@sl@aﬁ@@,cmttdstam eehideOrothineRes S NMR V76OMAR, g
(88% desired product: LC Ms ESI (+) nth 472, 470 (Mt Br pattern) detected;
111 NMWR (@w_dﬁ)@q)@%g@?ﬁ 8.51 (s, 8.20 (s, 111), 8.13 (s, 111), 7.64 (d,
111), 7.29 ., 111), 6.45 (dd, 111), 4.55 (t, 2H), 2.89 (t, 2El). Step C
6- (4- Brono- 2- chl or o- phenyl am no) - 7-f | uor o- 3- ( 3- oxo- 3-pyrrol i din-1-yl -propyl
)- 3H benzoi m dazol e- 5-carboxylic acid nethyl ester To sol ution of

6- ( 4- br ono- 2- chl or o- phenyl am no) - 3- Ezamplbik y- et hyl ) - 7-f | uor o3H benzoi nm daz
ol e-5-carboxylig acid methyl ester (60 Q.13 . IS
added HOBt - H20 4@3’}"’“&% i%“?ﬂ‘f‘ﬂ?s) ?feé{fﬁpfgg’( E)‘“’.”Eﬁll?e@ag ém%‘%r %a% ?e%?p% i di ne
(0.011 m., 0.13 1), d EDCl, (34 0.18 |)..at . rt. The.resulting

Vel Dow soi €hes i Rumuble 3By vomerind brroPtai it ugit P B RbiHPe Bt o8t PG i ¢ h
Et 0OAc and water, washed with sat'd ag NRICI, brine_ sat'd NaHCCB, . and
brine. Thethak ¢pakaie twe gine; funciionalifics, B angjappte Pepe gP‘éHI,OteﬂFgCLE‘BH%@rW?%t ed in
vacuo to give a crude material which is purified by f]|ash chromatography
(3% MeOH i i thsp@pding repckien mdjthagowqums&twemwdd%§iﬁﬂébsf$%%ﬂlarzﬁt?n APC
(+) fez 523, 525 (M+, Br pattern) detected. Step D

6- ( 4- Br onoTRAckpwteotiphenditeomsno) - 7- f | uor o- 3- ( 3- oxo- 3- pyrrol i di n- byl - propy1)
- 3H benzoi m dazol e-s-carboxylic acid To a sol ution of

6- (4- brono- 2- chl or o- phenylam no) - 7- f | uOr o- 3- ( 3- 0x0-_3-

pyrrolidipiippy|l - pr og’gfI)qHSH- benzoi m dazo] Ehf- g xylic acid nethyl ester

(41 nmg, 0} 079 |t NJgA THF/ H20 (1.5 nif0.75 added 0.20 niL (0.PRO
mml) of | N ag Li Rt it The resulting sol ytion islsiried 16 h. The

reaction acl ied with 1 NBaqg HCf (pH -R 10 and diluted with
Et OAc. Th erisydried over My304, fi lknergdF arid @oncentrated in
vacuo to B pr-oduct—{(42—rg)—whi-ch—hs—di ri%‘*“!y used—w-t-heut—

) 1lvv i
further p . Ny, N0
6- (4- Brozpo- 2-ichKonp- phenyl anzi no) - 7- f | por o- :BW- -@yrrolidin-1-y{l-prop
yl)- 3H bgnzohhni dazole-tb- dar boxylic acid cycliopropyl ho @: nzi de 18h 1:/i
The title f ed from HN F (]
6- (4- bronp- 2- chlq_{ o) - 7-f 1 uoy 03- ( 3- oxo- 33¥rrolidin-1-yl-propyl)
- 3H benzo| m dazol @'EEN car boxyl'ic acid and O- chl opr opyl net hyl - hydr oxy| am ne

hydr ochl of 1 de X
APCI (+) |nk 578, 0 (WM+,] Br pattern) {detected,
8 11.66 (p, 11 s 11), 8.01 (s, 111),

st andard coupling pteedure Ia@§cri bed in Step A| M5
™1 NVR (400 MHz, DMBO-d6)
M6 (s 111), 7.62 (B,

1H), 7.28|(d, BrlH), 4.52 (t, 211), R. 211), 3.33 [t,
211), 3.28 (t, N2.89 (t, 2H), 1.83 (m 211) 211), 1.06{ (m
111), 0.4 (m}| 211), 0.22 (m 211); 19F NWR (|36 , S8 d6) - 132. 94 (s,

| F). Exahple-26—Fhe-feotHowng—corpounads—arelpr& il ar to
t hose described in Exanple 25 using nmethyl ester 8b and the appropriate

am nes:
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18iii Hc.N v...---...1iy..NO HO NHN O O 18kkk 1-1 , HO."...--"c r.N\ /N

NH O HCI N 18jjj HO,,,-...0...NHO Q.. O HN
11ss | HN 11xx N=N
‘\/;’\I 0 l\{l\ NH
‘ ot
Ao
N
F B
w0 ™
HN F Br
=]
H
11t _N OH
N- i
HN F Cl
A=N
Example 40
HO
H Cl
N
HN F Br
\=N

[6-(4-Bromo-2-chloro-phenylamina)-7-fluoro-3H-benzoimidazol-5-yl]-methanol(10e)

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic
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 intd a
separatory funnel, diluted with ethyl acetate, and the layers separated. The aqueous phase
is extracted with ethyl acetate. The combined ethyl acefate layers are dried (Na;SO,) 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 pattern) detected.
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a le Exampl e 27

6- (4- Brono- 2- chl or o- phenyl am no) - 7-f | uar o- 3- (t et r ahydr o- pyran- 2-yl net hyl )-3
11- benzoi m dazol e-5-carboxylic add (2-hydroxy-ethoxy)-amde (11p) Step A
6- (4- Brono- 2- chl or o- phenyl am no) - 7-f | uor o- 3- (t et rahydr o- pyran- 2-yl met hyl ) -
3H benzoi m dazol e- 5-carboxylic acid nethyl ester Ilq

6- (4- Brono- 2- chl or o- phenyl am no) - 7-f | uor o- 3H benzoi nBdazol e- 5- car boxyl i 0
acid nethyl ester 8b (0.25 g, 0.63 ﬁ%ﬁ%{ 'ﬁldissolved in .
N, N- di et hyl formam de (5 nL). 2-Bro Iﬂé -tetrahydro-pyran (0.34 g, 1.88
mrol ) and potassi um carbonate (0.26 g, 1.88 nmpl) are added and the
reaction mxture is stirred at 60  f 12 hours under N2. The reaction
mxture is poured into a separatory funpel ,Cldiluted with ethyl acetate and

wat er and the | ayers separated. The W etate layer is washed with
wat er and brine, dried (Na2SO4) an nce ted under reduced pressure.
The resulting solid residue is t, d gdi ethyl ether to yield a

pal e yellow solid (N3 regioisonmer \by; NMR) and a yellow filtrate (m xture of
Ni and N3 regi oi soners_ by NNF%. The _solids _are collected and washed with

di et hyl et Ifel‘%"?’é’”iﬂ‘%’lcﬂl"ﬂ‘?ﬂ@e’g’ ‘(”3’?%‘7'6*“’{“?1@[{&??’@”{‘}@@7-?16&"?@3”4’@“{:{0’6? Edferic
gre?g g;:te das StaeBag@(ﬂﬁi&@w-mbtodph&(ﬁaéﬂo)(ﬁﬂud%%Hév&@zoiﬂﬁ&zsﬂ/btﬂ]%ﬁetﬂ&bi ern)

6- (4- Bronoqgs . i E I St - -2 t hyO-
S benzol M oa0hi ok g RLERELATHISTAL o HERRAR T BRI, BY B, &S,

6- (4- Brono;.2; chlaro- phenyl am.ng)-7-f l.uor 0-.3- (.t et r ah Q~RYI ah- 2- vhnet hyl ) -
3 benzor niar 8 2SRRI efiRer Theferolibt For gt St ¥ Sp ot R Rt 27
tetrahydrofuran/water (2.5 nmL), apd agueous 1 MLiOH s _added (2.5 nL) After
stirring atver oohde ERpdatoteres 5 ligsed diypush silisa eehand shied withy wothylene
honogeneous and the reaction is conplete. The reaction mxture is cooled to
0 C, dil ut eiosife/methand (1Qihgl é&u&l@gﬁzﬂmm@nqe@tr%hé@ea rsippdspressyrd 1o 2 he pH
of the solution is 1-2, at which time it turns to a suspension. The

reacti on nimallirveline podtheg fikerod dhxouplamat despdise syahgeafiieniid aeraeivensmill et hy|
acetate/tetrahydrofuran and water and the | ayers separated. The aqueous

| ayer is exmpads efl MuQuhthatpayded dootigh éhe siliva gobniihe ddtraie gaoincedtenyel sndar e
washed with brine, dried (Na2SO4) and concentrated under reduced pressure
to yield Oretlitcagl (€184 aralf thiehresithuer B sleifiet ddr flash diobimm shuamattigtaphg lutdng MS ESI
(+) mz 482,484 (M+, Br pattern) detected. Step C

6- (4- Br onowgh @bl 1ahehplaenatiaide: Mehanbl) tb Y0031 GlES% RO ZiNE pore RS peodtctet hyl )
- 3H benzoi m dazol e-5-carboxylic acid ?gﬁvinyloxy-ethoxy)-anide 11s

6- (4- BronDagy KOHARP Sl AFS B8] (- Hi/k 96X, @7@?&#@1@1{)&&%@1‘) QeRdE@N- 2-yl net hyl) -
3H benzoi m dazol eZ5-carboxylic acid hr (0.11 g, 0.23 mml) is dissolved in
N, Ndi met hyl formam de (2 inL). HOBT (0.037 g, 0.27 mmol) and triethyl am ne
(0.094 mL" 0.68 mmol ) are added. Then O0-(2-vinyl oxy-ethyl)-hydroxyl am ne
(0.028 g, 0.27 nunol) and EDCl (0.O0E&ample¥29 mmol) are added and the
reaction mxture is stirred at room tgyperature under 142 until HPLC shows
the reaction is conplete (2-3 ddi). action mxture is poured into a
separatory funnel, diluted with et e and water and the | ayers
separated. The ethyl acetate |ayer successively wth aqueous
saturated NHACL (2x), brine (1x)}ya ) : 4t pat ed sodi um bi car bonat e
(2x), water (Ix), and brine (Ix), \eéiy ed (Na2SOQ4) and concentrated under
reduced pressure. The resulting solid is purified by FCC (eluting with 15:1
met hyl ene clM/owi-Beomebdibao)pHetylgintr o 7Q0H30-39m bRPOAH-Obn jobwidasnl SISl r ed
product as an off-white solid. M5 ESI (+) mz 567, 569 (M-, Br pattern)
detected. Step D - hydroxy-ethanone (10g)

6- (4- Brono- 2- chl or o- phenyl am no) - 7-fl uoro- 3- (tetral zydr o- pyran- 2-yl net hyO-
3H benzoi t gi.gazol erb-g. QAP XPN-ey. = 2 - et - ) s i
6- (4- Br ono- -cﬁio?ééSﬁgﬁeﬁgﬁfﬁgﬁ?%@??ﬁé?%ygi?%ﬁ??Hﬁ%gyﬁgggggﬂ%ggﬁ?ﬂéthy|)-
3H- benzoi nj, &3z - 5-carho i id (2-vinyloxy-ethoxy)-amde |ls (0.039 g,
0. 068 m{%ﬁgég%?%@#@ggpﬁ&’@ﬁgﬁol (2 nL) and aqueous 2 M HCl (200uL) is
added. The 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 (-200 uL) until pH 7 and concentrated under reduced
pressure. The residue is partitioned bggween ethyl acetate and brine in a
separatory funnel and the |ayers separated. The ethyl acetate layer is
dried (Na2SO4) and concentrated under reduced pressure to yield 0.034 ¢
(91% of the pure desired product as an off-white solid. MsS ESI (+) nmlz
541, 543 (M+, Br pattern)




detected; 111 NWMR (400 MHz, CD30D) 5 8.29 (s, 1H), 7.75 (s, 1H), 7.49
1H), 7.18 (dd, 111), 6.40 (dd, 111), 4.40 (dd, A of ABX pattern, lii),
(dd, B of ABX pattern, 1H), 3.92 (m X of ABX pattern, 111), 3.66 (t,

3.35(m 1H), 1.89 (m 1H), 1.76 (m 1H), 2.28 (s, 3H), 1.54 (m 3H),

(m 111).

19F NWR (376 MHz, CD30D) -134.87 (s). Exanple 28 The foll ow

(d,

4.28
2H),
1.30
ng

conpounds are prepared by nethods simlar to that described in Exanple 27

by using th g : } | dth
g RS SSPLRER SR B3kl i ol 60y 30 o (1

appropri ate hydrox
01 a HHQ

amne 1 n
drepared by the proced i reSorld in YBOrd hehiU1988, 53, 4131) in THF (8 mL) at -

78 °C is added n-BuLi (0,94 mL, 2.35 mmol, 2.5 M solution in hexane). After stirring for
3 min, a solution of 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-
benzoimidazole-5-carbaldehyde 10k (59 mg, 0.15 mmol) in THF (2 mL) is added at -78
°C. Afier stitring for 40 min at -78 °C, the reaction is quenched with saturated aqueous
WHLC] at -78 °C, warmed to room temperature, and diluted with EtOAc. The organic
layer is washed with brine, dried over MgSO,, filtered, concentrated, and purified by
flash chromatography (1.5 % MeOH in CH;Cly} to give the desired product (45 mg,

64%): MS APCI (+) m/z 458, 460 (M-, Br pattern) detected.

