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RELATED APPLI CAT10NS PCT/ US02/ 09-402 This application clainms the benefit

under 35 ection 119(e) oflmﬂwm illsi onal Pat entpAPBLd hon No.
60/279,3# %/‘ﬁgb‘ﬁlvar ch 28, 2001. l .IIMM ENTI ON 10 The pr edsz}g%{"b
invention relates generally to the fikghesof tyrosine kinase enzyne

i nhi bition using novel small nolecules. 15 20 25 BACKGROUND OF THE

| NVENTI ON Tyr osi ne Ki na¢QVEISTY ROSINE KINASH/IRHIBIWORB cat al yze the
transfer of the term nal phosphate of adenosine triphosphate to the
phenolic hydroxyl group of a tyrosine residue present in the target
protein. Tyrosine kinases play a critical role in signal transduction for
several sel RHIATEDXRPIOIGATHONSdI ng cel | proliferation, carcinogenesis,

apoptosis, and ceg|]l differentiation (Plo .. Ulrcich . Shawer,
LI.o E Recept or TYis3BPIURD ﬁ@g@%ﬁhﬁ\;&e@#g‘g@rﬁéﬁ%ﬁ@“f‘ﬂ? iﬁ%’n?mﬁ DN&P (
1994) 7: 33 3A00al BAERIOAQNRaSNNBI 47, 0l filge ez eI woul d be usef u

for the treatnent or prevention of proliferative diseases which are
dependent on these enzynmes. Strong epi dem ol ogi c evi dence suggests that the
over expr eSSFIRLDIOBINVENTIONOf receptor protein tyrosine kinases |eading
to constitutive mtogeni¢ signaling is ap inportant_ factor .in a grow ng
nunber 69 human ABE PEHHepvEationelaley g?ée‘l@ﬂﬁé% fiqigpfwwgledgg%eie Meated in

t hese proce 'RE#HQ . IuleEGF, EMI, FGF, FAK, Flk-1/KDR, HER-2,

| G- 1R, IR ﬁﬁ@it,lb , E@Lm@ﬂ?&%ﬁg VEGF (Traxler, P.M Protein Tyrosine
Ki nase Inhibitors in Cancer Treatnent. Exp. Opin. Ther. Patents (1997) 7:
571- 588; i nBAICKGRGUNDOBI THRINVENTHINe) . Hence, there is an ongoi ng need
to investigate novel  cqonpounds that can be used to 30 requl ate or, inhibit
tyrosine ki nase d&pnpiedinaseh/m&R125E OF ERZYIIGH C@Qam%?ﬁﬂﬁrg[é@é%f Ofm?enti on
rel ates,fo OHRe L 6P addABLiRe fri lert%tﬁé@?e%%reﬁ HBRS gr6 i tions
whi ch cé%t alfen yrgg‘?sg}ggk:éﬂg%ég f"n‘lf]frb‘fht%%‘ﬁ% conmpounds lang Iflg 02/ 079192
PCT/ US02/ 09ty0@sinetehidds prebentsi thg tanght fodteor. STwbsing kivssas@ldyi mersticabrodg/ines t o

treat diseases which are_characterized by an overexpressi.on.or upregul ation
of tyrosi neSIﬁPﬁéE"’@S ‘Wif‘?r)fe‘é‘ﬁ@ltfeg‘élza{:g’ﬂfé?l}s ‘B&Hﬁ@?é:gfl pF(_’Z'sf?rélHS%’i s,

arterioscl eaﬁéin%ge&%far%ﬁto%is, A AGRTEEnEHRBIPRWAAE G. D.)UUAE, Q| C

di sorders (Pow s, G ; rkman, P. Signaling targets For_ The 5 Devel opnent

of Cancer DSbagsverphtK. Baeeptor TyrosinoKyiages As Togats Foo Droghitarygntioger enmi es,

J.; Parada, o | , ecept.or T i I i i in

Vascul i pe P40 s TR B ol PRI gt Ae alh S G AR o, T

Li psosn, K. tHe trealif®fi or prevéntioh of pMsiifeheiNe diseiseSvbivieite dépendrit obtthaen, L. M

Receptor Tyrosine Kinases As Targets For |Inhibjtion of An%ia%genesi s. Drug t

o Di scoveryersmss. Strongepidemiaiegigevidence spggestshatiRoPYSEF- e B! r ef er ence) .

I n addition j ' lealine!tS cSRBLER Atsdnichat

tyrosi ne Ki %ngél%?}ﬁﬁ?ﬁ#?@ggﬁéﬁﬁ n szl}legigﬁztﬁtﬁg e(fllct \}?tcy of cyt ot%ginc or

cytostatic sigaalingists impenmann Szecbriima geovangatimber off iumasit realtpradciesier api es

]t( (r;(rJMI ;gpt Eg‘y?cgsgrie lgll-rrllz?sesp trh(;‘it'S l?arlfte blegnvi?rrlgl{cgtgd Iir? th%lse[ Sr%}cgs%eg i%cl%gg%%'lj,%Khs?VI ng
EGF, EMT, FGF, FAK, Fik-1/KDR, HER-2, IGF-1R, IR, LCK, MET, PDGF, Src,

and VEGF (Traxler, P.M. Protein Tyrosine Kinase Inhibitors in Cancer Treatment.

Exp. Opin. Ther. Patents (1997) 7: 571-588; incorporated herein by reference).

Hence, there is an ongoing need to investigate novel compounds that can be used to

30 regulat o nhibi yrosin kinase enzymes L

SUMMARY OF THE INVENTION "G00zt

The present invention relates to compounds which inhibit tyrosine kinase

enzymes, compositions which contain tyrosine kinase inhibiting compounds and



R R YRRNIN,~-RRA I ~N~XR R R-1 20 its enantioners,

di astereoners, pharmaceutically acceptable salts, hydrates, prodrugs and

sol vat es thereof wherein X is selected fromthe group ¢ I Std f N C
C, - C3 al Y9 I2EP 193 al kyl 25 substituted with one or nor eogi/ﬁgdzggggdl rect
bond; Y is selected fromthe group consisting of Oand S ; Wis selected

from the gr eethodoasiusg myitotordNf t@oside karagde S)zypreo v d@ﬁﬂ dlsnaﬂeswhgrlp aA¢i s O or
S, RO is absent; 2 V\D 02/079192 PCT/ US02/ 119 (P Rg ¢ AnchiR

R, Ry, RO ehasacieiiasdibyaeouREERersjos Wie atfot“(ﬂ% ¥rﬂ%’"%F31&§)e% H%yg?l ny of H

C~- 6 alk | . S ,
o, ‘F\‘IO 2y Oc—im éﬁgYa'bRﬁ%FsEéf&YdsgN&Yé}lo@aEM%&%%ﬁﬁ %gg)'%@nﬂb HYsEa ,ebﬁlﬂldl% Zgg\l gg% _

, NR6S 02R6immun&0gikkeieeders (PoB{iHIRE 2 WIRERGN-P. , Signgling taegetsr B The, 5

CH2) nOR6, CH2) " NR6 nsS | ,
(o) " TR e PELILPBARY Cankgh A - &Hﬂcgﬁﬁrﬂﬁe@‘&?’ﬁ@‘p i r SRR
3, and Z 'Sl\ﬁﬁérﬁﬁﬁe?q fpaaud, ﬂeFQ'FﬁHEexﬁ%'Mt'Hwe br fyrostKl@dskﬁignaﬁhé@nW

and al kynyl aln; 'Z’having one or nore roxy t hi ol alkoxy thloalkoxy,
am no, hal ojn YaschR6 Pexelopmgnto (frl GrZM@@ﬂlﬁffT&(ﬂ??/ )|8nédt0p(§rhé‘ewﬁg LoKe or nore

groups seletedfr the g C in %?}Wf NRG,
CNNCOR6 and ff%%oo lp%gdrngpT Ci}l%‘r%' %%lgrge%ﬁnh epén ent ;"gag!l ected from
the group CR@éép‘E(Sr'T'}goﬂfle Hma@éské(i Tarfgétsélzlokﬁﬂi\(‘rbmoﬁibkmglbgermysl Gakky |

cycl oal kyl al kyl", hydroxy, al kox 3agﬁ het er oaryl, heteroarylalkyl and

al kyl - Ra6 wikkisaeveryFEzBay 6198120 lesein incorparea by fefRrence)-al koxy,

Sul foxy. ot ony it <Rt PR v BT, E Xprot PR EBiglyyose™n, Tl 0

het eroaryl Qinad@inhesi@kPen@naaidéhe actinity BB cpomxiR3or cytostatic deprentiewlidny
hydr ogen, al kyl, cycloal kyl, or alkyl-R2s_In pr %‘erred enbodi nents, R, R7,
Rgand RO ar esed inrpmbiation Withestandagd therapjes kaows Ibe 21ty s el ected from t he

group consisting ’I%f tp%‘:s?ﬁqnﬁ?’t OW1§ &m%tedag cb gﬁ@ﬂcﬁ%@ﬂgfféﬁmlﬁ he group

consi sting of H, e opropyl, sSecondary butyl, cyclopropyl, F,
and CF3;15R6 is sel ect ed fromthe group consi sting of H,
2- am nonet hyl pyri di ne, 30 NHCH( CHZOIHLCHZPh NHCHZCH( OH)aryl, and

NHCH( CH20H) CH2ar yl ; and s
R

>—R°
R4

20 its enantiomers, diastereomers, pharmaceutically acceptable salts, hydrates, prodrugs

and solvates thereof;

whereln
X is selected from the group consisting of N, C, C;-C; alkyl, C,-Cs alkyl
25  substituted with one or more R and a direct bond;
Y is selected from the group consisting of O and S ;
W is selected from the group consisting of N, C, O, and S, provided that when

WisOorS, R’ is absent:



3 V1'0 0210791'1 2 PCT/US02/ 002 R3 is selected fromthe group consisting
of OR6, C(NH)NHR6, C(O NHR60 i m dazole, imdazoline, tetrahydropyrimdine,
pi per azi Jphol i ne, hononorphol ine, piperidine, pyrropéfi&Rros02
honopi peBg i /e%g%d am no; wherein RGis selected fromthe group consisting
of H, alkyl, cycloal kyl, heter oc%’/cl oal kyl , and al kyl -R25 wherein R25 is
hydr ogen, al kenyR!, RyRF Ry R’ t1fi BRI )R% R arlescixindepdnidentyy seldrtaiafrdmothe hal o,
cyano, sulfoxy, sulfonyl, -NR~-COOR3~, NR3C(O) R3~, - SQZR3~, - C( O NR3R3~,
or a het er o&YOUP CORSIHEL déy@l-@ékﬂy@lke@hd‘lmygHM?IR@FYNaRg@FquW%E%B%Pi Y,
hydrogen, alirle, oRPEING] K, S8 10k kK- RES: COLIED] CURRPION hARMROVI des a
a a

phar maceuti c ¢onpdsi t7on conpri si ng o conpound of formula I, as
defined abox®RSCONRERSHARESEIRS cROINRUReGNRIZNRERS, eryl, liEtezodrglyent i on

further provides phar maceydt i,cal conpesitjon conprising a conpound of

fornul a ? %Hﬂe@ﬁér?e@:w, Ry’ atlt nﬁyﬁ’t{%&iﬁ&g‘@ﬁﬁ cal ly

accept abl e g@ﬁ@L ?étex%gﬂéé’atlk}l'l?ﬁﬂtz-% AMahen-ARkkrdagyicer agent optionally
S

f or mul at ed I Xxe os€. 15 Additionally provided is a nmethod of
treating a edheckitn onl @skasdated with at | east one tyrosine ki nase enzyne

conprising adm njpsterin o a, manmmal i an species in, need, of such. treatnent
an effective amZﬂf S%?Ct%i &BWB%EG’UBFOIFW’HEI(’;Q?," %llﬁﬁfgheéyl&gg\?g(ynyﬁ

Fur t her nor e cpdifez hANBNbACS MbR Wy RXy2niBrt dneskyOthiddleaty, Relird, G18di tion
associated wth at |east one tyrfosine kinase enzyme conpri sing

adni ni stier i NRTSOR2gonpsrdedritimnalipimeomerasing et moregronprcselested;frana theer

agent in conbination.wt b i solef | WeE.

DESCRI PTI mg%PfRES’g}‘@s‘g&&i(ﬁﬁgﬁﬁ%%b NHES ’1?%$kggj§r{poggndd§ﬁohfsazgr mila |,
as defined ghove, pharmaceutical conpositions enploying such conpounds and
nmet hods of using such ¢ opunds. Listed below are definitions of various

0
terms used to de&crRoe af"gg capjsigrendently salected o the gioup fendntingphbse

definitions appl Xk&? the terns as they are used 30 throughout the
speci fication (unll Ss they are otherwise limted in specific instances)

ei ther iipdi vikdtg| Alxyoyl, @glaatiyl, ogtloalklyllgérhydraxypalkoxy, Ay 10 Ae@ikatE
PCT/ US02/ 09- 402 The term "al kyl," herein alone or as part of another group
refers to abpsmapdalint and WEWR CWhefERar bon) derived radical containing from

1 to 12 carbon aie ' &hioN &fkoxNhiaRdxyJAAMAB, | S an
optional ly substith%ggalgo??%iagﬁeg?r’wgﬁég’egfodr 003)/( lic satxa?at ed hydrocarbon
group. Wen atkybmiino,utiglklylamidoy brylyrietgrsargiayydmobkaledodfok y,subfdnyli t h up to four

substi t uent ) R Lned, . .ad avaj b 3pai nt _of ~attachnent.
Wen the al R @5@85 |I§§;ng(‘§5£g blgﬁsoﬁg)g]&lt'\ﬁégﬁ%ﬁ PRV O%roup, this is
used i nbgr cRgRARIAbYNIKY; bRd " br anched al kyl group”. Exenplary unsubstituted

such groups inclu metpyl, ethyl, propyl, isopropyl, n-butyl, tzbutyl,
i sobutyl, pentyl Rqﬁw? ares rdersnidenths frygrogen, Ak vl %@M@Wﬁéﬁt@ﬁqy}-%ét yl,

2,2,4-trinmethyl p?r?%)%'féneﬁoe%ddirggnqxllll, R, R%and R® are H;

R? and R*are H or F;

Y is O;

25 X is selected from the group consisting of N and CH;

Wis N;

R’ is selected from the group consisting of H, methyl, ethyl, isopropyl,

secondary butyl, cyclopropyl, F, and CF3;
RS is selected from the group consisting of H, 2-aminomethylpyridine,

30 NHCH(CH,OH)CH,Ph, NHCH,CH(OH)aryl, and NHCH(CH,OH)CH,aryl; and



10 undecyl, dodecyl, and the |ike. Exenplary substituents may include but
are not limted to one or nore of the follow ng groups: hydroxy, halo (such
as F, d, )y, hal oal kyl (such as CA3 or CF3), alkoxy t hi, 0,
cyano, céﬁ%@%{@i’?m, al kyl carbonyl (-C(OR), al koxycar%%ﬁywlko-)%),

am no, carbanoyl (-NHCOOR or -OCONHR), urea (-NHCONHR), thiol, (-SH),

sul foxy, sul f onyR; isagltiedighemearop coasidting 5f ORf% COSHENHR% ¥YO)MHRS  gr oups
as defined may al so conprise one or nore carbon to carbgn doubl e bonds or
one or nor elMdigaasdh imislagaling ietiahYEPRYIHBIS, DIRCIAZInegMERIS ARy al so be

repr esent ed al kyl - . : [ ksin t he al kyl
group is a @%@Pﬁhé{?@%k&ﬁy&%yr(@ nhef g?ﬁgg%g%Qg]g(?ﬁ?E@@ude tsm% nsti tuted
nethyl, ethyl, pr&dykeledtedfibylthgp@upsonsiainktef H,alkyl,'atloalkyl,” herein al one
or as part of another group refgrs to azﬁyﬂr&car bon rﬂgigfﬁ'l str,aLght,

br anched® or heigrerydoalkyl: andvlky-R'r sheseip 8115 hypdroger alkeBis hyHaxuihitkast one
carbon to cgr 0 K TR Pe PR CoER Y V.

substi t ut edﬁll“%wg’ ég@’angﬁ%lé?ﬁggg%ég}é%?b%{éﬁ?g’r anngf 1f/)lllil group.” The term
"al kynyl " hERSGOIRYneNBr'SesRparE(NRANRY e Igtaonyr @fretesodyolaalkyhs and

hydr ocar bon radi cal straight, branche r cyclic containing,.frqm?2 to 12
carbon at ons andﬁé{)tanfiéﬁs?lgeoﬁ’@eﬂfé'aﬁ%ttr}’?‘éﬂgr@ﬁ?%c?h(ﬁ’r‘iyﬁ{g’é&ggr?ﬂ.glk)([iﬁal' kynyl

group may be optirgdalkicHAss plovidedla bRariiBed RAPcIMIYIRondSniismEiabed for an
al kyl group. The term "al koxy"™ as used al one or in conbination herein

refers 1@ acehpainghf fomuda hrs definadrabore, ahi piphgmmageuiceallsiaesrplaplaxsdid t o t he
parent nol ecul e rough.an. 30 oxygen atom | inka cont ai ni ng _f.romone to
ten carbon atomsIrE‘hHW Wéoqfélpﬁgr pré%%%s 4p “e‘ﬁﬁgle%”&}eé&‘°8|°f2§k?§)m$éfer to

such gr oups &GRS MY Reniu12 Mag BEfikd abo¥e, GRESMBInatiONWith Pradimicesidang! ude, but
are not limted to) nethoxy, ethoxy, propoxy, WO 021079192 PCTI

US02/ 09. 102a¢csplisblesantier ahd piolgst ope birensnyi-ganger ageny optionaliy,formulaggd asst i onal | y
substi t ut ed; V\(?S:n used in connection with an al koxy substituent refers to
t he repl aceﬁé% of up to two hydrogens, preferably on different carbon
atons wish a radiadaiticasiigpioeillell oy ametted @f oremigf a tandirionadskodigtepwthyt , cyano,
hal o, trifluoronethyl, vitro, hydroxy,. alkanqyl, .am no, nonoal kyl  am no and
di al kyl ani nisastanRExpsige kingse Ry M COBIPHSINE AdMAYSERNE 10c2 DAMEANAR SRACISS 1 ¢
al kyl or oUPRLAlt sfith BERREL! 4 ftcAve SRSG:oPELoRRBNRI o FORNMIET s Hh{PXY"
herein alone or as part of a group refers to -SO and nay be substituted
with, for exbovel Eurthédydre,ahe mivghtiar mopides methodraftiesting oorditidrer ei n al one
or as part of a group refers to -SOZ.and may 10 be.substituted with al kyl
or aryl gr oﬁ?§§‘?‘a‘%ﬂé"‘ﬁbartﬁ‘?asbﬂ‘?er1‘5r'osﬁl§ RATC SREIRE RMBLIEAQMIRGIEING QR gr oup
refers 49 - NgmdNan'spEBifCht 1EBYorRIIh@N@tilin Qe agsish téhbiagtiod with@ne or two
substituents, which may be the sane or different, such as al kyl, aryl,
aryl al kyl , adpound ofdotoylg [, asidefiegdoaboye., het er oaryl al kyl , cycl ohet er oal kyl ,
cycl ohet er oal kyl al kyl, cycl oal kyl, cycl oal kyl al kyl, 15 hal oal kyl ,
hydr oxyal kyl , al koxyal kyl or thioalkyl. Preferred substituents include
al kyl am no pEpScrRprKONM no, such as net hyl am no, ethyl am no,
di met hyl ami no, and dr et hyl ami no. These substituents may be further
substituted with a carboxylic acid or any of the alkyl or aryl substituents
set out ,perein. Lt - m %Bﬁ;' b . et her
wtht hépni t rogenlrﬂ?i? geg#r%tdf?%lnéﬁﬁfcﬁg%&g?xz at tdg%ﬂi&(}l‘f{%o grlh%%l&egiggmdﬁ&g’
pyr rol i di nylpharinapépizal einpydsitiochs ameliying such comppiralsiang methbds bf asing piedl i ny|
4 sul f oxynor phol i ne, 4-sul fonyl norpholine, 1-piperazinyl,
4- al kyl - 1- pCP@PAHd8y| | 4aryl al kyl - 1- pi per azi nyl ,

a-diarylal kyl - 1- B @i ule derhiRATRPVRESAALAN usef 1P dUlind e EBRbARIAZI NV

4- aryl al kyl - 1- honmopi per azi nyl, 4-di aryl al kyl - 1- honopi perazi nyl ;
* 1pyrrol i di npf theingameanvertioy.| These difimiziops apply toothe itaymalab sheydpsvseiut ed wit h

al kyl, al koxy, 25 al kylthj.o,, halq, trifluoronethyl .or.hydr . .. The term
~"aryl" R@ref O%ﬁ%méthsrsp%%h%wf‘?m%%ﬁ%@? OienYifse figitep dn %/%CCWFBE@%CICFC or
bi cyclic ar @QRdriifdividd@Py ofashartiFaNNiger g,léb?ti tuted phenyl and the |ike, as
wel | as groups which are fused, e.g., napthyl, phenanthrenyl and the Iike.
An aryl group thus contains at |east one ring having at least 6 atons, with
up to five such rings being 30 present, containing up to 22 atons therein,
with alternating {resonating) double bonds between adjacent carbon atons or
suitabl e heteroatons. Aryl groups may optionally be substituted with one or
nore groups including, but not limted to hal ogen, alkyl, WO 02/ 079192
PCT/ OSU2/ 09~02 4



al kenyl , al kynyl, al koxy, hydroxy, carboxy, carbanoyl, alkyl oxycarbonyl,

al kyl am nocar bonyl, nitro, trifluoronethyl, am no, cycloal kyl, cyano, alkyl
S(O", ( ) , or thiol. Aryl groups may al so be su i ith

het er ocy::(fé)é{‘l”ﬁg?ll&)and het er ocycl oaryl groups to formf usegﬁéT/ir{gIg?oqédt?ch as

di hydr obenzfuranyl, oxindolyl, indolyl, indolinyl, oxindolyl,

benzoxazol i di non{he tds@naoyizedimylonabdadyenreixmptier gionpmefersitha t er m

"cycl oal kyl" herein alone or as part_ of another gr.oug referts2 tqQ fully

sat ur at ed” afwWwnpyHentaiiape (hsecaroepsderiied ratisa saptaming Loyl @ l2gagbony of er abl y
3 to 7 carbgpat - Cygl SRS bt REa sebhight

substi t ut edggggll%g%ﬁgﬁg%g?g?@r@g %&gl as é%}‘éulp%}én Egt\l/l ng§one, tvvo? 5% three
subst i t uent dranphicef @rcgblicysaoneted dpdecirbon froom Wiengubsiputedngkd tgroupsahayhal o,

al kyl, substituted al kyl, al kenyl, .al kynyl, nitro, cyano, oxq .(=0.,

vt oxy - Sar Ressbstiubiyp o e sutstiders ety Rasgting) Al Ty LA RO - o
=N-O-al kyl, : - [ ' al
(12 20 Rl SRt MMEREGP it & YR O Pl SRR (LT,
-NR COZ' R', is iRt G{texChazeabl $GHNRbRInchanak ylROWGCZ BRemplesy ansubstétotedoiclR  and

R' is independent | lected, f hyd | ky tituted alkyl, and
cycl oal Kyl - EBtDRinclyely TeihYlogBYInBRoPY o spPI PR sy PV B oL EsaRY r i ng.
Cycl oal kyl  gegipSoRERYI, ﬁléﬁ@ll, &?ﬂ-cﬁﬁk&{ﬂﬂeﬂiﬁ%dﬁl? ﬂz,hecfriﬂ{e@hﬁﬁéh'ﬁ?, S REyIO N,

and S to form'heterocycloal kyl groudps. "Preferred heterocycl oal Kyl groups
i ncl ude 10pt vodeslyl, foderys abd thet likee Exampfinp substtuents mryongihds buferg Fotnenber ed

ring), thionor line L per.azi honmopi pe i 7 r g , and
pi peri di ne. lﬁrH@Ht?%Pﬂ? mhrg?‘p roggﬁf?)ﬁbwg}gér “Fg“‘r éﬁcgro@f, hélso ggr aesol?e’%elm%{’]%yér group
refers to subphikylisach &TCIAR3Y, diktxgdalRyiohief dyans, carbolly (RIBOHRd nonocyclic

groups, 9 or 10 nenbered bicyclic groups, and 11 to 14 nenbered tricyclic
groups whi chlkybasaatyl @6(OR)salkanyeatben dr(ACOM)(@inG aarba)oyl (FNHCOORser one of

he rings. ' f -yl jni h

cont a1 n-one O NIRB R BFCRfE Eigh GRES-RUPSY ShETonE: FE-FE0R A rogen

atoms pnrovi ge@drdchaloalkPe ARYPErobpRetefiféd hay als0 2bMPFsd dhedstGhoreicAhohso f our or
g

| ess and each ring haS at [east one carbon atom The fused rings conpleting

t he bi cycl i cathad double pendsorgne apsormsarkanrioarbos iiple bandsorAlyl grovpsmand may
be sat urated artiall at.ur at ed [ sat u nitro d sul fur
atons may oﬁlspg)ﬁéﬂl’r?eﬂged%%itg? @)ﬁugna )fl}#g 'nhéroé:’g%dg oﬁ%‘%ﬁté@* g%{]all nal ly be
quat er ni zed grouptie b eretyyl, ARyIPEpUrGatyd g foupi any thdledemubitititeyl ehdtieylnethyl, i ncl ude
at | east W O 02/079192 PCT/ US02/09.t02 one fully aromatic ring but the

ot her fused PFeRY4ODPULY} 81§4PSray be arommtic or nonaromatic. The heteroaryl
group mgy be att g, At, @Ry 1-Ralih Mhe ond fLOG nBthe grong%fe;sqahof any ring.
The heteroaryl ring system fay contalin zero, one, two or three substituents
sel ect ed fr duwdtokarbgn cadicat smaiplstt bragchef! ohaydic cahtayning frobs (ot 1 eabenl dging

al kenyl, alkynyl, nitro,,cyano,, hydr ,_al kox t hi oal kyl ,, - H

foc oty 2 EEBH et oné B B Gt douBibiogR AR ke e RRR AR N 1 oxy.
phenyl thio, sGyGiniad kthe saﬁﬁ@ﬁfahﬁéﬂtaﬁf@ics‘éﬁﬁéd)ﬁir%ﬁ|alkkiggi‘o%bpcyc| o, heteroaryl,
‘NR R, -C(=ONRR', O(=ONRR', -NR CIZ'R', -NR°C(=O R', -S02NR R', and
-NR SOZR', wher eiThederoh“abifyn®l” kenein long or asprspelranerher grogipirelersdd af r om

hydr ogen, al kyl, substituted 10, al kyl,, and. c I '
t gg et ge *f o M?Cﬁ%f) ar %dé‘i/ai F%algﬁl’ %‘é‘{“g‘feé} ar Wé:]lrcl ééé%a?@g}rgﬁ}nafr){? ir?ocnag@o?/lc P
het eroaryl @gh@upladivat UaBoRW ¢t tripRybonal Aflalkyhyl dronsiaagbe oplignatlyr azol yl

pyrazolinyl, imdazolyl, oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl,
i sot hi azol yIsubstittgein the same Apnncr g5 desceibesd {aran gyl g5AYp- pyr azi nyl |

pyrimdinyl, pyri Lave o trhazi nyl . a1 ~ Maldheyclic
het er oar yl groupﬁ?ﬁ%ﬁ&ékl ng%%éx a}Oﬁ%@ff'ﬁ?ﬁ‘*‘é@?"#&gﬁ@P?*Eﬁﬁé%;ﬁ%‘%f‘fdi none,
" benzot hi azoloy branbeaizedinoakyydrouparivalendy bbnded b drezmidnt emjdculephiroughiany| |

t et rahydr oi soqui nol i nyl, isoquinolinyl, benzimnm dazolyl, henzopyranyl,
_indoli zi3Ayl Oxpesemikose COHRAS BN oneda A §aspan atB’é‘ﬁf'B‘b&eéWFS, 'rcgiﬁnnol i nyl,
qui noxal i nyl_j.4.0d ! I i L i i 8Gh ndol yl ,
30 1ot ranydrishInare iper BSLE AP0 el erchit OB T o R BB e b
i ncl ude car e, gkamplesninichude) bydt areptoe hanited ta@ mhéthgdly, edoky,girogdxy,
phenant hri di nyl, xanthenyl and the |ike. The term "hal ogen" or "hal 0"
herein al one or as part of another group refers to chlorine, brom ne,
fluorine or iodine selected on an i ndependent basis. 25 The term "hydroxy"
herein al one or as part of another group refers to -OH The term
"t hi oal koxy" herein alone or as part of Aanot her group refers to an al kyl
group as defined herein attached to the parent nol ecul ar group through a
sul fur atom Exanples of thioal koxy include, but are not limted to,
t hi omet hoxy, thioethoxy, and the |iKke.



30 Abbreviations: "Ph" represents phenyl; "M" represents met hyl ; and "Et"

represents et hyI WO 02/079192 PCT/ US112/09.t(12 An "anti-cancer agent"
as used Q&g 6ihojdac! udes known anti-cancer treatnents such@suyédh Eron
t herapy or vvrtﬁ cytostatic or cytotoxic agents, such as for exanple, but

not limted to, DNA interactive agents, such as cisplatin or doxor ubi ci n;

t opoi soner aiseprbpox'ynhi]tbky drl:m,torsumld thslilet. dhe séroe’optiopdiyssohsitasd” whemhi bi t or s
such as CPT-11.or to ot ec bul i i.ntera ti n age ts, such as
pacl i taxel , IEBTTRaR i el SHBEN FErHBHAr RRysRRent & dero a0

tamoxifen; {asdeds | R @rab el @FRrdnd BABbE Ao vﬁHthra@?caiSsé(léc‘t@ft‘Blﬂl@l@é X

anti - net abol i tes 'such as nethotrexate; tyrosine kinase i nhibi tors such as
| ressa and g8up Wld:weaml@ybthueé; csyancmrhalm trdhroke&hyl, mhrcbrhyahtosy, AKEBBYI,

i oot ech 1055 ROTOTRUATRIG & 7y ot b oy BFpual S e ey Bha

herceptin (ddafedhanndhet ﬂk?l%@ﬁﬁs‘l‘&ﬁ'be%wﬂaté@ast@és@ﬁlgled ootected”, t h' S means
that the group is in nodi formto preclude undesired side reactions at

the protected siThke tesumi tsalfme/ ‘heetiealonagr gy panef  group refers torpBQadd nwly t he
present |nvent rec d, fromthe present application taking
i nto accoun uhetqf’tggéylt ?O 1"% ﬁ(tyln%raéﬂg US4 with 15 reference to

st andard t ext booKis tefibl Culfthy B REAE alohe o¥ds it &fla g roE’{%f@r@%VSOﬁWﬂlﬁi
Organic Synthesis, WIley N Y. {1991). V\hen G . I al kenyl ynyl,

cycl oal ¥yl %ﬁ%‘b%t!@tjr"tlﬂt@lﬂquf g50uPspr ef er abl y substr tuted w t h one or
more hydroxy, Cy’ﬁ%ot IR%D marem gﬁoéyztslp?h%??%th&ﬁérgb re?érlé %n%n
ny ona

t hi oal koxy, am no, am no,

hal 0, het er'aayisd’ uahw;btxonany be @mbshattar Wik Yhe OI\MUMMHCIQS »hﬁttemgroy hear e
substi tuted, they are preferapbly substituted with_one or nore al kyl,
al kenyl , al Sapear difsrantosuch g Bﬁ‘rﬁ;ﬂyl W)YBFW)PIkeéD’k@W“Yt hetsElaRdxy, ami no,

am do, sul f 0 that is
fused to th'%“%?%‘?%%ﬁ%‘?b%w“a‘é%}&F%YCP AR re B S ey
are 25 pr ef mledikyl, Iyddostyiatkyl etk oxyblkyborehioalkyb Pecfairkd sybsatukyts mydlydeal kynyI
cyano, carb ro al kox t hi o | koxy, ] no, am do, sul fonam do,
o7 “hat ogen. AeimingRnd dai¥yadinchsich ashdfUARYD: GPSlpeio, Bnediteiine 088 | hey
are . pref edigfhmnisdst t'tésé'%rﬂﬁtﬂ’t‘lehﬂ rﬁi}eoeofrurtﬂarﬁbﬁitméh wifH zk@cmklmyh@lakﬁﬂmfl
hydroxy, al koxy, thioal koxy, am no, "hal ogen, nitro, nitrile, "carboxyl ate,

al koxycar boanylof tmlbﬂrmwyl s@stisesmesyset eutihgesin.dn yddmon, theamlr@eauwtltﬁms nunber s

e e e o AR
02/ 079152 RyHIUBLRA, O9pipd-Adiayi; diagkpin Al 4 MicpdIRg], SIathibn@irfbimat,aion chai n

havi ng fromone to six carbon atons; exanples include nethyl, ethyl,

n- propyl , i%{éfﬁrtmg)tphotﬁn@o&twlfonsleem}t?&w, 1-pipgrsginyl. 4- tlbﬂtyplpewzwéht"yr
sec-pent | pySRBETithrsRY, BNy PARRIBIAY INGIRIRAAEN 4iih® o o1
i ncl udeI Er dnmmpiﬂgr&-mijrly4-ar3balkyr:lnbhdxnépxqiemirz]1nérlz4rmadyj,dlk)but hxrmepipelrazinyll;ll etc.
one. car bon. BAFURTIBJIBPEIHBHO! LeemE: SRsonH b EnEies bl Rk one:
exanpl eg | rg;jéyg]eo %HﬁE}Yﬂluor&thR?Wﬂh ydtxQRr openyl but enyl, isobutenyl,
pent enyl , hexenyl . Dependi ng on thé context, "C2_6 al kenyl" can al so

refer to C2_6 al Rerfenn yarylr'\‘/rhecdm b}ond gess mam)fgmourps growpaeforsge nihorydicude
et hyl ene-1 2

, 2~ di . (vin n e
> haxene. 1 e e b c. £ oREnY bttt PRSaal B Tkg, avpalehed car bon
chai n havi rgoaiss wigas hrecmébdcé- gb(hﬁlt)tﬁﬂ PRéhahthirdiye amPihe likeNAnf &rBrbyPthiu® Si X
carbon atomns; ‘exanples inclu ¥ propynyl, butynyl, and hexynyl .
contains at least one ring having at least 6 atoms, wit up to five such rings being
30  present, containing up to 22 atoms therein, with alternating (resonating) double bonds
between adjacent carbon atoms or suitable heteroatoms. Aryl groups may optionally

be substituted with one or more groups including, but not limited to halogen, alkyl, -



The term "al kyl - R25" includes optionally substituted al kyl groups such as
15 nethyl, ethyl, propyl, and butyl) attached to an R25group. R25generally

i ncl udes h dro en) al kenyl, hydroxy, thiol, alkoxy, thio no,
al kyl am MS 73 | am no, aryl, heteroaryl, cyano, hal o) allé(ﬁ?%")%{?,@mszul fonyl,

- NHCOOH, - NHC( O -, -NHS02-, -C(O NH2, heteroaryl or heterocycl oal kyl groups

such as rmrmaéuyl nﬁmﬂr@r aﬂl{oﬁlyﬂl)}wynGalbbﬁy farbambgt, a@ylox@carbbnyl NN~ -N--N
N, N-NJ NN, N R3L NN ~NNNN J --<j ~ --~~ ~

'r'] ~~ ~ ~oI 0 alkﬂawmamo@lRfsmromdlmwwmﬂ pmescyaloaled zoiage, aélﬁas(@h dazol i ne"
erein along o t
( =<é, f%) gogrém'op AP?%@%&E F%&%&B He@ﬁia#ﬁi@t@d W%ﬁ&é@%&n& dag ol es

and substit |ne the term"tetr m di ne"

| ncl udes Suﬁlﬁéﬂo&ym&}y]t bﬁ;@;hycﬂ@mpwsedmdgme@ch dsldlﬂﬁyﬂrdmnzﬁlﬁartyhe)xirﬁlbhjﬂ

" pi per azi ne' EI peridi ne" "norpholines”, "honopi perazi
" homomor phoindaky 'lﬂ@idlyl' Py indalyl dleﬁéyxa?ﬂtqlwl dhepaxeeeliwg ?ﬁsper azi nes,
substi t ut edbeln(;0 a \(/)\p ) ?6979192 PCT/ US02/ 09- 402 pi peri di nes, substituted
nor phol i nes, "Su &y ed hononor phol i nes and substituted pyrrol i di nes,

respectively. CoThoteads cshflodllaﬁ” mé&meaﬂbne asrvaar]iartmﬁ ahather grhep ppéeretafullyor mul a
l: 2 RR YRO RB NWs R4 ~- - Rs. R~ 5 i.fs
enant i oner sSatypigdragd parely ““%‘HH?tﬁﬁ@é@ﬁOFérgP'i‘ V“éﬁ:@p@ago |péefgr§€ﬂ[y33 Ol dr at es,

prodrugs an §ﬁl Xt@hﬁsfhgg&e?%ﬁlé e”su%stitﬁtcﬁe%%%@Qufeﬂ%?&l%ﬂﬁygrOUIO

consisting O al kyl substituted with oné or nore
R7_ andi@a drefasto hmhdngha\sngehcectWQ,obrfthI@arsmbsettgntwprefﬁnﬁzly on¢,sgleed O and S ;

Wis sel ect df omthe .ou of. N O, d that
when 15 w1 om bp Bupsgnyigast aat, ay!, Sl ey bVl Rl MR e

each i ndepepdgnt by G°)ekjdeskyl, ARk §,NRiodKH PCOMSIGE(ETYHPT O alkgl, -6 al Kyl
al kenyl , E{}ﬁ Oc(;sl?)oﬁ)f kyl)i hetgér olcylk?oa ggﬂ a(FSg am ncz)1 k(‘9(']?6 NCZX OH,
SR6, NR6R610C(=€N)all€;02ﬂS OKCGNRERatky1, @yl NR#raaryl, h R@f{mOf R6 SO2R6' :

SO2NR6R61, C( NR62 het er oar,y| NiEH2) ~NR6R6' |
( CHZ) ~SR6. ‘2‘1 é(&)a—%z‘il“")“ﬂ & 1a$9?/°"a“e% eﬁ@ﬁz 7 Ret POty S | éa| Kyl |

NH-Z-arylk, @JEQ—UMHIZ et RO R”, WNRE(EOIR ", SSO,NR'8, A dNR'$G,'RE) ect ed from
the group consistin of Cl- C4 al kyl, al kenyl, and_al kynyl challr; Z haV|n
one or nmor emymmwg of B end R3 Ilk'@Q?Penﬂmtb’aﬂekGW frwwogﬁa@k}wl SBORY:

e AT AR LR A A A" -
Cycloalkyl groups may also be substituted with hetero atoms such as O, N, and S to
form heterocycloalkyl groups. Preferred heterocycloalkyl groups include optionally

20  substituted morpholine, homomorpholine (7 membered ring), thiomorpholine,
piperazine, homopiperazine (7 membered ring), and piperidine.

