N3 Al kyl at ed Benzi m dazol e Derivatives as MEK

I nhibitors BACKGROUND OF THE | NVENTI ON Fi el d of the
Invention This invention relates to a series of

al kyl ated (1H Benzoi m dazol -5-yl)-(4-

substi tut ed- phenyl ) -am ne derivatives that are useful
in the treatnent of hyperproliferative diseases, such

as cancer infl.ammatiqgn, .in manmal s. .
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conmpounds in th é tnent of Z%ﬁe ollferatlve
di seases in na GROERDLPFT BNt o

har rraceutl cal conpositions containi ng such
stiHednventiohary of the Related Art Cell signaling

through gromh factor receptors and protein kinases is

an i npbist @ventione geldtet do ofseded lof galkyletad (EEBedzeimidiD-5-y1)-(4-
and differentiation. In nornmal cell growth, growth
fulstipital-phehylpaginer e deptativesac thav atakon ugéfule. ilPD@R Ofreli@ent of
and others), activate MAP ki nase pathways. One of the
hystrprolifeeetivandisaises, nsash d¢etdncttndRd ShRREm MR, kl!nnﬁﬁﬁmlals This

pat hways involved in normal and uncontrol | éd cell

fivenvidh bBo tleRitdRaR aRakthkii NG¥S Gsif tsm‘l?%om‘ﬁﬁﬁﬂéﬁl i dthe treatment of

GTP-bound Ras results |n the activation an

BfeYdnel | @fagds Fafm Q§ee%@3él ly G Ans, an | {2 Ithgﬂ%ceutlcal

osphoryl ates MEKI an on t i ne reési

taidEK and 5226 for MEK2) (Ahn et
1711%ﬁ‘ods N _%'%?‘%Flé’g 001, 332, 417-431).

éﬁ% l%ﬁ? h hosphoryl ates its only known

su h¥&gt éwﬁgﬁfklnases ERK1 and 2. ERK

phosp i 0 b MEK qccurs on Y204 and T202 far

ERKl gqul 'ﬁfﬁa 8‘3V%’f ’%F LOEFgeeptptA;and proten kingassiis aw important

200 332, 417-431 Phosphoryl at ed

Oa\éﬂg‘?lf% ]1’(fFFéH°It ol diffeventiation; dn mpendwell @rawvih, growth

éhere it cunulates (Khokhl atchev et at, Cell 1998,

§eiorsg soughayeepion seheatn dhe PDCIERETE ahdotieshdotivate MAP kinase

several inportant cellular functions, including but

redtvassniQuecfithe most ismortantamd poost weliwgdedstobd AAH \kixiakb® pathways

DNA repair, nucleosone assenbly and translocation, and '

gli and vanchtroflled celhgloatth isrthé Rhgl Feif kitfase pathway. Active
‘Mol ecul ar Cell 2000, 6, 1343-1354). Overall, treatnent

@TP-belnidsRas resulis in the activation and indirect phosphorylation of Raf kinase, Raf

| then phosphorylates MEK1 and 2 on two serine residues (5218 and S222 for MEK1 and

$222and 5226 for MEK2) (Abn ef al., Methods in Enzymology 2001, 332, 417-431).

Activated MEK then phosphorylates its only known substrates, the MAP kinases, ERKl :
and 2. ERK phosphorylation by MEK. occurs on Y204 gnd T202 for ERK1 and Y185 and
| T183 for ERK2 (Ahn et al., Methods in En@zmolog;y 2001, 332, 417-431). Phosphorylated
ERK dimerizes and then translocates to the nucleus where it accumulates (Khokhlatchey
et al., Cell 1998, 93, 605-615). In the nucleus, ERK is involved in several important
cellular functions, including but not limited to nuclear transport signal transduction,

DNA repair, nucleosome assembly and translocation, and mRNA processing and
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with growh factors leads to the activation of ERK
and 2 which results in proliferation and, in sone
cases, differentiation (Lewis et at, Adv. Cancer Res.
1998, 74, 49-139). In proliferative diseases, genetic
mut ati ons and/ or overexpression of the growh factor
receptors, downstream signaling proteins, or protein
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kovsge patbway kedio mm}roll%eﬁl}mﬂovfermmndmmmu:s thmor formation.
been identified in nore than 60% of nalignant
_ et exvonpde, E0RY cawers Montein mutatiddatwirieh 200Rin 44 dontinuous activation of
949-954). These nutations in bRaf result in a
donpathivay dweth oaibiuoue piddictionndeoveili Saodele. OdbisiRE o can lead to
primary tunor sanples and cell |ines have al so shown
defests iih tid JeRcidratioy OF #6 Actihte® GTH-bounh RAYRBipl 32 86ain resulting in
pat hway i n cancers of pancreas, colon, lung, ovary and

kétbatin oHERINVRA®. kindRe pathvaly: MEREAIERS RS PormbSf Ras are found in

813-822). Hence, there is a strong correl ation between

sa%co%aoﬁragd 9%%?%&8&&cvc%né\éﬁpaskvbaﬁés§n£§féﬁﬂ@§’qﬁa§§& chhd¥s (Kohl

from genetlc mut ati1ons. As constituti
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pral era I‘on an erentratl

T ?tﬂmt R Q?%V?%' I €L duiapupcarg, 949-959)

SRy m”le%yﬁsﬁuf i ?Yc?» sligalcachvs BAY Bvesecrampe Do of

target because the onl.y known substrates for NEK
%@%ahmr SRS Q‘rdecftlhléﬂw‘fﬁ pl§ashawn coyetitutiyg op overactivation of
I nhibition.of MEK has been shown to have potenti al
ingpe Daslmer incaneersef nenereass colan.dang, oFay ass Aidpeye(Hoshino,

smal | nol ecul e MEK i nhi bitors have been shown to
Rnki oh.t Obnegenre 1998048, $13g829M Henne,rthete ismausteng correlation between
xenografts, (Sebolt-Leopold et al., Nature-Medicine
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As constitutive or overactivation of MAP kinase cascade plays a pivotal role in

cell proliferation and differentiation, inhibition of this pathway is believed to be
beneficial in hyperproliferative diseases. MEK is a key player in this pathway as it is
dqwnstream of Ras and Raf. Additionally, it is an attractive therapeutic target because
the only known substrates for MEK phosphorylation are the MAP kinases, ERK1 and 2.
Inhibition of MEK has been shown to have potential therapeutic benefit in. several studies..

For example, small molecule MEK inhibitors have been shown fo inhibit human tumor
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I nternational Conference of Protein Kinases, Septenber
9-10, 2002), block static allodynia in animals (WO
01/ 05390 published January 25, 2001) and i nhibit
grow h of acute nyeloid |eukema cells (Mlella et
al., JAin Invest 2001, 108 (6), 851-859). Small

nol ecul e i nhibitors of MEK have been di scl osed. At
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R7 | and pharmaceutically accepted salts, prodrugs
and sol vates thereof, wherein: is an optional bond,
provi ded that one and only one nitrogen of the ring is
doubl e- bonded; R, R2, RO and R10 are independently
sel ected from hydrogen, hal ogen, cyano, nitro,
trifluoronethyl, difluoromethoxy, trifl uoronethoxy,

azi do, -OR3, -C(Og QR NRAERPIERE. - OC( O R,
-NRASO2R6, - SO2NR3R4, -NRAC(O R3, -C(O NR3R4,

- NRS NER R4t 0 &]ﬁgﬂ‘? N - - .
al kylcméz- C10 %ﬂ eny % W gﬁdkgﬁ%:g,émg%?%a%dglﬂ? -substituted
al kvl , - V¢l yi al.kwvl . - S( Q) i.{C - CH

g?{%ﬁﬁ)%%é(%ﬁ%()&%Rgf nt%{;é/{ﬁ!l lﬁara;‘}fi, y]%a}'%}'rlcgﬁ(lg%lafl’ﬁ/qacceptable salts and
heter oaryl , -het eroaryl al kyl ,. het erocycl yl., o s .
REIES I SPEaltic | 0 _dseRirt) the dpepionert g fiparpgalifirgiive discases.
- 4R5 eteroaryl, .- NR4(CRAR5) m heteroaryl,
S%é%ﬂﬁgg %&W&k%ﬁ%@%&gﬁswﬁemm} Hetorptlaylchyh act as MEK
where each al kyl, al kenyl, al kynyl, cycloal kyl, aryl,

fosar s paovidesk tsr aaethed farotreateent of egncebnailiy provided are
substituted with one to five groups independently
Sutraiatiods ¢amdaining comhenngg efi formylrdondmitthads of using the compounds to
trifluoronmethyl, difluoronethoxy, trifluoronethoxy,
trzatcqpatientRd SERRBeree SAR NRERr, ther&afd)describeCptdcedi8s for preparing the
-OC(OR3, -NRAC(O OR6, -NRAC(O R3, -C(O NR3R4,
N34y confRQISPMNBERa I- NR5C( NCN) NR3R4, - OR3, aryl,
heteroaryl, arylal kyl, heteroaryl al kyl, heterocyclyl,
and habesewys) thepkdsyht inveRBoh froviieeedmisbunt S8 Y HrRdRN:
trifluoronmethyl, and C-C o al kyl, C2-Cl O al kenyl,
C2-C10 allcynyl, C3-Cto cycloal kyl, C3-Co -
cycl oal kyl al kyl, aryl, arylal kyl, heteroaryl,
het eroaryl al kyl , heterogyclyl, and heterocyclylal kyl,
where each al kyl, al keny|, alkynyl, cyc}oal kyl, aryl,
het eroaryl and heR€rocyctyl portio \;sRoptionaIIy
substituted with one 1% l =

Voeat

-
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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



five groups independently selected from oxo, hal ogen,
cyano, nitro, trifluoronethyl, difluoronethoxy,
trifluoronmethoxy, azido, -NR SO2R "', -S2NR R',
'C(())R’ 'C(())(R" -(I:((D)R', 'NRC(())(R"',
-NRC(OR', -C(ONRR-SR, -S(O)R"", -S2R NR R',
-NR C(ONR'R', - NRCNCNNR'R ", -OR, aryl,

het er epiyd , alRyly| €1k (afer 090Nl ailkyﬂyl daa’sﬁr@fdmmslb Cs-Cio
and heterocy yI al ky ; R and R" ndependent

Z{Eef’];: eCtgy%y(lfa[ nd ar %q@ﬁlgffl ?9%9 is ell;g\ctmraay1 a'_glrlﬁ arylalkyl,
L onc " by kS Flo B KB e
menber ed. caYbocy R G Rorardar yOGR Rerr it ¢ -ﬁw‘bﬁé‘:’mm-
b e o subCek bR S o IR ety

cyano, nitro, trlfluoronethyl di f | uor omet hoxy
trifluor onwherexsachaglkely allkeryl, alzmdy @aelyplky]arwlaup@?roaryl and
het eroaryl al kyl, heterocyclyl, and heterocyclylalkyl;
or R3 and Mderoeysiyepartiteris mgmaﬂiezr sulystithtet herith tamn toofive groups
which they are attached to forma 4 to 10 nmenbered
carbocyecl i mdefeatientlyaseldctedr fréretappbstogdane cyang mt&'adi'lﬂﬂxfromethyl
which is optionally substituted with one to three
groups i ndéiflecdartioxys efriflabethefiioan) dida)geNR*SORA0, -SONRR?,
nitro, trifluoronethyl, dlfluoronethoxy,
trifluor omﬂ( y, a@(@bo)R3 @gﬁg N@@@Nﬁdﬁ'ﬁ —NR4C(0)R3
-QOR, -(OR -0(OR -NR O R - NR (O R
-(ONR R -c:(oﬁ@&“ NR%R MR CoRR @(“Omﬁf’é{NGN)NRRE“ -OR3 aryl,

ﬁ( NCN) NR IR‘ het er oaryl, arylalkyl,

e SRS
?ﬁ?éegesféﬁg%@%@oé@?&%@%‘oﬁﬂ% Pt reniered ° "
caDOBYE | Caeterar Y gy ELELOWEME % SRS cc

cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclj.zl,
and heterocyclylalkyl, where each alkyl, alkenyl, aMyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected from oxo, halogen, cya;no, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR'SO;R™”,
-SO;NRR”, -C(O)R, -C(O)OR’, -OC(O)R’, -NR'C(O)OR™", -NR'C{O)R”,
-C(O)NRR", -SR’, -S(O)R””, -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;



substituted with one to three groups independently

sel ected from hal ogen, cyano, nitro, trifluoronethyl,
di fl uoronet hoxy, trifluoromethoxy, azido, -NR SO2R ",
S2NR R', -C(OR'"", -CCOOR, -CC(OR, NRC(OOR"",

-NR C(OR', -C(ONRR, -S®R -, -NRR', NR C(ONR R,
-NRC(NCN)NR, R, -OR,  aryl, heteroaryl, arylalkyl,

et efsqaleied ko low&eilﬁﬁ%%f Mi{enymsi;(lmﬁ 14l al kyl ;
R6 is selected fromtrifluoronethyl, d-do

@Jn?' 2o o yI O Qyelep 9&”"’3%’4&1 lTeaMthn toBEtHEAY lfﬁ/the atom to which they are

éteroaryl a rocyc

het er Qﬁé’cﬁl& 8%'3.’4 W %Flgﬁgr %?{rg&l 011(9 311% aqr ’he%g%yéhc ring,

het er oary et erocy

gglb: E: IF %c t %ﬁi\gm ﬁ 5 OP‘ii%tagﬁ gﬁbs\{@v%{]gvlil fﬁn(eptd etgr%g dg?‘gups independently

triflu |quoronethox : Iuoronethox

azi do*e e %ﬁ a ogegww Illy tpgl oro@féy@-dlﬁuoromethoxy,
(F\?%“R' -NR C(0) (P -NR'C() O NRR',

.S uorqwthpxmpgldx (;)r)qR-hpteroaryl N, Nppawlalky], heterocyclyl,

, heteroaryl, arylal kyl, heteroarylal kyl,
heteré@é@ﬁ?ﬁ@ﬂ%ﬁdkﬂh@terocyclyIaIkyI Ris selected

from hydr ogen, and Cl-Clo al kyl, C2- a o al kenyl ,
82261 B’ atuk e jdken ©ZelBrOvily diieoaibmyb whid they are attached to form a 4 fo
cycl oal kyl al kyl , aryl, arylal kyl, heteroaryl,

het er d@rmpérbdesd ,qa:be‘t)elia,cyahmbxyl dﬂeh@ffrﬁ@yﬁﬁb M‘ir@, kdth of which is
where each al kyl, al kenyl, al kynyl, cycloal kyl, aryl,

" heter Gptimblhan;dbdﬁﬁitad QEILE o3 1B Othtde Ofroliss Qﬂiep&ﬁ@hﬂl)y selected from
substituted with one to five groups I ndependently

sel echalgdn! OfineX o, MANEGERMethGY BifRordMhdHidky, trifl th ido, -
trifl uor o#’e@ﬁn di’f 1 uor omet ﬁ%xy, tritludt Orrg?rﬁg;ey’oxy, azido,

azi do 02 ]
“oo( O RS, NR4%I\&§ W&QWC((BWC(O)OR -

- S02 @Bﬁﬁ]g NR3R4, »*NRS

aryl, e? df yI\~vaty a)’l cyl”, ]fafet eroary! al kyﬁﬁc{oﬂ%BR -

het er &&yé(MN)Nﬁnﬂ , he,_b%r’ocxryll,yl ﬁ lé%afyl, aryla]_kylg heteroaryla]kyl,

heterocyelyl, and heterocyclylalkyl; or
R* and R® mdependenﬂy represent hydrogen or C;-Cg alkyl; or

R and R’ together with the atom to which they are attached form a 4 {o 10 membered
carbocyclic, heteroaryl or heterocyclic ring, each of which is optionally
subsﬁfuted with one to three groups independently selected from halogen, cyano,
nitro, trifluoromethyl, diffuoromethoxy, triflucromethoxy, azido, -NR'SO,R™”,
SO,NRR", -C(O)R™, -C(O)OR’, -OC(O)R’, -NR'C(O)OR™", -NR'C(O)R”,
-C(O)NRR", -SO,R””, -NRR", -NR'C(O)NR'R”', -NR'CINCN)NR'R"", -OR’,
aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyi;

R® is selected from trifluoromethyl, and



Wis selected fromheteroaryl, heterocyclyl, -C(O OR3,
-C(ONR3R4, -C(ONR4AOR3, - C(OR40R3, -C(O(C3-CIO
cycloalkyl), -C(O(C-ClO alkyl), -C(O(aryl), -

C(O (heteroaryl) and -C(O) (heterocyclyl), each of
which is optionally substituted wth 1-5 groups

i ndependently selected from-NR3R4, -OR3, -R2, and 7

Cl- C1Q;-a} K wlky1,Ce» @, O @Jci@@mg az?ﬂ 1 darRaIH, Ohédekiéﬂhl' heRafbylalkyl,

of which is optionally substitfuted with 1 or 2 groups

i ndepende rﬁétéhﬁ;c dﬁ c t}ﬁ%rocfyﬁ%zwg R@he@@ deagr?g alk?ﬁ bicloa]kyl aryl,

sel ected from ogen

TE T Puior oriesgtolst Bt %meyc%o%%gg@%m& Ejfgied with one to
NRig( O RS TP F%P“m %ﬁioﬁ%ﬁ%%wﬂag%ﬁm niro,

oyel oal ky Mgl areah §h°§¥»k§ﬂ Rofy kéé}&y g, NRSOR™,
| Kyl CRA Ik
ot ot - gdz@&é& DR kS oRe-oduEs HRCO)0R™, NRCOR,

het er ocycl yl al -Q(CR4R5) M, a - NF{4(,CR4R5 .

aryl, - N%Bt eréhRy |, - NLITRA(P&E Ret- DNR'R™, -
- (XCR4R) m het erocyclyl and - NRA(CRAR) m het erocycl yl,

wher e eachORI, kytyl, delesvayyl, atykfiyll heteycdrglalkivly| hetarogclyl, and
het eroaryl and heterocyclyl portion is optionally -

- substi t ut dettenodyllvdalleyls o five groups independently

sel ected from oxo, hal ogen, cyano, nitro,

Rt isfskeed el tldrogelj fnliuor onet hoxy, trifl uor omet hoxy,
azi do, - NR4ASOZRG, -SOZNR3R4 -C(OR3, -C(O ORS3,

: (NJ%%IB@EONRS %%R% R5C( r\l(:ﬁ)3 N F\’@( Q:%G,R Yoo, C-Cuo
het eroarylgy, cﬁﬁ&#ﬁaﬁl&yl aryﬂ1 e&ﬁﬁ]ﬁ?r YQLJQL rlshgﬁxg%g Pééterocyclyl

and heterocyclylral Kyl:” "m0
heterocyclylalkyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,

heteroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, NR*SO,RS,
-SO;NR?R?, -C(O)R?, -C(O)OR?, -OC(O)R?, -NR*C(O)ORS; -NR*C(O)R?,
-C(ONR’RY, -SO:R®, -NR’R?, -NR’C(O)NR’R?, -NR’C(NCN)NR’R?, -
OR?, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and
heterocyclylalkyl;

W is selected from heteroaryl, heterocyclyl, -C(O)OR?, -C(O)NR’R?, -C(O)NR*OR?, -
C(O)R'OR?, -C(O)C3-Cio cycloalkyl), -C(OXCi-Cio alkyl), -C(O)aryl), -
C(O)(heteroaryl) and -C(O)(heterocyclyl), each of which is optionally substituted
with 1-5 groups independently selected from

NR*RY, -OR?, -R?, and



8 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The novel
conpounds enconpassed by the instant invention are
those described by the general fornmula | set forth
above, and the pharmaceutically acceptable salts and
prodrugs thereof. The present invention also provides
conpounds of formula | in which R7 is C-Co alkyl,

C3- C7 cycloat|,cyikyl, G3:-Cf, suelydabkd @By alk@3A, Céach of which is
het erocycl oal kyl or C3-C7 heterocycl oal kyl al kyl each

of which can b%gﬁﬁﬁdl@nﬁ{bkt‘ftuéﬂ i 4 wred g\“él%)@ lﬂdegeﬁdently selected

groups independently selected from oxo al og

11 dor omet hoxyt "3zt for TRIRIQGRG, - SONRRA, - O 0) Ra
eyt R Petetnestis e e feftonao
et o fpietiSkhg 8 Oé% G'eﬁa'yré{z etﬁ?@a Gl + o0
e | igRA) e ORTORE, - TRERA S . g RO CohwR,

| ower _al kyI or, hal og Q The present i nvention al so
pr ovi B8 @}%Bndﬁpof{:faﬁﬁnul a | wherein RO is
hydr en or hal g% and R10 is hydrogen. The present

i nve -Gm allsd Shdu delkendnparGds abiynflor GxCao | cynloalikel, nCs-Cio
Wis -C(OOR3 or -C(ONR4OR3. The present invention

al so pr ovioyeloalkghikyln@60)IC:CaratiniDa -$(Q){(CRIRR),,-ai1,Carl, RSlalkyl,

/ R RT H 9 wherein W R, R7, BY, RO 'and R10 are as

defi ned alietgodryr hfet@fdﬁt&lﬂkjrl heterocyclyl heterocyclylalkyl, -O(CR*R)p-
aryl, -NRYCRR®)-aryl, -O(CR“RS)m-ﬁeteroaryl, NRHCR*R),,-
heteroaryl, -O(CR4R5)m-heterocyclyl and -NR4(CR4R5‘m-heterocyclyl,
where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,. heteroaryl and
heterocyclyl portion is optionally substituted with one to five groups
indepehdently selected from oxo, halogen, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR4SOZR6, -SO,NR’R*,
-C(OR’, -C(O)OR?’, -OCO)R}, -NR'C(O)OR’, -NR'C(O)R’,
-C(O)NR’R?, -NR’R’, -NR’C(O)NR’R?, -NR’C(NCN)NR’R*, -OR?, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

mis0,1,2,3,40r5;and

jislor2.



The present invention also provi des conpounds of
formula Il in which R7 is Cl1- Co alkyl, C3-C7
cycloallryl or C3-C7 cycloal kyl al kyl, each of which
can be optionally substituted with 1 - 3 groups
I ndependently sel ected from oxo, hal ogen, cyano,
nitro, trifluoronethyl, difluoronethoxy,
trifl uor omretHWRXIL BB DESCRIIRTOIROF TREANRINTION
-C(OR3, -C(OOR3, -OC(OR3, -S02R3, -NR4C(O) ORe,
- NRACEE: Rave RS
- NRSC( NCI%I)%KII%SC%QLM %,ﬁc%nrlg/dy&ﬁis{ glr§> oaryl @gé?ggﬁ; aﬁe ﬁhose described

g ga{em%ﬁ.xha 1 Ret ﬁ[-tﬁ%%é"and?lgad DELELARY, gy%cgéﬁxéle salts and

esent invention al'so prov conpoun

erein RBis - OCF3, -Br or -d, and Rl is
F)JEJHV\BI‘ Sg?i twgr hal ogen. The pr esent i nvention al so

provi sco ounds of fornuyla II rein [ S ) .

hydr OSEEPE’FG HYSRE SlsaRoPes qoun sdgé?ffmﬁﬁtmp‘f’]@ﬁ]ém is Ci-Co
ventjaon al so prOV|des compounds _of for nul

R ol Puslontfity (e wiop ey MBS desrszeiaelis] or Cs-C;

i nvention al so provi des conmpounds of fornula I1l: A O

heterpeygloatoylplkyl weh of Wirich|gan heheptisnallysubsaputedRyvithBl - 3. groups

and R9 are as defined above for formula I, and Ais

ingrs:ngently eReeRIrombray, bilngdRG cyand, Iﬁttoaﬁﬁual@nwéiyﬂ,rtﬁﬂhoromethoxy,

above for formula I. 10 The present i nventi-on al so

pifbiatesthoynpeidod SNBESOM MiBE,NRRY ACI@)REH -&O)OR> CLOC(OIR?, -

Cl O al kyl, C3-C7 cycl oal kyl or C3-C7 cycl oal kyl al kyl,

sagk?, oL NRIC@)OREN DR CLO)RIN al¢(NREESt LNRIF VNRfC(b)NRaR4 .

3 groups independently sel ected from oxo, halogen
MRAONCNINE'®R?, -OR’, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and
heterocyclylalkyl.

The present invention also provides compounds of formula T wherein R® is -OCF,
~Br or —CI, R is hydrogen, and R' is lower alkyl or halogen.

The present invention also provides compounds of formula I wherein R’ is
hydrogen or halogen, and R' is hydrogen.

The présent invention. also provides compounds of formula Il wherein W is
-C(O)OR? or -C(O)NR*OR®.

The present invention also provides compounds of formula II:




trifluoronmethyl, difluoronmethoxy, trifluoronethoxy,
azi do, -NRASO2R6, -S2NR3R4, -C(OR3, -C(O OR3,
-OC(O R3, -SO2R3, -NRAC(O OR6, -NRAC(O R3, -C(O NR3R4,
- NR3R4, -NR5C(O) NR3R4, -NRSC(NCN)NR3R4, -OR3, aryl,
heteroaryl, arylalkyl, heteroarylal kyl, heterocyclyl,
and heterocyclylal kyl. The present invention al so '
priyein #6 RKORDARIASar@f R P aFcrid|dafihdd abbhefoR ifdinidha 1. S

-OCF3, -Br or-C, R2 is hydrogen, and R is |ower

al kyl Top pAakRGEPentibh %1s|e Irp%&ﬁ@és doR¥B L A05F iﬁhﬁﬁﬁa B QWSS R is €y

conpounds of fornula I wherein RO is ydr ogen or
oAl t..idAvent.d p [ : nds..
7 AT Fa0F RUCRE o (G AR RN, HBER B D Brionatly
i S X 4 4 S ogen n_Ais.-NRAORS. .
#ﬁ%ﬁ&ﬁ%ds gvﬁ@(ﬁ Ve %{B:agér?madle%%ﬁ%&b@ ?ej%%ggg %ﬁ%‘oﬂﬁ?d §ﬂglgen’ Cyano, nitro,
formul a X OHR RNRY RB RRZ, N wher ei n
i fellst, audiomelons, SLISTORAID GHiRe MRS ORE M QNRE,
I d Ais .-OR3 or ;NRAOR3, erein and R4 are as
DR AT ORISR, R PR AN GERR o ONRRS, -
al §o4provi5deswound§ of formula |Hg in which R7 is
SR'RG ONR 1) CPNYE(NENIYR Foy QR'C7aryl, heteroaryl, arylalkyl,
cycl oal kyl al kyl , each of which can be optionally
Sefseartlakedhetenonydyl, ar@d hgtepeqyslylaligdpendent | y sel ect ed
from oxo, hal ogen, cyano, nitro, 11 trifluoronethyl,
di f | udhe pe¢senixinyertionf dlseoprvilch @xypoatis i, fornNBS L Rberein R is -
-S2NR3R4, -C(OR3, -C(OOR3, -0OC(OR3, -S02R3,

OB ) GDRE'], anIRd & I0WeBalkyiGrBaR4, - NR3R4,
-NR5C( O) NR3R4, - NR5C(NCN) NR3R4, - OR3, aryl,

het er @ag \resead itivehtionl also BeéwaRasahiukdd of TELRAL Y Gh¥lein R® is
and heterocyclyl al kyl .
hydrogen or halogen, and R' is hydrogen.

The present invention also provides compounds of formula II 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



The present invention also provi des conpounds of
formula Ma wherein Rs is -OCF3, -Br or -, R2is
hydrogen, and Rl is | ower al kyl or hal ogen. The
present invention also provides conpounds of fornula
Ma wherein RO is hydrogen or hal ogen. The present

i nvention al so provides conpounds of fornmula Illa

wher eimRe Beestig iR ARD pRivided WEipalri lof WABMIAIT & 7is Cy-
and R4 |g33hydrogen hon PR 1 SRR e presentWﬁﬁR is G

AP R S TR O i g
Alis,- .
SR SR B L Y oo A L 3 o, i
S, B R 6B soamn
sk o . S Lo B Sgpuer -

|nqe9endeq (5 ctedsfron1oxo ,hal ogen, cyano,

“NE CEORNG &mﬁ{ﬂ CONCFINR RO meORox yaryl, heteroaryl, - arylalkyl,
t ri fI uor omet hoxy, azi do, -NR4SO2R6, - S02NR3R4,
hetepRialkylCharorslyl, @d(}@eﬂ&yclym - NR4C( O) ORG,
“NRAC(O R3, -C(O NR3R4, - 12 NR3R4 -NRSC(O) NR 3R4, -NR
5C( NClIl)lNI@BeRént in@iﬁionaalyd prdvixtes rooatpplmdsasty Foatkilel T wherein R® is
het er oaryl al kyl , heterocyclyl, and heterocyclyl al kyl .
TOEFH B8 6rtCl, R\zlfslﬁyld.ﬁb’geﬁ,l a&ﬂRbﬁﬂuwéﬁﬁkﬁm@lugéiﬁ of
formula Illb wherein RB is -0OCF3, Br or -d, and R

i's | owRE padskirt! inQéntival AL PBroviRe BiReRis diNKRMALIAONT ¥heRin R® is
provi des conpounds of fornula TIIb wherein R9 is
hydrogen or halogen.

The present invention also provides compounds of formula I 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 IIfa: .

A 0
H 1
R
N
\(\\\j\
/ |
d g 8
EN
IIIa

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



fluoro or chloro. The present invention al so provides
conpounds of fornmula Illb wherein R3 is hydrogen or

| ower al kyl when Ais -OR3; and R4 is hydrogen when A

is -NRAOR3. Except as expressly defined ot herw se,

the following definition of terns is enployed

t hroughout this specification. By "Cl-Cto al kyl ",
‘tRafktbme@Py diklovBMmetoky] trifiibrbAeheEe SSido, | INIERIG,R" L$O,NRR?,

meant straight or branched chain al kyl groups having

icigpeeicemontoma Rt I ok o oo, -

SR IO PRI e, s
' . M

R R I

al kenyl ", "lower al kenyl" apd "al keny| " ans straight .
and brtaRh EFRSEN UGB A0 ROV IEF CIBOHKR &Ewmatvm@n R® is
carbon _atons apd at |east one doubl e bond and

rAEFud8E oetHeRy Is hygragsermpd R is lower dkypy halogen.

1-pent-3-enyl, 1-hex-5-enyl and the |like. Mre

pr ef efhedrasew inpewion sdlsceprpvides epmpodids of fotvorla e rveherein R® is
By "C2-C o al kynyl", "lIower al kynyl" and "al kynyl"
hpdnogersarhaloght. and branched hydrocarbon radical s

having from2 to 10 carbon atons and at | east one

t ri pl @b predeminidverition | dsdeproeidey Bythporii Y Fytmuld WILY RiHerein R? is
pentyn-2-yl and the |like. Mre preferred are al kynyl

hodtopeh 3-5waalllBewhah AIE —ORY; 4R tiehyirodtavARa N is NEDRS,
present invention is meant fluorine, brom ne,

chl or TAepresflinvaR&iso o files AMpbundsSf Tfla 1B0:

aromati c carbocyclic group having a single ring (e.g.,
phenyl), multiple rings (e.go, biphenyl), or multiple
condensed rings in whithef |east ong! is aromtic,

(e.qg9., 1,2,3,4-tetrahydropapht phthyl), which is
optionally nmono-, di-, ted with, e.g.,

hal ogen, | ower alkyl, f 1 uor onet hyl ,

aryl, heteroaryl, and eroaryl" is
meant one or nore, ar on® gd-, 6-, or
R—N 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



menbered rings which includes fused ring systens (at

| east one of which is aromatic) of 5-10 atons

contai ning at | east one and up to four heteroatons
selected fromnitrogen, oxygen, or sulfur. Exanples

of heteroaryl groups are pyridinyl, imdazolyl,
pyrimdinyl, pyrazolyl, triazolyl, pyrazinyl,

Nefr4z ONRFC(G)NR?H‘*, -NhF@QNdN)NlﬁR* azowl ad?'lh' ﬁ&@ﬂomlyl arylalkyl,

oxazolyl |soth|azolyl pyrrol yl, qU|no 1 nyl

s 0 el o TR
PYI 1 d3%] Bideen tlﬁeeaﬁbxpxgis{)rﬂrgadgdg&xé%I ghbE sl I whorein R® is

purlny]l% oxa i'azo adl

zoly az furazanyl ,
ﬁ n§p&?6%ﬁ?%fh%§§%q§f 8%enzoxazol yl ,
qU|n oI|nyI ui.noxal i nyl ., napht hyri dinyl, . g,
fur opyhs BiCAgAt insplion a pvides smEpoMdOf ﬁfaw&e%m“ﬂaﬁxeﬁl R is

the scope of this definition. Heteroaryl groups are
Hyarp erallPP: nono-, di-, or trisubstituted with, e.g.

hal ogen, |ower alkyl, |ower alkoxy, haloalkyl, aryl,
het er Bagr yteserénmvmgzm aleg. prmdm@unmws af fmlat Hitnwherein R is
"carbocycl e", "carbocyclyl” cycloalkyl or "C3-C1 O

eydrogealok jowernikybwhert A isaOR};ahé R istryidarpys kihen Aadi NRI'OR,
having three to ten carbon atonms. The cycl oal kyl can

be noRtepcClak Gxptslp detihs oterwisé,udrdfdpsimdefiitdo &F terms is
be fused to an aromatic ring. Exanples of such

éploge rougBdul des syetfiepiapy! . cycl obutyl, cycl opentyl

and cycl ohexyl . The cycloalkyl gr oups herein are

unsubsy kwiced Ry, kAP asd ko a]l%&’bﬁlt {ht Yr&dnd ﬁv@ﬁiﬁnqg meant

nore substitutable positions wth-various groups. For

Gl ST P OB 08 e
%ﬁ@( op g%(ﬂ]t lmé%% I, (t%ﬁ&grh I% g‘y IO% ?nr&fl,’] ?sOpentyl neopentyl,
}heécprge? hwgl}y%-h% aI k)&%bflk%pty% ’oal k llkc (I}?eferred alkyl
n&FE§C1_ n1no %%@%ﬁﬁ&%dsﬁv(hﬁép%docycle or

heteroc&clyl is”qgant one or more carbocyclic rin

syst &g CrFiogikengl’, “lgweraligayh end o kel mpans piraigh| 3é5anched
fused ring systems of 4-10 atons containing at |east
Ipiieocarhenapdiedds haying fiem driodfsabos alasest asd af fooshomiedpulje hond and
oxygen, or sulfur, and with the proviso that the ring
i@ﬁlutltseeﬂgﬂnah prapord, hbut-@omlalmenwaaeMJ beni-efyland the like. More -

preferred are lower alkenyl having 3-5 carbon atoms.

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

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

chlorine, and iodine.
13



S atons. A fused, system can be a heterocycle fused to
an aromatic group. Preferred heterocycles |nclude

but are not limted to, pyrrolidinyl,

tetrahydropuranyl, di hydropyranyl, tetrahydrothlenyl,
t et rahydropyranyl, dihydropyranyl,

t et rahydr ot hi opyranyl, piperidino, norpholino,

t hi onBE PRI 19 mdaht @ﬁaeﬁ‘c)ﬁlancpba{?%@éhd‘)gkoutp having a smgle ring (e.g.,
honopi per azi nyI azeti di nyl, oxetanyl hi et any

et e G S %Q%‘ﬁ@ﬁ?é‘%%dgﬁ*’%‘%%@ i et e
3 BYEEL DY, 1. SR Oh oo BN o gzlg%pé%hy oo di-
di W&S%&%ﬁi{egdl ];tllfl eg!g ?}%198?}? Irlg gﬁr gﬁc\ﬁ elg%ef alkoxy, trifluoromethyl, aryl,

razol i di,nyli m dazol i nyl, imdazolidinyl,
Egts@aﬁ*hayég%%rwo] hexanyl | 3-

azablcyclo£4 1. 0] hept anyl , azabi cycl of 2. 2. 2] hexanyl ,

3H i nBY| JeteEfey1g U mRRank PR PT TR BEIMAHS| BB Systame oéﬁscﬁ-, or 7-
i ncluded within the scope of this definition. The

membgsi msy mbighsincludes fsadiningdsystemm(atteastyparpfowhicls iseomatic) of
above, may be C-attached or N-attached where such is
@d@ga;tdnhe corfeiminignattleast ene andynpup foerlickedatéme selpgted Gbm nitrogen,
may be pyrrol-1-yl (N-attached) or pyrrol-3-yl

- (Greeh t @chi). . EXamiplésest heter@iid upowts rarelﬁﬁl(ﬁﬁﬁmhﬂazﬂwl,qiyﬁmldmyl
may be i m dazol-1-yl (N attached) or im dazol-3-yl

pazdlyiaenedlyl, PRagx@gRezdl, &uhBRieRRY tok om&zolyl oxazolyl,

wherein 2 ring carbon atons are substitute 0X0

{sofdazBBA, e;lﬁyrﬁ)‘}yl' guihofing] Q&&nﬁéﬂr@mﬁl@&? 'H’éﬁi:lmldajz_gﬁd benzofuranyl .

het er oycl'e groups herein are unsubs |tuted or,

SiREQIA, € nd:3 Hﬁfﬁt b iyl N gﬁﬁﬁlaﬁég 1 '&1&&&@?' Ssoindolyl,

- posi trons wt varil ous gr ups g

R ﬁgém@%y&wﬁw%%%% A ey,

ﬂ%’ﬁsﬁ%%maé 2 e n%anﬁ. ( %enze@?% B arﬁeﬁaoxaa-gyl quinazoliay,
Q,{l h%rﬁlg? mQSl I?}Jllr%alllcl)( eties are also included within

rmno(CI CG) al kyl.am no( C1- CG) aI kyl or

e segpeof 1T A5imatiom o Hetreraanyl groups areppsiopalyrpongrydin ok pisubstituted
nmeans an _al kyl noiety (as defined above) substituted
Withie-8-dindogsn, lnweralkylylowspalkexy, halpalbylaeryt dternanyland hpyroxy.
More preferred arylalkyl radicals are

aryl -48 ugedahrging theEﬁeanpfcwoc)rdﬂ”udearb@wsz” “cycloalkyl” or “Cs-Cyo
phenyl ethyl, and the like. The term "heteroarylallcyl"
wwh:mﬁ{yﬁ’nre&lrk‘gol satmpated yarbagclitedailicald havioy dreswiehiat ¢drbdneloms, The

cycloalkyl can be monocyclic, or a polycyclic fused system, and can be fused fo an
| aromatic ring. Examples of such radicals include cyclopropyl, cyclobutyl, dyclopentyl
and cyclohexyl. The cycloalkyl groups herein are unsubstituted or, as specified,
substituted in one or more substitutable positions with various groups. For example, such
cycloalkyl groups may be optionally substituted with, for example, C;-Cs alkyl, C;-Cs

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



with a heteroaryl noiety (also as defined above). Mire
preferred heteroarylal kyl radicals are 5- or

6- menbered heteroaryl-d -3-al kyl s. Exanpl es i ncl ude,
oxazol yl methyl, pyridylethyl and the |ike. The term
"heterocyclylal kyl" nmeans an al kyl noiety (as defined
above) substituted with a heterocyclyl noiety (al so

dRfall@eniab,o ve) Colilngl, Dt@f@sﬁﬂ(ﬁﬁd het-ef oaMehiilal kYlc, haloalkoxy,

radi cals are 5- or 6-nenbered

BRI OLY DMy, Ot k@érﬁm €8 alkyf | yde )
tetréhgdggﬁgranyhﬁg$ P k¥ E@b ﬁa Iog€k9 G E?Fwmeumal
@Eﬁﬂ&&a” al kyl noiety (as defined above),substltuted

W a cycloal kyl noiety (also defined above) Mor e

Cycl obp ehPEaRSAe i s BTy %sg‘l{t??a% Bt chSRESCIe i ystems
A e Bty 1 e s, BRI iDees A DB o, #-10 aoms

The phrase "Pharnaceutlcall cceptable salt(s)" as
GRipimg i least grt aad uptta dpwy %%eroatﬁraﬁ caleelad fiome nifeneen, oxygen, or
salts of acidic and basic groups which may be present
pefirhad wignpewieigsothat the ripg o6 thetereupvdass nohcontire two adjacent O or
conmpounds of the present invention that are basic in
Rattoms & Bisedppsbine cad bé arlmtergoyaleviusel toaar eoynatit gsa@ipt SPreferred
with various inorganic and organic acids. The acids
hetetocydes bincinded o prepaste Iphissdretogupingalidityl, tetrahydrofuranyl,
acceptable acid 16 1 addition salts of such basic

dibpponnsis1of t hetphgbemienyvent lt&ﬁh@ﬂ@pwaﬂﬁe t hatdiy@fdpyranyl,

non- toxic acid addition salts, i.e., salts containing

ac et at e, l’g gyl hiReraR! @ﬁérﬁhcﬁﬁboﬂﬁem%ﬁblnﬁﬁ thfo%lyl piperazinyl,

enzenesulfonate benzoate bi car bonat e

i%:ﬁbﬂlf;&ﬁﬁn yiP b At &etaﬁ?{) %gtan}qr gﬁg cpxg}lc bgﬁa%)(lé T:hiepanyl,

camsyl ate,” car bonat’e ride,

‘et%xyﬁﬁ ﬂcmd%éﬁﬁy %ae%gﬂ&ﬁgﬂu%%k?%t?a&&dm lﬁt © e 2-pyrrolinyl, 3-

tci nat'e,” funar a

t. y ilate esqQrci nate )
PO iE Pl Bl e PR et S, pyrecotiny,
at hi onat l.act at e, toblo at e, te,. mal ate,
?@P bo. H’é‘éf"ﬁ’ e, rﬁ@% QRYEE0Y gt h‘%l’%‘ﬁi’ L,y difpydrofuranyl,
nap n| trate, oleate, oxalate, pan
jg'ﬁ%pglﬂ a}gglpqy t at émldazohdmyl 3-ang1cyco[3.1.0]hexany1, 3-

azabicyclo[4.1.0]heptanyl, azabicyclo[2.2.2]hexanyl, 3H-indolyl and quinolizinyl. Spiro
moieties are also included within the scope of this definition. The foregoing groups, as
derived from the groups listed above, may _be C-attached or N-attached where such is
possible. For instance, a group derived from pyrrole niay be pyrrol-1-yl (N-aitached) or
pyrrol-3-yl (C-attached). Further, a group derived from imidazole may be imidazdl—l-yl
(N-attached) or imidazol-3-yl (C-attached). An example of a heterocyclic group wherein
2 ring carbon atoms are substituted with oxo (=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



pant ot henat e, .phosphat e/ di phosphat e,

pol ygal acturonate, salicylate, stearate, subacetate,
succinate, tannate, tartrate, teoclate, tosylate,

triethi odode, and valerate salts. Since a single

conmpound of the present invention may include nore

than one acidic or basic noieties, the conpounds of

ey 1y eptRaHally RUSShItOD wiRY for&lakihe, WG, aldl, @;-Cs alkoxy, halogen,
tri-salts in a single conmpound. In the case of an

agadicg, BhES,Y nitd, 32 R1Ep Oﬂeﬂo(@ﬁ-d&&y@ﬁﬁﬁs,ntd%fgglﬁagénggam, Cy-

a salt may be for y treatnment "of a co
A L . : ' :
COMAE o Gl R B LF RO FREMREy, smiporcr-Contion

e r i th,. i and. [ earth
?irle%%l éﬁ%,lé(gqj%]%Qas lqoﬁﬁﬁ{jg%\k)v}fsod' &@ﬁﬁ%ﬁ%{lﬁ@&@gﬁm and
cal ci Preferred, organic_base salts_ include, for . .
el B0 iR R A0 AT e d95809 J PGk Hstied with
2- hydr oxyet hyl ammoni um _Dbj séZ- hydr oxyet hyl ) animoni um
B B OF YD EI0ISTY GPliones dadioee Abge)-c MAORP eFRierreshArlkyhmadicals are
the like salts. Other salts of acidic noieties my
e CuaalkylsoExenplppinelude hensl, shenyietitbrand thelikeh
procai ne, quinine and N nethylglusoam ne, plus salts
f or medheviarin ‘Beatsicerdatkyld nseainsisn sliyhmaistyy{ay cefimsd above) substituted
ornithine, histidine, phenylglycine, Iysine and
withiarhetreoarfimeisiydelsaks yeffired faboved dMumd prefesred heebiayalRyl radicals
potassium salt of a conmpound of the present invention.
¢ \BF t br r @apeabereti o hbafiay 1M, @lyeS , ERartilbd ihSludr BRGoRimethyl,
the treatnment of a conpound of the present invention :

wiridyl@hylagd giegikeonpound, particularly an inorganic
acid. Preferred inorganic salts of this type may

incl ugg, 0N earlyerdiRg” B%%@C'Qﬁ oy énfl%f%gogag??@s&ed above)

hydroi odi ¢, sul furi'c, phosphoric or t

%fffb@ﬂciﬁferde i & ﬂiat;égo%?tgf(lfm 3£oi &h%?lgcy p(ﬁ:ﬁngﬁayaboiv%?l ulgl%re preferred

a
or exanple, Ssa W ormc, acetl

L4 Itk CLi leic fumari.c. ~palmiic
TAGRLRE i W3S B BbBhiied R Eat. Examples
| ut.ari.c 'ycol ic phthalic, tartaric, lauric,
%f@g?%@?hggP35?9??@?Yhethanesulfonic, benzenesul f oni c,
par at,gl uenesul foni ¢, sgQrbic, puric, benzoic, cinnamc
and tﬁée ‘ieFRe‘?}éﬁlifﬁwﬁ ciapans ahalkylameiety{ps gefiied rabpyed qubstituted
salt of this type is a hydrochloride or sulfate salt
Wb g cgg,lﬁﬁlg@h oty (alspedadingd abavep. nhiore prsferred heterocyclyl radicals are

5- or 6-membered cycloalkyl-Cj.3-alkyls. Examples include cyclopropyimethyl.