Step B: I—_[ 6-(4-Bromo-2-chloro-phenylamino)~7-fluoro-3-methyl-3H-benzoimidazol-5-
yi]-2-methoxymethoxy-ethanone 10f

A solution of 1-[6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-
benzoimidazol-5-y1]-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 difuted with EtOAc. The organic layer is washed with saterated
aqueous NaHCOj; and brine, dried over MgS0y, filtered, and concentrated in vacuo to
give a crude material which is purified by flash chromatography (1.5% MeOH in CH;Cly)
to afford the desired product (31 mg, 71%): MS APCI (+) m/z 456, 458 (M-, Br pattern)

detected.
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1-10.-..HO-NNOC ONO1Ily HOY , NOOFH ONOMNM\ 1iVH_-....0M
" N, NHNO

NOHO . NOliz (OHO,,J

Step C: 1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazol-5-
Y] -2-hydroxy-ethanone 10g

A mixture of 1~[6-(4-bromo-2—éhloro-phenylamino)—7—ﬂuor0—3—methy1~3H-
benzoimidazol-5-yI]-2-methoxymethoxy-ethanone 10j (15 mg, 0.033 mmol), 10%
aqueous HCI (0.3 mL), methanol (0.01 mL}, and water (0.05 mL) is stirred for 3 days at
1. The reaction mixture is neutralized with saturated aqueous NaHCOs, and diluted with
EtOAc. The organic layer is washed with brine, dried over MgSQy, filtered, concentrated
in vacuo, and purified by flash chromatography (1.5% MeOH in CH,Cly) to afford the
desired prouduct (7.3 mg, 54%): MS APCIL (+) m/z 412, 414 (M+, Br pattern) detected;
'H NMR (400 MHz, acetone-ds) & 8.64 (s, 1H), 8.34 (s, 1H), 8.16 (s, 1H), 7.58 (d, 1H),
7.31 (dd, 1H), 6.59 (dd, 1H), 4.94 (s, 2H), 4.06 (s, 3H); °F NMR (376 MHz, acetone-ds)

-132.45 (s, 1F).

Example 43
O
HO H cl
N
HN F Br
\=N

1-[6-(4-Bromo-2-chloro-phenylamine)-7-fluoro-3H-benzoimidazol-5-yl]-2-hydroxy-
ethanone (10k)
Step A: 1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yI] -
2-methoxymethoxy-ethanol 10
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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OlVHHO NFBr -Mr=NNcr 111VHHO-? ,NO N\:-- --NO HCO ONOC ilaa
H 0, NO

described in Example 42, Step A tfo yield compound 101. MS APCI (+) m/z 444, 446

(M+, Br pattern) detected.

Step  B:  I-[6-(4-Bromo-2-chlovo-phenylamino)-7-fluovo-3H-benzoimidazol-5-yl]-2-
methoxymethoxy-ethanone 10m

To a solution of oxalyl chloride (0.11 mL, 0.22 mmol) in CHyCl, (1 mL) at -78 °C
is added DMSO (0.016 mL, 0.22 mmol). After stirring for 3 min, a solution of 1-[6-(4-
bromo-2-chloro-phenylamino)-7-fluoro-3 H-benzoimidazol-5-yl}-2-methoxymethoxy-
ethanol 101 (25 mg, 0.056 mmol) in methylene chloride (1mL) is added. The 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 MgSQs,
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-ylj-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;0D) & 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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HCl N la.0 NFBr \IN -=- Exanple 29

6- (4- Brono- 2- chl or o- phenyl i ani no) - 7f i uor o- 342- net hanesul f onyl - et hy0- 3H

bei t zoi nti dazol e- S-carboxylic acid cycl opropyl met hoxy-am de (1 |bb) Step A
6- (4- Br ono- 2- chl or o- phenyl am no) - 7- f | uor o- 3- ( 2- met hanesul f onyl - et hyl ) - 3Hben
zoi m dazol e-5-carboxylic acid nethyl ester 1llcc

6- (4- Brono- 2- chl or o- phenyl am no) - 7-f | uor o- 311- benzoi m dazol e- 5- car boxylic
acid nethyl ester 8b (1.55 g, 3.89 %Dh) i‘? di ssolved in 15 m DM under
N2. 1C2C08 (0.70 g, 5.06 nmmol) is add2HPISH owed by methyl vinyl sul fone
(0.41 m, 4.67 mmol ). After stirring 16 h at roomtenperature, the reaction
mxture is diluted with ethyl acetate d water. The | ayers are separated
and the organic |ayer is washe 1 fﬁr (@x) and brine. The conbi ned
aqueous washes are extracted with et te. The conbi ned organic
extracts are dried (MySH) and concég te der reduced. Purification by
di ssolving the residue in nmethyl ene s o g precipitating with diethyl
et her, repeated several tinmes, givas,l.16 g (59% pure desired product as a
yeIIow solid: M5 APCI (+) ink 506, 504 (M+ Br pattern) and 400, 398 (M -
met hyl et hyl ; sglf 3. -3H- midazol-5-ylJ-2-ethoxy

6- (4- Br ot no- Q?EH g?%n% eﬂ@&%ﬁlg%yl‘f@’??ﬁugm 3{12ber’rlgtu anésul (gnyl et hyI) 3Hbe
nzoi mi dazol e- 5- car boxylic acid cyclethﬂrteml(lﬂﬂi hozy-amni de || bb

ol m dazol S48- o Lﬁxé’?g e R el G L e L

previously escr ho gi ve
6- (4- br onp¥ a@hf 6 nyl ani no) - 7- f | uor o- 3- ( 2- met hanesul f onyl -

ot i 2 561 To gesshiion abtiapeey gt Ghen i (O pER Ity egt BRI i Brz/s

pattern) detected; 111 NVR (40Q00MHz, 6 75 ,
5704 () Thptbutyipipbesyl Gaa e 7 2@2@3%1@5’8 hog, 339 (i hﬁ%@,@&%@q Qo 15
4.78 (t, 2H), 3.82 (t, 211), 3.62 (d, 3.07 ( 1 1. 111)
0.49 (m 2mi) 2.05 pmqbhp ymroceﬂgm Wf(dsmawh @%@98@5? 166‘ Wa
Exanpl e 30 The foI | owi ng conpounds were prepared simlarly using the
appropri at eolnéemy| @dt er @ffbmtnoacihlonepiepylaningld-Herhddde apelgS-
previously. | | dd

carbaldshyde 10f (29 mg, 0.080 mmol) in TH¥ (1 mL) at -78 °C. The resulting solution

is stirred for 1 h and then quenched with saturated aqueous NE4C] at -78 °C, warmed to
room temperature, and extracted with EtOAc. The organic layer is washed with brine,
dried over MgSQy, filtered, concentrated in vacuo, and purified by flash chromatography
{100% CH,CJ; 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:  1-[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 Bxample 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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HONOOONRj H....NO Br 0 HN 00110 F lice H NO

miz 426, 428 (M+, Br pattern) detected; '"H NMR (400 MHz, CD;0D) 8 8.36 (s, 1H),
8.04 (s, 1H), 7.51 (d, 1H), 7.21 (dd, 1H), 6.51 (dd, 1H), 4.76 (s, 2H), 3.57 (g, 2H), 1.19 (t,

3H); °F NMR (376 MHz, CD;0D) —133.96 (s).

Example 45

~ O
Q H Cl .
HN F Br
\=N

1-{6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl]-2-methoxy-
ethanone (10p)
1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3 H-benzoimidazol-5-y1]-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 o g C
ol
HN F Br
\=N

2-Benzyloxy-1-{6-(4-bromo-2-chloro-phenylamino)-7-fluoroe-3H-benzoimidazol-5-yl]-
ethanone (10q)
Step A: 2-Benzyloxy-1-[6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-

S-yl]-ethanol 10r
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To a solution of benzyloxymethyllithium in THF (2 mL, prepared from n-
BuzSnCH,0Bn (505 mg, 1.23 mmol) and n-BuLi (0.49 mL, 1.22 mmol, 2.5 M solution
in hexane) by the procedure reported in J. Am. Chem. Soc. 1978, 100, 1481) is added a
solution of 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3 H-benzoimidazole-5-
carbaldehyde 10f (5 1 mg, 0.14 mmol) in THF (3 mL) at—78 °C. The resuiting solution is
stirred 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 MgSQ,, filtered, concentrated in
vacuo, and purified by flash chromatography (100% CH:Cl to 3% MeOH in CH,Cly) to
afford the desired product (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-
S-yl]-ethanone 10q

The title compound is prepared from 2-benzyloxy-1-[6-(4-bromo-2-chloro-
phenylamino)-7-fluoro-3 F-benzoimidazol-5-yi]-ethanol 10r by 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 (+) m/z 488,
490 (M-+, Br pattern) detected; 'H NMR (400 MHz, CDs0D) & 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).

104



1111 HO 1.1 Br li O Olei N\ -=--N 1110 Ilgg 110 HCI N -.:"d_y--N
lel. 1 n P1Imn

Example 47
~ O
,/S\\ H Cl
0 N
HN F Br
=N

1-f6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3 H-benzoimidazol-5-yl]-2-
methanesulfonyl-ethanone (10s)
Step  A: I-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-ylj-2-

methanesulfonyl-ethanol 10t

To a solution of methyl sulfone (65 mg, 0.68 mmol) in THF (1.5 mL) is added a
solution of n-BuLi (0.27 mL, 0.68 mmol, 2.5 M solution in hexane) at -78 °C. After
stirring for 5 min, HMPA (0.1 mL) is added. Afier stirring for additional 10 min, a
solution of 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3H-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 NH,4Cl,
warmed to room temperature, and diluted with EtOAc. The organic layer is washed with
water, dried over MgSO,, filtered, concentrated in vacuwo, 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-ylj-2-methanesulfonyl-ethanol 10t by the procedure
described in Example 42, Step B except that the reaction mixture is not treated with
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saturated aqueous NaHCOj; containing sodium thiosulfate pentahydrate: MS APCI (+)
m/z 460, 462 (M+, Br pattern) detected; '"H NMR (400 MHz, acetone-ds) & 8.44 (s, 1H),
8.33 (s, 1H), 7.59 (5, 1H), 7.32 (d, 1H), 6.68 (dd, 1H), 5.00 (s, 1H), 3.15 (s, 3H); “F

NMR (376 MHz, acetone-dg) ~132.97 (s).

Example 48
OH
HO y
N
HN F Br
\=N

1-{6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-ylj-ethane-1,2-
diol (10u)

Step  A:  1-[6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl]-2-
(isopropoxy-dimethyi-silanyl)-ethanol 10y

To a solution of the Grignard reagent prepared from Mg and chloromethyl
dimethylisopropoxy silane (Org. Synih. 1992, 69, 96 ) [4.4 mL, 3.26 mmol, 0.74 M
solution (based on 90% purity)] in THF, is added a solution of 6-(4-bromo-2-chloro-
phenylamino)-7-fluoro-3H-benzoimidazole-5-carbaldehyde 10f (200 mg, 0.54 mmol) in
THF (1 mL) at -78 °C. After stirring for 1 h at -78 °C, the reaction is quenched with
saturated aqueous NH4Cl, and extracted with EtOAc. The organic layer is dried over

MgS0,, 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-3-yl]-ethane-

1,2-diol 10u
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[ 6- (5- Am no- 11, 3, 41loxadi azol - 2-y1) - 4-fl uor o- M benzoi m dazol - 5-y11- ( 4- br ono-
2-

To the crude 1-[6-(4-bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazol-
5-y1}-2-(isopropoxy-dimethyl-silanyl)-ethanol 10v in MeOH-THF (5 mL-5 mL) is added
KHCO;3 (54 mg, 0.54 mmol), and KF (74 mg, 1.27 mmol), and 30% aqueous H,0, (0.20
mL) at rt. After stirring for 3.5 h at room temperature, the reaction mixture is diluted with
water, and extracted with EtOAc, 'lI‘he organic layer is dried over MgSO4, filtered,
concentrated in vacuo, and purified by flash chromatography (8% to 10 % MeOH in
CHxClp) to give the desired product (74 mg, 34%): MS APCI (+) m/z 400, 402 (M+, Br
pattern) detected; "1 NMR (400 MHz, CD30D) 8 8.20 (s, 1H), 7.62 (broad s, 1H), 7.47
(d, 1H), 7.14 (dd, 1H), 6.30 (d, 1H), 4.96 (t, 1H), 3.64 (m, 2H); °F NMR (376 MHz,

CDs0D) —136.87 (s).