The term “heteroaryl” herein alone or as part of another group refers to

substituted and unsubstituted aromatic 5 or 6 membered monocyclic groups, 9 or 10
membered bicyclic groups, and 11 to 14 membered tricyclic groups which have at

25  least one heteroatom (O, S or N) in at least one of the rings. Each ring of the
heteroaryl group containing a heteroatom can contain one or two oxygen or sulfur
atoms and/or from one to four nitrogen atoms provided that the total number of
heteroatoms in each ring is four or less and each ring has at least one carbon atom.
The fused rings completing the bicyclic and tricyclic groups may contain only carbon

30  atoms and may be saturated, partially saturated, or unsaturated. The nitrogen and
sulfur atoms may optionally be oxidized and the nitrogen atoms may optionally be

quaternized. Heteroaryl groups which are bicyclic or tricyclic must include at least



R6, and R6' are independently selected fromthe group consisting of H,
al kyl , WO U2/ 079192 PCT/ USU2/ 09-L02 al kenyl, al kynyl, cycl oal kyl,

cycl oal ky%@%wzhydroxy) al koxy, aryl) het eroaryl het er pafyb@alosyh, and
al kyl - reinm R25 is hydrogen, alkenyl, hydroxy, thiol, alkoxy,

t hi oal koxy, am no, al kyl am no, di al kyl am no, aryl, heteroaryl, cyano, hal o,

sul foxy, subdefuylly ardmds3I D the othE2F{ed)rRY or rtﬂgﬂmomam( @,»INRSR?,' :
het er oaryl or he_teroc cl oal kyI and R3 and R3' ar dependent | vy,
BB oicPhe

hydr ogen, awlewatwcg! ¢ Beiprogryl gmupanwpeﬁ@ghewa%ﬁﬁa' TR &
present i nvﬁ%enyl y i ﬁ“he(lzﬁighoa%qldgs%gt%wﬁa%%malﬂ &0, ol Iwo WhaR&l N R25 i's

hydr ogen, roxy i oal koxy, 106 am no, hal o,
cyano, al kybnmshfuem,sela&tkcyhsui thegydup coREGHERT halo, ARIC{sahsButed NRSBOZRS

O NR3R~', h | h |
| ndlependont Moy IRBYb T SRR, PagERaet kg Py R Db B e oo
enbodi ”entsalk§i6 ﬁé%lpheﬁﬁ‘@d%g*ﬁ%ylaﬁyl bl HRNGGIRICHRRMKy@Nd n i's

0, 1, or 2 S pi perazi ne, om)l\g?égeram ne,

3- met hyl pi pautadiuted cytbatkyl, hebratiyek, hgteiapds NR'RE, b@‘iq@ 'onal |y

consi st i g S GDRR K SR GO N CGIET SHPYRT kohE “NE 8T8k 1 ol k!
al kyl - R25,  qefdln EkR of Rr an@PRZR Ravha G%tgfrdgleﬁtdda’rd}ﬁ(ﬂ&@men althyk Yubstaied

al kyl -R25, amno or aryl; and R25 is ogen, al kenyl, hydroxy, thiol,
al koxy, 10 hi etklyk ang cydealky) omR kanddRyi methdi @Iﬂklyllf@ﬁﬂfﬂ%’c %Wmﬁd Bog-sul foxy,

2 | |, |
2 ONoRy | peY ExempBrY wonsdVERs e at RO ek B pyril iy,

i ndependent imjdafmﬁfy@wfhzogh kgkazofid gl mhkzdlﬁl oxazalyl)ikoxa25lyl, Itllilaz)j”lyalf erred
enbodi nents, piperazine is substituted wth M, CHchcI opr . op%/:H CH2CH2NMe 2,

CH2CH2NEL 2, tmmwmoth@agmuzfmw thappatHoReiREol YNPEHE th PR EicH) 20,

(CH2) " CH2- R25 .wh . CN, CF3, SOCH3 or S02CH3,
wherein n i 8YgMdn b?yrﬁgﬁnﬁfé%n%déﬁ%g%s R~ is an anino group.

Preferregg am no @rxemp&ry bick¢liteheddribhd2 CHAOps mNMﬂé:HRﬁHHOlHdolNSﬂ CrCiabylH,
NHCH2CH2NH2, NMeCH2CH2NH2, NEt CH2 CHZ NH2, . NH Sflé{CHZ NMVe 2 ’%f CI-%1 21NI\/E 2,
NEt CH2 CH2 NvBenzonprsligmansgiepzothpgelvh oNgbsnzogpieny

NHCHRCHRN, LR 201 MEEHRALZNY ggﬁmammmgamm%%%yi n some

enbodi nment s an option bstitued piperidine. Prefefred
substi t uent mch:ﬂlengrelbenméutahylochmhmngu cmpnarmyi;lbsnmm'raﬁyl ryrhobiryl, t hi ol ,

am no, 12 79192 PCT/ US02/.Q9~(12 al n di a | am no, al koxy,
t hi oal koxy, qﬂl@x%l{“&id aly(. F@fﬁqg’ ,(3 gurgpgll n‘g]h(gf&ﬁqﬁ?d K R ~ SCHR ~
50-) - NBgX( O}&aﬁyém lmanat@hwer e| n R~ 5 is hydrogen, al kyI or

al kyl - R25 wherein §25 i s hydrogen, al kenyl, hydroxy, thiol, alk

t hi oal koxy, am nﬁxemalaoy trwalrmhet@noaw gmups)wludawashaé@lw @ﬁ%md&lﬂmcomw

- NR~C( O) R3~ r pocycloal kyl; and R3
and R3~ arephf“ha& 8 '%’11 esgfé‘%‘f‘%&ﬁ xggtw%l égpﬁélﬁi or alkyl-R25. In
sone enbodi ment s 'Iﬁ@térﬁu 'afalc@em @ﬂahhloy hetes dlohelbeds pmtrqiﬂmbthaegroup refers to
hononor phol i ne, thi onorphol i ne, sul foxy t@chh()l i r _sul f onyl mor phol i ne.

Preferred s@b@ﬂ“?u‘@ﬁmﬁ‘q’ HuetipeOrHiodng BAn ‘“gﬁp‘?ﬂ%e“ 9384t ani no,
| k | y —
di al kyl g 2 no. e Ogen hyHH( 3,%5:%19’@@41 &Vds é:%%%f andIFEL Fé?bl?ﬂ?efers NHRORR~5

mherein 5 |s h or a wherein 5 1s hydrogen,
al kenyl, hydroxy, Tttehd:rm "thmlakoxy", hdréinakdne@x ps pamrohanothes| godupcigfansto an

| kyl |f | kyl | - .NR3 ~ NR3C(O NR3S02R3~
RO D) NRBRe alidetiipas g Hescib A ERCH Lafhe et T e BR PR r 6,

i ndependent | I Neorf! B¥dm lgy(g;flt%hll@,gk ikfude! butlard K& lindiked!t, some
~ enbodi nent s,t%%g%{g Sglqurt'?o lid np Pr ef erredl pyurrol i di nes i nclude, 3

thiomethoxy, thioethoxy, and the like.

30 Abbreviations: “Ph” represents phenyl; “Me” represents methyl; and “Et”

represents ethyl.




hydroxyl pyrrolidine, 3- alkoxy pyrrolidine, and 3-alkylanino pyrrolidine.
According to one enmbodi nent of the present invention, R3 is an optionally
Subst 1 1 U IEPEY D Lrer bl v al Ry« hydr oxyal kyl - al Koxy TN 2 OR4R oal iyt
cyanoal kyl , carboxyl, or 20 carboxam de. In sone enbodinents) R6 is is
sel ected from t hangantipamensgent’i asgised hédeinAnarilesdmetvinyanfiyoandir teeatments
NHCH2CH( OH) ar yl , and. NHCH( CH20H) CH2ar yl., wherein the aryl oup i
optional |y $ifheraditian therapypeyih F&f&sté%emwﬁf'g,ag?fﬁé_Sél&;,?sg @F 88*15“5'%’
LDt LDl h i QLY By, BRSO TRaBIROR P ntS 1o o o
HO HO \ \ \tdpbBoinerasé IIRhkibitors, fich a@emﬁdsjdd‘slmaxmi@)n\dmﬂe I-IINIMN%DIH@CIK&SHO \ ORO
b o oo e B o L Pt el 586,
For ol e, GRS ReLE SRR R e hivfo, o) o7
H R, suN | | Osu0hRsS-fRyarauicil aryienetybdiites, such as methotrexate; tyrosine kinase
inhibitors such as Iressa and OSI-774; angiogenesis inhibitors; EGF inhibitors; VEGF
inhibitors; CDK inhibitors; Her1/2 inhibitors and monoclonal antibodies directed
10  against growth factor receptors such as erbitux (EGF) and herceptin (Her2).
When a functional group is termed “protected”, this means that the group is in
modified form to preclude undesired side reactions at the protected site. Suitable
protecting groups for the compounds of the present invention will be recognized from
the present application taking into account the level of skill in the art, and with
15  reference to standard textbooks, such as Greene, T. W. et al., Protective Groups in
Organic Synthesis, Wiley, N.Y. (1991).
When C|.¢ alkyl, alkenyl, alkynyl, cycloalkyl are substituted, they are
preferably substituted with one or more hydroxy, cyano, carbamoyl, hydroxy, alkoxy,
thiol, alkenyl, thioalkoxy, amino, alkylamino, amido, sulfonyl, sulfoxy, sulfonamido,
20  halo, heterocycloalkyl, aryl or heteroaryl.
When aryl or heteroaryl are substituted, they are preferably substituted with
one or more alkyl, alkenyl, alkynyl, cyano, carbamoyl, hydroxy, alkoxy, thioalkoxy,
amino, amido, sulfonamido, halo or with R’, R”’ wherein R’, R”’ form a ring that is
fused to the aryl group. When CHzaryl or heteroaryl are substituted, they are
25  preferably substituted with one or more alkyl, alkyenyl, alkynyl, cyano, carbamoyl,
hydroxy, alkoxy, thioalkoxy, amino, amido, sulfonamido, or halogen.
When NH-Z-aryl or NH-Z-heteroaryl groups are substituted, they are
. preferably substituted with one or more alkyl, alkenyl, alkynyl, hydroxy, alkoxy,
thioalkoxy, amino, halogen, nitro, nitrile, carboxylate, alkoxycarbonyl, carbamoyl,
30 ester, amide, aryl, or heteroaryl
The numbers in the subscript after the symbol "C" define the number of

carbon atoms a particular group can contain. For example "Cj_g alkyl" means a



PCT/ US(12/ U9-402 wherein 5 R 2 and R 3 are, independently, hydrogen,
al kyl, or alkyl-R2s; R sis hydrogen, alkyl, or alkyl-R2s; R6 is

i ndependent | hydrogen or nethyl; R';, R 8 and R9 are, j tly,
hydrogen,wﬂail%@é?vi or alkoxy, or R 8 and R 9 toget her fo#én'ﬂg&ﬁ%%a
het er ocycl oal kyl or heteroaryl group; RZS is hydrogen, hydroxy, thiol,

al kenyl , al &msl\%g or brapahddsayuratddicMbon bigdi® haviy@from eneltd esxycartsml diemny;| |,
-NR3COOR3' , - C(OR3", -NR3SOZR3', C(O NR3R3', heteroaryl or
het er ocycl oetduyles ingladmraethyd etiyyl, mp@pyl, HReepPyH Enutyl seesRitPlgispbutyl ky |

1o 0 St B, s A R B ks
ndependent Y FaPsaEetert) LR 5 i SigEEs ORI bR IR %L 4 1
hal o or gret Boxyne-2R0hi T, Butaie- 4.3y, bakdiRyleiadiiel £4-d0fl, &tal "G _lilkéhg" conpounds

according to the invention include inorganic or organic acids. These

i ncl ude, butneanea gafight iorbtaachddxartidh dhyitriaehigan it oneydriobrarioiedoubldl f at e,
met hanesul fonate, mal eate, fumarate, phosphate andﬁgﬁqtbgr haLmaceuti cally
accept abl e bend, gnd baying TRy 19 10 Sk GARRAK AIBS - SXRBPlEY c?é‘E)Ft“iy RroRsa¥s but

which can b Loye Mo j atri 1of d t on of
free conpouﬁs(?g%? [?%b@]r%rf}g’ PO 5hgﬁe?gegﬂééﬁrg%ééﬁﬁléQeﬁgndgg%gggﬁaebdlog&égl ts, are
al so i ncl udedy_¢ldkehdll' cahatsevefepwel s gatkenbdiybwhiob bridgesafvotdreupsnetamtles

invention are contenplated, either in adm xture or in gure or substantially
pure fonen Tivduddeéthpliené-d12-&f! (virylaehponetisl-2dotendi lrgdivs 2-hexehent érdiybon

enbraces all pqssible stereoi soners. and thei.r nmixtures. It r

particul arl ﬁtcen%ﬁaﬁ:@gyrt)hemF%&ﬁt@’@éPFﬁrag%dtcﬁ{egoﬁs? g%‘ﬁtﬁl 3‘élm§pa¥%3%tloniesorrer s
havi ng the N LYY - ' by

physi cal Zo%grrg’ﬁ WS%@?“ gquﬁclh%g}é%’ ap Eg?‘%&g‘ﬁe@‘ %a?%dgﬁtgﬁg’l &g?n?g%%gl:l‘?{@ati on,
separ ati on ethyayly piopkhylzbityoyl, aifd lebixgsgler eoneri ¢ derivatives or separation

by Ch Al col Ut ort 0913 T, Lndh ) UGl 0L 68l L sareis son e
e e i e b A
fornms of hydrogen, alkenyl, hydroxy, thiol, alkoxy, thioalkoxy, amino, alkylamino,
dialkylamino, aryl, heteroaryl, cyano, halo, sulfoxy, sulfonyl, -NHCOOH, -NHC(O)-,
-NHSO;-, -C(O)NH,, heteroaryl or heterocycloalkyl groups such as morpholinyl or
group having the formula:
o] o]

). N N No,  Nsy
O SN 2y _ / _
— é N —N‘N/j _N\;‘N N\;‘ N=h
N__R Ry Ra1
31 ~
~J <1 7 < e <
20 N O " SR,, © (o] a1

The terms “imidazole” and “imidazoline” herein alone or as part of another
group includes substituted imidazoles and substituted imidazolines. Similarly, the
term “tetrahydropyrimidine” includes substituted tetrahydropyrimidines. Likewise,

25  the terms “piperazine”, “piperidine” “morpholines”, “homopiperazines”,

“homomorpholines” and “pyrrolidine” include substituted piperazines, substituted

10



t he conpounds of formula |I. Various fornms of prodrugs are well known in the
art. For exanples of such prodrug derivatives, see: (a) Design of Prodrugs,
edited b gaard (El sevier, 1985); and Methods in Vol .

42, pp. Mf’%‘g@,mledited by K. 30 Wdder et al., (Acadenic r’@é@%&%); (b)
A Text book of Drug Design and Devel opnent, edited by Krosgaard-Larsen and
H. Bundgaarmperidiagt ewbsttutédiasiphnlisesdsubstituted@obnt pidiheSTd WBIRLEE~02
Application of Prodrugs,” hy H Bundgaard, pp. 113-191 (1991); (c) H
Bundgaar d, PSS BPRFGHTSYi ver Reviews, 8, pp. 1-38 (1992): (d) H
Bundgaard et al .g I p j i orthdia 1285 ( 1988); and
(e) N Kayeka ethﬁﬁ&h@ﬁgﬁﬁk.r%%ﬁﬁ%ﬁﬁ#&%qgg?§%é%9%%F%%%§@IThe i nvention

al so provides a pharmaceutical composition conprising a conpound of fornula
|, as defined above, and a pharnacqﬁticeiky agpeptable carrier and at |east
one other anti-cancer agent fo¢?ula edé?s k xed dose. Preferred

anti cancer agents are selected fr uplcqpsisting of : tanoxifen,
torem fen, raloxifene, droloxifgq Hxyherg, hegestrol acetate,
anastrozol e, ietrazole, t0 bordvole s exenggt ang, flutam de, nilutam de,

bi cal ut am de, cyproterone acetate, Boserelin acetate, |uprolide,

finasteride, herceptin, nethotrexate, 5-fluorouracil, cytosine arabinoside,
doxor ubixin, daunomycin, epirubicin, idarubicin, nitomycin-C, dactinonycin,
m t hramycin, cisplatin, carboplatin, nelphalan, chloranbucil, busul phan,

cycl ophosphiéherdatiointrssdiasteigemers, phasmecausigally adsppieklpisalis, hydraes.ipsedmes t axol |
~ 5 taxotere %rloagé)%h% f,teni posi de, ansacrine, irinotecan, topotecan, an
epot hi | one;m}g%y‘f SitHECR nase i nhi bi tor such as Iressa or OSI -774; an

angi ogenesis inhibitor; an EGF inhibitor; a VEG- inhibitor; a CDK
inhibitor; a Herl/2 inhibitor and nonocl onal antibodi es directed agai nst
growt h {&ct Whetecept ors such as erbitux (EGF) and herceptin (Her2). 20 The

o] ot ona K PLAK RO (REERAY ALiAEBANIE, & (G OlCY hRyfrodul atT on

i i
of at |east one tyrosiné kinase“enzyne cogpr|5|ﬁg a Istering"to a
mamal i an sasiitsed withesdorahore R haridraaditarerindan ef f ecti ve amount of a

conpound of fornula I, %g deaned above..Ad(ili(Bi onal Iy, the invention
provi des a net hod ippelestedfromghe sroypaPRsitiinant 0884 Rodul ati on of at |east one

tyrosine kinase Qnzy@Rced TR o tBnSiketE6f NACLO, MdRFFEVidednthsPR@Enes in
need of such treatnent an effectlive anount” of a conpound of formula I, as

def i nedisaboWejs @ or Splhaoisrah&einun (simul taneously or sequentially) with at
st jone, O her Rl Reneels 0 R RRARlSch eSidhid Sherdd FORGE Y, 5204,
1358 ST/ SR Ol Dol 4 SO,
’ ' amino, OR®, NO,, OH, SR™, NR*R"",CN, CO,R™, CONR™R®, CO,NR™R®' ,
NRS2CONR®R®!, NR®SO,R®! , SO,NROR®, C(NRSHNRR®', aryl, heteroaryl,
20 (CH»).OR%, (CH,),NR*R®!, (CH,),SR¥, (CH)), aryl, (CH»), heteroaryl, ,
(CHpy), heterocycloalkyl, NH-Z-aryl, and NH-Z-heteroaryl;
wherein n is 1 to 3; and
Z is selected from the group consisting of C; — C4 alkyl, alkenyl, and alkynyl
chain; Z having one or more hydroxy, thiol, alkoxy, thioalkoxy, amino, halo,
25 NR®SO,R® groups; Z optionally incorporating one or more groups selected from the
group consisting of CO, CNOH, CNOR®, CNNR® , CNNCOR® and CNNSO,R*"
and

R®, and R® are independently selected from the group consisting of H, alkyl,



WO 02/ 079192 PCT/ US02/09.t02 The invention also provides a nethod for
treating cancer, conprising admnistering to a nmammal i an species in need of
such tregf ; therapeutically effective anmount of at of the
phar mce?}%g‘ég/p-”(lz%rrposi tions defined above. The invention ﬁ?tﬁﬁoez@g%}rzovi des a
met hod for treating proliferative diseases, conprising admnistering to a
manmal i an sglkeniy@salkynyhegdoatkyk ugdlodlk dalkyk hydraxy hakagye aityl,cbdtérpad f ect i ve
amount of at Ieast1 e of the ,pharmaceutical conpositions defined above.

0

Certain conpfeRay %lt‘)r’]f@}dn@ﬁ\‘ R w eneral Iy be prepared according to the
10 15 foll owi ng gei kpﬁ% PhikBRE thichikb®¢ antindhe art.

Sol vates (e.qg., Ey rga ‘Z‘S?Q‘gfﬁ‘?ﬁ%" corrp%ndg ’og( fg’r mul a Igarenal so within the
scope of t hakplasendialkyaninoparyl, Ketehmdd, gfansdal@tsufoxyasafgeher al | y known in

the art. Acconrgdli Vi, 2 pu 0 sne | fL, 3 Qvention may be in the
free or %deﬁt%&g#m ']\iﬁdcﬁﬁiﬁébeﬂ\gﬁg{)ﬂ%d ‘G@thds h&%?é%?‘iqfi ed by the
fol | owi ng 59&?:‘6E§c192ﬁk§]wand\/bre specifically, Schenes |-VII illustrate the
preparation o cor‘g)oun’s claimed in this invention. The exanples, which

follow, illustraR& andeR ¢ erepindeptmdentlt, hpdmetre allyhidycloplkal obglkyhRSe schenes.
The schenes are pot limted by t exanpl.es l.isted. o Y gévy. bstituents
enpl oyed for ill ﬂg%%?f\}%odﬁu?'ﬁﬁgﬂ@? PESH tr’rqumlag’sl?rj’isﬁg)é@t'hg i %%gf’gfi on of
the benzim Qﬁ?ﬂké,swhgﬂéﬁh R hydiGeehOaldedyl] W@Foxl, igl, hiRALY, Iiiodlkaky,abl e using
literature nethods or are obtained comrercially. &1&:‘ di agpi ne i,s then
condenséd wiminoahalal egehg.dékylsulfoxpraikylsdfony B COARIaAIRe CEO)R i t her
nodi fi cati op,af e f { 1 0 0 r 0 e
benzi m dazo g osrd re @\J&f g@o’f&%‘ r§z§gl cgrﬂmee%c'&gc \%lfo\élik n’eag'a%%ggzﬁgrfaée’l . R2 R~
R3 ~ NH R4 |ndepddién /hgdlB%crN g1 QycloalkyRer RkyRRR2 IRprefedi® &8bddiNNefs, R4 N X
2

Rs Rs R~ 3 18 WO 79192 PCT/US(12/09.1112 Alternatively, the
benzi nvdazoRe & &athyléCHonGHOH o (SHoCHRNEC Hab FeaO, ea@ 8 158a RE21 1) by

am de fornmation i i QL. Bzt 1he Rife used
pepti de coupl i ngﬂféedglgee%rﬁgo@ﬁgﬂs’g@ I%E}lgq%é?{:eyg?rgﬁpégyl clar’bo@l }%lgieg , lE%CI (
1- ( 3di me$ hy badisrtimehgipipereiet bephgoptiondily sobdetuksddit oledd-OF padéjon weitlca Once t he
am de 6 was fornmed the nitro group coul d be reduced usi catal ytic
hydr ogenat i Wp@qnélrﬁgaegﬁegﬁgpg}@g H‘Eﬂ‘?S‘éﬁmgc?féWﬂa‘FyEQH‘ae{‘]ﬁﬁln such as Snd 2
or i ron powdeno fiyIQi)E heBbORIRINGD AR LEEORR, bPICOAIUGHERM RF igr v
nitro groups. lQI're}étt nt of étyr%e awl}mr;ye vvithﬁgt)gi “woul d then formthe
benzi m dazohpdrogen, Stkytraeyl) dlkylYRRoarino Rt afyd: a@d R Rshydrogen, alkenyl, hydroxy,

thiol, alkoxy, thioalkoxy, amino, alkylamino, dialkylamino, cyano, halo, sulfoxy,

20  sulfonyl, arylsulfonyl, -NR*COOR?!, -NR¥C(O)R?', -NR*SO,R*', -C(O)NR*R*,

heteroaryl or heterocycloalkyl and R* and R are, independently, hydrogen, alkyl,

cycloalkyl, or alkyl-R25. In preferred embodiments, piperazine is substituted with Me,

CH,cyclopropyl, CH,CH,NMe,, CH,CH2NEt;, CH,CH,2NH;, CH,CH,NHMe,

CH,CH;NHE!, N-CH,CH,N(CH;CH),0, (CH2),CH;-Rys wherein R* is OH, OMe,
25 F, CN, CF;, SOCH; or SO,CH3, whereinn is 0, 1, or 2.

In some embodiments, R” is an amino group. Preferred amino groups include
NHCH,CH,0H, NMeCH,CH,0H, NEtCH,CH,OH, NHCH,CH,NH,,
NMeCH,CH,NH», NEtCH,CH,NH,, NHCH,CH,NMe,, NMeCH,CH;NMe;,
NEtCH,CH,;NMe,, NHCH,CH,NEt;, NMeCH,CH,NEt;, NEtCH,CH,NEt,

30 NHCH,CH;N(CH>CH,),0, NMeCH,CH,;N(CH>CH),0, NEtCH,CH;N(CH,CH>),0.

In some embodiments, R is an optionally substitued piperidine. Preferred

substituents are selected from the group consisting of hydroxy, thiol, amino,

12



R3\ NHY RS R3\ NR ,,, X HO N dehydration | R R N02 O~ ~R8 ~ R4 ~
N2 RS RER~-R5 456 YRERR Ot .. NRARRR Rt YRS 33 R\ NRs X ~
redu~ ti' ] \ N> N-Re R& | ~NORRHRA/ N ' X2 Rs Ropfisidiobfin20 For
exanpl e, YRAENE™MA 1 illustrates the use of '

4-i odo- 2- met hoxy- pyri di ne- 3car bal dehyde 7 to provide the fl nctional i zed

benzi m dazohigy@midd, diakyismmophlkbhe teilkoxy 1gf diopolasi GECHTODL.Cl, Adicdane

condi ti ons, TK/BI Grrimet hlglssi 'yl iodide), BBr3,s or ot hﬁrs .cgn(gi tion tnovvn

in the art ¢OCHRSGHRNGHREIMNHGNB:  WHCPBr ovihgien Re 1H8Y B%"r’ia@‘% 9.

Addi tion of h r e | j ] ' thi S ol s woul d
then provi o8 TRE-Sunar e Reae Ry AT g AREE B AR RNl & e

" i ncor por at egmird, Balbheyaabdgkyislafoxyalk yisulédnyV,e NEOHOR | NRHEIQRG  or

illustrative purposes only., 1 WO 02/ 079192 PCT/ US02/Q9. 1021 Schene |11

R~ R R3 NHNI%B%(§2R§EeC(CmyR3ORI%|Zh@r%rYI Oﬁletqfo?ycwﬁ?gl; %Bdiﬁé Nﬁ"‘% R4 | /N -
~ X =NH S_0 R~ ~ ) @21 NHC NRs | RRR R OR3
~ NNHRI an\epéi%dﬁ@qﬁ%}@’@%’h@g]dl?lllwé’vl\érélgk Y!t[-{ e aryl ring of the

benzi ni dazol e pr dpabed eniodignéachR B sin loptiondlly sohstitied muplidlnd. For exanpl e

introduction of a cyano group for R~ on the benzimdazole allows for the

formati on OPOWSE’@FMBF’égIOWOE’é‘Ci ngéﬁf)?}‘o 186 aa%ﬂﬁnﬁlég?rp%%glzem i nes,

thiazol i nesPr&%éi?ﬁrbsﬁheﬁg?r@ldlﬁ%ﬁrd%'??fﬁ%ﬂ ninb! ARJIEAIRS dRUG amino,

transformations. Starting fromthe cyan -substltﬁt ed benzj.m dazole 1li the

het er ocyial e atkary ahioatkoi§, abklylR?, -NHEO)RT e NHEOR Rewherein R o iphysiyogea. 12.

Imdate 10 forpati ef erab usi et hanol n ci.d previ.des
i nt er medi at éﬁ‘i’ggr 41E;'1ldlg{sé”l'fi§elﬁ 5‘53"'&‘%’%% eﬁg]d%&grlo%é’ tgllogrfia‘wndé "to form
i mi dazol i nesgy;ARbAR adtifd MaloS cidof Ak PFAEObIkPREIfor -NR*MCOORPS -t 0 form

i m dazol es, and am no thigls 10 formthiazolines 14 Aternatively fhe
i m date can NRGEIRS!, y- $Q:R’neCHINR aRd » baeiprabiovpaterogyalomiyly an any of

(D ot andar o | SAR . FAGRL phGPvobPSln pfligleTe Lorm am des 1S
ani di ness16 by r gaedmdembblitmeats, REB.a pyrrolidine. Preferred pyrrolidines include, 3-
hydroxyl pyrrolidine, 3- alkoxy pyrrolidine, and 3-alkylamino pyrrolidine.

According to one embodiment of the present invention, R? is an optionally
substituted N-tetrahydropyrimidine or N-imidazoline wherein the substituents are,
preferably, alkyl, hydroxyalkyl, alkoxyalkyl, haloalkyl, cyanoalkyl, carboxyl, or

20 carboxamide.

In some embodiments, R® is is selected from the group consisting of H, 2-
aminomethylpyridine, NHCH,CH(OH)aryl, and NHCH(CH,OH)CHzaryl, wherein
the aryl group is optionally substituted. In preferred embodiments, the aryl group is

substituted with Br, Cl, F, or methoxy. In some embodiments, R® has one of the

25  following formulae:

13



20 WO 02/ 071192 PCT/ US02/ 01~02 Schene IVz R 0 NC~ N1 ONHRXHNC ~ N
NHRe HCI/EtOH/ Re X-_ NHL S~ORa (/ RA~/ R C,I R RR RXR 11 CEt Rz
R~ O HN PRZH/ Ral /| N~/ 7TR~Z Rz d Rs RX R N NH i
R Ra ~ /WOW 0 R RX R DCC, RR'NH 14 12 H2 NR R2 R?JC’l(;)%]—ls']éol’é\l/oIbl-mZ N NH 8
/| RRa/ NRE RX. R~-16 ORZR ORRN~NNH~/ R Ra/ NRs RX R 15 X=
NH, O S Schene V illustrages further trangformation of beénai m dazol es that
bear a 5 10 hal ogen at gsn uki ng pal | adi g cat al ysi s usi nge.condi tions

devel oped by Suzuki [Yandg et al. Acta ClZem Scand. ( 1993) 22|; Suzuki et
al. Synth. Commun. ( |98 11: 513] or wal d/ Hartwi g chwal d et al. J.
Am Chem Soc. (1994) . 7901; Hartw al. J. Am RSoc ( 1994)
116: 5969: Hartwi g. Anfew. CHem, Int. = Efgl . ( 1998 7. '2046] and
variations of these methods. Pr epar ation 0‘1" a brom de sybstituted

benzi m dazole 17 could be envisioned to provide a substrate for Suzuki
coupling with aryl, vinyl, and heterocyclic boronic acids to provide

benzi m dazol es 18. Likew 5g, am nes and heterocycles such as piperazine or
nmor phol i ne derivatives,d9 £an be pr epar fromthe sanme bronide using :

am nes under conditions described by" hwal d and Hartw go vari ations
thereof. 21  V1'O 02/0 2 Schene V OR
o) Ry7 Ry
NR Ry
g]’ 40 NRao o_] 7

wherein R* is hydrogen or alkyl, preferably methyl, and R is hydrogen or halogen,
such as Br, Cl or F.

Preferred compounds of the present invention have one of the following

formulae:

14



R2 R~ OBr\ NNHR R4l / NRE RX R Ar8(OH)2, Pd / 1~ ~NYZ, Pd // R2 Ri
O\VI A\ NNHRA I /| ~Re NRO RKXR 18 X=NH, O S Alternatively am ne and
het erocyclic derjvatives such as 19 can be prepared to pi i di
nmor phol i O {420l e, etc (Schene VI). The term nal ni trggygg%z?@ﬁquer azi ne
or 4-am no piperidine can then be al kyl ated using standard al kyl ati on
conditions or reacted with al dehydes i{nfa reductive amination reaction to
provi de 15 exanpl eoifl ustyated i n Sche )\II conpounds such as 19 coul d be
prepared. using irptef 'fgt_ﬁ descr e % [1. Wien the R3 of 6 is
a hal ogen, preferabl y@:rfh hal ogen can bedYfgptaced with am nes,
al cohol s, heterocyclic 'am Mes and other nitrogen containing heterocycles
such as pi perazine, piperiodine, 4-amino al kyl at'ed, derivati ves.
Al ternatively the termnal RPgen atom o"f pi p i-ne or 4am no piperidine
can be acyl ated or carbanoyfatgd using any nunbeg ref conditions that are
routine for sonmeone skirxkled in the art of organic synthesis. Follow ng the
PCT/ US02/ 09- 42 2 RHRJH\Q ZYN \, N NH Re Ra / NS5 RX R~ 19 Schene VI. 20 Y
R2 ONH NR "~ X R H\¥zw ~¥u - Ra / mzsoﬁa*ﬁeducianZRRlYZYN~N
NRBRa~/ N.~XR5 Rs W B) 22 VO (&) / US02/ 09102
Al ternatively am nes, heterocY¥¢les, and al cohol s i ntroduced at R~
usi ng a nucl eophilic aromatiw-&ubstitution reaction Siarted from an
internediate 20 were R3 is hal n, preferaply F, the(hal ogen can be
di spl aced with ami nes, 4l cohol ¥ Rfl'ét erocyclic am nes ot her nitrogen
cont ai ni ng heterocycles such as piperazine, piperiding- “am no pi peri di ne,
mor phol i ne, imdazole, etc (Scheme ViI). The,term nal nitrogen of
pi perazine or 4-am no,piperidine can them‘sdgﬂgmﬁ:kyl ated using

Q N

0
I \ON :)__z:N)H j@: >_§t>”
N’ \ 7/ "
HN
HOw-

Vil

2, X

Vi

5 e
Ris O)Qq N B NH Rid 0/04 o NH
@N, \_/ @[Nf \_J

HN HN

OR

Vil 1X

wherein

5 R'? and R'? are, independently, hydrogen, alkyl, or alkyl-R%;
R'%is hydrogen, alkyl, or alkyl-R25 ;
R'S is independently, hydrogen or methyl;
R'7, R'® and R" are, independently, hydrogen, halogen, or alkoxy,or R'® and
R'®together form a heterocycloalkyl or heteroaryl group;

10 R* is hydrogen, hydroxy, thiol, alkenyl, alkoxy, thioalkoxy, amino, halo,
cyano, sulfoxy, sulfonyl, -NR*COOR?', -NR¥C(O)R?', -NR¥'SO,R*, -
C(O)NR*R*'| heteroaryl or heterocycloalkyl; and

R*® and R*' are, independently, hydrogen, alkyl, cycloalkyl or alkyl-RzS.



standard al kyl ation conditions or reacted wth aldehydes in a reductive
am nation reaction to provide al kyl ated derivatives. Alternatively the

t erm nal ﬁg@bg&g(gﬂ atom of piperazine or 4-am no piperidi ng-GaehResBCY! ated
u

or car barby sing any nunmber to of conditions that are routine for
someone skilled in the art of organic synthesis. The resulting nitro _
aniline coul d belr pdfeced eimbotiimendi, &Y isdyabgamdnghylckabedmahyll | ustrated in

Schenme I11. Schene VII. t5 20 R? 4 ~ NO Ny R2 | ~iNHZ R4 ~ NHz
R5 reduct i ofethpxypoetbiyt.y CHeF ’%%WGE‘QQ@@%H@H‘FWQ bebal“r‘}\}?esrllF‘\’%n have

phar macol ogj,g@heddk ,rhtyhl%%ié%id?a}rk?[_kimul ar, the conpounds of formula | are

tyrosi ne ki hase enzyne’iln ito The novel conpounds of forrmula | are
thus useful in tR&itHerapy of a variety of 25 proliferative diseases

(i ncluding but ngt,li m'&ed 0 diseases associated with tyrosine kinase
enzynes)® such as a‘ﬁ@ér, AYutoi mune di seases, viral diseases, fungal

di seases, neur odRUBRGLR!d \Reilb:SOhGET S and cardiovascul ar disease. More
specifically, the conpounds of fornmula | are useful in the treatment of a
variety of canceRe isithcl uding, but not limted to, the follow ng: a)

carcinoma, including.,that gf the bl adder., Dbreast ol on, Kidn 30 liver,
lung, including SHifle E’éqrﬁ]ﬁ?%?%alé%ﬂ@g? ?Oﬂggﬁﬁgaﬁ%@%gﬁ thﬁll%‘be(?g'gf,’ 23 WO
02/ 079192 PGEfIISARSGAAO 8r OMARM aciASNThERSncl 84 BBCAR n6Elinited o, hyr oi d,
prostate, and skin, "i ncluding squanous cell carcinong,; bz henmat opoi eti c

turr?r sI o9 |h wfmghlqridcf,rbe!sr@b_,ronﬁﬁe,lsuHanmp@ak@mfar}atmmléaw, tic |eukenia,
acute |1ynpnQ astil c e e - C. T- |. . i
SRRl S5 o ROy SR BBtk e

| ynphoma, n Ki'ns p tt's
| ynmphona; cphirgiaeénRal ek but whith sardife énysiboéd] for axamgte, fornied jsdiatign acut e and

chronic mye pgggga%%i olf ?r%le( %cr)nr-ngcs)ﬁndrsr}c/)? lfoczgl%lsapll (?rst%léi(r: pgﬁgégur&%al?yngcceptable salts,
are also included.