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

The phrase “pharmaceutically acceptéble salt(s)”, as used herein, unless otherwise
indicated, includes salts of acidic and basic groups which may be present in the
compounds of the present invention. The compounds of the present invention that are
basic in nature are capable of forming a wide variéty of salts with various inorganic and

organic acids. The acids that may be used to prepare pharmaceutically acceptable acid
16 ‘



In the conpounds of the present invention, where terns
such as (CRAR5) mor (CR4AR5)t are used, R4 and RS nay

vary with each iteration of mor t above 1. For

i nstance, where mor t is 2, the terns (CR4AR5) m or

(CRARt may equal -CH2CH2- or -

CH( CH3) C( CH2CH3) (CH2CH2CH3) - or any nunber of simlar
AWl QBs bAkdch MasivicbRpsunidh of HeGRERninvédidnded thoéd the®rm non-
of R4 and R5. Certain conmpounds of the present

foReRId QRItIR % RAYE., SN PREmide HeAhRERIAN acétheaB@fa%fo%s such as

exist in differént enantiomeric forns. opti cal

i.'hé QLS @ngm?‘, ?fothEsl% afe gfcarbtoﬁiﬁ er eol%’tén gﬁarﬁ‘gtetﬁb?ate bromide,

' present I nventi o tures

d b f. h
Ctrl]‘]?ilhf :;p&%‘% %a%P 8@818@ gf{rg@ﬁ?tﬁgmgtﬁ egﬁ?&%&ﬂor‘i’&‘e edislyate,
gﬁ%ﬂ;{ gsny’lqg%gegﬁhyﬁ%em te ”rﬁxﬂﬁ'ﬁg‘i‘ °e 1%1%;% e, oglgc%llatemrgéutamate

di astereoneric fornms, or mxtures thereof The
Frmbinmaailye, Iﬂ?%lf?#’é%@ﬁﬁ hydab#pingrhysegprongids ohylrpcbioride, iodide,
tautoners. This invention relates to the use of all
isetbionatautlestetes laetabiopats:t Jewsater Hualals . mylates yppmielate, mesylate,
i nvention also includes isotopically-Iabel ed

rpethplouliids mwiates haraylete, itittetss dleak, axelath psmonte (inttmaate) palimitate,
the present invention, but for the fact that one or -
pantcehantienphospBatediphospbhiac polypalacuroastensdhiayibieg stasrate, subacetate,
atom ¢ nass or mass nunber different fromthe atomc
JMB&iRat0) afRBS tatie tedskin | tbayldiq UAidthidilonat andevaldranpltes Since a
of isotopes that can be incorporated into conpounds

. @hold REmbAMRANGS B8 prARhURSehtRAl ARE PhdeNMEFOBAN oné ALiBRNer basic
nitrogen, oxygen, phosphorous, sulfur, fluorine and

ABakd, A ¢ &Sofkhe 1?é|§l-:nt %ﬁ&ﬁlﬁay ulccimiell%gm;- 7@03 %IIID-S&HS ina
32P, Aass 1 and 36 respectively. Compounds of

ﬁﬁ% g Hventlon prodrugs t hereof, and
rmaceutical ly acceptable salts of said conmpounds or

iOfso:S] g]%éJ ;a%%?g%s%%\%l (F:HEF léo%éﬂtﬁg Eﬁ:{e pr{egw Btl 18@351?811 a salt may
Ce
iFsrapt bafrgEeiies aotnari??fﬁ%aﬁﬁ:ft e FaesRagduf » bisic compound,

| nventl on, for exarrpl e those into which radioactive
nagtgﬁug)aglgsanslaquargg 839 dreferradiinorgapic salihng dhose dopmed peth alkali and
-useful in drug and/ or substrate tissue dj stribution

lsading sarth metaly wick @s lifhivan, sodiym, patasdiBobprivm agd qalcium.4 Breferred

i sotopes are particularly preferred for their ease
organic base salts include, for example, ammonium, dibenzylammonium,

benzylammoniurm, 2-hydroxyethylammonium, bis(z-hydroicyethyljammonimn,
phenylethylbenzylamine, dibenzyi-ethylenediamine, and the like salts. Other salts of
acidic moieties may include, for example, those salts formed with procaine, quinine and
N-methylglusoamine, plus salts formed with basic amino acids such as glycine, ornithine,
histidine, phenylglycine, lysine and arginine. An especially preferred salt is a sodium or

potassium salt of a compound of the present invention.
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of preparation and detectability. Futher, substitution
W th heavier isotopes such as deuterium i.e., 2H
can afford certain therapeutic advantages resulting
fromgreater netabolic stability, for exanple
increased in vivo half-life or reduced dosage
requirenents and, hence, may be preferred in sone

Ci I CUNKEAREREE tolbasit ARIiGRk) VsaltabRlped bf a:raq%ﬁﬁ'm%fa Bsmpound of
present invention and prodrugs thereof can generally

be ﬂ%és%ﬂﬁh@éhtﬁ)i yifiPh] a(dlaﬁg &E[zo&ﬁog@ﬁgggr& %{r gaggg%ﬁfc%cw Preferred

t he Schemss and/ Int anpl

?g% plca %Hqﬁ& %ﬁiéﬂgégcéﬁfq% %mﬁ%ﬁﬁonQJQQF%BogﬁﬂFwﬁom”nnc
This i

fbﬁ%mﬁ e%ﬁﬁ%%‘ﬁ%om&gﬂr R e e

0 I I-II nd et hod of treatjng praliferative
@gﬁdgﬁrsﬂa@iﬂ ealﬁ%?fr foamed wdily fogiisnpRtich FUCEHHT. riidice lacHg, maleic,

rodrugs of congounds of the the present invention.
%E%’G ammﬁtmu%%dﬁﬁmﬁnﬁaﬁ-mnﬁhpaa glirfanio, glycolic,
am do, hydroxy or carboxylic groups can be converted
Phib@impr dartatigs . lavrigdr sigarid, nohlinyelic o npethadsuliings, ei benzanesulfonic,
amno acid residue, or a polypeptide chain of two or
pga@lu(eeesglfonic,v\mrbibh pma'!c, drentcdurt)immtfﬁn andchel liké Brganic acids. An
residues is covalently joined through an am de or
espbarllsbpribried salt fof d@ds aperioa hhgdeidsydosr subfafddakyfiaCcompound of
acid group of conpounds of the present invention. The
ipARe@Ghvintiesi dues include but are not limited to
the 20 naturally occurring am no acids conmonly

desi grmahe toRpolfisesr ih‘étﬂré‘srentsﬂﬂgﬁioﬁ AdrePleifs KRG Ha,dE@R“RS m O

4- hydroxyprollne hydr oxyl ysi ne, denosi ne,

R fed, R Rl Hlag {gn 90 \ft%%lltigﬁ of 9Tt above 1. For

%eta al ani ne; ganma- am ob tyrl c acid,

, S hlonln
gﬁ?ohe %kg§f¥qgggrﬁkt%%g% g?kﬂPéﬁrugs %F@gd—E}bCEh-or-
ce, free car oup an be

@%ﬁ?@ﬁ?@@&%ﬁ%@é@@- SRR &eﬁfﬁf %ewﬁg faliag wtin the.

rou be der.va d using groups including but
%%Pegﬁ%gﬁé%“?Q?Iﬂghlﬁﬂiéshates phosphate esters,
dlnethylanlnoacetates

phos JHBt 69yPRIdS 0 i@f‘caﬁeﬁf’@hw‘@nﬂ%n@umam @gymmetric centers and
-Advanced Drug Delivery Reviews 1996, 19, 115. _
bgrefanatia iprddegaiscnsntionaicdkymenddl epHoabisgmosped sterwisomers of

al so included, as are carbonate prodrugs, sulfonate
the cetnpouadslo£ile Peasent disteation, efd mmydwrex shereof, 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
18



groups. Derivatization of hydroxy groups as
(acyl oxy) net hyl and (acyl oxy)ethyl ethers wherein the
acyl group may be an al kyl ester, optionally
substituted with groups including but not limted to
et her, am ne and carboxylic acid functionalities, or
where the acyl group is an amno acid ester as

gheseflbkdbyalnQwdn hfiy M SOnmRNGNIRA SSe nuhle @[fwém%m the atomic
this type are described in J. Med. Chem 199 39,

ﬁlg.ss loF §€as@Hultfber Ql@ﬁhl%lh RRmB q%}glgitbr\é at Fiﬁ’?pl@ﬁ of qgﬂt that can be

sul fonam des or phosphonani ese pro

#Ebl%t %e géit R )T%"&lirﬁg rc?ft fhe nlgj&%élggoxy Q4! géo[b%g? g lﬂ/ﬁrogen, carbon,

mne a car IC acC

nctlonallt under od .t hat 1
&5 Eﬁ%SPP%’“%r sof. Aoty e Rl KBn'aF 21w, c, e,
Si-0N 1.0 gef su tuent atfached to a
N Sg oD R PR Bttt Gliestpeiely o RemaBR ot dhe present
be terminal and the |ast named radical is considered
ingefiong progetss thereply 1l phyppansiigadly iapcagtabler sabim of Widisompounds or
for exanple, the radical arylalkyl is attached to the
off saiftprodimgs Whlch wewrfeinghe hiprankratiahddyisotepes apd/opothThisotopes of other
invention also relates to a pharmaceutical conposition
toms tatpewithipdhermope of thas invyiamp r@driafreisaibpicellydlabaled esmpainds of
a mamal which conprises a therapeutically effective
thepuesentihivention oo exengslé tidse into edaoh ratliou@ivei ifopedrsuéh as *H and
pharmmaceutically acceptable salt, prodrug or hydrate
Yoeseoicopagicd, RRALBEGEU dad b/ Ggkat! Bssf@ldidibutiohNassays.
one enbodi nent, said pharmaceutical conposition is

T@fiattdecl PR @:Ed‘@e%ox@fm GRNORTY iieiRs 8% palicBidlly praf8@ed for their ease
squanous cel I, bl adder, "gasti c, pancreatlc reast,

o pards &F and %@@'ctabﬁftf N&Y¥utherO¥@stifhfion REAS (])algg.\ﬁer isptopes such as

esophagea testlc ar, gynec oglc

nger...| n
&‘%yr rraéeaefl ’élgl e fo%@l Fon | s% Ctnﬁg%fltaég fSRjting frgm greater
ngt%}xélﬁ:a% rgﬁpflhlérflcg%a Vzg gzvgoilg]g illqu gér:q sdsuced dosage .
reste rost ben| prostati ¢
St F%}s% 28y Bh ora o s s e o dsqtgpigelly labeled

pharnaceutlcal conposition for the treatnent of

of thesprgyenk inyayoryandeprodrugs deqrendioap generally be prepared by
proliferative glonerul onephritis and di abetes- induced
TENEE Qs aeceurer diprdosed et rbmtSchemesaiand/on ia themPxhmples and
whi ch conprises a therapeutically effective anmount of
Brepasesoa hdlowt by Isubsbiteigra rendifieanailalls isotopacally labeled reagent for a

‘non-isotopically labeled reagent.

This invention also encompasses pharmaceutical compositions coﬁtaining a
compound of formulas I-ITb and methods of treating proliferative disorders, or abnormal
cell growth, by administering prodrugs of compounds of the the present invention.
Compounds of the present invention having free amino, amido, hydroxy or carboxylic
groups can be converted into prodrugs. Prodrugs include compounds wherein an amino

acid residue, or a polypeptide chain of two or more (e.g., two, three or four) amino acid
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pharmaceutically acceptable salt, prodrug or hydrate
thereof, and a pharmaceutically acceptable carrier.
The invention also relates to a pharnaceutica
conposition for the prevention of blastocyte

i mpl antation in a mammal which conprises a
therapeutically effective anount of a conpound of the

RisRiiesis dovuiendy }bﬂned&hroa%!{)&@&m%tebﬁﬂbéﬁﬂ RGCHY A, hydroxy or
salt, prodrug or hydrate thereof, and

Qﬁ%fﬁﬁfé%ld §Rkb ¥f %&ﬁg&hﬁ? g tKeaﬁrEéeﬁf invéifon nﬂfenédﬂﬂ acid residues

also relates to a pharnaceuti cal corrp03|t|on

Rl D Qredhg‘teﬁﬁﬁtedrt‘él ﬁfe V\EOC uiéc%l r| i gsanﬁng raclds comumonly

angi ogenesi s In

&&%ﬂ%ﬁ% @gﬁ? ¥e l'e t,;f cgs ve u:t ﬁ???afﬁh }/"g" &gqﬁrgxylysme
g %égéi‘i’g 3%&%@5@5&@%&%@”8%@1%@ gamma-aminobutyric

engodl nt sald phar maceuti cal conposition is for

5Tt fng hemosustens dpmosamer prpithing and msthignirgsulfone. Additional
consi sting of tunor angi ogeneS| s, chronic inflammtory
Birseat é’f@ﬂ%\!&ﬁ as alpch enaempessedarkdr instence, free carboxyl groups can be
atherosclerosis, inflamatory bowel disease, skin
derivatizess ass amftlea or afiybrestarsi skreeyéray gmowpssodyebederivaized using
di abet es, diabetic retinopathy, retinopathy of

groepat ljnd:lh(jitlg ageutr eheit edimitedul ar degﬁmeeiﬂités;n, phosphate  esters,
hemangi oma, glioma, nelanoma, Kaposi's sarcoma and
diviasthyddiminbicRasds, aﬂdjmsplﬂﬁﬂﬁﬁﬁﬁéthﬂox%ﬂﬁ)hﬂbeas HRiRA iR Mvanced
epi dernmoid cancer. The

Dl BefiiePNRALGA- 199642 $14. oc@ﬂﬁh&te Qrdﬁﬁ-uésro?ﬁ%&rﬂﬂy and amino groups
-hyperprollferatlve di sorder in a manal

£0 16 R SS1cA0M AL §£r€6ﬂa&9pr5&u§@'sﬁ’lféﬂéf@@%er@and sulfate estgrs oﬁ hydroxy .
therapeutically effective angunt a corrpoung of e

b Wa%m%t%&ﬁ ?&#fl%‘iﬁﬂﬂ gf‘a‘:ﬂ?ﬁ%éﬂwﬁ%ﬂm eters

SRR DS g5 L 8 S E b O RBle AR5 WS e ot
B S 0 o B e SR or st o s
necol ogi cal or thyroqid . cancer. |n another

RY i Hefipino %ﬁdstFé@ﬁ descibrdathoveage s encampapssat Profirugs of this

non- cancer ous g% roliferative disorder such as
R AGHcived | Hl 4 e 996k 5% 10e Fgee anpiges dangise)be derivatized as
restenosis, prostate (e.g.,benign prostatic

aides Wl@p}qgnq@pr phgsphonarmides. . All of these prodrug moieties may mcorporate

groups including but not limited to ether, amine and carboxylic acid functionaliﬁes.

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.
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The invention also relates to a nethod for the
treatnment of a hyperproliferative disorder in a
manmal that conprises admnistering to said nanmal a
therapeutically effective amount of a conpound of the
present invention, or a pharmaceutically acceptable
salt, prodrug or hydrate thereof, in conbination wth

an antThe iMERIORESH telaEEloAChIREmbdcR TRl Rem@batieh for the treatment of a
consisting of mitotic inhibitors, alkylating agents,

abdrprofRirabR| iit&der ME%%&QI Wﬂﬂzhamﬂlﬁis‘éﬁ laCtheral g&ﬂm effective

factor inhibitors, cell cycle inhibitors, enz

PR s 5013 9' ogfolﬂgﬁla?&&t A RbA O8rSa Rf?drﬂﬂa@e%h%ﬁigr acceptable salt,

response modi f1ers hor mone€s, gl ogenes

PRRL S Byacic oo, A% R acsgﬁ%%ﬂ&é%”%ﬂi’@ 7 eRheytn one
PR Rt P PREPARUBE, PPy O fodes 08 Eomagndl g such as

conpound of the _present invention,
Bﬁ&bﬁ*&&@ﬂﬁw@éﬂwegc‘alé%ﬁeabgaéﬂ% Rppcreatisy B’&F‘f‘tﬁgh%d, PPy rgpdl, kidney,
thereof. The invention also relates to a nmethod of
svwenpﬂolﬁf@t% calorastalt esoplingpantestidulim, gymeeplogieaton|thyrpidicancer. In
conprises admnistering to said mammal a
aMhta:p@uhqd@tabnty safl frdetmaceutiab yompositfioraisc fomibel icbatnfent bé a non-
present invention, or a pharmaceutically acceptable
salckroup rhy(ienpgaliferati{f@/ diisatder tshelt @of benigre hipersingia f thkSekin (e.g.,
relates to a nethod of treating diseases related to

pasiasik)) gRRABHS 0 bradtils @EEPEsHSproftatic m@eﬁﬁ)bhy (BRE)).
conprises adm nistering to said mamal

t her aprdiindveatidny ale T&sikbd wea ?Hﬁﬁﬁbeﬁfcaﬁcdﬁ‘iﬁﬂ?&%ﬁ Cfopfhet&é%ment of
present invention, or a pharnmaceutically acceptabl

ﬁﬁic?eatﬂ% of 'kﬂ&e? rdlé%){é@r @ Gudille f)ﬁ)ﬁ?eratwb Qaﬁe ggl'gﬁ?%d diabetes-

said nethod is for treati ng di sease se
r t{.ng, .o oge ni
PSR Rl 0l 15 U o

[
GRgEaREhE Ao B ffe PLT & Yot gfoé 2r?r§$ea§ dgtion, o a
sk sy A RE0bE, SR ARRRL ML @fgt@;@g 312 phammaceuticall
henaqalon& glioma, nelanoma, Kaposi's sarcona and

FRPARCTHPRast, | ung, pancreatic, prostate, colon

and epi dernoj d cancer.
he invention also relates to a pharmaceutical composition for the prevention of

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



Patients that can be treated with conpounds of the

present invention, or pharnmaceutically acceptable

salts, prodrugs and hydrates of said conpounds,

according to the nethods of this invention include,

for exanple, patients that have been di agnosed as

havi ng psoriasis, restenosis, atherosclerosis, BPH
thengrovancoasistilgoné tomoe ehgioghidkis, chenir adlaintnat@RCeikease such as
skin cancer, cancer of the head and neck, cutaneous or

iuraedd hﬂmntlsﬂeﬂhaﬂﬂ)@ﬂ@msﬂtﬁﬂhlﬁﬁlaﬁﬁf‘ G6¥el divekd, %ﬁnﬁ&@&@é& such as
rectal cancer, cancer of the anal region, st onach

BRIBSIE, SR £HANGEEdDHEASHialihliC ediabeh@%tehﬁbﬂaﬁ{ retinopathy of
gynecoWoglc fumors (e.g., uterine sarconss, car cinom

glfen{aﬁat{;g' gg@aagdt HRAEar C&%Sﬁ&m Oﬁen{;dﬁg—h %{ado gﬁ&g“ UM elanoma,

arci no e cervix ar cl nora e va
t Ki ; .
SRR TSEa 8 5l Bl S0 33, RS o

cancer of the endocrlne system (e.g. cancer of the
?WPOl d, parathyroid or adrenal gl ands), sar.comas of

sof t tbssues cancer of the urethra, cancer of the
—peni 5<% spEiates to amethpd of hrating ahuparaiolifative disorder jna
solid tunDrs of chil dhood, I|ynphocytic Iynphonas,
thet compryises adteiaisiering e eaid srammed ajthetensytienlly effeetiveramount
(e.g., renal cell carcinoma, carcinoma of the renal .
pled Ganapound of ﬂl@@pﬁtsalgnsvmon,m a phemaceiticaBy waneptablestkeprodrug or
(e.g., primary CNS | ynphona, spinal axis tunors, brain
© ydeate thréadmits omy epbddinnems) seidiohethodmsiytes Bhths — ofdancer such
also relates to a pharmaceutical conposition for
asnbidi, tlung smbinonsTesll,Clhddegr pastib, pahceeatie,"Bhst MAEAIN neck, renal,
conprises an anount of a conpound of the present

o8N tdvaan, q{roﬁat@haélﬂﬁ@ﬁlﬂésﬁﬁialgbfala@ééﬁﬁflﬁmg%&%'!dgé&[ or thyroid
sol vate or prodrug ther eof, 1n_ combination wth

GBS Uin QhotBeCdhiTRIhS %ﬁﬂhbﬁod \“éiﬁéseﬂor{hé H‘@a asnnﬁf—cancerous

the conpound, salt, solvate or prodrug,

SfHRARLIERANS i Bk %%mﬁeﬁﬁﬁéﬁy e | ég. ingeco,

gr owt rapeutics ar
, th
1@%%%%?%‘@%%5%%?? -é%%ﬁm%%}agahw ZEE bo consi st ng

inh

otic al k i.n e , . )
ot T infenelo B ofiS ta B b f%rg%rv‘ BBt o ggppoltt
i nhi bi to cel | | e, |nh|b|tors enz
G550 P rﬁiﬁttﬁwpées iFiE 0 e opgeal & thérapeutically

rmdl fiers, anti-hornones, angiogenesis inhibitors, and -
E‘gﬁﬂweaﬁmog@te q§ 2 compound of the present invention, or a pharmaceutically

acceptable salt, prodrug or hydrate thereof, in combination with an anti-tumor agent’
selected from the group conmsisting of mitotic inhibitors, alkylating agents, anti-
" metabolites, intercalating antibiotics, growth factor inhibitors, cell -cycle‘ inhibitors,
enzyme inhibitors, topoisomerase inhibitors, biological response modifiers, anti-
hormones, angiogenesis inhibitors, and anti-androgens.

The nvention also relates to a method of ﬁeaﬁng pancreatitis or kiduey disease in

a mammal that comprises administering to said mammal a therapeutically effective
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This invention further relates to a nethod for

i nhibiting abnormal cell growh in a manmmal or

treating a hyperproliferative di sorder which nethod
conprises adm nistering to the manmal an anount of a
conmpound of the present invention, or a

phar maceutically acceptable salt or solvate or

phogitud d f@iRehd of fheHRRInD iveRiloniiot A path@&ehi®lly acceptable salt,’
t herapy, wherein the anmounts of the conpound, Salt,

SoUMAlR hy@atdth@dstlg, is in conbination with the
radi ati on therapy effective in inhibiting abnornal

CeL L S50 B, LSO L5 AL BLSHASE spipgion i «

L.at | therapy .are known.in the.art, and the )

SRR B contulfef BBl % it Bl dchespepel L otip smmount
%fescri bed hﬁ{h.ei n. The adm nistration of the conmpound

2 (4R ARG ah the dreseR RYRREOD, 5 pphARACE i R AeggRtabls salp grrodrug or
deternmi ned as described herein. It is believed that
lﬁﬁ]éat?:g]f?&'é’@nds of the present invention can render
abnormal cells nore sensitive to treatnment with
r adi athicorinfastioputlposielatest tki 4 | inphodndf dreatingi disaasesg related to
the growm h of such cells. Accordingly, this invention
Yageulbgemesie | cart ewidgeonegismit lmochafrmial thatnsérhprises udabmisen®d to said
cells in a mmual to treatnment with radiati on which
roanprl § @srapaoticaily sffectivegnioant dfe conpoahd antha PRtk i8¥endion, or a
conpound of the present invention or pharmaceutically
fetepicatidaily satdptadic S, yaideuObr BydRste WhkrédTE IR Uhe eMbo8itent, said
anmount is effective 1s sensitizing abnormal cells to
théBad [¥EB6E tritib a'dadhRisbRE BB i Rﬁ%g i
salt, or sol vgt e in thi se?reﬁ?ﬁlotg canbggﬁsclftg?gro?ri ne léﬂgiogenesm’

gt g Y

e e g EBI A BB Soflarmatory
' 2 d 0 od nd to.a .
Yo HideQlk aékﬁ: dgsggﬁg% glﬁ%ﬂ Us ebs?ﬁ:smhs elngiz'!flzg g‘ld %GA%Pﬂ%qna, diabetes,

phar maceutica I oh "of 1 nh I’ng a

: i.h a.m I ich conprise amoynt of a .
Gl SeOE Bl 0! GEREET A AR dBpendiasion
har maceut.i cal | y acceptabl g salt or solvate thereof, a
SPRAPIOEE: Hispi el pray KARasY s frecums S SYBERD dredsh tupge papereatic,

t hereof, and an ampunt of one or nore substances

et calpnrangd cpidmmold pricefgenesi s agents, si gnal

transduction inhibitors, and antiproliferative

agentt@tientfithata peyl bgeteaieds vithe sowpounds hofaghevpresant invention, or
matri x-netal | oprotienase 2) inhibitors,

pharmaceutically acceptable salts, prodrugs and hydrates of said compounds, according to

the methods of this invention include, for example, patients that have been diagnosed as
having psoriasis, restenosis, atherosclerosis, BPH, lung cancer, bone cancer, CMML,
pancreatic cancer, skin cancer, cancer of the head and néck, cutaneous or intraocular
melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomach cancer, colon cancer, breast cancer, testicular, gynecologic tumors (e.g., uterine
sarcomas, carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of

the cervix, carcinoma of the vagina or carcinoma of the vulva), Hodgkin’s disease, cancer
23



MWP-9 (matrix-netal |l oprotienase 9) inhibitors, and

COX-11 (cycl ooxygenase I1) inhibitors, can be used in
conjunction with a conpound of the present invention

and pharmaceutical conpositions described herein.

Exanpl es of useful COX-1l inhibitors include

CELEBREXTM (al ecoxi b), val decoxi b, and rof ecoxi b.

ok alnep bsophagfus useice ofTier dnall Hidsahd, QRACH: | FTHBS @ndocrine system (e.g.,
inhibitors are described in WO 96/ 33172 (published

2 9 bLd i
Cstor 2 LG58 o, cc o

ot 45600, UGPSR EBART PR}l 03 B o
e b B 0 RO SRS ey

998),.. WO 98/ 34915.( publ i shed August 3,.1998),

BT Ao s et R R ot e SO b 150 8h Beoblasms of the
ublished July 16, 1998), European Patent )

%’%’6‘14 S5VPBhH 536%%9 426 sy SN Lyplena,aspinad gujs tumors, brain stem
Eur opean_ Patent Publication 931, 788 (published July
gliomasgy pituityg)adenogsio (publ i shed May 31, 1990), WD
99/ 52910 (published Cctober 21, 1999), WO 99/52889
( publ Thisedvertionbalso 2tklates] 9%) phanDao@n@lc 6Fmpesitidn ftre dnhibiting
June 17, 1999), PCT International Application No.
#@pinEoglioge e {of 4 inedrdal Iwhi@il cor9 983 an Emoapieatha Rabipiind of the
Application No. 99302232.1 (filed March 25, 1999),
SBreeat iBehtic, or Pabemiacéyfebile adcepabiblaalt 9P 42044 of piddilptifereot, in
June 3, 1999), United States Provisional Application
dlambif&oh4 &ith64n (dniduat ohug Lbﬁ&m&tﬁera%@ﬁﬁ) swhebdih 186 MRS of the
Patent 5, 863,949 (issued January 26, 1999), United

Stasah e Gkl ol S Mgy Ul et
B o ) RN Ml ARl PR POL AN ATyt art
- 9_inhi hi " . 1. Lift] . I
B S el By pic R B e arSul b Bipg pf mitotc
B3 SO, e B B WA LYt it
%tS %—4, MXES MWP-6, MWP- 7, MVP-8, MWP- 10,
1975 CRNBLCLD A PTIMIPAYE, teBgisemstses ibititogs digipgieal gpsponse
> inhibjtors useful in the present invention are

Redifq pntickgrmoness angiogepesisishiphorngmd. anti-androgens.
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 cell growth or treating the
hyperproliferative disorder in the mammal. Techniques for administering radiation

therapy are known in the art, and these techniques can be used in the combination therapy
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The ternms "abnonnal cell growth" and

“"hyperproliferative disorder" are used

i nterchangeably in this application. "Abnormal cel

growm h", as used herein, unless otherw se indicated,

refers to cell growth that is independent of nornal

regul atory mechanisns (e.g., |oss of contact

dcRbitdt hétdhh. Tities alif@lidfh@ion SOtheexaipbdd bhehabRMHBL in this

gromh of: (1) tunor cells (tunors) that proliferate

RbtiRIoR SRR o%nﬁyhé&ﬁﬁnm@@sggoeh%%ﬁf or

over expression of a receptor tyrosi ne kinase; (2)

beni - : ' t j tive

i seabiZbeteVR R R ochioRab B koot BibiBh e tGaer gfpporma

occurs: (3).any. tunors that..proljpferate by..recept Y e

05 S e iR L o i e ot oot BBy iohibiing
berrant serjne/threonine kinase actiyvation; and (5) :

B8 D HTCPURRI U a ACCRTBIELY: s JRFRSFIOR, 5k dFlaies v & method for
di seases_in which _aberrant serine/theroine kinase )

sspsifizing jabporeet Gells inTpanaremp) o tregimppgwith gadigiieny which comprises
herei n, unless otherw se indicated, neans reversing,

adintivigicring e thd miaienalj angampiet pyfoy cerspoustl, ofothe mreseah triviegtion or

the disorder or condition to which such term applies,

mernmevinallpecepshirpktins solfvats we pradivgpthdeof, evhichomabunt reffective
The term "treatnment", as used herein, unless

isbeitimipeabinomial abibdto trafmem with tadatient Thé atnbe@tdfiiBe admpound,
"treating"” is defined i nmedi ately above.

SBepéranentcihi tie nttiigiotands dfernliRd RERSENE td hE@R¥ah® for ascertaining
whi ch are enconpassed by the present I nvention

dfREHH BnovA of3ich d¥tipoihdd deBétitel hbfegn. conpounds of the

exanpl es and their pharmaceutically acceptable acid

or baﬁsh% iRAekb, Qo §é%t§$tooz{ mifiRf ¢ 9%d {cj(]‘f{)lga%ifnﬁe a1 corgpos'ition of

exanpl es pr esent ed ow are | ntende ustr at
e L e

e AL T A S
psfg&‘ﬁg theirgoﬂsgrhgn”?s%to%iciﬂy—%a{)el\seﬁhd%gsat%re 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,
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CR2H C2H CO2H FFF F®2NF ®2NFF1FNL2 23
CZMe ,0 Ol HR 02N/ FO2NF NH2 N2 R2 451 ,00
OOHR HR HNFI/ NFN2 RZ -NH7RZ 6 ~O O
OHR OHR N/1F~-NRBHNF/ /Re L--NHR2 R7/ N
R9 8H HOOONOHR HR NA/ N~F18HRS
HNC Rzz .
1999), WO 98/07697 (published February 26, 1998), WO 98/03516 (published January
29, 1998), WO 98/34918 (published August 13, 1998), WO 98/34915 (published Angust
13, 1998), WO 98/33768 (published August 6, 1998), WO 98/30566 (published July 16,
1998), European Patent Publication 606,046 (published July 13, 1994), European Patent
Publication 931,788 (published July 28, 1999), WO 90/05719 (published May 31, 1990),
WO 99/52910 (published October 21, 1999), WO 99/52889 (published October 21,
1999), WO 99/29667 (published June 17, 1999), PCT International Application No.
PCT/IB98/01113 (filed July 21, 1998), European Patent Application No. 99302232.1
(filed March 25, 1999), Great Britain Patent Application No. 9912961.1 (filed June 3,
1999), United States Provisional Application No. 60/148,464 (filed August 12, 1999),
United States Patent 5,863,949 (issued January 26, 1999), United States Patent 5,861,510
(issued January 19, 1999), and European Patent Publication ;1'80,386 (published June 25,
1997), all of which are incorporated herein in their entireties by reference. Preferred
MMP-2 and MMP-9 inhibitors are those that have little or no actlvity inhibiting MMP-1.
Mo;e preferred, are those that selectively inhibit MMP-2 and/or MMP-9 relative to the
. other matrix-metailoproteinases (i.e., MMP-1, MMP-3, MMP-4, MMP-5, MMP-6, MMP-
7, MMP-8, MMP-10, MMP-11, MMP-12, and MMP-13). -

Some specific examples of MMP inhibitors useful in the present invention are
AG-3340, RO 32-3555, and RS 13-0830.

The terms “abnormal cell growth” and “hyperproliferative disorder” are used
~ Interchangeably in this applicafion.

. “Abnorma-l 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
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R7"~=N RZ RN 11 10 28 Schene la CO2Me MO O MO O H
H FI NI\ NO2NF 02N/ F/ --~HNF NH2 NH2 ~= 4
26 27 MO0 MOO HH ~RNI ~HN/ FR3 HNF/ Rg
\=N" 7/ 28 MMOOH NI HNFR2 RS =N MO0 HO O
NO HRHhhyrdoxyl HI. % NRamne NRL / R'/ FR2

Hly F R2 RB HN F R2 R
tyrosine kinase; (2) benign and malignant cells of other proliferative diseases in which

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

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

Representative compounds of the present invention, vs_rhich 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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R7/°.N 9 10 29 29 Schene 2 COZMe 0 OHR QONFY
/ RB NH2 NH2 R2 .4 12 OOOHR | HRL HZNF
/| RB NF/ RB NH R -NH14 R2 13 110 OHR HOO
N/zN NFRB FRBNRZ-NRZRf'NRZ 9 10 HON
RL N, F'R8B Nf' Rz
Scheme 1

COyH CO,H CO,H
F F F
—— ——
F O.N F OsN F
2 3 .
CQO,M A 1
2Me H R

F o N@__*

O,N F O,N F
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R7 N 11 30 Schene 3HH O__ "NOHR NOvV OHR
Il nNF/ ReR NF/ / RR R HO\---NRZ 15 OH1 16 HH
NOHR HR NN/~1 J~F ~-=NRs Oer n~N%-~c Z
17 18 31 Schenme 4 [=NONHR HO N
Scheme 1a
CO,Me MeO._/0 y MeO._ O ’
F N N
— 0 — 1®
02N F 02N F HN F
NH, NH, =N
4 26 27
MeO._.°O MeO. .0
H H
5 “
| L
HN FE HN F R®
N \=N
7 / 28
MeO._C
H 1
U
. |
HN F R/z/ R®
\=N
8
o
MeO.° ’ 1 - HO._0 ) _— Ha__O
| 1 hyrdoxy H
N\(‘/\R N N\u/wfﬁ - amine N__R
amine &
HN F 57 R F /)\ 8 \(/
- R HN g2 R HN F 7 R
R7A=N R?/L::..-"N : R7 ey R?
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ri, NR=NFReNHR zN 21 RI \ ~~ \=NR2 1
RF NFRB~O0t H22 HS HRHNNOHR ~-N \
N/ ONHR R/I-NFR8R7-,N/ FI/~-RBN\=NRz R,
FR 1920 NRz HRN23 O~NMHNHR N O NHR
NFRINLNR f 77 FRa 2 N=NRz 25 32 Schene 5
Scheme 2
CO,Me A0 OH R
F N_
. \@\ L
O.N F O-N F/ R?
NH, NH, R?
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~OOHOH HRL HRL FRBHNFRBHNI / F RS
/| ~HNRZ NRZ/-NRZ RT 9 R 30R 31 ROHRON
Na ~~Il1~/// '"" RRHR- HN I/ F2~RB HNI/ FR8 R/N
R2 /NR 32 R7 33 General synthetic nethods which may
be referred to for preparing sone of the conpounds of
the present invention are provided in PCT published
appl i cati on nunber WO 00/ 428&Re § publ i shed July 20,
2000). The foregoing patent application is

i ncorporated herein by reference in its entirety. The

O H Rl
/-N

exanpl es rpresent ed bel ow are intended ;to illustrate
part Ak _ghbodi nents of the inweniyono and are not
ndéd to it fhe scope of e Ypedifiitati or' or
the cl ai ™ way. An |IIustrat| N hel
prepar at i iﬁﬂgund§“ﬁf’the prese nvgnti pn i s™ >
shawt J=i'n “Bché& B’ Scheme 1 iph-nSt¥aL R®

synt hesi\sNof coﬁpounds of thgyPrésent=nnventi?on. In
step 1, thel%acid is nitrated usid standard
conditions preferable firming nitric acil® in*H2SM.
In step 2, tfe aniline is prepared by fluoride

di spl acenenty with NH40H at room 33 tenperature in
wat er followed by careful acidification wgh

concentrat ey nhneral acid to pH near LKm_sbep 3,
t he q;(é%ous aparedey st andard 0d§ | cl udi ng BY
“not limted \[ill\ N\Ejil\
SN 8
OJjﬁN\:N _ /NJ‘)E \—=N R/?‘
17 18
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Fi sher Esterification (MeOH H2SO4), and reaction with
TMSCHN2 in suitable organic solvents |ike PhMe/ MeCH
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 solvent |ike xylenes. For exanple, when Rl =
Me and R2 = H the preferredeugthod is stirring the
ester with 10 equivalents aniline in xylenes at refl ux
until conplete reaction. %&Nstep 5 the nitro arene
is reduced to produce the diam ne by st andard
reduction conditions, |ncIUm|ng by Hot Iuﬁ}_gd to H2,
and Pd/ C or Pd(()—|)2/C or Re i7gkel i n grganic
solvent like EtOH or T i g ZN | TN or_1
Zn, NH4Cl(aq) 1in NEOHHFPh=;teE the di am eﬁfg; R
cycllzatlon by heating with,f rmc acid ne or ] 7
formani di ne acetate in an appfopriate BBlwve Fi R®
EtOH. Alternatively, when Rl pr R2 dpes Mol equil
halo the nitro arene can be convert direcily to the

P4 zoI 1|n step 7 heating in formc &§{d
g T or ot her2ial fadi um gburce |ike PQ}ﬁL In
| a| Ilde—eaﬂ be i ed by standar R
d‘? ng but g7NO

' t@ NBS or 7{
stGFNln oRganlc cosolveNL_ | i'keh TH@ and NbOH I te Léj\
9, the benzim dazole is al

| a ed 0 gi ve aRnhedr F 4
equal mPxture of Ni and N3 products Wwhich are ‘=N ” R

separabl e by standard techni ques, includimg, for
exanpl e, chromatography and tirituration. T
al kyl ati on i s acconplished by use of an al K
agent |ike an al kyl haléqle and base |ike Na
K2C03 in suitabl e organic sl vent |ike DWF
tenperatures rangi ng frof4 to 80,,C. RY-gan

further nodified by varioug s fint heti c et Neds kna&n in
the art, as exenplified MIEIW step 10, the ester
IS hydrolysized by st ahdarg”seap kcati on nethods.
The acid is then convertednto t desired hydroxamate
in step 11 by standard coupling procedures including
but not limted to EDCI, HOBt or PyBOP and the 34
appropriate hydroxylan1ne in suitable organic sol vents
|i ke DM, THE or nethylene chloride. Schene 2
illustrates an exanple in which the Rs substituent is
-on the aniline prior to the coupling procedure with
the nitro ester. The reaction description is exactly
i ke that :
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for Schene 1 except that there is no need to
incorporated BY as it is present in the aniline from
the beginning. In Schene 3, the preparation of N3

al kyl am no benzi m dazol e derivatives is illustrated.
In step 1, the termnal al kene of the N3 al kyl at ed
benzi m dazol e hydroxamate s dihydroxylated using a
sui tabl e oxi dant |ike OsO04ghpengdls t abl e sol vent or
KMO4 or 12, AgQAc, AcCOH, water. The diol is then
further oxidized in step 2 by NalO4 or Pb(QAc)4 in
sui tabl e bi phasic m xture to give the al dehyde.

Al engtiver (step 3)H the al kene can be dir@Ftby
cot ted tgit he aldehy% by, st agdard met hods H R?

gt not limt Zone/ Me2S, Nal 4
ng, 1 ; pr epared by
ahdard net hods smMER

O4.{ ' step#, th{
Mhe /[ ~ankhat i on YO 3 ‘
BH®? I\Ia(OAc)BBH,/N\VE4BH(<20AC)3 with or \;QZ-IN‘Iout R?
ACOH pn a suitable sgfrventysuch as nmet hyl enegthl ogj de,
acetonitrile or THF. The preferable reduction
amnation is to treat the al dehyde wi th am ne,
Me4NBH( OAc) 3 and acetic acid in MeCN at room
tenperature, Qghene 4 illustrates thg preparation of

STD

Lo

conpounds he, pregent inventio Wi s

het er ocycl i : €p 1, the nethy s{ S converted
t e-the hydrj tir—hg- Wt %@gina

sui tabl e vent |/ kKe'rEt OH at tg Rbm 50 to

“=desi réd het er ocyclic fgerivarffve is then

preparedgby cyglization with thg app53c')pri ate reagent.

For oxadi azole 21 the hydrazide is treated with an

orthoformate like triethyl orthoformate, and an acid

catalyst like pTsOH in a suitable organic solvent |ike

EtOH at el evated tenperatures (50 - 100 C). For

hydr oxy oxadi azol e 22 the hydrazide can be cyclized

W t h Gaesdenethetic mefhidds ghivd @av by atfetitd ko K& preparing some of the

tri phosgene or carbonyl diimdazole 35 in a suitable

Snfdhes 59{11%333&&1& H@erltidh bed frotidell GHPE RS UblEEed &ENBn number

from50 to 120 C. The nercapto oxadi zaol e 23 can be

IR PG£22BY (BRSO Pul bB) 9860J0N TeS YorlebsiRg FI6ht D ion i

like KOH I n(ﬂsui tabmwordani cd;sol vent | ?kegEﬁ%ita?ﬁﬁcauon *
. =100 C). The am no

' %&%%%glh%%ﬁ%gég&ggénégge%g eaction with BrCN and

base i‘ﬂe]ke?:ﬁ%lﬁ%ﬁgﬁ%@daﬁ%o%etiﬁ%hfedk% %ﬂﬂ?’é’tﬁﬁiﬁcﬁﬁp Embodiments of

system er at room erature.
Einallty{ thg . - v .
¢ inventidn, 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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substituted am no oxadi azole 25 can be prepared by

first reacting the hydrazide with an appropriate

i sot hi ocyanate in a suitable organic solvent |ike DV

or THE at tenperatures ranging from25 to 100 C. The

internmedi ate can be isolated or can be cyclized

directly wth the treatnent of EDCI or other

t%%{’_péﬂ@lirb i @8tel Folwelaly @rdhoaifcasioh War conbdifratedBEn®Eral acid to
at tenperatures ranging fromroomtenperature to

[g{g nfar . 5[3?% 2, eestef ﬂ%r@éfeg?aé&l{ In@8d HethiRls %cludingslt)ye IFIJO'C ii’mited to

nzim erivativ [ustrated. In

En oo R0, BT A oh i P IR, S apfPorgani
SR b M MBOE o TEh D O TIRERRRIE srivaivgiagpopaced

2 usi.ng Mh02 i etope: THF at 50 In step 3,,. i

[ ]a%‘iﬁgré@a Ol %Ogapg(é&ef‘a?ﬁf Fithagxcess ogp:'ﬁe?ﬁB’ic’P’flﬁ‘g @iline neat or in an
reagents and Gignard reagents, can be added,to_the

eaEn palyepinlieeylgnes| ofprtaapeleatilier X o 3l and &’ ) Hy e preferred
give the substituted benzyl alcohol. The keto

wethpd i stipdng thamstbewih 4P aqetalents snilipe in Hjensx atmflivo nnidfcomplete
t he benyzl al cohol under standard conditions such as
1Saetion. ofn Bep sS, Mhe tritno oxdneaits i wduced He mrodnee uhel sliafing Hey standard
present invention nmay have asymmetric carbon atons.