Example 49
“ "N
I
N OH
g ¢
N_.
~N F Br
\=N

[6-(4-Bromo-2-chlovo-phenylamino)-7- uoro-3-methyl-3H-benzoinidazol-5-ylj-
pyridin-2-yl-methanol (10w)
To a solution of 2-bromopyridine (0.10 mL, 1.04 mmol) in THF (3 mL) at -78 °C

is added n-Buli (0.39 mL, 0.98 mmol, 2.5 M solution in hexane). After stirring for 10
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;Cl, 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,Cly) to
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met hyl - phenyl ) -am ne (24a) Step A

6- (4- Brono- 2- net hyl - phenyl andno) - 7- f | uor o- 3H benzoi m dazol e- 5- car boxylic
acid hydrazi de 20a

6- (4- Brono- 2- met hyl - phenyl am no) - 7- f | uor o- 3H benzoi m dazol e- 5- car boxyl i c
acid nmethyl ester 8a (0.051 g, 0.135 mml) is suspended in EtOH (5 nl) and
hydrate hydrate (0.118 g, 2.023 mmpol) is added. The reaction mxture is

heat ed at rgfdrithd 8 . Cif ' e | rat.e der
reduced pr essﬁre a%l%gpﬁ?%ﬁgﬁ(lgy éﬁcﬁ/‘ﬂl ﬁsggpgﬁgwggzgéggggﬁ%gﬁ?ge OH to

55,508 S o BB I BN RAGLG 38 (
o (4" Br oo+ HEAYD (nchips Z0 4 1501 DRG. SFDGR0E By T 6 55 AIMR

acid hydrazédgz 20aé§).041 3 0.109 mml) is suspended in 1,4-dioxane (1.5
m) and 36 @F6 ¥Hz CDAo1lds 79f)of cyanogen broni de in net hyl ene chiori de
is added. NaHC®3 (9 ng, 0.109 tnnmol) in water (1.5 nl) is then added. After
16 hours, the reaction mxture is diluted with water and brine and
extracted with TI3F. The conbi ned orﬂani o tracts are dried (Na2SO4) and
concentrated under reduced pressure. ﬁ‘ﬁnp]fei ation by FCC eluted with 98:2
et hyl acetate: MeOH gives 24 ng (55% of pure desired product as a yell ow
solid: LCMs BSI (+) nilz 403, 405 (M Br pattern) detected; 111-NWVR (400
MHz, DMSO d6) 8 12.97 (s, 1H), 8.4 (; 111), 7.94 (s, 1H), 7.74 (s, 111),
7.36 (s, 2H), 7.33 (d, 1H, 7.15 (d, H)H 6¢c40 (bs, 1H), 2.34 (s, 311).
Exanpl e 32 N

[ 6- (5- Am no-11, 3, 4Joxadi azol - 2-y1) - uor benzoi nti dazol - 5-y4- (4-chl or
0- 2- net hyl - phenyl) - am ne (24b) F B

[ 6-(5- Am no-[ 1, 3, 4] oxadi azol - 2-yT5\]\-__4NfI uor o- 1H benzoi ni dazol -5-yl1]-(4-chlor
0- 2-nethyl - phenyl)-anaine 24b is prepared as described in exanple 31
starting Wt @réfa-2- _ (- e e P A,
chl or o- 2- met hyl - phgr?yﬁhéﬁar{’c{!)e{l%l)- ﬁ ug?rg-%ﬁc zglnj; fﬁl étg'z%olwgf 5z‘(’:lasr %)‘(’?’I”fec acid
met hyl ester 8e. LC/MS ESI (+) miz 359(10861 (M+r O pattern) detected; 111

(5. 211) e, BN e g b B i egpahestlgbpzmaly, 0
anpl e 33,

[ 6- (5- Al ni nSilzﬁo,i@{dﬂjz%—x‘séycg'énzegﬁa?%’-%) -4-fluoro-111-benzoi m dazol -5-y1] - (d-brom
0- 2- chl oro- phenyl ) am 24c .

[ 6- (5- Ani no-[ 1, %:633%‘?8’8%%%?@2%&1&@%%8%%#ﬁ%‘%ﬂﬁ?ﬁé@w&eﬁwﬂﬂ( 4- br ono-
2-chl - fl-am 24cC | i i | 1 i

Wi f h gr ? 4P%gg%hnidaazrglg-%-carb%xlyﬁc Ec&c? %%gh?/ esatlesr 1d1%§ ((:6.'35)063, 6.99461;(1;?12})) ig s&spexfdteg rting

br ono- 2- chl or o- phenyl ani_ng) - 7- f | uor o- 3H benzoi m dazol e- 5- carboxylic acid
met hyl est & @ SHXURRONEIOK (9 mbpand TAHE (4 mP3mdrsNBr NoBHs €0 h)2 grikOMsmdDlis (- ) n z
423, 421 (M Br pattern) detected. Exanple 34 NH2

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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6- (4- Chl or a- 2-i net hyl - phenyl am no) - 7-f | uor o- 3H benzoi m dazol e- 5- car boxyl i c
aci d hydrazi de (20b)

6- (4- Chl or o- 2- net hyl - phenyl am no) - 7-f | uor o- 311- benzoi m dazol e- 5- car boxyl i c
acid hydrazide 20b is prepared as described in exanple 31, step A from

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

acid nethyl, ester 8e. .LC/ | (+ Z, 3 336 attern ct ed;
1H NMR (40§f€ﬂz,%‘ Dl\%éﬁ"&%?’”g@@’6%”%’@’2‘?’”%2?‘?‘l”@fogii{’%’ﬁfﬁ%}‘%@?ﬁ%fy@?ﬁ111) ,
8.17 (bs, %H), 7.64 (gs, 1 .20 (s, 111), 7.03 (d, 1H), 6.41 (bs, 111),
4.49 (s, 2Pgyoimidemle: :C‘a’iﬂﬁ.eh le 35

5- 16- (4- Chl or o- 2- et hyl - phenyl am no) - 7-f | uor o- 34 benzoi m dazol - 5- \ﬁg[ 1, 3,4Jo
xadi azol - 2- ol ( feghBromo- -chloro-phenylamino)-7-fluoro-3~(2-methanesulfonyl-ethyl)-3H-

6- (4- Chl or o- 2- net hyl - phenyl am no) - 7- f | uor o- 311- benzoi m dazol e- 5- car boxyl i c
aci d hydr abemmirgidhzal-3-Whoethang. HEFO0050] 0.1¢Smmed)is wiksdlved irPh H2aastopeand a
20% phosgene solution in Phve (0.24 m, 0.45 mml) is added. The reaction
m xture is(&nily uederaf, sef MoO,u0dds IND.F2drminbl)ais ddddienThe adaetlort mixthre iEhe
reaction mxture is quenched by the addition of a 1:1 m xture of THF and
10% HC1 ( 2@tisdd at rdhif thray@htareaoe 16 dpaddthed ates i Q fve SaquaeditohaA WRT0,i (8.046
extracted with THE (3x). The conbi ned organic |layer is washed with bri ne,

dried (Na23Q4k2RBEhAPRCRIALD ahE theUtBatBion heueLdirRi Qe SH°E 2 G VEheIdaciBn (999
of desired product as a yellow solid: LG M5 ESI (+) nfr 360, 362 (Mt C

det; . 0 : : ' i 1 g nkS:
?‘ﬂ;erg) 88%%??&?% )c,l’ﬁ‘%‘?nswo%?g?o 1%,'5857%%%%3% %1%?10‘,(%&(&%&){11 , ég (dd,
1H, 2.30 (& 26 o S
() ot or . Shrdditeorn XAyt is flicrad fipongh, p silica el plug dhyed FBLO:L 1 L

zol -5-yl)-

methylene chloride:MeOH. The resulting filtrate is concentrated under reduced pressure

to give 41 mg (82%) desired product as a bright yellow solid.

Step C: (4-Bromo-2-chloro-phenyl)-(4-fluoro-6-oxazol-5-yl-1 H-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 K2CQO3 (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,SO,) 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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am ne (21a)

6- (4- Chl or o- 2- net hyl - phenyl am no) - 7- f | uor o- 311- benzoi m dazol e- 5- car boxyl i c
acid hydrazide 20b (0.048 g, 0.144 mmol) is suspended in 3 m absolute EtOH
and HC(OEO3 (0.60 ml, 3.54 mml) is added followed by catal ytic pTs011l120.
The reaction mxture is heated to reflux under N2. After 2h, the reaction
m xture is cooled to roomterrperature and concentrated under reduced

pressure. Pur b Ias chr

Dot at c: NEBE) (bl G b8 b5yt Pt SRR So B B8ty o
LC M5 ESI )(11 )I_&I nk 344 34 M-, CI pattern) detected; 11-1 NVR (400MHz,
DVBO- d6) *¥id Hrberzpunidaaqf->-y8l-a8ines " 11-1) " 8.49 (s, 111), 8.10 (bs, 1H),
7.78 (bs, 1H), 7.20 (d, H), 7.00 (dd, 1H), 6.41 (bs, 111), 2.18 (s, 311).
Exanpl e 37 (4-Bromo-2-chloro-phenyl)- (4-ﬂuoro ~6-0xazo)-5-yl-1H-benzoimidazol-5-y1)-
5-16-(4- Chl oro- 2- et hyl - phenyl ami no) - 7- f | uor o- 3H benzoi nt i dazol - 5- 1P

[ 1, 3, 4Joxadniaz dDe- RCYMB @S] (‘EB!&/}Z 409, 407 (M+ Br pattern) detected; "H NMR (400

6- (4- Chl or o- 2- net hyl - phenyl am no) - 7-f | uor o- 3Hbenzoi m dazol e- 5- car boxyl iC
aci d hydr aviedE-&98 8(12. 0501)98.20 (5 380, me Jbsj KD ASpéddeD), 7.63 &, wi),abedbiddf e Et OH
and cooled to O C under Ny. CS2 is added (26 ng, 0.346 mmol) foll owed by

powder ed g§4r(@¢ 2150 mmol ). After stirring at 0 C for 30 mn, the
reaction mxtfure 1S atedtoreflux Af ter 35h the reaction mxture is
quenched by th ]}H@E Lh 9! V\?dlg_ d @f}g% 15 oz SILAYL.
acetate and 1Ne(l-lg13 rs yq gt gggara e aquggus Iagyer IS

?ﬁé%%‘é}?daﬂ%‘)h f?@?@lﬂ% if%?ﬂﬁaler /@%@?ﬁ?ﬁ%%ﬁ%‘ﬁéjﬁﬂ%ﬁ%&%ﬁ% i
detect ed; AR QOBdrAe %ﬁ%@”ﬁﬁgc siin % X IR

111), 7.12 111) 111) 111 2.28 3H). Exanple 38
HN 6- (4- Br’bér?)(szlﬂhﬁdﬁdﬂblﬁg&ﬁ ]ef’rﬁdﬁo§H)73a33&b?@%% é&tz%ﬂ}: 5-car boxylic
acid nmethylam de (1 |00)

6- (4- Brono- 2- chl or o- phenyl am no) - 7- f | uor o- 3H benzoi m dazol e- 5- car boxylic
acid 10c (0.029 g, 0.076 nmmol ) is dhigﬁéreﬁ in N, N-di net hyl f ormam de
(1.1m). HOBT (0.016 g, 0.10 nmol) ri ehyI amne (0.028 nL, 0.20 mmol),

met hyl am ne (0.059 nL, 0.12 nmol, 2 Msolution in tetrahydrofuran), and
EDCI (0.019 g, 0.10 mmol) are addeq_q\pnsecutively to the reaction m xture
at roomtenperature. The solutionyys stirred at roomtenperature for 16
hours under Ny. The reaction mxtur |sHp00red into a separatory funnel and
diluted with ethyl acetate and wateri amd the | ayers separated. The et hyl
acetate | ayer is washed successive 'th eous saturated NRICL (2x),
brine (1x), aqueous saturated T B caxbont e (2x), water (1x), and
brine (1x), dried (MJSOX) and concegtrated under reduced pressure. The
resulting solid is purified by FCC (eluting with 19:1 nethyl ene '
chloride: e 2L A0 83 o BB A-iRidaiol 9DV B-LAR S it Rtz Y. -

APCl (+) mg@%g@:)g&l&bl\?hgnf)ﬁ t‘g‘?n) det ectégd yBU| NI\/Rﬁ gﬁzM%z O d6)
8 8.76 (broad s, 111); 8.69 (m 1H)amt8e410aetzs 111), 7.76 (s, 1H). 7.63 (d,

) S0P e MO SRt Aty i
anve ingEié’l&% B’fgj g&’}ﬂ{j}g’ i Olﬁg’ﬁ?}%ﬁ%‘%%@a’f ﬁcltag?:l d and amne. In
Boc pr ot ect ed BN SEblR- RGPt oA D RS e S oup. |5

|ater renpbved in a final step _under standard TEA deprotectiqon_condjitjons.
Il pp benzomdazole»S-carbaldehF})!de 10z (0.050 g, 0.107 mmol) 1spsuspended?n Et 8ﬁ ( §

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

stlrnng for 16 h at room temperature, a second equivalent of tosylmethyl isocyanide
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(0.020 g, 0.105 mmol) is added. After 8 h, the reaction mixture is concentrated under
reduced pressure and used as is in the next reaction: LC/MS ESI (+) m/z 671, 669 (M+ Br

pattern) detected.

Step B: (4-Bromo-2-chloro-phenyl)-[4-fluoro-6-(3H-imidazol-4-yl)-1H-benzoimidazol-3-
ylj-amine 10aa

(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 (0.072 g,
0.107 mmol) is &eated with 2.4 ml of a 2.0 M NHj; in MeOH solution in a sealed pressure
tube. The reaction mixture is then heated to 90 °C with stirring for 20 h and furthered
stirred at room tempéramre for 3 days. The reaction mixture is {ransferred 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: Lé/MS ESI (+) m/z 408, 406 (M+ Br pattern) detected; 'H NMR
(400MIz, MeOH-dy) § 8.23 (s, 1H), 7.87 (s, 1H), 7.74 (5, 1H), 7.46 (m, 1H), 7.32 (d,

1H), 7.05 (m, 1H), 6.20 (dd, 1H).
Example 52

H
HO. _~ O_,N 0 " cl
N
~N Cl Br
\=N
6—(4-Bramo-2-chlor01rhenylamino)—7-c]tloro-3-metkyl-3H-benzoimiddzale-é’-

carboxylic acid (2-hydroxy-ethoxy)-amide (10cc)
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Ste? A: 3-Chloro-2,4-difluoro-5-nitro-benzoic acid 2a

3-Chloro-2,4-difluoro-benzoic acid 1a (3.00 g, 15.6 mmol) is added to a stirred
solution of concentrated H;SO4 (16 mL) and fuming nitric acid (0.85 mL, 20.3 mmol).
After 3 hours a precipitate forms. The yellow slurry is poured onto ice water (100 mL).
The agueous mixture is extracted with diethyl ether (3x). The organic extracts are dried
(Na»804) and concentrated under reduced pressure to give 3.50 g {(95%) of clean desired

product as a pale yellow solid.