15 All stereoisomers of the compounds of the instant invention are contemplated,
either in admixture or in pure or substantially pure form. The definition of the
compounds according to the invention embraces all possible stereoisomers and their
mixtures. It very particularly embraces the racemic forms and the isolated optical
isomers having the specified activity. The racemic forms can be resolved by physical

20  methods, such as, for example, fractional crystallization, separation or crystallization
of diastereomeric derivatives or separation by chiral column chromatography. The
individual optical isomers can be obtained from the racemates by conventional
methods, such as, for example, salt formation with an optically active acid followed
by crystallization.

25 It should be understood that the present invention includes prodrug forms of
the compounds of formula I. Various forms of prodrugs are well known in the art. For
examples of such prodrug derivatives, see:

(a) Design of Prodrugs, edited by H. Bundgaard (Elsevier, 1985); and Methods in
Enzymology, Vol. 42, pp. 309-396, edited by K.

30  Widder et al., (Academic Press, 1985);

(b) A Textbook of Drug Design and Development, edited by Krosgaard-Larsen and H.

Bundgaard, Chapter 5, "Design and



pronyel ocytic | eukem a; d) tunors of mesenchymal origin, including

fi brosarcoma and r habdonyosarcoma; e) tunors of the central and peri pheral
nervous i,ncl udi ng astrocytoma, neuroblastom, gli

schwanno é?jﬁgqr%(}zf) ot her tunors, including sacronma, el aﬁéﬁgsd}ggf?lznorra, ~
5 teratocarci noma, osteosarcomm, xenoderoma pi gnentosum keratoctant hons,

t hyroi d fol Apglidatibn 6E8P@aFugeN hyHa Msidgaard aps AB-19DUEALY the key rol e of
tyrosi ne kinases in the regulation of cellular proliferation in general,

i nhi bi tors €bhl Bundgaagk Adwgrgediyug RejiversRemiews, SgBitls38Hi%8B nay 20 be usef ul
inthe tre af, _an hsea i . r-8s |, eellular
proliferat ?@W?.“&?%ﬁb%%‘i glg‘hfoﬁlr%gasl{% g? ﬁ%aﬁ?%@irc%r%é?%y’f@mzﬁ)Qi%ggénr]]%mat 0si s
pol yposi s, @M. Ealélared AR Ofdns, Phat. Mill0sY, 69D61984). pul monary fi brosis,
arthritis, psoriasis, glonerulonephritis, restenosis follow ng angi opl asty
or vascul ar sur gEhs/inveRfisaralsogpayidesse pharmgespsical sompositics SARPEHYE Bovel

di sease, tr i | t on, i &

nf ot | ons. DS eR BRI ELERAR b X bRareacEalty s PabitERer, |
response i sambi¢aandnei othed avdschntey agént Hommanateld seafired ddSenPotierdsl aiti- f or mul a
|, as nodul ators of apoptosis, wll be useful iE t he ,tqrneat rreigt of cancer
(i ncl udi ng BBECIASENYS j2ff Selegted Jram ey ensERg Pb MO HE e [9BSR e) , vi ral

i nfections (iQGHdi dneNRldok e} ot Acdtfie PaRVIrGAbR, 1dR%Ye! US,

Epst ei n- BarI&ﬂd\}(ﬁpﬂ%1&%?%13%}6,8%9?%@%%%%2no\(ﬁlr u}s)) , prevention of AlIDS
devel opnent borazdit,éxemésates Quiandde; indumhsde, bicabitarmdeccyprasermge scetitac| udi ng but
not limted to system c | upus,.erythemat osus, t ol mmu nedi at.ed 24 WO
02/ 079192 F@FF@TI 6‘2?‘6‘9012‘%9‘5%?%5@3&%‘%%{“ W‘%‘g&‘i‘}%“b"i’g%‘l’ﬂﬁ%‘ﬁs, _
psoriasis, LbdiAdAmabiAbMdd) A8RbrubicHE A8Enondyth, APIrahiBMU RnMiAR ghiesmPp&hId,t us) ,
neur odegener-ative disorders (including but not limted to Al zhelner's

di sease, Al &8tineinycipomitbrasnycina cisplatini rcnplatinginglhglan, ehigrembagihi ¢ | at er al

cegener i | o b SaDsBTERAARRL IRl MESAISE, BMARBN ARERETRE I,

associ aj£d kbierdY¥@padick, anipddidd, ainb@iive, ifihbelm, espdiacananfepsihilond;aj ury,
arrhythm a, atherosclerosis, toxin-induced or alcohol related |iver

di seases, heresinsg kigasearhibitersueleas Iressa puShd 7hian angitogengsistiahibiter: ap EGH ¢
anem a and ic 3. Qgﬂg dve. di ; skel et al
system (i ncﬁﬁﬁg’ %ﬁ%aﬁg%ﬁht%g? e térﬁ%bsltogb%g?g@? gﬁé@%rtgﬁfﬁgﬁ‘lﬁgﬁlﬁ

aspi ri n- sensitibodies direcied agninsst prasvth Cacsbr recdpitdrs ewdhsas enbituxi (BEIGF) and er osi s)

ki dney di seases and cancer pain. Conpounds of formula | rmay nodul ate the
| evel of ceh¢raersin (B¥)and DNA synthesis. These agents woul d therefore be
useful Ly the treql PRBAHEN fukthéFiroliREES IeMdba of iasdintd Bghattn VIPddbAtibgd t o
H V, human papilloma virus, herpesvirus, poxvirus, t5 Epstein-Barr virus,
Si ndbi s vi r ofatderdt erepmsineksnase Cuaypaserdeproing asinpinistering teg mayealipg useful in

t he chenoprevention gf .cancer. enopgevention i fine i nhi biting the
devel opnent SR5F'¢F m,ggela\pés C&htée&tm%} 8 {‘ﬂrﬁ‘wb?%%%t Hgagﬁ%f’?“ g’t?afz?ﬁ“gb ?fuatgageni c
event or bygddmgkbse:.t he progression of premalignant cells that have

already suffered an insult or inhibiting tunor relapse. 20 Conpounds of
formula | may al dgdisengibuthe inventionreyidesiymeibad of Heyireernadition i

Conti natt onPATRF T B APER: Ple Yplche VIVREEh AT RS AFHRRER 9811 cancer

treat ments fiaaim#Rn species in need of such treatment an effective amount of a compound of

formula I, as defined above, in combination (simultaneously or sequentially) with at
least one other anti-cancer agent.
A preferred condition, treated by said methods of the instant invention, is
30 cancer. Additionally, the tyrosine kinase enzyme may include (but is not limited to):
Abl, CDK'’s, EGF, EMT, FGF, FAK, Flk-1/KDR, HER-2, IGF-1R, IR, LCK, MET,
PDGF, Src, and VEGF.



radi ati on therapy or with cytostatic or cytotoxic agents, such as for
exanple) but not 25 limted to, DNA interactive agents, such as cisplatin

or doxoruybpjcin. . topoisonerase Il inhibitors, such as eto ',ﬁ@zmmz
t opoi sorréygﬁgmm%znhi bitors such as CPT-11 or topotecan; tuEu in interacting
agents, such as paclitaxel, docetaxel or the epothilones; hornonal agents,

such as tanoxifen; thymdilate synthase inhibitors, such as 5-fluorouracil;

and anti-netabolites, such as nethotrexate; tyrosine kinase inhibitors such
as |ressa and 30TiSnvemtipn aseqirovidpcsmethiod hprireagng cances COMRIBM8ors; VEGF

i nhibitors; .inhibitors: rl/2..1nhihi I ntmpodi es
directed ag%ﬂcrﬁgislleéﬂngvxf A n?agl}(’:j{l%?anrbg%%%%}g rnls%‘g gf(c:%cggl% 3&%?‘?’ ﬁdxtg( eu?legllrl]%
herceptin (fedclle amdunt 0@ R24QAe b the PRAIETORN QD corfposlifiorfs alefdadbodeas a

fi xed dose, such conbinati on products en&gm{ t he ,cong)?#nds of. this
_inventioh withi nThhiaversimdartherngevidesstMeiies THdI GG REP K Hal ¥t HEFases:
phar maceutical l y.active. r S RN s TN dosage
range. Conp%ol}n gs"%% r?én?nr%u?qqu@fto %ﬁ%ﬁ@%ﬁ%@%ﬁ%ﬁm&me? té‘fri“éﬂg‘ggﬁdﬁf ?al ly with
known ant i cenaf@eutallg effeétbui ncageot & laseoneaf chaphammadenticdleompbsitipnh i s
i nappropriate. The invention is not limted in the sequence of
admi ni st r at f&fied@baYfounds of formula | nay be administered either prior to
or after adm ni skbaliQBnBbuldir i PRy GARFATY I piéiiad BXoRIRTRINES)
Further subject matter of the i1 nvention al'so includes pharmaceuticals for
use, toi@s ﬂﬂmihg)aﬂheabmmth'eﬂ{obwwﬂgQOf:@TetSﬂcﬂleﬂiimglecﬁahog?l\,’awsdﬁlgammti on and

arthritis, which confain at | ea one .conpound, of . the formul a .l as defined
above or at hydaes) ‘er]?ée B?qutg‘deﬂgfnﬁ’EB%Ic%g@ﬁ M hg‘&g&ﬁ?"g&(’é%ﬁ %lseggdi tion
salts, and vanﬁ'&ﬁ WEHBAS ONRDREN Afe deRerallg kA id thesutdetdcorthgpatie for the
preparation of a pharmaceutical having activity against proliferative

di seases ascampounds ofl therinstans isveptipmotay & gy the Jederps t hydzate &yrm, andmagdF anmat i on

d/ thrjtis. Th h .0gj cal [ ds of thi
Mvent i on BB ExT BBy DL AL RLE TR Rk bR bR Ol oays, The

exenpl i fifed phar wagekpsifally sS@hemss MVICubedtt d prepaeativmest compourets out wi t h
t he conpounds according to the invention and theiyr sal tﬁ? 20 Bi o S382i1cal

Assays A. CoWimgdipcghisinyengipnaThe axpmpjesy whighfolew  illystiate e copmRep f 5 ng
of bacul ovir expr T, Chi O ion
Uh oV L ARRERBER bR CTRAEY.CThdschefOURe a1 lifhited 6 tieRkafiBIdLS)

protein (amno et1 nobl astoma protein),

y- ATP, 25 NIiMedBPbi anpOubstituekts eapioyed fératlugBlivephigeprss, pH 8.0, 10 nM

Myl 2) 1 nM EGTA,. 2 nM DTT).. Rgacti ons V\eétﬁ bncuba{i edl foi.g4§ rrll nutes at 30
C and stopped by Schemadescribgs the Preprigtion PLie egiidazeles TG s ca) 1o a
final cggce ' f %vai lePird @ iRShMRIR afedbtaiateed onto GF/ C
uni fil tgp ppga:ngéés?gg%lggrdylﬁglg%%eﬁlgggo% Meriden, CT) using a Filtermate
uni ver sal haomestraally. PRokdinniineris then cendensisl withen pldehyde@rto pigdde He filters

titated. usi TopCount.. 96- i QUi intillati
(Packard | neermidrzoles. TotitBr Barieaio Stshe bintHbf 3Rk on A il BBYBECE
to det er m ngnd Hig1z2Ridazol/6r BetérbyRIDar 3 are then envisioned.

25  Scheme L.

2
Rz R1 R Rl1 Y IRQ
R? NH Y. R R? N N
H N r— )R
8 A)
R? NH, )—{\: ,>—R —_— R? N X
5 o] X RS R R
R Rs H7
1 2 3
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PCT/ US02/ 09~U2 concentration required inhibiting 50% of kinase activity
(1CSO . Conpounds were dissolved at 10 mM i n di net hyl sul foxi de (DVMSO) and
eval uate .6152/%9?9200ncent rations, each in triplicate. The pépakozovso2
concentration of DMSO in the assay equal ed 2% |1CSO val ues were derived by
non-1|inear regression analysis and have a 5 coefficient of variance

(SDY mean, n=6) =AlidfatiBely FhE bkiziasiazéle sayld Aeffoinmasrin ssapawise mesac(seay

measuri ng the phosphory| ation of Gst-SLP7 .10 t- Ent was_enpl oyed to
det er nung t ﬁ@%’&%ﬁ%&l%@ﬁ?%‘w&‘s%ﬂh%wgC@éﬂ%‘?@ﬁ Bhiny @ng %?‘H‘é‘gglyr gact i on
was perf or nﬁged;%pgd@&' gﬁhg rdoBh€ s@h 45 IR (@PRAS LY IcRrtoalimd) NEDChet g e

at y acﬁl In 150 pf

being termn of 20% trichl orodacetic acid (TCA
cont ai ni ng @irdethylsmdiopropyy)r B pthypttatimidetey dkichits e}, stc t Pane the smigded (60 p, |
) contained 25 _nM HEPES, pH 7.0, ‘8 1 nu/ BSA, dz, .5 a2 8
hg 25" of e dumeadie mhelgrour bt wipsprle et el tiere) %
~ M ATP, 0. fgroftnafibn bY cRmLATELRBEN bl dsSHCRLorGRIMIWERT bAbtheAbMBUEs
concentrati o?ns). After termnation, the proteins were allowed to i
preci pi t at e knowt frethpaggentedugiontEaryl gitra gieoupst Tigatmentpkthg aading iy asi
proteins were n harvested.on a filter plate (UniFilter-96) G-/ C, Packard
| nst runent) Wﬁﬁ\%ﬁ%ﬁ%ﬂ‘ fISBPWZ%')?CeSS [y- P33] ATP. The 20 radioactivity
was determ ned using a TopCount NXT (Packard Instrunent) after adding 35
p,lI of Mcroscint 20 (Packard Instrunent). C. FAK Tyrosine Ki nase Assay 25
The FocdP AdkbemeH. ki nase was assayed using the synthetic pol yner

poly(d u/ Tyr) (Sigma Chem cal s) as a phosphoacceptor substrate. Each
reaction mxture consisted of a total volume of 50 ul and con¥ai R 100 ng

of bacul ovi rusexpressed enzynme, 2p.g of poly(du/Tyr), J~. & of P, .and 0.2
~ G of [y 33P] ATP.RThe ni xt ur aIF"ao cont ai ned 40 i s. A, R 4, 1
mM wWndl z, O. i 30 and 0.3 np/ m b(agri‘ eS8 U AR The \Fr‘,eacti on
m xtures were j ated at /or ) Hlaou.r-_av-n-cf)ﬁl nase i t yPwas
det er ni ned B/ “quant MPat i on t Redmount of radi oacdti vel ph8phat e
transferred to tRle pol y(G u/ Tyrgé siistrate. |ncorporatif®n was neasured by
the addition ofwgol d trichloroacetic acid (TCA) precipitation of the
prot ei ns whi ch re collected onfo GF/C unifilter pl at ed (Packard
I nstrunent Co., 27 WOY)2/ §79192 PCT/ US02/ 09~02 Meriden, CT) using a
Filterrnate universalgha ster and the filters were qlﬁantit,ated ysing a

&

TopCount 96-wel | R qui ci,bﬂ—h?l ation counter (Paclagrd nsf u¥entR Co. ,
T3 R rMNe t %_ 8
4 on ,)&'eaﬁ:h in

S wetXe di ssol veghgultigdi met hyl s
concentration of mM &d Bére eval Gat® si x con
triplicate. TR& fifnalNGa concentration of DVSO adde® to Ithe ki gasegassays
was 0.5% which h&% been shown to have no effect on ki fase activity. 1C50
val ues were derived non-linear regression to analysis and_have a
coefficient of varfance (SD/ nean, n=6) = 16% D. HER- 1/ HER- 2 Ki nase Assay
Ki nase reactions consisted of 10 ng of bacul ovirus expressed GST- HER 1,
100 ng of HER2, 100 exghple, Sahemedliliayrajestis wseedf 4-iodo-2pmethoxgpysidings; 1 u. M

Reactf ond wertAdTT bPpuise o oo Ropbinprphle SLEMA b O OF )
cold trichl anafieR} greupaliflg protic acid conditions, TMSI (trimethylsilyl iodide), BBrs, or
other conditions known in the art for cleaving a methyl ether would provide the
halopyridone 9. Addition of heteroatom nucleophiles using amines, alcohols or thiols
would then provide the substituted pyridones 10. Other functionality could be

20  incorporated into the aldehyde and the above example is included for illustrative

purposes only.



15 (TCA) to a final concentration 15% TCA precipitates were collected onto
GF/Cunifilter plates (Packard Instrunent Co., Meriden, CT) using a
Filternma sal harvester (Packard | nst rument Co. } ) and
the filte %H&e%rézbquantl tated using a TopCount 96-wel | | | gﬁ%@%ﬁ% | ation
counter (Packard Instrunent Co., Meriden, CT). Dose response curves were
gener at ed t&hee¢ldr m ne t he concentrati on 20 required to inhibit 50% of

ki nase activity (1CSO . Conpounds were dissolved at 10 nMin

di met hyl sul foxmelen‘( DVBQ),,and eval uated at H%ln(m&ooncent rations, each in

triplicate.n 1- Ninal con tration of R aesaa.y. equal ed 1 % |CSO
val ues were d ed by Hl?eaﬁ—regr sf's and have a
coef fi ci ent Rof ya?"i'zanc% L rean, n= 6) 6% " 1 G=- Receptor Tyrosine

Ki nase Assay THe 1G--1 re ept or tyrosine k| nas was assayed using the
_ synthetic pol yn’er pol y(d u/ Tyr) (Sigma Chem cals) as a phosphoaccept or
substrate. Each r act|on 30 m xture consmétedd)f a total volume of 50 ul

and cont ai ned %25]ng Rof hacul ow; s eRr ne, 2.5,g of

pol y(Q u/ " Tyr), »aig\\zg& % I‘ATP The ni xtures al so
cont ai ned 20 ,0, XsNhRP VNG 2, 50 5R FE)DT and O. 1 my/m bovine
serum al bumi n. Thé re&dtl on m xtures weré incubated at 0 30 C for 45

m nut es and ki nase activity was determ ned By quantitation of the_anmount 28
WO U2/ 079192 PCTLuswAsethe oyl alﬂgpéaxecbaevm@zs mdew%%e@\eﬁéaf Ho the
poly(Qu Tyr u 3 dition of cold
trichl oréoace |§:c %@515%%11_83& ?%‘?{Dg |gﬁ%ZP%?%Z&%rg?y%%ﬁgh wer e

col | ect ed obéxifddagolenlibiwk f@rth@fmxetsor(Hatekamyclessuasmmlrrﬁdzmle Meri den, CT)

using a Filtermate universal harvester and the filt uantitated
using a Top@Bidazologs.gxarolineghazaliehamites PHamidinest g t‘i'&\ﬁ‘&tr‘l‘ ‘&t r unent

0., Ner! defucrfng fofAIRGNT ARarliRE frofl e QY %dsubﬂltgﬂeﬂ%EMhn&Jiblfte'tH@ to a
concentration of 1 and were”eval uated at six concentrations, each in
triplicate. hdteeocktlaahn benodiftedass ilbustrated DVECheatkddttotpwovide 1%i han;leteassays was
0.5% which_has been _shown to have n ect. on. ki na IVI

val ues W8r e fQfB1tIOR grafera d’slqcrfgéﬂ" ]:L@%ra& RIQYidg| "é%eéléif ‘%%?/é& &

coef fici ent pot @b HARCRIHIRAREBRS to fbnﬁ)xnnda%@f/ﬁes'zanﬂnﬂsalﬂdhﬂlsE@t—‘cﬁ‘ﬂi or Tyrosine
Ki nase Assay The Insulin Receptor Tryrosine kinase was assayed using the

synt heti ¢ 16xpeslipes rmpas yoe@laiotom) inigdazpies, anbamning thiplsde farmiinzehiesckept or

bst r at h t 0 ul and
cont ai nea” od i Fenbe uiticdh B FRIShaLTE B} eS80 Bl PR aRne 7y 1)
251. t M of AFB)]E'%ﬂyiof)thé smn@ardcafxmheffo?&a]lﬁﬁagafne(matmmea etto)’tbdomdmadeso 20

mM Tris. HC mM M 2, 0.5 nM DITT, andOlggjm bovj pe serum
The readfi or15m117(’%C19F€‘e133 inetse 4 ysefith iptermediatelor tereparation gmidifes 19 Bse
activity vva§ bg &y quantitation of the anount of radioactive
phosphat e transterre 0 the poly(d u/Tyr) substrate. Incorporation was

measured by the addition of cold trichloroacetic acid (TCA) precipitation
of the proteins which were collected onto G/ C unifilter plates (Packard

I nstrunent Co., Meriden) CT) using a Filtermate universal harvester and the
filters were quantitated 25 using a TopCount 96-well liquid scintillation
counter (Packard Instrunent Co., Meriden) CT). Conpounds were dissolved in
di net hyl sulfoxide to a concentration of 10 nM and were eval uated at six
concentrations) each in triplicate. The final concentration of DMSO added
to the kinase assays was 0.5% which has been shown to have no effect on

ki nase activity. 1C50 values were derived non-linear regression 30 analysis
and have a coefficient of variance (SD/ nean, n=6) = 16% 29 WO 0211179192
G LCK Kinase Assay PCT/US02109. 102 Ki nase reactions consisted of 10 ng of

" bacul ovi rus expressed | ong GST-Lck,

20



100 ng/m poly(Gu/Tyr) (Sigm), 0.2 ~CG 33P 'y-ATP, 1 p. M ATP in 50 pl
ki nase 5 buffer (50 MM Tris, pH 7.5 10 MM M1 2, 0.5 nM DTT). Reactions

were incub JfQr I'h at 27 C and stopped by the additio

trichlor gva(g@%éi)gci d (TCA) to a final concentration 15% %U%?}eog?oéi tates
were collected onto GF/C unifilter plates (Packard Instrunent Co., Meriden,
CT) usi ng aSdhefnredVmat e uni versal harvester (Packard |nstrunent Co.,

Meriden, CT) and the filters were quanti t atRéd g0gusi ng a TopCount 96-wel |
liquid scintillgidn cbufter (Packand Instrumeit B Mgjggn. CT). Dose
response curves W§ g rapege to—determ he—dpn At ractom required to

i nhi bit 50% of Kki-age-Nact ty (rts8)° s} (gurﬂj%x @ dissolved at 10 mMin
di net hyl sul f oxi de (@VBGII andf eval uated at  x chceftrati ons, each in
triplicate. The finaliconcentrati on of DMBO i nt2t he assay equaled 1 % | CSO
values ~ 5 were derived by non-linear regression analysis and have a

" coefficient of variance (SD NnR? nRB)o= 16% H. MET Ki nase Assay 20 Kinase
reactions consisted of |ongy NOV i expressed GST-Met, 2. Sug

poly(d u/ Tyr) (Sigma), 0.2p,C BKP, // & ~M ATP in 50 ~. 1 kinase buffer
(40mM Tris, pH 7.5, 1NHeRE RS 5O .F)~ A8act i ons were incubated for
1 h at 27 C(anzd st oppegl By the afidition of cold tri® ‘or@hcetic acid (TCA)
to a final rati Oand. 5% TCA fdéecipitatesy opto G-/ C
uni filter plate ckarkt | nstyument Co., Meridg Fa
Filtermate u‘versalN har ter (P c%;l,q..,\]nstrurrenﬁ Col,,
the filters wereﬁf]uanf"ftated usin a'Efopgount 96-wel IF1iquid scintillation
counter (Packard Ingtrunent Co., Meriden, CT). Dose respOhse curves were
generated to determne the coneentpfatgiog required to inhibit 50% of kinase

activity (1Cso). Conmpounds wergl dissql vedyat 10 mMin 30 di net hyl sul f oxi de
(DVBO) and eval uated at se co t N O 8% each in triplicate. The final
edual ] % 1CSO val ues were derived by

concentration of DVBO i n the a&'say
non-linear regression analysis an®&’havBXa &oefficient of variance (SD nean,
n=6) _ 16% 30 WO U21079192 |. PDCHsReceptor Kinase Assay PCT/ USU2/ 09~02
Ki nase reactions consisted of 70ng_of bacul ovirus expressed GST- PDG-bR,

0. 3ug biotinylated pol y{d u/ Tyr) (ﬁ'ﬁ'n%)s, in 50 ~I kinase buffer {20 niM
Hepes, pH 7.5, 0.7uM ATP, 10O MOl 2, O.5nM DTT, O.I SPM NaCl . O | ng/m
BSA). Reactions weieae Vidllusiaies fyrther S‘B“Sr%?rﬁ%ﬁ“é?g OEPCT}ZHBW%&&EPW& with
shaki ng and ing MR AHG N daiy sBf ushidonftioRs 8MEPEA byRiBuld: [ YhRPUL of
HTRF detgct P%%g%ﬁﬁgg%wg?%a%gg@ gn Si nucsubat gd #00? 1eﬁ?ur e}{nd 30 [m' n%)t es at
room t enper atalr dctaGunt. Scavet €19932221;t Suzalti ctral DS weh eamympT RO d o B

I nstrunent. tQ J. R-2 i nase, Assay, Ki nas i cgnsi.sfed of
7ang of baguPeATaRyre e R A Ko, 375 TR0 PRu A

0.04~. G 33k aly) AW.CHemd Sad, 949%&’16:%95@; Hattwig. nBgew-Ched\IiteEd. (Bdgl.nM Tri s,
pH 7.5, 1.8 nmM M 2, 0.0.625 DIT). Reactions were incubated for 1 h at

27 C and st 6i59813By208hlkandaariations abfthése methadsc Rrepressienof & bEIRide (Tca) to a
fi | t i 15%. ,T h Pi . t :
an 111 p PRl gl ot P ERUEbS RISy 6 ekl B Side |

uni ver sal hasympevith 409K kidiyl] ahd Stteroteeiic Karonic beids deprovide)beazichiddzelesi | t er s
were quantitated 20 using a TopCount 96-well liquid scintillati.on, counter
(Packar d | nd8y Lilemtisecminesand hderocyetss S“Eﬂbé%P‘lpé%’é‘ﬁ%“lﬂﬁ?q?@’é‘eaﬁ?}éatﬁ'gﬁer at ed
to determn i i WalatNeY YR hit i i ivity
(1'650) - Comp e BFERA FERL 88 REPHRE. Link A s e e
eval uat ed aby$ushwalkdaad Haatwignsyarasiohs tharebf.i pl i cate. The fi nal
concentration of DMSO in the assay equaled 1% I|Cso values 25 were derived
by non-linear regression analysis and have a coefficient of variance

" (SD/mean, n=6) = 16% K. Cytotoxicity assay (HT-29-colon; Colo205,

MCF- 7-breast) 30 Tunor cell lines are maintained in McCoy's 5A nedium

(@ BCO and 10% heat inactivated fetal bovine serum{A@BCO. The in vitro
cytotoxicity is assessed in tunor cells by a tetrazolium based colorinetric
assay which takes advantage of the netabolic conversion of MIS
(3-(4,5-dimet hyl thiazol-2-yl)-5-(3carboxynet hoxyphenyl ) - 2- {4-sul phenyl ) -2H
tetrazolium inner salt) {Pronega) to a 35 reduced formthat absorbs |ight
at 492 nm( 1 ). Cells are seeded 24 hr prior to drug

21




31 VWO 02/ 079192 PCT/ US02/ 09-402 addition. Foll ow ng a 72 hour i ncubation

at 37C wth serially diluted test conmpound, MIS (R ss, et al.
Conpari s g, XTT, and a novel tetrazoli um corrpound W’Igtﬁh’glo@ vitro
prolifer g{??g%{ogg) chenosensitivity assays.," Bi ol .

(Suppl .):184a, 1992), in conbination with the eI ect ron coupling agent
phenazine 5 nmethosulfate, is added to the cells. The incubation is
continued f@ghemnd@urs, then the absorbency of the nmediumat 492 nmis
measured with a spectrophotoneter to obtain the nunmber of surviving cells
relative to control popul ations nzThQ esults are expressed as nedi an
cytotoxic concentrations (IGO0 Jal LNGS§) N0 Table 1 - Biological Activity
(uM; all conpounds in the tab i ngsgé activity of <25uM agai nst one
or nore of the follow ng ki ng 1B r, FAK, Her 1, Her2, IGF, IR LCK
VET, PDGF, VEGF. HT-29 and Coloz@5 aR¥ htﬁ'ﬁ’an col on tumor cell i nes, and
MCF-7 is a human br eagbehyar, cell {7 ne. HEXZ P

| eHT- 29MCF- 7C01020511. 032. %3690. 40. 84000. é&gﬂlo. 70.9S

170. 35190. 30. 66200. 60. 252] 0. 55220. 70. 10. 15230. 65240. 65251. 15261. 45271. 30. 10
. 35340. 4538( 9 530. 90. 30. 25540. 70. 20. 3 %SOR‘Z 10. 25590. 60. 35740. 25
81 0. 20. 3582%: Ng2/ 07' | 192 Z¥N N NH

S830. 10. 25840. 3 —%0./35800. 80. 20. 25930. 7 I /0981 02 Gener al
Procedure for RhelPrepgyatyon of X R

2- Hydr oxy- 2- (subsf'ltut ed- phenyl ) et hyl am nes: oHRal ~ NOp

1- (3- Chl or o- phenyl ) - J8vitro-ethanol: To a solution'8f 3-chl oro-benzal dehyde
(20 g, 0.142 nol) in nitromethaswed, 0,8100 nl) were added nagnesi um sul fate
(37.6 g,50.312 nol) and phosphazene base P~-t-bu-tris(tetramethylene} (4.43
g, 0.014 nol). The reaction mxture was stirred at roomtenperature for 2
h. After concent naikRiively a¥fifé!shd hdiéroé Rt doAvaties fidhiaki19@ai e plepated

chronat ography (25% Et OAC | hexane) to yield the tjtle cor‘rPound (26.4 g,
1009 as a gsiogmtomddinie 6idescribp } l\es@dl Menmsbfef dhisg hplogen, 14 s), "7.35

© 182 (3, oy 33 o o8 Yispg ity s At iRl shyfles 0.

[ 1- (3- Chbor @mﬂ)bﬁn@b’hﬁm@cﬁltdmﬂnﬂ!@hmeydcytlbs aldhyis-pmelrmm piberiding o4-amimn of
1-(3- chlorophenyl) 2-vi tro-ethano] SOF%‘ _gﬁle in PI\/.FgSO ) were
added i ni daPéesidzgmerpislipe, ‘0“%20%1“?( Hméﬁ'f%r ¢ et BHOERECY 25. 3 g,
0.17 nol) cti ﬁ%ﬁﬂc WasSin § [#&ohor 2 h.
Af ter quenc-llil;l ng \;?\I/l?et% r ﬁﬁfﬁ@nm xt 3&3 l{/e\)/aeisilk}git?é g@%gﬁ\%@fﬂ hyl acetate.
The conbi nedonmganm«irrbaym\slth\mdehymhedreMmewmxeaucmma@mnrteprcmldeed over
Na2S04) and fi | t%[&d After renpva rodu 14

purified by 2HYlAler deiVaH¥ESo g?lmlvfgbfﬁﬁfwa mﬁ@ﬁgrhgt)o L&d%}P%?Zdnet e t| t le 25

conmpounds ( 3%nﬂmo g %el%mé‘%arﬁb&@d;@d’t&@&&&aﬁoylaté‘d Mg érgﬂﬁmﬂﬂ'dz of @Bﬁtains8 7.40 (
1H,s} 7.2 2 (3 0 ( dd, J =3.2, 9.5 Hz)) 4 51(1H
dd, J 9.5 thalzrelroml)le f(m s@@eqnelskﬂledd@theyr&ofgnrganlqg'qhqs&S) Fo@jo'gglg(tbqq t, J =

7.5 HZ) 0. %g(larglqé 1ll&tral]ed in gcl?erkg iI co?h%ounds such as 19 could be prepared.

Scheme VI
20
Y
NH
N s "Ry
F NR' X HNYZ ZYN N NH
RB \R7 ——— / \ l>__R8
R* NO . R* N =X
ks 2 reduction e RE R’

H+
6 19
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WO 02/ 0T1192 PCT/ US02/09. 102 OTES Cl ~ NHp

2- (3-Chl oro-phenyl)-2-triethyl silanyl oxy-ethyl am ne: Raney nickel ( 1 Q)
was wash i istilled water five tines and net hanol t i |
1-(3-Chl y%@ﬁgh%nw )-2-nitro-ethoxy]-triethyl-silane ( 1%“1368(%%)3%% nol )
and Raney nickel in methanol ( 100 nL) was hydrogenated (35 psi) at room
tenperature for Aftefatividle améaslietarodyicldspanel alashofs dat deéntraducaligRaisped of
celite and rinsed with nethanol.. Concentration of the fil rahﬁ to dryness
gave the ti?Necleephyiiaramene sibgtitugongeagdonstaridorpms 1pfermeghiate ROWALE hded f or
the next stgp. iy i (f@hii88n daneMBILRO N idHAninEDRERN0IS, 7-32 ( 1 H
s) 7.18-7.%2121}(,&1%%’%%&%.%0’ tiethaiS8kn can'®e L ). 286 (20 M, 0.89 (9H,
t, J = 7.9 hagroctlisGn(ited and,other nitigsn katainug\iBtdrivtdjes sutlra@peradener al

Procedure for the Preparation, of 2- r oxy-2- (subst i t.ut ed- | )

et hyl ani hesPIPerigipe, 4-@RInpIRGIKIing, fpor ‘;99’3}1'5‘?2%}%;)?’1‘8@?1‘6 d%ﬁﬂ:ﬁ%et ophenone:
To a suspengj ~ ipdi3zift@or LatfndPbridiRe BRE fivh BOGIG RN s (40nL)
was added at%go Sﬁ"(t)ngﬁgfzél %‘g%}g%ggﬁm{w?fé m.) 0.10 r_ngl) .ansg%

chl or oacet y$tandardalkglatios conditiéns o rensted veith @dshytiheinsotedtétore apungizes war ned t o

mbi ent t t far two h d d.onto | extracted with
ot hyl ene. oRRGRILS Provdn el el uitiest BeEBUr I EEpBRmEtLbR
brine, and ﬁi][;)leﬁgin@‘b?K-M?@f’ipeﬁhﬁe%%Béh@ll'atw& darbdmesyaated ﬁﬂﬂ%/mt n@hBe and

crystalized fromEtOH to give 15.37g of white solid. LRVS [ 260.8; IR
(KBr) 16®7, ofiguditions §&it grgrputing forsameRne 3kiblcdin thepaticdorgung: spmthesis. They 7 94

(dd, J= 8.67 Hz. 1. 6. 96 S 4z, . v ard. - 8 (s,
3H): ~3C Nl\ﬁ“?%ﬁ%i‘é‘w %1.6‘%8 ‘i%é‘gBe ‘%ggé.]e@,eto %o‘%“,’"ﬁj??i E'i‘z‘11 P%Cé’.g%fi a% E%‘?S At 4,
111. 3, 56. 6)n Sherhe Iffeneral Procedure for chiral reduction of chloroketones
and anmonol ysis 34 WD 021079192 COH Br ~ C MO\ PCT/ US02/119-402
(S)-1-[4-met hoxy- 3-bronophenyl] -2-chloro ethanol : To a solution of
(S)-Methyl BetemexMHaborolidine (1IMin toluene, 0.745 nm_, 0.745 mol) and
BH3- THF1§8nL, 8 5 nmpol ) was added at the sane tinme a solution of BH3-THF (
9L, 19 nmol) and a solution of the chloroketone (1®&203g, 37.98 mmol) in

19 nL of THF. Bd}h solutions were added dropw seygve 30yRi nutes. The

sol uti on wasFsti Hoor 1 hour Nthd quenched with t 5T ow addi tion of

met hanol (50nL he sol uti on was concentrated ape 2 i due

chr omat ogr agh Nog short silredactioh colum (1.1 gexarfe/ et hyl to
acetate) to givegsa quantitative yield (10.0g) of chl S‘rohydri n as a clear
oil. IR {KBr) 1053, 1258, 3406 cm~ ; ~ H NMR (300MH, CDCI3) b 7.59 (s, 1

H), 7.30 (dd, J=3¢16 Hz, 1H), 6.90 (d, J=8.46 Hz, 1H)2'4.83 (dd, J= 3.57
Hz, 1H), 3.90 (s, 3H), 3.64 (ddd, J= 3.6, 11.1, 8.7, 2H), 2.04 (b s, 1 H).
~ 3C NMR (CDO 3, 75.5 MHz) 8 155.9, 133.5, 131.1, 12b.3, 111.9, 73.1, 60. 4,

56.3, 50.7. %
20

The compounds according to the invention have pharmacological properties;
in particular, the compounds of formula I are tyrosine kinase enzyme inhibitors. The
novel compounds of formula I are thus useful in the therapy of a variety of
proliferative diseases (including but not limited to diseases associated with tyrosine

25  kinase enzymes) such as cancer, autoimmune diseases, viral diseases, fungal diseases,
neurodegenerative disorders and cardiovascular disease.