. iedasioareaditong indlxding 89 noatimited seHar aideRt/Crir@HOH)¥C or Raney
i ndi vi dual diastereoners on the basis of their

Nixel i atgaairanivend lidi HiOBr @IS Foyn AROHDES ik AGOH drZn, NH,CI (aq)
those skilled in the art, for exanple, by

BRORL OB 8RpY, Qhe ilaaGhd BNBYclicdibat B héARLi Wil formic acid neat or
Enanti oners can be separated by converting the
Bﬁﬁ&ﬂﬂd%{éeic.eﬁ}]exi%n%e?gp Piafd StRAL RE | QLS Wen R! or R

reaction wt opriate optically active

L e
' .to.th di . 36 . '
EAETTOR S P g AR iy e o
OB SR B B BT o o s o

t he conpounds .of the present invention may be
NGE cibl AG4OB, 1% e B0l RS piSC AU, and \MeQF iy stp 9, the
Hi s-tagged, constitutively active I\/EKlN( 2-393) is ]
koppinddazely s plkplateddpigiverrongsr equel mixtare o NN 1fqnddNpgroducts which are
" conventional nethods (Ahn et al., Science 1994, 265,
©pG2BIE Oy stafiard dechitiginesy ingfudiigKfor iexarayslecxbmrehtbgraphy and trituration.
measuring the incorporation _
The alkylation is accomplished by use of an alkylating agent like an alkyl halide and base

like NaH, or KoCOQs 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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of y-33P-phosphate fromy-33P-ATP onto N-termnal His

tagged ERK2, which is expressed in E. coli and is

purified by conventional nethods, in the presence of

MEK1. The assay is carried out in 96-well

pol ypropyl ene plate. The incubation m xture (100 L)

conprises of 25 nM Hepes, pH 7.4, 10 M Myd 2, 5 nM

z%‘PQAp\éﬁfe" %&Bﬁﬁﬁﬂﬁfz% sttt MoNamicosdIv@vA RS BVEF, SHFMr methylene
T, 5 nM MEKL1, and 1 gM ERK2. Inhibitors are

&lll&?(fepded in DMBO, and all reactions, including

controls are perforned at a final concentration of 1%

RS Lol M B0 g o
G5 S TR i D oS B BT gy e o

the proteins. Precipitated proteins are, trapped ont vr
{or Sehema bexoent 1t there it e weed ta dpompsued K] st iosppn the aniline
washed off using a Tontec MACH Il harvestor. Plates

o the Yepidng o air-dry prior to adding 30 L/well of

Packard M croscint 20, and plates are counted using a
Pack amdSchep€odiribe prepatatios afsNAalkyl corpo bepdmistazelp alerivatives is
i nvention exhibited an I C50 of |ess than 50

ilbusteaded | Tarsiep Tih éhefiadnlinaliatigne ofijho INSddk datedrdrizingidazole hydroxamate
compounds of such activity. Conpound # 8n Ilb Ilc

% Hinyti@xyl2QtusiO suiifledRédanPBke O20bn suRQHIE bolvent or KMnO, or I,

AgOAc, AcOH, water. The diol is then further oxidized in step 2 by NalO4 or Pb(OAc)4
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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29mmm Admi ni stration of the conpounds of the present
invention (hereinafter the "active conpound(s)") can
be effected by any nmethod that enables delivery of the
conmpounds to the site of action. These nethods

i nclude oral routes, intraduodenal routes, parentera
injection (including intravenous, subcutaneous,

mﬁtsﬁﬂﬁﬂléatgaﬁifc,solv%ﬁtrlﬁééf%élﬁéﬂeae& t@ﬁpdrm§r ng frd@ B0 €k 20 °C. The
and rectal” adm ni strati on. The anount of the active

RAERABL ALY PLAT S prlhdred P ACREN R barBbh LIOEI AL U Yase ke

g treated Ity o di sorder or

%@ﬁ%tsh Shle ngf%n{cas%?ve&f I dx«figﬁﬂi i él?‘{?%e%”nem@gg?nes (59~ 100 °C). The

|sp05| |on

P Froed ?ea%émaﬁ gbasﬁi"ﬂ'?f?f%%eh Aoy @Ga%ﬂﬁsﬁgﬁﬁo-’w ina

ht Rper er abI about 1 to ab
%ﬁﬁaﬁfﬁvé%sw F‘ﬂ‘“‘é}tﬁ pii e @PW&@& Jede &t roegt teglp?@% “Finally, the
human, this mould amount to about 0.05 to 7 g/d
sab@ﬁ@tpémn}n%@@ﬁdtaze @5 qap bapseneres. by fixg} wragting % éwé@ﬂde with an
i nstances, dosage |evels belowthe Iower limt of the
aapmelgf&usbthlaeﬁg?eaﬁfrag« a s@iablepyrganihsalvend Ekje BME oxhilF @t femperatures
ot her cases still larger doses may be enpl oyed w t hout
reiagisg fgmalty toh IOl | Tl idereédigte ttan pe telatkelort daathe sycized directly
| arger doses are first divided into several snall :
widls & tfeatment 5t BDET babdtharcatbudiitideointsuitdtde dpynic Tbleent like THF or
active conpound may be applied as a sole therapy or
¥ dt BnleyLuref fn@ing fivR ofi tB@perafitd tol80rfYY  subst ances,
for exanple those selected from for exanple, mtotic

i nhi h 1s8hsme 5.0 BrepRRIiGh ¥ 1R Bk h&l@hwsgue illustrated. In
agents for exanple cis-platin, carboplatin

glaéytéii & cabited B gl?g)%hkﬁleﬁcohgpﬁy & I‘H l%ductwe methods,

1 uor our ) cyt OSI ne rabi nsi de roxyur ea,

ps.éfgra%@f W e A Ei%ﬁ#f?%eﬁ%hm%%%%@%é \Saion
3, 4x o

S iurRubrEhee: §ﬁ°ﬁ¥?ﬁ%?5§‘ e Tt Eﬁ?ﬁafﬂ Fine iy L0 In

s?%#:?ﬂ%%wgﬂ%'@?lm oGSt G 8 prsbp s l%i?era%ﬁrc%ﬂaﬁﬁé%ﬂg reagents,

adri a i.n and _bl eonyci enzynes, for exanple

ERtRSr g%%eérfo tha @ldehyde %Fﬁ@n@slo“f imnstalyeg| @ garr - C) to give the

estrogens such as Nol vadexTM (tanoxifen) or, for
suheiwrd el aleghol. o@]@qﬂgptcg@@wagges 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 .1l3resent 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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CasodexTM

(4' -cyano- 3- (4-fl uorophenyl sul phonyl ) - 2- hydr oxy- 2-net h
yl -3"- (trifluoronethyl)propionanilide). Such conjoint
treat ment maybe achi eved byway of the sinultaneous,
sequential or separate dosing of the individua
conponents of treatnent. The pharnaceutica

CRARGSEL] AN ARY risdnfhs, %ﬁ%@dia&%@re?ﬁheﬁc bk e Whd PPleQnantiomers

for oral admnistration as a tablet, capsule, pill

i}g\@‘éj&‘idere%%tp?hg?%eﬁﬁb&%ﬁ formul ati ons, sol ution,

suspensi on, parenteral injection as a sterile

2 r ST FQR SRoBnd TN Bent Blons AR daqned by the
Bl iditny Npltoinil R sl coPSnE el PR MR 2 209 i

single adm njstration of precise dosages. The )
PwEsHRda - iceH jang OFpBil PwHisg; iy conkentighal methods (dhn et al,, Science
conventional pharmaceutical carrier or excipient and a
1Wrhp 36 §68:976). dThryactivity 108 MEK israspespedaley migassreing Yle incorporation
ingredient. In addition, it may include other

ofiae Biphadphate frophp! PRAER bhiodN-teamimat Bis tagged BRI, which is expressed
adj uvants, etc. Exenplary parenteral adm nistration
0 13 11 12018 lid 5le1 Rl it doRéntidhal THERRISinGRS pkenca©F MEK 1. The assay
conmpounds in sterile aqueous solutions, for exanple,

| %‘&Hﬁﬁﬂ %uﬂﬁ%y‘}v&f‘ﬁolﬁﬁrﬁﬁﬁbneﬁ{late.dm edstis R hiiihRN3 O% pUFdbmprises

osage forns can be suitably buffered, if desired.

| %?.“f% %%iﬂ%% PREAAG %1}421?‘%?%3“53%%\4“ fg‘;é?c%gélgrg&g?%ﬁu? 100 M Ne-
SR PR S AN SauEs > = FiRe TafEforgare suspended in

flavorings, binders, excipjents and the like, Thus for
B0 andipll prastipng: rsirdmeAopRels Rl g Af474l e zaton of 1%
exci pients, such as citric acid nmaybe enplo¥ed_ R
PYHE). h&eaciianh apainibeied by shaeddjtiemos 19ue AP dwathchs pCi y-P-
alginic acid and certain conplex silicates and with
ARGl and) éribatsli sthands e tangsayregolr d4f minaed Baet velume of 25%
Additionally, 39 lubricating agents such as nmagnesi um
BCRAE alided 6 etiputht kadidtion aliprbeip@ata it pradethsaPeecifitaid proteins are
useful for tableting purposes. Solid conpositions of a

Shped aﬁtot%Ye{BE 8B ﬂlt&?ld%%, £10x 0846 thbeied ASIH washBd offakidlg a Tomtec

fi'lled gelatin capsules. Preferred materi al s,

IO TP hevedibiC | MAkSs ‘:au%%ile\%@d R air-y| i of HORIAIAR D 1/9R11 of Packard

nol ecul ar wei ght pol yet hyl ene gl ycol s. Wienln aqueous

]S@&B&ﬂﬁi ﬁ‘sandoﬁ{aﬁteléi db Suitel SR Eeﬁac&&rd 57 ount., In this assay,

m ni stration e active conmpound thereim may be
compounds of the invention exhibited an ICsy 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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conmbi ned 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 glycol, glycerin,
or conbinations thereof. Methods of preparing various
phar maceuti cal conpositions with a specific anount of

active conpound are k TSR, O wtt—betapparent, to
those skilled in this f!)"tt' For—exanpl es, see

Rem ngt on' s Phar maceuH-gal—Seieneess—iack Publi shing
Conpany, Ester, Pa., i 15). The exanpl es
and preparations prov #8H pelow further illustrate and
exenplify the conpoun#®M t he presemt invention and

met hods of preparing such conpounds. It is. to be
understood that the scope of the present invention is

not | Admirédration ahihewaynpbyndshd thesrogeet wiveittive (hereinafiérrtbe “active
exanpl es and preparations. In the follow ng exanpl es

- dRhROui@ER) e bdeffeckddigl mychethed thaeeiables deliNe®s 8f the compounds to
ot herwi se noted, exist as a racem c m xture. Those

B | 586 W @StioM. t Thés80nhodOmETu@B ioba|ro@ied) it fluodiaP Ssutes, parenteral
ot herwi se noted, exist as a racemc m.xture of

ig' RAbE (IRATBLS int2lvEshR, SPRMANE ififrath@Sha:, SRSl or Bfusion),

tarned by nethods known to those skilled in the

' in this application of all
tgﬁclalé esregfafﬁ:drlﬁiﬂﬁgéoﬂ

and references, including patents, are
1 o R BB R bS5 b i o s
55 000 S0P e RO G P S8R Bton, e
s st GRS S i, Howeve,

sources, prepared fromcomercially avail able organic
Ehprufersge brin the epge ef abmit g 0hde pbah dRR meg parHke hody weight per
nmet hods. Representative exanpl es of nethods for

qaye prefiral]y ihowrintodibavedS ofg/hgidayi mvaingle ondivided doses. For a 70 kg
forth below 41

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 hammful 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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Exanples Exanple 1 HWVII~ONON HN/ FBr \--N
7- Fl uor o- 6- (4- br on: o- 2- net hyl

pbenyl am no) - 3H beuzoi nm dazol e- 5- carboxylic acid

cycl opropyl metli oxy-amde (Ila) Step A 2,3,4-Trifluor
0-5-nitro-benzoic acid 2 A3 liter three neck round
bottomflask is charged with 125 m 112SO4 Fum ng

m. gﬁhﬁzﬁl ﬂ&ﬂ@ffﬁl rre%ﬁylémg!ollzjtg&o -Eufiflo l20R, gma”ﬂ:l[ factor

ture gen Trifl'uorobenzoi ¢ aci

. d
énﬁﬁﬁgreé%ﬁh@gp %lﬁ}llg Ir%b\(/j\lﬁgeg aﬁ]atg %g\gvg@gissg? (|§ron [ §) I%th ‘ljr#r é:m and
for 60 mn_ at i C ereac
i PAAEY Jo% PEELS, dBTatEn ol i SR B Ghf, cxampte anti-
ice:water mxture an extract dlethl et.her (3
e3trags uph appiiolvaasil ?{é&taawgldfﬁ? cO%exP¥ 5é%rgpiar oqnﬂ@@ens such as

MySO4) and concentrated under reduced pressure t

spdexdMel | ow sol Haeyapre-ofliaophenglselpherybd- hYﬂrOXY-Z-methyl 3~
hexanes and stirred for 30 mn after which tine it is
(frifluceoraethylyprgpionaniigicy Sedngonisinidtestument wey be echigveddyoray of the
as an off-yellow solid: M5 APCl (-) mlz 220 (M1)
siiatkateouk, séuemtiaBor stpaatealoRing-of iHelindividud -coinpowenbesfichiment.
acid 3 Amoni um hydr oxi de solution (-30%in water) (35
m , 2fhk ghaghiceiticabelsgsbsitnanays Gdrdxiamplepbe in a form suitable for oral
2,3,4-trifluoro-5-nitro- benzoic acid 2 (15 g, 67.8

A Rhikiratibnd bR tgisuR! plil ﬂ , powltdr] Sustiliricl rél6gbe foi@Mations, solution,
conpl eti on of ammoni um ydrOX| de addition the reaction

sipenkibg, fo? Apag'&ltééﬁr Hlféétl&l? ak 00 BRARRt AU s8sp¥hdidh or emulsion, for
stirring. After the reaction mxturels cool ed

tBﬁcQ &nﬂn@?raﬁ&{‘ GENLA q;u?cfhe'ﬁp%r' &ezﬁﬁ‘rﬁf B YecBf dRehinRlidon as a

reaction mxture I's near reacti on

??}S rae I ]Sl/ei b]!\ﬂ?lﬁgc%u%%a& Qo%%&s?{wn( g‘igy @e n %Hﬁ! d6&s E%lllr?sdsuitable 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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m ). The conbined organic extracts are dried (MgSOH4)
and concentrated under reduced pressure to give 14 g
(95% of pure desired product: M5 APClI (-) mz 217
(M1) detected. Step C '

4Am no- 2, 3-di fl uoro-5-nitro-benzoic acid nethyl ester
-4 A2 Msolution of TM5 di azonet hane i n hexanes (6. 88

lﬁﬂﬁcaﬁﬁ% der@?g.l\c%ql Elssfmgéil]gﬁgm drde, SHIRENBLAA s@lffate and talc are often

uoro nitro-bénzoic acid

] B 3%9%3?3“80%%39 el %@Ef#ﬁ’jﬂo becaplged

reacti ur e IS t mte
ip 551 o Barlabled e AP IE Rt PR O HG jn e Tactose or
careful dition of acetic d. The reaction is then
F%éd ﬁ@#ﬂﬁ@gﬁhﬂéeaiym@% goelid Wha1ggurpqps suspensions
vacuo to give 1.95 929% . of pure desired product:
ox/elixge) arg ) dasired far O(ql/raﬂ)m@éw@pe@e atigp qompound therein may be
4- Am no- 3-fl uoro-5-nitro-2-o-tol yl am no-benzoi c aci d
combingd veith zaridm swhettning or Flagoerifigf dagnis.ocdoning mettdye oy dyes and, if
acid nethyl ester 4 (12.0 g, 51.7 nmol) is suspended
desiredy lemnbsifyingOagohls carsdspendihg agoilts)itegeiter ivdthadithedts (sB8h 2s water,
m, 517 mmol ). The reaction mxture is heated to

ekihblropiytehe §lycsl; Elygerithtiedontimitiono@eroft mospher e,
After 36 h, the reaction mxture is cooled to room

t enpevighsde of dirbptrRg Wiriolls ditathydeni@dal &dondositiv@s RAth a specific

wi th 10% aqueous sol uti'on. The aqueous washi ngs

- MRS SR REm ygaﬁa goehbyh, S be apPARnE 3RS Yiilled in this art,

- organi c extrac are concentrat ed under reduced

%%%ﬁﬁgﬁ-s de eRén-n%lz%H% PrrmilepS ol \einbd, cﬂyli’tﬁ)?l?m.n% Company,

I'or'ide “and T ed throug SII Ca gel 1n a
y1 Sl 1S N wi th met hyl ene chloride. Three

E;Sfeéifﬂ olr?s ﬁ;(ﬁtl ng(elggs ered. The first (2 liter) is nearly
cl ea ond (1l.]lite 1 .
1 orher P s o0 AP g P ey Bt Aigebed tpd xemplity

raction i s oncent r.at ed under e uced ssure and
A R PTIPRRY PR A m *% f\pSeppiing Sy cgmpuegs. 1t i
cl ean desired product as a bright e||OMISO|Id V5
tg\ﬂ:gungerytogql $hag fhe scem_ cﬁ') @ pyeagnt @:aren%gneﬁ not limited in any way by the
7- Fl uor o- 6-o-tol yl am no- | H.benzoi m dazol e- 5- car boxylic
saepedofithe fiyllovdng exandes and preparations. In the following examples molecules

4- Am no- 3-fl uoro-5-nitro-2-o0-tolylamno-benzoic acid
with hysingbs tleral Santed WBksgetherwise noted, exist as a racernic 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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4.92 mol ), formc acid (25 m, 26.5 mmol) and 20%
Pd(OH)2/C (1.57 g, 2.95 mmol) in 25 mM EtOH are
heating with stirring to 95 C. After 16 h, the
reaction mxture is cooled to roomtenperature and
0.5 g 20% Pd(O)2/C and 10 i formc acid added. The
reaction mixture is heated to 95 Cwith stirring.

Al t erThk6 shirtidg Gndt&@as | 41 Fhbudr %tbﬁnedi‘é@é&' ehyt Gef @Bfilned  from
tenperature and tiltered through Celite rinsing with

Ghidbreidh %orﬁfcésl[, r;?%&rédiz Sfr SHLAlRA aVREele b egqu%ounds or

pressure unt product preci pitates

desir Iec by filtration. The

RW?W? ?%9$§8§%W’ E@?% until nore desired

prodyct prec tate uct is.cal]lect

P bt er A gl e} OSSP N B o the invention

filtration several tines. Recovered 1.09 g (749@ pure
gesst fath bsloWduct: MS APCI (+) nfz 300 (Mrl) detect ed:;
M5 APClI (-) mz 298 (M1) detected. Step F.-

7- Fl uor o- 6- (4- br ono- 2- net hyl phenyl am no) - 1H benzoi m da
zol e-5-carboxylic acid nethyl ester 8a

7- Fl uor o- 6-o-tol yl am no-1 H benzoi m dazol e- 5- car boxylic
acid nethyl ester 7a (2.00 g, 6.68 mmol) is suspended
in 1:1 THF: MeOH m xture (60 mM) and cooled to -78 C
under a nitrogen atnosphere. A solution of NBS (1.20
g, 6.75 mol) in 1:1 44 THF/ MeCH (5 nil) is added
followed by a McCOH (5 m) solution of TsOCHH20O (1.9 g,
10.0 mol ). After 30 mnutes, the reaction mxture is
warnmed to O C and then after 1 h warnmed to rt. After
16 h, nore NBS (0.12 g, 0.67 mmol ) is added and the
reaction mxture is allowed to stir for 3 h. The
reaction mxture is quenched by the addition of 10%
Na2S204 solution. After 30 min, the reaction mxture
is diluted wwth water and ethyl acetate and the

| ayers separated. The aqueous layer is extracted with
ethyl acetate. The conbined organic extracts are
dried (Na2SO4) and concentrated under reduced
pressure. The recovered solid is triturated with

nmet hyl ene chloride to give 2.00 g (79% pure desired
product: Ms APCI (+) rn/z 380, 378 (M+l Br pattern)
detected. Step G

7- Fl uor o- 6- (4- br ono- 2- met hyl phenyl am no) - | H- benzoi m da
zol e-S-carboxylic acid 1Ca
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7- Fl uor o- 6- (4- br ono- 2- et hyl - phenyl am no) - 1H- benzoi m d
azol e-5-carboxylic acid nethyl ester 8a (63 ng, 0.167
nmmol) is suspended in MeOH (1.5 m) and 20% NaOH (400
1) is added. After 16 h, the reaction mxture is
cooled to 0O Cand 1 NHO solution is added dropw se
until pHis 2 to 3. The reaction mxture is diluted
with ethyl acetate and water and the |ayers
separated. The organic layer is washed with brine,
dried (Na2SO4) and concentrated under reduced
pressure to give 58 ng (QMdesi red product: M
APCl (+) mz 366, 364 (M+l Br pattern) detected; M
APCl (-) mz 364, 362 (M1 Br pattern) detected. Step
H. Examplel

7- Fl uor o- 6- ( 4- br ono- 2- net hyl phenyl am no) - 1H benzoi m da
zol e-S-carboxylic acid cycl opropyl met hoxy-arni de 1la
7- Fl uor o- 6- (4- br ono- 2- et hyl -(ﬁhenyl am no) - 1H benzoim d
azol e-5-carboxylic rd~agla ng, 0.132 mol) is
di ssolved in 1:1 TH® neth [
Hunig's base (0.23 1|, 1. :
PyBOP (82 ng, 0.158 mmo m nut es,

cycl opropyl nethyl hydr XyLam ne hydr ochl ori de (20 ny,
0.158 mmol ) (WD 0042022) is added. After the reaction

| ZFbompiteidronbe-methykplenylomive) IH-benveinidgeladaonrboxylic acid
met hyl ene chl ori de and saturated NaHCO3 sol ution. The

| ayers are separ atgdlopeapotimdifeoxyrapaide (I lnhyer i s washed

Wi th saturated NaHCO3 and brine. The organic |ayer is

Stbpi 42,6 NaP-H0) o-dndire-daefitacal 2d under reduced

pressure. After purification by FCC (elute with 20:1

met blaen eitd h@e ine@ Magitboticth gk (Ad0gedfwiiu® Ge,$@g Fuming
product is isolated: M5 ESI (+) nmlz 435, 433 (M1l Br

RRE L &4d)is dREL (8D YD 165! mfm%) B 43 mixthdd SgeﬁMr hiBed. 2,34-
pattern) detected, 1H NWVR (400MHz, CDC13) 8.15 (s,

l%lé%toro%_é)z’%l 2 %15%51 g{l}féﬁﬁgﬁ@ s %ddl*)ed éIIY—éj @Epog’ﬁ’ons 3031?1190 minu¥b. The

PR NURR TR TR S b T

The reaction mixture is poured into 1 liter of an ice:water mixture and exfracted with

added fol | oned by

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 it is filtered to give 29 g (92%) of clean

desired product as an off-yellow solid: MS APCI (-) m/z 220 (M-1) detected.

Step B: 4-Amino-2,3-difluoro-5-nitro-benzoic acid 3
Ammonium hydroxide solution (~30% in water) (35 ml, 271 mmol) is added to a
solution of 2,3,4-trifluoro-5-nitro-benzoic acid 2 (15 g, 67.8 mmol) in 30 ml water at 0 °C

with stirting. Upon completion of ammeonium hydroxide addition the reaction mixture is
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HN F \-=N 7-Fluoro-6

pl : enyl am no- 3H benzoi m dazol e-5- carboxylic acid

net hyl ester (27a) Step A. 4Am no-3-fluoro-5-nitro-2
phenyl am no- benzoi c acid nethyl ester 26a

4- Am no- 2, 3-di fluoro-5-nitro-benzoic acid nmethyl ester
4 (23.48 g, 101.1 mmol), the product of Exanple 1,

16y BBARRIEN it e 328 -t AR s 0
e, AT Py L B 0 e
SRS Ny o i

ethyl ether. 46 Recovere 78 m
rybi copbined grgac Firagtsase g@ @éas@r) ﬁ&f’ﬂceﬁﬂ %tea usder reduced
filtrate is concentrated under reduced pressure,
rresiEestel ge 1 en@bih) | e esiradderodner: M$ ARJdC) mo 2dh (M-1)
a plug of silica gel eluting with nethylene chloride.
detestadesi red fractions are concentrated under reduced
pressure to give a brown solid which is triturated
with diethyl ether to give 5.47 g (17.91 nmol) of
yell ow solid which is pure desired product. Conbi ned
Siéﬂd'ﬂﬁﬂn}/ih@bﬁ-%ﬁu&&ﬁﬁn@-l(eﬁ% acillnebpChstdr-4d m z 304
(M1) detecte Step B:

7- FI ugnaviGphieieN bamvsodisidnkemée is Hé:&ﬁé@dtﬁfss%ﬁ 38.b9X\héI¥is added
acid nethyl ester 27a

té a% sisn lof H%ﬁn§2 @L§1ﬂ90r8-5pﬁﬁ'83ﬂeﬁ£819 901@9 r@ 890G, 9G4 Iq%lmol) in 25

ester 26a (16. , formc ac

ﬂﬂzéf’% ﬁfﬂ?ﬁ)gﬁ%ld°@@8deﬁ%@°§?é%% %égg?%o@i?n 74 ggeitin,
regclﬁros le%ir: 18 gt R)% alp? ature r1(§ 3 thl’cI:E:ss TI\-EQ g.lazomethane

reac 1on mxture I'S COO 0] room errpera ure an

t h | j.t th

S0 iy B8 el At el D eattopr Babfh Boncgtated
MRl i ot
product as a tan solid. M5 APCl (+) mz 286 (Mtl)
MétARGIdd), mmB3 hBdr @dstectefl; 284 (M 1) det ect ed.

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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Exanple 3 OOCH3 HCI N F Br N 6-(4

Br ono- 2-cl : | orophenyl am no) -7

fl uor o- 3H benzoi m dazol e- 5-carboxylic acid nethyl
ester (8b) 47 Step A: 6-(4-Brono phenyl am no)-7
fl uor o- 3H benzoi m dazdl e- 5-car boxylic acid nethyl
ester 28a

vZﬂl g&ﬁng@%@frﬁé}gﬁ rﬁ%&&%ﬁk@g@ %éuo%féa.z ?h@ﬁ?m @_@ﬁt&% héfly clean
S AT B ey . o

A AR B et S . edg@ i @By ether to
i v 50 RGPS predbo ol b e SIS S ARCE () s 318

m xture is then poured into a reparatory funnel,
(ui-1udetsdtedi t h water and ethyl acetate and the Iayers
separated. The aqueous layer is extracted with ethyl
acetate. The conbined organic extracts are washed

three tines with water, once with brine and then are
Sedpi 72 7 -F a2y tolybumine G Helnt dimidadoleiderbapboead methyl ester 7a
pressure to yield 6.38 g (100% of the pure desired

pr 0duCAmaR-R{ihed-SHitioD-o-MEylaSinotbenzoit ZacRb Metl3h GsteMsa BiL.57 g,
pattern) detected. Step B: 6-(4-Bronco-2-chloro

4@1%5@%@@)0 atld @9 n@l 361 henaphnd 2t8% PLE1E),/Car 470X »l95anmmol) in

acid ester

fﬁox?ﬁ’c aﬂﬁﬂ% @EMP%%E% o G An L CE RO SGAL ALl ooled
%@gu Uit | a%&\"b;g gg@‘)‘%ﬁ@@f&%ﬂ@b%@ f8tiplc oMd added. The
B AP S A2 A1 0PI e
e T“egggssczgmﬁ%{ﬂé@gﬁo@{ﬁm pAC—

concentrated under reduced pressure until the desired product precipitates. The desired

Di=i(’

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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solution to give a suspension. The resulting solids
are collected by filtration, washed with water and
di et hyl ether and dried under reduced, pressure to
yield 6.07 g (87% of the pure desired product as a
bei ge solid. MsS ESI (+) ink 398, 400 (M+ Br pattern)

detected. 48 Exanple 4 0 OCH3 Cl H 1l A4FCl
ﬁ@ﬁ pp l&hfoaddd H (5 ml) solution of T 19 g,
zen;‘/(? r(n§ 5 f?ugorugwfdbgeanygf)m %Iazg Souloﬁgr b(%g()HlI?Izé)( g

h
gﬁ;}: uoro- %hphenﬁ#ggﬁgh%w §?—a|-0%%nn]%1(1)}fmrﬁe és Azole é ocar QP gafter 1 b
d t.hyl 27 0 :
@%@ﬁéﬁe et A 15 o eV P 127 ARG e B apd dhgyrosetion
P17 Bl 5 By RS S5 s o

1g 08 nmmol ). After 10 m nutes, the reaction mxture
(19 Wap S0 soluomy AftercdOghine the reastion merugAsdilyetwith wates nd ethyl
| ater warmed to roomtenperature. After stirring for
dbtatmoandgthe ldyersseperatedn The aqueopd by is Theackedawith ethyl acetate. The
m xture i s quenched by the addition of aqueous
oathiteal @gaso ditrartsbirs diifd (¥a,80k)udrdoronesntratdd luntiedredindell pressure.
ethyl acetate and water and the | ayers separated. The
BURRUEredYsid isStritvhted Obigidl nwithheret didrideciet give .2.00ng (79%) pure
corrbi ned organic extracts are washed with brine, dried
AucR S QOTI]HY /721330, IT3ARI+1 Bashuesy dee@ssure. The

esul ing solid residue is triturated with nethyl ene
chloride to yield a white solid which is collected by
filtration to yield 1.05 g (85% of the pure desired

.%Eé:? g?fte 7 FQ%E?&! émm&%@@xphg@@iﬁz%b;)l-f%l-b@’_‘%to%ﬁ{g?)ole-5—carbo;qylic

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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\=N 6-(4-Brozno-2 fluoro plzenyl am no)-7

fluoro-3H benzoi m dazol e-5-carboxylic acid 49 nethyl

ester (8d) Step A: 4-Amino-3 fluoro-2-(2 fluoro
phenyl am no) - 5-ni tro- benzoic acid nethyl ester 5b

4- Am no- 2, 3-di fl uoro- 5-ni tro- benzoi ¢ aci d nethyl ester

4 (1.50 g, 6.46 mml) is suspended in xylenes (7.5
(rm-%ga@.(i?)g hhff5 O aRERE AN P HE mdhyibne Gforkl ) 49 Hunig’s

Thé reaction mxture Is stirred at 140 C under

r irri n

R G 1 mepeld: 1 BpR ] QBTG 0. 58 oD, Aftr s
terrperature and diluted with net I rlde

fow |mpigpies exshapirpel apetiol ihydroxl W%B%P@ﬁ?fﬁ% Ot Wes 8198 mmot)
nmet hyl ene chloride (1L) to give an orange filtrate.

(i 00142Q2r2bt1@ aildede 0 Adlen e raaghiary i pgmBSt, SfamuKE s partitioned
triturated wth diethyl ether to yield a bright
bytetecnmetigflent. clfdrilet andtsatueated NaHEQsepbdiped TipHayeye preosgparated
solid is collected to yield 1.08 g (52% of the pure

afl@ ther @gdarpe tyecks . waviedARITh s{tudated MaHGRRar(d\brine. dBtecmpadc layer is
Step B: 6-(4-Bronp-2 fluorophenyl am no)-7

dbika qmzssgm hed zehdhEfezd vedd- Radided Xy tkisare. aaiter patifigation by FCC
ester

(AR 23 f it @reZerliidelvonmy, ey arsvs)oof émsldem@ecbﬁfwuct is

0|c aC|d methyl ester 5b is converted by t

i50 0
pimrian] ot oy gt o0 o

el T RS Co e
(1188, S341n i, 0l F0C BB6 . DRy 470 B 243845y JED: 086 (o,
1%3)t 041 Em, 2)H), 0.13 (m, 2H); F NMR (376MHz, CDCls) —134.05 (5).

Example 2

Q. _OCH3

H
N\.@
F

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

HN

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.

The solids are collected by filtration and are washed with xylenes and then diethyl ether.
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7- Fl uor o- 6- o-t ol yl am no- 3H benzoi m dazol e- 5- car boxylic
acid nethyl ester 7a is 50 converted by the procedure
al ready described for brom nation, except N

chl orosuccinimde is used instead of

N- br onmosuccini mde, to yield the desired product. M5
ESI (+) rn/z 334, 336 (Mt, C pattern) detected.

7EE :|:E| uéﬂg 9027‘2622._% %’flfm‘% Oﬁ:yﬂf owsbidd WhNh is pure desired product. The

4-tr uor on: et hoxy

J[Sa{ﬂn@éﬁtra? ﬁ?ﬁ%f %dﬁk&f"ﬁ%ﬂm 3 re%@go@\?@&yfn' ﬁeﬁ?fege chloride and

ester

rii r ONe

%%Silﬁd RS 4 B bF SR gsbiotRbg P r%%fw?neeglelglﬁdﬁzéfhe desired

3-di f 0- benzoi ¢ aci d net
ﬁaf(ﬂ@ﬂ?@w&ﬂ%n‘ifsteﬂﬁﬂ%r r?(ﬂl i,mrgﬁ@#d@@weﬁ bSrgva ﬁ%@ W@clmmturated
and 2-net hyl - 4- trlfluoronethoxy phenyl am ne (1.00
with i 1eﬂf*i5{%oqt§}/erlt§ gwiaéd? sl Hematalopt mellewpalid whishiis pw desired
at 140 C under N2. After stirring for 7 days, the
prediati oRombingd mirgdugt eicld is 24601 1¢O0RY e MAARGIA(-) m/z 304 (M-1)
product. The reaction mxture is cooled to room
deterpek at ure. The reaction mixture is poured into a
separatory funnel and diethyl ether and 10% aqueous
HCO  aStep dddeld Fameo-Chehy e 6-35RRAE Strlbzo R RcaBIGNY Sicid methyl
phase is extracted with three portions of diethyl
&tdrerrg The conbined diethyl ether |ayers are dried
(MySO4) and concentrated under reduced pressure. The

resi dyl@niifo- B%o?@lnyt%iz- héhﬁﬁﬁlhwb@]%mcmf%ie%l @é@ 26a (16.70 g,
flushed through a plug of silica gel eluting wt

o der DILRIE forfll Bl1d €950 6. 64 hibl) W8 b6 RROEILTANET, 16,01 mmo)

pre re to giv
t th ether a o
i PRl SR RE R SR aftie B E\ﬂeagé fiep akyioC for 16
t he r idue.,is further purified by FCC (eluting with
hoyEw, ﬁE § FRPF tiopomixture is cooled to room témperature 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

Ox_OCH3
A

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-carboxylic acid
methyl ester (8b)
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chloride) to yield 0.39 g (45% of the desired pure
product as a yellow solid. M5 APCI (- 51 mz 402 (M1)
detected. Step B. 7-Fluoro-6-(2-nethyl-4-tr
f uor omet hoxy phenyl am no) - 3H
benzoi m dazol e-5-carboxylic acid nethyl ester 8f
4- Am no- 3-fl uoro-2-(2-nmethyl-4-trifl uoronet hoxy-phenyl
Ok-ra- &
e LB P SR P BBl 3R Bopic acid ety
%%:?gc?y described to yield the desired product. M
+) mz 384 (Mtl) detected; MsS APCI (-) i-nk 382

g]lcvr ;&) f}ggg%o—%?elﬂeélgw é&ﬁgﬁ?%@ﬂﬁ@ egf-iﬁrnnga/ ic acid methyl ester 27a
ot he;igz%ldg Co gﬂg {%ieslt E:le IP ;Ve Irnetthy lglga?rtnldg n(zq?y mL). N-

e
0(2 Met hoxy- ethyI droxylam ne Ste : . ) .
bromosuceipipgdy (Bih Gxifi 75 &g added 35 @i S@ﬁ@ apgtAlrs yeaefion mixture is
63 mMmol ) is added to a mixture of 2-nethoxyethanol
stisred ahﬂgonﬂgmpemrbqu wndeph3. (Afterg0 133, ﬂaﬁ@ﬁ:@cﬁommture is gquenched by
N- hydr oxyphthalimde (10 g, 62 mmol) in THE (170 nl).
tht eddidsudf iqgugowsrsatuysed sddivm disulfde sdlitione dTlicGrebetmn migbme is then
tenperature. The reaction mxture is concentrated in
poacddointa A kepretopp fiude], adikitdd Witk redemashiethgl wedtite Gid1Be layers
The filtrate is concentrated again, and the solids

sepRatell] tRiceAaENIadG W dxbradtiChath JHylSaceﬁ[eQCQ‘ﬁ§ cbfbined organic
repeated until no precipitate forns. The final

eY:%'aJ:tQ WeShashod ’th@'ée BhEs witB Wrayet! Gk 'xﬁﬁﬁbﬂﬂe@[ﬂiﬁh% QUrigd ¥®a,S0,)
desired product (7.7 g, 55 %. Step B: O (

S8 i e g PO g o
T A T R

solution is stirred for 16 h at roomtenperature. The
white solids are filtered off.

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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The solvent is carefully distilled off under reduced
pressure, then the concentrate is distilled under
vacuum (20 torn, 57-58 C) to afford the desired
product (2.2 g, 68%. (ii) The follow ng
hydr oxyl am nes are prepared as descri bed above using
the appropriate alcohols. The isoindol e-1, 3-di one
internmedi ates are purifie F sh chromat ography.
/| ~O _, O-NH2 O (2- 1 sobut oxy-'e ) - hydroxylanine IS
used dlrectly wi t hout purification.

O (2-Pyrrolidn-1-yl-ethylg.- hyg{oxylanlne IS used

directly without purifica |on , [ - O NH,
O (2- Pi peridin-1-yl - et hyl lamine is purified
by Kugel r ohr dlstlllatl tenperature 140 C,

1torn). I sS ~O NH
O (2- Met hyl sul f anyl - et hyhN hydroxyl amne is purified

g% \é acy gnﬁ'@: il :.%}.rg"w& féﬁvr’“3é%%§/fz)”"%f%?"6&35/1"5%"??4‘“ acid

is used di rectly W t hout |f| ion. ~S ~~0O NH2
O (3- Met hyl sul fanyl - pr0|d"S’/‘f§3 | amine is used
[ wi t hout purlflcatlon (iii) The follown

direct| g

hydr &?f{larﬁ -prélenylamipe-dPdieaaoimidnplentcanvlperig methyl ester 27a
I soi ndol e- 1, 3-di one by oxidation using oxone

@0ts 3r7d droal) iesuspentod in 1:2 aetrahydrofuranimethanar(20 58) and cooled to
deprotection as descri bed above. S, ~~NHZ O

“/8( 2C Mendea s ul TePRIELO! (300 -y th. 6k yhmoi) nis addeds &dlowed by N-
directly wthout purification. 0%0 Ph'S -'-~"0O NH2
dbldqrasuseinizaide (19T g W08 miroi)l )Aftey d0 miyitesyihracdction wixthiedslwarmed
by flash chromatography (1% MOH in CH2C12).

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
OCHa

@Br

o-(- 4-Bromo-Z-ﬂuoro-pkenylammo)- 7~fluoro-3H-benzoimidazole-5-carboxylic acid
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S..... ONH2 d b

O (3- Met hanesul fonyl - propyl ) - hydroxyl am ne i s used
directly wthout purification. Ph, S~~0O NH2

O (3-Phenyl sul fanyl - propyl ) - hydr oxyl am ne i s prepared
from PhSCH2CH2CH2Br and N- hydr oxypht hal i m de by the
pat ent procedure WO 0018790 and then is deprotected

by the procedure descri Qgg;ggggg,ﬁ&gaﬁd used directly
wi t hout purification. iv) OO

Sop(4- Betrivadsllotoay? ﬂpp@p@heﬁylhytm%ﬁw%fmbﬁémasmd methyl ester 5b
prepared fromthe above isoindol e-1, 3-di one through )
its dxAnno-28- dlﬁludm-éxmtnwbmmicmmhmeﬁyl edpr bl gond@sumol) is
descri bed above and is purified by flash
sadpendat io gryEnby (7( SLONYendHAGAD- thenPamivMe Qb12# mICIH2 Ghimol) is added.
(v) O (2-Morpholin-4-yl-ethyl)-hydroxyl am ne

e Ry abiios RlifukdB stiPb®R 140 °C under N,. After stirring for 6 days, the reaction
O (2-Brono- et hyl ) - hydroxyl am ne hydr obr omn de

if hfEplid T Aok bk ﬁ et O OBE PR diluted with
rﬁe&%@g%euﬁﬂoﬁc{é e el ogﬁg Fuled 51130 BB SRt prorce
QB §is M Bt AuGtarm @,192 3L QL0024 B, CAL BTG titurated

Q. (2- et hyl [ dr obr om de ,
vaﬂué AT el %BE SN %ﬁ SRR 5 TR e yellow
in CH2C16b§ at room n:ﬁ)e rature is added
sgh@w ¢leplgd e yield £48 mﬁﬁ%ﬁ) q#]@erp gsiregy produsie A4S G GIY-) m/z

stirred for 16 h roomtenperature. The reaction

332 Matedetestadi | uted with Et OAc, washed with 1 N ag HCl

and brine, dried over MgSHA, flltered, concentr at ed,

and purified by flash chromatography (100% CH2C12) to
give the desired product (81 ng, 75% . Step C

SeepVi: ph @- f4nBbmypl-2-Flibrophpmyéanina ¥V -gluaei-3bentoindiaple- 5 -carboxylic
ester To a solution of (2-brono-ethoxy)-carbamc acid

defd heiltopler 88t €1 (252 ny, 1.05

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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mmol) in DM (2 nL) at roomtenperature is added

nmor pholine (0.14 nL, 1.6 mmol ). The reaction m xture
is stirred for 7h at 50 C. The reaction mxture is
diluted with EtOAc, and washed with water. The
organic layer is dried over MgSOH4, filtered,
concentrated, and purified by flash chronmat ography (2%

. ) e desi q 12 i

MECRAG H2GH2) ol sty BS1E0 Ok, "Bt i

%1%@%81‘%%%?:% élg' o{n'gt%écgﬁt%\fl:bg%nqr O)éc\film%}aé, 5 yield the desired product.
- olin-4-yl -ethgxy)-carbam c acid tert-butyl

éﬁ%ﬁ?‘r@ﬂ’f@ ﬁﬁ’rg?yéo@% ‘ﬁn?&?*ﬁml 4Fi90Es8H (1 L) is added 4 M

di oxane solution of HO (2.4 nm, 9.60 mmvol) at room

tenperature. The resulting solution is stirred for 16

h at room tenperature. Af ition of additional

Ha (2.4 nlL) followed by s}%]?dﬁ?@%g for 4 h, the

reaction mxture is concentrated in vacuo to give

yellow solids (82 ng, 4889 .o(Vvi) The

i soi ndol e-1, 3-di one i nternediqat es of the foll ow ng

hydr oxyl am nes are prep the appropriate

al kyl halide and N-hydra t 1 de by the procedure

described within J. HetNrdcyclic fEm 2000, 37,

827-830. The isoindol e- I 3-diones are depr ot ect ed by
t he7+flwredu2enctplet-trfbdrafmethexy-phenylamino)-3 H-benzoimidazole-5-

O but - 3-enyl - hydroxyl am ne; .0 5
(tetrahydro-furan- ﬁﬁﬁ%&%@ﬁ“&"ﬁ@&%‘@l(% ne;
Deg A- I#Eirbﬂﬁlfi—)&-ﬁ)fo@@-)?l-()2rﬂ)ﬁl@tﬁ)rlgwwﬁfﬁo%tkoxja}?ﬁenygamiﬁo)-5-nitro-benzoic
O-.(3-henz -propyl)-hydroxylam ne. (vii) The
‘?‘iﬂ‘%f”ﬁaﬁvgﬁ;{el’i%¥oxyl am nes are prepared as described in
WO 0206213: _ _0:(2-vinyl oxy-ethyl)-hydroxyl an ne; )
2- ani -3&5&9@%;3#&{11%@;958%85%@40!% 0,13 Tl g5 (330 g, 2.15 mmol) is
met hyl - propan- 2-ol ; 3-am nooxy-propan-|-ol; and
mspendedionienes B3 MY-) ed Bryretivdte fneromsthpyy-phenylaming (1.00 g, 5.23
- ester. Exanple 9 H~-ONOHOC N HN/ F Br

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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"=-N 6- (4-Bronp-2-chl oro phenyl ani no) -7

fl uoro-3H benzoi mi dazol e-5-carboxylic acid

cycl opropyl i net hoxy-am de (lib) Step A

4Am no- 2- (2-chl oro phenyl am no) -3

fluoro-5-nitro-benzoic acid nethyl ester 5b

4- Am no- 2, 3-di fluoro-5-nitro-benzoic acid nethyl ester

M&O@Ml)&te@%&wm) is suspended in xylenes (15 ni)
and 2-chloro aniline (9.06 nl, 86.15 mmvl) is added.