Step B: 4-Amino-3-chloro-2-fluoro-5-nitro-benzoic acid 3a

Ammonium hydroxide solution (6.88 g, ~30% in water, 58.9 mmol) is added to a
solution of 3-chloro-2,4-difluoro-5-nitro-benzoic acid 2a (3.5 g, 14.7 mmol) in water (16
mL) at 0 °C with stirring. Upon completion of the ammonium hydroxide addition the
reaction mixture is warmed t;) room temperature. After 5 hours the reaction mixture is
cooled to 0 °C and concentrated HCI is carefully added uniil the pH of fhe 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 concenirated 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;SO;) 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-chioro-2-fluoro-5-nitro-benzoic acid methyl ester 4a
To a stirred solution of 4-amino-3-chloro-2-fluoro-3-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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solution in hexanes, 18.5 mmol) is added. After completion of reaction, the reaction
mixture is concentrated via rotary evaporation with acetic acid in the trap. The recovered
oily solid is triturated with diethyl ether to provide 1.51 g of a yellow solid. The filtrate is
concentrated and triturated with diethyl ether to give an additional 0.69 g of yellow solid.

A total of 2.20 g (57%) of pure desired product is recovered.

Step D: 4-Amino-3-chloro-5-nitro-2-phenylamino-benzoic acid methyl ester 5¢
4-Amino-3-chloro-2-fluoro-5-nitro-benzoic acid methyl ester 4a (2.20 g, 8.84
mmol) is suspended in MeOH (9.4 mL) and aniline (3.22 mL, 35.4 mmol) is added. The
reaction mixture is heated to reflux with stirring under a nitrogen atmosphere. After 19
hours, the reaction is complete. Distilled water (3.22 mL) is added to the reaction mixture
and refluxing is continued for one hour. The reaction mixture is cooled to 0 °C in an ice
bath 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 NH,CI (15
mb}), 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,CL/THF and water. The organic layer is
washed with water (3x). The combined organic extracts are dried (Na;SOs) and
concentrated under reduced pressure. The solids are triturated with ether to give 0.32 g

(70%) clean desired product.
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[ 6- (4- Brono- 2- chI or o- phenyl am no) - 7- f | uor o- 311- benzohni dazol - 5- yl Enet hanol (
10e)

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 nethyl ester 8b (1.06 g, 2.65 mol) is suspended in tetrahydrofl uan
(25 nm.) and cooled to -78 C. Lithium alum 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 minutes at -78 C, the reaction mxture is warnmed to O
C and becones a _honogeneous solution. The reactjon m xture is stirred for 5
minutes at 0 C ¥fe FhdrCllow-Enhenyiaming-3H-oppzammidgpledeoiharphc e mmedis
guenched with MeOH, diluted with Rochelle's salt, warnmed to room

t enper at urestaxri@ stirred for 1 hour. The reaction mxture is then poured
into a separatory funnel, diluted with ethyl acetate, and the |ayers

separ at ed. The 4§iemmnophelserclZpleaylaadhetensichacet methyh ed¢radte(0.32hg, £6Ibi ned
ethyl acetate |ayers are dried (Na2SO4) and concentrated under reduced
pressure t@moleid Brddniflidclfeie @f dd.pumencliesi BtOMH (B6adLY hredsatad padtie
yell ow solid. M5 ESI (+) nilz 370, 372 (Mt, Br pattern) detected. Exanple

41 stirring, to 80 °C, After 44 hours, thif\reaction mixture is cooled to room temperature and
6- (4- Brono- 2-c | or o- phenyl am no) - 7-f | uor o- 3H- benzoi m dazol e- S- car bal dehyde

( 10f ) diluted w1th EtOAc and washed w1th Water (3x), saturated NaHCOj3, and brme The
6- (4- Brono- 2- chl or o- phenyl am no) - 7- f | uoro- 3H benzoi m dazol - 5- y1] - net hanol

) | and GG SR k& 8413“@ A @%85?%%*%‘?‘” RS f‘ésg?fé*%tlfrred
Sf | Fgacg];ﬁélgﬁg]%() (e s ERARE b o Pl nMS AR (e300 (D]

filtrate |€??§3 entrated under reduced pressure to a snmall volume and then
filtered t ﬁﬁ an Acrodisc syringe filter to renove snmall anmounts of Mh02
t hat passed through the silica gel. The filtrate is concentrated under
reduced pressure and the residue is purified by flash colum chromat ogr aphy
(eluting with 20:1 nethyl ene chloride:nethanol) to yield 0.81 g (85% of
the pure d&ep Bd-(renetrhssylanisel-gietioyePHownasinidgzolks-mghoxplig agd ethybs, 370
(M+, Br pattern) detected. Exanple 42

1- 16- (4- Brewas-82- chl or o- phenyl anzi no) - 7- f | uor o- 3- net hyl - 311- benzohni dazol - S-
R- 2-

7-Chloro-6-phenylamino-3H-benzoimidazole-5-carboxylic acid methyl ester 7e
(0.327 g, 1.08 mmol) is dissolved iﬁto 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,SO4) 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 (Vi+, Br pattern) detected.

Step H. 6-(4-Bromo-2-chloro-phenylamino)-7-chloro-3H-benzoimidazole-5-carboxylic

acid methyl ester 10dd
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hydr oxy- et hanone (10g) Step A

1-[ 6- (4- Brono- 2- ehl or o- phenyl am no) - 7: f | uor o- 3- net hyl - 3H beti zoi m dazol - 5-
y1l1- 2- net hoxynet hoxy- et hanol 10i To a sol ution of

tributyl - met hoxymet hoxynet hyl - stannane (864 ng, 2.37 mol, prepared by the
procedure reported in J. Og. Chem 1988, 53, 4131) in THE (8 nL) at - 78 C
is added n-BuLi (0.94 nm., 2.35 nmmol, 2.5 Msolution in hexane). After

tirri f 3 gy T : . . . .

Z- I( Lr 13? gm)?rZ- ch%ﬁ%%ﬁ?#%# nogé 7 lar(?F%}-I"??nr%é’%Iﬂlﬁ%oéﬁggﬁ?ﬁWHcdﬂ%P’@ﬂg’-l car ba
| dehyde 10h .15 . THE (2 )i dded -78 C. Af

st ier ?/i (ra]g for %88 %@hz%t é—%%&?ﬂﬂl‘c’r isjs i‘fef%ﬂni)}%ﬂ[gtfgr{&%agm ggt‘ﬂ&aé-gél-

aqueous NHACL at. - C, s Q [room tenperatur and diluted with EtOAc.
The or gani cmf%@elfs a&ie%&ﬁ:%&hr%ﬁpﬁ B qqﬁ%txoa,cpwn:&tg&ﬁ% £6205 mly O egmol)
concentr at ed, rified by flash _chromatograph 1.5 % MeOH in CH2C12) .
to give thels(fgg‘?rb?é%%eﬁrzc}% S%/d:l‘?}n Riparbenay, wates aAF"% argadded 8 the 6@ciion-, Br
pattern) detected. Step B:

1- [ 6- (4- Br olBIec Sodds aisHilisyedasndntyshpd mithoraer3andzethentb -ehid Qiédiz gi(M%pap!| - 5-
y1J- 2- met hoxynet hoxy- et hanone 10j A sol ution of

146- ( 4- br ontjcap-dekireskryodie a2 tiisolid. - MISTARGIN(©)-18/ #b, ki & (B et tisladed. - 5- V1]
- 2- met hoxynet hoxy- et hanol 101 (44 ng, 0.096 mmol) and the DessMartin
periodinane (49 ng, 0.12 mml) in CHRC12 (1 5 nm) is stirred for 1.5 h at
rt. The reaction mxture is diluted with ether (3 nL). Saturated agueous
NaHCOB (1 nizp cdnt ai-fi-Bepnalichilord-Phaasihial) &-0amb t 9, added.
The resulting m xt ur(eu is stirred ?or§10 %lpn and ?Pﬁ%%%&%}ho@gagfe he

or gani ¢ | ayeibdxplioesina@:m tsherJabalr at ed aqueous NaHCOB and brine, dried over
MySO4, filtered, and concentrated in vacua to give a crude material which
is purified by fd@she 3 2% _lj%a:_’]g o12) . t fford the
desi red product (gl ngw%?iéﬁ/&&gﬁw%ﬁ%’%f@ ?)&rhn@‘g @éﬁ&ﬁﬂg;ﬁgﬁb%ﬁem)
detected. SifRatin .

1-[ 6-(4-Bronzo- %@élhﬁsgerr 80% Ori%/ la%ﬁor'?o o p’l %05?’581-]‘131- %‘fcﬁ'ﬁ?—@ﬁ—%@n%ﬂg melkol - 5-
y1J- 2- hydr - m xture of . \

116- ( 4- br o%ﬁ‘?&c"ﬁ‘%@%@%@ﬁ% Pl 1 ) 15, salvad i dnesiug Epmamiticd@ BT 5. y 1] -
2- met hoxyneg -et hanone 10j (.15 , 0, Q33 |), 10% aqueous HC1 (0.3
n), met har‘l%é] eg?é.hﬁfrsn%e,reﬁckah\ﬂéf‘@g%@ﬂﬁ? ﬁﬂjh%‘%‘{ - wephed with weigrs(Sa), rt.
The reaction, m.xture is ne ;Jr_al ized with saturated aqueous NaHCO3, and
diluted w tPﬂ"aé‘i‘ﬁ%.af%?ﬂaée’&ﬂa R Fﬁ%}fgaiﬂg layss iseaiediNRS6)) Al cogpénddted\ter
MySO4, filtered, concentrated in vacuo, and purified by flash

chr omat ogr pRIPHRL 5o, MElesH N3h agdp] 23lkylated f fegrodsoniees dest rseparped Lisku flask 7. 3
ng, 54%: NS APCI (+) nilz 412, 414 (M+, Br pattern) detected; 1H NVR (400
MHz, acet oSBogwossply dFEtQAc). 1Thy re®ves dfsthe N3l pikyBielGrefi®isomtd Is 204 38 (d,
111), 7.31 (dd, 111), 6.59 (dd, 1H), 4.94 (s, 211), 4.06 (s, 3H): 19F NVR -
(376 MHz, &56oRdS 86T (H)182425 486 (M Br paibeadbiectdd

146- ( 4- Br onp- 2- ckl or o- phenyl am no) - 7-f | uor o- 3H benzoi m dazol - 5- y1J- 2- hydr ox
y- et hanone (10k) Step A

116- (4- Br ono- 2- chl or o- phenyl am no) - 7- f | uor o- 3H benzoi m dazol - 5- y1J2- net hoxy
nzet hoxy- etSkanal: 16Y4-Bromo-2-chloro-vhenviamine)-7- -3- _3H- i _5.

6- (4- Br ono- Z?Ch| or o-¥phenyl anm no) fr’7- I uo?(g-%ihll??e%?glthlyr{ 'gigzbgfweo-"gl-dg?rl%gl dehyde
10f is tread@eohtbidtiggout yl - met hoxymet hoxynet hyl - st annane according to the
procedure described in Exanple 42, Step Ato yield conpound 101. M5 M

(B+)1 Fé/ fféﬁbnf%@ 2%%%?&%%‘%“%? ﬁ@?f: éﬁ%ﬁ’d’?ﬁ‘%&ﬁ%@ﬁ%ﬂiﬂﬁaﬁ?ér _5-y1J-2-

met hoxyzne : : To | ut i f oxalyl chloride (0.11
o0y bSnE ORRABE AR 105e o1 iy BB s e ClaeResd ot b TRE w2
mol ). Aftgr KEri m n, sol ution of 14644-

br omo- 2- chilsh %’%ﬁ%‘%@\a‘gﬁ KlOOfQ%r_nﬂf 6@#\4@@%@ oA hEY) meo))1is addadet Afisty met hox
yet hanol 1Q1. 2? % Os'erSG myol ) in methylene chloride (1nl) is added. The
resul ting g’dﬁ’éﬁ %1 Hoyrsdloe Feaghipry is dilutgd with veater-ang agidifiediao pBL 2 byrbdditier7df Mol )
is added. The reaction m xture is slowy warned to roomtenperature,
stirred fohUBM G dhe pigmers fhseeatrantas, witndt 1 BIOACAHIN3K)) diiel €N2,80%) 4ad2C12.
The organic |ayer is separated, dried over MgSO™4, filtered, and

concentrated to give the crude productyhich is directly used wi thout
further purification.
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Step C

1-[ 6- (4- Brono- 2-chl or o- phenyl am no) - 7- f | uor o- 3H benzoi m dazol - 5-y11- 2-

hydr oxy- et hanone 10k

116- (4- Br ono- 2- chl or o- phenyl am no) - 7- f | uor o- 3H benzoi m dazol - 5-y1] - 2-

met hoxynet hoxy- et hanone 10mis deprotected according to the procedure
described in Exanple 42, Step Cto yield conpound 10k. M5 MCl (+) nz/z 398,
400 ( M+, Br et . . S ,
5,04 (5, 11TeoRig)p ARl B o SR b s M5 3 oy
19F NWR (37 : D),..- | F). Exanple 44

1-[6-(4-Br O%M;a’cﬂl 0 oﬁ’)gﬁgéz]@ aﬁc%t%?gejd-' 7-fl uoro-3H benzoi m dazol -5111- 2- et hoi
cy- ethanone (10n,) Step A

116- ( 4- Br oi no- 2- chl or o- phenyl am no) - 7- f | uor o- 3H benzoi m dazol - 5-y11- 2-

et hoxy- et halgol I}%o To 2 Flm ution of litbiomethyl ethyl ether in THE (6
m) (prepar¥® f fom T(habratia ertlommplaplapriralyi-chiaas-wgthyio3 Bdepasinidazals-5( 18
mg, 259 ranol), and Et OCH2Cl1 (0.20 nlL, 2.05 nmmol) by the procedure reported
i n Tet r ahedisbpxrBoecid 6 vimilgwssthpxy)auddel 082sol uti on of