More specifically, the compounds of formula I are useful in the treatment of a
variety of cancers, including, but not limited to, the following:

a) carcinoma, including that of the bladder, breast, colon, kidney,

30 liver, lung, including small cell lung cancer, esophagus, gall bladder,

23



_OH Br ~ NHZ-HCI MeO {S) 2-Am no-1-[ 3-chl oro-4-net hoxyphenyl ] et hanol
Hydrochloride : To a solution of the chlorohydrin ( 10.0g, 37.9 mmol) in

120 nL of e | at ~0C was added 20 100 grans of ammony PRofR! ution
was seal e |£r{5@g%r essure bottle and warned to anbi ent te%(gfr/g%_ur%e and

stirred for 48 hours. The sol ution was cool ed and opened. The ammoni a was

al l oned to evapor at eovang pandreids, aomaciaeentt,ahydid, prostares andislanwasludimgst al i zed
from et hanol /ethyl acetate to give 3.83g of white solid (35%. The nateri al
was reacted with BocBUamAus¢ehhiarcib@Pait e and sat urat ed sodi um bi carbonate 25

and anal yzed by chiral I . i 1 6 iy %o

hexane/ et hanol as el ut awhgﬁg%gggg?%ﬁﬁ%%%mh%%@géggg&gﬂ?%h?g%%?é@;aéps wer e
coll ected - 2.96g anatufe ¥inphdoricdelketrad, aobte THdpyobddsdc 1duRbBiIg, Brédl 246; 1R
(cm's, KBr) 1055, 1261, 3001. 2948, 3356; ~H N\ 00MHz, . b 809 (b
s, 2 H),>7.58 (s, 1Hymphomg, T-ggil lymphagep, H@d'é%ﬂ?@ﬂ%%ﬁ; n%-%%ywzs.s He,

1H 6.10 (s, 1 H), 132
PO USha! 09-02 3t|)|), lg“g’go'?’gldhﬁ yigell ) 7,g ﬁ%’é&%?@gy%(eﬁl’(%o?ﬁsc NVR ( DVBO,

75.5 MHz) 8 154.8, 135. 4) hadetopoielie Gindors df myelvid Hinda@e 4hcleding acBe ard 45, 4.
OH C ~ NHy-HCI 5 (S), 2-.Am np-1-[3-chl or.ophenyl ] et hanol drochl oride : was
prepared according t r?'}ig“@’éﬁ)@fﬁ&$usﬂ?lg@éfaﬁﬁ?é‘13’8 PRIgSIC Appdrgme [ MeH] +
172; 1R (KBr, cm1l) é@ﬂ?clo@?@leul?e%%%i ~ H NWR (300MHz, MeOD) 8 7.48 (s, 1
H, 7.3S (m 3H), 3.31 (ddd; J= 1.5, 3.12, 9.15 Hz 2H). OH er~ NHZ-HCl 'jI
/1 (S)-20 Ami no- 1- [ 3- br ordpireenss|of srasenvblymial erigisHndpiing fibrggasopraadpdr ed
according to the gen%rﬁéf)yg)rocedure outlined above. LRVM5 [MH + 217.9; IR
(KBr, cm1) 3025, t5 3A9ANYSEEPIY 1 \\R (500MHz, DMBO) 8 7.93 (b s, 2H),

7.60 (s, 1H), 7.52 (d, umdrs b1 tHeScentkalldnd périplerfithervtsag systéia, indlubiing6. 17 (s,
1H, 482 (m 1 H), 3.08 (ddd, J= 2.6, 12.7, 9.6 Hz, 2H); 13C NMR ( DVSO,
75.5 MHz) b 144. 4, 13gosytonpgneproblastoma, glipmagndgghwanngmay; andy €| %- NHp- HCl

o ook ) a1 e GRS s NI SLR, e

above. IRVS [ MtH] + 2ZieratarciibdriiBsteosaredma, Xefdderdnd Bignentdsvy, { S00MHz, DMVSO)

A QRIS Sy AR SRR

75.5 MHz) 8 139.6, 136.5, 129.8, 126.6, 125.4, 68.0, 45.2, 14.2. 36 WO

02/ 079192 PCT/ US02/09~02 _OH C ~ NHp-HC F

(S) - 2- Ami no- 1- [ 3Dublkothe-kéy frdla of oyrpsisnkinhess mthelreghlatiancdficetlilde : was

prepared proliferation in general, inhibitors could act as reversible cytostatic agents which may

20  be useful in the treatment of any disease process which features abnormal cellular
proliferation, e.g., benign prostatic hyperplasia, familial adenomatosis polyposis,
neuro-fibromatosis, atherosclerosis, pulmonary fibrosis, arthritis, psoriasis,
glomerulonephritis, restenosis following angioplasty or vascular surgery, hypertrophic
scar formation, inflammatory bowel disease, transplantation rejection, endotoxic

25  shock, and fungal infections.

Compounds of formula I may induce apoptosis. The apoptotic response is
aberrant in a variety of human diseases. Compounds of formula I, as modulators of
apoptosis, will be useful in the treatment of cancer (including but not limited to those
types mentioned herein above), viral infections (including but not limited to

30  herpesvirus, poxvirus, Epstein-Barr virus, Sindbis virus and adenovirus), prevention
of AIDS development in HIV-infected individuals, autoimmune diseases (including

but not limited to systemic lupus, erythematosus, autoimmune mediated

24



according to the general procedure outlined above. LRMS [ MtH + 189.9; IR
(KBr, 5 cml) | 509, 3008, 3359; | H NWVR (SOOMHz, DMSO) S 8.21 (b s, 2H),

7.61 (d, J=7.85 Hz, 7.42 2H), 6.29 1H), 4.8 .
(ddd, J= ‘%022"‘192928 oy e, 2H§m 50 e (DI\/(SSO A wfp‘éﬂé@@*"zf’sg%,

139.7, 128.1, 1267 119.3, 116.7, 109.0, 67.8, 45.2. OHC ~ NHG-HCl | O

MeO (S) 2- A@ldﬂ&r&lohaﬁmlﬂls%%ﬂatﬂmﬂwmpmnyhégnmatwmIdmeas&teand was
prepared according to the general procedure outll ed .a LRVS [ M+H| +
202; | R ( KBRutojmpppe Jiabessvmelbiis), neprpdogeneragige disg CRM/@“ , DVBO) 8

8.18 (b "
18 (515 B iy Ay el fnginind 00 11
(dd, J=13, amfblophitiaterdl BRrdsik]retilitlpifmettbim, ikl MISCAMDEDVMB, 125Mz) 8

153.9, 135.0, 127.3, 125.8, 120,8, 112.6, 68.0, S6.1, 45.5;. El enental
Anal ysi s3 Carcergbelly dwqe?@ﬂ?ﬂb?‘)ﬁ@dys S“&E§y omg$, alagac angmia; igehemiq, \hq. ¢

45.38; H, 5. rﬁﬁl’y _/Jy%oéatg@%mﬁ@ndyehy 3 erolQ 21n)d_r€2:perfus1on injury,

(S)-2-Am no- uran- am noet hanol
Hydr ochl ori dfrhythma anreansare&ﬁtnsamm-mdmgedm aldvhoheetaedlivgrdireastar e out | i ned

above. 25 LRVB +.258; 1R 49, 3006 2928 148 | O

983; ~H NNRhG%{?m;ga‘ EIVERSFS é“@gé PB?%O‘JF‘;?M"% 1§ chignicgineqyiy “dﬁ%?fs 45

6 08 (d, J= éa fa), Jdé'éenef'atm dﬁd&se@- oﬁhe iftasBdobkeletdFIbiem ¢ 21|rd)lud1 B& ok, J= 9HZ,
2.96 ( 37 WO 021 079192 PCT/ US02109- 402 2. 82

(dd J=18, 91@ng tabgtpopcsasns\m z(rﬂmm) aspREMenpitige tiggognuSitEG Cystic fipgosts, 128. 1,
122.1, 100. 9:. El enental Analysis Calcd for
G aH, 2Br Noz-fli‘#&‘ilij’leé‘?le%’é“?'?d“ﬂ g]ieaﬁ‘if and capcey pain Ly C 40, 77: H 4.63: N,

4.63. 5 Ceneral l?rdacp@duageofffefmbmnayaﬁ@dmwmle&el ofcellular RNA and DNA
2- Am no- 3- (substi tuted- phenyl) propanol: Br ~ ~\NHO- '

(S)-[2-(3- Bﬁwnﬁbe%eﬂyﬂl59 agents weed yhasefioya beagsginl fin &lﬁrt@am@taémalt"éfﬁﬁﬂ%ﬁt yl

ester: To a so

(9)-3-(3-brd H?S“lé 2R )“°'2"‘E“e“r"1 FIlVs Ryman papillpma.virus, herpesyirus, POXVAUSE 00 g,
1.45 mmobk) iBpsiEhFBABYirlk,)Sikdtss viddemddesviruset rahydrof uran conplex (1.0 M
solution) (4.35 nL, 4.35 mol). The reaction mxturg was stirred at room

tenperature for LPMRPONAMS Qﬁf@ﬁ@ﬁ’éd st soRediseful ipthg chempopreyentign oL Fancehpy g
of most 15 ove?hi\laétg%l s%i?ﬁléﬂeas"iﬁﬁlbﬁ %rtﬁ&&ﬁglo%htgﬁl%wé’@a%@d) yWi th

brine, drie ter concenftration, the crude product (400 ng,
3% vas us edthédslotkineg thexnitistigpmuiagériaevanuor by blackiog the @vBressiet-piprar z 330

(t =161 mdﬂalgla%§§}l%N Q{% gqvlgragrﬁéd%) su%fere arrllomg’ult(or mfix%'T%g%‘:%B}/ re)aperopan 1-ol :

To a sol uti
20 Compounds of formula I may also be useful in inhibiting tumor angiogenesis

and metastasis.

The compounds of this invention may also be useful in combination
(administered together or sequentially) with known anti-cancer treatments such as
radiation therapy or with cytostatic or cytotoxic agents, such as for example, but not

25 limited to, DNA interactive agents, such as cisplatin or doxorubicin; topoisomerase Il
inhibitors, such as etoposide; topoisomerase I inhibitors such as CPT-11 or topotecan;
tubulin interacting agents, such as paclitaxel, docetaxel or the epothilones; hormonal
agents, such as tamoxifen; thymidilate synthase inhibitors, such as 5-fluorouracil; and
anti-metabolites, such as methotrexate; tyrosine kinase inhibitors such as Iressa and

30  OSI-774; angiogenesis inhibitors; EGF inhibitors; VEGF inhibitors; CDK inhibitors;
Her1/2 inhibitors and monoclonal antibodies directed against growth factor receptors

such as erbitux (EGF) and herceptin (Her2).
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phenyl ) - 1- hydr oxynet hyl -et hyl ] -carbam ¢ acid tert-butyl ester (400 ng, 1.21
nmmol ) in nethanol (30 nL) was added 4 M HCO in dioxane (2 nmL, excess). The
reaction m xtuyre was stirred at roomtenperature for 14 102
concentrﬂ%‘%%zvacuo, the 25 residue was used for the nm&ﬁ%)?@%mwithout
purification. LCM5 (MtH+ mz 230 (t = 0.78 min.) O c~ ~c~ HNI O- 38

V1' O 02/ 079192 PECTéros(died 8a A& dosehiuoh oambingtiery pdias emplaydht e: To a
suspensi on of Al C 3 13.4g,. 0.10.nmol ) in nethy|]en hl ori de (40 is
added a sol SATRSNNES ofgthw‘bﬁnaasw%rn@e(d@?aﬁs r?&ﬁe)deaﬂgwaﬁri %MWH% ori de
(8 nmL, O. 10|.giwp,ln : - It QB eSit sk dPrRRIgeMoet erature for
two hours all)1 pgcue?]g%&i natcg;bigg%&gg% ng)%[t rac%@ w t r?brrret hyl ggr%g rch oride,

" washi ng wi t Gompbundato orinutal ey alse be adminivered bequastialynwitidkyowry over MyS04
woul d provide the desired chloroketone. OH.Cl  ~ %Pd.HN.O 10 it

('S) - 7- Ch1 or BUS2RCST BREVPIGXiC ALRYLE VALY A SPMPIIALION SUBIUATSR S 1aRORrIYE) dPf on of
(S) Met hyl - £BehihaE ABALRI FinRe {eqhdhdedf b@MEAPatiol; dhipdihds 8 fofraulIOl ) and
BH3- THF (Brml, 8 nmmol) is added at” the sanme time a solution of BH3-THF (

| 9nl, 19 nmohy baadimmisekd titler pobr tohey afteChdromadratioy bt the kRpwn eabganedias (37. 98
mml) in 19 nL of THFE, Both solutions are added dropw se over 30 m nutes.
The sol uti oW PEXSEFRLS ¢ or ~ 5 1 hour and quenched with the slow addition
of methanol (50nk)rthefB6bj8QInmHtiePsf the imRAGENhaIRILdRD BhirhRcariBRIU6r use,
chromat ogr aphed over a short silica gel colum ( 1:1 hexane/ethyl acetate).
OH C ~1NHSasHscrid@bore, (gludingeenitpliing caneer Biloaymatienaad srtlyitys, Sthign o
Hydrochloride . .. To a.sqlutio f e r -] i mL of
met hanol at Co-n-tﬂB&P 1F§“§888%{“&%6‘%9%%%%@3‘%%”@%#%%@%gf {;JE{IIQ%)S%] dlng °§§g| ed in
a pressure pgirinhéolagidalydcagsiable acidhatéinibn kalop andithenee afalcahpoundaf ther 48

hours. The solution is cool ed and opened. The 25 ammpnig is all.owed to
evapor at e affamul [iasidsAnedorhoas forgheareparappn of 4 Bharmaceyig gracH¥S g ¢t

whi Ch Can b iy Sl Bl Rl LR £ aaRRA BlWdusRARERliRg affins: e 02/ 170102

6- Chl or oaceinflamdnatioh and/oR addigitisooxazol i none: To a suspension of AIG 3 (
13.4g, 0.10 nol)_jn nethylene chloride (40nl) is  added .a sol ution of
4- chl or o- 2benzooX eth"TWB : ogigal PFORRSHSS oﬁl&e WY%WQ%@E@?S ‘EW@PP&%&Y( n., 0.10
ol ) at 0C cqifme@hytaliihbeP o iaiftediGpiaIasAgs. TRIBRATIHE phitncbRgleaLrs and
poured onto ice and extracted with nethylené chloride, washing with
sat ur at ed bassaysboiiah folkbat haviedween parrind outawith theydompoundsracheydow tadkf d pr ovi de
t he desi red.chltorok tﬁne. 1 OHCl ~CI HW ~O10 00
(S)-6-(2- Ctﬂnd’%fof-?ﬂ@d YA Bt hyl ) - 4- chl or o- 2- benzooxazol i none: To a sol ution
of 20

Biological Assays

A. CDK 2/cyclin E Kinase Assay

25 Kinase reactions consisted of 5 ng of baculovirus expressed GST-
CDK2/cyclin E complex, 0.5 pg GST-RB fusion protein (amino acids 776-928 of
retinoblastoma protein), 0.2 uCi **P v-ATP, 25 uM ATP in 50 pl kinase buffer (50
mM Hepes, pH 8.0, 10 mM MgCl,, 1| mM EGTA, 2 mM DTT). Reactions were
incubated for 45 minutes at 30° C and stopped by the addition of cold trichloroacetic

30  acid (TCA) to a final concentration of 15%. TCA precipitates were collected onto
GF/C unifilter plates (Packard Instrument Co., Meriden, CT) using a Filtermate
universal harvester (Packard Instrument Co., Meriden, CT) and the filters were
quantitated using a TopCount 96-well liquid scintillation counter (Packard Instrument

Co., Meriden, CT). Dose response curves were generated to determine the
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(S) - Met hyl - CBS- oxazaborolidine (1Min toluene, 0.745 nm., 0.745 mmol) and
BH3 THF (Bml., 8 mmol) is added at the sane tine a solution of BH3-THF

(rom., 1 ) and a solution of the ]

6- Chl or 03’&& ?7? JchI or 0- 2- benzooxazol i none (37.98 mml ) i%cqgsor%ﬁ),“%f THF.
Bot h sol utions are added dropwi se over 30 mnutes. The solution is stirred
for 1 hour amiequnamheqhWdtlhhxbhmgssl()%/\oladdisbiacnmvuyf(I@m h@ombofrfdOvicye The
solution is concentrated and the residue chronmat ographed pver a short

silica gel epelied aulOmMepdebylsyfoddeatRMeP) apdevalpagd A sRfy HO HN -0 0
S) - 2- | :
(S)-2-Am noognc(eﬁ ﬂL?ré%clﬁnpﬁf%Q% frgé hnm%n%ﬁlvrlﬂ%ﬂﬁ{ﬁpgo i 59§spyor' de : To

a solution o7 6 ydri anol"at ~0Cis
added 25 | O8q@lah®%ofCavaiues afcrertewed)bgahomﬂmeai regradsath analymsranéhawe bottle
and warnmed to 40 VWO 02/1179192 PCT/ US02/09. 102 anbi ent tenperature and
stirred for codfifignt & vampreed§PYmean 17 Tbfed and opened. The ammonia is
allowed to evaporate and soI ution concentrated to provide the hydrochl oride
salt, whi CthaéM %SASQ i zed fromethanol/ethyl acetate. cl MeN
N—I\/bthyl 7- chlor0|n 1 ne> To a sol ution of the 7-Chloroindoline (0.10 nol)

Irgf Fgge(T_ ugL ?CEt OPE?&H"’?%“EF&%%SW %&%@Qﬂ?@ﬁ%aﬂﬁ%&?mp@m | tered

and washgd Wst-BmtRtwis e?aﬂﬂb)leg tga&@f@he%emo@ﬁ;fob%mlﬁw bkt,tm[ry,agdﬁ]yﬂMt over
MyS04 woul d provide the NMe -7 chl oroi ndol'i ne

N- Met hyl - 5- Tht simase eeagtionvastpesioomed thol %wellwt%tatsngrpémp@ntucﬁ fOAi @mn{

13.4g, 0.10 th Iorl ) added a

N NB-7- Chi oPB0 F%B‘?‘P%E“(‘Hy E-‘gqﬂ‘cﬁda é‘t‘.%’g&@?@é{c lOT%z}‘fF%‘i ?“d‘i&‘g}"ﬁn_ 0.10 ol )
Poured ont ot a1 31 %@%ﬁ#ﬁﬁgﬁ%‘%ﬂ?“eﬁﬁgﬁ%ﬁﬁé‘m&’éiﬁ“ Do en

sat ur at ed blccxaainednaﬁ enMHHERES) rpH hoj (hemgémﬂBﬂAyﬁ M Mg Cly 7 mMl SOClpréong des

t he desired chloroketone

('S) - N- M hy of enzymec(§issEgIk), ﬁm&ék@a %‘Pﬁfﬂ‘? prpi% (G3toLibrigolh lhbél ATR QA 86 ut i on
f (S) 25 ¥ | | 0. 745 |
gnd( B?—B THg%Er E&Yn% 3@ ﬁgl esSEe% I ﬂ{&%ﬁ?é eah%%%&r?% F&Qﬁatl&sg | on of BI—BWII'rﬂF)(
1 9m, 19 mmér)mxw@nathsgkcuémmeczfalMyett&yﬂec@nathh@tw@‘eyéeJf ThAdsot hndol i ne

(37.98 mol) ip 19 nL of THE. Both solutions are added dropw se over 30
m nut es. Thét4FuThearecipitated proteins were then harvested on a filter plate (UmFllter 96,
GF/C, Packard Instrument) and washed to remove excess [y-P ]ATP. The
20  radioactivity was determined using a TopCount NXT (Packard Instrument) after

adding 35 pl of Microscint 20 (Packard Instrument).

C. FAK Tyrosine Kinase Assay

25 The Focal Adhesion kinase was assayed using the synthetic polymer
poly(Glu/Tyr) (Sigma Chemicals) as a phosphoacceptor substrate. Each reaction
mixture consisted of a total volume of 50 ul and contained 100 ng of baculovirus-
expressed enzyme, 2ug of poly(Glu/Tyr), IuM of ATP, and 0.2 uCi of [7-33P]ATP.
The mixtures also contained 40 mM Tris. HCI, pH 7.4, | mM MnCl,, 0.5 mM DTT,

30 and 0.1 mg/ml bovine serum albumin. The reaction mixtures were incubated at 26°C
for 1 hour and kinase activity was determined by quantitation of the amount of
radioactive phosphate transferred to the poly(Glu/Tyr) substrate. Incorporation was
measured by the addition of cold trichloroacetic acid (TCA) precipitation of the

proteins which were collected onto GF/C unifilter plates (Packard Instrument Co.,
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V1' O 02/ 079192 PCT/ US02109~02 stirred for 1 hour and quenched with the sl ow
addition of nethanol (SOrL). The solution is concentrated and the residue

chromat ogy@phie@iver a short silica gel colum ( 1:1 hexagelgidubsacet ate).
_OH C ~ NHTHCI MeN (S)-2- Am no-1-(7-chl oro- N net hyl -i ndol I ne- 5- yT ) - et hanol
Hydrochloride : To a solution of the chlorohydrin (37.9 mol} in 120 nL of

met hanol atMedde, () adidgd FidOnpteamsi vefsabliaroestaa and e fladrutvermuastiaedl ed in a

ssure bottl e and.war ned .10, anbi.ent tenperature and stirred for 48
Pour s The titech ToRCHE BBSveldicbi SpuRin cob L Batha uarrdied 1o
evapor at e g, ¢ 0o ARGRS WeRl Fdsdi Redlh AMthatfyf HFrlNAQOF BORERAGRT .

whi ch can be crystallized fromethanol/ethyl atetate. _
( S} - 2- Chl or B2 mM IndwereyalMated hsik comabotrationg| dachtim aipdicate AThoe fintd on

S) - N- Met hyl 5- ( 2- chl or 05 1s | et hyl )-7-chl orq-j ndol.ine (0.10 mml) in
o0t of® ¢ dseyep Ry PEROTERARREY e ety b G5 Brdvbrohieh hasigen pesifbl )
anbi ent t engagidé H Bffect BB kifk&lhdtRityl ICSOVABE! Wk AdridtindhBnda fotiiSion
chromat ographed over silica gel ("1:1 20 hexane/ ethyl acetate) to provide

t he corr espinabisisgnd hawt coeffipientof vanpe BD/meaN, h=6) = 16%.
(S)-2-Am no-1-(7-chl oro-N-net hyl -i ndol -5-yl)-ethanol Hydrochloride : To a

25 sol ution.o rohydrjn (37.9 nmmol) in 120 nL of nethanol at -40C

i s added 18'8‘ %@Rﬁﬂ%rﬁﬁ%ﬁeéss e solution is sealed in a pressure bottle
and warlfed to anbi ent tenperature and stirred for 48 hours. The solution is
cool ed and openelfinaggreactigns gonsgsrah ol OpgpitsowlopguexpreseedGHBNHERIs 160 | owed

uhi oheoon” ol SERS, K0 R CIN AT Piamy PO-2H Sab oA T¥ N FREATR RS0
4- Cnl or o- 2-jimadikage bbﬁ&z@qugﬁigH?ésl,?OWh@m,Qis 1 DTT). Reactions

4- chl or o- 2benzooxazol i none ( in 200 nL ethanol i's added Li CH (0.20
mol ) i n 100were imfubgiad éor. 1hT@7 £band stopped dy tlaf additéoh dfarolBtrichloamdeioaliéd. The

| utiopn i tralized with 1N tracted with ethyl t
ol lovel by &N 8 ahBEfontkiBuoh 8. RS TSRt shkbaft o ¥ 803 Cacen up
in 200 nL afnifiRérpene @ackasd Eﬁtrﬂﬁllenlo(f,‘o.?%}iﬁén,@rg%sin heFifiSimtid GRvégalr ef | uxed

in a Dean Stark trap for 12 hours, concentrated and purified by flash

chr omat ogr diskyestep (Rackarddnstiyment CooMggiden, CT) and the filters were quantitated
6o o S2cSll 6l e RN ASIABAERL for ERABEIISIRI Y 0 151
2- Met hyl - 4-Mbtidsno BNz DoxaRopcnsé Ourls wWole)geatrdtedhd deafimt e dab&itiaéien (8 i,
0.10 m)zlo) arteqlg)ircéd to ri]r?hibit 50% of kinase activity (ICsp). Compounds were dissolved at 10
mM in dimethylsulfoxide (DMSO) and evaluated at six concentrations, each in
triplicate. The final concentration of DMSO in the assay equaled 1%. ICsp values
were derived by non-linear regression analysis and have a coefficient of variance
(SD/mean, n=6) = 16%.
25
E. IGF- Receptor Tyrosine Kinase Assay
The IGF-1 receptor tyrosine kinase was assayed using the synthetic polymer
poly(Glu/Tyr) (Sigma Chemicals) as a phosphoacceptor substrate. Each reaction
30  mixture consisted of a total volume of 50 ul and contained 125 ng of baculovirus
expressed enzyme, 2.5ug of poly(Glu/Tyr), 25uM of ATP, and 0.1 pCi of [y-
PP)ATP. The mixtures also contained 20 mM MOPS, pH 7.0, 5 mM MnCl,, 0.5 mM

DDT, and 0.1mg/ml bovine serum albumin. The reaction mixtures were incubated at

30°C for 45 minutes and kinase activity was determined by quantitation of the amount
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solution is warmed to anbient tenperature for two hours and poured onto i ce
and 20 extracted with nethylene chloride, washing with saturated

bi car bon ion, brine, and drying over MgSCa woul d i e
desired gﬁ 8?63}% %one. _Hd ~d / N-~O25 AR Rl

(S)-6-(2-chl oro-1-hydroxy-ethyl)-4-chl oro-2-net hyl - benzooxazole: To a

sol ution of of @jiiohEiveydhoSRRtcoxans iR ed tiri poky(GLMIyH stisdttaendncdtpddbionl, 0. 745
mmol) and 43 WD 02/079192 PCT/ US02l U9. 402 BH3-THF (Bnli, 8 mmol) is added
at the sanme™es measireddhy the gddigipn phgeldtchiomagetic agig (YY) preciRitatioB Of thej on of
6- Chl or oace =4-chi - 2= | - 0] ml [ nL of THF.
Bot h sol uti gér@gm%srg&%g@%@%&%@ﬁﬁg@o@gﬁ% détgg( e so’l)[rlljJ I 8?1.8% stirred

for 1 hour MugidenalOhBthgw Fihetniite Ghiversatibarl éstet aall theefilieas olerd gftijatedThe
solution is concentrated and the residue chromatographed over a short

silica gtl Bungadop@ount9sxwelbhquid seintllatiogicaynter Backyrd InsfpmepicEon / | -0 10
(S)-2- Ami nogA-i(i4=- OFQ- 2= - h : - 8- I > i de :
To a sol uti g%e“gén’m' ?ﬁf“@?‘%w |r%9§§§9§f(lm'{n§&%é%%gwr%ﬁggfc Okn%? F{gﬁo Qf;t ~0C
i s added 1000 giMaBd okrecewabiated. at fixecoacdnttiions, exhde aligitaten Theginabsure bottl e
and warmed to anbi ent rature and stirred for 48 hours. The solution is
cool ed and 6%&@&"%%%@%964@3? E@é\ﬁoﬂswsmmﬁt@'ﬁ@awems gym
concent r at eg f Qe Rb QtesCor{ Kifase a?ti\gg)g OS5 Aidsdfers aleﬁvedef frdh-ff¥ar Pe

crystallized from et hanol /et hy tate. Preparation o

3- (6- | mi@laz oigrebsioh adalyws Ayd havielalreatficrind af wiriapeg (§D/meande=6) H 16%4.i di n- 2- one:
N~N1T / NO2 20 1-(3-Methyl-4-nitro-phenyl)-1Him dazole: To a solution of
4-f | uoro- 2- hy|.- 1ni t r o- benzeng (300 , 1.84 mmol) in DVSO (2 nlL) were
added KOH (gg&fr?glmkeseptﬂ%ff?S%H"iaﬁ? éégagl e (263 ng, 3.88 nmol). The
reaction mxture was heated to 25 100C for 3.5 h, cooled to room

t enper at ure, andTh¢ Insuliel RegeproriTogrosior dingae was asphxedrusing the aypthetisci pi t at e was
filtered, washed with-i¢e-cQl-d er d dried under vacuum t ive the
Ut e cohpornamesiub{gor et it Edhicalii S GRS REFRrAPYER \Ba 2a ' "o
02/ 079192 Peehttid0R x2S 401si$BEF giftal & oBindtbof(S0lulldnd 8dntaided 60 agbfH, d, J = 8.9
Hz), 7.90 - 7.92 (2H m, 7.78 ( 1 H dd, J =25, 89 Hz), 7.17 (_1 H s),
2.6l (3H, shaculquimsexpueysed gnzymo2.5ug ofoly(Gludfyr)525uM of ATP, and 0.1 pCi of

[y-P]ATP. The mixtures contained also 20 mM Tris.HCI, pH 7.4, 5 mM MnCl,, 0.5
mM DTT, and 0.1 mg/ml bovine serum. The reaction mixtures were incubated at

20 26°C for 1 hour and kinase activity was determined by quantitation of the amount of
radioactive phosphate transferred to the poly(Glu/Tyr) substrate. Incorporation was
measured by the addition of cold trichloroacetic acid (TCA) precipitation of the
proteins which were collected onto GF/C unifilter plates (Packard Instrument Co.,
Meriden, CT) using a Filtermate universal harvester and the filters were quantitated

25  using a TopCount 96-well liquid scintillation counter (Packard Instrument Co.,
Meriden, CT). Compounds were dissolved in dimethyl sulfoxide to a concentration of
10 mM and were evaluated at six concentrations, each in triplicate. The final
concentration of DMSO added to the kinase assays was 0.5%, which has been shown
to have no effect on kinase activity. IC50 values were derived non-linear regression

30 analysis and have a coefficient of variance (SD/mean, n=6) = 16%.
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4-1 m dazol - 1-yl - 2- et hyl - phenyl am ne: To
1- (3-nmethyl -4-nitro-phenyl)-1H m dazole (200 ng, 0.98 nmol) and 10%

Pal | adi u on (35 ng) was added degassed net hanol (
suspensi %Badgﬁﬁﬂf}ushed and evacuated with hydrogen / vacuﬁcﬁ%%gm

suspension was allowed to stir at roomtenperature for 14 h under tO
hydr ogen at 6Godjieriénbdeysssagen bal | oon). The dark reaction m xture was
filtered through a pad of celite and rinsed with nmethanol. Concentration of

the filtrate gavgidab€rdabiid CSM&PWI({\%Q BRuloIf ei’im:s%@d VG G§?q_ci(0r the
next step without purification 0 MHz, Od6) $7.95 ("1 H,

s), 7.48 ( 10Hg/s) pol&(GEl/Iyr)L(Srgmm}aOJquCldi’a’PJy -ATPR, 3 u—M)ATPhrOSI) i k]mztslﬁ dad, J =
g) S 28135 l(_%%mffeé)(g&mg\{[d-{\s ;PS\I%)E 5. 1(|D\| MnCl2 %5 I‘%lM D8IT) jﬁgaclzllzo)ns w5<3reo3 (2H, broad

N-(4-1m daz fion of 4
20 i m dazol @L’”gﬁw‘jzfoﬁéﬁﬁgwghgﬂﬁ gpﬂ %ﬁg%img%g%ﬁm?%a%—é%f (20 nb)
was added ACXOAY0.aAimdl conceiBatiomdlSye. aTCAGrecipitatesogaticoleaedkonto GFM@s stir at
roomterrperat efor d diluted wt The ueous | ayer was

ext ract ed V\}i"E‘ t@-ﬁﬂ@?? aaﬁgmaﬁ'é“‘&’g}?ﬂf gdl\@ﬁrgﬁﬁﬁ F‘Eatﬁﬁg’lﬁéaﬁ\j th
saturated NediLgr gpgcklafd m@mﬂéd&% w&ndé}laé&i?ﬂnd ﬂmﬂ&%ﬁ&@t udhi@idhelin vacuo to

give a white soli white solid 5 Suspended I n H2S04 (cone) ( 15
m). Théh HNOEE ¢ Sopeyurt963ue liquid mstllmmaoumert(ﬂi’@clwéhsnumm @o.,0C. The

reaction m rmed to oomt rature dstlrr d at room
t enper at ure%gpe'h\eﬁs) i#(fs%F%B%FchBI e ¢ erelgfeer |da &5’??“6’ ﬁf%cﬁ?té‘ﬁ

neutral i zedre gmtréu RITARIBIt SOV YA 226k derivaRd1€:365. r@@ﬁlssurwstvkbr@aiayd1véépﬁt1@t e The
45 WO 02/0 9192 PCT/ US02/ (19. ~02 conbi ned organic | ayers were washed with

brine, drieaM mﬁ%mfox@n@b«tﬁ@mﬁr@a@l@ateduh@xuce@,qeauencvcéseq@brmf| ed by

flash chro p t tle
conmpound (gﬁ%)i%tg %9/3 ;ialﬁow%{% ﬁ\ﬁl@g té%%g%yg&ﬂ&ﬁ% A?S"s‘g",h“e?. 45 -
7.56 (2 rriverelieﬁﬁec{ b}lnb'h lifkehr rekréessidnnalsié alid havera dokfficidnttdf vaiancd. 33 s (3H,
s), 2.18 (34 N\ NO2 ~ NHp

4-1 m dazol - (13’]%“32“ r?é@nylmg& ni tro- phenyl ani ne: To a suspension, of
N-(4-imdazol 1o 1-yl-2-nethyl-6-nitro-phenyl)-acetam de (279 ny, 1.07
mml) in ethanol (3 nL) was added 2 N HC (2 nmL). The reaction m xture was
heat ed t o rHf IMKT fkonast¢Askay cool ed to room tenperature, and neutralized with
saturated NaHC03. The resulting bright orange solid was filtered and dried

under veguum ThEidakd teRctisniRemided af7ﬁ)n@g9f bz&%v1m5ex9¥bkfédr@§r%ta®5@g ange
solid. ~ HNWR (300 Mz, CD-OD) 8 8.78 ( 1 H, s), 8.24 15 ( s), 7.78 (

1H s), 7. My((Glgfllyr) S)jgma), 0.8uCi Ry-AJP, 1D 199 A Bhin 0 I Nnasatxufﬂwﬁz NHS

20 i t1 o prESyINH P s Rt MGt bl SVLRE T B St FLar G Bl (4
ng) were adged cdeghasgstdmstihanditiébofdold BRBlotGRe(iSacld YPSH) td i indleact i on

m xture was flushed and evacuated with hydrogen / vacuumline, stirred at
room terrper%ﬁ“ﬂ?léfqt’@ﬂ 316 n TGAdRIECIR# DTS @ilﬁﬁgcbﬁ@tpéﬁ/ﬁyw%@mlmﬁ | oon). The

ok B OB SAEc L VB M BB Sy Lo W O
di | uted w t (Paclkdré InstrexichaCd.cMevidem GI)anld tﬁ?e:ﬁltér‘s everclqieantitated using a
TopCount 96-well liquid scintillation counter (Packard Instrument Co., Meriden, CT).
Dose response curves were generated to determine the concentration required to
inhibit 50% of kinase activity (ICsp). Compounds were dissolved at 10 mM in
30  dimethylsulfoxide (DMSO) and evaluated at seven concentrations, each in triplicate.
The final concentration of DMSO in the assay equaled 1%. ICso values were derived

by non-linear regression analysis and have a coefficient of variance (SD/mean, n=6) =
16%.
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conbi ned organic |ayers were washed with saturated NaHCO3, brine, dried
over Na2S04. Concentration to dryness gave the title conpound (275 ng, 91
% as a ' =»H NVR (300 MHz, CD30D) b 7.87 ( 1 H, s), H s),
7.05 ( 1%"?37,9‘9&. 72 (1 H d J 46 WO 02/079192 PCT/ Sluitighadet )
Hz), 6.65 ( 1H, d, J = 2.4 Hz) 2.21 (3H, s). LCVvs (MtH)+ mz 189 (t = 0.23
mn.). MO LNIBGF Recédptbodonddedstdyoxy- pyri di ne- 3- car bal dehyde (WD 95/ 29917):
A 5-liter three-necked round bottom fl ask was equi pped with an over head

mechani cal stirr ginaddfaktidhs coRgaBd of Tohef dfdakul¥risuserpredssd GETPDUIBR, 1 L)
and cooled to -78C. To this stirred solution was added tert-butyllithium(

1.7 M sol ut 9.3ng bivtipglatedrpe)y(GBOTYyM(Sigma3an F0IL) kinase busfes 420 mM HepesopBd by

R N N TGN R

N trinethyl REMibﬁ@%}eﬁlHéJb%teg ffé?ﬁo Hi!mut%sba%?odm k@mﬁ@%&%%‘@bﬁi?l MakinfBwd The

reacti on m xture was stirre or ca. mn at - ef ore vvarm.ngto-23C
over ca. 30stapped byahe hddinoofit@ul af 02MBEDWAs pHSde dl 5€uhgfl HRBF getgciaodn di net hyl

ether (1 L), followed.b n-butyd lithi um.(,2.5 Msolution in hexane) (800
w20 ol ot adde wniptiti b Bl P migbleS R R BmipRlEE 0t o
time the reaehnt®werd qidtitRated onDis€ReR HTREPackurd Inskrufrengcked round flask
was charged with iodine (571 g, 2.25 nol) and ethyl ene glycol dinethyl

ether (2L) and the resultant solution was cooled to -78C. The contents of
the 5-L fl askVEEIR-2 (KPR &inasd Aspay canula to the nmixture of iodine and 20
et hyl ene glycol dinethyl ether in the 12-L flask at -78C. After the

addi tion was congimkereatiishsicoasiste®of Mbug of BacwREiras exprégded GSTAKDRJI tional 1
h at -78C. The cooling bath was renoved and the m xture was allowed to warm

to about OC!&ngpelyEGluébyrvdigma), 0.04uCha3R Y- 25 LMHATE in SRy kinale ori ¢ aci d.
Met hyl t-b he | t Th
Aquesus 1 ayeierdes B ra T E M PRGSO o, B T EEE ERGRaRte, e

conbi ned or gribged Ry eht IECandREPREd by the agaitiohf edlddciEdfdcdticlackl L), brine

(1.2 L)) dried over NazS0O4. After concentration in vacuo, the thick slurry
was di | ut ed(TEAhtormelinghgoncentratjon ¥ BCA RipEPURies wersicollestrd anta Sli/€e / wat er
bath for ca,,; ' [WeY i)t - | s umto
yield the & el MGBISEL I CoRiertden TR FIGRAR SBHRE ot
8 10. 22 (s, hdrvédter (Padk@rd Inftriinent, Cal, Medden, Clipan@ (He Ao wBEljualBiaredo~02 5. 3

) T o (Gl 9t Bt S on i e MR el €304 (1 =
6- 1 ni dazol - f’v_te)‘i'dér’é'd’lg)z i&gei&gﬂﬁstefb‘ai%'s ekd gédérééd/ﬂo)de&hméMé cdiideR@Rt7dnm dazol e