The reaction mixture is heated to 140 C under a

nitrogen atnosphere. After 6 days, the reaction

m Xt g s gool ed 19 ngan &.gﬁ%’%gfmrg@uowetﬁ&mv;.}hg@ammo) st

withe acet at e.

te uti on brine. The organic
%’Iggﬁ%fﬂ\l\? O}’easr"‘fag "%%@3)’"%@8 entrat ed under reduced
press The, crude_product s triturat Wi th . .
fi ot HyATiRmaruorarF G2 meﬂaﬂﬁrtv@u@oe@thgxwgwaa@p@-S-mtro-benzow
desired product as a brownish solid. Ste~B:. 4,
i mebyloester- £ &y coprrated| bivithe rednotipy/eyddization @ros:e@@e chlready
met hyl ester 6a
desgyihted do FiclPtheegired-yhduey  MEIAROL (3) faddoMt )i deteoted M APCI
oic acid nmethyl ester 5b 56 (0.30 g, 0.88 mmol) is
SuBHSBAEH-1)detectel (5 ) and zinc dust (0.29 g, 4.42
nmmol) is added. After 15 minutes, the reaction is
conpl ete. The reaction mixture is diluted with ethyl
acetate and filtered through Celjite. The filtrate is
washed with water, saturat ”MﬂﬁﬁKIB, 10% K2CO3 and
brine. The organi C prayRhtiddoftli HocibiH) and
concentrated wunder reduced pressure to give 0.13 g
(48% pure desired product as an whitish brown foam

Step ..
ShemAriastsinitd (e for sythesizing compouns ofthe present invention may
bﬁ@rebamb@stfyllomt er 7b

AL bk e STT RN

&‘e;speaq/edmtbo@teﬂdyg(zﬂzsmhblolauw fliopgram di ne acetate (63
ng, 0.605 nmmol) is added. The reaction mxture is

heat gEAD (1@H1L163 nfhéIPTs abBed @ ﬁmtﬁlﬁ%fzfrﬁéﬁéﬂ}@ﬂlanol (5.0 mL, 63
m xture is cooled to rt and diluted with ethyl

#E8APe, (718, O @A ¢al ENalvdtsypiBahed B L
sat 1arat esé I\g I)b/o OB and bri neeWTh% organol)mTIE'(l'?O

thBY €Thé SesHfiing QJrange 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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(MyS™) and concentrated under reduced pressure to
give 0.109 g (85% pure desired product. Step D

6- (4- Brono- 2-chl oro phenyl anmi no) -7

fl uor o- 3H benzoi m dazol e-5-carboxylic acid nethyl
ester 8b ,

6- (2- Chl or o- phenyl am no) - 7- f | uor o- 3H benzoi m dazol e- 5-

S R A B P o
g‘hsg% et c?ttseﬁ}aﬁgggg.{lggﬁfg3@@&8&%&?@&2&?@@%alfg‘%)’ncentrate is
BER b, vl Ghutiy, 0tk 7505 1 € sl didiadecs -2 g 65%).

After 16 hours, the reaction mxture is quenched by
the 57 addition of 10% Na2S2G8 and diluted with ethyl
acet ai® arkk WMMoSing Mo b LEt % usi
® oSfing Mo ﬁ%ﬁwést ﬁlreg?rﬁ@ﬁpc? a8 d@%g@gcﬁﬁé&e using the

aqueous | ayer is extracte acet a

' \ . dri d .
%g%fgtéﬁﬁg SAtGRN, © T]?E?r(tésr ldoRe- £18 i die! %1%#%%1% erszjargnglllrb%qﬁlcpy flash

ntrated under uced pressdure.
' [ ed with nmethylene chloride to give 58 ny
F@€§?h%#&%%?e desired product as a tan solid. Step E
6-1( 4- Brono- 2- chl oro phenyl am no) -7
fluoro; 3k b i m dazol e-5-carboxylic acid I Qo
6- (4- Bronp92- chl &-&-lsehutigny=sfhribhydroxylaming- BHussdndissotty dwithout
azgl e-5-carboxylic acid nethyl ester 8b (58 ny, 0.146
9atiPR. suspended in EtOH (2 M) and | M 2 N NaCH
I s_added. After 16 hours, the reaction mxture is
iluted with ethyl acetate, water, and 10% HC1l

Setti-ong Vite hayersoadif.1S g he ; jC .

| ayer is vvashedqvvi ?ﬁo br i ﬁ%%%%%ﬂﬁé%‘?@%mﬂy without

%ﬁﬂﬁgﬁ{gSM) and concentrated under reduced pressure.
rituration with MeOH gives 22 ng (39% pure desired

E;:Euct. Step F. 6-(4Brono-2-chl oro phenyl am no)-7
[ u
C

ro-SFLﬁﬁgzoinsida;ole-S;carboxyIic acid
opf Opy T et bQaPimiEe] - llbtﬁ}l)-hydrox?flamine ig purified by Kugelrohr

6- (4- Brono- 2- chl or o- phenyl am n0) - 7- f1 uor o- enzorm

B (SRR RRXAk i gh o . 0.057 mmol) |
SN AR (A W&fﬁ@a%kﬁé X (9 mg. 0. 062 n%mi?

S ~NH
U0 0-(2-Methylsulfanyl-ethyl)-hydroxylamine s purified by vacuum
distillation (76-78 °C, 20 torr). '

S ~NH
Ph™ o~ 2 O-(2-Phenylsulfanyl-ethyl)-hydroxylamine is used directly without

purification.
~ ~NH
s 2 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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followed by triethyl amne (18 41, 0.132 mmol) is
added. Cycl opropyl nethyl hydroxyl am ne hydrochl ori de
(8 ng, 0.062 mmol) is added foll owed by EDCl (14 ny,
0.074 mmol ). After 16 hours, the reaction mxture is
diluted with ethyl acetate and water and the |ayers
separated. The organic |ayer is washed with saturated

N’}# ted NaHCO3, water and brine. The
oqéﬁhgﬁl gﬁgsrcn})m&%wd (MySO4) and 58 concentrated

@n@er reduced pressure to gr ve 23 ng (89% pure

I red product . n z 455 453
B o oniaens oy Dy drcpalsciiasi. L ipeotly without
pattern) detected; 1H NWR (400I\/Hz DMSO-d6) S 11.69
Rusifisaldors, 11-1), 8.43 (s, 1H), 7.62 (d, 1H), 7.28
(dd, IH), 6.42 (m 1H), 3.63 (d, 2H), 1.03 (m 1H),
0048’ (m 2H), 0.19 (m 2H); 19F NWR (376MHz, DMSO- d6)

P T2 95 852 Bhe Kol bouwiinay L oRPIRYES x TaMiy qpaﬁﬁrheay by flash

methods simlar to those déscribed in Exanple 1 an

| éh?mg&b%rgﬁﬁﬁgﬁ%me%}p%@ﬁ ¢ig, the appropriate carboxyl | C

aci appropri a hydroxyl am ne: 8g Ho 8k H
]-%I N\N(\HNFICIHNFCI 8h ON O
H | } NFI C, HN/ F,
O gi H O 8m N0c§ Mrethelqsrﬂfw -Rronrd@h#d@rylramrm is used directly

without purification.
ph‘8/\/\0’NHz O—G-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< ~g" N7 ~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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FOCF3 8 ONOgn HHHO~~ONOHC | NI \\' NHN
F" C HN=F S Exanple 10 H HO-ONOHC N~ N
"N FBr "-=N59 6-(4-Bronzo-2-ch |oropl cenyl am no)-7
fl:eoro-3-nethyl -3H benzoi m dazol e-S-carboxylic acid
(2- hydr oxy- et hoxy)-am de (29c) Step A
6- (4- Brono-2-chl oro
phenyani = 7T LW F0r 3= ITE R 113} P
Car ool S iioh g S PLLIERRY) o ARAR By ARABRaE 100 mg, 0.45
- (4c s 03 2- chl | i l.am - 71| HOr Opdy- hyl ;1
ol e B o &R GO 8074 apt] G h T ML 't oom
ol ution .of . P .
TPATANTE 5 295 TitaY 62 Bty P2 fiirsgD-7 The 1rsvIHns pspensiap ifptirred for
ﬁ?zrgl e-5- carboxylic acid nethyl ester 8b $150 ng, 0.38
[rom.{ieRsHE e e F&e Forgtion muxtuts ifdilitsd wih F1Qbe.xashedivith 1 N aq
carbonate (78 ng, 0.56 mmol) in dinmethylformam de (1.5
b drine. deiedtover MeSPor fibrednoutcentisied r ageh pugfied by flash
m xture is diluted wth ethyl acetate, washed with
duourwgsghn (WetUCH S )de giverhedasrohpbdud 28) mglitithe, and
dried (Na2SO4). Flash colum chromatography (20:1
Srep 6y | ene @lamphodii-¢bivythoageutiamic peiodvertBayhtery (369
of the nore nobile
6- (4- D6 aredhtio WfqL OrafieethbRYILdAe)amic hiidQbR-b3tyIestY (258 he, 1.05
a

benzoi m dazol e- 5-carboxylic acid nethyl ester 9a as

SBPTA O7IS i SEREDIBRS( (b 18 oo
TROAEESh hitxtd §%tikrd®Wr 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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of

6- (4- br ono- 2- chl or o- phenyl am no) - 7-fl uor o- I - net hyl - 1H
benzoi m dazol e-5- carboxylic acid nethyl ester as a
white solid. 19F NWR (376 MHz, CD30D) -139.9 (s). M
APCl (+) mz 412, 414 (M+, Br pattern) detected. Step
B. 6-(4-Brorm 2-chloro

(L oxyI I ¢ acﬁ%‘1 %@@%ﬁm‘}'ﬁa’ﬂﬂe SAPELEBPPRBF HGardxylamine;
aﬁ%ﬁﬁ?ﬁﬁ%@f@%@ﬁ(@% BB c) o et hyl eater O3 (56

is dis ed into HE/ wat.er, .
oo 1B (Beganing hiGSp Wit s ot RS gbeE THRIOpbe213:
i s added. After stirring or two_hours the reactlon
Q-L2-vimlneaetid)-brrEoglaming 2 -WHDPPW'ZW%YQH%' redt bpgpinooxy-2-
evaporation and the remainder diluted to 50 nL with
methdrpropane2-al Jesuisosotnienannl -pk ant2dinineext @hyiHmethgbegbamic
the addition of 1.0 M aqueous HClL and extracted with
atidfextdutydkste of ur an/ et hyl acetate (3x), dried
(Na2S04) and concentrated under reduced pressure to
provide 43 ng (79% pure carboxylic acid as an off
white solid. M5 ESI (+) mz 397, 398 (M, Br pattern)
detected. Step C 6-(4-Br gampicd! or o phenyl am no) -7
fl uoro- 3- et hyl - 3H benzoi m dazol e-5- carboxylic acid
(2-vi nyl oxy- et hoxy) - am de 29a
6- (4- Brono- 2- chl or o- phenylam no) - 7- f | uor o- 3- net hyl - 3H
benzoi ni dazol e-5 cat bi"a®i d 1gc (2.00 g, 5.0
nmol ), O (2-vinyl oxyethyl) cﬁ'ox | am ne (0.776 g,
7.5 mol), HOBt (0.88 g, 6 ri ethyl am ne
(1.612 nL, 2.3 nmol) and E BGSrmDI) are
di ssol ved in dinet hyl f of an/de (52 rrL) and stirred at
room tenperature for 48 odrs. The reaction mxture
i 8~-(&iBratrroc2-ohiptvo- piléﬂwlatmwthﬂeqrovxﬁﬁ-bmtoﬁx&aﬂhzola&&tcexbaxylic acid
(3x), saturated potass n}c%é bonat % , Saturated
ammoni um chl ori de f:'f?&” e -Ypieg 2S04) and
et ent el (Dokiero-pirRalitanthop BERBYS-8-ribo-Bbnz0dciacithidtRyl ester 5b
solid. Trituration of the solid with diethyl ether

pr oViddgsmind-3,8-d@ldcR6 Ioniteebérz61 iDL aderan(200d g, 8T fhol) is
solid. M5 ESI (+) mz 483, 485 (M+ Br pattern)

sdﬁieﬁ&édeﬂ xyﬁxn%p(@ mf-ahd 2RLRHD aﬁmﬁ@ k@b@u@hseml B0 added. The

["uor o- - 3H benzoi m dazol e- 5-
reaction mixture is heated to 140 °C under a nitrogen atmosphere. Afier 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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carboxylic acid (2-hydroxy-ethoxy)-am de 29c
Hydrochloric acid (14 ni, 1.0 M aqueous sol ution, 14
nmmol) is added to a suspension of

6- (4- brono- 2- chl or o- phenyl am no) - 7-f | uor o- 3- et hyl - 3H
benzoi m dazole -5-carboxylic acid

(2 V|nyloxy et hoxy) - an1de 29a (2.18 g, 4.50 mmol) in

S OSrS(%OR%)su@gﬁ% ASHE gé Bih m&%ﬂé Isus@'(é 984449 mmol) is

e reacti xtur

%@Ft? c / if Fltufmg gyegrggﬁggﬁ L3 ét%éh %?ﬁ%g%[cﬁgﬁ A 1stdtﬂﬁted with
S A RO ARSI, o

acetate/tetrahydrofuran (3x), £H#conb|ned
R A0 RG> Sk BT e et IR s e ABENS P pepgentrated
2.11 g (100% 6-(4-brono-2-chl oro-
phenyeduerdrppssief to @y 0.33 rge@ﬁ%) PO qlﬁsﬁ% praduetzas a whigigh brown
boxylic acid (2-hydroxy- ethoxy)-amde as an off-white
foaii d. M5 ESI (+) mz 457, 459 (M+, Br pattern)
detected. 1H NMR (400 MHz, MeOH d4) 8 8.26 (s, 111),
7.78 (s, 111), 7.57 (d, 1H), 7.24 (dd, 1H), 6.40
(dd,1H), 3.86 (s, 3H), 3.79 (m 211), 3.49 (m 2H).
S8 WWR (& (8 OMS#0-phRSEALAD)-7-1A33-BBbéedimillcaloS -Barbdxylic  acid

The foll ow ng conpounds are prepared by net hods

,§agﬁgggr§p those described in Exanple 10 by using
ester 8b and the appropriate alkylating agent

(St e%\b&l&%ﬂ&ﬂ.{g%ﬁﬂﬂg IR dlzﬁﬁllﬁcl)tgugﬁ%féyﬂ it e?x,(l§t %ch'\ﬁ) ester 6a

29d

@.185 & Nj)ztf@gi}'i'ﬁl'éhsp'&de%gﬁ FtoH PR) nd' foldnhm{dh L8898t 063 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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NI\ -NFBr -(~ --NCl-c- | F/ Br 29f N H 29hh
(4Ft5Thr ~=N 62 29g o ci 29ii HOHHOC | / I / \' N

Br Clw~ NF Br 29h HO-~-ON Oci 29jj i0,,~-ONON\ H
ad , 1 \N -NFBr FBr 29 o~oH29%kk OHO ONHOJ

\~\OHCd \ NH\ NI I Br _NF Br 29 off 2911 NOO
HCl OONHO NI \' NHFSr
addition of 10% NazS;0: 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 desired 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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FI ~Br 29k HO~-OONO HCO 29nmPh' S~"OH NO H Cl

N61T \ NI\ ~-NFI Br FBr ~Q N 291 H 29nn 0"0
,,/~O"NOHC iS- ONOG NH NFBr ~-NI FBr N

=- 29mMHHO ,-~0 NO 290 0 0O HO PhS, ,-~O'NO N

H C N NI/ FI- Br I FI Br F-C\--N\--N 63 29n

HO HONO HC 29pp S70' OHCC NN N / FI Br N

E Elé ntr\a‘f?:&' bt re%%&bd"@éss@e“’to’“@@e% 188 (1"99‘?5‘ p%%sﬁlegp%duct 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
& @
HN F ¢l Cl
8h N ;o 8l Ho\/\O,N
8i 8m
N ,N
‘ ; 0 H
HN F Cl OCF
\=p :
8j H 8n
><0’N © H HO\/"‘ON °y
N N
HN F Cl HN F Br
\=pN =N
Example 10

~N F Br
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~NFl:: Br FBr 29p HO- ONHOHOC 29rr S"O N HC
NI OONI NFBr NF- Br \=N\=N O29qg HO,, _,,-~
ONOOQd 29ss Ph.s~OH O HI~NI~OI~Nr FNF
Br ~NF Br "=N29r /OH29tt H J( *~ONOHC NO
NHb~Br HC FN'N=NNFI Br \=N29s HO H O 29uu
HOO HAO ~00HCO NN,: FI Br -NFBr \=-N~=N

B (DB A 2Lk P p I Dby R ) -Fopiukd 823 Db bty L IVT- b oD Dirkd e 8- 5 2arboxytic
NN F Br 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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N'N/ FBr \=N 29u HO.N O
HC N NFI/ Br EIl Br \N 29v HO-~ON H O Cl
29xx HOBA\ONOC HH NI \ I\ NANF/ Br FBr \=N
LN O 29w HOOH O 29yy HO,, OHO HC Hd IN IN~ N
/| FBr FO"NF ST O\-Ns \---NO29zz 29x NO HCl1
HO/~ONOHC I\ NN\ I\ N'N/ FBr EBr 29y NO

‘gyﬂﬁaadhﬁoh' of P,O I\,fla&aeoﬁ%l gld_%x%lacted with 1:1 tetrahydrofuran/ethyl acetate

(3x), dried (Na;80;) and concentrated under reduced pressure to provide 43 mg (79%)

29w BOC H~~OH C ON
\ -N
\

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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N FBr MON=NF Br 65 292z V/~ ON O 29bb HO . o.
oVHOA HA FBr EO1N FBr /(\ N29a ~ NOC
29cco ONOOHdOd NN NBr NI/ F1 Br MeO/-N_-_
FI 29b HOHC 29ddd ~No OO HOA N\ NI NI
FI/ Br NFBr "--NNZ 29cc » HO 29eee No ~7 0' H
6 OH ~d V\NN"" NI/ FBr EXEO /- F \--N
NO ~c 29dd HO 29fff HO d NN--~-O OHO ~/ N\
N F Br

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,

"HNMR (400 MHz, MeOH-dy)  8.26 (s, 1H), 7.78 (s, 1H), 7.57 (d, 1H), 7.24 (dd, 15),

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):

i :
294 1ho_~ _N._o 201t N_o
0 h V/\O y ¢
ao! ”
)‘N F Br N F Br
29 H\::N CI/\F =N
e | o N_o 29gg \
(oY y ¢ V/\O’N ° .«
ho! :
"“N\_ F Br
=N
C,\/\NEN F Br
29f i)
g\g/\/\oﬂ - 29hh e by o
Né ¥
VA~
Gl
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~NNF/ Br ~=N 29ee NH\ N 29999 ~NN~-ON C OHC
NI \\ ~Z- FSr / Fv -Br "N, 66 Exanple 12 H
HO-~OONOHC OHI \ NNF Br ~=N

6- (4- Broi no-2-chl oro phenyl am no) -7

fl uor o- 3- et hyl - 3H ber zxoi rni dazol e- 5-carboxylic acid
(2, 3-di hydroxy propoxy)-am de (29hh1t) To a solution
of

6- (4- br ono- 2- chl or o- phenyl am no) - 7- f | uor o- 3- mathyl 3H

TenzQl zoﬂ]e p-carboxyTic afcigy all oxy am qe 291t
(20| n8 m\)’a?? )CInOSOm_ 4:1 K O al
t et f ahydr of upastMetsy is added OsOf (41 L, 0. 05 MH
sol yition ir BUON, 0,002 mpl) followed by
ng, { 0. 06 {. The solution js sti cred-~at 0
tenperature for eight hours jafter |which ti rrﬁ\:__ LcF Br
MRalysis shaweg conpl ete conviggsli o 10 prodgct. The
sol ut9on 8 t¥fen sirred with 92 Qand
diluted wt cetate. The ofganic phas i§
dri=d(Na2 cation by FCC (DCM -
DCM MeOH) \o;ow Fded 16 nmy desjired product e
of ffwhite solid. M5 ESl (+) nfz 48y, 489 Br Br
2pat [ érn) deteet@md Exanpt e T3 ot [ ) O H &
O
O NH O\/\O ¢l
H
cl N
"L 15
~ F B ~N F Br
N\—;N ' : \=N
29j
o o) gy G
8] [\‘I,H N\©\
cl
NH "‘N\__ F Br
— F Br =N
A=N
2% H 29 H
HO _N._O mm
~"0 . P S0 N0 gy O
N N
N F Br ~N F Br
\=N ‘=N
291 R 29mn | Q.0
HO~o 0 g N N_o
H (0 Cl
N H
ol IEU@
N F Br
—_ N F Br
\=N \mp
29m 2900 Q.0
HO _~~ Q Y
© no PiS~"So N0
N H
N
N F Br
— N F Br
A==N -

63




HQJ, 4FBr

N\=N 6-(4 Brono

-2-chloro

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

oxylic

acid (3, 4-di hydroxy-but oxy)-am de (29iii)

6- (4- brono- 2- chl or o- phenyl am no) - 7-f | uor o- 3- et hyl - 3H
benzoi m dazol e-5- 67 carboxylic acid

but - 3- enyl oxy-am de 29uu is subjected to the
di hydroxyl ati on nethod described in Exanple 12. M5

APCl (+) nz/z 501, 503 (M+ Br pattern) detected.
%CCEVHS/N\I/:‘NR B, ~=N

O/

fl dor o- 3- net H bhenzoil ni
(2-met hyl am et c@ am de
fr( Br

290X a e 14 HH
6-(ZR£F6HEYE ¢l oro phei ayl a

m
(2_*@1’1‘1&%&5- chl or

G NO HCUC

o- phe

' ni no)}-
Hazol 6
TFA o

hylam

Cl

bam c

ZOT i dazolg-5- car bonyt-a

tyl cpster

hEIRONY T - et nyl - marhyt-car
2%%/\/ %{?\gﬂ\u’w o '

aci|ld deprotectijpn H et hyl epe chljori de.
nfrl 470, 472 ; pt t ern) detjected; 1H N
MHZ, oD b, .74 (s, 1H), _7.
1H)! (M. 111), 6.39"(dn, 111), 4.11 (M_2H
20937 (S, S, o - 2 (M 2ti) %27 (5. 3H)7 @9F NWR
9?3 ’@ONHZ,\O ) - 78| 41 (S, 3% y - bW%‘,’N p cl
anpl e 15 The f@ll wi ng conpounds dife prepared q&
met hods sim t se described in Exanp 10
usilng neth r pd the appropriate_alt it i Br
agent tep._4d) and the apprppriate hydroxyiagi n
(Ste :
299 ) ho N_o 29ss | pp N__o
~"No y )iy cl
ZA H
N 00 N
N F Br ~~N F Br
\=N \=N
o OH H
20r J/ 201t \/\o’N o
H
0 N
Oy NH
cl
ﬁ N F Br
s -
N F Br |
ol
29s H 29uu H
HO\/\O,N Q ’ cl ///\//\O,N Q ’ e
N N
N F Br e | F Br
S- \=N A==
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Exanpl e 16 The foll owi ng conpounds are prepared by

met hods simlar to those described in
ester 8e and the appropriate al kyl ating
t he appropriate hydroxyl am ne

usi ng mnet hyl
agent (Step A) and

Exanpl e 10 by

(Step O: IlgNOI1Ll NO OHWVII~ O H NNI\V I\ I\
INJ N/ FA NF/ d ~=N "--N IIlh OINo Ilk HO °~
20t O H Hd\ll NHI i F 6CI 20vv H
N F Br
A=
CI
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N
N ~F Br
v
9]
: H
29w 29vy
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N N
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- -
(@]
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X 2077
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-N F C1 11i

~ 111 OINONOHHNNN-~ ~ 1

F1 / C

~NO ~ F C Exanple 17 The foll owi ng conpounds are
prepared by nmethods simlar to those described in

Exanpl e 10

by using nethyl es

ter

8c and the
appropriate al kylating agent (Step A) and

appropriate hydroxylamne (Step O:
29kkk HO~-~ON d °

t he
69 OO0 11IMN O C

& NN FG'N F C Exanple 18

The foll ow ng conpounds are prepared by nethods

29vm lar_tolffhose described irf20mtanphe 10Hbyusing
nmet h ester ’ HandCIt he apprqpriate aT’@‘Pat ngy agent
(Step” A) an LR _aQpropriatg hydrpxyl am O :
29111 HOBN( 291nnun HO-ONOF N - Br
PN E B
N F Br gN O H 0 _/‘N\____N r
\=N
HQ . .
2%aa 20%¢ccc
N N
F Br
N F Br M O_./\N_-,
C\ \=N ) =N
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29ddd
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v o o v o H
Aol J&”ﬁ
O " "
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CC ece
v/\o’N O y O il oM g O
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NF Br -/ " N 6-(4-Bronp-2anethyl -ph

enyl am no)-7-fluoro-3 [4-(4-nmethyl piperazin-I
yl)-butyl]-M bezzzoi zni dazol e-5-carboxylic acid

cycl opropyl met hoxy-am de (110) Step A 6-(4

Br ono- 2- met hyl phenyl am no)-7 fluoro-3

pent - 4- enyl - 3H ber L- oi m dazol e- 5-carboxylic acid

nmet hyl ester 9b

7- FI Uor o- 6- ( 4- br ono- 2- met WY& ani no) - 1H benzoi ni d
azol e-5-carboxylic acid nethyl ester 8a (0.915 g,
2.419 mmol ) is suspended in DVF (18 M) under an

at nrosphere of nitr pepejt ene (0.430 m, 3.629
mol ) and K2CO3 (0.502 g, 70 3} 6289 bl ) are added and
the reaction mxture waSwar After 1 hour,

SONC.
the reaction mxture is coo @ tenperature
and poured into 100 m of —N"176t hl ~acdrate: di et hyl
ether. The organic |ayer is\wished with water and
brine, dried (Na2SO4) and concentrated under reduced
Gr(dLrame-2-chigraphasmtymniyo)al-Rybwn 2t eipbdHehenzaividazole-5-carboxylic

separated by flashco [ t agr agh uted with

20: 1 met hyl ene %Ea' gﬁ%ﬁ?@f’%&’p@’@g?@%@? XZ&E}M ete

separ dpi an wiutiohe df's GrErlsroins-2editiarb phehydymipe)y-7-Plbiodmethyl-3H-
two chromatographic separations. The higher Rf
bewminitaicde-oerbbiylier witl allyl9ky-anltic| ®tf (26 dlg,wm ndflol) in 0.50 mL
product is the N1 product. The recovery of the N3

priogtehy S/ whid 15 MaéBoD; é4i—%%.0§§'m(stiuﬁﬁ{l %{Lﬁféﬁqﬁ?ﬂ 0.002

446 (M+1l Br pattern) detecte e recovery o

RSyt : ( : . (+) .Mz 448, 446

( M yfgglogg?tﬁjér ng gétglgtééwgp%% 5@“8%1@15‘?‘?@ -a_br-or?@t ifipperature

??%%ggﬂﬁ i?%éz; vgflfugllr' %ﬁ%}%’]ﬁs gxt:ta:l)é}s_ise sr}}()lweg ttggggeoéomvgr%g Itoe i)roduct.
-Br anp- 2- net hyl - phenyl ami.na) - 7-fl ugr o- 3- pent - 4- en

Pod FOEATR, el ST SO, i Shied Rt edb eoaie. The

i s dissolved,i 1 THF: MeOH (10 nl) and 1 N NaCH

YEPUE P3RS B ‘éﬂ‘% é“%%oﬂd d%‘&?ﬁ%?(l% .byst%gC {REMy 17 28k e DPCM/MeOH)

sol ve ig are repoved under reduced ressure and the

Prsgﬁdasﬂ 019 dreied Mpdyet dmte pifavhite 50ld.nMSIEST (FHR/248Ty 489 (M+, Br

- acetate. The | ayers
pattern) detected. '

Example 13

OH
H
HO\)\/\O,N 0 o

H
N

N F Br
\=N

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-meth yl-3H-benzoimidazole-5 -éarboxylic
acid (3,4-dihydroxy-butoxy)-amide (29iii)
6-(4-bromo-2-chloro-phenylamino}-7-fluoro-3-methyl-3H-benzoimidazole-5-
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are separated and the aqueous |ayer extracted with
ethyl acetate. The conbined organic extracts are
dried (Na2SO4) and concentrated under reduced pressure
to afford 0.39 g (100% clean desired product as a
light yellow solid. Step C. 6-(4-Brono-2-nethyl

phenyl am no) - 7- | uor o- 3pent - 4- enyl - 3H benzoi m dazol e-

SR AR o e ey EBRU AN S ef S s o methos
GBI Rlele T2 S i Ualiaol 0l hepriprairiiscied

chloride (6 m) and Hunig's base (0.346 m, 1.985
nmmol) is added foll owed by PyBOP (0.563 g, 1.083
mol ). After 10 m nutes, yl nmet hyl

hydr oxyl am ne hydrochl ori %ﬂfgﬂggﬁ g, 1.083 mmol) is
added. After 16 hours, the reaction mxture is diluted
with ethyl acetate apd washgd with 0.1 N HC,
saturated NaHCO3, andNhringN orgapic layer is

dried (Na2SO4) an%Fc (l‘qentrat ed dndgr reduced
pressure. The crude yeériow r @uri fied by FCC
€ g (70% pure
ol ifd: Rl (+) rnlz

eluted with ethyl acetate t
desired product as a yel IB\VV{GT i
503, 501 (M+l Br pattern) d&tdcted. Step D
- [ 4; Br onp- 2- met hyl - pheny) am no) - 3- (4, 5- di hydr oxy
B Do S Tgma Py bR e ool el 3B epep G lacragrbosyli
cycl opr opy| MREAeXYucyIsiRinbldoxy)-amide TFA salt (29 )

p’é] t-4-eny

6- (4- Br ono- 2- net hyl -%henyl am no) - 7-fl uoro- 3-
| - 3H+ beERatst niftpay ol {5-@dremaPrabdorerphenylamino)-7-fluoro-3-methyl-3H-

- _Ad6x-Al ). K 12 i
Y SR AL OS L b Al i B cster
A by driflagrogeetis acilideprosctian intmaiyleme dhlorilieOMSHAR Cadeipel/z 470,

by, N .09 0 ~AF T h, the
RO PR G0 O R R B a5 ot 05 6. 1)
NAHER QDS DL A dd)NH) A 3R (1 DEYTaN (hheH) et 1 pot .
'sﬁg )fe (h(?oﬁnh Cel(i te ri nsli(ﬁhg\l/{m)t:ﬁ@ggshgﬁ)’gclgt(g{’gm’272
Q‘in ‘ %“ﬁwg% 76%3%@1?;3913)?%4! i(q,ﬁghré34-%9 @i Lk ed with
ethyl acetate and washed with 0.01 N HC, and bri ne.

The organic layer is dried (Na2SO4) and concentrated
under reduced pressure. THEsawpledd product is purified

gyzzdcr%ee{o%)f g"\%ﬁd&gﬁ%%sse}?% E%%J%Jr%g %&rgl%&hol\ﬁos'—lmrla% tJ it1\1/<:¢ese described in

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

the appropriate hydroxylamine (Step C):

l1c H 11e H
N._0O N._-0O
O -
7 &@ V/\&ﬁ
N
i F Br N F Br
\=N /\/\ \=N
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Step E: 6- (4-Brono-2-nethyl phenyl am no)-7
fluoro-3-(4-oxo-butyl)-3H benzoi m dazol e-5-carboxylic
aci d cycl opropybnet hoxy-arnide 11n 72 To a m xture of
6- (4- br ono- 2- et hyl - phenyl ami no) - 3- (4, 5- di hydr oxy- pent
yl)-7- fluoro-3H benzoiniidazol e-5-carboxylic acid
cyclopropylnethoxy am de 11n1(0.244 g, 0.456 nnol)

) cH]U H~7phospirat ]gT fifer—(3 m)HIS added
0.195 g, 1 016

(0. .
6the re ct| n i xture ifs d||%th thyﬁI
ate and h Na , tand bri ne.
n| c Iay dr Na2SM) and conce
ed/pr dssure

N A Py
t hy |8

/PFH‘I i}l,\, ECC el uted

chl ori de: MeCH y| el ds 0.189 g (82% pure desi red

product as a yellow solig %}gﬁé Cl (+) m z 505, 503

(M+rl Br pattern) detected; R (-) mz 503, 501

(M 1 Ber fpewieg m))mqiemreistae@ipreﬁmeqb bF meghqd4 sBnidarde thrseﬂb;cltibed in
phenyl am no)-7 fluoro-3-[4-(4-nmethyl piperazin-1 yl)-
Exaimplle) 1B bly lneing enatiryl dazp Be ahd derdpproptiate allgilating agent (Step A) and
cycl opropyl met hoxy-am de 110

tBe fébr ﬁrdi@ldiﬁﬁhcmgﬁm ani no) - 7- f | uor o- 3- (4- oxo- but
yl)-3H benzoi m dazol e- carboxylic acid

cycl opropyl met hoxy-amni de 11n (15 ng, 0.030 nmmol) is

TESFOrved i —WECN (500 ) an et hypi parazime (101
1g 08 HIN4sPadded foIIovvedolb 0

nnnplY. Afterl 5 fin]| tetranethyl amabni um H
triacet oxyb (12 ng,| 0./045 mol agdey
After 5 m S n mxtureg is dil i
et h Iwé‘{“et_ and wast?gd wi t|h NaHCCs e. The

organlc Iaye? is dried (Na2SQ4) and conce
under reduced pressure to give 12 ng
desjred product as a_whjite salid,

887| 585 (ML By pattern) det/ddked; I(SIKN

CDq13x7€?30’

7.0

4.2

(br 2. , 4.

3H) , 211), 1.55 ( :

1AL1), 050 (Q1H, 211) 0. 22 1qt,1 2H ﬁ EXampl e 20

TIGR | |,

=~ "\ -

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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The foll ow ng conmpounds are prepared by nethods
simlar to those described in Exanple 19 by using the
appropriate al kenyl substituted benzi m dazol e and the
appropriate amne in the reductive amnation (step F):
18a HO, _,, NO180 0 0Cl VopH HN \ NI \ NF ~
Cl HONFBr CN/-~" Ny_ 18b N018p No OHHN
N1 -~ FHBr N F 0= —jgk]éf t8c—H18—o

HN Ny Yot ON'»IN/ oF ~d ~ - HOK~N-HIO 18, ~O

O 18r "N H Hﬁj\u | /- N F ﬁ@\
~N F Cl (!

\=pn \==p

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 A
HOL~G N0 29mmm HO N0 ,
H
N F Br i F B
\=p N '

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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~=N F Cl HON 18e " NO18s No ONH o NF \-NF
Cl NFCOQ ~--N HO 74 18t o CO HN18f NOI' NN
11 ~ \=NFBr FBr \=N18u o 18g NO OHH \ N\
6 /| FBr H~/-N F): Br ,"H" N/ ~ 18h NH O 18v N o

HOCHI'

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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Br I \ NN/-_/-N-NFI\ I'" NHN/"~/-NF Br \/~" \

N \=NHV 18 ! i ! NO 18wNo NN/-N _NF Br
ot CND) \=N N~ 18j] ~ON O 18x NOH 7 HC N -~
\ VNV NLNFB NNNFI C / 18k NO 183 OH
0 H NNCGO -NN~NF/~NFBr C=N --./~\--N

N-/-'/ 181 No H18z NHo
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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H N\ NNFI " Br ~/_~NFI G \=N75 18m N O | 8aa
o NI ~~I -NN~-NFQ -~1 FI Br \--N18n N O
18bb d o.No HNN\ N~NNFB - =1, | FC ON-~N
~=N Exanple 21 H '"NOHNO®~ NF Br N/ N

6- (4- Bror no- 2- et hyl _ _
phenyl am no)-3-[4- (I, 1-di oxo-L%b-t hi onor pholin-4

e d Lt G PR R Aty RSO o) 34 g Grpentyl)7-
HGrT R BRIy GRSl op Qs RoTeE Sm B BORBY d1m (0244 g
%?415% ngr%%ll)?%h%pélrggtagg )I()}{I ’?gﬁgs%ha:.[tg :llznéfgr (@;g fnl) 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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0.014 mml) in 1:1:1 water/acetone/ MeOH (1 nL) is
added NMO (1.6 ng, 0.014 mmol) and osm umtetroxide
(250 L, 0.054 Msolution in t-BuCH, 0.014 nmol). After
stirring for 24 hours, the solution is diluted with
saturated sodiumthiosulfate, stirred for 10 m nutes
and diluted wth ethyl acet ate. The solution is washed
with brine (2x), dried 2S nd concentrat ed
under reduced pressure to XY 2@ol id. FCC (10:1

di chl dhefsildwing omphiaias ae peptdIBp nfetiils it 16 ﬁﬁ)'sé @6kcribed in
product as an off-white solid. M ESI (+) n:/z 2, '

%@M 19 BBy Ratdee Y agﬁfo%ﬁﬁt%dalkglﬁ/l E@%Eﬂi%hﬁ:dzgenzﬂglﬁa%lp and the

Br 6-(4 Brono-2-chloro phenyl am no

fabﬁ%f)ﬂat@’ aﬂlfne(lﬁ’ HEEE kv

htpﬁfa%ﬁ C?bl;);j]) butyl)-3H

benzoi m dazol e- 5-carboxyl'

cycl opropyl met hoxy- am de (I de) A sol ution of

3-(4-chlero hllf\/l\ 7
Ul U pll\,llyl ulll IIU/ J T
fifg%qro Bek _be @ L pdazol e- 5- carboxylﬁ@ aci d o OH
cyclijopropyhne hoxy--am 18ee (10 ing, (.018 ) N
sodijum i odi de ( 2 mol ), land
1- nelt hyl - pi per (1 0. 092 mmpl ) arg “
85 @ f it h hgursF The rBaction |mi xt is dlluted
Wit b K acetFile and washed thrde tines with water,
wasHed twi ce w th S§t ur at ed aqueous I8pt assi um H 0
car onat dr i@d PNags04) and concdntr at under H :
redyced pressure £Q 2 ow oil. HKlash| colum N
chr dgmat ogr aphy ( r omet hang/ et hanol fo
by net% OYEdF D Bl net hgnol /tri et hyl a ) ¥ a
yi elids ) (8 mg, 72% ag an of f - whi t+eNf oam
M5 BSI (+) rn/z 607, 609 (M+, Br pgttermn) detected. 1H
NVR (400 MHz, DMSO=d6) 8 8.37 (s, {111)| 7.71 (s,\1H),
7.49 (d, 1H), 7.18 (dd, 1H), 6.40 (dd, 11-1), 4.38 (t,
2H),| 3.62 (d, 2H), 2.45 (broad, 811), 2.41 (t, 2Hys
2.28 (s, 311), 1.96 (m 2H), 1.54 (m 211), 1.07 (
189 ,; 0.50 (d 21 .22 (d, 211). {18q N5
@ e
F cl
/\l‘\i\/\/‘N\—_-N
/\(-\/\ \=N
18d 18r N0
V/\O H v/\o' !
N
ol A
N F Cl
HO/\(‘ \=N
18¢ OHH 18 A
N._.O § _N._.0
N
N F cl
N F cl B~
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"
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74




77 Exanple 23 The foll owi ng conpounds are prepared by

met hods simlar to those described in
usi ng an appropriate amne and primary al kyl
18ff H 18tt ON O H Cl

~ 0

p ci

\

N

Br

Exanpl e 22,

chl ori de.
I NI F 6 1

/"N F Br NaN'N 18gg ONOHC 18uu No N N- I
/I ,~\NFBr NFSr NbN\=Nof NONOHOC 18w 7,--0
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0 OC 18xx NG I/ I f-NFI Br NN\-NF 4v "N 78
18kk NH O 18yy 0" ocl NO I~al~ FBr NF/ Br
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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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18nn ON H O 18bbb ~o b ocl d HdO NI f- ~NFBr H
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~0 ~ \' N~\ No
o« HN Example 22

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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(400
8. 02

1H),
5.45

111),

CDC1
I

MHz, CDCL3) S 10.51 (br s, 1H), 8.07 (s, 1H),
(s, 111), 7.89 (s, 111), 7.23 (s, 1H), 7.15 (d,
6.92 (dd, 11-1), 6.31 (d, 1H), 6.11 (br s, 1H),
(s,- 211), 3.62 (d, 2H), 2.40 (s, 3H), 0.87 (m
0.49 (m 2H), 0.20 (m 2H). t9F NVR (376 Mz,
3) - 134.54 (s). Exanple 25 HONOHC © I'N

\--N 6-(4 Bronp-2-clzlora plienylanzino)-7

fl uoro-3-(3-0x0-3 pyrrolidin-1 vyl propyl)-3FI
1gi&nzjor mi dazol e- 5- (K]ar boxyTTc acid |18yy
cycliopr opyl gle (&8hhh) $tep A R
6- (4- Brono- 2¢chl org N [ ;[ ‘@
phenyl am no) - 3- ( 2- @ - car bonyl - ef hyl ) - Z~k1"Worr0-~ "er
3H- benzoi m daz S b & acid net hy(k“ st er
6- (4- 2-2hl org phenyl am no) T-fl uol ben20| md
azoI \)%);LI c acid nethyl ester 8b (O 50 g, 1.25
Y dissol \/gd | n—-DNVE (Q m \ dnder
1%.26 g 1. 88 R.is added fol ] OEE by
acryl ate (1 1 5441 |). The reactlo %\
is heated to 9OC A ter AflnI th
reagtion mxture i oIe o It and d{ [
et hyl acet ate o gafi c IS vvaswe%l Wth wat er -
(3x) d bri aFiNed (I\/gSO4) and concentrated under
reduceki\plN Sure. Purification by|flash| col um
1&Ar dmat ogr aphy el ut W bt faek epe T o
mchl gri de: et hyl g 81/ (629§ @esfred ¢
product. Step 6 (4- DI O
pherlyl ani no) - 3- (2 car ¥-fluofo- 3H—
benzoi m dazoI e- 5- Aret hyl 'PFA saI t
6-(4,:5,, r 0-\ph - B- (2-ta,¢/butoxycarbo
nyl - -7 fluoro-3H benzoi m darzol e- 5f car boxyl i c
acid thyI ester (0.050 g, 0.095{mmol)}is dissolved
1800 § 18bbb H_o
v/\O,N OH cl V/\o : el
N /\_/“-N F Br
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nmet hyl ene chloride (0.5 m) and TFA (0.5 ' m ) is added.
After 45 mn, the reaction mxture is concentrated to
dryness to give 0.49 g (88% desired product: LCI M5 ESI
(+) mz 472, 470 (Mt Br pattern) detected; 'H NWR
(400MHz, DMsO-d6) S 8.51 (s, 111), 8.20 (s, 1H), 8.13
(s, 111), 7.64 (d, 1H), 7.29 (dd, 1H), 6.45 (dd, 111),
4.55 (t, 2H), 2.89 (t, 2H). Step C

6- (4- Brono- 2-chl oro phenyl am no)-7 fl uoro-3-(3-0x0-3

1 rotriairn-1r—yt pTcrpgl)- 3
gcﬁbenzoi m daz%e’-\@« Qolzl(yl £ aci él eﬁgt ny | e§7t/e\[é>’H OOH al

sol ytion of N
6- (4- br omo- 2- chl or o- VI o)-:a-(z-c(apm- P
-fl doro- 3H benzoji m £-3 ':. bxyl i c|actd ety
esterWﬂl)inDl\/F 1.8 m.] is added
HOBL|- ng, 0.16'mmol), Et3N|(0.048 ni, 0.31

Br

1&mol|), pyrrolidi neﬂi (@011 ni, O.13saaol), a%Q\E, o
(34 ng, 0.1 oy rt. @he resplting|yell w°

solytion is ¥tirred 46 rt. The reactd on m'xe

NHAGL, ~by i ne, AN PN grand bring. The orghnic
| aygrQi SNM\H&N MySH4, filtered, apd concentrated
. o

N\ whichlis —purified

is giluted with Et an ter, |washefl \h_sat™7o Pa\gi‘ar

1%? fil ash clpm?:\ogma by (3% McCH | n CH2({C12) to afford
45 Mg (679 o t fe TJdesir ¥ produgt: NMS|APClI (+) mz
523, 525 (M+, Br p : d. 82 Btep D

6- (4- Br ono- 2- chl or + 7 flupro-3-(3-0x0-3
pyral idim- 1 yl y i m dazo| e-5-carboxylic
acid Yo ol ut i o=df

5-(4-brono- Z-chioro- pnenytazni no) - 7- 1T 00T o- 3= (3-0X0-3~
pyrrolidin-I-yl-propyl)-3H benzoi m dazol e-5-carboxylic
acid nmethyl ester (41 mfxappde/® mmol) in THF/ HZO (1.5
niL/0.75 nmL) is added 0.20 nL (0.20 mml) of | N ag
LiOHat it The resulting solution is stirred 16 h.
The reaction m xture i aﬁi pfied wth I Nag HC (pH

-2 to 3) and diluted i th Bt Ojc.] The organic layer is
dried over MpS™4, filter 3 oncentrated i n vacuo
) 'dl‘gh is directly used

to give a crude product
wi t hout further puri+caiipn. Step
6- (4- Brorno-2-chl or 6\N henyl azni no) - 7.