6- (4- br ono- 2- chl or o- phenyl at ni no) - 7- f | uor o- 3H benzoi m dazol e- 5-

car bal dehyde 1016-(42Bromp-2-chlogephenplaning)-7T¢ioro B-mbthybiH-be@zofinidide Sesul ti ng
solution is stirred for 1 h and then quenched w th saturated aqueous NH4CL
at -78 C, warboeglli¢ ecid dOffi 32mgr&oTi mmad)) -« vinglokpettip)tHydidx@Bemine (Te01@y gani ¢
| ayer is washed with brine, dried over MgSH, filtered, concentrated in

vacuo, and mly 0.092aminl), HEBH(16 g reogsnmehy tlif0thied IE6L2m 0 03 tmafio MeOH
in CH2A 2) to give the desired product (15 ng, 44%: Ms MCl (+) niz 428,430
(M+, Br pataherEDCU¢I®eaise d.105h@ibIPare dissolved into dimethylf ide (1,0

1- 16- (4- Br ot no- 2- ehl or o- phenyl amﬁno) -7-fluor oo- 3che¥lz()5?lfanm}jaez%f - ]51}L;)gan-d2-

et hoxy- et hangrea 1Ont The i -
146 (4 br omos 3ogr] iir Plﬁ%eéné;lﬁlgr?]gﬁ% )%ﬁtﬂ_%ﬂﬂ&la'rh@ tb&n REGPALEGE FrOR hours. The

br bcedur e demioh TGS ‘fe?”ﬁ‘f X5 WA 6 g%%%ogfﬁ&mﬂﬂ e
bont ahydr aCEtopie S Htalh SR N e e '@’a{%iﬁfd&?pé@'ﬁ%%?i 3
NVR (400 oD, 8 8.3 ) 4 11 1 . 111 7.21

Cha (111 haer el obbedly b5 29la o8 5% e pinienht ads R Vg 897,50 1o

NI AIR (376 0D), -133.96 (s). Exanple 45
146- (4- Br oﬁ%@fcﬂ%%g'?’gﬂﬁtﬁé@ am no) - 7-fl uor o- 3H benzoi m dazol - 5-yl | - 2- net hox

y- et hanone (10p)

146- ( 4- Bronp- 2- chlor o- phenylam no) - 7- f | uor o- 3H benzoi m dazol- 5-y1] - 2-

nmet hoxy- et hanone 10p is prepared from

6- (4- br onoSPchior 65)( Bt ampdrihiarp-rhemtiaring)-Zdblone-dinrdigé 38l bensoimiddoale de hy de
101 and lithionmethyl nmethyl ether by the procedures described in Exanple
44. NB APCrarbeyylieiaridl(Phydioin-effidwy)-anidpdbdcer n) det ect ed.

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 mrmol)
in MeOH (1 mL). After one hour, the rea'lction mixture is neutralized to pH 7 and
concentrated under reduced pressure. The solids are dissolved in EtOAc, washed with
brine, dried (Na;SO4), and concentrated under reduced pressure. Flash chromatography

(20:1 CH2Cl/MeOH) provides 9 mg (23%) of pure product: MS APCI (+) mtz 473, 475
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Exanpl e 46

2- Benzyl oxy- H6- (4- br or no- 2- chl or o- phenyl am no) - 7-f | uor o- 3H benzoi m dazol - 5-
y1lJ- ethanone (10g) Step A

2- Benzyl oxy- 1- 16- (4- br ono- 2- chl or o- phett yl am no) - 7- f | uor o- 3H benzoi m dazol 5
-ylTet hanol 1O To a solution of benzyloxynmethyllithiumin TBF (2
nm., prepared from nBu3SnCHZOBn (505 ng, 1.23 mml) and n- BuLi (0 49 m., 1

22 mol , 2.5 solutlonln xane t he procedure re ted in Am_ Chem
Soc. 1978 (o Bt Patkry) fesccheti ol NS AR M DG 8 & S0 (B, 6 {51, 757

6- (4- br ono- 2- chl or o- phe | ami no) - 7- f | uor o- 3H benzoi ni dazol e- 5- carbal dehyde
10f (51 g (d.0H47 Arédd, 1Hg> 6rHH(d 3Hhﬁ5)97a(s, 3H)S. 80 (T 3EDr Ui HY- sol ution is
stirred for 1 h at -78 C. The reaction is gquenched with saturated aqueous
NHACLl, and extracted with EtOAc. The organic layer is dried over MySO4,
filtered, concentrated in vacua, an }gﬂurifi gd by flash chromat ography (100%
CH2Cl12 to 3% MeOH in CH2Cl12) to aff esired product (46 ng, 68%: M5
APClI (+) mz 490, 492 (M+, Br pattern) detected. Step B:

2- Benzyl oxy- 1- 16- (4- br ono- 2- chlor o- phegnyl am no) - 7-f | uor o- 3H benzoi m dazol 5-
yl ret hanone 10q The titlH.C ﬁndos pr epar ed from

2- benzyl oxy- 146- ( 4- br onp- 2- chl oroph(91yl n1 no)-
Thet hanol 1O by the procedure descri hetkd
the reaction mxture is not treated WI ed aqueous NaFl CO3

cont ai ni ng sodi um t hi osul fate pent gl at ecl Bl (+) mz 488, 490 (M,
Br pattern) detected; 111 NVR (400 ,N CD30D) 58.37 (s, H), 8.02 (s,
111), 7.51 (d, 111), 7.26 (m 51l), 7.19 (dd, 111), 6.46 (dd, 1H, 4.77 (s,
211), 4.58 G-t4-Bpamy-2-ctdarotienyigmbiy 8 benz0D8diiple-I-3arboylicicid (2ydrape 47
1-1.6-(4-Brono-2-cl zl oro-pltenyl am no) - 7-f | uor o- 3H benzoi nti dazol - 5-y11- 2-
nmet hanesul fonyl - et hati one (10s) Stiagxy)-amide (10hh)

A: 1- 1- 6- (4- Br onp- 2- chl or o- phenyl arni no) - 7-f | uor o- 3H benzoi m dazol - 5-y11- 2-
met hanesul f onyl Taé BB cobfound is prégaréd BOibnialdpo0f fAaRlbhYd Eabhblerse &B&piny,
0.68 mml) in THE (1.5 nlL) is added a solution of n-BuLi (0.27 niL, 0.68

mol, 2.5 Was Skt i Blinthalax aVIS )ARUI (=) /2 @57 Aieth(M-SB!r phtkdh®) deRicted; i Rk | VPA
(0.1 nL) is added. After stirring for additional 10 mn,” a sol ution of

6- (4- brono ggm]gr 7 0 < dehyde
ol 4 Sromougnltier eoRveykam a4 ot SHoenge, PIdgeehe S e deny
stirred for3 (?1 Bpg% @'ﬁg The reaction is quenched wth saturated aqueous
NHACL, war fre o} h?lt gpature, and diluted with Et OAc. The organic

| ayer is washed with water, dried over MgSH, filtered, concentrated in
vacua, and purified by flash chromat ogr aphy (3% MeOH in Cl112C12) to give
the crude desired product (31 ng, 9 &8 is used directly w thout
further purification: Ms APClI (+) mz 462, 464 (M-, Br pattern) detected.
Step B:

1- 3- (4- Brono- 2- chl or o- phenyl am no) - 7- f | uor o-@H benzoi m dazol - 5- y1P2-

nmet hanesul f onyl - et hanone 105 The i t/l—e/corrpound is prepared from

146- (4- br ono- 2- chl or o- phenyl am no) - G N—0C

f 1 uor o- 34 benzoi m dazol - 5-y1] - 2- met hgnegul ionyl -ethanol 10t by the
procedure described in Exanple 42, @ cept that the reaction m xture
is not treated with r Br

-fI uor o- 3H benzoi m dazol - 5-y
pl e 42, Step B except that

HN

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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sat urat ed agueous NaHCO3 contai ni ng sodi um tbi osul fate pentahydrate: M
APCI (+) mz 460, 462 (M, Br pattern) detected; 111 NWVR (400 WHz,
acetone-d6) 8 8.44 (s, 1H), 8.33 (s, 1H), 7.59 (s, 1H, 7.32 (d, 111), 6.68
(dd, 1H), 5.00 (s, 1H), 3.15 (s, 311); 19F NWR (376 MHz, acetone-do)
-132.97 (s). Exanple 48

146- (4- Br ono- 2-t hl or o- phenyl andno) - 7-f | uor o- 3H benzoi m dazol - 5-yl ket hane- 1,
2- dial (1 0 . . .

A 146- ( 4- B?%E#B%@ghzloo Foor AL/ C(10,90 2 48,77 mumal) ape aglded. The gepstin mixppee is 5.
asopr opoxy-gdi net hyl - sjd anyl1).-ef hanol , 10v To a solution of the Gignard
reagent pr e%iﬁ%gdgfésombl\}é“%ﬁé\hcﬁr oS Ghergsasiion swipvEpdkgoaded dmeocnDr g.
Synth. 1992, 69, 96 ) [4.4 ni, 3.26 mol, 0.74 Msolution (based on 90%
purity)] i nCTpREatuye andiben diliesed, dhrengtofeelite, rinsing with ethanol. The filtrate is

6- (4- br ono- 2- chl or ophenyl am no) - 7- f | uor o- 3H benzoi m dazol e- 5- car bal dehyde
10f (200 nyEongentatedigiyr redncpd presqurato) giae 9.678(93. %Pof e paiel dekirsligrbdict 4s 4 at
-78 C, the reaction is quenched with saturated aqueous NH4Cl, and extracted
wi t h Et OAc.purple/rest spdidi 843 BYEG) inaz 2176 @d-10\detectbiSat , filtered, concentrat ed
in vacua to afford the crude desired product which is directly used w thout
fluffier purification. Step B:

146- (4- Br oi no- 2- chl or o- phenylam no) - 7: f |l uor o- 3H benzoi m dazol - 5-y1J

- et hane- 1, Sieh B 7 Woro-2-methyl-G-9hérhBm - i _5- o

14644- br orm-ézp- chl or o- phenyl {a)tm' %o)ii-}?- ?ﬁﬁg‘?ob-egﬁof?ﬁz’gﬁ%%ijtcr?r%péc%%(f %c-u{/Tft-h%l- (i sopr
opoxy- di netdspb 384 | anyl) - et hanol 10v in MeOHTHE (5 nL-5 nl) is added KHCGO3
(54 mg, 0.54 mol ), and ICE (74 ng, 1.27 mmol), and 30% aqueous H202 (0. 20

Tkt are s | oSl f8fo-3 phalli@hob AR C RS e Gueck BE B38%073) ayer

chr ont ogr Sohel dbsspeidey i e P ERIAR S M fusbe HredGust Adp prsie (74
Vi, - copopp s 3t Yot Eture S tpeht o toos ter Wy e 4,4 ppptaredione dd,

ity 3'73((33 %&1@%} 45 Bndt} is a00ed.” THS action mixird is stirmed ot edho o 60 )

[ 6- (4- Brong; 2- chl.or o- phenyl at ni_ no) - 7- f | uor o- 3- net hyl - 34 benzoi m dazol - 5- R-
pyri di n- 2- yPe ATREHHRRBF o118 \Gpoled to Tewsn temnsintete adirestedpyitli ditmatei Qqildbusl,

1.04 mol ) _in THE (3 nL) at -78 Cis added n-BuLi (0.39 nL, 0.98 mmol, 2.5
M sol ut i onNaﬁ[%i&gﬂsfhe PHtafrthe weactipm gniktore OpHri7naral is-théhr Conc@nis@édim@p Of

6- (4- br ono- 2- chl or o- phenyl am no) - 7- f | uor o- 3- net hyl - 3Hbenzoi m dazol e- 5- car ba
| dehyde 10¥Pdpod pregsswe. toGynesn| The resiitdis(dilupdd)witls cigliRdtateTHA wASUbbiEY
reaction mxture is stirred for 1.5 h at -78 C, quenched with saturated
aqueous N1IWCA separrdorgXtmeet bl thei liyerSiedAated T e QTG R RERatd &?@{ ishnsilldl g, over
My804, filtered, concentrated in vacuo, and purified by flash

chr onmat ogr bybkey dfid! 8%, 8OQHNARoRHAGAR) uhee degd yet (18 ng,
629 : VB APG ?g) %%zz 421, 463 (M MBr Eéﬁ%r@‘% reg%?%c?g%@%ﬁ&ﬁﬁ@ 21%0 Mz

CD30D) 5 Stribdr dy .ﬂ-ll(ii i ) 1 Yd ; ) l).,4:7.10
1H) , ) 50 (dd?t(elfrll), )égl{get%%désyﬁl%% lght %E‘”%‘Q?"‘?‘H’?%%?@@“%%; @f?ﬁ’l,“z VR Eg]?es

MHz,  CD30DRioltedtd@artPwhshkd wihHRhA Blr 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~cizloro-plzenylamino)-7-ﬂuoro-2—methyl—3H~benzoimz’dazole-.’?'—

carboxylic acid (2-hydroxy-ethoxy)-amide 10ii
7—F1uoro-2-methyl-G-phenylamjno-3H-benzoinﬁdazole—S—carboxy]ic acid methyl

ester 31a is converfed by the bromination, chlorination, hydrolysis, coupling, and
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(1- Bronzo- 2-chl or o- pheny1) - (4-fl uor o- 6- oxazol - 5-y1- 1H benzoi m dazol - 5-371) -
am ne (10x) Step A

[ 6- (4- Brono- 2- ehl or o- phenyl am no) - 7-f | uor o- 3- ( 2- met hanesul f onyl - et hyl ) - 3Hbe
nzoi m dazo/ - 5-y/ J- met hanol /0),