. To a solution of 5-imdazol-1-yl-3-nethyl-benzene-1,2-diamne (175 ny,
0.93 nmol ) rfaquired tecinhibit(5@%nef kingss aqdvied(16503.0Comipowndsfwere dissolved at 10

4-1 odo- 2- met hoxy-pyr.i di ne- 3 ehyde (24 0.93 1) _in.rethanol (5
nL) at OC. ‘FM“?@E%I‘W@W@?‘@%%@) @(ﬁsevgﬁlﬂeaé"ggétcoﬁ(fnfrgag% %acﬁ nd then at
room t enper giglicgef The Zinhl coftérratio BEPMS@lr 08 asdafeqiifed due IWasvabssi fied by
flash col um chromat ography ( 10% MeOH / CH2C12) to%éi ve the title conpound

(291 mg25 60%pre dervely poudingpuyererssurynalyss and haygp cagfficiontgy variangg ¢, J =

5.4 Hz), 7. o Jo= 5.4 Hz), 7.59 (2H, s), 7.33 (1 H s), 7.16 ( 1
H, s),)S.QOMC%Eﬁ—@fﬁ%SH, s).)LCIVB(M(JrH)+ fn){z 432 (E = O.QS)m'n.). (

K. Cytotoxicity assay (HT-29-colon; Colo205, MCF-7-breast)

30 Tumor cell lines are maintained in McCoy’s SA medium (GIBCO) and 10%
heat inactivated fetal bovine serum (GIBCO). The in vitro cytotoxicity is assessed in
tumor cells by a tetrazolium-based colorimetric assay which takes advantage of the
metabolic conversion of MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulphenyl)-2H-tetrazolium, inner salt) (Promega) to a

35  reduced form that absorbs light at 492 nm (1). Cells are seeded 24 hr prior to drug
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~5 N ON~NNHNI1

3-(6-1mdazol -1-yl - 4-net hyl - 1H benzi m dazol - 2-yl ) - 4-i odo- 1H pyri di n- 2- one:

The suspepsi 6-i nudazol - 1-yl - 2- (4-i odo- 2- met hox y- py,

) - 4- met hsf‘ffﬂ?/{’j?" benzi m dazole in 1 N HCl (6 nL) was hea{ée@hgboz%%dé for 3

days, cooled to roomtenperature, and diluted with ethyl acetate. After

extraction, addior BallbWwaf OT0kir ¢ndudMesnsat 3G PE withsdeddll il ied tesneymhuneéd over

Na2804 and concentrated. The resjdue was rified by flash .chromat ography (
% NHAOH / MIERARIEOH.Li. etrb&omparigon M T E‘JR@P@@H& gazgl lwsﬁowou % as

: 5o (2, TS P M 00 g B s sy, %0’53%2 3 s

(MrH) + m z @uppl.): 184&019@)%&0)nb9fa&pﬁ1m1ﬁ1| tbﬂﬂelef:tron couphng agent phenazme
2- (4- Chl or o- 2- oxo- 1. 2- di hydr o- pyr|d|n3 ) 7- met
benzi ni d%zoﬁ@l@%‘eﬁ%‘boﬁlaﬂﬁ?q lo:thogells. Ve R@Y“"eﬁl:f@' Phayresdhy 98- ¢ 02

- 4- Ani no- 3- ”E}B{&Y%epgg BF@lQ'rﬂJd'n}rﬁa %93 rg'n gés‘f% »Wcth a s?ectrﬁgla?tometer to obtam

3-met hyl - 4-ni nzonitri was
added iron pewilenbef oflsrbiving, ce[ls &(Deﬁmasmda ):ontm‘ltpepulaﬁom ﬂ‘hetrd:mllts emctl on was
exot herm ¢ and turned éo dark color. The r& ct{ﬁn i xture was allowed to
stir at roofFRIENESARMGHIAN CHIOIOKIC ¢PNSERrAIRRS, ¥dwi th Et OAc (200 nL). The
brown precipitate was filtered through a pad of celite and the filtercake
was rinsed with EtOAc. The filtrate was concentrated in vacuo and the

resi due 10vas Thblqohfqul@czby\ctllvaxfuMhlaBrmnmgrladﬁh theioblethadkinase pevaef to

yield the ti ound 15. 3 0 7

7.34 (2H, EE‘EM stong o @Ofﬁoﬁgﬁ f‘%@‘)“g kﬂ‘ai%% Emftﬁggg{’mﬂél'z 168 | 55
(t =0.93 m[@)LCKCM‘ET'\'mGF NHEGE. OB -295and Col10205 are human colon tumor cell lines, and
N—(4 Cyano- 2- rrethyl-6 vitro-phenyl)-2,2,2-trifluoro-acetamde: To the

i ce-col d t r MCEdripabempe beeastyimprecl{ 6. ) was added

4- am no- 3- net hyl - benzonitrile ( 14.33 g, 0.108 nol) in portion. The
resulting white slurry was stirred at OC for 30 mn. Then ammoniumnitrate

( 17.2818, 0.216 nol) was _added. The reaction mxture was allowed 20 to
stir at OC for 1 h and Examaple e npHTA29r eMQKF-714 Colo28X er renoval of nost
solvent, the reaction mixfure was fpgled with icg and quenched with ice.
The yel low precipitate wag Tl terefl owashed w thcol'd water, and dried
under vacuum The crude [pggduct ( 18545 T, 52% Vi fls —and) ca. 80% pure) was
used for the next step w L()Mut ot qugbau o+ rE 36D MHz, CD30D) 8
8.05 ( 1 H s), 7.74 ( L}H—-s+—2BI3H+s) 25%C eg. ESI, (MH)-)
mz 272. NC ~ N02 ~ NH2 4@l 07 :

517 0.3

519 0.3 0.6

520 0.6 0.2

521 0.5

522 0.7 0.1 0.1

523 0.6

524 0.6

525 1.1

526 1.4

527 1.3 0.1 0.3

534 04

538 0.9

544 0.3 0.6

553 0.9 03 0.2

554 0.7 0.2 0.3

555 0.2 0.1 0.2

559 0.6 0.3

574 0.2

581 0.2 0.3

582 0.1 0.2
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WO 02/ 079192 PCT/ US02/ 09- 402 4- Am no- 3-net hyl -5-vitro-benzonitrile: A

m xture of N-(4-cyano-2-nethyl-6-nitro phenyl)-2,2,2-trifluoro-acetamde (5
g, 18.3 2 M anmonia in methanol (80 nL) was he | ex for
14 h and%é%{o-@g%l ed to roomtenperature. After concentrzﬁ(?ﬂﬂg(?ﬁbg)gcuo, t he
residue was purified by flash chromatography (20% 5 Et QAc / hexane) to
yield the title conpound §83. 24 g, |0Q0% cjg0.80% puyre). ~ H NVR (300 MHz,
CDCI3) 8 8.40 ( 1 H, s))[ 58447 ( 1 Hy3s), bpb - 6]8 (2H, proad s), 2.89 (3H,
S). NC~ NHy ~NHSt o 15’5;5” ami Nof §7TET g 3Denz nitritTef To a solution of

4-am no- 3-nmet hyl -5-nitr graviiime; Q.%r 13- 20 183, ™ot) in ethanol (80
m.) was added tin chl orijde—dehydra 6%8. 6t—6—494+5—ot) . The reaction
m xture was heated to r Sx_for 1 ﬂ., then cooled-to-robmtenperature, and

concentrated in vacuum The residue was di luted with ethyl acetate ( 100
) and U el g P eddre b0 stn B e Tt S bldifrcl gty ves t 5
three-porti & ‘acetate (50 nL). The filtrate was washed with saturated
NaHCO-, water, and brine, then dried over,Na2S04 and filtered. After
removal of solvent, the residue wasgpurifleqepy flash chromatography on
silica gel (30%- 50% Et QAc / hexane) yield the title conmpound (2.17 g,
81 % assa light yellow solid. ~H NVR¥300 MHz, CDC13) 20 b 6.94 ( 1 H s),
6.85 ( 1 H s), 2.16 (3H, s). LCM5 (MtH + nfz 148 (t = 0.67 mn.). H MO NC
~ N-NNI . , . ]
2- (4-1 odo- 2-lh(éf(ﬁlbg?{]q'ﬁwwa?'ﬁilg!r)‘?Te)ﬂ-'aﬂ%T%?/Fglgflf-)rb%fn%f:tﬁl‘lofloag%qZgl-dgb%dgr(%%ﬁi trile:
To 25 a sol gt1i49Mn@ irniftofledah® 0B THE) Wite aBeaz@agicsiunes (2tedG76%. g, 0318 Mol )
in MOH (40 nmL) was added 4-i odo-2-net hoxy-pyri di ne- 3-car bal dehyde (3.6 g,
13.6 mol) impl hosphazene base Ber-brtiesEesamethyienes (443 ¢ Wkt meDrHsd at ocC
for 1 h., . lodin 1.7 . I N Was, LPPW se Vi a
a droppi'(r)lg f%ar?ﬁ ﬁqn?’étu?%\gasrsgg%flirggﬁé&n?&e&re a'?(f%%. mlj%lfet reg@tﬁ?{%ﬂoﬂ]{ Xt ure was
stirred at rpam, tResda wiepirifiedby HBh chid DR AptH QI ZEIDAISIRAEY 02 h.

After renoval of MeOH, the residue was diluted wth Eaﬁmﬁg@ W}ﬁ{w and
extract ed wivield theditle compoupd (S hed WeyRs R Ereeryxs oML e 0 ‘wat er
and brine, i I e t 1 { kied sh

ol unm chr olVSGr Ay ST S TR R B B BT I IR 1 e
g, 46% . ~Hn\WRoD3I0A, diz.= CRAR) H), 4.40(1H, 8dH =9)2,1244%)( 1 H d, J = 5.4
Hz), 7.46 (I H s), 7.41 (1H, d, J = 5.3 Hz), 3.78 (3H, s), 2.68 (3H) s).
LCVS (M#B)+ mz 391 (t = 1.27 min.). O NC~ NNHNC 10

2- (4- Chl or o- 2- oxo- 1, 2-di hydr o- pyri di n- 3- ybtgs 7- met hyl - 3H benzi m dazol e-5
carbonitrile: A suspension of cl NO,

2- (4-iodo-2- met hoxy-pyridin-3-yl)-7- yl - 3Hbenzi m dazol e-5-carbonitrile (
1.8 g, 4.63 mol) in 4 MHC dioxane (40 nL) was heated to 80C for 6 h and
cooled to roomtenperature. The precipitate was filtered and dried. The

crude product 1.08 g, 829 was ysed fqr the next step wt

purificati ohl %(%Eb@“yig',““(ﬂne%q")v]'ﬁ?‘?hﬁg%'.la'ﬁgr iBérSQ&{ISH OE?’L&'C%I%O'
S)-4-(1-Be 192t didrd. -©b 3V .2 it lj le (28.6

oh oo PSSR0 B A0 S 50 bt

5- Br onmo-28- gy, Byi2-rhali zmhehldropriethdstiane (2579 gal.4 i spdh Jihe reagtiom mpxtaieov 3s- et hyl - 6

ni tro-phenyl amne (20 g,'0.086 i et hanol 0 ) s..ad tin
chl oride di K§gFdaL Pﬁb‘%@pﬁfauﬁ? %rrg; Mf)?gr q?ﬁ‘é(:hr'%‘&i%g(‘)"ﬁ% b lrjnr"étu\r/\?ad‘g eated to
reflux for jeﬂtrgcte(?@itﬁ%ﬂ{}@gc%&e.rmdrﬁmr@g&tﬁ@lay@ﬂdv@r@ RQEdritie thaien - vacuo.

The residue was diluted wt
and brine, dried over Na,SOy4, and filtered. After removal of solvent, the crude

product was purified by flash chromatography (2% EtOAc / hexane) to yield the title
25 compound (37 g, 91%) as a colorless oil. 'H NMR (300 MHz, CDCl3) 8 7.40 (1H, s),

7.27 -7.32 (3H, m), 5.40 (1H, dd, J = 3.2, 9.5 Hz), 4.51 (1H, dd, /= 9.5, 12.1 Hz),

4.36 (1H, dd, J = 3.3, 12.1 Hz), 0.85 (9H, t, J = 7.5 Hz), 0.54 (6H, q, J = 7.5 Hz).
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ethyl acetate (150 nL) and treated with triethylamne (40 nL). The
resulting slurry was filtered through a pad of celite, and the filtercake
was rins ) hree portions ethyl acetate (50 nlL). Th was
washed W‘ﬁmgéjt]b Pat ed NaHC03) water, and brine, then dri 2%6169%{2%@5804 and
filtered. After renmoval of the solvent, the residue 51 WD 02/U79192
PCT/ US02/ 09- 402 was purified by flash ch{¥tat ography on silica gel (30%
Et OAc / hexane, then 5% MeOH / CHzCEE M€ d the title conpound (10.26
g, 59% as a yellowoil."H NVR (300 ; CDC13) 8 6.77 ( 1H, d, J = 2.0
Hz),, 6.74 ( 1 H d, J =2.0 Hz), 2.16 (3H, s). LCM5 (MtH)+ mz 201. (t =
0.83 mn.). HMO Br ~ N-N

6- Br ono- 2- ( y le: To a
sol ution of ﬂékqﬂﬁ(’% gﬁé;@?ﬁfﬁx{hgﬂhﬁ ﬁ *%%@ﬁ?%‘ﬁnﬂ%ek?wﬁa%k Pm%o) in

met hanol t Ow(a@&drﬁq)h m@ﬁll@lddaﬁdr ﬁlvd md&%dWétth{mye tiniesgf1-33Chidrat dehyde

" (5.23 g, 19.9 nmol) in nethanol % dro W se atdl_gC The resulting

slurry was Eh@qyi)eztnﬁ@reth@‘%tﬂetﬁyl S*B‘B?’n( O z;tfﬂ?léa“ aney ek (2. 53 g)

9. 95 nmol) i f fter 14 h,
the reacti o&r{{é%ﬁﬁ{)h@wb co% ner gﬁ@:ﬁﬂps}éﬁa@nﬁif tkdggrev{ngﬂlwg%tﬁazszw

and extract edctibd hietiyWasdietat tbrou'ghe pad wbielte and gasedoviibmetigeols wer e
washed with water, bri nd dried over 2904, Afte of soI vent,
the T est due ChRtesanon pEe St et I e ARG AAEBOVELA E0RES da

hexane) toc)ééghgsstd“lewﬁl'cﬂ b G%M@Pﬂx@ nkft sQ% Qnth&ﬁ%rnﬁ@atﬁmyé}l{ me_%Un ~ H NW\R
(300 MHz, 3 ( J = 5.3 Hz),
7.26 (2hp biMidd @)CbBSQBZ((BII*Ls)s),ISZZﬁaBHSH) 4;70(1_szsl(=rﬁu8rpiae) R186 (AH4 (t =
1.39 mn.). 2

3- ( 6- Br ono- El)ngﬁﬂ)((?H’ltH!Bgr%ﬁﬁ} QéfcfPHzgy‘l FI4. G B‘FB’ISLW%W '?}(angf one: The
suspensi on @f..0: H 25
benzi m dazof®e 10 0 m Tn di oxane was heat ed
to 80C for ethylam ihes:ool ed to roomterrperature The precipitate was filtered
and dried to yield the title conmpound (3.0 g, 100% as a brown powder. The
crude product was used for the next step without purification. ~ H NVR (300

VHz, CD30D} 8 7.55 ( 1 H 52 WO 02/ 0791&3 PCT/ US02/ 09a02 s), 7.42 ( 1 H,

d, J 6.0 Hz), 7.17 ( 1 H, s), 6.9¥ ' J =6.0 H), 2.55 (3H, s).
LCIVB(IVH-|)+n12338(t:133mn r ~ N NH HN~ OH

(S) - 4- (12Benzyl - 2- hydr oxy- et hyl ani noef 3-(6-brono-4-net hyl - 1H benzi m dazol 2-
yl)-1H pyridin-2-one: To a soI utlon of

3-(6- brorm4 met hyl - 1H ben ol chI ro-lH— irid 1.42 g,
578 ol ey Sobemonnensl aiioroacqtaphenons: 15,8 utmeRHim Al AIGT PPt
1.43 9, 9. 4% 1gmb) ﬁﬂl@tﬂyréﬁekmbhdmm \lvzikeadﬁeé-a Solitidn of DBrdRamisorn M Xt ur e
was heated to 80C 1J h and cooled to room o

(12.5 mL, O. 10 mol) and chloroacetyl chloride (8 mL, 0.10 mol) at 0°C. The solution

20  was warmed to ambient temperature for two hours and poured onto ice and extracted

with methylene chloride, washed with saturated sodium bicarbonate solution, brine,

and dried over MgSO,. The solution was filtered, concentrated and crystalized from

EtOH to give 15.37g of white solid. LRMS [M-H]- 260.8; IR (KBr) 1697, 1048, 1255

cm’; '"H NMR (300MHz, CDCl,) § 8.18 (s, 1H), 7.94 (dd, J= 8.67 Hz, 1H), 6.96 (d,

3
25  J=8.67 Hz, 1H), 4.62 (s, 2H), 3.98 (s, 3H); l C NMR (CDCl,, 75.5 Hz) 6 188.8,

160.3, 134.1, 129.9, 128.2, 112.4, 111.3, 56.6, 45.3.
General Procedure for chiral reduction of chloroketones and ammonolysis :
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tenperature. The sol vent was renoved with high vacuum and the residue was
purified by flash chronmat ography (5% MeOH | CH2C12) to yield the title

conmpound ‘ﬁ?%z/égé‘% (74% as a yellow foam ~ H NWMR (300 M, 5T/§g@/()§10(28 6.9 -

7.2 (8H, 1H d J=71H), 3.7-3.9 (3H m) 2H, m,
2.57 (3H, s). LOMB (MtH)+ mz 453 (t IS =2.03 mn.). O Br ~ N NH N H\~ OTr
(S)-4-(1-Benzyl-2-trityl oxy-ethylam no)- 3-846- br onp- 4- net hyl - 1H benzi m dazol
20 2-yl)-1H pyridin-2-one: To a sol ffi S)-4-(

1- benzyl - 2- hydroxy-ethyl am no)-3

(6- brono- 4- net hyl - 1H benzi m dazol - 2-yl ) - 1H- pyri di n-2-one (0.9 g,.1.98 nmol)
in THF (30 nm.), was added CszCO3 ( 1.29 g, 3.96 nmol ) foll owed by

" triph | met hl 1.10 9 | ti
BRI TR RN EWE 8, ih Wl S RS
. tenperaturecp¥y zalSc?rHH’éﬁﬂé (H‘I’I it Ruse! 0.8 mif, 0948 Mm8ls kAW BHYAHF{St &d Wit h

et hyl acetate and washed wat er. The aqueous fraction 53 WO 02/ 079192
PCT/ US025 09 4iiolveras ed(dqdam:t@csamettimeea Wutxcat@ft%&lzeTHﬁdl?mb Edmgabenddgr gani c

| ayers were shed ri dr| 44 At
concentrat i 6¥1\BP?P 9%%8“10\%\%5?%52?@8% \1?2?8 | edé(g‘i'?\‘?ﬁl?ﬁ B"ﬁ* iofiions
chromat ogr aphye &dﬁ@%'?éﬁ%e bven 8B aiadtes. OThd ﬁildldnheaststﬂrﬂee feompawasd ( 1 g, 73
% as a white solid. ~ HNW (300 WHz, DMsO-d6) 8 11.77 ( 1 H 5 broad s),

11.73 (1 Hqu@hched with.the sley addition®f methapol (PR The sqlutian Wasrcmef(@m rr),

> 54 (31 SfH0 EgEifNa i hapRragled ofer S4gtn giith oo hbeeldl, 0

6- (4- Acab~r lacqhprioddvéa a}uaitamerymmyiowwwmydamiaalemi bit.4R IR Br)
chl oro-1H pyridin-2-one: 0 5N~ ~N \ NO~ NHp

1- [ 4- (4- Am 11053-1268 /340657 }; tﬂbNMié@aoMfm @@m &7 ﬁ%]l}l@tﬁé&(ﬂw =Al6ri xt ure

f 415 b 2-net hyl -6-vit h |
2 acetyl p|r Bglail‘lgzﬁ ?({(dzﬁll;%@iﬁef)lﬁ%f@%g% 3&@?5?{1 Hék@&@és (3)1"@:43 A4 (ddd. | os

nmol ), trl-tert but yi ph i (440. mg i butOX|de
(4.2 g, 43.79 r‘ﬁwﬁll)l Brl> ?ﬁﬁ&e@e(b@?éﬁh) C\)ﬁ@%@@ 7??%%%% 135]9 iﬁf”under
nitrogen. T ] r led to room tenperature and dil uted
wi th Et OAc. qgll e%%ng’?%'H:gQ‘%g%C%%@lﬁed organic |l ayers were washed with
20 wat erjs brine, dried over Na2S04. Concentration gave a browni sh residue
whi ch was purified by flash col um chron'%_hograp y ( 10% MeOH / CHzO 2) to
yield the title conpound (4.21 g, %P% (400 MHz, CD30D) 8 7.42 (1H,
d J=2.8 H), 7.23( 1 H d, J = 2. ),3.71(2Ht,J:.Hz)367
(2H, t, J =5.1 Hz), 3.04 (2H, t, mo=58.2 Hz), 2.98 (2H, t, J= 5.2 Hz),
2.24 (3H, s), 2.13 (3H, s). LCVs (MtH)+ mz 279 (t = 1.46 25 mn.). 0 ~N~
~N\ NH2 ~ NHy 54

(S) 2-Amino-1-[3-chloro-4-methoxyphenyljethanol Hydrochloride : To a solution

of the chlorohydrin (10.0g, 37.9 mmol) in 120 mL of methanol at -40°C was added
20 100 grams of ammonia. The solution was sealed in a pressure bottle and warmed to
ambient temperature and stirred for 48 hours. The solution was cooled and opened.
The ammonia was allowed to evaporate and solution concentrated. The residue was
crystalized from ethanol/ethyl acetate to give 3.83g of white solid (35%). The
material was reacted with Boc,O in ethyl acetate and saturated sodium bicarbonate
25  and analyzed by chiral HPLC using a chiralcel OJ column using 95% hexane/ethanol
as elutant and determined to by 98%ee. Additional crops were collected - 2.96g and
1.41g for a total of 75% yield. LRMS [M+H]+ 246; IR (cm™, KBr) 1055, 1261,

3001, 2948, 3356; lH NMR (500MHz, DMSO) & 8.09 (b s, 2 H), 7.58 (s, 1H), 7.36
(dd, J=2.05, 6.45 Hz, 1H), 7.11 (d, J=8.5 Hz, 1H) 6.10 (s, 1H), 4.80 (m, 1H), 3.84 (s,
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WO 02/ 079192 PCT/ US02/ 09~02
-[4- (3, 4- Di am no- 5- net hyl - phenyl ) - pi per azi n- 1-yl ] - et hanone:

1-[

1-[4-{4 hyl - 5-ni tro- phenyl ) - pi perazin-1-yl]- ethﬁpﬂ g, 16.2
nmol ) angv§ggppgﬁladlun1on carbon (400 ny) were added net Sn%éﬁénL) and
acetic acid (5 nL) under nitrogen. The reactlon m xture was stirred under
hydrogen at gms phoey @dd edr paer, balioon). @rNMz (dMI0E7518 NS08 w54 9” was
filtered through a pad of ceiite and the filtercake was washed

met hanol . Cb3cént30d il 20m6,0F12t4d 16.4) GT.Ht56. ?géﬁé the title conpound (4. 00 g,
10099 which was used for the next step without purification. LCVMS (MtH) +
mz 207 (t = 0.41 min.). O NHMO N~ N-NN 1~ |

1-{4-[2-(4-1o0do- 2- et hoxy- pyridi n- 3-yl ) 9¢- net hyl - 3H- benzi m dazol - 5-yl ] - pi pe
razi nl-yl }-ethanone: To a sol uti orf'\Q A NHzHCI

1-[ 4- (3, 4-di am no- 5- net hyl - phenyl ) - pgi perazi n-1-y1lJet hanone (4.00 g, 16.18
nmml ) in nethanol (100 nL) was added 4-i odo- 2-net hoxy 15

pyri di nes 3- car bal dehyde (4.25 g, 16.18 mmol). The reaction m xture was

stirred at e ntration, the residue was
bur 11 ed by (DRRAEGmiapeftnbismine HyOTediuie W peeds) S freiti  he
title corrpomacgeﬁaaﬁﬁoaadumlmea %W@M@@W@ 1GR3 ER K§r7cn§-&[) fosg H d, J =
5.4 Hz), 7.487( Hz), 7.26 ( s), 3.85
(3H, s), 3.37&1(26b52t'H BJNHz@(mMHz) Mamﬂaozls(stmm 355mQ3H¥)3x313(da@ J(—2H t,
20 J = 5.2 Hz), 3.11 (2H, t, J =5.2 Hz), 2.62 (3H) s), 2.13 (3H, s). LCwvs
(MrH) + m z 392342, %13Hz2Hkn.). O NON~ NNi N O 25

3-[6-(4- 6Acety| pi perazi n-1-yl)-4-net hyl - 1H benzi m dazol - 2-yl ] - 4- chl or o- 1Hpy
ridin-2%ne: "To a solution of

1-{4-[2- (4-1o0do- 2- et hoxy- pyri di n-3-yl ) 27- net hyl 3H benzi m dazol - 5-yl ] - pi per
azin-1-yl }-ethanone (5.2 g, 10.6® MR HCL i n 55 WO 02/ 079192
PCT/ US02/ 09~02 di oxane (60 nlL) was d water (5 nmL). The reaction m xture
was stirred at roomtenperature for 14 h. Concentration of the reaction

m xture gave the title conmpound (4.02 g, 100% which was used for the next

ste vm'thou r|f|c o= . Preparation
o Dot o O tbhAibedHAHontobEn eibdnn Htridotite 5 whs Brepiied abcorling®
E:\Ee[;ZIl 8 ltoythe gbhdp peodEtigha zatlndd dbdvel HRMIS [MHM 21 2PE IR OKBNTr?1N3029N NH N
(S)-3-[ 65 (43830891 pufpsm(somm DMS O 6 HYI3-(bis; D)) 7166 @aAd), 752y(H] tH), (1

BIPECEA™ MY YL B AT B i Bt 2"

0oty <Pl POLAA g 1o bl RO A BeAeh Bdpeel s Habs 80 Aol to Py 0102

(S)-(-)-2-aps.ps3t phenyl - propanol (0.78 ng, 5.2 nmol) and N-net hyl
nmor phol i ne (2 rrL). The reaction m xture was heated to 80C for 12 ~ s h,
cooled to roomtenperature and concentrated wth high vacuum The residue
was purified by flash col um chromat ograghy ( 10% MeOH / CHZC12) to yield
the title conmpound (0.90 g, 69% . et MO MHz, CD30D) 8 7.36 ( 1 H,
s), 7.02 - 7.23 (6H, m, 6.80 ( 1H, 5,9 ( 1 H d, J =7.5 Hz), 4.10 -
4.12 (38 m, 3.67 - 3.78 (6H, mMs3, g6 3.11 (3H, m, 2.90 ( 1 H dd, J =
7.8, 13.6 Hz), 2.54 (3H, s), 2.12 (3H, s). LCM5 (MtH}+ 20 niz 501 (t = 1.30
mn.). H~ O

) (S)-2-Amino-1-[3-chioro-4-methylthiophenyljethanol Hydrochloride : was

prepared according to the general procedure outlined above. LRMS [M+H]+ 217.9;
IR (KBr, cm-1) 3007, 3358; 'HNMR (500MHz, DMSO) 4 8.12 (b s, 2H), 7.46 (s,

25 1H), 7.37 (s, 1H), 7.35 (d, 1H) 6.19 (d, 1H), 4.83 (m, 1H), 3.01 (ddd, J=3.2, 12.8, 9.3
Hz, 2H); I3C NMR (DMSO, 75.5 MHz) 6 139.6, 136.5, 129.8, 126.6, 125.4, 68.0,
45.2, 14.2.
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N~NNHNHNOH56 W 02/079192 PCT/ US02/ 09-t02

(S)-4-(1-Hydroxynethyl -2-phenyl - et hyl am no) - 3- (4- et hyl - 6- pi perazi n-1-yl - 1H
benzimd §,) - 1H-pyridin-2-one: To a solution of

(S)-3-[6- Qh%@eg%{yl pi perazinl-yl)-4-methyl -1 H benzim dazo?T/BS02 0]9403

1- hydr oxynet hyl - 2- phenyl - et hyl am no) 1H- pyr| di n-2-one (900 ny, 18 rrrml) in 4
M HO in dioxane (10 nmL) was added waterf®( 1 rrL) The reaction m xture was
heated to 80C for 14 h and cool ed ¢ %’ﬁﬁerature Concentration with
hi gh vacuum gave the title conpound 283 g, 100% which was used for the
next step without purification. LCMS (MtH)~ mlz 459 (t = 1.13 mn.). to
Preparation of 2-(4,b-Di chloro-pyrimdin-5-yl)-6-imdazol-1-yl-4-nethyl -
benzi m dazo \ NCl ~ .

2. 6- D cht or OB AmiPantHE:Borgr 4 DutediobenicFhanol Hydroghleride,s igs pisaatsdded 1 o
_ POC13 (21 miceoRtidBtotae gerﬁiral%%ceﬁﬂ@ dutlafet iaBvdILRMIS VWA + 98D 0f R (RBr,f 0OOM
tenperature for 0.5 h. hydr oxy- pyri m di ne-5- car bal dehyde (5 g, 0.045
nol ) wass added )ilf0%,B8AD8, 38561 i HNMR'IZISGOM@HcDMO)Tﬁ fRUKe syEs), NGated to 90C
for 6 h and cool ed to rogmte ture. rge_excess of crushed ice was

added to t hi=hEABe ) i SV Sty L0), A B0 P2 Ml AT HEBA S Uy o

vaer, brinfs 40 dr RSB Br anE an YL BT, BIATT e was

purified bylp@’yq@ocmgn;pjggraphy (20% Et OAc / hexane) to yield the title
compound (4 g, 50%. (400M—|z CDCl3) 88.92 ( 1 H s), 7.87 ( 1 H,
s). LRV (MtH)+ ni z 177 25NCI N~N-N// ~/~NNC
2-(4,6-Dichloro-pyrimdin-5-yl)-6-imdazg - 1-yl - 4-met hyl - 1H benzi m dazol e:
To a solution of 5-imdazol-1-yl -3¢ hyi- hapgene- 1, 2-di am ne (180 ng, 0.96
mmol ) in 57 W O 02/ 079192 PCT/ US02 -402 nmet hanol (4 nL) was added a

sol uti old of 4, 6-di chl oro-pyrim di & 5¥Car bal dehyde 183 ng, 0.96 n-inol) in
met hanol ( 1 nL). The reaction m xture was stirred at roomtenperature for
14 h. After concentration, the residue was purified by flash col um

chr omat ogr a#)y2-Abtinertt[Beachborot4-fidtiidxyphewylictiedrbl Hyelroclilbride © wmao pregaici 80 ny,

of 2 An hgl“’a‘%cé%% & e pronedvsisuizenabdie. LRAS oo i g ' "
2-(3,5-Di T
cuspenst on S Rears TR0 RAEYIek: Tohel " ENGAR oBlE ThrS BB s b Ruam °

di -t-Buiyl 7abomate. oﬂzlitﬁg 7.9. @49-809, 2.0Mz, 99), a0 &t !rés ﬁqu

an.691@n. 2,4,6
trifluoronitrobenzene was added as a sol ution in 400 [%NF g@
0.42npl) ovED. 3-HdurdHanh84 (e 3HbI 229 @d. =15, 36Hzy ), élt83a(ﬂ’d1 Je=dt25t8Hper ature

for 12 hour gy, The N GRIENT0" MES) 888 81553159734k, 120.8, 1126, 68,0,
56.1, 45.5; Elemental Analysis Calcd for CoH;,CINO,-HCL: C, 45.39; H, 5.50; N,
5.88. Found: C, 45.38; H, 5.43; N, 5.70.
20

(S)-2-Amino-1-(7-bromo-2,3-dihydrobenzfuran-5-yl)-2-aminoethanol
Hydrochloride : was prepared according to the general procedure outlined above.
25  LRMS [M+H}+ 258; IR (KBr, cm-1) 3349, 3006, 2928, 1485, 1045, 983; 'H NMR
(500MHz, DMSO) 6 8.13 (brs, 3H), 7.29 (s, 1H), 7.23 (s, 1H), 6.08 (d, J=4 Hz, 1H),
4.76 (m, 1H), 4.61 (t, J=9Hz, 2H), 3.29 (t, J=9Hz, 2H), 2.96 (dd, J=13, 3.5Hz, 1H),
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ethyl acetate (3X' s). The ethyl acetate was washed with water (3X s) and
with brine and dried over MJS04 and concentrated to gi ve 62 g of crude
product Na] - 396; ~H NWR ( SOOVHz, DI\/BO) S 7. 27 (m
W%%‘r 41 (m 18H). 20 F ~ NH2 | ~ NOy 0 0§t
2 (3 Anuno 5- Fl uor o- 2 vitro- phenyl) malonic acid di-tert-butyl ester: To
the crude 23@3,8q4,0:1% 98410, 2y CQ@M'RG(W%OWSMHQ)@?5613d1'35t99r1§9l@Uty| ester
(62g, 0.42 mol) 25 was added’700 ni of 2M ammoni a in nethanol in a pressure
bottl e. Thel2&$sE2. Wab0.9eal.88d5He29.8d EHend@bd Amtysis8Cdlodifs. The reaction

m xture was _.C arefull h h I

sol ution coﬁ&i’ﬂ%ﬁ&@&qu}g%ﬁdg ﬂf’g 8 ‘gFg F ﬁ%ﬁ@??aﬁ&fégﬁ% ‘?&iNa]

393; 1H NWR (500MHz, DVMBO) b 6.76 (dd, 58 WD 021079192 PCT/ US02/ 09. 102

J=10.8 2.8Hz, 1H), 6.29 (dd, J=10.8, 2.8Hz, 1H), 4.99 (brs, 2H), 4.80 (s,

C1H), 1,49 ( roéedurdifgy the Rp@paiatioh 6f 3-Aninved-Hubistitited-phenyly-o phenyl
acetic acid; To the 2-(3-Am no-5-fluoro-2-nitrophenyl)-malonic acid
di-tert- but%@@g (140g) in 500 nL of 4N HO in di oxane was added 50 ni

of water and heated to 40C for 2 days. The solution was extracted with

ethyl acetate (3X's) and the ethyl acetate washed with water (3X's) and

brine. The organic fraction was 8w &'r'“lmsﬁﬂ and was concentrated to
gi ve 78g of crude (66% pure by LC/ 500MHz, DMSO) 8 12.40 (brs,
1H), 7.04 (s, 2H), 6.68 (dd, J 10.9 2. 8Hz" 6.47 (dd, J=10.9, 2.8Hz,
1H), 3.80 (s, 2H. F ~ NH2 ~ 15 2- Am no- 4 quoro 6- met hyl nitrobenzene:

vas. adddh 92 dobago- %3-85%}4%%@%%@%%’@%‘% AR SouL
of met hanol T?'&%H@i%n%?ﬁﬂ@?ﬂ %d@ﬁ?h&?ﬁ)h%%tﬁ&(yc&x%oﬂﬁ% % BifiCAGY | ON

m Xture was ltered throu e and the Celite pad ed 20 wth water
and et hyl a¢¥Oatg.1.4hmnfol) mr’l'a‘ﬂé(aﬂaBLhwas ahieédtomnthctsthblghtoﬁaaet:amplexvvas hed

w th water ri.ne ri,ed .ov Na2S04, and concentr at ed |ve 2.95 of
mat or 1 al Cwnl NSRS Dot RED faf e ARt N it B b s Oonr
DMBO) S 6. 67en(p§:rat3ﬂé)for £ hénd q&’encﬂc&-&nh deidzacidl(tmL )P AIRr tetfbval sflrhost2. 8Hz,

1H), 2.50 (s, 3H). 25 Procedure for the preparation of
4- Chl or &5 3- palvensi the resglugpyasiestrpgiedy with Et@Ac, washed with brine, dried over Na;SOs.

benzoi m dazql y
4-1 odo- 3- (49‘%6%34&%&4_"0% hgl%fﬁr%fei’ r§¢]’%&@§§n§cﬁ3%0) azc%llse%f tt} f]ﬁlﬁ_t Ste?l di n- 2- one
59 WO 02/ oifé&dweification. LCMS (M+H)" m/z 330 (t = 1.61 min

Bfm"“z
OH

(S)-2-Amino-3-(3-br0mo-phenyl)-propan-1-0l: To a solution of (S)-[2-(3-bromo-

20

phenyl)-1-hydroxymethyl-ethyl]-carbamic acid tert-butyl ester (400 mg, 1.21 mmol)
in methanol (30 mL) was added 4 M HCl in dioxane (2 ml., excess). The reaction
mixture was stirred at room temperature for 14 h. After concentration in vacuo, the

25  residue was used for the next step without purification. LCMS (M+H)" m/z 230 (t =
0.78 min.)