61(9-%]1951%3 t:r)’zZzt?tﬁgﬁh?égﬁ’mrngloi)-glff]ub:loax-loxgzrogg%}r):éthyI-SH-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
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3H benzoi nzi dazol e- 5-carboxylic acid

cycl opropyl net hoxy-am de 18hl: h The title conpound is
prepared from

6- (4- br ono- 2- chl or o- phenyl ami no) - 7- f | uor o-
3-(3-0x0-3-pyrrolidin-I-yl-propyl)-3H benzoi m dazol e-5
-carboxylic acid and O

S SRR IR, DY eSitmal S ARHEANR st WRsow) ana

APCI 578, , 580 I\/H- B tt det ec 111
néf %ﬂ)‘“ﬂféfé re %fes)u(rea The %@ul?@g Sali wag p&lzﬁ%fgby ﬂmh column

8 01 gs s, 111), 7.62 (s, 111% 7.28
flzrf)na (@r@éy 6‘?Hlmlgl?i)t 14;15pethylenpdpridgaghe!) topyeld @ Qi@. g (50%)
(t, 2H), 3.28 (t, 2H), 2.89 (t, H)183(m2H)

of e desiredopgpduct.. MS AHQI (3) m/z@ﬁﬂSW@rﬂVﬁz Clppjted) Z@te@tnd, 'H NMR
211); 19F NMR (376 MHz, DVBO-d6) -132.94 (s, 1F). 83

B, 2BCHHeE Th51 a;wspgﬂg,m@:o(sndﬂ) H.62 (1 SHAIEE0 by 1H), 7.23 (s,

rret hods simlar to those described in Exanple 25

ikt 12% FBE %@’ ag@g‘hﬁﬁgmgﬁ@ 3313 WI\P%HF? 3.62 (4, 2H),

220 (438} ok B M), 049 n, 258 020 = of) B ’Nl\d?{sdsgl; MHg, CDCL) ~
%.94 O Shat

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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-N] F Br 6-(4-Brono-2-chloro pheuyl am no)-7
fluoro-3-(tetrahydro pyran-2 ylntetltyl)-3H
benzoi m dazol e- 5-carboxylic acid

(2- hydroxy-ethoxy)-am de (Zip) Step A 6-(4
Br ono- 2- chl or ophenyl am no) - 7
fluoro-3-(tetrahydropyran-2 yl nethyl)-

nzoi,m dazol e- 5-carboxylic acid nmethyl ester Zlq
(%E%gﬁﬁlfgﬂg!f’%ﬁew or o- phenyl ami no) - 7- f | uor o- 34 benzoi ni d
azol e-5-carboxylic acid nethyl ester 8b (0.25 g, 0.63
nnnol ) is dissolved in NN-dinethylformamde (5 niL).
2- Brononet hyl - t et rahydr o- pyran SO. 34 g, 1.88 mmol) and
Pt assi Bm car bchdrand-0-chlorepheny, cga'nmﬁ%(z}cra‘b@ry 7Hndro-3H-
the reaction mxture is stirred at 60 C for 12 hours
baenztémidiRole-SidwebaxpBc tdid methykestardl Hdssapour ed into a
separatory funnel, diluted with ethyl acetate and 84
wat ers-@iiBrointve2-chlyfi-ghea glaaiii) Sd(2 -tEhdutixhydrb @B EhlD-7-fluoro-3H-
| ayer is washed with water and brine, dried (Na2SO4)

1RALLI FANEEIBLT G BekylP ad nleBHl 66k (D086 $U0.695 hbR1)i§ 8idbdivditn
solid residue is triturated with diethyl ether to

By AR (18! ﬂmﬁ%@?ﬁmo.ﬁ-'}ﬁ? {0181, SRNE 45%in NN} ek

a vyellowfiltraté (mxture of NN and N3 regi ol soners

b Roond BB B3k % 805 020/ d 0 MIARBER LA s BT (1
A S AT TE G RS eep. RS ¥ s 1,

detected. Step_B: 6-54-Bron0- -chl.oro phenﬁﬁanino)-7

5444+ B3 (1o derldhy tFo(doyHar -2 @ﬁn@@n?ﬁ? {dd, IH), 4.55 {t, 2H), 2.89 (1,
3H benzoi m dazol e- 5- carboxylic acid 11r

281 4- Br ono- 2- chl or o- phenyl ami no) - 7-f | uor o- 3- (t et r ahydr

o- pyran-2-yhnet hyl )- 3H benzoi m dazol e-5-car boxylic

acid nethyl ester 11q is suspended in 4:1
tetrahydrofuran/water (2.5 nL) and aqueous 1 MLIiCH is
Seghd € - 2-Bromo) 2-cibroep hegy laminoprd -k o3 eBraxt Sepercdddive Byl-propyl)-
for 16 hours, the reaction m xture i s honogeneous and
IhBerzentillaole-3-8arboniiplaeldonelfleseeact i on m xture is

cooled to 0 C, diluted with water and aqueous 2 M HC

IS adwe sl v Fe(4ihibinb-2t diorBlphedylitiRo P §l(2bArBky-&hyh-2-fluoro-
at which tine it turns to a suspension. The reaction

I L6 BniliSz iR 8B okl UcRl MARA @lcP (80 hNNE! mafdd sHiNE s mL)
with ethyl acetate/tetrahydrofuran and water "and the

it WSS HOANALY 02k wEND 1BORERYS B 6.045 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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extracted wth ethyl acetate. The conbi ned organic

| ayers are washed with brine, dried (Na2SO4) and

concentrated under reduced pressure to yield 0.11 g

(100% of the pure desired product as a white solid.

M5 ESI (+) mlz 482, 484 (M+, Br pattern) detected.

Step C. 6-(4Brono-2-chl oro phenyl am no) -7

f $260 10 - BA-BEIHE AL ZH 6. Y, %;?a'l] ¥7. Y3-47-0x0-3- idi

3H benzo}(m' dazol e- 5 car b}ir Xyl 2 é,f:[i';%% HHg-0x0 Spyrrolidin-1-ylpropyl)-

(ZH-BLRShANN 2088 ROX M ) Hg 1 TS

6-(4-Bronn-f—cﬁ?é%%ﬁgﬁgﬁﬁfanino)-7-f|uoro-3-(tetrahydr

0- pyr a@- 25yl ) B85 benzqi m dazogl e- 5- car boxylic

acid 1Tt (0. %Tﬁ%?ﬁ o‘?gs %ﬂmﬁ’é'@%@ FodamgoN/ juoro-3-(3-0xo-3-
' vl f or man 2 n,). HOBT (0.037 g, 0.27 mmol)

?ﬁg%{l&%e]t by fgmlﬂgfélt?}’é@ﬁuqﬂé?l&@ae@xn% pyid apethyd chsieni(41 mg, 0.079

Then, O (2-vi nyl oxy-ethyl ) -hydroxyl am ne (0.028 g, 0.27
m?? mn iﬁg)ﬁ%l-% 9116%’3/ giL) és stledRP0)mb(@ 20 duteol) af Nt RELIOH at
reaction mxture is stirred at room tenperature under

Kb T Tesulfipg eolstiomés stimed 16 d t Therebstionanixhert és 4ldified with 1 N aq
da ;%. The reaction mxture is poured into a

@ o7 yo Bhiand|diluthd witle @A Eichyrzartie 2hyak §s ARE over MgSO,,
mate& m;rd the | ayers separated}nfhe et hyl acetate ’
fidtgred, dngl onasdntdicd it eOSBItY vy aWird SHRO

NHACL(2x), brine (Ix), aqgieous satpﬁr at eg@s%%ﬁ&%{cmsedﬁewy used
iithemitforidr@ufidudtiopnat er (1 x), and brine (Ix), dried
(Na2SO4) and concentrated under reduced pressure. The
resulting solidis purified by FCC (eluting with 15:1

met hyl ene chl ori de: nethanol) to yield 0.039 g (79%

i o 1B ff-white solid.
R e -
162 { 4= Br -2 .ph | am -7 .
B ISP o i

3HDb k. | €5 5- b | i id
(2- hydr gt!)i(t& Cg’?ﬁ%@f)' I_Sg:l:‘r%lp&«lée%ﬁ%ll g-(g-%lromo-z-chloro-phenylamino)-7-ﬂuoro-

74 4- Br.on- 2-.chl ar o- phenyl am no) - 7-f | uor o- 3- (tetrahydr-
%ﬁ%ﬁ’ﬁ‘g%ipﬁﬁﬁ?fﬁt ﬁf&l}fﬂ%ﬂ%ﬂ%ﬁf&%@%@@ﬁé@r@m@xyaai«t and  O-
acid (2-vinyloxy-ethoxy)-amde |Ils (0.039 g, 0.068
?%ﬁjéﬂépﬁ’kﬂﬁﬁéﬁﬁ@alaﬂﬁn%thﬂéwémome bY) thenstamdgub osplgMrocedure
i%?,(ZQOuL) is added. The reaction mxture is stirred
cril’(?@ﬁ%ltsé‘?lapéf MUARCGLof+)302 H7RUS %S (MThBr peteeh) Odtected; 'H NMR
mxture is diluted with water and then neutralized
(#0Q MiZe FUEO-&) M INBH(s( HERBOI2UK,) THINBI01 @HLED), 725, 1), 7.62 (s,
S

concentrated under reduced pressure. The residue

16Dy .28 (QrieY, 189 WRETHRUISY |, 2H), 3.66 (d, 2H), 3.33 (t, 2H), 3.28 (1, 26D, 2.89

(t, 2H), 1.83 (m, 2H), 1.76 (m, 2H), 1.06 (m, 1H), 0.49 (m, 2), 0.22 (m, 2H); F NMR
(376 MHz, DMSO-ds) —132.94 (s, 1F).
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acetate and brine in a separatory funnel and the
| ayers separated. The ethyl acetate |layer 1is dried
(Na2SO4) and concentrated under reduced pressure to
yield 0.034 g (91% of the pure desired product as an
off-white solid. M5 ESI (+) rn/z 541, 543 (M, Br
pattern) 86 detected; 'H NMR (400 MHz, CD30OD) S 8. 29
(s, 1H), 7.75 (s, 111), 7.49 (d, 111), 7.18 (dd,
111), 6.40 (dd, 1H), 4.40 (dd, A of ABX pattern, 1H),
4.28 (dd, B of ABX patter ml%g% 3.92 (m X of ABX
pattern 111) 3.66 (t, 2 %(m 1H), 1.89 (m
1H), 1“1? e7fpllpying compouls 28 repargHyy, methads fimilactel)thost dB@:nbed in
%ﬁ 19F NWMR (376 MHz, CD30D) -134.87 (s).

WF’ &5 peingmethylsistco 8b puyl th@ammpmta aarigespr epar ed by
met hods simlar to that described in Exanple 27 by
using the appropriate nethyl ester and al kylati ng

he appr gpigkkt ¢ hydy, xyI am

Q HAl  11x HO~Q IICI
NLU ~O.H O HOYO
F O\-NO|ilY HOHO
gl F Br N NH
O
y o ©
:’L Br

Example 27
HO. H 0
~"o g
Aot
o N F Br
CF

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—¢kloro—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

34



\=N1l , I / HNNFBr N\--NH |liwHO,,OQNO HC
llaa "ONOHCO NNNFOQ NFI / Br \--N- \--N
87 Exanple 29 HONOHC N %I NNF Br

6- (4Br onp- 2=chl oro pl zenyl azni no) -7
fluoro-3-(2-netl zanesul fonyl -et hyl ) - 3H

benzoi nzi dazol e- S-carboxylic acid

WM& SRI8P YA}’%{%E%P%&‘X&&ME thJay% B atelFRr Y washed with water and brine,

6- (4- Br ono- oro phenylamno)-7

e INES00 ST AR LI rok el The pomitng sold residue i
6; (4- Br ono- 2- ghl.or o- phgnyl am - 7-f1 yar 0-.3H benz o]
e it BB NadRynRhe foid O Patikenf BT ena

)..1s dissolved jn ni |, DVF under .

SO ilted g | Pl NadesioromP e M r i pPLds gig colleted
sul fone (0.41 m, 4.67_nnn|&. Agter stirring 16 h at, '
ang grashehwish dicthyd cthemfe yiddd B4R &{3ATok ofithe puze desirgsd N3 regiqispmeric
ethyl acetate and water. The layers are separated and
préichaspapile yélloyesolids MBRERK() wi'z 406049% 0Vt Be)patter) detected.

bri ne. The conbi ned aqueous washes are extracted with

et hyl acetate. The conmbined organic extracts are

dried (MgSH) and concentrated under reduced.

Seey 1H:1 caly-BroMy-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

2804} and concentrated under reduced pressure to yield 0.11 100%) of the pure
p2t g p

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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di ssolving the residue in nmethylene chloride and
precipitating with diethyl ether, repeated severa
times, gives 1.16 g (59% pure desired product as a
yell ow solid: M5 APCI (+) nz/z 506, 504 (Mt Br
pattern) and 400, 398 (M- nethyl ethyl sulfone Br
pattern). Step B: 6-(4-Brozno-2-chloro phenylam no)-7

HRLos R 2oet hanea %g%f 28U B%) 5 355 ol s dissalved in NV
Ak @M%ﬁmfma 27 orissas et gps .

suI f ony| - et hX - 3H benzoi m dazol e-5-carboxylic acid
Peft&pmiop re pddedc clhe C&(ﬂa}f@&béﬂewl)wwmwae(ﬂ (2§ss, .27 mmol)

descri bed to give

end £INIoH58-% -2 st agl addechand thefreansion-1Bixs riestireedent room

sul fonyl - 88 ethyl)-3H benzoi m dazol e-5-carboxylic

dengbraye! opieodyd meti!hBR)Cashoss: thé/BeadRGh i§ “complete (581days). The

559 (M+ Br pattern) and M5 APCI (-) nmlz 559, 557 (M

Beactiod trettide id ot Gbto 2 dpahivy fiAdaMtuteVMBR Bl addidic GRA water

(s, 1H), 8.47 (s, 1H), 8.04 (s, 1H), 7.77 (s, 111),

étﬁlsﬁi’hesl(a ors gstbﬁarazt%% ;Z&hé Qeh 3/1 hdate @ay@lo is( ﬁﬁ’she& "chﬁ)ésﬂ%gy Ghih aqueous

Huratdd Nt ‘@x B}ue@gﬂ() ag%ec%é sﬁtﬂ}at ’“%dlu#t?ﬁc%étg ZMater (1x),

DMSO- d6) - 132. le 30 T ovm n
‘éﬁcﬁrﬂﬂﬂé‘ P"E{e% @a]?mtg %ﬂd %bﬁg g@%\k&’ Hﬂéer 'i‘&ﬁc@f ressur%

appropriate net ster d

TR A Dt T R B oo

Rrd%ey ke B Qesired product as an off-white solid. MS ESI (+) me 567, 569 (M-

The resulting

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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HNCI HHN 00 _NF' Br /O0_F Br N 11ff NH2 1111
H NONO 11 OH N a4 N HNPfNFBr O-~=N F Br
1199 HOOH O 11nMm"H O HC OH NN OSIffNF Br
NC-/-NF Br -N~=N 89 IIhh OO 11Inn ,O00 NN NC1-N
FBr ~NFBr \=NIlii HOOH

detected; "H NMR (400 MHz, CD;OD) & 8.29 (s, 1H), 7.75 (s, 1H), 7.49 (d, 15, 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, 1), 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
11t o X N_o 11X | yo_~__N_.0
o y o HoF
L Ao
F Br F Br

0 N N
A== O =N
11u H 11 H
HO .N.__O y .
~0 L HO A o N 0 -
“@ “@
N F Br N F Br
\._—"_-N 9 \..-:N

OH

H
11v HO._~.N._.O 11z
o y G
O
N Ox NH
Cl
Br H
N F N.. i
(j-\\::]\]
HN N F Br

\ N
11w 3 11laa H
HO_~ N0 _ _N._0
o by v~ o H G
éﬂ“@ ho!
F Br
N F Ci N
O = N// \=pN
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N F Br Exanple 31 H2N O’/NH\ NI \ HN/ F/ Br \=N
[6-(5 Am no-[1, 3, 4] oxadi azol -2 yl)-4

fl uoro-1H benzoi nzi dazol -5-yl ] -(4-brono-2- nethyl
phenyl)-am ne (24a) Step A

6- (4- Brono- 2- nzet hyl phenyl am no) - 7f | uor o- 3H benzoi m da
zol e-5-carboxylic acid hydrazi de 20a

6- (4- Brono- 2- et hyl - pheny ' o/- f1 uoro-3H benzoi md
azol e-5-carboxylic acid kr%%%@fé)zgst er 8a (0.051 g,
0.135 mml) is suspended in EtOH (5 nml) and hydrazi ne
hydrate (0.118 g, 2.023 nmpl ) is added. The reaction
m xture is heated at r chu(df 16 .hours. The
reaction mxture is ncentr at el unfer reduced

pressure and purified by F LetheyW th 97: 3 et hyl
acetate: MeOH to giveg. 041 19 cl ean desired
product: LC M5 ESI W+) zm/ z 378, 380 Bw+ Br pattern)
detected. Step B: [B8-(5 Anéb-[1, 3, 4] oxadi azol -2 yl)-4
fl uoro-1H benzoi m dazol -5 y1J-(4-bronzo-

2- z6vé4-Brephpllerijdrp-rdreiyiam oy 7oforo-3-(2-meth anesulfonyl-ethyl)-3H-

6-(4-B - 2< et hyl - | ami -7- - i.md
vl o SRR <BRRGH: O Wer oo A B g
Srewl 4: | -euBendpdhioro-phehyldintnop TgTioto-B-(nyetbodsBompl ethyl)-3H-

of a 3 Msolution of cyanogen brom de in nethyl ene

Bk skdiole S -aibeglic Mot &tédlec 0. 109 nnnol) in
water (1.5 m) is then added. After 16 hours, the

I eactd-QNBArd-Wollokdphdbylabfi®s- Aithidio Wat-Bénzame diol 28 caBskylic

extracted wwth THF. The conbi ned organic extracts are
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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dried (Na2SO4) and concentrated under reduced
pressure. Purification by FCC eluted wth 98:2 ethyl
acetate: MeOH gives 24 ng (55% of pure desired product
as a yellow solid: LCGM ESI (+) nz/z 403, 405 (M+ Br
pattern) detected "H NVR (400 Nth DMSO-d6) 8 12. 97
8.42 (s, 111) 7.94 (s, , 7.74 (s, 111),

ithﬁ 3%15 éeéz%%ﬁd bt i xﬁi@ 53@“]1&&\123’6‘111} fo ¥8%pcr ()

5Am no- 2
5563 PGt Bnnuoatmo%w&a BR T e 350 5% Rt B Poiern deteoted; '
net hyl phenyl)-am ne (24b) [ 6-(5-Am no-|
NMR 109N, BIG5OReY B 175 (4, L), 475U Si0Hi (SFBk 757,18, 7.62
(4-chl oro- 2-nmethyl -phenyl)-am ne 24b is prepared as
@lie S EI),i s di i ey a14pl(8d, A H)s4. 28 (1] 24), Bigeht, BH).43.62 (d, 2H), 3.07 (s, 3H),
chl or o- 2- net hyl - phenylantno) 7-fl uoro- 3H benzoi m dazo
B2 (QALRN B, 26),. ), e IR BreMIE, WRAESLY ﬂ)sz 66 (s).
mz 359, 361 (M- O patt ern§ detected "H NMR (400MHz
DVBO-d6) 8 8.42 (s, 111), 8.00 (bs, 1H), 7.78 (bs,
111) 7.48 (s, 211), 7.22 (s, 111), 7.04 (d, 111),
6.48 (bs, 111), 2.37 (s, ¥dpmpPel3Exanple 33 NH2 N= N

N O Hpfd fo\lowiné compounds were prepared similarly using the appropriate methyl

ester and Michael acceptor and methods described previously.

11dd I 113 T o
"'7@ v L
N

H

— Q0T
/ \=N N
llee 11kk
H2N’N O y ¢ ﬁ
N
3 E/\N F Br C\?\"_-‘,’E/\N F Br
g \=
ol o -

11F NH, 111 H

\==
0O N
_0 F Br

ligg H 11mm H
HO\/\OaN o H cl v/\O.aN O o
N\CL Nﬁ:L
O
Osd N 3 Br N F Br
s~ N NG—N_]
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HN/ F Br \=N[6-(S Anzino-[1, 3, 4] oxadi azol -2 yl)-4
fluoro-1H benzoi m dazol -S yl J-(4-bronzo-2- chloro
phenyl ) -am ne (24c)

[ 6-(5- Ami no-[ 1, 3, 4] oxadi azol - 2-yl ) -4-fl uoro-1H benzoi m
i dazol -5-yl]-(4-brono 2-chl oro-phenyl)-amne 24c is
prepared as described in exanple 31 starting with

6r1(4- ]

br ong- 2- chl or 0@ o o- 3 behzd
-5-carboxylic adi d het hyl ter 8. M5 APCI

425, [423 (M B Nogr MS APCI (-)mlz

(M Br.patter Exampl e 34 N g Br
HN F ;\gf\cr\m ‘ 2- met W Pheny:=dni no) - 7

£l uodad2LL = : o . . )

£ HoHe w,_bg_pl%ﬂf(rj\l dazaole-S darboxylic_acid hydrazide

- phenyl ari no) - - f | uor o- 3H benzoi m
dazol e- 5- car bo hydrjazi de{ 20b i s prepared as
7~} en A from 6-(4-chl oro-2-

desctighéd | £
nmet hy I} ny[\‘ ¥ no)-7-fl uoro-|3H benzoi m dazol e- 5- car bo
—Ql LN o - QQ/I, 336

Xyl c acid methyr—ester—8e—+tEMESHH—2334

(Mt O pattern) detected; IH NVR (400MHz, DMSO-d6) 92
S 13.09 (bs, 111), 9.98 (<Exahiie3B. 40 (s, 111), 8.17

(bs, 1H), 7.64 (bs, 1H), 7.20 (s, 1H), 7.03 (d, 1H,

6.41 (bs, 111), 4.49 (s, 2H), 2.23 (s, 3H). Exanple 35
oH

—N

\

O N

H

N
HN F Br
\=N

[6-(5-Amino-f1 ,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-benzoimidazole-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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NNNOHM NHNFC "=N5-[6-(4-0d zl oro-2-net hyl

pl enyl am no) -7 fl uoro-3H benzoi m dazol -5 ylj -
[1,3,4Joxadi azol -2-ol (22a)

6- (4- Chl or o- 2- net hyl - phenyl am no) - 7- f | uor o- 3H benzoi m
dazol e- 5-carboxylic acid hydrazide 20b (0.050 g, 0.150
mml ) is suspended in PhMe (2 m) and a 20% phosgene

sol ut P .. The .
;eact PO TP mbarget g AtpTamni 2 i Rpter it

t hen cooled to rt. The reactlo reis
A AREAAC B (e 105G Sesuapended I L topencr s mhnd 36 i
10% HA (20 m). The |layers are separated and the
afjudddsolutigr of pyaueganbromels inimethyfese chBride istdsled.o MaFHEEd (9 mg,
organic layer is washed wth brine, dried (Na2SH4)
8:16° canclg nd vatterd 1 5nadr is rikehuadeldd. p rAstes Uibehduos, dhey ecablonnBixture is
(99% of desired product as a yellow solid: LC/ M5 ESI
(it tednivith 3aler a30 DriadbndCexipaict ovith) THEle The t@tbined biMR: extracts are
(400MHz, DMSO-d6) S 12.64 (s, 1H), 8.83 (s, 1H), 7.88

(Sed &X0,) aDcorcntratdd) undér %Huﬁg:l & pre e.  PRBfitAdn MFCC eluted
658 (dd i g T anpl e 36 N2\ RN O

WENGQS é etﬂyﬂ aéetaté'MebI—f%@% 4?' g%agi% ﬁg{fﬁ%@é dedel Bdauct as a yetlow

phenyl) - (4-fl uoro-6-[
¥idd Ft@ﬁ\r/lé %ﬁ' (%1%1% 4§3,le()5' (M+ Br pattern) detected; 'H-NMR (400 MHz,

DMSO-dg) & 12.97 (s, 1H), 8.42 (s, 1H), 7.94 (s, 1ED), 7.74 (s, 1ED), 7.36 (s, 2H), 7.3 (d,

1H), 7.15 (d, 1H), 6.40 (bs, 1H), 2.34 (s, 3H).

Example 32

NH,
N=(
N O

ZL

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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am ne (21a)
6- (4- Chl or o- 2- net hyl - phenyl am no) - 7- f | uor o- 3H benzoi m
dazol e- 5-carboxylic acid hydrazi de 20b (0.048 g, 0.144
nmmol) is suspended in 3 n absolute EtOH and HC(CEt) 3
(0.60 M, 3.54 mol ) is added followed by catalytic
pTsOHH2O. The reaction mxture is heated to refl ux
under N2. After 2h, the rgacti&r& m xture is cooled to
room tenperature and contEHPP%3d under reduced
pressure. Purification by flash colum chromatography
(97:3 ethyl acetate: MeOH) giyes 36 ng (73% desired
product as a light vyellqw id. LM ESI (+) mz
344, 346 (M- d pattern)idefected; |H NMR (400Mz,
DVBO-d6) 513.10 (bs, 1H),N ~39 (Sl, 1H), 8.49 (s, 111),
8.10 (bs, 1H), 7.78 (bs, DN 720 (d, 1H), 7.00
(dd, 1H), 6.41 (bs 1H), ch 11) Exanpl e 37 SH
~=

N=~ NOHM NI QN ¥ g,
5-[6-(4-Chl oro- 2aneth enyl ani no) -7

j 1 uor o- 3H benzoi nt i dazol yl J-
ARG e epttsot g oo
dazol e- 5- Icariboxyl ic ciﬁgm@ltaryﬂ)-amﬂse{zzﬂgt (eo 050 g,
253?38% o1 3 BRRE Ay o ey 0l Y g bromo-
LI RO S RGN O

is heatedto reflux, . After reacgtio
et dhlore-nbewrianEg)- E—;ﬂwwé%iaﬁ%#%q TPRTRD| Pifhe frethy]

the addition of eth acetate and 1N HCI. The
ey 8 M§ APk [t a5 2l MAcBraiEsant MELAPCL (Oms 423, 421 (M-

Br pattern) detected.

Example 34

N,
HN_ .O
H Me
feae
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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extracted wth ethyl acetate. The conbi ned organic
extracts are dried (Na2SO4) and concentrated under
reduced pressure to give the desired product as a
yellow solid: LCMs ESI (+) mz 376, 378 (M+ C
pattern) detected "H NNR (400MHz, DNBC>d5) S 8.51 (s,
, 1.92 (s, , 7.19 (s, 111), 7.12 (s, , 6.98

8 3
Loty ¥De 25, 1 LR Phstunfrad .
i gglantlno) 7fl uor o- Sktben20|ntdazole 5-carboxylic

15t g1 thsi HD. ¢4P (98¥D. 223 (s, 3

6- (4- Brono- 2- chl or o- phenyl anmi no) - 7- f | uor o- 3H benzoi n d
azol e-5-carboxylic acid W (0.029 g, 0.076 mol ) is
di ssol ved in N, N-di net hyl ] (1.1m). HOBT
(0.016 g, 0.10 mmol ), tri fé%%%zggmﬁﬁe (0.028 n., 0.20
nmol ), nethylam ne (0.059 nL, 0.12 mmol, 2 Msolution
in tetrahydrofuran), and EDGh,(0.019 g, O 10 mmol ) are
added consecutively to t reaction m xture at room
tenperature. The sol uti on\i stirred at room
tenperature for 16 hours undey e The reaction
m xture is poured into a sgpaNat funnel and
diluted with ethyl aceta nd r and the | ayers
separated. The ethyl Fl &S washed
successively with aqueousysaturated NHACL (2x), brine
(I'x), aqueous 95 saturated sodi um bi carbonate (2x),

wat er 5-fg- @-Cizzw.ﬁtzbﬁémﬁ é{/ e lanmsho) SHVe-3BLberkbhnidazol-5-yl]-

concentrated under uced pressure, The resulting
solidis purified by #éé]"(”éf”tﬂ’tz‘?lrﬁ"’vﬁzg‘ﬁ 19: 1 met hyl ene

hi t
geSIO:e;e ¢ g!rigaté@u g{iﬂétﬁw %}1&&?7 %ljagrc%%ﬂ %ﬁoﬂfd&i&@-SQHﬁ)‘éxyhc

R b9tiiod Yob oo & 10 ReiotP Ihfe 3;9&/?%??%_ C?Gmﬁs%ﬁi a 20%

ﬂh@sgen?:' S%'ls!lt&)gl’ inlﬁtMe zt‘)%? nglfj %345111':}}1:{01) 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 extrected with THF (3x). The combined organie 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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6.50 (dd, 1H), 2.76 and 2.75 (s and s, 3Htotal, amde
rotamers). 79F NWR (376 MHz, DMSO d6) -132.69 (s).
Exanpl e 39 The foll owi ng conmpounds are prepared using
nmet hods simlar to that described above in Exanple 38
by using the appropriate carboxylic acid and amne. In
those cases that contain two am ne functionalities,
t he appropriate nono Boc t amne is used in
the coupling reaction and%{x%}é]% o%dgroup is later
removed in a final step under standard TFA
deprotection conditions.gﬁ_N [lpp ONJ HHun NO HH
0

N~ N HNI FI HNI / F l1gg HZN I lw IN N N O
I/ I NI ~. 4tBr N 1irr oHII.wwan H C N O NH
HNF Br N LNI / HNF I [LBrN \-i—N 96

HN F Cl

\=nN ’

(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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l[1ss HN'I IIxx NeEN ONOHNNHONHC H F Br N\
HN. NHNF ~Br [ift NOH HNI F 1 C Exanple 40
HOHCL I N:: HNF Br \--N [6-(4 Brorno-2-chloro
phenyl an: i no)-7-fl uoro-3H benzoi m dazol -5
yl]-metlianol (1Ce)

6- (4- Br ono- 2- chl or o- phenyl am no) - 7-f | uor o- 3H benzoi m d

azol L ci I .
R e et
d to.- L|t|um umnum

a%g g 201 (859 601 SR THOD EerIaY B .f%%@“%s,%tg’?d“ cooled

: vvlsetothereactlonm re. rri

(b Grnirab. G s aHoeOaRe Vool RRrY I?og*’fi/%dr%{aﬂ (5 mg,

to 0 C and beconmes a honpgeneoqus sol ution,

0/i8Qcnmob. differ stiing gt 81'Cripedl mip, the ﬁ?aﬁ%ﬂnééﬂé'ﬁm as Eeaaffﬂdto redtux.

then cooled again to -78 T. The reaction m xture i

Adiige Bchedtheir¢detisre Gk tuxgi i yuenthed by to addiligneoiswalgy, tfollowed by the

warnmed to roomtenperature and stirred for. 1 hour.

addition efethybavetitexdndr N FClt Thna lpewr @d sipataedandstbp aqueovs {ayer is
funnel, diluted with ethyl acetate, and the |ayers

eﬁt@&ﬁédatvﬁﬁ ctfffl€acaigtéc OUEe RbmbRed idgaid exiedosdared drivdeNay$O,) and
acetate. The conbined ethyl acetate |layers are dried

c&%ﬁé@é& uAR redBOR0RBIshAE GiveTRedesiredprogatt S 8 Felldve sdli: LC/MS
yield 0.98 g (100% of the pure desired product
ESI () m/z 376, 378 (M+ Cl pattern) detecied; "H NMR (400MHz, DMSO-dg) § 8.51 (5,

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
A

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

95



as a pale yellow solid. M5 ESI (+) rn/z 370, 372 (M,
Br pattern) detected. 97 Exanple 41 HOHOC \ N\
HN/ F Br \=N 6-(4 Brorno-2-cleloro phenylam no)-7

fl uor o- 3H benzoi m dazol e- S-car bal dehyde (1 (i

[ 6- (4- Brono- 2- chl or o- phenyl am no) - 7- f | uor o- 3H benzoi m
dazol -5-yl ] - nethanol be (0.96 g, 2.58 mml) is

sl YTl ph et alh R 3T AR pite (Lxf bl @80 na
0.Cf h

c?“%%te%i & uﬁié%%#s clf’gr%éauS d agsew; /“’Lfa R R s g i

Sl ien CHCr e BT aioHl (U (LI EEaP P s agoduct.

a small volume and then filtered t ugh an Acrodi sc

N PG €1 DT, 199 Petrepation) lleteaeds B NVEY (08 &t IRMSO-d6) &
passed through the silica gel. The filtrate is
SCBNGesdrsQ Byl 86, 1H)e8Ut éq 1pDe2361(e 18N A7.6316d, 18] Hd@(dd, 1H),
|s purified by flash colum chromat ography (el uting

@dZ@H)l ARd i 208 (SR, i3getorR} Aiaide kdtatrsy.i @ENNMR%MG MHz,
85%) of the pure desi r ed product as a bright yel

[g\ngdd £S) §+) Mz 368, 370 (M-, Br pattern)
tect d Exanpl e 42 4Br \=N 1-[6-(4-Brorno-2-chloro

phenyl am no) - 7- | uor o- 3- net hyl - 3H benzoi m dazol -5-ylj-2
- hydroxy-et hanone (10g) Step A

1-[ 6- (4-Bronp- 2-chl or o phExampleid3fo) - 7
Y 30%3@,@%@0@@% Ak egaethts simd, o g diperbed
a%{)rxlbquﬁ/xam e ? é)@'/ unﬂ%lgh eyagl?rtogxgté chr oxylic acgc{3 an% a%%he In tﬁose cases

that contain two amine functionalities, the appropriate mono Boc protected amine is used

in the coupling reaction and the Boc group is later removed in a final step under standard

TFA deprotection conditions.

lipp NH 11lun

ool e

11qq | N llvy N o
Gy ON Wf‘ﬁl
H
' °'

HiN F Br
A==N
H —
1irr N0 11ww Nr:\s
H
HN F Br N\©\
=N
HN F Br
=N
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prepared by the procedure reported in J. Og. Chem
1988, 53, 4131) in THE (8 nL) at - 78 Cis added
n-BuLi (0.94 nL, 2.35 nmol, 2.5 Msolution in hexane).
After stirring for 3 mn, a solution of

6- (4- brono- 2- chl or o- phenyl am no) - 7-f | uor o- 3- net hyl - 3H
benzoi m dazol e- 5- car bal dehyde 10h (59 nmy, 0.15 nnol)

H—FHEL2 nL, s—added-—at 1 C—AHe ,ptllllug f-ot
g5 fit /;i!x /8 C, the reaction h L quenchedui t h
sat gr ateédragueoqus NH4C at 178 C, warﬁﬁﬂ to room
t enper at N diluted with EtOfc. %Rhé

| ayér i i.th brine, dried
filferdy,] concent Fated, and purifi
chronatography (1 5 9% MeOH i CHQd

desired -nroduct—{45 GAOA - . A

oo O rJ \" A9 \_l‘\.l Ily, It 7 . TVIiJ

1480 ( Br pattern) detected. St¢g
1-[ 6- (4-1Br @nmod 2- chl oro phenyllai niif:
f1uoro- pt - 3H benzoi ni dazol - 5-
ylj42n BX d¢loxy- et hanong 10j JA sol ution of

1-[ 6= (MNDr onm- 2- chl oro-phenyl ani-no)~7—Huoro-3-met-hy

3H benzoi m dazol - 5-yl ] - 2- met hoxymet hoxy- et hanol 10|
(44 ng, 0.096 nmml) and tReAsge Martin periodi nane
(49 ng, 0.12 mmol ) in CH2C12 (1.5 nl) is stirred for
1.5 hat rt. The reaction mxture is diluted with
ether (3 nlL). Saturategi®queous NaHCO3 (1 ni)

cont ai ni ng sodi um t hi osul f{at ¢4 peytt ahydrate (74 ng) is
added. The resulting m x stirred for 10 mn
and diluted with EtOAc. c layer is washed
with saturated aqueoyf dBrine, dried over
I\/gSO4 filtered, and co‘ﬁaentrated in vacuo to give a

mat
S el o PRkl Sl et s ptnanol o0
desi Bed-Romail:thl$dIphegylamiid-7-fvsroABdibeprgimnktzaleF5tirboxylic
458 (M+, Br pattern) detected. 99 Step C

abid BethfBE0R B Q-06NE, 02,65 aimﬂyisemgmaled? in tetrahydrofuran (25 mL) and
f 1 uor o- 3- et hyl - 3H benzoi m dazol -

db%ﬂ:d% hyglrexyi RilaNAGRinkAD hfdrfﬂex(tSLUBeme 8.03 mmol, IM solution in

1-[ 6- (4- brono- 2- chl or o- phenyl am no) - 7-f | uor o- 3- rrethyl

%t‘{kshy%ﬁ&ga)gb dadal drépaagé f@mmmmuaex%ﬁ; g@m@ T

nmol ), 10% aqueous HC

gergacth, (e o M 0B 85 b i Gion

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. The reaction mxture is neutralized with saturated
aqueous NaHCCB3, and diluted with EtQAc. The organic

| ayer is washed with brine, dried over MgSOM4,
filtered, concentrated in vacuo, and purified by
flash chromat ography (1.5% MeOH in CH2C12) to afford
the desired prouduct (7.3 ng, 54%: MsS APClI (+) mz
412, 414 (M+, Br pattern)E(ij te%tzé "H NMR (400 MHz,
acetone-d6) S 8.64 (s, ? 4 (s, 111), 8.16 (s,
111), 7.58 (d, 113), 7.31 (dd, 1H), 6.59 (dd, 111),
4.94 (s, 211), 4.06 (s, gH) 5 19F NWR (376 Mz,
acetone-d6) -132.45 (s, .y Exghple 43 HOOHOC N
HN F Br ~=N 1-[6-(4-Bro r o- phenyl am no) -7

f 1 uor o- 3H benzoi m dazol - - 2- oxy- et hanone (10k)
Step A: 1-[6-(4-Brono; © P Heam no) - 7

fl uor o- 3H benzoi m dazo \:5 yI J-

2- met hoxynet hoxy- et hano

6-(¢~ @‘B‘F‘Bn%‘:’é‘?"em"&f‘h’“ﬁﬂ?éﬂﬂ f&mmﬁ%wwﬂ&%*&e@!ﬂehy@ (199
azol %654—@3’%519@@%9%%&5@%%} b IRete Medddimidazol-5- ¥1]o-methanol

tri butyl - met hoxymet hoxynet hyl - st annane accor di ng

yi eP!%%g%%gL OIigéiélg&NékgPCI%(ah fd’%gmﬁif? Oﬂ%,g,lb"ﬁt W),%ﬁd Mn0;
Bty PRRRBYT 5 Fiet RS aRPF B & 9 - B30 hows wncer

net hoxymst hoxy et hanone 10m To sQl ut| on of oxal yl

Rl oribgerepeiion 11’1%“ as fem%thfoqsﬁ ofl plpted qwith ppethylene
C i1s added DVSO (0.016 ni, 0,22 mmlz. After stirring
ghinridg/mgthanop (1961, l}t Lbnqu ﬁltrz{tgls(@ncentra ed under reduced pressure to a
br ono- 2- chl or o- phenyl am no) - 7-f | uor o- 3H benzoi m dazol -

sguajl yolamgeardothyriliensd, througha ao| Actedisq gBingg, fillerO®6remove small
mmol ) in nethylene chloride (InL) is added. The

anesmist ofilgnO, that passed through the silica gel. The filtrate is concenirated under

reduced pressure and the residue is purified by flash column chromatography (eluting
with 20:1 methylene chloride:methanol) to yield 0.81 g (85%) of the pure desired product

as a bright yellow solid. MS ESI (+) m/z 368, 370 (M+, Br patiern) detected.