6- (4- Brono- 2- chl or o- phenyl ani no) - 7- f | uor o- 3- ( 2- met hanesulfonyl et hyl ) - 3Hben
zoi m dazol e- 5- carboxylic acid methyl ester 1lcc (0.300 g, 0 594 mml) IS

suspended | xLure of 0.112
o D oy o R e R, e ARl o i kit PiRong s b B e

m xture is |on f AcOH until eaction mxture
reaches pH gﬁg ﬁ&egéﬁét){’g?}‘;ﬁd glls% %WE@&FW&W%E{% %@W&%@P}aduced
pressure and the residue partiti oned bet ween et hyl acetate and water. The
Cayers aro SBSR(a1ED &R REDT SRk [Hayeh (s, ik oA (Wi2Eh, 1AT 6 ZUBD61
brine, and dried (Na2804) The organic layer is concentrated under reduced
pressure ur(s,i I RANMR (BT €Bx@D) ot 3t84Ms).ch is collected by filtration
to give 0.225 g (79% clean desired product LG/ MS ESI (+) mz 478,476 ( M+
Br pattern) detected. Step B:

6- (4- Br ono- 2- chl or o- phenyl ami no) - 7-f | uor o- 3- (2- met hanesul f onyl - et hyl ) - 3Hben
zoi nti dazol e- 5- car bal dehyde 10z Example 55

[ 6- (4- Brono- 2- chl or o- phenyl am no) - 7-f | uor o- 3- ( 2- met hanesul f onyl - et hyl ) - 3Hbe
nzoi m dazol - 5-y11- net hanol by (0.050, 0.105 nmol) is dissolved in 1:1

THE: acetone (2 ml) under N2 and 02n( 0 0.524 mml) is added. The
reaction mxture is stirred a oo '

re for 16 h, and then at 55 C
for 5 h. Additional MO02 (0.046 g, is added and the reaction

m xture stirred at 55 C for 2 h. The i xture is concentrated to
dryness and the residue dissolved gyt 107 IFnetfiybgne chlori de: MeOH. The
solution is filtered through a silicazngel plug eldted with 10:1 net hyl ene
chl oride: MeOH. The resulting filtrate is concentrated under reduced
pressure to Gi(¢ECyanodgnéBilypheddsiniag-ToflnaiacH-benzainidighi-5-yetboRpticaeid d. St ep
C

(4- Brono- 2-chl or o- phenyl ) - ( 4efdapeomimemy@icdmide yliyp+ benzoi m dazol -5-y1) -
am ne 10x

6- (4- Br oM 5ZpcAtl DEDoPRETY S AIS- DILPE b hPlaRrirds) (12F- m&&m&k@&%ﬁh@&&k 311-
benzoi m dazol e- 5- car bal dehyde 10z (0.025 g, 0.053 mmol) is suspénded in
MeOH (2 m)ne@;ggmqag(o 015 g, 0.105 mmol ) is added foll owed by

t osyl met hyl isocyanide (0.011 g, 0.058 nmol). The reaction m xture is

heated to refl wy pmpsels-Nei l%‘lﬂq’qﬁbﬂéﬁﬁﬁé‘a&%* oxﬁ@dl{ﬁlhoﬂ% osy/ ﬁgt hyl

i socyanide (0.011 g, 0.05 and t reaction m¥X ure at ed

to reflux f e ure | t 0, 1.Q0

t enper at urgﬂg?gh%%%t%?%g Jﬂ%—eﬁ?gdr gldﬁggz_ﬂﬁ%deg?ﬁw%%gﬁ%@%q dledﬁ reT? ﬁyl
acet at e. I .S wa d br.i onbi ned
aqueous wagﬁe']ga%raagh %9( e% emt ﬁ"%"ﬁ‘ﬂiﬂ“ g‘é\ggaﬁ(\g g’I’?r Wee%H%E E‘Sﬁ
extracts ar 28 oncentr reduced pressure.
Purificati 8%1%3;' ﬁ?ﬁéﬁ%ﬁwgﬁ“@rﬁﬁ F@ﬁ?&ghﬁgﬁgeé 8% R W@O%%F éfe

chl ori de: MeQH ves 4 ng (18% .desired product 10x and 1 109 m &dﬁ%

(4- br ono- 2 THR %Wéﬂ%)%%ﬁ&ﬂ@@?ﬂr?et%%é@ﬂft@ﬁbﬂm& Pl;lw}deesa | - 5-
y1l-1H benzoi m dazol - 5- yl kam ne.

( 4- Br ono- 2TEpresciompisesiply allawed ggvamstogrem dempergtireMditbslirring ovetdbdiouss: y 1) -
am ne 10x. LG M5 ESI (+) nmlz 409, 407 (Mt Br pattern) detected; 111 NWR
(400MVEl z, Wheteagtionigus lsaqale(ndr;edluyltm@ adglitfoh t(fSLO‘V&Nﬁ.;BgOJScﬂEﬂnc(an[‘heiéé)cuoﬂ 51
(d, 111), 7.33 (s, 111), 7.07 (dd, 111), 6.14 (dd, 111).

( 4- Br onp- 2mikthirer ix- nmrmuu)eﬁzbwﬁm weate- dnd( Sthpe hdvtne bl i Yyest fophoatdd: oragol -

1- 1H benzoi nai dazol -5-ylFam ne. LC/Ms ESI (+) nth 515, 513 (M+ Br patter n)
det ect ed; aduboliVRyédR0MactedVaRh- i) aBetSie 3T HeSoombibt or e:ft?acts% driéd 03 (s,

1H, 7.52 (d, 110, 7.37 (s, 110, 7.07 (m 111), 6.14 {dd, 111) .83 (t,
211), 2. 990803 ekl ﬂceﬁﬁaté& det Fdt %n&‘e
(4- Br ono- 2- chI oro- pﬁgny uI1;ll uor 806 |Fri5%l Zr%clov%regi/i h_d11'§|_ %‘Iﬁ"%a nlﬂdazol 5

-y1J- am ne (10aa) Step A
(4- Brono- 2- ehl or o- pheny1) - (4-fl uoro- 1- ( 2- net hanesul f onyl - et hyl ) - 614- (t ol uen
e_
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4-sul fony1l) -4, 5-di hydr o- oxazol - 5-yl p1H benzoi m dazol -5-y1)--am ne 1000
6- (4- Brono- 2- chl or o- phenyl am no) - 7- f | uor o- 3- ( 2- net hanesul f onyl - et hyl ) - 3Hben
zoi m dazol e- 5- car bal dehyde 10z (0.050 g, 0.107 nmol) is suspended in EtOH
(0.5 m) under N2 and tosyl nethyl isocyanide (0.020 g, 0.105 mmol) is added
foll owed by catalytic NaCN (-1 ng). After 2 h, 2 mM TIMis added to assi st
with solubility. After stirring for 16 h at roomtenperature, a second
equi val ent et hyl | 150 jde. (0.Q20 i s,.added. After
8 h, the reg%toitfgﬁ)y qgtlir}%s & {@@éﬁ“ggen%lrr% B’i&’gﬁﬁdg/{’s E%’é&gé’%zng#%@é%]r)e‘g%@%sed

: +
3; ;zt ;3_tg@ggﬁﬁ(-)rn%%h?ﬁ-l)ﬁg{e%@d.Es' (+) mz 671, 669 (M+ Br pattern)
(4- Brono- 2- chl or o- phenyl) - 14-f | uor o- 6- (3H i mi dazol - 4-y1) - 1H benzoi nti dazol -
5- JR-am ne 10aa
(4-Brono-2-¢hl oro-phenyl) - (4-fl uoro-1-(2-nmet hanesul fonyl -et hyl ) - 644-(tol uen
e4- sul f ony 1Y%€R B di hldet-6xdiasio=Bmgthyl-phantaminoi-@-timatyiSlopyk ethodymesh3Dbb
(0.072 g, 0,107 mmol) is treated with 2.4 m of a 2.0 MNH3 in MOH
sol ution i nPerzemidsedleprerdepéc uall aetiPhesterd&ki on nixture i s then heated to
90 Cwth stirring for 20 h and furthered stirred at roomtenperature for 3
days. The reHbwrod-(fhiodod-seityl-phanyhiieng)ed-benzainioats-Soirbofyit 3fknamsh
concentrated under reduced pressure. Purification by flash colum
chr onat ogr agstey 10}j\0.2€0 g.e0.4M0edmol) idsukPanlicd Bt DV 1 ' &/&iji lo-oved
by successive trituations with r)ret hyl ene chl oride g%&?ﬁgﬁﬂdi et dth%ett(r)Ier
gi ves 3 ny if dedicetwater Bthp % dile loi : r,pattern)
detected; 111 NVR (400MHz. Ne H-d4§l¥ %@)8'?%301'% 2)01?115)20@@5‘?@2‘3(3%‘# ahg,

111), 7. 46 10ainlis, . A EQ { ) , . | 52
6- ( Z1 Br o_rm-l(z- chi Eﬁfé?%ﬁgﬁﬁg‘ﬁeﬁo) - 7-?&?5@?—1 é%ﬁ%%@f%ge%zfgﬁ EE{HIS)- ©
car boxylic 0351(1;1?% {020 Py dsviy %@%ﬁﬂﬁ '03494%11%1) %‘g&ded %18 %Jepf:eaction is allowed to

3-Chl oro- 2, 4- | uoro-5-nit nZoi ¢ aci

3- Chl or 0- 2,.4sdi | = j i.d .l 3.0 15.6. Mol ) is added to a
stirred soluti ot% rg g%ﬁﬁ%%@#eg?%s%gsgere%gt %{5‘6 AT RS Hiduenehed by d
yel l ow slurry

(0.85 m, I After,,3 hours a precipitate forns. The

i s poured (%)]%et %ddlﬁggél C?A%Waé‘?f aﬁiéﬁnmfhe r’f’flféi?’&di@é 1s grbraqigdeviths ethyliacetetee dhei t h
di et hyl ether ﬁ%ﬁ) The organic exEr{fct.s are dried (Na2S0O4) and

concent r at STTHIEE TR, £X FENgsheq Fith Waten anh byng, ommly driskd (MIgiOh) dedi r ed

product as a pale yellow solid. Step B: =

4- Ami no- 3- ERPSSPRated tindef srdyesd presutRe n AswificatiingbB dlash colurmulmbmatogyghpxi de
solution (6,88 g, -30%in water, 58.9 nmol) is added to a solution of

3- chl or o- 2 Wss With di b hexanpg:ethylhasatats givercd.d82g (0% of dedired oroduat hs i -nat er
(16 mL) at O Cwith stirring. Upon conpletion of the amoni um hydroxi de
addi tion t FExiEefiNlomd WX isomersias awdiitedehnt.o r oom tenperature. After 5 hours
the reaction mxture is cooled to O C and concentrated HCL is carefully
added until the pH of the reaction mxture is near zero. The solid is
collected by filtration and washed with water and diethyl ether. The solids
are transf Stepe@: t 6-(4Qonnd-nhahi-Dheladsko) A R0re b Wik oMy kil VE OAc and
concentrated under reduced pr é%‘gurﬁe} to éi v]g Z.gG%M%?y%mygf?gbﬁ%gﬁ%. The

filtrate i BempadtiildzoReea/beiy R eI lecidier and water and the organic
| ayer is washed with brine. The conbi ned organic extracts are dried

(Na2SO4) and conggnrtifrad §slutiiisy 2 f:?%%ﬁlge Bf RPN iSorh S g%\ggggdrg-?ﬁfigéqgﬂ oduct .

Recovered a total of 3.61 g (104% of pure desired p carried

4 Am no- 3. SRR RO BB S -herepridurstesiontoic 10 a

stirred so) ] 4-am nQ- 3- C 0- 2-fl uorp-5-nitro-benzoic acid 3a (3.61
g, 15.4 m%% h"%ﬁ‘“’%’é“(@é’ @%63%@'1%@@0(1)1@%@? DMF)\ oot omperaten ande 2
2.0 M soluti i n xan 18.5 mol )_ is_added. After conpletion of

reacti on, Itgﬁgge;he‘k’@f %’ﬁ‘g’rﬁﬁ‘%ﬂn@“ﬁ%sfo@%@ew Rdedleay (3 meg, P O02mmod) cad Fg€Npn Wi t h
acetic acid in %I& trap. The recovered oily solid is triturated with

di et hyl et{&P8t gﬁ@wqﬂeﬁfhﬂedgorb}u% 1989, 4l 8 83-B195) THEhefredctinga tnixiugs is
concentrated and triturated with diethyl ether to give an additional 0.69 g
of yel | ow liggteldo 1R0°6t far 4bmin. AhegedcBidhminfureisr@olbasth reshn Résbithre sd
recovered. Step D: 4- Ami no- 3-chl oro-5-nitro-2-phenyl am no-benzoi c acid

met hyl ester Sc 4- Ami no- 3- chl or o-ggf | uoro- 5-ni tro-benzoi c acid net hyl
ester 4a (2.20 g, 8.84 mol) is suspended in MeOH (9.4 nL) and aniline
(3.22 m., 35.4 mmol) is added. The reaction mxture is heated to refl ux
with stirring under a nitrogen atnosphere. After 19 hours, the reaction is
conplete. Distilled water (3.22 nlL) is added to the reaction m xture and
refluxing is continued for one hour. The reaction mxture is cooled to 0 C

£




Step E: 4, 5-Di am no- 3-chl or o- 2- phenyl am no- benzoi c acid nethyl ester 6b

4- Am no- 3-chl or o- 5-ni tro- 2- phenyl am no- benzoi ¢ acid nethyl ester 5e (0.50
g, 1.55 rnnol) is dissolved into 2:1 EtOH MeOH (15.5 nlL) Saturated agueous
NH4C1 (15 mL), Zn powder (1.02 g, 15.6 mol), and THE (10 niL) are added.
After stirring for 20 hours, the reaction mxture is diluted with