HN

38



~N ~ NO2 | ~ NHp PCT/ US02/ 09- 402

2- Met hyl - 4- nor phol i n-4-yl -6-vitro-phenylam ne: To a 800 nml pressure flask
was adde ri i,benzyl i deneacet one) di pal | adium (2. 64 g, g¢ ,

2- (Di -tbS?’éP%’%g%hi no) bi phenyl ( 1.42 g, 4.75 nmol) and S%%ﬁﬁ%@@k&z
tert-butoxide ( 17.S g, 182 mmol). Then dry THF (500 ni),

4- br ono- 2- neiChlbrdacetyl-T@hirboxiadoROTO aguspkaflonudA)ClaniB.4m 0pitahonén (34 nl
390 nmol ) were added, Argon was bubbl ed through fhe so t@o&&lo 1 nunute

and the fl agethydeneshloride (40mle is addad HiplvHan ofr eChlgroaindole aBapdfor 3
days. THF “@gon%\é@aﬁrcﬁﬁc?rﬁie'(é‘ rﬁﬁ?}‘b‘!ﬂ) ABH at 0% TS IR RAY GarfiBS oLk fabsor bed
~on silica and thrs'then transtferred on top of a silica gel colum. Elution
W t h hexaneteatpeydturadet stochopifs ahdtppudediontoid®:ahd gx atitehw)th geetiylerefdhéoride,
evaporation of solvents, the title c ound 15.2 .g red-hr solid,
50500 1 cshing i fpptasesiedrbondge gl Biind. andinfe B NESOT mRRS dv) o
7.32 (1 H, pz%\ride7th@3e (red chlorakkionB: 96 (2H, s), 3.72 (4H, broad s), 2.96 (4H,
broad s), 2°21 (3H o). 15 0~ 0 NHN-N I
2- (4-1o0do- 2- met hoxy- pyri di n- 3-yl ) - 4- et hyl - 6- nor phol i n-4-yl - 1H
benzoi m dazol e: 20 2- Met hyl - 4- nor phol i n-4gyl - 6-vi tro- phenyl am ne ( 15.2 g,
64 mmol ) was suspended in nethanol €200 _nk) &n a PARR flask. Palladi um on
carbon ( 1.0 g, 10% Pd) was added and e suspensi on shaken under 60 psi of
hydr ogen overni ght. The m xture waswui1ftered through a pad of celite (under
argon) into a 3-neck flask, the celitjerinsed with nmethanol and the
filtrate diluted with nethanol to a fPotal volune of 500 nml and cooled 25 to
0OC. A solution of 4-1odo-2-nethoxy-pyridine-3-carbal dehyde ( 14.6 g, 55.5
mmol ) in methanol (500 mM) was added slowy {during 3 hours). After
addi ti ono of (S)-%Cd-lmb-i-fﬂecldom:lilwdr@*neeté-ybt%mwiadol@péfmomoaiqf (&hd stirred

ome concent MABEGHS PEaBor AR (PR IR APAS Bt C s g @G s ™ v ©
PCT/ USU2/ U9t8RL pedhntfl) i§ ialldediat (18 daaiet timé& e koutien e BHoTHR(19ndt, hyimmackt at e -

met hanol 55-40-5) then crystallized fromethyl acetate. The title conmpound
was i sol at edndg s¢Jpbomokibe pChlorpacesg-ehignooxindo @498 amahhn % mdnek ogr aphy

of the noth [ rif . Qav It § | 9 I it h

met hyl ene cﬁ?{(gjr' i]%%e{? S%lpﬂ% ag%grr%%&ﬁiég%glts %g%%% r%%?é’%gc{oc ﬁfn%?@éhor_?%es%i ﬁ?/?wgcet ate
6-4, thes nethout samkbqiehchieddeth thetkstop adititvdradfemethamd! [(5010L). SBheddRAjtioniCMS  ( MHH) +
mz 451 (t = 1.03 mn.). ~H NMR (500 Mz, CDCI3) 8 7.76 (1H d, J = 5.3
Hz),), 7.42cpncenipted ,an%ths residpeghyomgoguphediovgr ajshers yilicy ?élé.oé‘émt (ily sy,
3.86 (4H, t = 3.79 (3H, s), 3.12 (4H, t, J = 4.5 Hz), 2.60 (3H,
s), 2.21 (3&?’9?15")6/.‘:’&&85&-%\56% NNH I/ 10

4- Chl or o- 3- (4- net hyl - 6- nor phol i n-4-yl - 1H benzoi m dazol -2-yl ) -1H pyridin-2
one and 4-1odo- 3-(4-nethyl -6-norphol i n- 4yl - 1H benzoi m dazol - 2-yl ) -1H

pyri di n-2-one: ~5 c A NHz-HCI

2- (4-1o0do- 2- met hoxy- pyridin-3-yl)-4- hyl - 6- nor phol i n- 4-yl - 1H benzoi m dazo
le (15.58 g, 34.6 nmmol) was suspe in 1,4-dioxane (300 m) and conc.
aqueous HC (50 m) was added. The Atmi’xture was stirred at anbi ent
tenperature overnight, then 3 hour€ at 50C. The mixture was cooled to room
t enper atore and poured into an ice cold solution of NaHCO3 (67 g, 0.8 nol)

and filtered, The aquequs phase s.20 extr e L h.ethyl acetate. The
solid mater ()2 m@r]S-%f@@@%w%@g)-gﬁﬁeﬂagl&%&m%hmﬁ: ¥oaso ution of

the chlorohydrin (37.9 mmol) in 120 mL of methanol at —40°C is added 100 grams of

ammonia. The solution is sealed in a pressure bottle and warmed to ambient
temperature and stirred for 48 hours. The solution is cooled and opened. The
25 ammonia is allowed to evaporate and solution concentrated to provide the

hydrochloride salt, which can be crystallized from ethanol/ethyl acetate.
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met hanol , then extracted between water and CH2Cl2 . The conbi ned organic

| ayers were dried over NazS04, and concentrated in vacuo to give an

i nsepar ab], ] re of the 4-Chloro- and 4-lodo- title cogpp he

pr oduct 3&@0%§éE Wi thout further purification. LCMS (M+H) + nygﬂ@%gﬁand m z
345 (both t = 0.92 mn.). 25 Procedure for the preparation of

4-f 2- (4- Chl oro- 2- oxo-1. 2-di hvdro- pyri di n- 3-yl) 7- net hyl - 3H benzoi m dazol - 5-y
11- pi per azi ne- 1-carboxylic acid terf": dter and

4-f2-(4-1odo- 2- oxo- 1, 2-di hydro- pyri g yl)-7-met hyl - 3H benzoi m dazol -5

vl | - pi perazi ne- 1-carboxylic acid tery- utyl ester 30 61 WD 02/079192

PCTI US02/ 09~02 0 O N N\ NHZ ~ NO2 ¢

" 4-(3- Ami no- 5- net hyl - 4-vi tro- phenyl ) - pi perazi ne-1-carboxylic acid tert-butyl

ester: To a stirred solution of 3-fluoro-S-am no-6-nitrotoluene ( 10 g,

~ 58. 79 mmmol ) 6iChlardueeybdschibvio-2-béitddordzolinonerTod duspgsionvasAlaiddsdeg, 0.10

BOC- pi perazine (39 g, 209.4 mmol) _ and 4-net hyl norpholine (25.9 nL). The
resul ting dEok iBemsikylens cirided40@l) tsdded p eqlutigp ofAAChor2o) ed to room
tenperature i i . oN AHCC er was
washed let hbgr/l%tg 8?52!{) Hﬁcﬁﬁl(nggn ﬁ}_?ﬁ(& %@?ﬁé@%ﬁfﬁﬁ)@%gégkpﬁ_)o 1%.8123 ovérT@di um
sul f at e andsdutgoisatazmhed to arabient. teihiperatues fdrttwo dodiarakd polredastodcssmd ved in a
o boiling absol ute et hano 800 ni) and concentrated to a total volume of
200 . and PEROA ! BRIRREARGHE SETREOT SRR AP oLROn TP was
further Cophﬁfid@ﬂlg'c?\@r s, would pRAideNBe 8&3H4 EhIBEbIRRInkd Was fil tered off
and dried in vacuo to give 16.3 g (83% of a light yellow solid. 1H NWR
(500 MHz, CDCI3) b 6.16 (brs, 1H), 6.04 (brs, 1 H, 3.70 - 3.60 (m4H),
3.38 - 3.25 (m 4H), 2.53 (s, 3H), 1.48 (g« 9H); LCVMS t5 (MtH)+ mz 337. 0O
O N~N\ NNy ~ NHy 4-(3, 4-Di anmi no- 5« k- pdienyl ) - pi per azi ne- 1- car boxyl i c
acid tert-butyl ester: 20 To a stirre ol uti on of

4- ( 3- Am no- 5- net hyl - 4-vi tr o- phenyl ) u| Jfér azi ne- 1- carboxylic acid tent-butyl
ester ( 15 g, 44.6 mml) in nmethanol (2200 nL) was added 20% Pd(OH) 2/ C (
1.6 g) afd the suspension flushed wePl with nitrogen, followed by hydrogen.
The resulting suspension was stirred overnight at roomtenperature under an
at nrosphere of hydrogen (ca. 1 atn). The resulting suspension was filtered

under 25 ni (S)erérChiprocighydroystiay])-dahiare-2abenagaxarstingne:RT qesetien of 400 -

e L L
4-[2- (4-1 odeHEF @eilh @ximbYhid stided 3t the)same Watcydohdidnag BH- THHE{rBhE S5y | |

pi perazi ne-1-carboxylic acid tert-butyl ester: To a stirred sglution of
4- (3,4 15 mmol)and asolution of the 6-Chloroacetyl-4-chloro-2-benzooxazolinone (37.98

mmol) in 19 mL of THF. Both solutions are added dropwise over 30 minutes. The
solution is stirred for 1 hour and quenched with the slow addition of methanol
(50mL). The solution is concentrated and the residue chromatographed over a short
silica gel column (1:1 hexane/ethyl acetate).

20

[=]
=

Cl NHz-HCI

HN

h g

(o}

g

(S)-2-Amino-1-(4-chloro-2-benzooxazolinone-6-yl)-ethanol Hydrochloride : To a
solution of the chlorohydrin (37.9 mmol) in 120 mL of methanol at -40°C is added

25 100 grams of ammonia. The solution is sealed in a pressure bottle and warmed to
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5 Di am no- 5- net hyl - phenyl ) - pi perazi ne-1-carboxylic acid tert-butyl ester
(44.6 mmol assum ng 100% conversion in previous step) in nmethanol (ca 2700
m) at O [, a nitrogen atnosphere was slowy added ba,addi tion
funnel , ﬁ&gy{ygf)én of 4i odo- 2- met hoxy- pyri di ne- 3-car bal de %QQ’()(ZM%@?OQ, 57.1
mmol ) in anhydrous nethanol (225 nlL). The resulting solution was then
stirred at fnBiehtaemperaadeland ol 3048 1hidurs. Thosdlingorcioabolad athopensds renoved,
and the reaction m xture was allowed to stir at roomtenperatyre in the
presence of Thg gmmgpiazoalipwertig evepasateapg salBlion sepEetOiiends feed i n vacuo

and the resjdiis) dcdéaﬁswl&i\eg%a_ e Ay SNALL FBR AR/ chyPReld. and the sol vent

renoved in vacuo (repeate resulting dark any solid was dried
" under high vacuum ~ H NMR (500 MHz, CDCO3) b 7.82 (d, 1 H J =5.4 Hz),

7.50 (d, 1 H J = 5.4 15 Hz), 6.98 (bré % H), 6.90 (brs, 1 H) 4.05 (s,
~3H), 3.67 - 3.58 (m 4H), 3.18 - 3.09 H, 2.63 (s, 3H), 1.49 (s, 9H);.
LCMS (MrH) + mfz 550. HN= O ~N H N NH™N 177 HO 20

4- | odo- 3- (4- net hyl - 6- pi perazi n-1-yl - 1H benzoi m dazol - 2-yl ) - 1H pyri di n- 2- one
: To a stir ol ut | L . ) . . .
4-12-(4-1 odlél-?@Pﬁ:B'tl 6‘3(h3&6)3'§(|10c“"ﬁ'- 2 yal S)o-lufl-orr}eotfrt\lglel ! glqll:)czarP\lzn((:)l|Olrlrr11 X Oilc())l m%l) ;l/q QOpi per az
i ne- 1- car box| dfac@endlistadaéd KyCO) (0eE3res]) sikiiglel dB1Smolrand reflagedattiahe

1, 4-di oxane (750 mL) and 6 N agueous HCO (30 nL) and the m xture s heated
to 75 C ovestAitigamaterind iseansemerh Thesreagsinnds) ftgred apehwaghaskyish wetsr aae 25

super nat ent s f r I Lid _was washed
wth an%@dr%%@agﬁg#‘{?% “g{ehsé’}‘ﬁi?g’ é(l@@éo&%nfwg% ‘ﬁﬂ‘gg&ng%ﬁo&ﬁgo\f}gi ve 17.7 ¢
{93% of t hehlbididdeliaenpound as a dark solid that was used as described to
prepare

4-12-(4-Chl oro-2oxo0- 1, 2-di hydro-pyridi n-3-yl)-7-net hyl - 3H benzoi m dazol - 5-y
| ]-pi perazine-1 63 WO 021 079192 PCT/ USO2/ (19402 carboxylic acid
tert-butyl ester and c N

4-[2-(4-10do- 2- oxo-1, 2-di hydr o- pyri di yl)-7met hyl - 3H benzoi m dazol - 5-yl)
- pi perazi ne-1-carboxylic acid tert-"3 ester; LCMS (MtH) + mz 436. (Note:
A smal | peak (4-chloro-pyridin-2-one) in the LCM shows mz 344, 346). 0 O
N HO NNH~N

4-[2-(4-Chl - 2- - 1. 2-di hydr o pyr.i i 0- 3-y1 ) - 7-net hyl « benzoi pi;dazol -5
112t pit oz Nobietid e ilagmee i eidrtrindfiye oA pptiigh of AICS B4, B1b

4-[ 2- (4- | odgiody ihetilyléneléhloride (40mL) is added a solution of N-Me-7-Chloroindoline

di hydr o- pyri di n-3-yl) - 7-net hyl - 3H benzoi m dazol - 5-yl ] -Ttt)]l per azi ne- 1- car boxyl
ic acid ter{0.bumpl) andichloroaretyhchioride amby@h@ malby (%?3 e solution is

4- 1 odo- 3- (4-net hyl - 6-.nj azln- : | ~ :

H pyri di n- 2% gﬂge‘%/tola%@érg?érzé‘lfrgmpn%%k 5&? Eb'%?(%ﬁfggrgﬂggn%tg ﬁljgﬁée %Afs%“%f Fd v“vi'itsh added
di - t ert - but yetiglilah@rdbtvriale ewishik With $etufhtadrbidadrbamt tolutiinh ptineyiané dfyeg 4 ni,
483.6 mmol ). The m xture was st_irre? a}( roomtenperature for 30 mn. and t
5 purifred over Mg3QnrexidshticatssisgshsPloRkePng-ca gel . After elution with

di chl oronet hane fol |l owed by 2.5% net hanol / et hyl acetate, honbgeneous

fracti ons were conbined and partially evaporated in vacuo to give the
product as a yellow solid, follow ng fil tr?ﬁtimon (8.9 g, ca 4l % 2 crops).
~ H NMR (500 MHz, CD30D) S 7.25 (d, ‘I =“6.9 Hz), 6.97 (d, 1H, J = 6.9
Hz)) 6.97 (brs, 1H), 6.89 (brs, 1m€ﬂ(§{\/&56 (m 4H), 3.16 20 3.07 (m
4H), 2.55 (s, 3H), 1.49 (s) 9H); L M-H) + miz 536. (Note: A small peak
(4-chloro-pyridin-2-one) in the LG M5 shows nlz 444, 446). Procedure for
the preparation of 3-f

6- (4- Am no- s RRINIEIHYI-5- (2l chidkrolRhdtox}Hdapn 9l didaflone: o fsol@ttar-ckidS pyr i di n
-2-one and 3-T6-(4-Am no-niperidin-1-yl) 25

" 4- et hy ks 1 HMbethyl T BS -daazabolidine(4Mcinl toluonel B, gy mildi h745 mmeHngdE:-KHEN ~ NHp

~ NOz 64 2/ 079112 PCT/ U S02/ 0902 :

113 Am notSfrel ARSI ARHEL A HERAGHS R paplotip o BptTTHE Sy O 28D
tert-butyl %ﬁ&§rsé)l_uﬁobufJNfMeﬂg'l@tﬂlﬂémac&%'FTQhRfiﬁﬁuﬂﬂiHel"(37.(9@-ngrﬁpg,in 57 mol ),
4- N- BOCam nopi peridine ( 1.60g, 8.0 mmol), dii sogrqpyl ethylamnpe (2.5 m,
14 mol ) andIDVESEHF1 Both solutigns apeoadded deppanss ever AP awngges. gbie o ifours.  The
reaction m xture
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5 was poured on saturated aqueous NaHC03 solution and extracted with ethyl
acet ate The organi c layers were washed with water (3x) and brine, dried
over Qg}ﬁ ?f Honcentrated. Flash col um chromat ographyp@ﬂUwz}Oyfog (el uent
hexanes- e acet ate triethylanune 50-50-1, then 33-66-1 ) gave the title
corrpound as a yellowsolid. ( 1.57 g, 79%. LCIVB (MtH)+ mz 351 (t = 1.55
mn.)." H NVRirgésOfor Mipyr ﬂﬁ&ﬁl@)lck&dl@tlﬁthé’@lo(w alddH;oxbrfomiha@OI (Bnd2. The H, d, J =
2.5 Hz)), 2 3.58 ( 1
H, broad s)SO]IQ“@B‘S(CQPFe"FateQ a“g fhe, fss‘%a“%mﬁ%’g(aﬁpisd Lyer af%‘é’és‘{ %‘i—%eld J =11.3
Hz), 1.48 ( Bc~ ~~ ONHN-NNI I5{

1-[ 2- ( 4- |odé&lﬁmnmetlﬁéhfégrb{/f%ﬁ&lla%m%) 7-met hyl - 3K benzoi i dazol - 5-yI |

- piperidin-4-yl}-carbamic acid tert-butyl ester: [

1- (3- Am no- 5- net hyl - 4- ni trophenyi ) - pi per pgli n-4-yl]-carbam c acid tent-butyl
~ester ( 1.54 g, 4.4 mol) was di sselved kn meidanol ( 100 m ). Pall adi um on
carbon (0.3 g, 10% Pd) was added and t he suspension stirred vigorously
under a ball oon pressure of hydro ernight. The m xture was filtered

t hrough & pad of celite (under argo into a 3-neck flask, the celite
rinsed with nmethanol and the filtrate cooled to OC. A solution of 4-1odo-2
nmet hoxy- pyri di ne- 3-car bal dehyde ( 1.21 g, 4.6 mmol) in nethanol §r50 m) was
added sl ow &S)GZ:I-Armmg-12(7ndll0ls§-N-mhﬁl.‘Ih‘Il)dQ!lme Snze!é-eﬁtanpl Eddmﬁ@llﬂi% grider air

at anbient 2 t.he nce ra d Fl
chr omat ogr aptty hé’P{}BE%FFQ fe@lﬂ’"“ g 81 a j?@aﬁ%ﬂagiu- 1 gave
the title C@O@%ﬂ_}ﬂﬁ@ of(aﬂuﬁ&lﬂ Th%%%unoh@\@a(em re@h&e Eﬁlﬂe(ahd watm&ltomni n. ). 65

WO 02/ 079192 PCT/ US02/ 09~02 Hp NdTéQ? HON.)\ NH |

3- [ 6- (44Ani Awbisnptenipgrature apd pivredior 1§ hoyss. B“éﬁf@lpﬁpwzcepleéﬁw prenedodo- 1H
pyridin-2-0

3-[6-(4- Am %‘% peor"i'adls allgw qLS evaﬁeraﬁ: z}ndfﬂ lgﬂfg?cr%nt ?it%% v']daztlhchl or o- 1H py
ri di n- 2- onehydrbchloride salt, which can be crystalhzed from ethanol/ethyl acetate

1-[ 2- (4-1 odo- 2- met hoxy- pyri di n-3-yl)-7-nmet hyl 3H benzoi m dazol - 5-yl J- pi peri d
in-4-yl }-carbamc acid tert-butyl ester (330 ng, 0.59 mmol) was suspended
in 4AMHC in 1,4-dioxane (20 m) and vvaterOH(3 mM) was added. (exothermc
reaction). The m xture was stirred @& agbiepc tenperature overnight, then
concentrated in vacuo to give an insepgarable m xture of the 4-Chloro- and
4-1odotitle conmpounds. The product W sed without further purification.
LCMS (MtH)+ mfz 450 and nfz 358 (botht = 0.69 mn.). ~N~O\ NH2 o~ ( i NXZ
15 3- Metibyl - 5- ( 2- m)rphol i n-4-ethoxy)-2-nitro- phenyl am ne: To a solution of

o, 5. b2 mol®)-Ehiere - frebiRedN-RED b0 Srhbrepbanat ok FHHMERR ;oo

at room t enBehalhié-1-AydrikylBthyl)-Th@fora-ihd O30 mnaY|in 200imL 00 t-BOGNY | am ne

was added. The reaction m xture was heated to reflex for 6 h, cooled to
room t enper anathyd etheni teeataderith atcbtproand (FHOmmad) ahsenbiens tempasatug. Wheh wat er

vater . br naoh b ER ARG PRI shont Y FLgh et er e 1

20 hexane/ethyl acetate) to provide the corresponding indole.

OH

Cl ~ NH2-HCI
MeNp/\/

(S)-2-Amino-1-(7-chloro-N-methyl-indol-5-yl)-ethanol Hydrochloride : To a
25  solution of the chlorohydrin (37.9 mmol) in 120 mL of methanol at —40°C is added
100 grams of ammonia. The solution is sealed in a pressure bottle and warmed to

ambient temperature and stirred for 48 hours. The solution is cooled and opened.
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resi due was purified by colum chromat ography (20% Et OAc / hexane) to yield
the title conmpound (0.70 g, 85 9% . ~ H NWR (400 MHz, CD30D) 8 6.10 ( 1 H,
s), 6.09 4.38 - 4.42 (2H, m, 3.92-408(4H (1H
d, ' J = 12{’9123/5]’%%)53 3.56 (2H, 25 n), 3.05 - 3.10 (2H, n?éq’gs‘%é"gi"é

LCVMS (MHH)+ mz 282 (t = 0.73 mn.). 66 VWO U2/079192 0 OHC ~ N NH N HN
HOT Cl a PCTh&a9g{dnfh it @Rowed to evaporate and solution concentrated to provide the
(S)-7-Bronp-2-{4-[2-(3-chl oro- phenylz 2- hydr oxy eb] | am noJ] - 2- oxo-1, 2

di hydr o- pyr hdractdorjqe sal - which £prpe svsfakizes ‘é‘i“t? age ?}é)él ac§i3ley sol ution of
(S)-75

Bronp- 2- {4-[ 2- (3- chl or o- phenyl ) - 2- hydr oxy- et hyl am no] - 2- oxo- 1, 2- di hydr o- pyr
idin 3-yl }-3H benzi nmi dazol e-5- car boni%xd ( 150 ng, 0.31 mmol) in THF (50
m.) was added DI BAL-H (1 M tol uene sol , 1.55 nm, 1.55 mmol) at -78C.

. The reaction mxture was stirred at -494C/for 10 h and cooled to -78C. EtOAc
(0.5 nm.) was added. The reaction m xture was stirred for 30 mn at-78C

bef ore wat er ( 1 m) was | O added. The reaction m xture was warned to room
tenperature and concentrated. The residue was passed through a small pad of
cel i te. Thed4tChlor@Ranethgl-beanooxdzol :ed‘oarsdhpiwniolf thedt-bylor-2p. HPLC to gi ve

the titled d. (67 ,430.'
762 ( 1 H Cgﬁggg@@nm ol d, a0l rxthar ?BS%?" E%%EB:{“‘%Q i, 907ty dS)J
= 1.0 Hz), . g)f tef. 'Z“hél?r%l&t?dﬂ 1s'i'3ﬂuxzd%'r82112r7ana(b06}3l‘1+ TR YolBtigiftis(nedtridized, J = 7.6

~ 5 Hz), .LCIVB(M+H)+n12487(t=176
mn.). n NOWith ]NII-IHCI] and N(uzacted with ethyl acetate followed by drying over MgSO4. The
5-(1,4,5,6-Tetrah dro y -Vitro a 20
stirred 8ol GPHHAN COQ "@ ?t%}{ﬁ%’rﬁ? fggfnrlt%fe hopg %nudr@%hloli]? %aﬁ-gaﬁ vitro
ani line in 3GamrhefolblYSPiswveauaddad Dear Stark tehf £3rll 2w, cO[flcentrated and
1,4,5,6-Tetrahydropyrimdine, and 2.43 g ( 17.64 mmol ) of potassium
carbonate, andfiehby fiasteahremeiggrapbyt ed at 100C for ' 10 hrs, cool ed, dil uted

with water) and extracted with Ethyl acetate containing 5% net hanol. The
conbi ned organic extract was washed with water, brine and dried 25
(Na2S04). Evaporation of the sol vent furn|°shed the residue, which was

chromat ogr aphed (20% of 2M anmoni a i and di chl oronet hane) to
produce 67 V~' O 02/ 079192 PCT/ USO ' ~( 12 1.85 g (679 of the product
as red solid. "H NWR (400 Mz, CD30D 789(IHs) 6.53 { 1 Hd, J =257
Hz), 6.44 (( 1 Hd, J =2 1Hz), 7.04 ( 1 H d, J =2.1Hz), 3.70 (2H, t, J
= 6.0 Hzl% 3.41 (2H, t, J = 5.65 Hz, 2.43 (3H, s), 2.U5 (2H, n) LCVMB {MH) +
mz 235 = 0.78 mn).

6-Chloroacetyl-4-chloro-2-methyl-benzooxazole: To a suspension of AlCl3 (13.4g,
0.10 mol) in methylene chloride (40mL) is added a solution of 2-Methyl-4-chloro-
benzooxazole (0.10 mol) and chloroacetyl chloride (8 mL, 0.10 mol) at 0°C. The
solution is warmed to ambient temperature for two hours and poured onto ice and

20  extracted with methylene chloride, washing with saturated bicarbonate solution, brine,

and drying over MgSO, would provide the desired chloroketone.

Cl Cl

=
o
i-ulo
X

)——o

25  (S)-6-(2-chloro-1-hydroxy-ethyl)-4-chloro-2-methyl-benzooxazole: To a solution
of (S)-Methyl-CBS-oxazaborolidine (1M in toluene, 0.745 mL, 0.745 mmol) and
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5 Exanple 1 (Ceneral procedure for exanples 1-21) NON~ NNH'N HN OH 10
E)S) -4-((2j Hydr oxy- 1- phenyl - et hyl am no) - 3- (6-1 m dazol - 1-yl - 4- net hyl -

enzi m )-1H pyridin-2-one: To a solution of 04
3-(6-im gﬁgbzfﬂ%{ﬂz 4- et hyl 1H benzi m dazol - 2-yl ) - 4-i odo- 1PCI—{/%§/0r2{Od|O% 2-one
(30 ng, 0.072 rrrml) in DMVF (1 nL) were added (S~-(-)-2-phenylglycinol (26
my, 0.18 nmBH)-TH(8xmket&minobyip hddadree teGameninie a FletioneafBH ol HE (t9mielhas

heated to 80C f h and 15 cool ed .
emoved undBimalSeioap - B s or- FFBENR Grap S “tyi el d
the title corpapddhp o@@HfSZ%m sa'du%ré §@&dM’%pw1§P"@%)303n§u@Z nd H

narrowt, J = 1.7 Hz), HdJ
= 7 5 Hz) &lddor is Btitded fbr thour anSqth@):heMW@Qtt(e slpwiaddr)lg)nﬂfmsthénd H dd, J

, 11.2 3..95 1 H dd, 75 H L
e+ i 2 (39t TH stfuiohys Siherratsdinitne BsiduE PRI 08y vo
02/ 079192 PG épgg%ﬁln;n (19Bhexane/ethyl acetate).
()-4-[2-Hydroxy-2-(3-iodo-phenyl)-ethyl an no] - 3- (6-i m dazol - 1-yl - 4-met hyl -|
Hbenzi m dazol - 2-yl )-1H pyridin-2-one: ' H NWR (300 Mz, CD~OD) 8 9.41 ( 1
H s), 8.06 ( 1 H s), 7.88 ( 1H s), 76 ( 1LH s), 770 { 1 H s),

7.5 ( 1 H d J=7.8H), 7.47 (a vowm 7.8 Hz) 7.32 (1 H s) 7.29
(1H d J=7.6H) 7.09( 1 H t,JJ)J=7 8H), {6.24s (1L H d J-=
7.6 Hz), 4.97 (1 H dd J =50 @&0A4%), 3.75 (1 H dd, J = 5.0, 13.S
Hz), 3.67 ( 1 H dd, J:60,I353Hz) 2.68 (3H, s). LCMB (MrH)+ miz 553
(t'=1.43 nin.). Exanple 3 N ON~'NNH N HN HO C 10

()-4-] 2- (3 Chl or o- phenyl ) - 2- hydroxy et hyl am no] - 3- (6-1i m dazol - 1-yl - 4- et hyl

i narr 8 ¢ Otamh A RgFG e s B ieap bR S RadbEpydiodhiplio - mg®, |
narrow t, Jasolhtién éﬁthb'&hlor«?hy@ﬁn((319 hmélaid 0O €l of metHanBl zttl294()°0' 1s‘5dﬂdéd 1 H,

s), 7.23 - 7.42 (5H,_m, 6.25 (1 H d, J =76 H 1 H), dd, J =
4.8, 6.4 Hz}00 graps qf ammppnigigTheysolutipngs Sqwéed&nﬁzeressgreé?@“%e Zﬂpdﬁvara}?d 9 = 6.4)

13. 4 Hz), Zﬁﬁ%ﬁgﬁg}np%}aturle%stq%ﬂor 48Bu B Fhé bolmtidn 5% oBlel-ahd oﬁéﬁ‘%ﬁpl e 4 20 N

ON~ NNH
The ammonia is allowed to evaporate and solution concentrated to provide the

15 hydrochloride salt, which can be crystallized from ethanol/ethyl acetate.

Preparation of 3-(6-Imidazol-1-yl-4-methyl-1H-benzimidazol-2-yl)-4-iodo-1H-

pyridin-2-one:

QN
Q.
20

1-(3-Methyl-4-nitro-phenyl)-1H-imidazole: To a solution of 4-fluoro-2-methyl-1-
nitro-benzene (300 mg, 1.84 mmol) in DMSO (2 mL) were added KOH (20 mg, 3.87

mmol) and imidazole (263 mg, 3.88 mmol). The reaction mixture was heated to
25 100°C for 3.5 h, cooled to room temperature, and diluted with ice-cold water. The
resulting precipitate was filtered, washed with ice-cold water, and dried under vacuum

to give the title compound (310 mg, 80%) as a yellow powder. 'H NMR (300 MHz,

44



69 WO 02/ 079192 PCT/ US02/ 09- 402
()-4-[2-(3-Brono- phenyl) - 2- hydr oxy- et hyf am no] - 3- (6-i m dazol - 1-yl -4-net hyl 1

H-ben2|m yl)-1H pyridin-2-one: IHNWVR (300 MHz, 38 (1
H, ‘ggﬁfb?%ﬁ 7.74 (1 H s), 7.69 { 1 H, s), 79%%9§&%%ﬁ&2narrow
d,J=14Hz)720-748(5H m, 6.2 ( 1 H d, J=7.6 H), 4.99 (1
H dd, J DNBSO&)SSS—IM(IB s3$(6¢1PHd d&S@H&)#%879232B ny)7.78¢16k dd, 1 H,
dd, J:631 MH) + iz S05 (t = 1.47 min.).
Exanpl e 5 14 - 589 FEATNA GELR, D161 GiH iy & IG&MSGM«)HNr(l/ﬂ@m or 0- 4- {
1- hydroxy-2-[ 3-(6-im dazol - 1-yl - 4- et hyl - 1H benzi m dazol 2-yl ) - 2-o0xo0-1, 2-di h
ydr o- pyri di n-4-yl am no] - et hyl } - phenyl ) - met hanesul fonam de: | H NMR (300
MHz, CD30D) 8 9.39 ( 1 H, s), 805 ‘1H s), 7.76 ( 1 H s), 7.68 ( 1 H,
s), 7.62 ( 1 H narrowd, J = 1. (1 H s) 7.42 - 7.49 (2H, m,
'7.31{1H,s),7.3015(1HdJ \qﬂz 626 1H d J=7.6 H),
5,01 ( 1 H dd, J =5.0, 5.6 Hz), 3.76 50 13.4 Hz), 3.74 (
1H dd, J =5.6) 13.4 Hz), 2.98 (3H, s), 2.68 {3H s) LCVMS (MtH) + nfz 554
(t =1.11 nin.). Exanple 6 20 NON~ NNHNHN~NHOBr 70 V1'O

9

021079192 P : Bl A s
-[3-(6-i m@gazo - 19%1@1%%’& IQi ﬁﬁ@?@ﬁ% 1dgj g’let-hﬁqﬁllslt-mzphenyl) IH

oxo 1, 2-di hynﬁd@zqhnyOOmng,J)%& I}mimy)chndzll)ﬁePalladHanRc@BOﬁ)(H\ﬂ-mg «asddded8 9. 40 (
narr.o 1 H,

ﬁ arH1r O\rllva{ ' 0\3vdt a_sr_seg nﬁg&anow'%@L? 'ljheﬁ{.lsm:nmgn Wag ﬂg%an‘c]ifig‘%a?edlmh\ h}ﬁdrogen(_ 7 9
|7'|Z)4 HZ) 747- /3 Vac(ZZm(@l'é'z Tl)‘i@ Qusﬁen’%ﬁ)n(wﬁs dl‘iowted to] stﬁ arrJon9 téﬂﬁcratﬁr&?&r {a ﬂ)u'ﬁherd J =
(MH) + 9z Bpitogan atmmsmrmﬁhudx)ogerEhdlq@hb The Naﬂi reht:tfonMnNWrN e filsE¢dO. NHp

through a pad of celite and rinsed with methanol. Concentration of the filtrate gave

the title compound (166 mg, 98%) which was used for the next step without

purification. 'H NMR (300 MHz, DMSO-de) & 7.95 (1H, s), 7.48 (1H, s), 7.16 (1H,

narrow d, J = 2.5 Hz), 7.09 (1H, dd, J = 2.5, 8.4 Hz), 7.01 (1H, 5), 6.67 (1H,d, J=8.4

15 Hz), 5.03 (2H, broad s), 2,10 (3H, s).

N-(4-Imidazol-1-yl-2-methyl-6-nitro-phenyl)-acetamide: To a solution of 4-

20 imidazol-1-yl-2-methyl-phenylamine (1 g, 5.78 mmol) in CH,Cl; (20 mL) was added
Ac20 (0.7 mL, 7.28 mmol) at 0°C. The reaction mixture was stir at room temperature
for 14 h and diluted with water. The aqueous layer was extracted with CH>Cl; and the
combined organic layers were washed with saturated NaHCO3 and brine, dried over
Na;SOy, and concentrated in vacuo to give a white solid. The white solid was

25  suspended in H,SO4 (conc.) (15 mL). Then HNO; (conc.) (0.312 mL) was added to
the suspension at 0°C. The reaction mixture was slowly warmed to room temperature
and stirred at room temperature for 4 h. After cooling to -10°C, the reaction mixture

was neutralized with ammonium hydroxide and extracted with ethyl acetate. The
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t ~ 4- Am no-benzoi c- aci d

N -[3-(|6-i E‘I gazol 1-yl - hyI H benzi m dazol - 2-yl ) - 2o0x0- 1, 2- di hydr o- pyri
in-4-yl]- razi de: | (3 MHz, CD30D) S 9.41 ( 1 6 ( 1 H,
s), 7.76]“-’0 26781924 rr)) 7 9(1H d J=74H)), 7.3 T’ﬁg”ﬁ‘@%ﬂ?, 6. 81

(2H, d, J = 8.6 Hz), 6.36 ( lH) d, J = 7.4 Hz), 2.70 (3H, s). LOVB (MkH) +
nmz 441 (t conl&n@d SGafichayers V@ dsRe Bwitk briek,dMied oMeNKBAGANIndOH CI 20

(S)-4-[2-(2-Chl oro-phenyl)-1-hydroxynet et hyl am no 6-j m dazol -1-yl -4
met hyl - 1H beenerniFaied: dihezesjdue-viag pifiedib ﬁ@%ﬁ@omatqafmblﬁ QQ&W Eﬂﬁoo)yb

9.41 ( 1 H, . 8..05
=17 H), 5&‘21‘2“?8) 8 yﬁ(‘d et a3 ipBYhd o élgg’l#‘%l " (;&5%"{26913 (r?)@ﬁrgeoivot
H d, J = 78115'1})1;s)379§ -75%@1 it), 7.3¥VRI0H, M@%Pﬁﬂ USDQ(/mBstG 1 H, rT),
3.84( 1H d 2H ), 32379 ( 1 H dd, J = 4.8, 11.2 Hz), 3.3
S (1 H5dd(3fﬁsa;25l84(3fh:s)6 Hz) 3.09( 1 H dd, J =7.8, 13.6 Hz), 2.72
L3H~ §)d\ng:\/s(M+m+ mz 475 (t = 1.56 nmin.). 5 Exanple 9 N=~ ON ~ N NH N

(S)-4-[2-(3-Chl oro-phenyl)-1- hydrox&l‘:&t hyl - et hyl am no] - 3- (6-i m dazol -1-yl -4
met hyl - 1H benzi m dazol - 2-yl ) - 1H pyri Ne: I|H NWR (300 MHz, CD30D) S IO
9.42 ( 1 H s), 807 ( 1 H narrowt, nf, HZ), 7.75 - 778(2H m,
7.14-737(6H,r’r),6.18(1H)d,J: 7Hz)407-411(1H m,
3.76 - 3.77 (2H m, 3.17 ( 1 H dd, J = 5.1, 13.7 Hz), 2.98 ( 1 H dd, J =
%(2, IZI.S.ZOHZ)) 2.71 (3H, s). LCVs (MtH)+ mz 475 (t = 1.57 min.). t 5
anpl e 1NN . -

(S)-4-[2-(4- oroOTplk'\lyelny” hylalrt%%nt klf;/llnineet g?laasﬁfpr?g]sl?gofg(|4r711mé?aazzgll 1-yl -

net hyl - 16+ béngi2rincthybb-nRrorbhenihl-grpramddac2Z9ong 1.0 7HnNOR it 30GnALHZ, HﬂGJB@HD) 8 20

2 6 gy oddes TnHel oath ThE FaRormixtgfe, s hefelizo ferhd for ?‘bﬁ C%fed‘ o' (1
H d, J = 7r(70n|1"¥e)r118pe4at91@ and4ne3hﬂ'a(lze¥l VH{h @tura&dWaHC@ The c&dulti t14 ( 1 H,
dd, J = 5.3 13 8 ( 13.8 H),

LOVS (M+H) +ordnge 4011 (vas ﬂtqe@andwﬁimﬁ undwvacuvm fm lengp@m#fwiénm @% ON ~

N NH NN hiarned 21 v orange Solid- ®8 NMR (300 MHz, CD:0D)  8.78 (1H, s), 8.24

15  (1H,s), 7.78 (1H, s), 7.64 (1H, s), 7.46 (1H, s), 2.36 (3H, 5).