Example 42
0
HO H Ci
N
~N F Br
\=N

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

yif-2-methoxymethoxy-ethanol 10i
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solution is stirred for 30 mn at -78 T. TEA (0.1 ni,
0.71 mol) is added. The reaction mxture is slowy
warmed to roomtenperature, stirred for 5 mn at room
tenperature, and diluted with water and CH2Cl12. The
organic |layer is separated, dried over MgSOH4,
filtered, and concentrated to gi ve t he crude product

whi ch&. éi&if‘%&fﬁf %gfmo& Blbkofhddilstauftlfd {864 3he, 77 mmol,

Ste rop eny am no)

n1da o7 Y, XYz gt _
Pi“'l’fl%ed%f‘g? SRS RRRE Bk Ghory B9 3&2 L) a
azo 2 rreth Y.
ﬁeﬁeﬁ)ﬁ%ﬁé’éﬁ%%ﬁge nﬁg‘i{ romab g Sﬁesaﬁwna% Bg)o e ting for
Exanple 42, Step Cto yield conpou 10k.,
3y WiBoga  AOWEORA oy 6-( %%rml@r%yhla@r Ngn@i@ érmgthyl-ﬂ'f-
MHz, CD3QD) 8. 38 , 111), 8.04 (s, 11 . 1. 52 (d
bepgoimidazolp- Sc@abalﬂzé ¢ 1081 68 g .15 mMmolying 1‘)‘21? is addgt at -78
NVR (376 Mz, CD3OD) -133.96 (s, 1F). 101 Exanple 44
°C--AfRrGtining fol|40 Hein|at 17 8F°qQ, 1By reagtion is quenched with saturated aqueous
1-[ 6- (4-Bronco- 2-cl xl oro phenyl am no) -7
NHC rap 380 wamed thazooin- fempiiite, edvdodiiirtede with rifd.c( The organic
Step A. 1-[6-(4-Brono-2-chloro phenyl am no)-7

1iyel G§ QragitdoRTE Girfiie daZddl over WiES@y, fitebedl yordehauited, abdqpuliied by
a solution of lithi onet hyl ethyl ether in THE (6 nli)

y i | 488 pfduct (45 mg,
9 A0 0 Sl 3 RN 0 A LB 5

din
GTg'yt)rIgﬁqglr)on 16%)45%’21%0?64 g?it%a 3%?05& sol uti on of

6- (4- br ono- 2- chl or o- phenyl am no) - 7-fl uor o- 3H benzoim d
azol e- 5-

Step B: I-[6-(4-Bromo-2-chioro-phenylamino)-7-fluoro-3-methyl-3H-benzoimidazol-3-
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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car bal dehyde 10f (29 ng, 0.080 mmol) in THP (1 nlL) at
-78 C. The resulting solution is stirred for 1 h and
t hen quenched with saturated aqueous N144Cl at -78 C,
warmed to roomtenperature, and extracted with Et OAc.
The organic layer is washed with brine, dried over
MpSH4, filtered, concentrated in vacuo, and purified

L L o
g xffefkgw.eiﬁn;‘zocmroBf part ) deect e
B

from1- 6 4- br omp- 2- chl or o- phenyl am noé

bqn@@%d%pi Hz%mﬁbd’al@ﬁﬂlsxwl}q@nét Ak &t Fgn .03 grwol),  10%
accordlng to the procedure described in Exanple 42,
wuepsEICkOehml . methered (0.8hmili)ommdnvaten (005 mLhiststirmed frgudays at
with saturated aqueous NaHCO3 cont ai ni ng sodi um

1.hTbs tatidrempamedahyehtatised Wikh sRGhted -ajjucob® NabiCO:426], diluted with
428 (M+, Br pattern) detected; 1H NVR (400 WMHz, CD3CD)
B0 c3 Bl Hesorgdhid layers OAsked, withilbne, dridllovieel MgBDL,) filtefed toncentrated
(dd, 111), 6.51 (dd, 111), 4.76 (s, 2H), 3.57 (q, 2H

th 49udtand ptfied 95 VR chibiuddiphy PSIDMOBE O8,CH) to afford the
Exanpl e 4 ~OOHC NHNFI

cie@,rrécﬂm%ﬁ@m (’23 Ghy, %%)pmmb@rn (mp)m7412 414 (M+ Br pattern) detected;
f1 uoro- 3H benzoi ni dazol - 5-yl J- -nethoxy et hanone

§2Bls 100 Mtz goenne )8 8,64 (o, 1D, 830 (5 1D, 816 (5,110, 758 0, 1)
‘g}fgﬁg Igi@/%;]- @ﬁf gﬁﬁ%&ﬁf&‘} m ﬂg;@: %_9#31 ug M&?fée Eﬂ-{z, ac%}on&dg)

n]gllrz}z gﬁzol e- 5- car bal dehyde 10f and |ithi onet hyl
ﬁ‘glsé er by the procedures described in Exanple

44. M5 APCI (+) mlz 412, 414 (M+, Br pattern)
det ect ed.

Example 43
C
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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Exanple 46 BnOOHC N HNF Br \=N

2- Benzyl oxy-J-[ 6-(4-brorno-2-chl oro phenyl am no) -7

fl uor o- 3H benzoi m dazol -5yl J- ethan one (10g) Step A
2- Benzyl oxy-1| -[ 6-(4-brono-2-chloro

phenyl am no) - 7f | uor o- 3H benzoi m dazol - 5yl | - et hanol

ZO 103 To a solution of benzyloxynethyllithiumin THE

dsorbed B ERATAY 4 4 ABD5MEIAPEL 2
y eand n- éﬂ rg&gg&ﬁyﬁ@%l 2.5 M sol uﬁ)gﬁlz444 446

i X 3Rekm it Ra. procedure reported in J. Am Chenz.
gglc. 878 )%O 1481) is added a solution of

6- (4- brono- 2- chl or o- phenyl anmi no) - 7- f | uor o- 3H benzoi n d
azol e 5- carbal dehyde I O (51 ng, 0.14 nmmol) in THE

B R T MR s

saturated aqu ][(\I@lél and extracted with EtOAc.
Yirthogvigehioe-4 8?“" Rdried over MySO4, fi I ter ed,

concentrated in_ vacuo, and furlfled by f

chr omdPdge Ry of Pddcbiqpids L0 204 bmds P e el udcﬁzﬁlzﬂ mé,) at -78 °C
afford the desired product (46 ng, 689 M5 APCI (+)

i 2dded PMHQ 0.0 mIR0. BantmePn )Aftatesti r 3 Snigpa Bolution of 1-[6:(4-
2- Benzyl oxy-1-[6-(4-brono-2-chloro
broemy£-shlonephenyfamine)67-Btbro Stz bénzbtladardol-5 51yl -heittoxminethexy-
10g The title conpound is prepared from

2thbeol Z0 (X3 mig; 0.65¢ 4erhslp ifpmetigidne rchloride (1mL) is added. The resulting
phenyl am no) - 7-f | uor o- 3H benzoi m dazol - 5-yl ] - et hanol

bédutibryiststigedfop GO dun @t JESCI IMEA0(0.1 MLEB AMRdBo 2, ad@éE PR reaction
except that the reaction mixture is not treated with

fiktufA s AbwIR GHRRES ¢ t@leNbiELdSPHISUIn at room temperature,
thi osul f ate pent ahydr at e: d (+) mz 488, 490

Qﬁ\é‘dﬂﬁ&i RAh R anqe(t: ahgd: lsk 16404,
T M 1?2 ,§1H§, gNMg )469 ] Qéﬁ%rate ; . ovr MgSQOs,
filtered, and concentrated to give the crude product which is directly used 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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7.51 (d, 1H), 7.26 (m 5H), 7.19 (dd, 111), 6.46 (dd,
111), 4.77 (s, 2H), 4.58 (s, 211); '9F NWR (376 Mz,
CD30D) -134.52 (s). 104 Exanple 47 OSOHCI N HNF I
Br \=N 1 [6-(4-Brono-2-clzloro phenyl anzi no)-7

fl uor o- 3H benzoi nzi dazol -S yl J- 2-

nmet hanesul f onyl - et har zone (10s) Step A

1-[ 6-(4-Bronp-2-chloro Jo.44

phenyl anzi no) - 7- f | uor o- 3H-FEABSi*Hi dazol -5 y13-2-

met hanesul fonyl - et hanol I N To a sol ution of nethyl

sul fone (65 ng, 0.68 mmol iB THE (1.5 nlL) is added a
sol uti on of n-BulLi (6./\20 OH68C|TITD| , 2.5 Msolution
in hexane) at -78 C. After A simnrring for 5 mn, HWA
(0.1 nL) is added. After rinr addi tional 10

mn, a solution of N = Br

6- (4- br ono- 2- chl or o- phglnyJ;rri no) - 7-fl uor o- 3H benzoim d
azol e-5- carbal dehyde 10f (26 ng, 0.069 mmol) in THE
(5_ploed 6L 3 B -3l iflasL5FIE-ethoxy-
{ Gl RS g LR BN B R SRR e P ethors
sat urat ed aqueous NHACL, ethgpanedddo room t enper at ur e,

ﬂé}? digl ut gﬁawgiﬂogk%ior%%@@@pgg{;@éﬁ%ﬁf—%f%%}ﬁﬂzobs-yy-z-

Wt h “at rred over oncentrated
ST BE] o give the crude desired product (31

% ke B A g o -
BRI eb T i U L B e oceict o
nmet hanesul f onyl - et hanone 10s The title conpound._ i

1pEepAF agmph) di the [peecedurp renasted e Hietpladsere 6a|§1?nb§43)-is added a

fl uor o- 3H benzoi m dazol - 5-yl ] - 2- met hanesul f onyl - et hano
doldtidnby t b€ pr Gelddhuerao-2-chloro-phenylamino)-7-fluoro-3H-benzoimidazole-5-

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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described in Exanple 42, Step B except that the

reaction mxture is not treated wwth 105 saturated

aqueous NaHCO3 cont ai ni ng sodi um thi osul fate

pent ahydrate: Ms APCI (+) mz 460, 462 (M, Br

pattern) detected; 1H NVR (400 MHz, acetone-d6) 6 8. 44
1H), 8.33 (s, 111), 7.59 (s, 7.32 (d, 111),

(s, 1H),
B i el bl gt 3 B 0
5% o ﬁag,’jz\% IE@; 15, 7210 16 51 1L T8 % 706258, 3.57 (g, 21, 110 ¢,

fl uoy o- 3K benzoi m dazol - 5-$/I % eti zane-1,2- dlol (10u)
ik p FAMR (g0 MEB(0DdR3-8% &)phenyl ani no) - 7

fl uor o- 3H benzoi m dazol -5 yl]-2-

(i sopropoxy-di nmet hyl -silazzyl)-ethanol 10v To a
solution of the Gignard agent ,.prepared from My and
ohl or onet hyl  di et hyl i SobFABBA% 1 | ane (Org. Synth.
1992, 69, 96 ) [4.4 m, 3.26 mol, 0.74 M sol ution

(based on 90% puri ty)]\i n THE, is added a solution of

6- (4- bronmo-2-chloro- 7O Cl :

phenyl am no) - 7-fl uor o- 3H simdazol e- 5- car bal dehyde
10f (200 ng, 0.54 mol) i THE m) at -78 C. After
stirring for 1 h at -78,C = BON i s quenched
with saturated aqueous Cl, and extracted with

Et OAc. The organic |ayer is dried over MSO4,
f 1/6-21-Bblom 6 20GRSVo L yHeRPlaiin o) FCikbrb 3 EBbERD Gn RIS L methoxy-

desired product which is directly used w thout
further purification. Sté#enelf- (4-Brono-2-chl oro

phenyl i adB)onlo-5 iRt Rp Ry RERN 70:H 76 Bl ¥ didri @l RES1-2-

1,2-diol 10u 106 '
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 the crude

1-[6-(4-Dbrono-2-chl oro- phenyl am no) - 7- f | uor o- 3H benzoi
m dazol - 5-yl]-2-(isopropoxy-di nethyl-silanyl)-ethanol
10v in MeOHTHF (5 nmL-5 nmL) is added KHCO3 (54 ng,
0.54 mmol ), and KF (74 ng, 1.27 mol), and 30% aqueous
H202 (0.20 nlL) at it. After stirring for 3.5 h at

wat orto Arip ity 8t P SREle Ahir b TE Tp ity Bl fom o
@aénﬁ?ﬁ?@fﬁ%% O 1B e Seaghy 'a%a/dlr%f W 4k polution

in CH2C 2 ive the deS|red rod 74

infyeqgne) by e wpae reporiesl lele 3 ?%r EYYS d@eéﬂ%’a s added a
1H NMR (400 MHz, CD3OD 8. 20 (s 7. 62E§broad
solptipn 7. 4<7f ( d§-(4-bgmo- -cmqu—nhenymm)éf Bporp P H-bguyzoimidazole-5-
4.96 (t, 1H), 3.64 (m 211); 19F NWR (376 MHz, CD3COD)
caﬁﬁﬁleﬁyde(lsﬂf (5 IEngnPlld mgol) ki THF (omLrat —78 °CN Thi r@uBmg solution is
\=N [ 6- (4-Bronp-2-chl oro phenyl am no)-7
stitrad ifor- Bhraet-78/ 1C.3 hb e donrisdqmnthed with) satimygtet dignedis NH,Cl, and
yl -met hanol (low) To a solution of 2-bronopyridine
chcackb Whth FLOB4. MMhelokgduit 1 FE i6 Frigl bvertMeJ@,, Elteredl, asidestrated in
n-BuLi (0.39 nL, 0.98 mmo 2.5 Msolution in hexane).

Wbl S nd blifidy £ chomdlh ety (1 66, GH L0 3% womn CHACE) to

(4-br ono- 2- chl or o- phenyT am no) - 7- f | 'uor o- 3- et h

a!ﬁ%ﬁf He"de g@&ﬂér@d&”t ¢85 Bg,l @%ﬁi@r éf?}f %@ B 4R, @@ﬁ(mph} pattern)

i'n THE (1 nl) s add reaction
erels stirred for 1.5 h at -78C guenched with
sat urated aqueous NHACI, and extracted with Et OAc.
The organic layer is dried over MgSO™4, filtered,
concentrated in vacuo, and purified by flash

;S%e?;r %naﬁ_%g’gzjaj o -1 ([% (g%oromgj-ch?or%eny@mmo) 7- uoro—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).
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~afford the desired product (18 ng, 62%: M5 APCI (+)
mz 461, 463 (M+, Br pattern) detected; 'H NMR (400
MHz, CD30OD) S 8.31 (d, 111), 8.16 (s, 1H), 7.65 (m
311) 7.38 (d, 111), 7.10 (m 1H), 7.00 (dd, 1H),
6.11 (dd, 1H), 6.05 (s, 111), 3.94 (s, 3H); 19F NWR
(376 MHz, CD3OD) -135. 79(s) Exanple 50 [--N OHCC
NI \ le~HNF Br \=N( 2-chl oro phenyl)-(4
fl uor o- 6- oxazol -5 yI-IH-b]*fé1 ol%%aazol-s yl ) -am ne
(10x) Step A [6-(4-Bronmp-2-chloro phenyl am no)-7
fluoro-3-(2-net hanesul\fonyl ott hyl ) -3H benzoi m dazol -5

ylj - met hanol | Oy <N y G

6- (4- Br ono- 2- chl or o- pﬁeﬁ LQ).AL- f | uor o- 3- (2- net hane
sul fonyl -et hyl)-3H benzp daz 5 carboxylic acid
nmet hyl ester |lcc (O. 594 Wl ) I's suspended

in a mxture of EtOH ) and THE (4 m) under N2.
NaBH4 (0.112 g, 2.97 nmmol) is added. After

appr @Bﬂlﬂo-ﬂ-cﬂﬁx‘{ﬁ ﬁéibfl&ﬂzﬁtg) 7. @f@%%‘ﬂ%éﬂzﬁ%ﬁﬁ&d@- ylj-2-

quenched by the a d| ion until the reaction
m xture reaches pwwﬂmrrmwwcqth@wnm&@smre is

2°?€if 3%?5%?{?’?‘?% N Bl EOR o R PG5

3 are separated and the organic |ayer
|sa\7\1/53 ﬁyley?%dfqter (3x) brine, and dried (Na2SO4).

or o5 LR fion O ghed ST RS e LGB I Bl p is saded s
Sgilglglf“i? gg nfd#lg[du@tr" @'@910]%; 2;/56 §0211§€fglgmg %%%tg?g °C, After

attern) detected. 108_ . . . i
g for 5 min, HMPA (0.1 mL) is added. After stirring for additional 10 min, a

solution of 6-(4-bromo-2-chloro-phenylamino)-7-fluoro-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

105



Step B: 6-(4-Brono-2-chloro phenyl am no)-7
fluoro-3-(2-netl zanesul fonyl -etl zyl)-3H

benzoi m dazol e- 5- car bal dehyde 10z

[ 6- (4- Brono- 2- chl or o- phenyl am no) - 7- f | uor o- 3- ( 2- met han

esul fonyl -ethyl)-3H benzoirai dazol -5-yl]-methanol by
(0.050, 0.105 mml) is dissolved in 1:1 THF: acet one

Curaiell a%ﬁ&ﬁfs 1O cMHRing Qo@d: Qﬁqsﬁlfécgﬂ)em%%ﬁﬁe.sMS APCI ()

added. The reaction mxture is stirred at r

RERR B8 9 B pfont) et 17307 (80 Seet S ecctoin f 444 o 1),
BTN TR B Cotl Bt 62 (0 5P e tHn o 156 ;U

resi due dissolved in 10:1 nethylene chloride: MeCH

oM HBrcetonep)-dP2d7 9y ough a silica gel plug
eluted with 10:1 nethylene chloride: MeOH The
resulting filtrate is concentrated under reduced
pressure to give 41 ng (%%?%¥%§ jred product as a
bright yellow solid. Step A -Brozno-2-chl oro
phenyl )- (4 fluoro-6-oxazol-5 yl-1H benzoi m dazol -5
yl)- am ne 10x OH
6- (4- Brono- 2- chl or o- pinyI"gm po) CI- f | uor o- 3- (2- net hane
sul fonyl -et hyl ) -3H benzoj«j dbzol'e- 5- car bal dehyde 10z
(0.025 g, 0.053 nmmmol ) is penf in MOH (2 n) and
K2C38 (0.015 g, 0.105 yyoty g adeéeugd ol | oned by
tosyl met hyl i socyani de 011l g, 0.058 mmol). The
reaction mxture is heated to reflux under N2 for 16
N 1-[ 64 4-Bro 20D E118y0-p ISkl 9) 114 66 B HBE N plm S LAY Y. BRane-1,2-
(0.011 g, 0.058 mmol ) is agdedoand the reaction
St urge hqafée(dr-ﬂrgmw—bmrogﬁféﬁﬁa%oj@r ubbo-BH- 6B Svimidazol-5-ylj-2-

reaction mxture is cooled to room f{enperature,

¥ [ ressure and di ssolved in
(g%gic?)w aszﬁézlhﬂ.@grﬁ,gy SHNRE 0P

acetate. organic solution is washed with

oxt 1 o oG of MIF RBR"RA: G JHaR BRI I8 e chiorometty
o0 maeB s P RVE 1892 SREHA B ch AR 8t 04
S e Syt i ety 5y odied + SR QS Crtesmerdcphiloro-
Jb&ngog.ng g4‘?§r_ S .
Rt J- e H-hnnaeinidazele-Sreakaldrhydg 206,200 e 414 Bipol) in

| - et hyl)-6-o0xazol -5- yl -1H benzoi m dazol -5-yl]-amn ne.
HF (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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(4- Brono- 2- chl or o- phenyl ) - (4-f | uor o- 6- oxazol -5-yl -1Hb
enzoi m dazol -5-yl)- amne 10x. LC/ M5 ESI (+) m z 409,
407 (M+ Br pattern) detected; 1H NVR (400MHz,

McOHd4) S 8.33 (s, 111), 8.24 (s, 111), 7.94 (bs,
-1H), 7.51 (d, 111), 7.33 (s, 1H), 7.07 (dd, 1H), 6.14
(dd 111) '

Vi ol 23?5‘1@ S 5 BB 4 e Rl L D REb o Bhicacon
&&m@%@m&@m Sl SN PR b
gdff‘%%@“ . 354y °1)1@B“5lg§ By |23 nolh 3 3p% acigegis 1,0, (020

8(t 21) |l e j--NHN/ HC NHNFI Br
m’t 1t4 Adiep shgting gqq‘|3o‘5r B atgﬁ@mytpr)lp qrafure, the reaction mixture is diluted with
fI uor o- 6- (3H i m dazol -4 yt)-1H benzoi m dazol -5 yl J-
W%ea%dlgﬂmctegt‘éﬁhﬁfom B'ﬂ' rganichlagerois dried over MgSO., filtered,
phenyl ) - (4-fl uoro-1-(2-nethanesul fonyl -ethyl)-6-[4-(to
toeeetratdd subdany bjd pushdi by dinsk ok@matogtaphy (8% to 10 % MeOH in
yl J- 1H benzoi m dazol -5 yl)-am ne | Cbb
6H@LBtogve thealeticsdoprpihen 4N ®)% ) MS ARCD- @) 6#z 480, 38D @M+, Br
sul fonyl - et hyl ) - 3H benzoi m dazol e- 5- car bal dehyde 10z
PP Ueoctdd; T NVRTLO0 M5 sROars, 2@8.51@5! 162 garoms) 1H), 7.47

under N2 and t osyl met hyl i socyani de

@“@ ST S WA ﬁg?éi%—“i‘% BB e ke 7

B:) §é’87 ter stirring for 16 h at room

ure i second equival ent of tosyl nethyl
|socyan| de 110 (0.020 g, 0.105 mmol ) is added. After
8 h, the reaction mxture is concentrated under
reduced pressure and usedmﬁ%‘;m t he next reaction:
LC MS ESI (+) rn/z 671, 669 (

Z "N
I
A OH
g ¢
N._.
~N F Br
\=N

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

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

107



pattern) detected. Step B: (4-Bronp-2-chloro
phenyl)-[4-fluoro-6-(3H i m dazol -4
yl ) -1 H benzoi m dazol -5- yl]-am ne 1l0aa
(4- Brono- 2- chl or o- phenyl ) - (4-fl uoro-1-(2-nmethanesul f on
yl -ethyl)-6-[4-(tol uene-
4-sul fonyl) -4, 5-di hydr o- oxazol -5-yl ] -1H benzoi m dazol -
&1’; ' LVAREY ' r
\%Iff%% ??&%%c%@ggu&% M%NE%A’?%Q@%M@ myrad1! &G4 8‘51+, Br pattern)

a 2.0 M sol‘utionin a

RERPEE PERBRNRon VAP OBA G Tl (G0HE L0S abIbPetm. 3, 738

iLre tr rature for days.. The reactign
T 21P e SEH BTGP 6 @it BBi ot 438 Carth: °F NMR
Eoncentrat ed _under reduced pressure. Purification by
oM HzoCDaAD) chteeEbgr aphy, twice, eluted with 10°1
net hyl ene chl ori de: MeOH, foll owed by successive
trituations with nethylene chloride and then diethyl
ether gives 3 ng (7% desirsed duct: LC/ Ms ESI (+)
mz 408, 406 (Mr Br patte?déﬁa“&é%@t ed: 1H NMVR
(400MHz, MeOHd4) 6 8.23 (s, 1H), 7.87 (s, 1H), 7.74
(s, ill), 7.46 (m 1H), 7. 3¢ (d, 1H, 7.05 (m 1H),
6.20 (dd, 1M Exanple 52 0,,--,ONOHC N\ ~N
Cl Br ~=N 6-(4-Brono-2-cf Cl
phenyl am no) - 7- chl or o- 3- nethy: 3kk ber : zoi m dazol e- 5-
carboxylic acid (2-hydro hoam' de (10cc) 111
Step A 3-Chl oro- 2, 4- di, Wrep6>5- I BIbenzoi c acid 2a
3-Chl oro-2, 4-di fl uoro-b&nzpic acid la (3.00 g, 15.6
nmol) is added to a stirred solution of concentrated

. ' L Pry _ )3

g Pelor Ml b okl e R I B dag s amine
slurry is poured onto ice watféy) (100 ).

Step A:  [6-(4-Bromo-2-chloro-phenylamino)-7-fhuoro-3-(2-methanesulfonyl-ethyl)-3H-

benzoimidazol-5-ylj-methanol 10y
6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(2-methanesulfonyi-ethyl)-3H-

benzoimidazole-5-carboxylic acid methyl ester 11cc (0.300 g, 0.594 mmol) is suspended
in a mixture of BtOH (6 ml) and THF (4 ml) under N,. NaBH, (0.112 g, 2.97 mmol}) is
added. After approximately 4 days stirring, reaction mixture is quenched by the addition
of AcOH until the reaction mixture reaches pH 7. The reaction mixture is concentrated to
dryness under reduced pressure and the residue partitioned between ethyl acetate and
water. The layers are separated and the organic layer is washed with water (3x), brine,
and dried (Na;SO,). The organic layer is concentrated under reduced pressure until a
white precipitate forms which is collected by filtration to give 0.225 g (79%) clean

desired product: LC/MS ESI (+) m/z 478, 476 (M+ Br pattern) detected.
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The aqueous m xture is extracted wth diethyl ether
(3x). The organic extracts are dried (Na2SO4) and
concentrated under reduced pressure to give 3.50 g
(95% of clean desired product as a pale yellow

solid. Step B: 4Am no-3-chloro-2

fluoro-5-nitro-benzoic acid 3a Amoni um hydr oxi de
qu ion

: S(ﬁ-%{:’ og? ckl’(sn }zeny mo) 7- uoro-3r-?}ngthanesz?leonyld ethyl)-3H-

chloro uoro- 5-ni tro-benzoic acid 2a (3.5 g,
@”?ﬂ?ﬁ?é’5“ﬁ”' gpdedfc ni) at 0 Cwith stirring.
Upon conpl eti on of the anmoni um hydroxi de addition the
r eact [OdA-Brpseod-ehlpio-phgnyiarinoy 7ribere -8 dApsthanesudlionyetind)-3H-
5 hours the reaction mxture is cooled to O C and
oncienidazal- 21 HaEtharp! d8y €0.050, \P.14d daiol rig dissalved ipH: bTHF:acetone
the reaction mxture is near zero. The solid is
2oml)egided Np yanfliMhOa(0.046 gnd.sdbaled) w ddiedat' Bre @action mixture is
diethyl ether. The solids are transferred to a round
Bptst onrdonafdnRiatdre Fod 14 h,omd itiene G6 °Caod5 Bl QRRtittoadl MnO, (0.046
concent rat ed under reduced pressure to give 2.96 g of

2 o/ld BoDak afdedTHA thé kdabhidd Ritsre RAFE bi $9%U rdrel MEhe reaction
di ethyl ether and water and the organic layer is

il 1(st6Jbe r?Jtéc{‘g Céﬁﬁes‘éoﬁﬁ gl%d Qsl(ii Hﬁ:s&%écf 3t fo: Al fethylene

Na2SO4 centrat reduced

%&gﬁ’g‘{&h 1842% 095‘“9% i eﬁ:{ 1 B 3 ?ﬁﬁ 2 B oo with 10:1
SRS %"18?#%031 i 3%681'1 Mt R A chbshheg rladea;g?cﬁlg% pressure
G 410 MRl Pait btk S i ¢ aci o 3

(3.61 g, 15.4 mmol) in THE (30 nL) and MeOH (10 nl),

TVS di azonmethane (9.23 ni, 2.0 M 112 solution in
hexanes, 18.5 mmol) is added. After conpletion of

Stem €t i(bBromerg-ahéatephew!)-(fuotie-6-arazabInd-dii-hareeitidazal-5-yi)-

rotary evaporation with acetjc acid in the trap. The
erwipoNdr ed oily solid is triturated with diethyl ether

to provide 1.51 g of a yellow solid. The filtrate is

c onc enférBtoaab-2etloto-phamybtrenb Wi-flimroi3e@ ¢ thatehdfonybethyyly-8 H-

an additional 0.69 g of yellow solid. A total of 2.20
engSitigazole-Ppedrbaldetsile €0z 00E e 0.063 nintalpisetg@nddd ia pMeDH (2 ml)
4- Ami r zo- 3-chl or o- 5- ni t r o- 2phenyl am no- bezzzoi c acid

%tmg‘ﬂOﬁS 085 256,105 mmol) is added followed by tosylmethyl isocyanide (O 011l g,
4- Am no- 3-chl oro-2-fl uoro-5-vitro-benzoic acid nethyl

COLLhmfoD), (Bhe2Q@adion $nilthre 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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mol ) is suspended in MOH (9.4 nL) and aniline (3.22
m., 35.4 mmol) is added. The reaction mxture is
heated to reflux with stirring under a nitrogen

at nosphere. After 19 hours, the reaction is conplete.
Distilled water (3.22 nL) is added to the reaction

m xture and refluxing is continued for one hour. The

B e N o

washed with 3: 10 dlstllled wat er/ MeOH (65 nil, total)
YirhH-henarmideeal-MbaAA%he solid is di ssol ved VVI t h CH2012
and concentrated under reduced pressure to gj
g (8{#PBrano- awh@r@eh@rwac{4ﬁ11@m;étoxawoé55-YAﬁH~bf(nzynmﬁ%ml 5-y1)-
320 3 (M1) detected. Step E: 4,5
affizn 0x0- O BEDED phe AQY, 207 (M-bBr patisin) dsterigdndi NMR (400MHz,
ester 6b
MeO¥FAIS 838 (¥, OHY,-$24is! 119), Z-9H(B) LERIT. Sioth €HY, 61,33 @e1H), 7.07 (dd,
nethyl ester 5e (0.50 g, 1.55 mmol) is dissolved into
16f3 pﬁf}1(15 5 nm). Saturated agqueous NH4CI (15
), powder (1.02 g, 15.6 nmmol), and THE (10 nl)

are ﬁjg%i‘no gfc]ﬁ]ﬁ)% gﬁ )#ﬁ%&& %%@-mé&%&ﬁlfoﬁﬁeetﬁﬂﬁgtok%l- -yl-

n1xt reis _ ["'THP and water
D S R gt #%ﬂ@%ﬁl&ﬁéh QAR B Beoted
ke re%g&%»%@%dérée?%%% e atiEelin. Boprtoalidt g 1.

Ste

T IW%(I&LHB)eﬁzl&(@ﬁ dRBol- & 6 Ty BER % PED-e1 &t Dny |
ester 7c 4,5-Di am no-3-chl oro- 2- phenyl am no- benzoi c
acid nethyl ester 6b (0.32 g, 1.09 mol) and

for mam di ne acetate(72 ﬂﬂl’c}gé mol) in EtOH (36 nl)
are heated, with stirring, b C. After 44 hours,
the reaction mxture is cooled to roomtenperature and
diluted with Et OAc and wasqed with water (3x),

sat urated NaHCO3, and The conbi ned organic
extracts are dried (Na and @oncentrated under
reduced pressure to (i 999% clean desired
product as a solid. M z 302.3 (M+l)
detected. Step G 6-(
phenyl am no) - 7- chl or o-
aci d net hyl

(4-Bromo-2-chloro-phenyl)-[4-fluoro-6-(3H-imidazol-4-yl)-1H-benzoimidazol-5-ylf-
amine (10aa)
- Step A: (4-Bromo-2-chloro-phenyl)-{4-fluoro-I-(2-methanesulfonyl-ethyl)-6-{4-(toluene-

F Br
benzoi m dazol e- 5- car boxylic

4-sulfonyl)-4,5-dikydro-oxazol-5-ylJ-1H-benzoimidazol-5-yl}-amine 10bb
6-(4-Bromo-2-chioro-phenylamino)-7-fluoro-3-(2-methanesulfonyl-ethyl)-3H-
benzoimidazole-5-carbaldehyde 10z (0.050 g, 0.107 mmol) is suspended in EtOH (0.5
ml) under N, and tosylmethyl isocyanide (0.020 g, 0.105 mmol) is added followed by
catalytic NaCN (~1 mg). After 2 h, 2 ml THF is added to assist with solubility. After

stlrnng for 16 h at room temperature, a second equivalent of tosylmethyl isocyanide
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ester 8g

7- Chl or o- 6- phenyl am no- 3H benzoi m dazol e- 5- car boxyl i c
acid nethyl ester 7c (0.327 g, 1.08 mol) is

di ssolved into DVF (16 nL) and NBS (0.193 g, 1.08
mmol) is added. After one hour, the reaction m xture
i s quenched by the addition of saturated aqueous

(@l@mﬂ 1&1 ;2 r Ct | %ﬁgm ell%g?fh | t%ﬁ éy«%ﬁ%lgﬁ{%tu%e ﬁr&%gcentrated under
it D BB By

reduced pressure. The recovered solid is triturated
pattern) daterded.-t o gi ve 0.225 g (54% pure desired product.

MS ESI (+) miz 382, 384 (M+, Br pattern) detected.

Step H - 6-(4-Brono-2-chloro

phenyl am no) - 7- chl or o- 3H benzoi m dazol e- 5- car boxyl i c

Seepi Bl: e Bhryrho-@sdhévr o \pRetg)) ¥4 luoro-6-(3H-imidazol-4-yl)-1 H-benzoimidazol-5-
6- (4- Brono- phenyl am no) - 7- chl or o- 3H benzoi m dazol e-5-c¢
yiLdamelinga acid methyl ester 8g (0.225 g, 0.591 mol)

is dissolved in DM (2 nmL) and NCS (79 ng, 0.591

mol Y4 lorblph8iyl ﬂﬁ&all- _thBth@stlfdd ethyl)-6-{4-(toluene-
concgﬁ%?g?ggﬁE%g 8E'86%hﬁt 0. O 9 nnnlf ﬁgﬂgdgg [+oluene

ARG gﬁw&m%wﬁj ‘fﬁ%@ﬁi@ﬁ]ﬁi&(‘!ﬁ?ﬂ} -Yelels N@bﬁo@(o 072 g,

area to"the reaction mxture ds are
58 PRAEGE A1 4 SN DR o
tllﬁ)e T% A}eg%z 41%%%1% &81(1 M’eateg to B 6“"(5 %ﬁ') stﬂ%}lg %r% h at% BRthered

E_g oyl a%?@lﬁ%ﬁfﬁ&ﬁ dggst eﬂ? (?ne %Jgtlur@ igqrzagéfe frescf to a round'
6-(4-B 2-chl henyl a hI 3H-b imd
bR KB BARp PGB ROTRGE PECHES. | Waawe%ﬁfaél Column

0.34 mmol ), potassium carbonate (0. 141 ,.1.02 nvno
chrranategteanhst hiaes, (gwigé3wih , 161 ome rideiNeQHy efallqﬂﬁed by
di met hyl formam de (3 nL). After 20 hours t he
snecstivoritnitions vath metiylene eblovide And-thenddiethyl stasstgivesvd mig (7%)
wat er (3x), fpotassium carbonate, and brine. The
desigahbrodhety IC/MS 861 ¢t) (a2eM30@aAd+cBn petitmatiddoted 'H NMR
brown oil. The N3 and Ni al kyl ated regi oi soners are
(Be0NIER! PROMLAS)| 2803 (& NFDMRBD ¢S, aphy 7 E(QAT)), ﬂbe(m, IH) 7.32 (4,

recovery of the N3 al kylated regi oi sonmer is 20
1H), 7.05 (m, 1H), 6.20 (dd, 1H).

m

Example 52

HO H O
~"o e

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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(289% . Ms ESI (+) mz 428, 430 (M+, Br pattern)
detected. Step J. 6-(4-Bronp-2-chloro

phenyl am no) - 7- chl or o- 3-i net hyl - 3H benzoi m dazol e- 5-
carboxylic acid IO f

6- (4- Brono- 2- chl or o- phenyl am no) - 7- chl or o- 3- net hyl - 3H
benzoi m dazol e 5- carboxylic acid nethyl ester 10ee

P4 B oRe S SuBb-BRb B 0 s w0l Ut on,
eact ot ﬂ?%gew‘%fﬁf 5%51?& i B Bl PR 1'% sticed
Shufacataatanlnied e G eng e fiefid S omt, 303 o

115 concentrated to give quantltatlve 3” e|d of desire
Alerdt beurs & pgechpitaiefosgs. dhe wélowrr( 455 P onfq Ace water ( 160 mL).
M+, Br pattern) detected. Step (4 Br ono- 2- chl oro
ﬁmm@m piFpurg igatgeisd vifndethyl etlsfrnr(%@n ZBierArgie pelrats are dried
carboxylic acid (2-vinyloxy-ethoxy)-am de | Qgg
@Vap 20 BrandooiRentritod vuds esdpcethprass)rertogiveod. 50 B{PEohyf cldd- desired
benzoi m dazol e-5 carboxylic acid 10ff (32 ng, 0.077
prodhck as 412 yeliow balddy - et hyl ) - hydr oxyl am ne (0. 010 i,
0.092 nmol ), HOBt (13 ng, 0.093 mol ), triethylam ne
(0.011 m., 0.077 mm 1), and EDCl (19 ng, 0.10 mmol)
are dissolved into dinethylformamde (1.0 nL) and

Stbp BYRHintif-31chlordIRIor& S0t 6-DBRBIcHIDFPher e at room
tenperature for 24 hours. The reaction mxture is

di | ut @ttt B dede m&@&{#@/ﬁs@ 884,65 viaX) 58, 3 B0l) is added to a

pot assium carbonate saturated amoni um

J.B?l' |38, hE’er 136 dﬁ‘l’hbl%ds-%zl?%%&% 688 ‘éa‘i?.@%?kﬁ%ﬁgl) in water (16

dlced pressure to

& ?aé wifP el e Dnog} @ﬁn&ﬁﬁm&l ﬂtﬁo?%mom | £ Buditon the
Igg&gﬁ %01&76&(@0"&0}_&?}8 E—‘g oreg.c-rtlo-n mixture is

01&%% stjl a,%gla%)lalg@%(ﬁfgfeé gg‘f %ggg%fﬂ @gﬁ%ﬁ Hﬁnlst%le li)t}ll of ‘the reaction

4- br ono- 2- chl or o- phenyl am no) - 7- chl or o- 3- net hyl - 3H
BiiheRZA5Te - e épgé)gg, cpliectedi by filgpgjon and washed with water and

élz Vi n | oxy- et hoxy)-amde (39 ng, 0.078 mmol)
ethyl et er 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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in MOH (1 nL). After one hour, the reaction m xture
is neutralized to pH 7 and concentrated under reduced
pressure. The solids are dissolved in Et OAc, washed
with brine, dried (Na2SO4), and concentrated under
reduced pressure. Flash chromatography (20:1

CH2C12/ MeCH) provides 9 ng (23% of pure product: M

A&%,% mz 473, %%%1 }%Q@(eg"’ {\Eer Q%@tl&{ 0 %\gl%t('@%ni e reaction

% H)I dd 1H),, 6.21 .

630{1?ﬁ Qtpg v1a3ro 7y ?YﬁPOFZ’F\Pn W@)bé’ﬁiﬂ"é‘" t}:up tr@ ',I'I,lc:,ecovercd
ONO HC NL HNC | Br \= N6§4 Bronzo-2-chloro )
gHE ﬁylp%mtﬂwat%ﬂlf&yi pihetparevids bak Beky yellovaeqlig. The filtrate is
(2-1zydroxy- etlzoxy)-am de (101th) The above conpound
cenqsnepad eud triuraied avith digbylsetherstigon an eddisiomsd 0H95Pof yellow solid.
except that Step | is elimnated. M5 APCI (-) niz

45tptal 662.20 (5 7°BF ofyatre desivgd geidecitietkcovertdNVR - (400 MHz,

Cb3oD) 8 8.40 (s, 111), 7.85 (s, 1H), 7.50 (d, 111),

7.14 (dd, 111), 6.21 (d, 111), 3.84 (m 2H), 3.61 (m

2H). Exanple 54 (OH ONOHOC 4F& ~--N

Pbor o omer hy T S benzor oan dags) o EoEaTboug e ends

(2- hy 4L Oxioe-006%)2- A9 4itBbehzoic 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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Step A: 4,5-D am no-3 fluoro-2phenyl am no- benzoic acid

nmet hyl ester 6¢

4- Ami no- 3-f | uor o- 5- ni t ro- 2- phenyl ani no- benzoi ¢ aci d

nmet hyl ester 26a (11.44 g, 37.48 mmol) is suspended

in ethanol (400 nL) and amonium formate (11.80 g,

187.0 117 nmol) and 20 % Pd(OH) 2/ C (10.00 g, 18.79

nmol ) are added. The reaction mxture is stirred at

95 C under N2 for 30 minutes. The reaction mxture is
cooled to room tenperature and then filtered through

cel i t%er & n&iGhlpraitenhenximaingr 3 H-pworiidegola-goprdoxylic acid methyl
concentrated under reduced pressure to give 9.63g (93
éer @€ the pure desired product as a purple/red solid.

M5 ESI (+) mz 276 (M+l) detected. Step B

7- Fl dgi-Distainetiohlor6-2-phenylamino-benzoic acid methyl ester 6b (0.32 g, 1.09
phenyl ani no- 3H benzoi nsi dazol e- 5- car boxyl i ¢ aci d

bl ehd f@sietididd acetate (72 mg, 1.64 mmol) in EtOH (36 mL) are heated, with
4, 5- Di am no- 3-f | uor o- 2- phenyl anvno- benzoi ¢ aci d net hyl
s8R 180 - RBei4 Kbufs? theFBAckbn nSx@HSR 06 td Dokl tBAP&hture and
(3 nﬁ) and 5 M aqueous HJ (1 nmL., 5.00 mmol) is

B0 HRORE A HNEY Wit Fatks gé@é),o UGbtell NAREO Ll MBE, The
N2 and then 2, 4-pentanedione (0.150 nl, 1.45 nmol) is
cggx%ﬁ%d og%gﬁcr 5@%&5 o L elé gﬁﬁ%difaﬁdoﬁﬁ&%aéh g%&%rggélg%cﬁ)ressure io

m nu € rea ure Is coo

AP 5 B G, P, S5 2005 e

J%EFP concentrated under reduced pressure to dryness.
&%flesidue is diluted with ethyl acetate and water,

poured into a separatory funnel and the |ayers

separated. The ethyl acetate |layer is washed with

brine, dried (Na2SQ4) and concentrated under reduced
SpareGs (- Bramephawlagdrd) o -efdenodifé bprgoimidazolg-sre@donilicrpcid methyl
diethyl ether to yield a |light brown solid and a red

effer Bgate. The solid is collected and washed w th

diethyl ether to yield 0.20 g (91 %9 of the pure

desi r7e@hiproe@ipbtnylasne 3HitghtoitmidaznlesSotarhxys afel nfethyl ester 7c
mz 300 (M+l) detected. Step C. 6-(4-Brono-2-chloro

(PBeny ok mahelf if diswived AnteeD P (8 thieard AVRS @198 g- KO8 mmol) is
carboxylic acid (2-hydroxy-ethoxy)-amde | QU

add&d. UQHRT 2ndBbhy lthérdakbiny maiiieds ok BB dlythel addtigr Bf edurated
rboxylic acid nethyl ester 3la is converted by the

Q0 NSy, Thé QdchiM bitkturd ¥R YartiSion&POBEMvESHIEIGAKITHE 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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118 hydrol ysis procedures already described to yield
the pure desired product as an off-white solid. M
ESI (+) in/z 457, 459 (M+, Br pattern) detected; 'H
NVR (400 MHz, CD30OD) 8 7.58 (s, 1H), 7.49 (d, 1H),

7.18 (dd, 111), 6.41 (m 111), 3.91 (t, 2H), 3.65 (t,
2H), 2.61 (s, 3 19F NWR (376 MHz, CD30D) -135.84

H) ;
), S R DSt sy s s

1 S} - 5-Garhoxyl.i c.acid, .
Sl 880 B Oy S S R o BME ) and NCS (79 mg, 0591
7- Fl 4or 0: 6= (4-4 odo-~2-1met.hyl phenyl am no) -1 H benzoi m daz
Sl R Aer B YT oo iz i D05 . .65 mumory
7-F rqQ-.6- 0-tol yl gm no- 1H benzoi m dazol e- 5- car boxylic
S e gt 2 Bl sodim plgashonags, wateo NGNS Or srogddpiindisckeaction
in 1.1 THF; MeOH m xture (44‘%2l and cooled to -78 C
{RieIFe. aSelidsr a5 dilfered rapd preshes, with swetantandethef t\giSe (0114665 (57%) of
g, 7.39 rrrmlczlt’1 in THE (2 mM) is added followed by a
vkeeridgsregipyodsio astai tamsadid. TEDARPD (-] /841494 1O0NB4 B BERI) detected.
After 30 mnutes, the reaction mxture is warned to O
Cand 1 m nethylene chloride is added. The reaction
is slowy allowed to warmto roomtenperature with
Stepr 1 I:ng 6q¥Brokb-20EH619-phed)I8minBRIChRRo-Bs¥diMI H-Benzoimi -5-
guenched by the addition c# 100/}oil\la28204’soﬁld{1tif%n?mqllﬁ%damk”s

cedeiplRMcid itk 30denen diluted with water and et hyl
acetate and the |ayers separated. The aqueous | ayer

. X S 05 T SRR Bk

extracts are dried

SR QR 115, DS URE AT bbb LAY £9.02
RS LG el 5%63( flfx.)b, [FOE m41%gl) (a%H- gi?sso %del%t gigl;ethylformamide (3 mL).
After 20 hours, the reaction mixture is diluted with EtOAc and washed with water (3x),
potassium carbonate, and brine. The organic layer is dried (N1,80,) and concentrated to
a brown oil. The N3 and N1 alkylated regioisomers are separated by flash
chromatography (EtOAc). The recovery of the N3 alkylated regioisomer is 20.4 mg

(28%). MS ESI (+) m/z 428, 430 (M+, Br pattern) detected.

Step J: 6-(4-Bromo-2-chloro-phenylamino)-7-chloro-3-methyl-3H-benzoimidazole-5-
carboxylic acid 10ff
‘6-(4—Bromo-z-chloro-phenylamino)-7—ch10ro-3-methyl—SH—benzohnidazoIe—S-
carboxylic acid methyl ester 10ee (21 mg, 0.048 mmol) is dissolved into 2:1 THF/water
(1.2 mL) and NaOH (0.190 mL, 1.0 M aqueous solution, 0.190 mmol) is added. After
stirring for 4 hours the reaction is diluted with water and acidified to PH 2 by addition of

1.OMHCIL The mixture is then extracted with 3:1 BtOAc/THF (3x), dried (Na,S04) and
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M5 ESI (-) mz 424 (M1) detected. Step B

7- Fl uor o- 6- (4-1i odo- 2- net hyl

phenyl am no) - (2-tri met hyl si | anyl - et hoxymet hyl ) -

benzoi m dazol e-5-car boxylic acid nmethyl ester 10kk

7- Fl uor 0- 6- (4-i odo- 2- net hyl - phenyl am no) - 1H benzoi m da
zol e-5-carboxylic acid nethyl ester 10jj (0.200 g,

QofkRr R ltaoglgé SRR SAb1A Br Mied frolbl RARLRHE s Apcr

cooled to In an i

%/é@ﬁ[% m gl?loft)ijfﬁteemSea%ﬁeg'n 0.470 mmol) 1s added.

m xture is warned to room

tenperature and stirred for 30 mn. After cooling to
0 C SEI\/CI (0.087 mM, 0.494 mmol ) is added and the
react warmto roomtenperature w
St rhng O e S a0y 9 L ST B e ML s

the addition of water and brine. The reaction
ﬁ?’%’ﬁﬁlﬂ@qc@ @ximkeyedhowh-emided0te acet ate. The conbi ned
organi c extracts are washed with water and brine, and
dr i ed S{#FEOmp-2aaidoro-phemdarting)-éehiontdmetled3benzoimidazole-5-
pressure. Purification by flash colum chromatography
edrboxediovicich 10ff (3 enga 07 aningl), Bc@tviidoxi-otk)-Bydi8Ryl@mine (0.010
(709%9 of desired product as a 1:1 mxture of Ni and
N3, IOS(MBﬁmoB,SH@B\MQIEI gl 0A0B nPh6EIY, thtethylamine (0.011 mL, 0.077 mmol),
6- (4- Cyano- 2- nmet hyl phenyl am no - 7-
butD BDT2€19) anBuby:hﬁlbi)aﬁ}éldx@bh%Mﬁz%t Mledhytformamide {19 L) and
benzoi m dazol e-5-carboxylic acid nethyl éster 101

| I
glflcﬁv%édf ’foﬁ%}%ﬂ%déf( EQP%' enaatllaogpﬂ&é(ﬁpfo%n?terﬂﬂeral}ﬁ'e BP %% Mours. The

B A5 e, AT RO i
éa%l(:jcge}{rél x), sa %gc[m}%g% 6,}1.[1112 fhlryndeD'(\)g: dﬁ%gﬁ%?azgmergﬂégg%;ntrated
AP B S0 TR 0L i By 85 5, o

actio ure is heated to 120 C for 45 mn. The
{“Za?{fipaﬁefmﬂif{tﬁﬁeé‘ is cooled to roomtenperature and
120 quenched by the addition of 5 m of a 4:1:5
m xture of sat NHACI :conc NHAOH water. The aqueous
| ayer is extracted with ethyl acetate. The conbi ned
HeRadic ed-Pewnas2-ahioro-phabilenivgt hekieroed-medyl 3 Hibeiménidazole-5-
and dried (MySO4) and concentrated under reduced '
wrbewlic acid Brivdroxaethaw)-oyidd Higb col uim chr omat ogr aphy
eluted with 1:1 hexanes: et hyl

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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acetate gives 38 ng (77% of desired product as a 1:1
m xture of Ni and N3 isoners: APCI Ms (+) mlz 455
(Mtl) detected. Step D. 6-(4-Cyano-2-net hyl

phenyl am no) -7

7uoro-(2-trimethylsilanyl-ethoxynethyl) -

benzoi m dazol e-5-carboxylic acid 10mm A 1:1 m xture of

N1: i somers of
O B0 sireied 11 BAGHORHa) OO A& (5 1H), 8.08 5, 1H), 7.57
&é trimethyl silanyl -et hoxynet hyl ) - benzoi m dazol e- 5-car

*),i 76l %@ﬂdlﬂb6WI(dd@e3 9104, BH) 836 (myZHD 36068maH).) is
hydrol yzed wit h agueous sodi um hydroxi de as descri bed
previously to give 26 ng (87% of desired product.
Step E: 6-(4-Cyano-2-neth henyl am no) -7
fIuoro-(2-trinethylsiIanyﬁgﬂgﬁﬁﬁ%%zethyl)-
benzoi m dazol e- 5- carboxylic acid
cycl opropyl met hyoxy- am de IIzz A 1:1 mxture of NI1:N3

i soners of 6-(4- cyano\%-(na LLophenyl anmi no) - 7- f | uor o-
(2-trimethylsilanyl oxymet
0

yly- b&hzoi ni dazol e- 5- car
boxylic acid 10mm (26 ny, ot is coupled with
EDCI and cycl opropyl net hyl

i ne

hydrochl ori de as descri bef” p give 28 ng

(93% of desired product: XPK (+) mz 510 (Mm1)
detected. Step F. 6-(4-Cyano-2-nethyl phenyl am no)-7

f6d B rond-R-chlvropheryinmwhn e)-3Hdwmn yduidazele-Sewirboxylic acid (2-hydroxy-
cycl opropyl rnet hyoxy-amde |lyy 121 To a slurry of a

1:1 m xture of N1: N3 i esoey)susidé dtodpphno- 2- net hyl -

phenyl am no) - 7-fl uoro-(2-trimethyl sil anyl - et hoxymet hyl

) - berZigd atiotrazom@owrdcia phepuyddi it ana@hdgous fashion to Example 52 except
cycl opropyl net hyoxy-am de I1zz (28 ng, 0.055 mol)

Basteh 1H Dihinstedd MSMQC@E Y Wz 49P4bCIM- Tﬁkepdﬁeﬁ@%@aed ‘H NMR

m xture is heated to 50 Cwith stirring overmght

@hbivie ftﬁfoD)&H .40 %%83% (5. §8$d, 3&?,'{'? 14 @1, 15, 621 (4, 18D,

addi ti onal i's ‘added er act

%J’(tﬁ{rgﬁ)ﬁg 6ir ed%%S 70 C overnight. The reaction
t t.

o roomtenperature and neutralized
fo pH-8 with 1.5 mM IN NaOH The reaction mxture is
extracted wth ethyl acetate, dried (MJSO4) and
concentrated under reducegxpm@fsiqy e to give 14 ny
(60% of 90% pure product as a m xture of rotatoners:
M5 APClI (+) ink 380 (M1)

HN F Br

6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-2-methyl-3H-benzoimidazole-5-carboxylic
acid (2-hydroxy-ethoxy)-amide (10ii)
Step A: 4,5-Diamino-3-fluoro-2-phenylamino-benzoic acid methyl ester 6¢

4-Amino-3-fluoro-5-nitro-2-phenylamino-benzoic acid methyl ester 26a (11.44 g,

37.48 mmol) is suspended in ethanol (400 mL) and ammonium formate (11.80 g, 187.0
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detected; Ms APCI (-) mz 378 (M 1) detected; 1H NWR
(400MHz, MeOHd4) 8 8.41 (bs, 111), 7.75 (m 1H),
7.50 (s, 1H), 7.38 (d, 111), 6.51 (m 1H), 3.72 (d,
0.5 , 3.65 (d,

1. 5H)H? 2.41(s,3H),0.98(111, m, O 58(d, 1. 5H), 0. 40(d, 0. 5H)
,0.25(d,1.5H),0.19 (d, 0.5 H. Exanple 56 HNOH N

El?fg‘ ﬁlyl\ag%ﬁrq (:/)§ é ﬁizm gﬁ%eﬁ’gm nz&%doz)o Sagd%da 'B]i'ﬁ(ﬁﬁa?t@?n mixture is
{ .
%5‘%’% o((p forZ ﬁgﬁggh#@aﬁe&ﬂm%emw| is cooled to room

hen | am no 3H— ben20| m dazol e- 5- carboxylic acid '
({-‘?}EP RGP Pt bsro fltered Bhaoushppdiite, rmsmg with ethanol. The filtrate is
7- Fl uor 0- 6- (4-i odo- 2- net hyl - phenyl am no) - 3H benzoi m da
fenl@ngate«é yadueechprpesuyio|giyer o8 (ﬂammfyheapmel dedided @foduct as a
(0.025 g, 0.052 mmol) is dissolved in 1:1

aw@tlezﬂwdtsnhd MSES (R haB76€MIQ) Gldeotdd).