CH2C12/ THE and water. The organic |ayer is washed with water (3x). The

conbi ned or ' : ' c rate er reduced
bressur e, TAAsfcd L iaGkEBh e L inf e GOPES ikaR B SRS 3 D0 can
desired product . . St F. . ) )

7- Chl or o- 6- gﬁ% ASYHY faxgr f?l—f’%@ﬁt% i sthg) seetie o TBY £ombincd Orgimifeetiprts @gg er 7c
4, 5- Di am no- 3- chl or o- 2- phenyl am no- benzoi ¢ _acid nethyl ester 6b (0.32 g,
1.09 ol ) ‘é’ﬁ%le\go‘?’l%r’f’f r néxic@?n&t and zhied(MgS(y) apfhoroncentratedowndes seducsd ar e
heated, with stirring, to 80 C. After 44 hours, the reaction mxture is
cool ed to rsfenBeREsation banleshidolien chonhatogrphy chriel wathhed heiarhs:thybr
(3x), saturated NaHCO3, and brine. The conbined organic extracts are dried
(Na2SO4) arifetabmeizes 3@ned(7ikd e desichdcprddyet es aurn b ntiotug ofEN0.233 NB :68%;: cl ean
desired product as a solid. M5 APCI (+) iii/z 302.3 (Mtl) detected. Step G
6- ( 4- Br ono- HREhWISAr) md) 455 @t 1) detedie.ber t zoi mi dazol e- 5- car boxyl i c acid

nmet hyl ester 8g 7- Chl or 0- 6- phenyl am no- 3H benzoi m dazol e- 5- car boxylic
acid nethyl ester 7c (0.327 g, 1.08 nmmol) is dissolved into DMV (16 nL) and
NBS (0.193 g, 1.08 nmol) is added. After one hour, the reaction mxture is

e D A AR "

is then partitioned between Et0 and Wwate

washed wi t hpenediRidaddlel s By NG 8 jned organic extracts are dried
(Na2SO4) and concentrated under reduced pressure. The recovered solid is

triturated with gyhenitgePr¥d. 199 .pure desired nrodu ESI (+)
(007 382, 384 (M BRTRSr \éﬁh& fomsh oy ep- %:mf_’ ?’I“P%en ety 7-fioro- _
o & o oo @1aRLRyRaARP R AThARYY St BRiiRsat s RERART 937 hieiat Ser JON' ' ©

6- (4- Br ono-phenyl i No)~7-chloro-3H henzoi m dazgle- 5- carboxylic acid

met hyl est é?PS‘ag’( @%Eg PI)OI.SSQ’PC’)%d) “i“g‘ fauees sediumphysivpxide agi deserthgd NCS
(79 ny, 0.591.nnPh% LS %dde . After the NCSis in solution concentrated HCl
(0. 005 niL, PESBREHP 51926188 Gide of dasixediprasiuglour s,  sodi um bi car bonate, wat er
and NaHSO3 are added to the reaction mxture. Solids are filtered and
washed with water and ether to give 0.141 g (57% of clean desired product
as a tan saolid. M5 MCl (-) mz 414, 416 (M, Br pattern) detected. Step |

6- (4- Br omo-SEPCHT o Pd¥Svans Rardtindphanyéimioo)oZ-Buaret By iinditly binpdiemotaraiyd- 5-
carboxylic acid nethyl ester 10ee

6- ( 4- Br ono-beuagkttidexviphreanpoarticrold cpelplapyineBobemaieTiii azol e- 5- car boxylic
acid nethyl ester 1Gdd (0.141 g, 0.34 mmol ), potassium carbonate (0.141 g,
1.02 mol ), andA bdonigtuinaofN( IN0ESmMBs,of 5-@2yaieL netyd-pHés2ahine)d7-loro-
dimethyl formam de (3 md) After 20 hours, the reaction mxture is diluted
wi th Et 0Ac (2edmetagbibayléthOuynedion- % dimi @RRSSEHPRGRE PIRAL §o rjfae. The
organic layer is dried (Na2504) and concentratedJ§§ a browﬁmgPﬂggT%%’NB and

N al kyl {n@d1P Of d f Et.0Ac) .
i al kyl at e@speginilp e CsuAéE WiePaEBEedaly éﬁ?ﬁi@%”ﬁ%&?’g%&%@ i)

The recovery of the N3 al kyl ated regi oi soner SI(+)
il k 428, 4 ; 4 . .

6- ( 4- Br ofro- -3%%%6?'{5%%%2& 9@3@%%?‘3’?3%‘%?@? 7 T desingd Roosior ARCLMS 5.
car boxylic j f
6-(4-Bronn???%gﬁgg -B é%??gﬁino)-?-chloro-3-nethy1-3kkbenzoinidazole-5-
carboxylic acid nethyl ester 10ee (21 ng, 0.048 mml) is dissolved into 2:1
THF/ water (1.2 inL) and NaOH (0.190 nL, 1.0 M aqueous solution, 0.190 nmol)
is added. After, stirring for 4 hours the reaction is diluted with water and
aci difi ed ¥%67 ph 2 &o"fi’"wa%-@ﬁfhwp@ndamWﬂwr@wﬂwﬂmﬁez‘cﬁasole-ﬁe:arb@xylfcact ed
with 3:1 Et0Ac/ THE (3x), dried (Na2SO4) and concentrated to give

quant i t at | 49 grelapdonimerkipa-stiida Bazut as a white solid. M8 APCI (+) ink
414, 416 (M+, Br pattern) detected. Step K

6- (4- Brono- 2- chl or o- phenyl am no) - 7-chl or o- 3-t net hy1- 311- benzoi t ni dazol e- 5-
carboxylic acid (2-vinyloxy-ethoxy)-am de | Qgg

6- (4- Brono- 2- chl or o- phenyl am no) - 7- chl pyj0- 3- net hy1- 3H benzoi m dazol e- 5-
carboxylic acid 10ff (32 ng, 0.077 mol),

0- (2-vi nyl oxy-et hyl)-hydroxyl am ne (0.010 raL, 0.092 nmol ), HOBt (13 ng,
0.093 mml ), triethylamne (0.011 nL, 0.077 mne!), and EDCl (19 ngy, 0.10
mol ) are dissolved into dinethylformamde (1.0 nL) and allowed to stir
under a nitrogen atnosphere at roomtenperature for 24 hours. The reaction




(Mt, Br pattern) detected; 111 NWR (400 MHz, CDCI3) 8 8.30 (s, 1H), 8.08
(s, 1H, 7.57 (d, 1H), 7.15 (dd, HA 6.21 (d, 111), 3.97 (s, 3H 3.86 (m
2H), 3.57 (m 211). Exanple 53

6- (4- Bronzo- 2- chl or o- phenyl am na) - 311- benzohni dazol e- S- car boxylic acid

(2- hydr oxy- et hoxy)-am de (10hh) The above conmpound is prepared in an
anal ogous fashion to Exanple 52 except that Step | is elimnated. M5 APCl

-) 457, 461 (MgqB det ed 1 4 0oD), 8 8.40 ,
(51 251 (1508 oo 1 A 0 A

111), 7.85 (s, HA 7.50 (d, 111), na,

2H), 3.61 : | Q Cl . .

6-H|)( 4- Br orrgglgqeg E‘%ﬂlg@%ﬁﬂﬁ%ﬁé%%%%lﬁg ?‘%*gﬁl‘m%?ﬁlif}i'??@%ﬂ%ﬂw-&a@%}éms- car bo
i i 3 - - ani 10 A

25t B ant | iSRS it 6o 0 705 0 3B ool i 6 R isadded 0.5

4- Am no- 3-f] -2-Nifro-2-phenyl anm no- benzoi¢c acid nethyl ester 26a (11.44
g, 37.48 nn‘if#J ?6"19"51?@83 gasgon HnétPJFFa'ﬁélPa’fethw(}ngC yith serrisgeyamight ( Whiteh et
(11.80 g, é‘%?n%ﬁ mol ). and 20 % Pd( 2/ C (10.00 g, 18.79 mmol ) are added.
The reacti off- 1180, P4 1$P11340. oo aklitionah¢l8 mING% HE! Boadded artdethe réiton
reaction mxture is cooled to roomtenperature and then filtered through
celite, rirgixigewtired et FOpvermight. f The reattion sixhon deodolat eovmdempéamius ed
pressure to give 9.63g (93 % of the pure desired product as a purple/red
solid. M5 B8M newiralivied 1@ P8 ~8Mvwith 1 SehBLNROISt @he Biaction mixture is extracted with

7- Fl uor o- 2-t net hy1- 6- phenyl am no- 3H benzoi m dazol e- 5- car boxylic acid nethyl

ester 3la ethyl acetate, déipd(Mig80iNardBecddcumifRed uidie HydiREd AsBRP2QIgfvea glaémt hyl
ester 6¢c (0.20 g, 0.73 nmol) is suspended in ethanol ?3 m.) and 5 M agqueous

Ha. (1 ml. (65%)@f 908 purk prafeess a ThRukS o ttABmisX ' ef | ux
under N2 and then 2,4?pe?1)t anedi O?le (0.150 rr1_,ml.34ESVH;]vrrr%gIb;iE (ﬂ%ﬁd&we

reacti on mgetdfed: NS AP r@dmgt 2 O1¢im e .reactjo j Xt ure
is cooled to room tgrgr%ecslatureggrgl t?je(g%tée%ed\?vit sa 3@&@’%&@3@) %ﬂéoe
until the t agty ] re .l 7 i s then concentrated under
reduced Pr gtg%étc}r ,?.ZS B‘rﬁy@ég%%‘ig&ﬁez%gz%p&g’ ﬁsm’%mqﬂﬂ ét Py iHDad &8 &de and
wat er, pour. i rat f.u | .an he | ayers separated. The et hyl
acetate | a&géer:)’er %@gﬁ%@nﬁ%ﬁfﬂe{}ggﬁé,gﬁpﬁb@%@ Ognkd), dodvc@nt SdDe8.18nder
reduced pr SO“%?% The red solid residue is triturated with diethyl ether to
yield a IiZ&n' wn solid and a red filtrate. The solid is collected and

washed with diethyl ether to yield 0.20 g (91 %9 of the pure desired
product as a light brown solid. M5 ESI (+) nth 300 (Mt1l) detected.

Example 56
N0
v ° H [
N
HN F X
=N S

6-(4-Ethynyl-2-methyl-phenylamino)- 7-fluoro-3 H-benzoimidazole-5-carboxylic acid
cyclopropylmethoxy-amide 11aaa
Step A. 7-Fluoro-6-(2-methyl-4 ~trimethylsilanylethynyl-phenylamino)-3H-

benzoimidazole-3-carboxylic acid cyclopropylmethoxy-amide 11bbb
7-F1uoro-6-(4-iodo-2—methyl—phenylanﬁno)-3H—benzoimidazole-5-carboxylic acid
cyclopropylmethoxy-amide 1leee (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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Step C

6- (4- Brono- 2- chl or o- phenyl andno) - 7- f | uor o- 2- net hyl - 3H benzoi m dazol e- 5-
carboxylic acid (2-hydroxy-ethoxy)-am de 1011

7- Fl uor o- 2- net hyl - 6- phenyl am no- 3H benzoi m dazol e-5-car boxyl i 0 aci d net hyl
ester 3la is converted by the brom nation, chlorination, hydrolysis,
coupling, and hydrolysis procedures already described to yield the pure

desired pr a f-whi sol i.d. 7, 4879

pat t er n) dgg@é)géh 1@1%!\/&%4@3 feD: Cﬁgs 5}1E§8(0’(96é8g’( é Oﬁl—ﬁmog 3’%

7.18 (dd, 111), 641(m 111), 3.91 (t, (t, 2H), (s 3H)

1. 9F NMVR (gqa'geqw;}z/e lycosothp mg@gngmx(:tgg is ggg'qupp’r&%g(? for 1 hour u:nder "The

6- (4- Cyano- 2- net hyl - phenyl am n0) - 7- f | uor o- 3H benzoi m dazol e- 5- car boxyl i c

aci d cycl oproiyl infhuietiy cootedatvi rdem (tahperatBteegnd Aoncentrated under reduced pressure.

7- Fl uor 0- 6- (4-i odo- 2- et hyl - pher zyl am no) - 1H benzoi m dazol e- 5- car boxyl i c

aci d net hyiThe sdskiue 19pyrified by FCC (eluting with 20:1 methylene chloride:methanol) to yield

7- Fl uor o- 6- o-t ol yl am no- 1H benzoi m dazol e- 5-carboxylic acid nethyl ester 7a

(1.47 g9, 40920 p7®T%) bSthsUepeagesiinbtn 1: 1 THF: MeOH m xture (44 n) and cool ed

to -78 C under a nitrogen atnosphere. A solution of M5 (1.66 g, 7.39 nmol)

in THE (2 mM) is added followed by a MeOH (2 m ) solution of Ts01+1120

(1.87 g, 9.84 nmmol ). After 30 mnutes, the reaction mxture is warnmed to O

Cand 1 m gpptpyl "3 d to

warmto r oo t)!errpgrr}gtﬁ:\ﬂ!n9 Ib?’% tﬁ%’? 3 ﬁg‘?%gméo\;erﬂ ﬁ‘%’aﬁ%ﬁ?@z@ﬁ‘z&?@aﬁé ‘?Jg{?lﬂ}m xture

i's gquenche ion of % Na28204 solution. The reaction m xture
?cz?%%ptlo rfaﬁy me{ ]1?

is then di hgjrg’gfﬁ € ‘1 acetate and the |ayers separated. The

aqueous | ayer [ t he corrb organic
extracts are dr ?ﬁfg tﬁ“ %’éﬁﬁ?@?@?ﬂ P@H’Séggdpr essure. The
recovered oI id.s ive 1.45 6 pure desired
product NEDEEPITd &Z(ﬁrré & ﬁ315 e loerpyt xgs%mlée)llﬁrﬁg (Aol e
detected. Step B:

7- Fl uor o- 6menpl) HdB&SQlVﬁéﬂthabrfkﬁ@raar{PéB)rn@zmdrﬁimaﬁW%rqlwlsewied(mt hyl ) -
benzoi m dazol e- 5-carboxylic acid nethyl ester 10/dc

7- Fl uor o- 62€.4 TB4d052-uie 019y 0 npheln{ M seIntign: inHetoarydwifmiulbiz efldeds -Tharkaxigh i ¢
acid nethyl ester 10jj (0.200 g, 0.470 mml) is suspended in DMF (2 m)
under N2 amdktardk edrimed & Lomntetiperatmes wal fiditaahTBNS €5 WB0Y0d5 apesisi &N | N
oi |, 0.018 g 0 470 nmmol ) is added. After 10 mn, the reaction mxture is

war med t o 540k @NE addoll! 1186 rdaRfor3 Rk i86kRK £30lETS: 3 Rodds C.
SEMC1 (0. 087 rri 0.494 mol ) is added and the reaction is allowed to war m

to room t egpe E evi‘eﬁctﬁoﬁ%n'n%l'tré]ﬂ Btk 6% Wlm t%ﬁ&rit&%‘:%'f% dfﬂpétok'ﬁgo' e

quenched by t |t|on 0 er an br| ne. e reattion nrxtur

d d wth
et o7 and B ﬁéﬁaméh B a2, g B &%f‘g?%ﬁ’t??é’ Ssure.