N=\
NP NH,

5-Imidazol-1-yl-3-methyl-benzene-1,2-diamine: To 4-imidazol-1-yl-2-methyl-6-

20  nitro-phenylamine (350 mg, 1.61 mmol) and 10% Palladium on carbon (40 mg) were
added degassed methanol (5 mL) and TFA (5 drops). The reaction mixture was
flushed and evacuated with hydrogen / vacuum line, stirred at room temperature for
14 h under hydrogen atmosphere (hydrogen balloon). The dark reaction mixture was
filtered through a pad of celite and rinsed with methanol. Concentration of the filtrate

25  gave the residue, which was diluted with water, extracted with ethyl acetate. The
combined organic layers were washed with saturated NaHCO3, brine, dried over
Na,SO,. Concentration to dryness gave the title compound (275 mg, 91%) as a solid.

'H NMR (300 MHz, CD;0D)  7.87 (1H, s), 7.34 (1H, s), 7.05 (1H, s), 6.72 (1H, d, J
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5

(tS%]I4 [1|2+ E)Z Br ono- phfanyl)l)l hydr oxynet hyl - et hyl am no] - 3- (6-i m dazol - 1-yl -

et hyl - enz azo y 1H pyri di n-2-one: ' HNI\/R 30 0D 8

9.41 ( 1‘?19"%/5’% 06 (1 H s), 7.75 - 7.77 (2H, m, 7(52‘0‘{%?—2{/0 )

1.5, 7.5 Hz), 736( 1H d J=1.9 Hz), 7.34 ( 1H s), 7.03 - 716(3H

m, b.09 ( EI:HHd) 6651141, d, HzR,4 Hz)IB2 U(3H, sj. LICMS(WH)QDﬂZISQH 06p3 3.35 (1

H dd, J =5.0, 13 .6 Hz), 3.10 ( 1 H, dd, J =9.0, 10 13.6 Hz), 2.74 (3H,
LCVS (MPER mz 519 (t = 1.56 nin.). Exanple 12 N~ ON ~ N NH N HN OH

s)

Br ~ 5
(S)-4-[2-(3-Brono- phenyl ) - 1- hydr oxynet hyI -et hyl am no] - 3- (6-i m dazol - 1-yl -

" ethyl - 1H benzi m dazol - 2-yl ) - 1H-pyr|d|n MP.one: 'H NMR (300 MHz, CD30D) S
9.41 ( 1 H s), 806 { 1 H s}, 7.74" \7 (2H, m, 7.47 ( 1 H s), 7.24 -
7.31 (4H m, 7.11 ( 1 H d, J =7.7 biz) .16 ( 1 H d, J =7.7 H), 4.05
- 411 (1H mM, 376 (2H mM, 3.15 ( I'H dd, J =5.0, 13.6 Hz), 2.96 ( 1
H, dd, J 8.3, 13.6 Hz), 2.70 (3H, s). LCV5 20 (MtH)+ mz 519 (t 1.5
m n. .7% WO 02/ U79192 Example 13 N~ ON~ NNHNHNOHFF ~~FFF
PCT/ USU2/ 094dddo-2-methoxy-pyridine-3-carbaldehyde (WO 95/29917): A 5- llter thrce necked

4-(1-Hyd 2- ~
et - 114 b 12 1 Spieray Atk ereficed PeEhR Pt ol Bty b

9.40 1 H,
1 7( ). %l%)?ﬁ}las? W ﬁ?al-kgé"?vcl)t’\;h\lai" HF’gY L) anh cooﬂeii,ao H?B)"C To Em's_l @tuiﬁf;d‘ko%ﬁtgfgnr ?Wlt L J

4

(E, 2J6: 7. 6 Hm)sadﬁedZtZrt(bulylhthudn(lﬂM §016t1<bizmpenta214) ((SOQ m,, Inj6 mal)8#a (2H, dd, J
(t =1 G mcam)la folkgw&ﬁﬁaye? TRy ide 1R R %Ia LMEHHLR o e ikt Sl 2 51
(S)-4-(1Hy F 6yt R-dazol - 1-yl - 4- net h
ylt 5 1H be(r%ég)r%{ 31\/ A ;SQ%/TJ‘.’&E’Q’“”‘%‘I" ‘9% one: W (15{08Q M?éo CD3%D) g
9.42 ( 1 H tﬁ%ctlﬁleﬁ?yléx%ﬂianﬁhe A176 nfl.,8 .3%mol) Yrépivife2ad, - 78°C. Jhe réacliohiz) , 8. 06 (
1H s), 7.77 (2 736(1Hs)_)§728 1H d J=7 6 H), 6.24 (
édH, Jd, j 4n7i;1(61rﬁw)is Stm@iEfO( cd. 3P)miniat °€;be(qzﬁwaamng te:-23°F qyeyca. 30mn( 1 H
' = J =87,.1

LOVB ( M+H) + Tigrthe mistu a‘—%%‘%asrﬁﬂe‘} et‘gﬂ?“?&lyco\/@‘ﬁg’/yg?@igﬁz‘ ]éfgﬁrﬁﬁé_"i% N- O N
~ N NH Hij~ %utylllthlum (2.5 M solution in hexane) (800 mL, 2.0 mol). The resulting mixture

was stirred for ca. 2 h during which time the reaction mixture turned deep green. A
12-L 4-necked round flask was charged with iodine (571 g, 2.25 mol) and ethylene
glycol dimethyl ether (2 L) and the resultant solution was cooled to -78°C. The
contents of the 5-L flask were transferred via canula to the mixture of iodine and

20  ethylene glycol dimethyl ether in the 12-L flask at -78°C. After the addition was
complete, the reaction mixture was stirred for an additional 1 h at -78°C. The cooling
bath was removed and the mixture was allowed to warm to about 0°C and treated with
2 L of water and 2 L of 1 N hydrochloric acid. Methyl ¢-butyl ether (2L) was added
and the layers were separated. The aqueous layer was extracted with 2 x 1 L of methyl

25 t-butyl ether. The combined organic layers were washed with saturated Na;S203 (1.2
L), brine (1.2 L), dried over Na,;SO4. After concentration in vacuo, the thick slurry
was diluted with hexane (1 L). The mixture was cooled with an ice / water bath for ca.
30 min. The precipitate was filtered and dried in vacuum to yield the title compound

as a light yellow solid. "H NMR (300 MHz, CDCl3) 8 10.22 (s, 1H), 7.86 (1H, d, J =
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PCT/ US02/ 09~02

(S% h4|—(1 Hydroxyrrgt hy: 2- nia)pht hal en- 2-yl - et hyl am no) - 3- (6-i m dazol - 1-yl -

met hy azo 2y 1H pyridin-2-one: "H NVR ( 308-Miko aD 8
7.99 ( 1%(‘?&@9?&0 J=1.7 Hz), 7.26 - 7.75 ( 11H(njopc7 152/0§:Ri2 H) d, J
= 7.6 Hz), 6.19 ( lH d, J =7.6 H)) 4.16 - 4.20 ( 1 H m, 375- 3. 86
(2H, m, 3.3.(31(1z);L7.H4(dld,d,J/::55.HJz),466@}&125).,LGLVISE(M+H)+H;/Z<364(U:%.zz. 6, 13.6
Hz), 2.60 (3H, s). LCM5 (MtH)+ mlz 491 (t = 1.71 min.). t0 Exanple 16 N~ O
N ~ N NH HNmingH

(S)-4-(2-Cycl ohexyl - 1- hydr oxynet hyl - et hyl am no) - 3- (6-i m dazol - 1-yl - 4- net hyl
-t 5 1H benzi m dazol -2-yl)-1Hpyridin-2-one: ~ H NWR (300 MHz, CD30D) 8 9.40
, s), 8.06 ( 1 H, narrowt = 1.7 L—IZ')O 7 76 ( 1 H narrowt, J = 1.7
.73 (1 H narrow d, J= 1H d J =7.6 H), 7.33 (
), 6.34(1H,dJ= 1Hn') 3.68 (2H, d, J =
), 2.68 (3H, s), 1.62 - 1 83 (7H rr) - 1.26 (6H m. LCwVs

mz 447 (t = 1.71 min.). 20 75 V\002/079192 Exanmple 17 N ON ~ N
“OPH O\ PCT/ US02J09~02

- 4- ( iV flai-(ﬂ'idlﬁmma .ﬁ-y!yﬁm-ﬂ@i 16Bberwiniddolel - Y| - 45
1H benzi m dazo ) - 1H pyri di n- 2- one: (300 MHz, CD30D) 8
1 H, Te)a soBit®@ of SﬂanaMﬂf}(bw msethsvl benlzerre-ﬂr@)c)lammasﬂzS mgH). 9B\arm<ds)vt J

-7 BOZ? g},gith(amjﬂ (lg)éngbwes %’_Yidgfl atsolu}]lon of7!4_|Z t))c}_ci)z%rg%hc&g Ityrifl 3 J = 7 68H51)

6 b 1 cﬁlblld'éhydit- (245 mg70@3|ﬁ31}101)4n Sttandi (3 mD) atde€E. ’ﬁhe?rebﬁﬁon r&x&ﬂe( 1 H,
='8.2 6 (3H, 3), 1.48 (3H, s), 1.35 (3H_s). LCVB (MH) + to
483 10t =wa$ sﬂlﬂedratrﬂ°ﬁ foE)l érip:lu&i tlh&l M~ron~EaneINLN-ldeI 2HNAftegcargentration,

B P
2 1H,

o e o
9 Hz), 7.9814, 8, H= 54iHz)] 7:621(1H d.nl & SHzz), 7.58@2H, ¢, 7133(11'1. sk, 7. h6(1H7 05 (

br oad J =
o 0 b ol B DY A B3

I
(/)\II

vafg;?Iiw
8 <A§sg
AT&Q +

QWrR I —E w32 TN —~=
BIw3agNnNoe3~z Ll e
\\IICDI 3 —~N
ooVCn (e

3-(6-Imidazol-1-yl-4-methyl-1H-benzimidazol-2-yl)-4-iodo-1H-pyridin-2-one:
The suspension of 6-imidazol-1-yl-2-(4-iodo-2-methoxy-pyridin-3-yl)-4-methyl-1H-

20 benzimidazole in 1 N HCI (6 mL) was heated to 70°C for 3 days, cooled to room
temperature, and diluted with ethyl acetate. After extraction, the combined organic
layers were washed with brine, dried over Na;SO4 and concentrated. The residue was
purified by flash chromatography (1% NH4OH / 10% MeOH / CH,Cl,) to yield the
title compound (78 mg, 81%) as a solid. "H NMR (300 MHz, CD;0D) § 8.12 (1H, s),

25 7.58 (2H, s), 7.29 — 7.31 (2H, m), 7.16 (1H, s), 7.01 (1H, J = 6.8 Hz), 2.66 (3H, s).
LCMS (M+H)* m/z 418 (t =0.75 min.)

Preparation of 2-(4-Chloro-2-0x0-1,2-dihydro-pyridin-3-yl)-7-methyl-3H-

benzimidazole-5-carbonitrile:
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Exanmple 19 N O ~N ~ N NH HN ~ NH PCT/ USI') 2/ 09~02
3-(6-1mdazol -1-yl - 4-net hyl - 1H benzi m dazol - 2-yl)-4-| 1H i ndol - 3-yl)s

et hyl am Q‘%R&@P%H di n-2-one: ~ H NMR (500 MHz, DMBO ;Zjéglol*_tgg%ﬁ?&%ﬂﬁ?l H,

broad s) broad s, 1 H, 11.00 ( 1 H, broad s) s), 9.
S8( 1H broad s), 830 ( 1 H broad s), 7.92 ( 1 H s)) 7.80 ( 1 H, s),
7.63 ( 1 H d, J =7.9Hz), 740 ( 1 H t, J =6.9Hz), 7.3 ( 1 H d, J=
80Hz), 7.30 - 7.40 (2H, m, 7.07 (Gl H t, J =7.5Hz), 6.99 ( 1 H t, J
=7.6 H), 6.23 ( 1 H dd, J =0.8, 7. ), 3.76 (2H, broad s), 3.17 (2H,
t, J =6.7 10 Hz), 2.50 (3H, s). Exanp @,N*~ 0 ~N~ NNHO -\ ~-N~ s
3-(6-1mdazol -1-yl - 4-net hyl - 1H benzi m dazol - 2-yl ) -4-(pyridi n-2-yl nmet hoxy)-1
H pyridin-2-one: To a solution of

3-(6-imdazol -1-yl -4-nmet hyl - 1H benzi m dazol - 2-yl ) 4-iodo-1H pyri di n-2-one

) (25I ;ng 8 04- mn{oﬁ hiétﬁ%ﬁ)e(niomh)llev\&’ba sahildefi )of)errirl]cdhy‘lel -nizokienedni(rdé (26, 0. 24
mo an cesium uori dae 1104 0) The r X re. Was
heat ed td | 80&13DHmol4an H%Fd (mﬂW§ad‘ H?W@Féﬁlﬁagg %f O?rm‘?lg After

concentrati eld the
T o comol i e o A SO MATu ] dER e PAEReaciEh iy = € S
1.2 Hz) waBaRawdd td stir aldoodl temger@tulrlz Jor 18 hid(then dijutetbwitb Bt@Ac 1209 1. 2 Hz),

; 1 H, 7.97 8.02 = 1.8 Hz), 7.81
1 H,( nar r mskz)t Thegbrawy Pﬁeql&‘ ate ‘73-‘%&‘?‘?& %Véﬂboazwfﬁgteﬁﬁlﬂﬂfs@ﬁ?rﬂ@ ‘%% (1

' ( 2H 5lgségz%1éh %t(ﬁ‘g'c Tt eratE 'w(rg cﬁnc@n?rat’é@ )n vcﬁ‘ug lmcﬁ th'e rkhlﬂqt;enws:\g EX gzr’rijl e 21

8
7 O Nie Nerfld:dI\b)FﬂBm chromatography (40% EtOAc / hexane) to yleld the title compound
b

4-12-(3-B t 4- net hyl -
H benst m dabbis &34, TR IEMICEBC S e %@%a@a@é 540 | 1
H t) J=1 1H t, = 1.7 Hz
7. 2) Sgﬁ%)ul?(gﬁl—é)ﬂcﬁs @H}bﬁh%@?% nglg)( 7.50 (SH n) 6. 29)(
1H,dJ=76Hz)575- .94 ( 1 H m, 3.86 - 4.06 (2H, m), 2.64 (3H,
s). LCM5 (MtH)+ mz 507 (t = 1) 70 myp. ). Exanple 22 (General procedure for
exanpl es 22-28) 0 NC~ NNH H OH :

%mIAmu

N

NH

o)\CF3

15
N-(4-Cyano-2-methyl-6-nitro-phenyl)-2,2,2-trifluoro-acetamide: To the ice-cold
trifluoroacetic anhydride (60 mL) was added 4-amino-3-methyl-benzonitrile (14.33 g,
0.108 mol) in portion. The resulting white slurry was stirred at 0°C for 30 min. Then
ammonium nitrate (17.28 g, 0.216 mol) was added. The reaction mixture was allowed

20 to stir at 0°C for 1 h and at room temperature for 14 h. After removal of most solvent,
the reaction mixture was cooled with ice and quenched with ice. The yellow
precipitate was filtered, washed with cold water, and dried under vacuum. The crude
product (15.5 g, 52% yield, and ca. 80% pure) was used for the next step without
purification. 'H NMR (300 MHz, CD;0D) § 8.05 (1H, s), 7.74 (1H, s), 2.30 (3H, s).

25  LRMS (neg. ESI, (M-H)) m/z 272.
NC NO,
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S

Si - % [4-{ 1|— Hydr oxynet hyl - 2- phenyl - et hyl am no) - 2- oxo- 1, 2- di hydr o-pyridin-3
-7-me s 3l henzi m dazol e-5-carbonitrile: To a soluti

2- (4- chl Wiy " 2-di hydr o- pyri di n- 3-yl ) - 7- met hyl - 3H S T

onitrile (0.7 g, 2.19 mmol) in DVF ( 15 nL) were added N nethyl norpholi ne

(0.66 g, 6. 37Amimd-3-rmettyRE-n{tSd-benzomtrilei Aonidtypdefhyi(4-Lymmparhyl{6ni40- g,

2.63 mmol ). The reaction m xture was heated to 8 .and then cool ed

. \ 0C 6 h
ll:) 0 ][ Ioomht egpé’hﬁ‘t)&}'%Q:zAﬂTM"%@?Fé@ﬁtdﬁﬁ BohB-3 MNpal AR 2Mrémf‘}§’§i‘adf]é“mobur ified
y ash chro r % Ml hor 1 i d
(0.59 g, 68% #8179 %”?/“'Sﬁf{%am ~J°N&<§?2%%’e‘m%§’§"e%§%%§‘?‘ﬁ“f? bfh SRSy
7.63 ( 1 H, s)condenirdtion if 2iéud,Ght residpe 6a purifidd by flakh chrematograplry (2078 WO

02/ 079192 PCT/US02109. 102 3.97 (.1 H _m, 3 74 o=
_H, dd, J5= 5EtDAqihexapg)to yg@lgwegtﬂ% qq,mpgﬁfld 83-14 3’.(13’5%’5??68%8“?6);%8‘“?%# g)l
LOVB ( MHH) + = kol i) - 3 S5 )

BoaND Ebery b8 shyTH ) 74PEIRYe6 63 68 P31, broad 5),2.89 (1, )

()-2-{4-[2-( or'o-phenyl’) oxy-et hyl am no] - 2-'oxo- 1, i hydr o- pyri di
n3-yl }-7-nmet hyl - 34 benzi m dazol e-5-carbonitrile: ~H NVR (300 MHz, DMSO d6)
b7.92 ( 1H s), 759 ( 1 H s), 7.28 - 7.47 (SH, m, 6.19 ( 1 H d, J =
7.3 Hz), 4.92 - 4.96 10 ( 1 H m, 3. 373 (2H, n), 2.58 (3H, s). LCMS
(MtH+ mz 420 (t = 1.99 mn. ). Exanpl 4H,~ S
(S)-2-{4-[2-(3-Chl oro-phenyl)-1-hydroxyret hyl - et hyl am no] - 2- oxo- 1, 2- di hydro
pyridin-3-yl }-7-nmethyl - 3H benzi m dazol e-5-carbonitrile: ~ H NVR (400 MHz,
CD30D) 8 7.86 ( 1 H s), 7.10 - 7.33 (6H, m), 6.12 ( 1 H d, J = 7.6 Hz),
411.301 . ;}0 0‘;’ 3g4émidrginé%5-l(tﬁtlﬁﬂ-b(eﬁtbniti',ile;JTefa4019tibiz))f 4-3mifo-8-netkyl-Sdnirod = 4. 9,

. S , 2. 1 H, , . 2.6 H s). L tH) + z,.434 (t =
1.81 nin.). bonzopirile (3. 24, L1J§-/30%9b)2n E‘f’a‘&%ﬂ%‘) E@)ovﬁ%\éﬁdé%mlpﬁer@@a
PCT/ US02/ (1 : : :
()-2-{4-[ 2- ?%‘-éggb?%?szﬁnﬁ“e?nh Jhe reaction mixtyre was heated to reffux for 14, then eoojed
di hydr o- pyr iteliconBteyperafurapdndydon&tttated Zin mdaro [The Sesiduebwasi dilutedevitii¢th VR ( 300

acetate (100 mL) and treated with triethylamine (20 mL). The resulting slurry was

\<A—

15 filtered through a pad of celite and the filtercake was rinsed with three-portion ethyl
acetate (50 mL). The filtrate was washed with saturated NaHCO;, water, and brine,
then dried over Na,SOj4 and filtered. After removal of solvent, the residue was
purified by flash chromatography on silica gel (30% - 50% EtOAc / hexane) to yield
the title compound (2.17 g, 81%) as a light yellow solid. 'H NMR (300 MHz, CDCls)

20 86.94 (1H, s), 6.85 (1H, s), 2.16 (3H, s). LCMS (M+H)" m/z 148 (t = 0.67 min.).

MeQ
=N

\ 7

o

2-(4-Todo-2-methoxy-pyridin-3-yl)-7-methyl-3H-benzimidazole-5-carbonitrile: To

2.2

25  a solution of 3,4-diamino-5-methyl-benzonitrile (2.00 g, 13.6 mmol) in MeOH (40
mL) was added 4-iodo-2-methoxy-pyridine-3-carbaldehyde (3.6 g, 13.6 mmol) in
MeOH (20 mL) at 0°C. The resulting slurry was stirred at 0°C for 1 h. lodine (1.73 g,
8.8 mmol) in MeOH (10 mL) was added dropwise via a dropping funnel to the

reaction mixture at 0°C. The reaction mixture was stirred at room temperature for 14
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MHz, CD30D) S 7.86 ( 1 H, s), 7.75 ( 1 H s), 7.67 ( 1 H s), 7.28 - 7.40
(2H rr))695(1H d, J =85H), 6.24 (1 H d, J=7.4H), 4.93 ( 1

8'9&“%{"33 Q7 (2H m, 3.82 (3H s), 2.57 (3H, s). LiMBuéMibles z 494

EIE\I

t = 10 Exanple 26 NC

)-2- {4 [ 2- (3- Fl uor o- phenyl ) - 2- hydr oxy- et hyl am no] - 2- oxo- 1, 2- di hydr o- pyri di
3-yl } - 7- meh.ter3embeal 2f Mea(# ahe résiduamae diltired lwath eammmnammqm CD30D) 8
57.70 ( 1 H s), 7.49 (.1 H s), 7.22 - 7.32 H d, J =
9 Hz), 6.axtracted with ftOAc. T h?.cgmﬁwfd oxgagis leyers He&twa%lgawst%g”al&r)an 3.66 (2H,

, J =59 : ( fl RN N. ). Exanple
7 o e - NP dfieR Bres sl T eI WAt £l ) st kpfind

)-2-{4-] 2- él&eﬁamgmghyQB%IMeQHHﬂHﬂM{eyh},d t;hando}:empma 2-glhgir Hpyri di n
-yl}-7-met hyl - 3H benzi m daz S5-carbonitril 0D) 8
821 MR o, @Dﬁla@ﬂ%ﬂ%s) THKaH G =yt 1D, 140K 5, 767 37
), 4. 93 ( , 3.7 H,: -%)

GRS %H&% e e I R U Ll

(S)-2-[4- (2 Hydroxy 2- phenyl et hyl am no) - 2- oxo- 1, 2-di hydro-pyridin-3-yl]-7m

et hyl - 3H benzi m dazol e-5-carbonitrile: 'H IgIIVR (400 MHz, CD30D) 8 8.04 (1H,

s), 7.74 ( 1 H s), 7.24 - 7.51 ( H(lHdJ:75HZ)500(

1H m, 3.64 3.74 (2H, m, 2.60 (3 % L (MtH)+ mz 38b (t = 1.65

mn.). t 5 Exanples 29-35 were prepargd commercially or readily

avai |l abl e di am nes which were prepared and condensed with

4-i odo- 2- net hoxy- pyri di ne- 3- car bal dehyde as described in Schene I11.
Example 29 Q F ~ NN F N F HN HO \ 8t oMe . .
() - 4- [ 239 3- Bridviiararzopesly2-gikyaye- pygdnyéyb\xzf"@m}r%bﬁwmgdwl%%- trifluoro

1H-benzi m d itpild: )8 ddpensidntiey- & 138622- tﬂn&igﬁ) 7-RHRAERS) b 13 . 26
( 1 H, broa_s)?r% 93 (pl H, bro%d ,m & ISﬁ;\broad s), 7.76 ( 1
H, s), 7.54benzimidazole-5-carbonitrile (1.8 g, 4. 63 mmol) in 4 M HCl dioxane (40 mL) was

heated to 80°C for 6 h and cooled to room temperature. The precipitate was filtered

and dried. The crude product (1.08 g, 82%) was used for the next step without

15  purification. LRMS (neg. ESI, (M-H)') m/z 283.

6-bromo-4-methyl-1H-

Preparation of (S

benzimidazol-2-y1)-1H-pyridin-2-one:

Br NH,
Q NH,
20

5-Bromo-3-methyl-benzene-1,2-diamine: To a suspension of 4-bromo-2-methyl-6-

nitro-phenylamine (20 g, 0.086 mol) in ethanol (200 mL) was added tin chloride

dihydrate (49.2 g, 0.258 mol). The reaction mixture was heated to reflux for 14 h,

25  cooled to room temperature, and concentrated in vacuo. The residue was diluted with
ethyl acetate (150 mL) and treated with triethylamine (40 mL). The resulting slurry
was filtered through a pad of celite, and the filtercake was rinsed with three portions
ethyl acetate (50 mL). The filtrate was washed with saturated NaHCO;, water, and

brine, then dried over Na;SO4 and filtered. After removal of the solvent, the residue
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st WD 02/ (179192 PCT/US02109.402 7.56 (2H m, 7.41 - 7.42 ( 1 H_m,
706 (1H d J=82H), 629( 1H d J=75H), 505- 507 (1H,

M, 3.87 374-379(1Hr’r)3.65-369{1, mpl e 30
o N NH"&&E%loﬁ%k?zHo Br Fer/Thoxniia

()-4-[2-(3-Brono-4-net hoxy phenyl) - 2- hydr oxy- et hyl am no] - 3- (4, 6-di bronolH b

enzibm' dgzol) w%s{hx)iﬁeﬂ-b)pﬂasihd:gmrﬂagogrephycbhMg&@m%ﬂﬂzOACDa@(m&)meGS%. 18 (1

H, broad s . H, broad. d ..

7 78 { 1 H, M%)%jgﬂ(;cékto yiglddle ‘('@100%80““8(&%? g’15ﬁ)ﬁa%'mw§'§zﬁ§3ﬁ‘*? 25)
d, (;1 6 H; 77 1

H, , 83700‘3‘1\4% ?D?I;H% ()'n;?s(lgd JL éz'ijslli@ 67%({1?1 d(PE2 591z), 316%3H, 3: 77 (

() - 4_ [2 (3 BOM® (M=+Ht imex301peny B} ndnhydr oxy- et hyl am no] - 3- (5, 6-di chl or o1H

benzi m dazol - 2-yl)-1H pyri di n-2-one: 1H NMR (500 MHz, CD3COCD3) b 7.79 (3H,

M, 7.535( 1 H dd, J 20 84Hz) 7.4 - 7.44 (1 H m, 7.08 ( 1H d,

J = 8.4 Hz), 6.29(1H J =7.5 Hz), 5e005-508(1H, m, 3.89 (3H,
s), 3.74 - 3.78 ( 1 H 3 '3.70 20‘3r %’O%:jfl s2 WD 02/0791' | 2
Exanple 32 0 NNHi~N HOBr \@

()-3-(1H Benzi m dazol - 2- -4-[12-(3-brono eny!) - 2- hydr oxy- et hyl am no] - 1H
5pyr|d|n20ne~HN|\/R(SOOI\/Hz CD~COCD3 8780(1H s), 7.64 - 7.69
(?,8n),760(1HdJ:77Hz)746-748(2Hn)733{1Ht,J
N 4- 5.14 (1
H m, 5.13 (ﬂ%nﬁ) 3: éggoé@wlﬁ%oxyﬁpgaggiyﬁ4 ﬂletlgyl‘ll-flbéni"ﬁﬁdaz%lel%oa (

solution of 5-bromo-3-methyl-1,2-phenylenediamine (4 g, 19.9 mmol) in methanol

10 (80 mL) was added 4-iodo-2-methoxy-pyridine-3-carbaldehyde (5.23 g, 19.9 mmol)
in methanol (20 mL) dropwise at 0°C. The resulting slurry was stirred for 30 min at
room temperature. Then iodine (2.53 g, 9.95 mmol) in methanol (20 mL) was added
via a dropping funnel. After 14 h, the reaction mixture was concentrated in vacuo,
diluted with 5% Na,S,0s, and extracted with ethyl acetate. The combined organic

15  layers were washed with water, brine, and dried over Na;SO;. After removal of
solvent, the residue was purified by careful flash chromatography (20% EtOAc /
hexane) to yield the title compound (4.05 g, 46%) as a yellow foam. 'H NMR (300
MHz, CDCl3) 6 7.86 (1H, d, J = 5.31 Hz), 7.53 (1H, d, J = 5.3 Hz), 7.26 (2H, broad
s), 3.91 (3H, s), 2.63 (3H, s). LCMS (M+H)"* m/z 444 (t = 1.39 min.).

0
Br N NH
\E;[N/ \ 7/
cl

3-(6-Bromo-4-methyl-1H-benzimidazol-2-yl)-4-chloro-1H-pyridin-2-one: The

20

suspension of 6-bromo-2-(4-iodo-2-methoxy-pyridin-3-yl)-4-methyl-1H-

25  benzimidazole (4 g, 9.03 mmol) and 60 mL of 4 M HCl in dioxane was heated to
80°C for 6 h and cooled to room temperature. The precipitate was filtered and dried to
yield the title compound (3.0 g, 100%) as a brown powder. The crude product was
used for the next step without purification. 'H NMR (300 MHz, CD;0D) & 7.55 (1H,
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3.82 (1 H dd, J =4.5, 13.6 Hz), 3.71 ( 1 H dd, J =7.2, 13.6 Hz). t ©
Exanple 33 0 NH, HN ~N

3- (1H Bengj m | -2-yl)-4-[(pyridin-2-ylnethyl)-amno]-1 2- one:
~H NMR (%@WWICDBCOCDB) 8 8.96 - 8.98 ( 1 H, n), 8. 46 #hgﬁ dg%zﬂ)% H m,
803 (1H ~5d, J =80Hz), 793 (1 H t, J=6.4Hz), 7.69 - 7.73
(2? 5mHz})7 gﬁ;(gzxm d.d} = §.0-H7), |5117-IZ)H s§, @81 (1H, 32 <(R61Hz3)2.553B4 s). LL H, d, J
= nple 34 0 NH, N HN CH, 20 83 VO 02/ 079192
PCT/ L131121MG‘4+H|)-LWZ338({— .33 min.). :

(S)-3-(1H Benzi m dazol - 2-yl ) - 4- (1- hydr oxymet hyl - 2- phenyl - et hyl am no) - 1Hpyri
din-2-one: ' H NWR (500 MHz, CD3COCD3) 8 7.67 - 7.69 (2H, m, 7.15 - 7.44

(8H m, 6.31 (1H d J=75H, 430 %413 ( 1H m, 3.76 - 3.82
(2H, n), 3.23 ( 1 H dd, J =5.6, 1 N04 (1H dd, J = 8.1, 13.7
~Hz). 5 Exanple 35 N/

()-3-(1H Benzi m dazol -2-yl)-4-[2-(3-b om)ﬂli,; nmet hoxy- phenyl )-2-hydroxy t o
et hyl am no] - 1Hpyridi n-2-one: ' H NWR (500 Nz, CDSCOCDS) 8 7.78 ( 1 H, s),
7.68 (2H, s), 7.50 - 7.55 (2H, m), 7.21 - AN24 (2H m, 7.06 ( 1 H d, J =
8.4 Hz), 6.44 ( L H d, J =7.5H), 508 (D)H dd, J = 4.6, 7.2 H), 3.87
(3H, s), 3.79 ( 1 H dd, J =4.6, 13.4 Hz), 71(1H dd J=7.2, 13.4
Hz). 15 kxanples 36 - 43 were prepared accordl ng to Schene V. Exanpl e 36
(CGeneral procedure for exanples 36-43) ~a~ ~

(94 12- [ Pl beom by AP DA -methyb - beng higaze) oy i i n
3-yl]-7-met I%gll) %ﬁ' Omn&lhni e Ao ? c%%%onmf?e(%%bﬁ% Aoy PRV nGirRiQhbl-2-

i sopropyl am a solution
1- hydr oxymetybyd- elﬂephmwwdtmy-loaa(h@ 2.3 78 meidi) il DMIFil p erlarvare adddd-(8)-

H-benzi m dazgl; 2.yl ) s 1, Bepyridine 20002, 638 MHon0ind 3P ndthyt morphotine (1.5

10 mL). The reaction mixture was heated to 80°C for 6 h and cooled to room

temperature. The solvent was removed with high vacuum and the residue was purified

by flash chromatography (5% MeOH / CH,Cl,) to yield the title compound (1.26 g,

74%) as a yellow foam. 'H NMR (300 MHz, CDCl3) § 6.9 - 7.2 (8H, m), 5.86 (1H, d,

J=17.1Hz), 3.7-3.9 (3H, m), 2.9-3.1(2H, m), 2.57 (3H, s). LCMS (M+H)" m/z 453 (t
15 =2.03 min.).

H
N
\Q;\
H

2
(S)-4-(1-Benzyl-2-trityloxy-ethylamino)-3-(6-bromo-4-methyl-1H-benzimidazol-

20  2-yD-1H-pyridin-2-one: To a solution of (S)-4-(1-benzyl-2-hydroxy-ethylamino)-3-
(6-bromo-4-methyi-1H-benzimidazol-2-yl)- 1 H-pyridin-2-one (0.9 g,-1.98 mmol) in
THF (30 mL), was added Cs,CO; (1.29 g, 3.96 mmol) followed by triphenylmethyl
chloride (1.10 g, 3.96 mmol). The reaction mixture was heated to reflux for 14 h

under nitrogen and then cooled to room temperature. After removal of the solvent, the

25  residue was diluted with ethyl acetate and washed with water. The aqueous fraction
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V1' O 02/0791'1 2 PCT/ USU2109~02 mml ) in nmethanol (2 nL) was added i sopropyl
i socyanate (2 drops). The reaction m xture was stirred at roomtenperature
for 5 m tration gave the residue, which was puri ep. HPLC
to yiel PRTY L conpound (23.8 mg, 6910). ' H NWR (400'%49,5@)((:’193%%0) b
7.55 (1H, s), 7.14 - 7.28 (7H, m, 6.12 (1H, d, J =7.8 5 Hz), 4.01 - 4.03
(1 H m, ad2xetmed el ethgl %eﬁteﬁaddz)le cé?rn&(ﬂcd 4+gann:)1aye3s Were(wdshetl witth, J =
4.8, 11.2 Hz), 3.70 ( 1 H, Hz), 3.61 - 3.64 (4H m, 3.09
1 H dd, Watergngbring dmcqtleyer l*iaz§@4(Aitew0n&amrajwn i vecuos thegesigye was g4’ (3H

(
E;é rrél 23'9 3(765311]‘1%1}:}_)(\&21% %ldﬁf%k%g%ﬁﬁwgb‘mﬁOQ%5 hékarc) b PRldThEtide O

S (9)-4-{2- [4c6mpwfar(9>gyw%ma%nhemd 1 HINMRAB0O B HZ mmsom@mmwcmb} pyridin
-3-yl]7-nmet hyl - 3H benzi m dazol - 5-yl } - pi perazi ne-1-carboxylic ac

_ethyl ani 8e: brqadNWFUt73E(lﬂ4®,0’=ﬁ/l5@ HZ:)DL (. preml ), T3 —53 (77-31[121“) 578%8 (7H

m, 6.12 ( | 1

m. 3.24 ( 2K Heft g 9 25 iz ‘f&@é‘*@éﬁ 4@13%2?4}{"@)6235%3@ i\zﬂ‘ékﬁg 91 ( 1H,
dd, J = 8. 0(%)7%595@—62379(3@)5) 1.14 (3H, t, = 7.2 Hz). LCVB (M+H) +
m z 531(t = 1.93 mn.). 20 Exanple 38 0\ N~ O N\ N NH HN OH g5 WO
02/ 079192 PCT/ US02/ 09~02
(S)-4- (1= Hy g oxyh

met hanoyl ) - prpe -
sol utionoof ¢ Be-’-l - ridin-2-one:

1- hydr oxynet hyl - 2- phenyl - et hyl am no) - 3- (4- net hyl - 6- pi per azi n-1-yl -
Hbenzi m dazol - 2-yl ) - 1H pyri di n- 2- one (30 ng, 0.063 mmol) in methanol (2 ni)
was added 5 benzoyl chloride ( 1 dreil The reaction m xture was stirred
for 5 mn. and concentrated. The r was purified by prep. HPLC to

yield the title conmpound ( 11 ng, 330 NYR (400 MHz, CD30D) 8 7.48 -
ddj

7.54 (5H m, 7.37 ( 1 H s), 7.13 - Hzr’r),6.08(1H,d,J:7.7
Hz), 3.79 - 4.02 (5 H m, 3.76 ( 1 H, JN 4.7, 11.2 Hz), 3.67 ( 1 H,
dd, J =5.7, 11.2 Hz), 3.54 (4H m, 3.03 ( 1 H dd, J =5.7, 13.7 Hz),
2.89 (1 H, dd, J:80 13 .7 t0 Hz), 262(3H s). LCMs (MtH) + nfz 563 (t
= 2.19 mn.). anpl e 39 ~N~ ON~ N NH /N
1- [4-(4 Amino-3-methyl-5-nitro-phenyl)- plperazm -1-yl]-ethanone: A mixture of 4-
15 bromo-2-methyl-6-nitro-phenylamine (5g, 21.64 mmol), 1-acetylpiperazine (4.2g, 32.46
mmol), palladium acetate (244 mg, 1.08 mmol), tri-terz-butylphosphine (440 mg, 2.16
mmol) and sodium fert-butoxide (4.2 g, 43.29 mmol) in toluene (70 mL) was heated to
100°C for 14 h under nitrogen. The reaction mixture was cooled to room temperature and
diluted with EtOAc. After extraction, the combined organic layers were washed with
20  water, brine, dried over Na;SO4. Concentration gave a brownish residue which was
purified by flash column chromatography (10% MeOH / CH,Cl) to yield the title
compound (4.21 g, 70%). 'H NMR (400 MHz, CD;0D) 8 7.42 (1H, d, J = 2.8 Hz), 7.23
(1H, d, J = 2.8 Hz), 3.71 (2H, t, J = 5.1 Hz), 3.67 (2H, t, J = 5.1 Hz), 3.04 2H, t, /=52
Hz), 2.98 (2H, t, J = 5.2 Hz), 2.24 (3H, s), 2.13 (3H, 5). LCMS (M+H)" m/z 279 (t = 1.46

25  min.).
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HN OH / 15

(S)-4-(1-Hydroxynethyl - 2-phenyl - et hyl am no) - 3-[ 6- (4-i sopropyl - pi perazi n-1-y
| ) - 4mret hry}{, ili%?ﬁ% (pzm m dazol -2-yl]-1H-pyridin-2-one: To a sgtphiRMef:
(S9)-4-(1 (a Xy thyI 2- phenyl - et hyl am no) - 3- (4- et hyl - 6- pi per azi n- 1-yl -

H benzi mdazol 2yl )-1H pyridin-2-one (25 ng, 0.054 mol) in nethanol (0.5
m.) was added acetone (0.2S nL) and 1 M THF sol ution of NaCNBH3 (0 2 m).