Et hynyl -tri nethyl silane (0.013 ni, 0.092 nmmol), 122

Pd( PPh3) 2C12 (0.004 g, 0.006 rmpl), and Cul (0.002 g,

0.011 mml ) are added consecutively and the reaction
BieptBur BFlor&RinkdRl-Bphefl abeidoOdH-b B i AL N aJ % acid methyl
reaction mxture is cooled to roomtenperature

gpacEmt rated under reduced pressure. The residue is
purified by FCC (eluting with 20:1 nethyl ene

chlorj g—@)x% ﬁh%rt tf?plﬁn? {afhin®p388ic%he El(gghyi) ];stctsrhgc (0.20 g, 0.73

desired p

i?ilu&og)r %ﬁ%@ n‘gg}z rgﬁ%é%\zo hmgi/ %&Bgﬁyﬂu@c’u""a@p& (1 mL., 5.00 mmol) is

g&ﬁ%l 0 plrh%pr\éacrﬁE H?J%g rllg‘; grougﬁtat%%eﬂux under N; and then 2,4-pentanedione

(0.150 mL, 1.45 mmol) is added. The reaction mixture is stirred at reflux for 60 minutes.

The reaction mixture is cooled to room temperature and treated with saturated aqueous
NaHCO; until the pH of the reaction mixture is pH 7 and is then concentrated under
reduced pressure to dryness. The residue is diluted with ethyl acetate and water, poured
into a separatory funnel and the layers separated. The ethyl acetate layer is washed with
brine, dried (N2;S0,) and concentrated under reduced pressure. The red solid residue is
triturated with diethyl ether to yield a light brown solid and a red filtrate. The solid is
collected and washed with diethyl ether to yield 0.20 g (91 %) of the pure desired product

as a light brown solid. MS ESI (+) 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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7- Fl uoro-6-(2-met hyl -4-trinethylsilanyl ethynyl -phenyl a
m no) - 3H benzoi m dazol e-5-carboxylic acid

cycl opropyl nmet hoxy-am de 11bbb (0.020 g, 0.044 muol)
is dissolved in tetrahydrofuran (0.50 nL) and the
reaction solution is cooled to 0O C. TBAF (50 uL

0.050 mml, 1 Msolution in tetrahydrofuran) i s added.

Bl e’ Hibedh Rt TR R B rRa il b ot white
tdid PR b b @sn%%%nmlﬂﬁetkéé‘ -%ﬁﬁm&@bﬁﬁﬂ' tps0D)

mxture i s cooled to roomtenperature, a few drops of

PO Satse 1HL Jertod da B, (7hen(dis IH)s 63 r{mer.at- 84 (tuidhB.65 (t, 2H), 2.61
reduced pressure. The residue is purified by FCC

(seBLY; ?@M(ﬁﬁ@ﬂz,r@lﬁj@@)eﬂéﬁsm(s)ri de: net hanol) to

yield 0.011 g (65% of the pure desired product. M

APCl (-) mz 377 (M1) detected; 'H NVR (400 MHz,

CDC13) 8 10.56 (broads, 1H), 8.12 (s, 1H), 7.99 (s,

111), 7.28 (s, 1H), 7.11 EXamplgS56 42 (broad, 111),

3.70 (br s, 2H), 2.96 (d, 111), 2.37 (s, 3H), 0.85 (m
1H, 0.50 (m 21-1), 0.22 (m 2H). The invention and

t he manner and process_.of t@ng and using it, are now
described in such f . @l e i se and exact terms

he art to which

it pertains, to nmake and u It is to be
understood that the 12385\ or€gu ng~desgri bes preferred
enbodi ments of the present=nnvention antl t hat

nodi ficati ons may be made therein wthout departing

f reofd-Cyvaroz pimethyl-phergbopia o7 -flineo-3 B leneditnidazelest-iaeboxilic acid
set forth in the clainms. To particularly point out and

distinctly clai m dblepeiphineahyoipahtide (1eggr ded as
invention, the follow ng clains conclude this

Stgg dli VL}UﬁbﬂoQﬂM-zoIM A p‘h&Mbﬁﬂﬂb@zzolnud@zole-.’i—carbmylzc acid
benzoi m dazol e conmpound of the formula A O RO

m¥thesteR IR ~-- N

7-Fluoro-6-o-tolylamino-1H-benzoimidazole-5-carboxylic acid methyl ester 7a

(1.47 g, 4.92 mmol) is suspended in 1:1 THF:MeOH mixture (44 ml) and cooled to —78

°C under a nitrogen atmosphere. A solution of NIS (1.66 g, 7.39 mmol) in THF (2ml) is

added followed by a MeOH (2 ml) solution of TsOH-H,0 (1.87 g, 9.84 mmol). After 30

minutes, the reaction mixture is warmed to 0 °C and 1 ml methylene chloride is added.

| The reaction is slowly allowed to warm to room temperature with stirring over 16 hours.
The reaction mixture is quenched by the addition of 10% Na,S,0; solution. The reaction

mixture is then diluted with water and ethyl acetate and the layers separated. The

aqueous layer is extracted with ethyl acetate. The combined organic exiracts are dried

(NazSO4) and concentrated under reduced pressure. The recovered solid is triturated with
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and pharmaceutically accepted salts and sol vates
thereof, wherein: R, R2, and RO are independently

sel ected from hydrogen, hal ogen, cyano, nitro,
trifluoronethyl, difluoromethoxy, trifluoronethoxy,
azido, -OR3, -C(OR3, -C(OOR3, NR4AC(O OR6, -0OC(O R3,
-NR SO2R6, -SO2NR3R4, -NRAC(O R3, -C(O NR3R4,

al Kyl tg@'gﬁcf és §|(ng&%§%%@r%‘?‘}?y 5\35%@% 426 Qs+1) deteoted;
NI He o B el 02 2l (9 (0108

het eroaryl, heteroarylal kyl, heterocyclyl,
heterocyclylalkyl - C(CRARS)naryI - NR4( CR4R5) , n

CRARS) m het er oar - NR4(CRAR5) m het eroaryl,
%{:’%’cﬁi Rg?rﬁ F@Peﬁ*@’c‘?é’@*}fﬂlﬁzﬂ PREA RS rtrintedyésilony e thpkymethyl)-
where each al kyl, alkenyl, alkynyl, cycloal kyl, aryl,
berasirwidesale-dredrhvayiér avidmobspyl aser 10K i s opti onal |y
substituted with one to five groups independently
Jelllearodu(4odon2enethyhaleng eminopt Hrieenzdiinida@ole-5-carboxylic acid methyl
trifluoronmethyl, difluoromethoxy, trifluoronethoxy,
agedljj E(]\R@%IBRS 0 mEsIR NRREMNndedGh DNRB (2 m g(@d%?z and cooled to 0 °C

- OC( O R3, NMQ@@G-NMQ@% -C(O

iNRB 134 wat WA QIR dispHReEGHNETY) W |
het er oaryl , arylgilﬁzgyl heteroaryla kyl %eterog %ldqed After

20 ehiheh@FeasNE Mk ¥ wan%%d ltéfo%ﬁ{ @ﬁ@%}%&ﬂ s@é%& F#30min. Atter

trifluoronethyl, or -

g%l ogl0 ?yﬂl kyi C@r(’?? 9113?3 P‘? ﬁkﬂlﬁi ishaﬁer algar {hp reaction is allowed to
| al
wher E&@%M%yﬁmg %‘fl@é g‘i%%‘i}ne Lﬁsﬁ S fmyfaf gpenched by
I { t I
B BB KL A il %‘: A IV i oo da b Adctage. The
sel.ect ed fron1 X0, hal ogen, ano, nitro,
‘E"Hﬂ?’i“fig PERABERGIHEC 4 UG g‘%fﬁe‘f*ﬁ%wtert F1f rinss @pd driek MgSO,) and
aZI dqgr(a@d@io AN or reduc-ec? %:yslsqurg Pun%(:?tloRn bycgaos)hqc?olumlgxi(hgnitography

eluted with 1:1 hexanes:ethyl acetate gives 0.182 g (70%) of desired product as a 1:1

mixture of N1 and N3 isomers as a white foam.

Step C: 6~(4—Cyano-2—methyl—phenylamino)-7—ﬂuoro-(2-lrimethylsilanyl—ethoxymez‘hyl)-
benzoimidazole-5-carboxylic acid methyl ester 100

To a stirred solution of a 1:1 mixture of N1:N3 isomers of 7-fluoro-6-(4-iodo-2-
methyl—phenylamjno)-(Z-uimethylsilanyl-ethoxymethyl)-benzoimidazole-s-carboxylic
acid methyl ester 10§ (0.060 g, 0.108 mmol) in 1 ml DMF at room temperature under N,
is added dppf (2 mg, 0.004 mmol) followed by Pd,dba, (2 mg, 0.002 mmol) and Zn{CN),
(8 mg, 0.065 mmol) (Tetrahedron Lett. 1999, 40, 8193-8195). The reaction mixture is

heated to 120 °C for 45 min. The reaction mixture is cooled to room temperature and
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NRC(OR', -C(ONRR', -SR'", -S(OR'", -SX2R, -NRR
-NRC(O NR'R NRC(NCN)NR'R -OR, aryl, heteroaryl,
aryl al kyl, heteroaryl al kyl, heterocyclyl, and
heterocyclylalkyl; R, R and R'' independently are
sel ected from hydrogen, |ower alkyl, |ower alkenyl,
aryl and arylalkyl; R'" is selected from|ower alkyl,

I I l
GRS SRY ot be 4 %é?hﬁ'é%mvﬁ*eﬁﬁﬁ;ﬁ%wﬁ st
i ch they t to 10 ered
Vﬁmqews Iéyefﬁgteéﬁ%ci?@w% A TRy THeCoomhiRG ORATR asfracts are
Eh i S Q@t|02%9|¥ Substjtuted with one to three
Shpt withnyalse Fipe.s#de died) (Mg8Qwhand gersenisgiad onder reduced
nltro trifluoronmethyl, difluoronethoxy,
PFSSETIGo rRsvEicAdn by Slasld eolumnydhromaogrplar glutedawith db k jitxanes:ethyl
het eroaryl al kyl , heterocyclyl, and heterocyclylal kyl;
RectalgEires 38ang Iﬁ'@%hkﬁﬂ%ﬁm@ @tdﬁact asi 4 I Htictat ofN0amhiNg Hsomers:
they are attached to forma 4 to 10 nenbered
AHAdY Him/z 436 (eidpdatectat. het erocyclic ring, each of
which is optionally substituted with one to three

groups independently selected from hal ogen, cyano,
nitro, trifluoronethyl, difluoronethoxy,

mg{ fO)DUO% my B Ynmetk}ﬁgﬂ Ce)la%gﬁ W%‘Igethylk%% %&o.ﬂzmethyl)"
beﬂz%%ﬁhzolé-ﬂ@m@o xylic a‘éﬁﬁ; NRR- NR C(NCN) NRR -

aryl, heteroaryl, heteroarylalkyl
het er acy.¢ byiknrd I l-glkyl: R4 and R5 :
i ndepend erﬁﬁﬁ'}( yor g{j)lﬁgg%ﬁ &ﬁ&g r&gg e4k%'an°§ n@yipﬁwyla%powﬂuom-
1 s t ether atam t o, whi ch
Qey ar’g %P?l: Eg %% thy%g? &ZBE“SII?I“ &rasf methyl ester 100
rbocy or. hetero clic. ring, each of
(i BRE 00 mpiih dﬁ%ﬁgﬂ. il csave g (o ecdsoas desoribed
lnde nden I s ected from hal ogen, cyano,
EIWPS‘?IYF‘IW BF&F%?‘IYQP degired profivsitet hoxy,
trifluoronethoxy, azido, -NR S2R S2NRR', -C(OR,
-C(OOR, -OC(OR, - NRC(OOR, -NRC(OR, -CCONRR
-S2R, -NR R
Step E: 6—(4—Cyano-2 methyl -phenylamino)-7-fluoro-(2-trimethylsilanyl-ethoxymethyl)-
benzoimidazole-5-carboxylic acid cyclopropylmethyoxy-amide 117z
A 1:1 mixture of N1:N3 isomers of 6-(4-cyano-2-methyl—phenylamino)-7-ﬂuoro-
(2-trimethylsilanyl-ethoxymethyl)-benzoimidazole-S—carboxylic acid 10mm (26 mg,
0.059 mmol) is coupled with EDCI and cyclopropyl methyl hydroxylamine
hydrochloride as described previously to give 28 mg (93%) of desired product: APCI MS

(+) m/z 510 (M+1) detected.

Step F: 6—(4—Cyano—.?—methylpkenylamz'no)—7—ﬂuoro-3H—benzoimidazole—5—carboxylic

acid cyclopropylmethyoxy-amide 11yy
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-NR C(ONRR -NRC(NCNNR'R -OR', aryl, heteroaryl,
aryl al kyl, heteroaryl al kyl, heterocyclyl, and

het erocycl yl al kyl ; 126 R6 is selected from
trifluoronmethyl, or Cl1-Cl0 al kyl, C3-Cl0 cycl oal kyl,
aryl, arylal kyl, heteroaryl, heteroarylal kyl,

het erocycl yl , heterocyclylalkyl where each al kyl,

cycl oafdkyd , sty of ahqtlerlgl@[ %@dle\ﬁfqgfrlgsﬁ&lsy% @ &%ﬁ 28 methyl-

IS optlonally substit'ute

ﬁm tr ogrﬂgl%? R {)ze&i%lﬁ gtilﬁgl%fl]’ aI WhhenzGitnidazole-5 5-carboxylic

uor

[ome Zl. 802 - SO2 R,

@(déy Pgﬁ%@%}é’c Eﬂ%\%( {57@25% mgz c%R @&@ﬁp@ added 0.5

N?jt(ﬁf} gﬁg‘Rl%h ONR'R', - R' R-OR ary
D 8F%?P D XEuTR d§ ’é‘?aéﬁélrtyﬁg ith Sth‘@ﬂ&ﬁméhwwhlﬁen et
d hteroc R7 is sel ected from Cl-C10

&?k%) 1880, Jol kgﬁ%ﬁ) Agadditignad 108w [ 0% EBCIAS 8dded and the reaction
cycloal kyl , C3-C10 cycloal kylal kyl, aryl, arylalkyl,
ﬁgg@r%gp;qd at Ot 6r warnjgtdl Kihe redvéipn mx’gucd yslc,ooled to room temperature
het er ocycl yl al kyl , where each al kyl, al kenyl, al kynyl,
o9& hostraliged toopty H3 ‘withet. £ nd i NaO ﬂmlem@ﬁeﬁlxhu@mgxhgaed with
is optionally substituted wwth one to five groups
pihote pestaienddied Q@50 edd fdoasen@iRd WiAkogRRcedCHaiare to give 14 mg
nitro, trifluoromethyl, difluoronethoxy,

GGt 0@9@2&!@1}1@ dpmlxdﬂla |W
O T o G e R oS omers NS RICE () e 350 (v

LR D S Yt om0
L L M EH TR

1% ﬁ%f (el o8 G mh 5.k 1o Whoi 6l 5 FhnaenéL.s 1, 0.19
Aoy, - OB, -CO R, -0 OR3,

Example 56

N_o
v o ] H i
N
HN F R
=N =
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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-NR4AC(O) OR6, -0OC(O) R3, -NR4SO2R6, - SO2NR3R4,

-NRAC(O R3, -C(O NR3R4, -NRSC(O) NR3R4, -NR3R4, or
Cl-C10 al kyl, C2-C O al kenyl, C2-do al kynyl, C3-Co
cycl oal kyl, C3-C10 cycloal kylalkyl, -S(Oi (G -C6
alkyl), -S(Oi (CRAR5S) m aryl, aryl, arylalkyl,
heteroaryl, heteroaryl al kyl, heterocyclyl,

g‘ﬁi}% 2%: léé}?%;(, l, OHQ? %‘{%@3 azlm (0. Oé\ﬁ 4g( CEaéﬁs)ni‘unol) are added

NR4( CRAR5) . - het er oar yl (XCR4R5 ).m heterocyclyl or

CORFRPDEYE RS the) seastiore yiktyre isyaviaicd & 0n°Gles, | Hour wadey|Nz.  The

al kynyl , cycl oal kyl, aryl, 127 heteroaryl and

ﬂamt'mn@niybirq is quotedito modns teup:btauna lahg concostrateds tmbbr vadirbed pressure,

one to five groups independently selected from oxo,

Tisl regidne isqyuaified byiRCO (elutingiwikhupd: b pedtliggéne chloride:methanol) to yield

di fl uoronet hoxy, trifluoronethoxy, azido, -NR4SOZRSG,
@,ofﬂ@(c@)sﬁd prof@ic) OR3, -OC(O R3, -NRAC(O) OR6, -

NR4C( o) C(O NR3R4, - NR3R4, - NRSC(O) NR3R4,

- NRSC( NCN) NR3R4, -OR3, aryl, heteroaryl, arylalkyl,

heteroarylalkyl het er ocycl yl, and heterocyclylalkyl;

S}}f % 1, %{‘ﬁf‘éﬁ 26‘)91gtkyﬂ;ék%@&ramoﬁ'?—,@opggﬂ%éggoi%@%g«g%ﬁowﬁc
f%{%cyoﬁ?fsvy@e%' R . 7" Cycr onl Kyl al Kyl C3-C7
het erﬂffﬁgll'ogg- i(-Xnethyli-4-tnmethylsﬂanylethynyl-phenylammo)-3H—

benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide 11bbb (0.020 g, 0.044
mmol) is dissolved in tetrahydrofuran (0.50 mL) and the reaction solution is cooled to 0
°C. TBAF (50 uL, 0.050 mmol, 1 M solution m tetrahydrofuran) is added. The reaction
mixture is warmed to room temperature and additional TBAF (25 uL, 0.025 mmol, 1 M
solution in tetrahydrofuran) is added. The reaction mixture is stirred at 50 °C for 2 hours
under N3. The reaction mixture is cooled to room temperature, a few drops of H,O are
added and then it is concentrated under reduced pressure. The residue is purified by FCC
(eluting with 20:1 methylene chloride:methanol) to yield 0.011 g (65%) of the pure
desired product. MS APCI (-) m/z 377 (M-1) detected; "H NMR (400 MHz, CDCly) §
10.56 (broad s, 1H), 8.12 (s, 1H), 7.99 (s, 1H), 7.28 (s, 1H), 7.11 (4, 1H), 6.42 (broad,

1H), 3.70 (br s, 2H), 2.96 (d, 1H), 2.37 (s, 3H), 0.85 (m, 1E), 0.50 (m, 2H), 0.22 (m, 2H).

The invention and the manner and process of making and using it, are now
described in such full, clear, concise and exact terms as to enable any person skilled in the

art to which it pertains, to make and use the same. It is to be understood that the
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C3- C7 heterocycl oal kyl al kyl, each of which can be
optionally substituted with I - 3 groups

i ndependent|y sel ected from oxo, hal ogen, cyano,
nitro, trifluoromethyl, difluoronethoxy,

trifluoronethoxy, azido -NR4SC2R6, - SO2NR3R4,
-C(OR3, -C(OORS, - 6@% ququ-

N%é%é%\% Rﬁ%%o%%% ar merﬁ%t ‘gifgé ng‘?y A eﬁg}‘?n and that
%g’td?eé“oﬁ%:r%@g Cgp &’8 Sithoit; SpRTiRg B it S B age of the

hal oge and R8 % . F, d or Br. 4, A conpound
%q%at‘i“ﬁ@h%a%ﬁle&f% Bm\ﬁllf'e?lé‘im&- o nagtiquiagymeintut gud distinetly claim
conpound according to claim4 wherein R is nethyl or
ths|sgbigot matippregardad eninyenting, the flawingclpimsciontlusiethis specification.
wherein R8 is chloro or bronb. 7. A conpound
according to claim3 wherein Ais NRAOR3. 8. A
conposition conprising a conpound according to any of
clainms 1-7 and 11-32 and a pharmaceutically
acceptable carrier. 9. Use of a conpound according to
any of clains 1-7 and 11-32 in the nmanufacture of a
medi canment for inhibiting MEK activity in a mammal .
10. Use of a conpound according to any of clains 1-7
and 11-32 in the nmanufacture of a medi canent for
treating a hyperproliferative disorder in a mamal
11. A conpound according to claim2 wherein: R7 is
Cl-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 sel ected
from oxo, . hal ogen, cyano, nitro, trifluoronethyl,
di fl uor onet hoxy, trifluoronethoxy, azido, - NR4ASC2RG,
-SOZNR3R4, -C(OR3, -C(OOR3, -OC(OR3, -SO2R6, -NR
4C(O)OR6, - NRAC(O R3 C(O) NR3R4 NR3R4 NRSC(O) NR3R4
NRSC( NCN) NR3R4 - OR3, aryl,
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heteroaryl, arylal kyl, heteroarylal kyl, heterocyclyl,

and heterocyclylalkyl; RL is |ower al kyl or hal ogen;

R8 is -OCF3, O or Br; and R9 is fluoro or chloro.

12. The compound of claim 11, wherein Ais NRAOR3 and

R4 is H 13. The conpound according to claim 2,

sel ected from
WBAT4SErlodBIBDdRI or 0- phenyl ani no) - 7- f | uor o- 3- net hyl -

benzoi m dazol e- 5-carboxylic acid

(2- hydr oxy- et hoxy)-am de and pharmaceutically

accept ablaehgabing didots @afipoudd of fgogmapound accordi ng

to cIa|n12 selected fron1 129

: %n1no) 7-fl uoro-3-net hyl - 3H

ha'maceutical |y

ound accor di ng

to claim?2, selected
6- (4- Brono- 2-chl oro- p
o- pyran- 2-yl mgizhyl )~ 3P | e-Brcar boxylic
acid (2-hydroxy-ethoxy)/am de aﬁﬂ pharmaceutical ly
acceptable salts th . 16. The conpound accordi ng

r
i‘; Ao P S Skl fhereofy AFBIS ety - 3t
,zananfazml dbp@demdx Wbleted cksin  hydrogen, halogen, cyano, nitro,
hy roxy 1, 1- gfnethyl et hoxy) - am de and

pha eﬁlﬁ@ah flyerosinthpsve & P?@ntqﬁlé}xgofazldfv Gﬁﬁe -C(O)R
COWD@@)@@CW‘@ @gblw ‘é@(pgk RE . 5&@"'7%%1@ 44, ( Cp)R

6- (4-Bromp- 2-chl’ o pheny dor 0-3- tetra

0- f HCEMNR Ry,|-hm569®))N @(NCWRFR SNBaRHoxryl i ¢

ccbitabl L CsCinaitbit CsCimidoeBimband: sttty CrCuo

to clai ”b?aloﬁﬁiri@lk&?,d ISOMCi-Cs  alkyl), -S(OWCR*R )g-aryl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -
O(CR*R)p-aryl, -NRYCR*R)p-aryl, -O(CR*R®),-heteroaryl, -
NR*CR*R®)p-heteroaryl, -O(CR*R*)m-heterocyclyl or -NR*(CR*R®)n-

or o- 3- (tetrahydr

heterocyclyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR4SOZR6,
-SO.NR’RY, -C(O)R?, -C(O)OR’, -OC(OR? -NR'C(O)OR®, -
NR'C(O)R’, -C(O)NR’R?, NRRY, -NR’C(O)NR’R*,
NR’C(NCN)NR’R*, -OR®, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl,;
R? is selected from hydrogen, trifluoromethyl, or

Ci-Cio alkyl, C»-Cjp alkenyl, C;-Cyp alkynyl, Cs-Cjo cycloalkyl, C;-Cjp
cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to

125



6- (4- Brono- 2-fl uor o- phenyl am no) - 7-fl uoro-3 -net hyl -3

H benzoi m dazol e-5-carboxylic acid

(2- hydr oxy- et hoxy) -am de and pharmaceutically

acceptabl e salts thereof. 19. The conpound accordi ng

to claim?2, selected from

6- (2, 4-Di chl or o- phenyl am no) - 7-f | uor o- 3- et hyl - 3H benz

oi ni dazolfize seroepsr ggpdridentic iselegted Hyam oxp, dralngsy,) cyaiod gitro,

and phar utically.acce ble,.salts thereof. .
penzol m ﬁ@%ﬂfémr%%x%ﬁbfﬁ@z%@%@%’%&“‘?I%%ﬂamﬁ% Py, SR PR,
N O H Cl -30,MRIRF, CLC(O)RY amg{OpORI, MacryO)Ra! | WR C(O)OR ™, -
accept abl e ,Zsal ts thereof. ..21. A _benzoi m dazole ©)

conpound et dRed tPENR B .cI-SRow: ABE)Rand -SOR, -NRR,
e TSP B PRl BT o, 2o, g,
0 H G Naryhilkg@| hdderoafyldkyl, ptanvopddyindledidrycyatydaipyiabl e

R’,?ngr’ :ﬁsjfl ;{hgringgpenge%tlyérg gquc?é g%%%}d?og%ﬁ,nﬁ%lép glk?/{ lcEv?eer alkeﬁyl,
aryl and arylaikyl;

R’’’ is selected from lower alkyl, lower alkenyl, aryl and arylalkyl;

Any two of R”, R*’, R’ or R’**’ can be taken together with the atom to which they are
attached to form a 4 to 10 membered carbocyclic, heteroaryl or heterocyclic
ring, each of which is optionally substituted with one to three groups
independently selected from halogen, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

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

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

R* and R® can be taken to gether with the atom to which they are attached to form a 4 to
10 membered carbocyclic, heteroaryl or heterocyclic ring, each of which is
optionally substituted with one to three groups independently selected from
halogen, cyano, nifro, trifluoromethyl, difluoromethoxy, trifluoromethoxy,
azido, -NRSO,R’, -SO,NRR’, -C(OR, -C(O)OR, -OC(OR, -
NRC(O)OR~~, -NRCO)R, -C(ONNRR’, -SO,R~, NRR,

,,,,,,,,,,

heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;
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WRONR RR N\ 2R , / N R7 and

phar maceutically accepted salts and sol vates thereof,
wherein: "-"""" is an optional bond, provided that one
and only one nitrogen of the ring is doubl e- bonded;
R1, R2, RO and R10 are independently selected from
hydro hal ogen, cyano, nitro, trlfluoronethyl

R® i el %@gﬂd ﬁ@fk}promﬁqhvl @br onet hoxy, azi do, -

i NR%@%IM ?Ql% ﬁgﬁ%&ﬁj}%&ﬂ OE%‘%‘%@RJ‘““OW lalkyl,

- INESIC( o) hﬂgﬁéycl?fl;lmlérb@&ﬂéﬁo , Tvilbil@ lBéch Ql[k)@l <@lBalkyl, aryl,
3yc?/oa| k Ptem%@fall@mg rﬂ%@w@al R?ﬂlﬁgp Ry Bptldnstlb)sqles@tute% with one to
al kyl ), | |

het er oar yI§é %etﬁe;ﬁglg%ﬁnﬁfﬂf Selﬁg% % rfgog;/ 2‘fx¥’r EHai@é%n cyano, n1trc3
het er ocytr[ﬂ/dommgthyl dlfh?(ofdﬁdéﬁomtryfﬂuorerhﬁh@@é%)) MNR'SOR ™,

I I 4R h
a&y CR4 R55S(E5ﬁﬁ‘g#e=r oC a}r g‘ %Sﬁ%m ﬁtReéP&di{
het er ocyNIRyd;(o)Wer_Q;( Rl kngZR“ﬂ ke R al KWIo)NR R, -

cycl oal kKI ém eferoaryl and heterocyclyl portion
is opti oh& CEN Mlﬁ u,t@Rwat)H beteroawyl, fiwalkygr detesoarylalkyl,

OO 35 56 Bl ety

R’ azdeti@ted-fNRISO2R, -S2NR R4, -C(OR3, -C(O 0?3

) O%%:?f q{hfl}lgégégmg;ﬁ(em}l N&Argoo)all_\l?yny ,CSIOCIO cycloalkyl Cs-Cqq
cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyelyl,
heterocyclylalkyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR4802R6,
-SO;NR’RY, -C(O)R’, -C(O)OR?, -OC(O)R’, -NR'C(O)OR®, -
NR*C(O)R?, -C(O)NR’RY, -SO,R, -NR’R* -NR’C(O)NR’R?, -
NR’C(NCN)NR’R?, -OR?, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl;

A is selected from OR® or NR*OR?;

R® is selected from hydrogen, -SCFs;, -Cl, -Br, -F, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -OR’, -C(O)R?, -C(O)OR?,
NR'C(O)OR®, -OC(O)R®, -NR*SO,R®, -SO.NR’R*, -NR*C(O)R’
-C(O)NR’R?, -NR’C(O)NR’R?, -NR*R*, or
Ci-Cio alkyl, Co-Cio alkenyl, C,-Cjo alkynyl, Cs;-Cyo cycloalkyl, C3-Cq

cycloalkylalkyl, -S(O);(Ci-Cs alkyl), -S(O)(CR*R’)g-aryl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -
O(CR*™R)p-aryl, -NRYCR'R®),-aryl, -O(CR*R®),-heteroaryl, -
NRHCR*R’)p-heteroaryl, -O(CR*R®)y-heterocyclyl or -NR*(CR*R%)-
heterocyclyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
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- NRSC( NCN) NR3R4, -OR3, aryl, heteroaryl, arylalkyl,
heteroaryl al kyl, heterocyclyl, and heterocyclyl al kyl;

R3 is selected from hydrogen, trifluoronethyl, and

Cl-Co alkyl, C2-CI O al kenyl, C2-C o al kynyl, C3-ClO
cycl oal kyl, C3-C o cycloalkylalkyl aryl, aryl al kyl,
heteroaryl, heteroaryl al k heteroc yclyl,

het er ocyéﬁ‘?ﬁ@rﬂﬂld hﬁﬁ@@cé’é@m@mny optienaldy mybstlt@tle&wnm qne to

cycl oal k n eteroc

is opti o%ﬁgfel%%% bsntdeﬁéntdggﬁ%%? ]ﬁgtgg 6 K% ykgi&@ég B%ano Hitro,
i ndependmdofomeﬂ@lgmcfwmmh@xg,tnnabmox@y @180, -NR'SO,R®,
nitro, trifluoronmeth di f | uor gnmet hox

T T or AT, ool OO -GRINIR'R NRECGRRS, -
SO RGBT IR AR, - MR R o IR B,

-SR', S2R-

- NR|C( |O%< lezz;m@qmml? k(Bliba;rylalhyieroalnfﬂt laf}cbﬂk)élL heteroarylalkyl,

aryl al ky et eroary] al ky rocycly an

het er ocy&f?tﬁ‘foﬁV yh an ete‘ﬁcy‘ﬁﬁ]&ﬁ‘&?" i ndependently are
nr@@l@qggd4%§gnhﬁydrogen | oner al kyl, |ower alkenyl,

aryl’ and arylalkyl; R'" is selected from!ower alkyl,
Jisllower. al kenyl , aryl and arylalkyl or Any two of R,

R', ,R"' R'" be,.t ake r.wth the atomto

whi &h t hgy"og}l’é’“n‘i?f%’&ﬂ&% tf ot ?Pﬁthéefhlst 0 10 member ed

car bocyclic, heterogryl 0 heterocyclic ring, each of

which is optionally subgfituted wiRh one to three

groups 132 independent|y seldected fron1ha|ogen

cyano, nitro, trifluoron N

trifluoronethoxy, az

het eroaryl al kyl, hetg

or R3 and R4 can be/takef . dshe atomto

whi ch t hey ar@'ﬁfﬁ%;ﬁ;- to form a 4 to 10 nenbered

carbocyclic, heter lf or heterocyclic ring, each of

which is optionally substituted with one'to three

groups independently selected from hal ogen, cyano,

T B lor oAsPHBRYd dcbbrding to clatm 3 wherein

R’ is C1-Cyo alkyl, C3-C5 cycloalkyl, C3-C7 cycloalkylalkyl, C;-C7 heterocycloalkyl or

C3-C7 heterocycloalkylalkyl, each of which can be optionally substituted with 1
- 3 groups independently selected from oxo, halogen, cyano, nitro,
triflucromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR*SO,R®,
-SO,NR’RY, -C(O)R?, -C(O)OR’, -OC(O)R’, -SOR®, -NR*C(O)OR®, -
NR'C(O)R’, -C(O)NR’R?, -NR’R?, -NR’C(O)NR’R?, -NR’*C(NCN)NR’R*, -
OR?, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and
heterocyclylalkyl;

R’ is hydrogen or halogen;

R islower alkyl or halogen; and

R® is —OCF;, F, Cl or Br.
4. A compound according to claim 3 wherein R is fluoro.

5. A compound according to claim 4 wherein R’ is methyl or chloro.
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azido, -NR S2R -S®2NR R', -C(OR -COOR -OC(OR -
NRCOOR, -NRCOR, -C(ONRR, -S®2R, -NR R,
-NR C(ONRR , -NR C(NCN)NR R-OR, aryl, heteroaryl,
aryl al kyl, heteroaryl al kyl, heterocyclyl, and

het erocycl yl al kyl ; or R4 and R5 i ndependently
represent hydrogen or Cl1-C6 al kyl, or R4 and R5

t 0g8t her Avgomipoung agqosding & olpine i whigeajn Br & didargohbtdniar m
a 4 to 10 nenbered carbocyclic, heteroaryl or
heterocyclic ring, each of which is optionally

subgt i t uthesbnvpdund ac@rding tdlgien §dieRsn Ardereomént | y

sel ected from hal ogen, cyano, nitro, trifluoromethyl,
di f 1 uoronet hoxy, trifluoromethoxy, azido, - NR SO2R ,

- SABNR Ry, ) o - - Y

NRO%'( oR" °".‘@°§tﬁ& CFQII,%{%%"?I%- %@ch?oﬂﬁ@%% Ggims 1-7
and 1 NR2 @idNeChhRaBeutioRlly acogptableetaienar yl , aryl al kyl ,

het eroaryl al kyl, heterocyclyl, and heterocyclyl al kyl;

R6 is selected fromtrifluoronethyl, and Cl-Cl0 al kyl,

C3- 61 O cygt %@lak&'dmpcﬁﬁlﬁlacc@tﬁﬂg]aﬂokéﬂy o EhfALRIY hnd 11-32 in the

het eroaryl al kyl , "heterocyclyl, héeterocyclylal kyl,
maphiaciar adlikarhent dgrcinbikithog MEKrackivity et svaoenall and

het erocyclyl portion is optionally substituted with

one to five groups independently selected from oxo,

hal egen, Usy 3fQ, cdthpdu@d ackéridfdguRr @iB6MYhims 1-7 and 11-32 in the
di fl uoromet hoxy, trifluoronmethoxy, azido, -NR SO2R

mangjapigrerot a zge@zm,lent dyrtyeaing a bypapreliferniRey diyarer-in Enammal.
COR, -CONRR, -S®2R, -NRR -NRCONRR,
NRC(NCN)NR R', -OR, aryl, heteroaryl, arylalkyl,
het &t.oar yl @nipond akwetdngeyehivd 2 whetkihet er ocycl yl al kyl ;

Rt R b S2EL il el e
carS Bk &phiBHally 5MWituted with 1 - 3 groups independently selected from oxo,
halogen, cyano, nitro, trifluoromethyl, difluoromethoxy, trifluvoromethoxy, azido, -
NR*SO,R®, -SONR’RY, -C(O)R?, -C(O)OR®, -OC(O)R?, -SO,R®, -NR*C(O)ORS, -
NR*'C(O)R’, -C(O)NR’R?, -NR’R?, -NR’C(O)NR’R?, -NR’C(NCN)NR’R*, -OR?, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

R! is lower alkyl or halogen;

R%is —QOCF,, Cl or Br; and

R’ is fluoro or chloro.

12, The compound of claim 11, wherein A is NR*OR® and R*is H.

13.  The compound according to claim 2, selected from: |
6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-methyl-3H-

benzoimidazole-5-carboxylic acid (2-hydroxy-ethoxy)-amide and

pharmaceutically acceptable salts thereof,

14.  The compound according to claim 2, selected from:
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-NR3R4, -OR3, -R2, and O -Cl10 al kyl, C2-C o al kenyl,
and C2-Cl o al kynyl, each of which is optionally
substituted with 1 or 2 groups independently sel ected
from- NR3R4 and -OR3; R8 is selected from hydrogen,
-SCF3, -d, -Br, -F, cyano, nitro, trifluoronethyl,
dlfluoronethoxy trifluoronethoxy, azido, -OR3,

C( O R3, 6= (@(HDP@??- CthNFPi@(l@ﬁm) -1-hmproy RewethyNRHS 2 R,

SRR Ay - RO e o

aI k)zihﬁﬂnacéﬁrc@ Paceypiabidlsklyd thef@df, C10 cycl oal kyl al kyl ,
-S(0O) (C1-C6 al kyl -S(Oi (CRAR5) maryl , aryl,
aryl al kyl , heteroaryl het eroaryl al kyl, heterocyclyl,

R i s R B R
S;Rg—(l;lﬁ@;mbmet}ﬂomeplﬁelgllgmmw ]\Hhél[gl keﬁi@hj?dlg)l ﬂyran-|2—ylmethyl)—
8?%311{%)?/@ %F%mr’goxy éCF Qaﬁv%%ﬁat hAgy e%é? @P% PXWPWBHY

acdeStaBRshRNRALIgsSubstituted with one to five groups
i hdependently sel ected from oxo, hal ogen, cyano,

nitro trifluoronethyl difluoronethoxy,

Lo R R He g o e WM NIC O) R,

C( 0 NRSR% &M%@chio%%@hﬁﬁ%ﬁ%ﬂuarb@sﬁ@ﬂ@hm% R4,
-OR3, aryl, heteroaryl, arylal kyl heteroarylalkyl

het bergeiraidgrole-areartoaiie eelylcﬁthlmewl Lydingetpyl-ethoxy)-amide and
L 2o oot or A, compound according e
hydrogen; Rl is |ower al kyl or hal ogen;
17. The compound according to claim 2, selected from:
6-(4-Bromo-2-chloro-phenylamino)-7-fluoro-3-(tetrahydro-furan-2-
ylmethyl)-3H-benzoimidazole-5-carboxylic acid (2-hydroxy-ethoxy)-amide and

pharmaceutically acceptable salts thereof.

18. The compound according to claim 2, selected from:
6-(4-Bromo-2-fluoro-phenylamino)-7-fluoro-3-methyl-3H-
benzoimidazole-5-carboxylic acid (2-hydroxy-ethoxy)-amide and

pharmaceutically acceptable salts thereof.

19.  The compound according to ¢laim 2, selected from:
6-(2,4-Dichloro-phenylamino}-7-fluoro-3-methyl-3H-benzoimidazole-5-

carboxylic acid (2-hydroxy-ethoxy)-amide and pharmaceutically acceptable

salts thereof.