Purificati i chr ( el ut ed nes et hyl
acetate gi &ELE“% Yg@%& f?ﬁkj@n?%]ﬁ ﬁ’i%?aieé’getbeg@éu@tylﬁ 3\6‘1 f}ﬁ‘s)(?)u‘? WgPWE and
N3 isomers_as a white foam

6- (4- Cyano efnﬁ%PFﬁﬁ“%WBﬂ Erbynfzr?:?’r (1) detected; FENNRIAIQMHZ SDI)dret hy )
- benzoi nti dazol e-5-carboxylic acid nethyl ester 1011 To a stirred
sol uti on 010.56 (broadvi,xkH)y 8.18f(sNHIN3.SP el 788 (3 THDIGvId-@;5 1H), i6Alotbead,

met hyl - phenyl am no) - (2-tri nmet hyl si | anyl - et hoxynet hyl ) - benzoi m dazol e-5-carb
oxyl i c aci tEy8tMy(br £2HB,2.99(d, 1HY) 205(s,$H)00.86 GnnTHd), 0. 50Mm] 2H), 0REKma2H).oom
tenperature under N2 is added dppf (2 ng, 0.004 tnnol) foll owed by Pd2dba3
(2 mg, 0.002 nmml) and Zn(CN)2 (8 ngy, 0.065 mml) (Tetrahedron Lett. 1999,
40, 8193-8195). The reaction mixture is heated to 120 C for 45 min. The

reaction m xturgpd &&Eﬁﬂr?gnd W HAMA SHASHBEME ©faftking %@rf ugdit byre L}Gy
addition of 5 mM of a 4:1:5 mxture of sat NRI CI conc NHAOH wat er. The

aqueous | ayap i lﬁ)éﬁgh%ﬂeagéfﬁeéroﬂ 1%& %ﬁél xg&%l‘?ﬁseas bﬁgiﬁ?%gggl&ﬁ%;hﬁhe

extracts are washe rlne

concentr at res ure ur, atr b | ash

chr omat ogr%gﬁngﬁ%}% étdge% E_) %)?%élge gf% ﬁfgtﬁ Iﬂ? \P&g I% O#E)@af ‘}hﬁ’/o of
desired product as a 1:1 mxture of N and N3 i soners: APCI Ms (+) ink 455
(Mtl) detected. Step D

6- (4- Cyano- 2- nzet hyl - pher zyl am no) - 7- f ro-(2-trinmethyl silanyl -ethoxynet hy
| )- benzoi m dazol e-5- carboxylic acid 10nun A 1:1 mxture of Ni :N3

i soners of :

6- (4- cyano- 2- met hyl - phenyl am no) - 7-fl uoro(2-tri net hyl sil anyhet hoxynet hyl )-b
enzoi m dazol e-5-carboxylic acid nethyl ester 1011 (31 ng, 0.068 mml) is
hydrol yzed wi t h agueous sodi um hydroxi de as descri bed previously to give 26




A 1:1 mxture of Nl:N3 isoners of

6- (4- cyano- 2- net hyl - phenyl am no) - 7-fl uoro(2-tri nmet hyl si | anyhet hoxynet hyl )-b
enzoi m dazol e-5-carboxylic acid 'Om (26 ng, 0.059 nmol) is coupled with
EDClI and cycl opropyl nethyl hydroxyl am ne hydrochl ori de as descri bed
previously to give 28 ng (93% of desired product: APCI M5 (+) ink 510
(M+l) detected. Step F:

6- (4- Cyano-L- yla- | an -7-% 1 wor o- 3H-benzaj m._dazol e-.5- car boxylic
acid cycloSﬁ%%@%%eFﬁ%@%%yé%?%@%%Ié%ﬁmahnmﬁs °?oﬁ% 3?%%&§]8Ym%@&:in i ¥lre of
N :N3 isoners... .. . . .

6- ( 4- cyano-BOGHeHoNs, e heameflp fhereip withoyt departineBPmy thsi ity 9T scopoRE tha hy! ) -
benzoi m dazol e-5- carboxylic acid cycl opropyl net hyoxy-anm de |1zz (28 ny,

0. 055 nmol Presyriinsention gt sl PHuth ythe glaims; ke paroylpgy Poirheut @ad distiagilyralaimur e i s
heated to 50 C with stirring overnight (Witten et at, JOG 1986, 51,

1891- 1894) .th%wbwamﬁf@ﬁagar@ﬁ%@s Aventios, tieifollewing ¢tadma prenclude this specifsation. xt ur e
stirred at 70 C overnight. The reaction m xture is cooled to room
tenperature and neutralized lo pH-8 with 1.5 mM 1IN NaOH The reaction

m xture is extracted wth ethyl acetate, dried (MgSO) and concentrated
under reduced pressure to give 14 ng (60% of 90% pure product as a m xture
of rotatomers: Ms APCI (+) niz 380 (M+l) detected; M5 APCI (-) mz 378
(M1) detected; 111 NVR (400MHz, MeOH-d4) 8 8.41 (Us, 111), 7.75 (m 1H)
7.50 (s, Ill), 7.38 (d, 1H), 6.51 (m 111), 3.72 (d, 0.5 H, 3.65 (d, 1.5
H, 2.41 (s, 3H), 0.98 (111, 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). Exanple 56 HN zr-N

6- (4- Et hynyl- 2- met hyl - phenyl am no) - 7- f | uor o- 3H benzoi m dazol e- 5- car boxyl i c
aci d cycl opropyi nt et hoxy-am de 1laaa

St epA. 7- Fl uor o- 6- (2- et hyl - 4-tri et hyl si | anyl et hynyl - phenyl am no) - 3H
benzoi m dazol e- 5-carboxylic acid cycl opropyl nzet hoxy-am de |1 bbb

7- Fl uor 0- 6- (4-i odo- 2- net hy1- phenyl am no) - 3H benzoi m da7ole- 5-car bOxylic
aci d cycl opropyl net hoxy-am de |Ilecc (0.025 g, 0.052 mml) is dissolved in
1:1 acetonitrile/triethylamne (0.50 nm.). Ethynyl-trinmethylsilane (0.013
m., 0.092 mol), Pd(PPh3)2C12 (0.004 g, 0.006 nmol), and Cul (0.002 g,
0.011 nmol ) are added consecutively and the reaction mxture is stirred at
60 C for 1 hour under N2. The reaction m xture is cooled to room
tenperature and concentrated under reduced pressure. The residue is
purified by FCC (eluting with 20:1 methyl ene chloride: nmethanol) to yield
0.020 g (879 of the desired product. Step B:

6- (4- Et hyny1l- 2- met hyl - phenyl aniVb) - 7- f | uor o- 3H benzoi m dazol e- 5- car boxylic
aci d cycl opropyl net hoxy-anzi de || aaa

7- Fl uor o- 6- (2-net hyl-4-trimet hyl sil anyl et hynyl - phenyl arni no) - 311-

benzoi m dazol e- 5-carboxylic acid cycl opropyl met hoxy-am de || bbb (0.020 g,
0.044 mml ) is dissolved in tetrahydrofuran (0.50 nL) and the reaction
solution is cooled to O C. TBAF (50 uL, 0.050 mmol, 1 Msolution in
tetrahydrofuran) is added. The reaction mxture is warned to room
tenperature and additional TBAF (25 ulL, 0.025 mml, 1 Msolution in
tetrahydrofuran) i's added. The reaction mxture is stirred at 50 C for 2
hours under N2. The reaction mxture is cooled to roomtenperature, a few
drops of 1120 are added and then it is concentrated under reduced pressure.
The residue is purified by FCC (eluting with 20:1 nethyl ene

chl oride:methanol) to yield 0.011 g (65% of the pure desired product. M
APCl (-) mz 377 (M1) detected; 111 NWVR (400 MHz, CDC13) 8 10.56 (broad s,
111), 8.12 (s, 1H), 7.99 (s, 1I1), 7.28 (s, 1H), 7.11 (d, 111), 6.42
(broad, 111), 3.70 (br s, 2H), 2.96 (d, 111), 2.37 (s, 3H), 0.85 (m I11),
0.50 (n, 211), 0.22 (m 2H).
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The invention and the manner and process of making and using it, are now
described in such full, clear, concise and exact terns as to enabl e any
person skilled in the art to which it pertains, to nake and use the sane.

It is to be understood that the foregoing describes preferred enbodi ments
of the present invention and that nodifications may be nade therein w thout
departing fromthe spirit or scope of the present invention as set forth in
the clains. To particularly point out and distinctly clai mthe subject
matter regarded as invention, the follow ng clains conclude this
specification. Cains 1. A pharnaqﬁgh%gal conposi tion for inhibiting
abnormal cell growth in a mammual whi€frconpri ses an anmount of

6- (4- br ono- 2- chl or o- phenyl am no) - 7- f | uor o- 3- net hy1- 3Hbenzoi m dazol e- 5- car bo

xylic acid (2-hydroxy-ethoxy)-amde, or.a.pharmaceuti.cally acceptable salt
thereof, kn coﬁwﬁﬁ?{%‘%‘ﬁ‘c% %qq?péfﬁ‘tlﬁ?rg‘iffni“%lﬁ’l‘m% %‘T‘B%ﬁh‘?ba&f% (o \RﬁgPTéﬁ"n t he
anounts of the conpound or salt and O_ the chenot herapeutic_are togfther

ef f ect i vevhigh FoIPIHES PhamapHaH r?aq4'12f@4np'29‘?}6%’rﬂhe“ﬁ?mﬂobﬁé}%é‘@%qﬂ&éﬁ -
conposi tion according to Aaiml, wherein the chenotherapeutic is sel ected
from t he gnoupiderisiSswitvgyldd anid of2-eydrexyrashaxyd)-amidel ki at | plgragentielly
anti-netabolites, intercalating antibiotics, gromh factor inhibitors, cel
cycl e i nhickiptabtessaltehayofem, cohbpaition mithaseanionhi o & dresiothsirapenid, cdkeraetgonse
nodi fiers, anti-hornones, angiogenesis inhibitors, and anti-androgens. 3.
6- ( 4- Br omnodnghd fane cphgsiydasmsaltngnd- o thd tchemothSrap@itiaydre 3bdetive rifoitinediazo | e-5
- carboxylic acid (2-hydroxy-ethoxy)-am de, or a pharnmaceutically

accept ablighigfinl abi#fmendeil drblvOMbi nation with an anti-tunour agent sel ected
fromthe group consisting of mtotic inhibitors, alkylating agents,
anti-netabolites, intercalating antibiotics, growh factor inhibitors, cel
cycle inhibitors, enzyne inhibitors, topoisonerase inhibitors, biological
response hodi fA phasmacuutical komposiés) acaogingge feains], iwlisidii thgroberapidicrapeutic
anti-androgens for use in the treatnment of a hyperproliferative disorder in
a mammal .is selected from the group consisting of mitotic inhibitors, alkylating agents, anti-

4. 6- (4-Brono- 2-chl or o- phenyl am no) - 7- f | uor o- 3- net hyl - 3H benzoi m dazol e- 5-
car boxyl i fet@sdligks( 3nedRaNy - StibBRXY, - JowWde, fagbr anpibasRpeeNt ¢yedd liyhibicaspt abl e
salt thereof, in conbination with radiotherapy for use in the inhibition of

abnor mal G&l L gr bRoRErabd Cinh BB BlIcal RYRSEPT RlodfRIAt M@ heinssieder 1n a
manmmal wherel n the anounts of the conpound or salt is, in conbination with

t he radiq%iggﬁ&ggqﬁﬁ%Fn’%L§§&L%§H%§%gnhibiting abnornmal cell growth or

treating yperprolitcrative rder.

3. 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-

carboxylic acid (2-hydroxy-ethoxy)-amide, or a pharmaceutically acceptable salt thereof,
in combination with an anti-tumour 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 for use in

the treatment of a hyperproliferative disorder in a mammal.
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4. 6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-

carboxylic acid (2-hydroxy-ethoxy)-amide, or a pharmaceutically acceptable salt thereof,
in combination with radiotherapy for use in the inhibition of abnormal cell growth or the
treatment of a hyperproliferative disorder in .a mammal wherein the amounts of the
compound or salt is, in combination with the radiation therapy, effective in inhibiting

abnormal cell growth or treating the hyperproliferative disorder.
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