20. A benzoimidazole compound selected from:
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RO is hydrogen or hal ogen; and R10 is hydrogen. 134
25. A benzoi m dazol e conpound of the fornula WR H
RIO N\ / RE NN RO / NR7 and pharmaceutically
accepted salts and sol vates thereof, wherein: ------
is an optional bond, provided that one and only one

ni trogen of the ring i s double- bonded; Rl, RO and R o
are |ndepngentm sel ect ed fron1hydrogen hal ogen,

cyano, nitro, trlfhuonnethyl di f | uor oret hoxy,
trifluoromethoxy 0?3, -C(OR3, -C(OGCR3,

NRAC( O) OR6, - O 2R6, - SOZNR3R4,

- NR4C( O) R3, HNq ) NI53R RSC( O) NR3R4,

- NRSC( NCN) NR3 R4, NR3R4 or Cl-Cl0 alkyl, C-GC o

al kenyl , a@pl@r@aaédﬁyﬂw accCptablt Qaleythtieaf kyl , C3-CI O
cycl oal kyl al kyl, -S(O1(C -C6 alkyl), -S(Oj (CRAR5) m

aryl , aryI aryl al kyl, heteroaryl, heteroarylal kyl,
het QE ocyal l{e!nzoﬁﬁ?fzro%é’ ﬂ %é’l%eted fr%lCRA' RS) maryl,
- NR4( CRAR5) m ar - 1 heteroaryl, -

oas yl , CXCR4R5)n1heterocycIyI or

hdt e ocj% where each al kyl,
ﬁ‘kyl aryl, heteroaryl and
|onaIIy substituted wth
oNpS |ndependently selected from oxo,

hal ogen, no, nltr trlfluoro
0t | vor ot BRpacR el bR I Bt b, - nrasozrs,

NRA(CRaRE R
al kenyl , alkynyv

heterocyclyl
one to five (¢

22. A benzoimidazole compound selected from
H
HO o~ N\ 0 .G
N
HN Cl Br
\=N

and pharmaceutically acceptable salts thereof

23. A benzoimidazole compound of the formula

and pharmaceutically accepted salts and solvates thereof, wherein;
“"1s an optional bond, provided that one and only one nitrogen of the ring is double-
bonded;
RY, R% R and R are independently selected from hydrogen, halogen, cyano, nitro,

trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -OR’, -C(O)R’,
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-S02NR R4, -C(OR3, -C(OOR3, -OC(OR3, -NRAC(O ORB, -
NRAC(O R3, -C(O NR3R4, -NR3R4, -NRSC(O) NR3R4,

- NRSC( NCN) NR3R4, -OR3, aryl, heteroaryl, arylalkyl,
het eroaryl al kyl, heterocyclyl, and heterocyclylal kyl;
R3 is selected from hydrogen trifluoronethyl, or

Cl-C o al CZCloaIken CZClO | kKyn
Sy EADOR” NGRS MIGRDRY SRAOREY ﬁﬁmﬁr@ﬁ

het e 4h 4Ky k5 by

het e{rj@w;f/{l R LS &ﬁ%ﬁwg k}é‘%‘yﬁ‘ > %% kynyl
Cycm&tzkyﬁlkylar&i Cm LBeenbEt €5-09f Vllkaid BtEh Oewd’fmkyl C3-Cio
portion is optlona l'y substituted with one to,

groups i fupEkdatiyly ssépéﬁft:le@ﬁrf’élﬁﬁleO'S(Qé(%&])m'aryl aryl,

YT lor SRS eI, Ryl R eipyetiaio, -

- g)ROR O(OR(B) )Raryl- NARY(CROR)-ar IR c(@m) R hnﬁ(e@rblﬁél? .
C(NCN) RNE %5&% B?tﬂoafﬂ%ef@&ﬁéMm-hetsrpwgﬂkyr NRAAKR).

het er oar ibaldeybiyl, NAEiORKH eyl ARk ISE RG] WA BKI, aryl,

R, R i Adependent |y are sel eéted f

hydr ogen heﬂermesrl aatl lhgterodyolyb poriokan ;bpuonaﬂmshbﬁnded with one to
arylalkyl' R'" is.select fromlo al k

al kenyl | fé{Fy?"‘é}?Fd @F@?‘@F selgfigd ¢ %“o?x%%al%m Eé’ano aitro,
R'" can El?ﬂdcﬁ*&ﬁ@th}rpgl@ﬂlﬁ&bm%bhyttﬁﬂu@ﬁoﬁi@tﬁ(ﬁ;ywﬁilﬁ@ INFEBO,R®,
are attached orma to 10 nmber ed car bocxcl i C,

het er oar ySODVRIRE: erGEPR’ c-CIDRR  0aOR(OIR whi DR CEOIOR, -
[ I d to t
optiona &e\ﬁ% ?yg@g tute )tl\sz’ﬁme o] ﬁ@%@ gr OUPI%RSC(O)NR3R4

i ndependen ef ect ed 1 ogen, ‘cyaho, nitro,

trifluor mfm\ICN)}me@m%mmpmemaﬁyﬁ |at§0ﬁ1ﬁﬁlelthhfbll<<(yal.rylalkyl
azi do, aryl etero aryl al kyl, heteroaryl al ky
heterocybeﬂocy%lﬁ]czlaﬂgL%tFré’&WVlﬂké’ll kyl: R3 and R4 can be

RS I b EA, g 1Y e
het €165 ydlkgndCh€icendengl. i €:-Oinglkeath GiCwheyxhoallsyl, Cs-Cio

cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR SO.R
-SO,NRR, -C(O)R, -C(O)OR, -OC(O)R, -NRCO)OR , -
NRC(O)R, -C(ONRR', -SR’, -S(O)R”’”, -SO,R”, -NRR’,
-NR'C(O)NR”R", -NRC(NCN)NR'R", -OR, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl,

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

aryl and arylalkyl;
R’””’ is selected from lower alkyl, lower alkenyl, aryl and arylalkyl; or
Any two of R’, R, R”” or R’””’ can be taken together with the atom to which they are

attached to form a 4 to 10 membered carbocyclic, heteroaryl or heterocyclic

ring, each of which is optionally substituted with one to three groups
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optionally substituted with one to three'groups
i ndependently selected from hal ogen, cyano, nitro,
trifluoronmethyl, difluoromethoxy, trifluoronethoxy,
azi do, -NRSO2R-S2NRR -C(OR, -C(OOR, -OCC(OR, - NR
COOR, ~-NRCOR, -C(ONRR, -S®2R, -NR R, -NR
C(O NRR— NR ( NCNINR R’ OR aryI , heteroaryl
ar y Ieglependentiyerseiestedy | Py | halhgener o%@@@,w nitégn triffuoromethyl,
het aERAGY. yl en e
hyd‘racﬁjgen&lg)fﬁjhﬁ& mqﬁér(ﬁﬂg R4n%ﬁ 'R bg)ﬁ e%?ir%l?t h”&rylalkyl,
t he hateeuarlalkyh heterdclyelyl, ané ha&t&gﬂgﬁﬂlﬁﬂrrdﬂ adto 10
nme qred car bocyclic, heteroary het erocycl j

R’ HE( ca B TRben egher Mt FoRR Whldé {53 e A hed ot a 4 to
one 1homERbERd WafhiR: cﬁcn%&‘?% Nhi Yxet%?dcgfﬁceﬁnér &4Bh of which is
hal ogen, cyano, tro tritluoronet
di f loptewakipt mbxgrtuteldr with usreotme thinax grouag iidependehRy SERRed from

- Sg)%gogen a’@ F\;ﬁtro %@ﬁﬁﬁ%&%@@lﬁﬁh&? Or?r@.lq{ﬁnethoxy,

C{NeMHBR' -RR'SO;ROR  ag@INR et er- @@@)ﬁ ac&tb)@w -00(0 -
heteraaryl al kyl, heterocyclyl, and heterocyc yl a
R6 Migé%med frdﬂRtG(DﬂRuoron‘@((HWRRor Cl =SB al kyI-NRR

heteroar@kﬁkhryl I\rI]lgI oé‘ﬁﬁfy?‘*khe e?gt e[: 3}3%{0[29(1 arylalkyl,

whe hetegdeylalilyk Ylbterdbyﬁﬂyg ah& hbtcro@?@lbdalkﬁl‘r&hef oaryl and
het erocdycl yl portion is optiona substituted with

R* gpd R éndepeadently uppesentagiegsadnCCsindcred from oxo,
R4glﬁ %%H%etﬁé{'%?ﬂ Rl 51? Ito th'idhf I.Jhﬁg 5&%&@ orm IQR toS](S)zﬁmembered

'uordnet hoxy, tritluoromethoxy,
- S(IéNFBRcychﬁ( Qeferoard( Or ORtero (i) Fing, RsR:hC(o(D) Wh chRisCofdidtially

SRS S N, AN e o N0 N,

het QUARY Chivh, tBRoR&RHIC e rainkitbxy, Ridi SuddHERILY: azido,
NRSO,R”, -SO,NRR”, -C(O)R””, -C(O)OR’, -OC(O)R’, -NR'C(O)OR ",
NRC(O)R", -C(O)NRR’, -SO,R7, -NRR’, -NRC(ONR'R”,
NR’C(NCN)NR”R”,, -OR, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl;

('D

R® is selected from trifluoromethyl, and

Ci-Cio alkyl, C3-Cy¢ cycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
heterocyclyl, heterocyclylalkyl, where each alkyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR’SOZR””,
-SO,NRR, -C(OR, -C(O)YOR, -OC(O)R, -NRC(O)OR , -
NR'C(O)R", -C(O)NRR~, -SO,R”’, -NRR, -NRC(O)NR'R”, -
NR’C(NCN)NR”RM, -OR/, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyi

7 is hydrogen;
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Wis heteroaryl, which is optionally substituted wth
1-5 groups independently selected from NR3R4, -OR3,
-R2, or A-ClIO alkyl, C2-C O al kenyl, and C2-Clo
al kynyl, each of which is optionally substituted with
1 or 2 groups independently selected from- NR3R4 and
-OR3; R8_is selected from hydrogen, -SCF3, -Cd, -Br,
W isheterpamyb, whith isoptiopally swbstifirediwith 1-Sagrpunsondenstdently selected
trifl yoronmet hoxy, azido, -OR3, -C(OR3, -C(O OR3,
- NR ) OR6, -OC(O) R3, -NRASO2R6, - SO2NR3R4,
- NR4C( O) RSR’R: QORY,NR3RAd - NRSC( O) NRR4, - NR3R4, or
Cl-ClO alkyl, C2-C o alkenyl, C2-Cl O al kynyl, C3-C
cycl oal k§: CIQ:@JI(HIOCH,C}A@I%PKI;/I@W% Cuo sklmlyle cacloet which is
al kyl), -S(O )
het er oaryl , b%@é?? Spbﬁt%kd hetieP nga/g} %(%ﬂ% lh&p’endenﬂy selected
heterocyclyl alfdoyd -+ N-R MR aryl, -NR4(CRAR5) m

R het | - NR4( CR4AR5) nhet I
R 3o telesied) S i&ﬁ%@% FCIr ycwrmz&w | Bties GESrmethy,
meﬁﬁh%?&ﬁetﬁ&gthnﬁh&%ﬁi&hox?' kyoh, <R oa'dtwbw ar Y\ o)or?,

hetero?ryl et erocycl yl portlon is optionally ;
subsNRtQ(tQa@RM t h-QEEORS, T iNR'EBIps iSaeEERAent INR'C(O)R?,

t ri fﬂ@%&{r& WS@M%? m % t P: ? IrSEJr onet hoxy,

0
a&( Q?))Cﬁ% hﬁ?ﬁgﬁ%ﬁgo an%nyﬁazy@ﬁ%w Cith ?aﬂﬁzf Cs-Cyo
- NR3R4, cmmmm—smmsa N@Nsyli,‘Rs ( HORR )itr%rlYl aryl,

o B, RO R o -
26. A COE‘QGR Yaaedy di m@t‘(@Rﬁt%,;,mﬂs W OR* R )m-heteroaryl -
NRYCR'R),-heteroaryl, -O(CR4R5)m-heterocyclyl or -NRYCR'R*)n-
heterocyclyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to
. five groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, NR*SO;R®,
-SO,NR’RY, -C(O)R’, -C(O)OR’?, -OC(O)R?, -NR'C(O)OR®, -
NRC(O)R?, -C(ONR’R?, -NR’R*, NR’C(O)NR’R,
“NR’C(NCN)NR’R*, -OR?, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl;
mis0,1,2,3,4o0r5; and
jis1or2.

24. A compound according to claim 23 wherein:
R®is -OCF;, ~Br or -ClI;
R’ is hydrogen;
R! is lower alkyl or halogen;
R’ is hydrogen or halogen; and
s hydrogen.
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R8 is -OCF3, -Br or -C; Rl is lower alkyl or hal ogen;
RO is hydrogen or hal ogen; and R10 is hydrogen. 27. A
compound according to claim 23, selected from

[ 6-(5-Ami no-[1, 3, 4] oxadi azol - 2-yl ) -4-fl uoro- 1H benzoi m
i dazol -5-yl]-(4- brono-2-nethyl - phenyl ) -am ne;
[6-(5-Am no-[ 1, 3, 4] oxadi azol -2-yl)-4-fluoro-1

H benzoi m dazol -5-yl]-(4-

chl g o- 2+ hy:l - - ani ; -Am no-[ 1, 3, 4]
oxa ig'az oﬁ[]%%%ﬁﬁ@&?)F%%#@g%gﬁgg%%ﬁ@?zoI -5-yl]-(4-
br onp- 2- chl or o- phenyl Jwam ne; R
6- (4- Chl or o- 2- net hyl - phenyl gm no) { 7-f | uor o- 3H benzoi m
dazol e-5-carbox®’Pic agid pde;
5-[6-(4-Chl oro-2-ne
H benzoi m dazol - 5-y azol - 2- ol ;
(4- Chl or o- 2- et hyl 1 y : |-Jz3 1, 3, 4]
oxadi azol - 2-yl -1 N+ behzoi m~dazol -5-yl )®am ne;
5-[ 6- (4- Chl or o- 2- ngt hyl - phenyl am no) - 7-f | uor o- 3H benzo
i m dazol -5-yl]- [1,3, 4] oxadi azol e-2-thi ol ;
(4- Bronp- 2- chl or &*' phenyl ) - (4- f | uor o- 6- oxazol - 5-yl -1
and hRSMEQIuNCEBZAcefted balts adlsHiRates thereof, wherein:
__(4-Brono-2-chl oro-phenyl )-[4-fl uoro-6-(3 o
Hs iapioptioeal band, provided Bak anoind erly oine ngrggen of thavang s3@puble-
and rrmaceutically acceptable salts thereof 28. A
benzoi mtazol e compound of the formula WRI
R', R’ and R'® are independently selected from hydrogen, halogen, cyano, nitro,

_7-f|uoro-3

trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -OR?, -C(O)R?,

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

-C(O)NR’R*, -NR’C(OINR’R?, -NR’C(NCN)NR’R?, -NR’R*, or

Ci-Cyo alkyl, C;-Cyp alkenyl, C;-Cjo alkynyl, Ci;-Cyp cycloalkyl, C3-Cip
cycloalkylalkyl, -S(O)(Ci-Cs alkyl), -S(O)(CR'R’)q-aryl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -
O(CR'R)paryl, -NRYCR*R’)p-aryl, -O(CR'R’)y-heteroaryl, -
NRYCR*R’)p-heteroaryl, -O(CR'R®)p-heterocyelyl or -NRYCR*R%)p-
heterocyclyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, —NR4SOZR6,
-SO,NR’R*, -C(O)R?, -C(O)OR?, -OC(O)R’, -NR'C(O)OR®, -
NR*C(O)R?, -C(ONR'RY, -NR'RY, -NR’C(O)NR’R?,
NR’C(NCN)NR’RY, -OR?, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl;

R? is selected from hydrogen, trifluoromethyl, or

Ci-Cyo alkyl, Cp-Cyp alkenyl, C,-Cyp alkynyl, C;-Cyo cycloalkyl, C;-Cyy
cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
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R70 N/ RO "6R 8 N~ R7 and pharnaceutically
accepted salts and solvates thereof, wherein: ------
is an optional bond, provided that one and only one
nitrogen of the ring is double- bonded; R, R9 and R10
are i ndependently sel ected from hydrogen, hal ogen,
cyano, nitro, trifluoronethyl, difluoronethoxy,

trifl uor betetopp ynd dgtersyclylportion ¢ eptirmally salgsgiutrb with one to

I-\Iﬁég(C(O)O) e gr%oﬁﬁ%?ﬁggﬁﬁﬁ%ﬁa ;ﬁ%&%?ﬁalogen, cyano, nitro,
- NRSC( NCi¥j iv38drdethyINRS Bdluofiméthodl, 0 atiRydromelrod,0  azido, -
al kenyl , _C2-C10...al kynyl , .C3-C10 cycl oal kyl , C3-Cl10 .
cycl oal KIRARR - SCYNRE- 5 -GIQF ) | PR, -OCOR, -
( CRAR5) , b, KyhsyRELRT 0aRy | o conr”
het er oary aﬁj&cg)lajﬁh’ethfel?ggdgﬁ )’/I(I,:,(Q?@?e}?dc%gjjyﬁgﬂ(yl , SOR -,
O( CRAR5) MR B, -NRNBAUDBIRAAS ) , NRICENCNINRARARE)RN, aryl, heteroaryl,
ot or ooy YAk gy B HoRE r SRR GO AR each

R’ 3K ¥hd Ra KEdBpknd Al ¥iRY deleciCtQR It oge R Y Iver a1RGL ﬁfv@&ramenyl,
and heterocyclyl portion is optlonaﬁly substituted
wi t arybamd arglalifsilve gr oups i ndependently sel ected from
,0x0, -hal ogen,, cya itro trifluoro hyl ,

R p selgr e B Ry ek Y [ 8%{‘140%’9/{1 a %fgfﬁﬂflkﬂwms@%,

Any BB NRRRAR > - 100 QyiR3’" - dah B @k@n to LSNP the NRACIAN IR they are

NRAC( O) R3, - C(O) NR3R4, -NR3R4, - NRSC(O) NR3R4, _
-N NEgRY 2 4 BR30 rwrylpqredw é@fé‘f)@gﬁlyl hetggopryd | ggyheterocyclic
het | . . h |yl ocyclyl |

RS FAEEKEE b SHOSHELY o AL SR L s

Cl - @iepakdkptly G2ledtd didenylizlogen; Ctaml, Kyith, EFhictOmethyl,
cycl oal kyl, C3-C10Q,. cycl gal kyl al kyl, aryl, aryl al kyl, -
het SHarapmethars: o tBERYOMRPKY; héigPocbily| hetercaryl, arylalkyl,

heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

R? and R* can be taken to gether with the atom to which they are attached to form a 4 to
10 membered carbocyclic, heteroaryl and heterocyclic ring, each of which is
optionally substituted with one to three groups.independently sclected from
halogen, cyano, nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy,
azido, -NRSO,R’, -SO,NRR, -C(O)R, -C(O)OR, -OCO)R, -
NRC(O)OR, -NRCO)R’, -C(OONRR, -SO,R”, -NRR,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

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

R* and R together with the atom to which they are attached form a 4 to 10 membered
carbocyclic, heteroaryl or heterocyclic ring, each of which is optionally
substituted with one to three groups independently selected from halogen,
cyano, nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -
NR'SO.R, -SO;NRR’, -C(O)R, -C(O)OR, -OC(O)R, -NR'C(O)OR ", -
NRC(OR’, -C(ONRR’, -SOR™, -NRR, -NRCONRR", -
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139 heterocyclyl al kyl, where each al kyl, al kenyl,

al kynyl, cycl oal kyl, aryl, heteroaryl and

het erocyclyl portion is optionally substituted with
one to five groups independently selected from oxo,
hal ogen, cyano, nitro, trifluoronethyl,

di fl uor onet hoxy,,..trifl uoronet hoxy, azido, - NRSO2R

SO NRFC(NGIYR R - C( OROR, arydC( bpRroaryl, ggg(l:ﬂkﬂR hkRroarylalkyl,
S(OR'", - R - NRR,
N%%BCK&QM&%E{(’&?\%W o~ (P aryl, heteroaryl,

R® & el eztddyttom heﬂlwr@xﬂéﬂﬁ Blokyl , het erocyclyl, and
het er ocycl yI al ky R' and R'' independent| éﬂare
sel Eetan @ ﬁjb d’géhallqybmrwl,aanyiﬂlkyu glsroanyli gﬁroarylalkyl

oner ol 12 %10%12 e RS GRER ShAT BT oo, ary,

R'' or Rhétemar’yl head hakestytiyd potien 1Wt)ptlibﬂal1§ sabgitted with one to
whi ch thﬁ are attached io forma 4 to 10 nenbered
car bocycliVe Sroiseindspspdenfly geleerd i o, rlﬁah’@ense‘aﬂﬂooﬂmo

whi ch Ist%&ﬂé}h% ) S?@&H&ﬁﬂpm %ﬁ?ﬁoif a{IHENR SOR ™,

groups 1 ndepende ect cyano, .~
nitro, tS®MNRRometGYNR, d4Cf(Dl)®RQwe{](¢(@R, -NRC(O)OR ™", -

trifluor , i aryl t-erqaryl, aryl al.kyl:, -
het er oar &E{:@ﬁy g(QS@&gI yI‘SOQﬁ miﬁocy@ﬁ%@)% R, -
R3 and RARCeNGI)NRKEN Icmefa%ar hweidarﬁhﬁry@éua}rrn th@te%hﬂﬁ‘lkyl
they are attached to form a
carbocychﬁ@ﬂcﬂéﬁbﬁ@hhvﬂﬂaﬁdﬂhgwérocycl|c rlng, each of
R7ma,%p optionally substituted with one to three
|hdependent ly selected from hal ogen, cyano,

W B Hete@oark T, ivfHi¢lois @pebially, sublktithte@ el B @yups independently selected
trifluoromethoxy, azido, -NR SO2R -SG2NR R -C(O R,

BPOR -OC(OR - NR C(OOR-NR C(OR -C(ONR

-
R- S2R- NRiRp# (P{Eé qQ:O)O}\lR R-NR C(NCN)NR'R -OR, aryl,
het eroaryl, afylalkyl’,” heteroaryl al kyl, heterocyclyl

and het e€Co€y¢ lailtyal Eyl(l]o Bkenyld aRS Cﬁd@peﬂtgiﬁylt leyich of which is
repr eseng tli'](};laﬁ %l?bstltutecf: %V_it%(sl gll 5 )él'o’up(s) rindependf:n‘cly selected from —
NR’R* and —OR?;

R® is selected from hydrogen, -SCF;, -Cl, -Br, -F, cyano, nitro, trifluoromethyi,
difluoromethoxy, trifluoromethoxy, azido, -OR’, -C(O)R’, -C(O)OR’,
-NR'C(O)OR®, -OC(O)R®’, -NR'SO,R®, -SONR’R*, -NR'C(O)R’,
-C(O)NR’R*, -NR’C(O)NR’R?, -NR’R*, or
Ci-Cyp alkyl, C3-Cig alkenyl, C,-Cjo alkynyl, C;-Cip cycloalkyl, Cs;-Cio

cycloalkylalkyl, -S(O)(Ci-Cs alkyl), -S(O}(CR*R’)p-aryl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -
O(CR4R5)m—ary1, -NR4(CR4R5)m—aryl, -O(CR4R5)m-heteroary1, -
NR4(CR4R5)m-heteroaryl, -O(CR'R)-heterocyclyl or -NRY(CR'R)u-
heterocyclyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected from oxo, halogen, cyano, nitro,

trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR*SO,RS,
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R4 and R5 together with the atomto which they are
attached forma 4 to 10 nenbered carbocyclic,

het eroaryl or heterocyclic ring, each of which is
optionally substituted with one to three groups

i ndependently sel ected from hal ogen, cyano, nitro,

trifluorometh di f |l uor,onet hoxy, trlfluorometh
azi do, - -SPNIRA SEOIBRY | CEUORS -Of NRACRRS, -

-NRC( O OR SO2R NR NR
14§C( NR)C((ﬁ&\IFWO?) arcé@)ll\\ﬁg{ er oar I\Fﬁzg‘yl al %ﬁw&ww’
het er oar yNRIGNCN)NIERET aoirslardl, haﬂ%ﬁbahﬁt ag@mgzll mle&lrdwlalkyl,

R6 is selected fromtrifluaronethyl,
C3- Cl O chetesylyl andhsterocyelylabayky | | het eroaryl,

roar ¥l alk het er ocycl yl , heterocyclylalkyl,
mf\%g)té? ?éégﬁ?gl %Adl , cycloal kyl, aryl, heteroaryl and

het gisdcyrd. yl porti on is optionally substituted with
one to five groups independently sel ected from oxo,
hal ogen, cyano, nitro, trifluoronethyl,

di f bgor ongt ndtaédofrchH%Rd)E[EMQS%heéﬂ d° -NR SO2R
-SO2NRR, -C(O) R R -NRC(OOR'', -
NRC( O) R REEOOGR, EiOZfRLGINR R -NR C(ONR R

NRC( NCN) RéﬁFTWef &?}ﬁle‘%arré%!? Iﬂf;ler oaryl, arylal kyl,

het er oar and heterocyclylalkyl;
R 7 is hpdj 6 ceMVor Balee&): kd- Clo al kyl); R8 is

sel ect ed fJ%ﬁf%f%rogngé-é -d, -Br, -F, cyano,
nitro, tRitishofieserhyl dlfluoronethoxy,
trifluoronethoxy, a2|do -OR3, -C(OR3, -C(O ORs3,
-NRAC(O) OR6, -0OC(O) R3, -NRASO2R6, - SO2NR3R4,

- NRAT( O R&ompoﬁ(l@)i%a&ﬁﬂg to d:\llﬁiﬁ@i))sBBBtBé fromNR3R4, or

Cl- G o al ky al kynyl

oy Lot RyIo-EaS dasedagel S RATRy L b gt S+

bro%M Ilethyifhehd1§-Ra4RE) maryl, aryl,
[6-(5-Amino-[1,3,4]oxadiazol-2-yl)-4-fluoro-1 H-benzoimidazol-5-yl]-(4-
chloro-2-methyl-phenyl)-amine;
[6-(5-Amino-[1,3,4]oxadiazol-2-y1}-4-fluore-1H-benzoimidazol-5-yl]-(4-
bromo-2-chloro-phenyl)-amine;
6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazole-3-carboxylic
acid hydrazide;
5-[6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazol-5-y1]-
[1,3,4]oxadiazol-2-0l;
(4-Chloro-2-methyl-phenyl)-(4-fluoro-6-[ 1,3,4Joxadiazol-2-yl-1H-
benzoimidazol-5-yl)-amine;
5-[6-(4-Chloro-2-methyl-phenylamino)-7-fluoro-3H-benzoimidazol-5-yl1]-
[1,3,4]oxadiazole-2-thiol;
{4-Bromo-2-chloro-phenyl)-(4-fluoro-6-oxazol-5-yl-1 H-benzoimidazol-5-yl)-
amine;
(4-Bromo-2-chloro-phenyl)-[4-fluoro-6-(3H-imidazol-4-yl)-1H-benzoimidazol-

5-yl]-amine;
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aryl al kyl, heteroaryl, heteroaryl al kyl, heterocyclyl,
het erocycl yl al kyl, - O CRARS) maryl, -NR4(CRAR5)m aryl,
-Q(CR4R5),n heteroaryl, - NR4(CRAR5),n heteroaryl,
-Q(CR4R5) m heterocyclyl or -NR4(CRAR5) m heterocyclyl,
where each al kyl, al kenyl, al kynyl, cycloal kyl, aryl,
het eroaryl and heterocyclyl portion is optionally
sub$pd phrarcqitically aeceptgbletsplisthgretips i ndependent |y
sel ected from oxo, hal ogen, cyano, nitro,
trifluoronmethyl, difluoromethoxy, trifluoronethoxy,
azi @8, - MRO&RBIGIdazol SEHINRARA of tHe(OhfRBla - C( O) OR3,
-OC(OR3, -NRAC(O OR6, - NRAC(O R3, -C(O NR3R4,
-NR3R4, - NRSC(O) NR3R4,W - NRSC( R3R4, -OR3, aryl,
heteroaryl, arylalkyl, |heteribaryl gl kyl, heterocyclyl,
and het erocycl yTatk . SO !
jislor2. 29. A co
sel ected from
1-[ 6- (4-Brono-2-ch¥o ' 1Q
3H benzoi ni dazol™5- yl{ - 2- hydr oxy- et hanone;
1-[ 6- (4-Bronp-2-ch - phenyl am no) - 7- f | uor o- 3H benzoi
m dazol -5- yl]-2-&ydroxy-et hanone;
1- | 6- (4- Br ono- 2- chl or o- phenyl am no) - 7- f | uor o- 3H- benzoi
angp peutically yecgpted ﬁ@{@}ﬂnétsﬁéﬁm ghereof, wherein:

----- = [.6-(4- - - j - 7= -3H-benzoi
Ao BT 250 P DAY N o L Bl
- [ 6bbddddr ono- 2- chl or o- phenyl am no) - 7- f | uor o- 3H
-5-yl ] .- et hanone;

R oK Bhina: iedrepbioAgiast. f6yh7bydrogsio Halogen, cyano, nitro,

H beFRirfhe@se! difuodnetfoxEt BRSS! - SIRANBE, cO)R?,

-C(0)OR?, NR*C(O)OR®, -OC(O)R?, -NR*SO,R®, -SO,NR’R?, -NR*C(O)R?,
-C(O)NR’R*, -NR’C(O)NR’R?, -NR’C(NCN)NR’R*, -NR*R*, or

Ci-Cio alkyl, C,-Cip alkenyl, C,-Cyy alkynyl, C3-Cyy cycloalkyl, C3-Cyy

cycloalkylalkyl, -S(O}(Ci-Cs alkyl), -S(O}(CR'R*)p-aryl, aryl,

arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -

O(CR*R)raryl,  -NRYCR'R),-aryl,  -O(CR*R®)p-heteroaryl, -

NR4(CR4R5)m—heter0aryl, -O(CR4R5).,,-heterocyclyl or —NR4(CR4R5)m~

J
w©
QD
3
e
o
=
?
»
?
>0
=

heterocyclyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, NR*SO,R®,
-SO,NR’RY, -C(O)R?, -C(O)OR?, -OC(O)R’, -NR*C(O)OR®, -
NR*C(O)R?, -C(O)NR’RY, -NR°RY, -NR’C(O)NR’R?,
-NRSC(NCN)NR3 R, -OR?, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl;
R? is selected from hydrogen, trifluoromethyl, or

Ci-Cro alkyl, C,-Cyp alkenyl, C,-Cjp alkynyl, Cs-Cyy cycloalkyl, C3-Cyg

cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
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1-[ 6- (4- Brono- 2- chl or o- phenyl am no) - 7- f | uor o- 3H benzoi
m dazol -5- yl]-ethane-1,2-diol;

[ 6- (4- Brono- 2- chl or o- phenyl am no) - 7- f | uor o- 3- net hyl -

- benzoi mi dazol -5-yl]-pyridin-2-yl-nethanol; and
pharmaceutical |y acceptable salts thereof 30. A
benzoi m dazol e conpound of the fornula. WR R o

/Ra N Rbetqrooxlytaheyl phapiceraehiaflodl 1lendcallynd, %:llqaékyl aryl,
and sol v

bond, pr Zl%%gpegﬁt%ﬁg?}c egeﬁeé&gwbgrrﬂoyjlon nla%ﬁ?osgg%it&?@ vﬁth one to
ring is cﬂb‘abgreupsbﬂrdépdjdeﬁﬂy isslettedeliroral dad, haioggﬁ,l ogRIv, nitro,
RO and RlQ.are i pen nt | el ected_from hydrogen,
hal ogen, “E@/%Bmeﬂlyfr odi ?W?%F%‘B’f%nettﬁﬁ}mmme oxy, - azido,

di f1 uor ongt’'soxy.” t et h .
o, e 08 o B Y T OB G KOO SOROR

- SOZNR3RNR CNPME( O R COR O)NE@WR R- Nﬂwﬂﬁmm -SO:R", -

;uN ES%/I k olg“%f’m”’RCS @&%@eﬁ%&% ‘8%?0 ,dleteroaryl

cycl oal kléirﬁélk}’l' heter%a@)alk Ih&rody di}?"ﬂ dnd he%r@ycﬁgﬁaﬁ
y

al kyl , ‘het er oar het er oar

t @ﬂééﬁ/c | lildePeﬁéQr@D’c&E? edlgated fgm, hydrtﬁe@ﬁ&pﬂ@; a&a} jﬁbwer alkenyl,
- NR O( CRARS) mhet eroaryl , -
NR4%M e e’r oaryl - O CRARS5) mhet er ocycl yl or
R’ NR4€IeR4RFom lohet @n@EY@bwalkeﬁbﬁla@l@ﬁ@Hryﬁ{llkﬂj al kenyl,

al kynyl . cycloal kyl , aryl
Any tw% o)t/‘ R, R y’ ,R7 or ﬁ”” canybe taken together with the atom to which they are

attached to form a 4 to 10 membered carbocyclic, heteroaryl or heterocyclic

ring, each of which is optionally substituted with one to three groups
independently selected from halogen, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

R and R? can be taken together with the atom to which they are attached to form a 4 to
10 membered carbocyclic, heteroaryl and heterocyclic ring, each of which is
optionally substituted with one to three groups independently selected from
halogen, cyano, nifro, trifluoromethyl, difluoromethoxy, trifluoromethoxy,
azido, -NRSO,R”, -SO,NRR', -C(OR, -C(O)OR, -OC(OR, -
NR'C(O)OR™, -NRCOR’, -CONRR, -SO,R, -NRR,
-NR'C(O)NR' R, -NRC(NCN)NR'R”, -OR, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

R* and R’ independently represent hydrogen or Ci-Cg alkyl, or

R* and R’ together with the atom to which they are attached form a 4 to 10 membered
carbocyclic, heteroaryl or heterocyclic ring, each of which is optionally

substituted with one to three groups independently selected from halogen,

cyano, nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido,
NR'SO;R”, -SO,NRR’, -C(O)R, -C(O)OR, -OC(O)R’, -NR'C(O)OR ™,
NR'COR', -C(ONRR, -SO,R, -NRR, -NRCO)NRR,
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heteroaryl and heterocyclyl portion is optionally
substituted with one to five groups independently

sel ected from oxo, hal ogen, cyano, nitro,

trifluoronethyl, difluoromethoxy, trifluoronethoxy,

azi do, -NRASO2R6, -SO2NR R4, -C(OR3, -C(O OR3,

-OC(O) R3, -NRAC(O OR6, - NRAC(O) R3, -C(O) NR3R4,

- NRERACNCIRAK @ NR3RIR,  aNRSCheleraNR3 RdsylalR3, hafeydarylalkyl,
heteroaryl, arylal kyl, heteroarylal kyl, heterocyclyl,
andhﬁ@Péﬂﬂﬁ%é¥¥h@ﬁ%§Y¢Yh%Wks sel ected from hydrogen

6t Sd r -Clo al kyl, C2-C10 al kenyl,
R g-egc%gafﬁﬁ%wm@%%%ycl oal kyl, C3-C10
cy cCodli kallafl k 7h-Ciaraykloaknl; | adyk yryldtlefl e heteroakyl, heteroarylalkyl,
O L L, L S k.
het er oar ¥ ke@061 ARY ﬁE@Fd(:%l%ﬂ pO@oLh1Q Bpﬁ(ﬁlaﬁ?tsh%g.h% with one to

substituted w'th one to I ve groups I ndéepe y
sel ect edfife groupsoindbpdndgasty, selyetad, from toxo, halogen, cyano, nitro,

trifluor t hyl i fluoro hox trifluorometho .
oo do. " e iR b R e R FeIpos BOR
-NR C( O GRNRRY OR0)RS( Q RSR -0cB)O), R-NR e@JR"™, -
NRR , - NR C(O),’NR"CS -)NF’e, c(mN@gNF’gB - oéé()ar’ yl ?\I,RC o

het er oar R C(QRy! alK@NRHet er¥arR/| al RYR R .heNErGEPRY/ R, -

and het eggc vl or R ' R’
i ndepend@%?@%@l} llég# e’c'tjcgfg’ f F%mgﬁt)?%rq Ge A Ialo e hetsraapylaliyl,
| ower al keapbyclylabiyd haadcpiiylbidykyl ; R'" is sel ected

;fromlower alkyl, |ower alkenyl, aryl and arylal kyl ;
R shysRgesino of R, R', R'' or R'" can be taken together

WM decaty to which they are attached to forma 4
to @86 ﬁen%e?gad)’car bocyclic, heteroaryl or heterocyclic

R® ri rglecedc fromf hydrogén, i €S(3p1 i-GhaiBry -Bubsarid, utitd, wifluoranethyl,
Lo WHSEHISEB?, hRSSRERIER Y S5 Y5, PILIE %o
tri ey oyerhoxy.0@@HHE, anyrkisAIRer oaosNR3 Rt Y alNgicO)R?,

-C(O)NR’R?, -NR’C(O)NR’R", -NR’R?, or

Ci-Cyo alkyl, Cp-Cyo alkenyl, Cy-Cjo alkynyl, Cs3-Cip cycloalkyl, C;3-Cyg
cycloalkylalkyl, -S(O)(Ci-Cs alkyl), -S(O}(CR'R’)g-aryl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -
O(CR*R*)paryl, -NR*CR*R®)graryl, -O(CR'R®),-heteroaryl, -
NR*(CR*R®)y-heteroaryl, -O(CR*R*)y-heterocyclyl or -NR*(CRR%),-
heterocyclyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR*SO,R,
-SO,NR’RY,  -C(O)R?, -C(O)OR?, -OC(O)R?, -NR*’C(O)ORS, -
NR*C(O)R?, -C(O)NR’R?, -NR’R?, -NR’C(O)NR’R?,
NR’C(NCN)NR’R?, -OR®, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl;

mis0,1,2,3,40r5; and
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het eroaryl al kyl , heterocyclyl, and heterocyclyl al kyl ;
or R3 and R4 can be taken together with the atomto
which they are attached to forma 4 to 10 nenbered
car bocyclic, heteroaryl or heterocyclic ring, each of
which is optionally substituted with one to three
groups i ndependently selected from hal ogen, cyano,
nitie ! erd.fluoromethyl, difluoromethoxy,
trifluoronethoxy, azi do, -NR S2R-SO2NR R -C(O R,

-QOOR -OOQR - N\RQOOR ', -NRCOR,

- @NRR%dﬂBRaCCOTM F% ERINROR selecteliRrdat: NCN) NR R- OR
aryl, heteroaryl, heteroarylalk

het er ocydtipt(4- ﬁ@or%slép@cpl@nylammqf)ﬂ ﬂu@romn@ﬂwl%l-
beﬁz% %fag%:i_eﬁgltl yejp(gﬁ&ﬁ%m%drogen or C1-C6 alkyl, or R4

5 to her’ W atomto which they are
at t ached 1f [6+(MBrothot BeHiBrongtdnglagtno )CAIlaO0YH benzoimidazol-5-
oar or heterocyclic ring, each of which is
yﬂg%éy %mmgﬁbstltuted with one to three groups
i ndepend A C -5-
trifluor gﬂrgt %ﬁr@fnglif ?ﬂg{o{)@r‘{gmgoxy@mlﬂ ﬁ?ﬁgﬁg OE)I{Q@:&ZOI >
vl]@zétoxy-ethMRBEPR , - SO2NRR, -C(OR-C(O OR, -OC(O R,

-C(NCR')) ﬁ(RO)R Mﬂ%@ﬁ phe@i(anﬁlﬂ%)rﬁﬂﬁgpﬁge%mmMazol 5-

yl}a;mb@lbkyJethaﬁ@{eer oar yI al kyl, heterocyclyl, and
het er ocycl IkyI is selected from
trifluor %r%emhylpxy-ér{é ~(¢&tbrane-2a¢hitgrio; phesyl@n@odyellaabidy-,

ber%% ida 215 @:]'%%ﬁ“?&et eroaryl, heteroaryl al kyl,

erocycl efocyclylalkyl wher e each aIkyI

cycl oal ky4{6 (matbmo manebqﬁfenylamﬁnd))mﬂed@e}pbyﬂzonﬁfdwrs-
S tion substituted with one to five groups
Yl]‘zh‘Bé e ?IP -edfngRsed from oxo, hal ogen, cyano,

t kf t , .

tn Ir i 1[ Iouor ohe t(%?%@% &%&m-ﬁ*&l@%&ﬂ?f iﬁ‘g&%&kﬁzﬁ@ldﬂow'
yl]-e®a@R2-diol( O OR, -OC(O R, -NRC(OOR - NR C(OR ,
"AONR |%-(4-}§rsocn)12082-'chl_ol;lﬁpﬁény_la’\nl%n%-?-)‘[ﬁlxﬁro%v-'methyl-3H—

benzoimidazol-5-yl]-pyridin-2-yl-methanol;

and pharmaceutically acceptable salts thereof.

30. A benzoimidazole compound of the formula

R8

R?

and pharmaceutically accepted salts and solvates thereof, wherein:
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NR CCNCNNNR R ", -OR aryl, heteroaryl, arylalkyl,
heteroaryl al kyl, heterocyclyl, and heterocyclyl al kyl;

R 7 is selected from hydrogen, and Cl-Cl0 al kyl,

C2-C10 al kenyl, C2-C10 al kynyl, C3-C10 cycl oal kyl ,

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

het eroaryl al kyl , heterocyclyl, heterocyclylalkyl,

""'Waen@pﬁ'amﬂ bah& rovided day bne addkynly lone aytedgealolf yie, rimg isl double-

het and heterocyclyl portion is optionally

sub ?9 ted with one to five groups independently

sel ¢§sqgw%fﬁﬁy1%%gld1g@%099n cyano, nitro,

trifl uoronet or onet hoxy, trifl uoronethoxy,

azi B9 and NR? 862 RelependSOINRIRAed -ﬂ(ﬁ@l()}lm;ogel(;(}(aj@ﬁ cyano, nitro,
b H et o ORGSO
ar yLC(d)@Rér Wyzt@)@wl@d@d)w h-@llf@lS@@R?/' -@'d&N|R3 -NR'C(O)R’,
het er oc ,_and hetero IyIaIk agg elected
frorﬂﬂ@& arQIR C(@NR chéIR/C(NCNXNJB -NRl O|)31NR3R4

O 0
-G tea g 519 SRy CaE MR 6k ek CrCo

and - C( Oydiedlieylsieylc! yIS{Oyacty ofaliwhy, Ch-s(@)@R'RIParllY  aryl,
substituted WI t h 1-5 groups i ndependently sel ect ed
f r om - NRaRialkyl opefero he&ﬁf@ﬂ@i kil heferagyClylchetoreryclylalkyl, -

al kenyl , ch._of s _
opt i onal p@@su T%}Et ed W ‘IﬁR 1@2,[, Qa@grﬁ’?@ﬁ RSu-heteroaryl,
i ndependdiR{GR ii’é)nehdtelﬁaﬂyi om)(C111<’1R§R41'mafrdcyoﬁqqg(,r RERMERRY), -

sel ected, from 3, . Br an s0,.1, 4or 5; a
jislor2. hefgroc c’B’h‘EfSu gk@' aFr’r']\]ﬁe%ﬂ % i fiycloghyh saryl,
hydr ogenpQerolf) @88 ReteRRY eI Borkidn BY 95881y substituted with one to

five groups independently selected from oxo, halogen, cyano, nitro,

trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR*SO,R®,
-SO.NR’RY, -C(OR}, -C(O)OR’, -OC(O)R?, -NR'C(O)ORS, -
NR*C(OR®, -C(ONR’RY, -NRRY, -NR’C(O)NR’R?,
NR’C(NCN)NR’R?, -OR?, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyi;
R? is selected from hydrogen, trifluoromethyl, and
Ci-Cio alkyl, C»-Cyp alkenyl, C;-Cio alkynyl, Cs-Cip cycloalkyl, Cs-Cy
cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, —NR!SO;_R””,
-SO,NRR', -C(O)R, -C(O)OR, -OC(O)R, -NRC(O)OR , -
NR'C(O)R", -C(O)NRR', -SR’, -S(O)R’*’, -SOR , -NRR,
NR'C(O)NR”R~, -NRC(NCN)NR'R , -OR, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;
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32. The conpound of claim 30, wherein: Wis -C(0O OR3
or -C(O) NR4AOR3. 145

R*, R”” and R*”’ independently are selected from hydrogen, lower alkyl, lower alkenyl,
aryl and arylalkyl;
R’”’* is selected from lower alkyl, lower alkenyl, aryl and arylalkyl; or
Any two of R, R, R”’ or R>”” can be taken together with the atom to which they are
attached to form a 4 to 10 membered carbocyclic, heteroaryl or heterocyclic
ring, each of which is optionally substituted with one to three groups
independently selected from halogen, cyano, nitro, trifflucromethyl,
difluoromethoxy, frifluoromethoxy, azido, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl; or
R® and R? can be taken together with the atom to which they are attached to form a 4 to
10 membered carbocyclic, heteroaryl or heterocyclic ring, each of which is
optionally substituted with one to three groups independently selected from
halogen, cyano, nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy,
azido, -NRSO,R™, -SO,NRR", -C(O)R, -C(O)OR, -OC(OR, -
NRC(O)OR™, -NRCOR’, -C(OONRR’, -SO,R™, -NRR,
-NR'C(O)NR'R", -NR'C(NCN)NR'R”, -OR’, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl; or
R* and R® independently represent hydrogen or C;-C alkyl, or
R* and R® together with the atom to which they are attached form a 4 to 10 membered
carbocyclic, heteroaryl or heterocyclic ring, each of which is optionally
substituted with one to three groups independently selected from halogen,
¢yano, nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -
NRSO;R™, -SO;NRR’, -C(O)R”", -C(O)OR, -OC(O)R, -NR'C(O)OR ™, -
NRC(O)R, -CONRR’, -SO,R”, -NRR, -NRCONRTR", -
NR’C(NCN)NR”R”’, -OR/, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl;
R® is selected from trifluoromethyl, and
Ci-Cyo alkyl, C3-Cyp cycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
heterocyclyl, heterocyclylalkyl, where each alkyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected from oxo, halogen, cyano, nitro,

trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR’SOZR””,
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-SO,NRR’, -C(O)R, -C(O)OR, -OC(O)R, -NRC(O)OR ™, -

:::::

=====

heterocyclyl, and heterocyclylalkyl;

R is selected from hydrogen, and

Ci-Cyp alkyl, Cz-Cyo alkenyl, C-Cyy alkynyl, C;-Cyp cycloalkyl, C3-Cig
cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl and heterocyclyl portion is optionally substituted with one to
five groups independently selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, -NR*SO,R®,
-SO,NR’RY, -C(O)R®, -C{O)OR?, -OC(O)R3, -NR*C(O)ORS, -
NR*C(O)R’, -C(O)NR’R*, -SO,R®, -NR’R*, -NR’C(O)NR’R*, -
NR’C(NCN)NR’R®, -OR?, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, and heterocyclylalkyl;

W is selected from heteroaryl, heterocyclyl, -C(O)OR?, -C(O)NR’R?, -C(O)NR*OR?, -
C(O)ROR?, -C(O)(Cs-Cyy cycloalkyl), -C(O)C;-Cyo alkyl), -C(O)aryl), -
C(O)heteroaryl) and -C(O)(heterocyclyl), each of which is optionally
substituted with 1-5 groups independently selected from

-NR’R’, -OR?, -R?, and
Ci-Cyo alkyl, C3-Cyy alkenyl, and C,-Cyy alkynyl, each of which is
optionally substituted with 1 or 2 groups independenily selected from —
NR’R* and —OR’;

R? is selected from OCF;, Br and CI;

mis0,1,2,3,40r5;and

jis1lor2.

31.  The compound of claim 30, wherein:
R’ is hydrogen or halogen; and
R'%is hydrogen.

32.  The compound of claim 30, wherein;
W is ~C(O)OR? or -C(O)NR*OR®.
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