The reaction m xture was stirred at 2o, roomte eratureqt LL%‘{]
concent r at ed-f3g-Riamingi§emethyl-phenylirpinstiazintlayI-gthanope: Tq bl¢( Bmﬂﬂ 53 t he
t| tle conpo b 6H,
T 08rrp kﬁ%&))ﬂl S%trg%élgﬁly? g)p azu{‘l 'yg{%ﬂ(th%{?e M’?g %Q@lolparﬁﬂ@? lelgd‘i‘urf] 4 01
' ( 1 OH, r’r) 030%0(1 (éﬂO(I-ingh‘)Jere&dddd thethahbl (ﬁQ ml2 a98 a¢etﬂ: alel)d ((SdnL)Jumdesrl@rongB 7
Hz), 2.83 1 H 3 , 1. 4 6H =
6. )7 Hz) . SLQ@BG(WWWWQI'W lpeﬁ UEZ%fdeHf%e? am%z(sspg%fe %‘l)gfgf E;Brrpl e
40 N~ o | hed with
(S)-3-(6- (4 gﬁ?ﬁ%w&’gr@f%@%f r?gfgoégalltc andetr?%ﬁrlrﬁefjcglzc&waszwas 19 hy ar
oxymet hyl - Zﬂmltlamy)l C@mbeyitatmmofﬂmrﬂ}lmfcmgdvmﬂlgndneompwm Q0400 00f42 whabaes) 8

ZZaO -s) 7 gedi}oe e(neit q_Fp mtﬁog pél&l%lcétgo%%CMMw rgl%gﬂ CE =0 441 ?mlll_% 4 22

2.58 (3H, s) LCVMS (MtH)+ mlz 549 (t = 1.93 min.). toExaane410~N~0
~N ~ N NH N HN HO Cl

()-3-[6-(4-Acetyl - pi perazi ne-l-yl)- - net hyl - 1H- benzi m dazol - 2-yl]-4-[2-(3-¢
hl or ophenyl ) - 2- hydr oxy- et hyl am no]~ yridi pmed- one: ~H NMR (400 MHz,
CD30D) 8 7.50 15 ( 1 H, s), 7.25 - 7. Nm)/~=N.20 ( 1 H s), 6.25 ( 1
H d, J =8.0Hz), 494 ( 1 H dd, J =Aj':§f N ), 3.88 - 3.92 (4H, m,
3.50 - 3,6S (6H, m, 2.62 (3H, s), 2.20 (3H, s)u. LCMS (MtH) + mfz 521 (t =
2.13 mn.). 87 WD 02/079192 Exanple 42 HO N ~ N NH N HN HO Cl

PCT/ US02/ 09~( 12

e L T 0SS 1

(1 H s) 1- 325-etha'm)ﬁ& Tatisolngion Gf BHA- (324-|d1ag)1)10-6 ra@hyl p_henyl)tpqu;a&n—'} )g] “Hz) )
?t 92 90 m ﬂ?ayonqé@éﬁ)pg é%zﬂg %nol]) in Ir_lriethr?nbl (%Og mL) wzis a%lzled !1‘ % ﬁ %‘fﬁd‘iym z 479
15  pyridine-3-carbaldehyde (4.25 g, 16.18 mmol). The reaction mixture was stirred at room

temperature for 14 h. After concentration, the residue was purified by flash column
chromatography (10% MeOH / CH,Cl,) to yield the title compound (5.25 g, 66%). 'H
NMR (400 MHz, CD:0D) 8 7.81 (1H, d, J = 5.4 Hz), 7.48 (1H, d, J = 5.4 Hz), 7.26 (1H,
s), 6.85 (1H, s), 3.85 (3H, s), 3.78 (2H, t, J = 5.0 Hz), 3.64 (2H, t, J = 5.0 Hz), 3.16 (2H, t,

20 J=5.2Hz),3.11 (2H, t, J = 5.2 Hz), 2.62 (3H, 5), 2.13 (3H, 5). LCMS (M+H)" m/z 492 (t
=1.71 min.).

J

et

25  3-[6-(4-Acetyl-piperazin-1-yl)-4-methyl-1H-benzimidazol-2-yl]-4-chloro-1H-
pyridin-2-one: To a solution of 1-{4-[2-(4-lodo-2-methoxy-pyridin-3-yl)-7-methyl-
3H-benzimidazol-5-yl]-piperazin-1-yl }-ethanone (5.2 g, 10.6 mmol) in 4 M HCl in
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~N~ O~N ~ N NH ~N HN HO Cl

()-4-[2-(3-Chl oro-phenyl) - 2- hydr oxy- et hyl am no] - 3-[ 6- (4-1i sopr opyl - pi perazi n
el-yl)-4- H benzi m dazol - 2-yl ] - 1H pyri di n- 2-one: ' | MHz,
CD30D) 8‘{;831%(”}? H s)) 7.25 - 7.38 (4H, ), 7.06 (2H, Sﬁi:g@%ﬂ?ﬁl H d)
J =7.d H), i54.91 - 4.93 (1H, m, 3.89 - 3.92 (2H m, 3.51 - 3.64 (SH,

m, 3.31 - 3diokdnd @0 mlD) wasladded walkr 35)nﬂ_31'1[‘ henfeactdnTBix(WBelwas ktirrdd at4oé6H, d, J

= 6.6 Hz). LCMB (MtH)+ mz 521 (t = 1.95 min.). 20 Exanple 44 88 VO
02/ 079192 Ptempgsiivredor-bbh. Concentration of the reaction mlxture gave the title compound

(S)-6-(1- Hy?zf g%é”@%wlﬁc@@ﬁ?&ed}&p&:%&&?&p with&it ptifleaRh: icMs darayhy! - 1H
benzi m dazo 1 pyri mdi n-4-one:

- (9) - 2-[ 6- Chhot a86¢t(=61.6fndarol - 1- yl - 4- met hyl - 1H benzi m dazol - 2-yl ) -pyrim din
-45 yl am no] - 3- phenyl - propan-1-ol: To a sol ution of

~ 2-(4,6-dPchl oro- pyr| m di n-5-yl)-6 imdazol -1-yl - 4-met hyl - 14 benzi m dazol e

(40 ngy, 0.1 rl).2- q -3-(4-methyl-6-
(5)-(-)- 2 b k- nine (0.5
m.) . The r epijierazingi- IH&)emimidwﬂ 1 idige2-0n , cooled to room

tenperature and concentrated wth fi gh vacuum The crude product was used
for the next step w thout purlflcg.lt\ng%. LCMS (MtH)+ nmfz 460 (t = 2.13
mn.).

(S)-6-(1-Hydroxynethyl - 2- phenyl - et h;'fra @ /- Mmi dazol - 1- yI - 4- et hyl -
benzi m dazol - 2-yl ) - 3H pyri m di n- 4- one: ol , on of
{S)-2-[6-chloro-5-(6 i mdazol -1-yl-4-nethyl - 1y

H benzi m dazol - 2-yl ) - pyri m di n- 4-yl am no] - 3- ph
HCI (0.5 nlL) and acetic acid (0.5 nL) was added
reaction mxture was heated to 100C for 8 h) cdol®d to roomtenperature,
and neutralized with ammoni a in nethanol. After Cconcentration, the residue
was purified by prep. HPLC to yield the titIe conmpound (26 ng, 37%for two
steps). ~H NVR (400 MHz, CD30D) 8 9.41 narrow t, J 5 Hz), 8.06 (
1 H narlPow(33- &g-(mAz:gtylpgpergzlg-ngl} 4"?"{‘3‘3’1 -3Hi-henzimidazol3-y{l- ﬁ%]H narr ow dd,
J =186, 1 3. -y 1H- &rﬁzmﬂl&tiﬁiéhm
4.70 - 4. 74%{@’1%"7%@ p@'ﬁ eﬂ?’rgﬂm‘g §pyridi p dqution oF €8

13.5 Hz), 3ab8ykpipetazidel-yl)- 4:m€th8],—lH-’£beanhﬁdazoBZW] ‘QBHOKS—)H II!)@@BI @MHH)(JI-gm z

442 (t = 7 4 t

L iy B S IORRY S ST R R
4.6 50 % o

(o0 S e SR bt i bt Ol

15  h, cooled to room temperature and concentrated with high vacuum. The res1due was
purified by flash column chromatography (10% MeOH / CH,Cl,) to yield the title
compound (0.90 g, 69%). 'H NMR (400 MHz, CD;0D) 8 7.36 (1H, s), 7.02 — 7.23 (6H,
m), 6.80 (1H, s), 5.98 (1H, d, J = 7.5 Hz), 4.10 - 4.12 (3H, m), 3.67 — 3.78 (6H, m), 3.06 —
3.11 (3H, m), 2.90 (1H, dd, J = 7.8, 13.6 Hz), 2.54 (3H, s), 2.12 (3H, s). LCMS (M+H)"

20 m/z 501 (t = 1.30 min.).

Q) 4 15 propan-1-0l in 4 N

WO drops of water. The
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c) YMCC18 S5 4.5 x 50 mm O - 100% gradient over 8 mn*; 2.5 nL/mn flow
rate 89 WD 02/Ur9192 PCTI USI12/(19~02 d) YMC C 18 S7 3.0 x 50 nm O -

| 00% gr a 3mn*; 5nl/mnflowrate e) YMC QDS oXayl D0 MM
0 - 1000(%6% B over 5 mime 15 mi/nin flow rate PHS TSl 25" 6
x 30 mm O - 100%gradient over 2 mn*; 55 nL/mn flowrate gy YMC C 18 S7
3.0 x 50 mﬂ(Sp4-(1J[-Q%ﬁi|ﬂ€hl§llQ -phéayl- éthmammoﬁsmzl./nmmylté pvpemzm-lhyl MC ODS- A
Cl8 S7 3.0 gradi ent over 2 flow rate i)
YMC ODS- A cmnsméazplaz Harlﬁwyndm-%oeﬂg}fa&nl@mn Qf\ﬂ§}’3i6$4ﬁF%3’l'PlBefH@Pm nlo

flow rate j)_yMe r ) % 2 mn*,;
5nm/mnflo r%(ét%'l @i‘/%%%r (B%gp%?g g&%%%%‘mén? %%&ﬁ}&)g&tyéa?ﬂég{;)ent over
3 min*; 4 rru/mpyndlhaworrea(geohfg 13 mYhal) DSVAHCL th Edxahe@16 i) wusraddé:ii 100%
gradlent over 4 min*; 4 nl/mnflowrate * Gradient begin with 0%

_ net hanol ﬁgo%axm(éme)one/aepmn @ﬁam@rws\ne@qng@fi@ ﬁ%@ﬁéﬁ@l@i@%lﬁﬁf%wo(fb 1%
TFA) Exanpl

~ NH benzy! EWR%? E]gé‘ttﬁ aitti)llrHl wﬁ‘% a&%’ﬁ-{ébmle@fﬁfﬁ {'ﬂf d:é;g.rl%l)%") PN

H-benzi m dazﬂhclzwué Dlsclﬂfor ﬂhb@lbm?epomhcﬂn ()Bnlﬂcdaonemmmss/(M%+pn/zHrsl9 (t=

benzyl am no)-3-(6- | irnidazol-1-yl-4-nmethyl- "" 46 1H benzi m dazol -2-yl)-
1.37 (1) 458 mipyridin-2-one Me0O OMB 3- (6- 1 ni dazol -1yl-4- ~H " ~ 2.17

(a) 398 nethyl -1 H 47 benzi m dazol -2-yl)-4- ~" HN [(pyridin-2-ylnethyl)-

am no] - 1H pyri di n-2-one ~ ~" 90 WO 02/1179192 PCT/ U S02/ 0902

(S) 4- ( roHy @repaiation\of-2-(46-Nidhldvid-pyrivhiligd 5~ ¢ld-Brihddazobi - 3.6-methyb-A#l-- | - 1- 4-

\ ~1.48 b 441 y ~ HN 48 nethyl-1 H ~ off benzimdazol-2-yl)-1 H

pyri di n- 2- orenzimidazale: gy oxymet hyl - ~N H o 2- phenyl - et hyl anvno)-3- ~ \ N

NH 6-im dazol-1- 1-4- ~ " \ ~ 1.48 b 441 HN 49 nethyl-1 H off

benzi m dazol -2-yl)-1 H

Cl

H =N
/
[o ) N

15  4,6-Dichloro-pyrimidine-5-carbaldehyde: DMF (7 mL, 0.09 mol) was added to
POCI; (21 mL, 0.23 mol) at 0°C. The reaction mixture was stirred at room
temperature for 0.5 h. 4,6-Dihydroxy-pyrimidine-5-carbaldehyde (5 g, 0.045 mol)
was added in small portions. The reaction mixture was heated to 90°C for 6 h and
cooled to room temperature. A large excess of crushed ice was added to the reaction

20  mixture very slowly under ice-bath. The mixture was extracted with CHyCl,. The
combined organic layers were washed with water, brine, and dried over Na,SOy. After
concentration, the residue was purified by column chromatography (20% EtOAc /
hexane) to yield the title compound (4 g, 50%). 'H NMR (400 MHz, CDCl3) & 8.91
(1H, s), 7.87 (1H, s). LRMS (M+H)" m/z 177.

jees

2-(4,6-Dichloro-pyrimidin-5-yl)-6-imidazol-1-yl-4-methyl-1H-benzimidazole: To

25

a solution of 5-imidazol-1-yl-3-methyl-benzene-1,2-diamine (180 mg, 0.96 mmol) in
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pyridin-2-one N-{ 2-[3-(6-1m dazol-1yl-4-methyl-1H | ~ N~ iH 50
Zenlmm_dazol 2-yl)-2- ""~ 8 1.55 (1) 392 oxo-1, 2-di hydro-pyridin- HN ~(

-yl am no] - acet am de 4- (3, 4-Di hydroxy- ~N H o ben 3-(6- t
%H\ / D%h_o Qé“”}l -4-methyl - ~N H' 51 1H benzi ni dazol - S&Jf/lﬁ}gm?)mf 9(7 (1)
429 1H pyri di n- 2- one HO OH 4-[2-(3H I m dazol -4-yl)- ~N H et hyl am no] - 3- ( 6-
~ ~ N~ ~ 1.3dh4R) Zﬂﬂﬁ;)%slaﬂaéﬁaazsﬂlutible-QﬂMHMb-pynnudme -5- carbaldehyde(

H benzi m dazol - 2y|)- HN NH 1 H pyridin-2-one 4-(3,4-D hydro- ~N H O NH
1.88 (a) 42318(3ung10® %nmn@li) )nme@enml Hh ) o Bl reaqtiapy miKIgHe (A SULT b room

| H benzi m dazol d 2
CH O\ N~ N !?era goé)lwé’gg‘f'ﬁéﬁ%cg‘l“ :é‘lz?’é‘rﬂlgr}%“?‘ ("@Ef][‘ ?%?/(rgb’ ﬂl%?lwgmﬂ%n;? Klyn
HN ami no] - 1deatdgﬁp8y (E%nﬁitlﬁﬁao] / D12 10 21D theRIETE| cobipoRi D 0L80GAg, 55%)

3-(6-1mdazol-1-yl -4nmeth ~ ~ ~ ~ 1.74 (a) 398 benzim dazol -2-yl)-4-
_ ~ N 55 [ (pyri@Ms- QI+ h@lﬁﬂﬂ&l%rﬁ%d] 1H pyr| dl)n 2-one N -

3-(6-1mdazol-1-yl -4 methyl-1 H | ~", ~~1.99 (a) 412
benzi m dazol -2-yl)-4-(2- ~" S6 pyridin-2-yl- HN et hyl am no) - 1H pyridin- / "
2-one_4- [ Benppgcedwre @6-rhethybnitrgbenzene: 1. 86 ( a)
441 57 imdazol-1-yl-4-methyl- " 1 H-ben2|mdazol-2-yl)- Hof " 1
Hpyridin-2-one ()-4-[ 1-(4-Chloro- "N\ N ~ "H phenyl)-2-hydroxy- ~ ~ H ~
i ethylam no]-3-(6- H' 3.3 (a) 461 Sgri ol - 1-yl - 4- net hyl
1H benzi m dazol - 2-yl ) 1H pyri di n- 2- one ( 4-1(1-Ethyl - ~N "

8 - 6-imdazol-1- ~ " \ ammp]-3

( ~ HN S9 yl-4-methyl-1 H benzi nuda Hri di n- 2- one

(1R 2S)-4-(2-Hydroxy-1- ~N " nethyl - ~ 3.0l a 441 ethyl ammo)-3-(6-
~ HN OH () 60 i~dazol -1-yl-4-nethyl 1H benzi m dazol -2-yl) _1H idin-2-one
()-4-(2-Hydroxy-2- \ N~ ~~ "N phenyl -ethylam no)-3-(6- ~ 1 ~ p~. (\ i HH
OH 2.96 a 427 (83.pifidarot-nkrophehylyBhdivhic atid)di-lerbhehzdter: dBzobuspensignlof

H pyri di n- 2- one
NaH (54.6g, 60%, 1.365 mol) in 600mL of DMF was added di-t-Butyl malonate

pyrrolidin-2-ylmethyl)- ~\ N NHI,%
P

(118g, 0.546 mol) at 0°C and stirred for 30 min. 2,4,6 trifluoronitrobenzene was
added as a solution in 400 mL of DMF (75 g, 0.42mol) over 3 hours and the solution

15  stirred at ambient temperature for 12 hours. The reaction mixture was extracted with
ethyl acetate (3X’s). The ethyl acetate was washed with water (3X’s) and with brine
and dried over MgSO, and concentrated to give 62 g of crude product. LCMS
[M+Na] - 396; 'H NMR (500MHz, DMSO) 8 7.81 (m, 1H), 7.27 (m, 1H), 5.00 (s,
1H), 1.41 (m, 18H).

20
£ NH,

NO;

Yoyt

2-(3-Amino-5-fluoro-2-nitro-phenyl)-malonic acid di-fert-butyl ester: To the
crude 2-(3,5-Difluoro-2-nitro-phenyl)-malonic acid di-tert-butyl ester (62g, 0.42 mol)
25  was added 700 mL of 2M ammonia in methanol in a pressure bottle. The vessel was
sealed and heated to 85°C for 18 hours. The reaction mixture was cooled and the
 vessel opened carefully and the methanol solution concentrated to provide 140 g of

crude material. LCMS [M+Na] - 393; 'H NMR (500MHz, DMSO) 6 6.76 (dd,
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3-(6-1mdazol -1-yl-4- ~N ~ N~ "" 1.94 (a) 415 nethyl-1 H 62

benzi m dazol - 2-yl ) -4-(3i m dazol -1-yl- ~"J 92 WD 02/079192 PCT/ US02/ 09- 102

propyl an ridin-2-one (S)-4-(2-Hydrox y-2 phenyl - W) - 3- (6-
% N %{)8%,2@79 7 b 427 63 inidazol - 1-yl - 4-nethyl - ~" @é«k@%m

lH-ben2|mdazoI 2-yl) 1 Hpyridin-2-one (R)-4-(2-Hydroxy-2- ~1 Ho

phenyl - et hyljand.8Q)sts: (1), 6:29'(dd, }=10.8,2.8H4, 187, 499 (b4 2H), 4.80 (s, 1H), 1.40

i m dazol -1-yl-4-nmethyl- ~" 64 HN "OH 1 H benzi m dazol -2-yl)1

H pyri di n- 2{®né8%) - 4- (1-Benzyl- ~N p O "H pyrrolidin-3-ylamino}-3- I ~ N ~

I 1.19 (b) 466 65 (6-im dazol-1-yl-4- HN nmethyl-1 H H benzi m dazol -2-yl)-1

Hridin-2-one 3-(6-1mdazol-1-yl-4- LN~ p "Hnethyl-1 H 66

" benzi m dazol -2-yl)-4-[2- ""~ " 1.37 ( P 5-vitro-pyridin-2- "" ~ "
ylamno) ethylamno] 1 H ridin-2-o0ne -l mdazol-1-yl-4- ~NH o

 net hyl - ~~ ", ~~0.98 (b) 420 bgpzijn d&zol - 2- yI) 4-(2- ~" 67
m)rpholin-4-yl- H' ~ ethylam no)-1 Hpyridin 2-one 3-(6-1m dazol-1-yl-
~NHo nmethyl-1 H ~ ~ N NH benzinm daz8l-2- 1 -4- 2- ' " \ [/ 1.31 (b) 460 y
~ HN 68 52 met hyl - 5- vitro-lH i tnidazol -1.-yl)ethylam no]-l Hpyridin- o,"
N 2-one 3 (6Imdazo| l1-yl-4- ~NHo nmethyl-1 H ~ ~ N NH benzi m dazol -2- 1
-4- 2- 3-Anin@ 3-flugro248tne pheryl ageticacidst hy theA-3-Adng-SHluoro-2-nitro-

4-yl)-et hyI a'il]en%-malomg)écfdd dl-ter%-bur}% ester3(140g) in 500 mL of 4N HCl in dioxane
was added 50 mL of water and heated to 40°C for 2 days. The solution was extracted
with ethyl acetate (3X’s) and the ethyl acetate washed with water (3X’s) and brine.
10  The organic fraction was dried over MgSO, and was concentrated to give 78g of
crude (66% pure by LC/MS); 'H NMR (500MHz, DMSO) & 12.40 (brs, 1H), 7.04 (s,
2H), 6.68 (dd, J=10.9 2.8Hz, 1H), 6.47 (dd, J=10.9, 2.8Hz, 1H), 3.80 (s, 2H).

F NH,
\QNoz
2-Amino-4-fluoro-6-methyl nitrobenzene: To the crude 3-Amino-5-fluoro-2-nitro

phenyl acetic acid (3.6g, 16.8 mmol) was added Cu,0 (10.1g, 70.6 mmol) in 120 mL

of acetonitrile along with 50uL of methanol and the suspension was refluxed for 12

15

hours. The reaction mixture was filtered through Celite and the Celite pad washed
20  with water and ethyl acetate. The filtrate was extracted with ethyl acetate, washed
with water and brine, dried over Na,SO, and concentrated to give 2.95 g of material
which by 'H NMR was 80% pure. ESIMS [M+Na] — 193; 'H NMR (500MHz,
DMSO0) § 6.67 (s, 2H), 6.56 (dd, J=11, 2.8Hz, 1H), 6.39 (dd, J=11, 2.8Hz, 1H), 2.50
(s, 3H).
25
Procedure for the preparation of 4-Chloro-3-(4-methyl-6-morpholin-4-yl-1H-

benzoimidazol-2-yl)-1H-pyridin-2-one and 4-Iodo-3-(4-methyl-6-morpholin-4-yl-

1H-benzoimidazol-2-yl)-1H-pyridin-2-one
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WO 02/ 079192 PCT/ US02/ 09402 ()-4-(4-Diethylamno-1- ~Np o NH
nmet hyl - butylamno)-3- | ~ ~ ~ ~ 1.13 (b) 448 (6-i mdazol-1-yl-4- N 70

met hyl - 1\1310?%;3;1@3 dazol 2-yl)-1 H ~"J ridin-2-one 3- (6 If&ﬁg%@/m);}qzy;-f- ~N

" o nethyl- ~ ~" 0.87 (b) 404 benzi m dazol -

pyrrolldln 1-yl - e ethylam no)-1 Hpyridin 2-one ()- 4 (1, 2- bi phenyl - ~'1

ethylamno)- 3-(6- \ NI ~, ~ ~ 1. 5’2\(b) 487 72 i m dazol -1-yl -4-net hyl - ~"
NN 1 H benzi m dazol -2-yl) - 1 H-py“,d’ﬂ 2-6me 4-Benzyl ami no-3-(6- ~N N O

HH 73 imidazol -1-yl-4-methyl - | ~ ~ ~ 49 (b) 397 1H benzi m dazol -2-yl)-
~" 1H—pyr|d|n 2-one HH\ / 4-(3- D|rrethyl mie¢ ~1 " o propyl am no)-3-(6- ~

== ~ ~1.03 (b) 392 74 i m dazol - 1y| 4-methyl - ~" "N 1
H benzt nt dazol -2-yl) 1H pyridin-2-one "~ 4[ (Adamantan-1- "~ o

Y1 Bent r dagoMebyrd-tokphotingd-s) Simitrp:shetiamingd § ROGED pressafe pasWas) . °
methyl -1 H 484 Trlfg\édm%zhl@Zne(a@étoﬂe%@lpm g@ 63’%22338 ﬁTnY(Ll) A(Di&-

(i ndan-2-ylam no) -1 di n-2-one 4- ~otr|fluoronethyl
\ "~ =~ 5 ~butﬂptﬁﬁpl@xw)bﬁs@njdemﬂy@m?ﬁ@)m@; aad sodlur(l;lren b(,rtox1de(175g, 182

I m dazol - 1-y| t hyl - N nzim dazol Y, e94 WO
B 07 3107 PRI ThIF (%’OQF"?? £ opiis etyile- )‘&‘%’?P“‘Heﬁ " -
1.03 (b) 423nkbi) @H@%ﬂﬁplﬁ)‘lﬁié &3 P )398 mimol) wéie dfed MAGaz @das buuﬁledlthrougmet hyl - 1H
benzi m dazol - 2-yl ) - 0 s oridin-2-one 3-(6-1mdazol-1-yl-4- "N~ O NH

the solution for 1 minute and the flask was sealed. The reaction mixture was stirred at

85 °C for 3 days. THF was evaporated in vacuo and the crude product was

10 preabsorbed on silica and this then transferred on top of a silica gel column. Elution

with hexane-ethyl acetate (6:4 to 4:6 to 0:1 gradient) gave, after evaporation of

solvents, the title compound (15.2 g red-brown solid, 49.3%). LCMS (M+H)" m/z 238

(t =0.64 min.) 'H NMR (500 MHz, DMSO-dg) 8 7.32 (1H, s), 7.22 (1H, s), 6.96 (2H,

s), 3.72 (4H, broad s), 2.96 (4H, broad s), 2.21 (3H, s).

15

2-(4-Todo-2-methoxy-pyridin-3-yl)-4-methyl-6-morpholin-4-yl-1H-
benzoimidazole:

20  2-Methyl-4-morpholin-4-yl-6-nitro-phenylamine (15.2 g, 64 mmol) was suspended in
methanol (200 ml) in a PARR flask. Palladium on carbon (1.0 g, 10% Pd) was added
and the suspension shaken under 60 psi of hydrogen overnight. The mixture was
filtered through a pad of celite (under argon) into a 3-neck flask, the celite rinsed with
methanol and the filtrate diluted with methanol to a total volume of 500 ml and cooled

25  to 0°C. A solution of 4-Iodo-2-methoxy-pyridine-3-carbaldehyde (14.6 g, 55.5 mmol)
in methanol (500 ml) was added slowly (during 3 hours). After addition of ~ % of the
solution the system was opened to air and stirred over the weekend, thereby reaching

room temperature. The reaction mixture was concentrated in vacuo, filtered through a
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one and 4-Yodo-3-(4-methyl-6-morpholin-4-yl-1H-benzoimidazol-2-yl)-1H-
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ben
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2-
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\
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pyridin-2-one:

15 2-(4-Iodo-2-methoxy-pyridin-3-yl)-4-methyl-6-morpholin-4-yl-1H-benzoimidazole
(15.58 g, 34.6 mmol) was suspended in 1,4-dioxane (300 ml) and conc. aqueous HC1
(50 ml) was added. The mixture was stirred at ambient temperature overnight, then 3
hours at 50°C. The mixture was cooled to room temperature and poured into an ice
cold solution of NaHCO; (67 g, 0.8 mol) and filtered. The aqueous phase was

20  extracted with ethyl acetate. The solid material was dissolved in CH,Cl, with some
methanol, then extracted between water and CH,Cl, . The combined organic layers
were dried over Na,SO,, and concentrated in vacuo to give an inseparable mixture of
the 4-Chloro- and 4-Iodo- title compounds. The product was used without further
purification. LCMS (M+H)" m/z 437 and m/z 345 (both t = 0.92 min.).

25

Procedure for the preparation of 4-[2-

7-methyl-3H-benzoimidazol-5-yl]-piperazine-1-carboxylic acid tert-butyl ester
and 4-[2-(4-lodo-2-0x0-1,2-dihydro-pyridin-3-yl)-7-methyl-3H-benzoimidazol-5-

yl]-piperazine-1-carboxylic acid tert-butyl ester

30
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10 boiling absolute ethanol (800 mL) and concentrated to a total volume of 400 mL and
left to stand overnight at room temperature. The solution was further cooled to ~20
°C for 5 h and the resulting solid was filtered off and dried in vacuo to give 16.3 g
(83%) of a light yellow solid. '"H NMR (500 MHz, CDCl3) § 6.16 (brs, 1H), 6.04
(brs, 1H), 3.70 — 3.60 (m,4H), 3.38 — 3.25 (m, 4H), 2.53 (s, 3H), 1.48 (s, 9H); LCMS
15 (M+H)" m/z 337.

o]
+OLQ\©:NH2
NH,
4-(3,4-Diamino-5-methyl-phenyl)-piperazine-1-carboxylic acid tert-butyl ester:
20  To a stirred solution of 4-(3-Amino-5-methyl-4-nitro-phenyl)-piperazine- 1-carboxylic
acid tert-butyl ester (15 g, 44.6 mmol) in methanol (2200 mL) was added 20%
Pd(OH)2/C (1.6 g) and the suspension flushed well with nitrogen, followed by
/hydrogen. The resulting suspension was stirred overnight at room temperature under
an atmosphere of hydrogen (ca. 1 atm). The resulting suspension was filtered under

25  nitrogen through a pad of Celite and washed with methanol (400 - 500 mL). The
resulting material was used immediately. LCMS (M+H)" m/z 307.
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methyl ~ ed223miy) The fesul(tleg |S?r1iléarlz g1|ag ﬁfe" gl pf ‘3) ‘9?“@“@95%@11 Mt~ " 14 p
g)e( 2 z |1 m2 d@ZOh%eZcoo:]]hg %ath w rglepomgdh %f}d g-_ég—glircl n rr\r_u%gu’rq Wf§ allr[gc\)évéac_)lr?i s(t:ir zétcrlocém
3-(6-1mdaz Qémllcrydure‘lm thd\presentdelof air for 72 h. The resulting solution was concentrated in
vacuo and the residue was dissolved in dichloromethane (1500 mL) and the solvent
removed in vacuo (repeated 3x). The resulting dark foamy solid was dried under high
vacuum. 'H NMR (500 MHz, CDCI3) §7.82 (d, 1H,J =5.4 Hz), 7.50 (d, 1H,J = 5.4
15 Hz), 6.98 (brs, 1H), 6.90 (brs, 1H), 4.05 (s, 3H), 3.67 — 3.58 (m, 4H), 3.18 - 3.09 (m,

4H), 2.63 (s, 3H), 1.49 (s, 9H);. LCMS (M+H)* m/z 550.

HN H
K/N N NH
@/ \

20  4-Iodo-3-(4-methyl-6-piperazin-1-yl-1H-benzoimidazol-2-yl)-1H-pyridin-2-one:
To a stirred solution of 4-[2-(4-lodo-2-methoxy-pyridin-3-yl)-7-methyl-3H-
benzoimidazol-5-yl]-piperazine- 1 -carboxylic acid tert-butyl ester (24g, 43.7 mmol)
was added 1,4-dioxane (750 mL) and 6 N aqueous HCI (30 mL) and the mixture was
heated to 75 °C overnight. The solution was cooled to room temperature, the

25  supernatent was poured off, and the resulting dark gummy solid was washed with
anhydrous diethyl ether (3 x 500 mL) and dried in vacuo to give 17.7 g (93%) of the
title compound as a dark solid that was used as described to prepare 4-[2-(4-Chloro-2-

oxo-1,2-dihydro-pyridin-3-yl)-7-methyl-3H-benzoimidazol-5-yl]-piperazine-1-
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£ S0 Sy BT PRSI Aol Mt
~ H'90, CH, yIQHebﬁnkZMrﬂdahoﬂrﬂebﬂblﬂypyiridimZ—oyb a. ﬁg,] 47 myol) in dichloromethane
yphenyl) met Q%e%% fwca)lggcri’g-ie(?ledi-tert-butyl dicarbonate (9.8 g, 44.8 mmol) and triethylamine
(67.4 mL, 483.6 mmol). The mixture was stirred at room temperature for 30 min. and
15  purified via flash chromatography on silica gel. After elution with dichloromethane
followed by 2.5% methanol/ethyl acetate, homogeneous fractions were combined and
partially evaporated in vacuo to give the product as a yellow solid, following filtration
(8.9 g, ca41%, 2 crops). 'H NMR (500 MHz, CD;0D) 8 7.25 (d, 1H, J = 6.9 Hz),
6.97 (d, 1H, J = 6.9 Hz), 6.97 (brs, 1H), 6.89 (brs, 1H), 3.65 — 3.56 (m, 4H), 3.16 -
20  3.07 (m, 4H), 2.55 (s, 3H), 1.49 (s, 9H); LCMS (M+H)" m/z 536. (Note: A small

peak (4-chloro-pyridin-2-one) in the LC/MS shows m/z 444, 446).

Procedure for the preparation of 3-[6-(4-Amino-piperidin-1-yl)-4-methyl-1H-

25
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15
{1-[2-(4-1odo-2-methoxy-pyridin-3-yl)-7-methyl-3H-benzoimidazol-5-yl]-
piperidin-4-yl}-carbamic acid tert-butyl ester: [1-(3-Amino-5-methyl-4-nitro-
phenyl)-piperidin-4-yl]-carbamic acid tert-butyl ester (1.54 g, 4.4 mmol) was
dissolved in methanol (100 ml). Palladium on carbon (0.3 g, 10% Pd) was added and

20  the suspension stirred vigorously under a balloon pressure of hydrogen overnight. The
mixture was filtered through a pad of celite (under argon) into a 3-neck flask, the
celite rinsed with methanol and the filtrate cooled to 0°C. A solution of 4-Iodo-2-
methoxy-pyridine-3-carbaldehyde (1.21 g, 4.6 mmol) in methanol (50 ml) was added
slowly (during 2 hours). The mixture was stirred overnight under air at ambient

25  temperature, then concentrated in vacuo. Flash column chromatography on silica
(eluent hexanes-ethyl acetate -methanol 5-4-1 gave the title compound. (0.79 g, 32%).
LCMS (M+H)" m/z 564 (t=1.31 min.).
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i m dazol 51- yl]-m-chbi'bl-)lﬂ-pyﬁkiiﬂ\lz-bﬂé 1142 bﬂemdoni-da:zlnixya}yynk:l)n 1—yl—)|-]3mem}ﬂﬂ 2 one
off ()-4-[2-Hydroxy-2-(3- "N ~~~NHtr|quoro t hyl ). 138
et hyl ani no] 3 Iﬁy %@Zomd@@iﬁ Yibp(PSF‘dH‘g%ﬂ ATARATYF 241 QF“ H@ (5&0 mg, 0.59
1t benzim d v kdspefifled ib 4M1 HOIGh 1244i00e (20 th) A WHEQRS YL dddd,
(3,4,5-tri %rﬁol;% _a¥|s Spe Ee lil' Wm eﬁ%y a%Qno %% ﬂ&o(? oﬁyasal% (b) 517
139 (6-im d:{i@@ithernyd reactmnt) h”glhe—ximclﬂberms mmedzatlanﬂ}lqm)temwmdrem\@nugm thes
concentrated in vacuo to give an inseparable mixture of the 4-Chloro- and 4-lodo-
10 title compounds. The product was used without further purification. LCMS (M+H)"

m/z 450 and m/z 358 (both t = 0.69 min.).

I/\N ~_0 NH
SRR

15 3-Methyl-5-(2-morpholin-4-ethoxy)-2-nitro-phenylamine: To a solution of 2-
morpholin-4-yl-ethanol (5 g, excess) in THF (30 mL) was added NaH (0.21 g, 8.82
mmol) in portion under ice bath. The reaction mixture was stirred at room temperature
for 30 min. Then 5-fluoro-3-methyl-2-nitro-phenylamine was added. The reaction
mixture was heated to reflux for 6 h, cooled to room temperature, and concentrated.

20  The residue was diluted with water and extracted with EtOAc. The combined organic
layers were washed with water, brine, and dried over Na;SOs. After concentration, the
residue was purified by column chromatography (20% EtOAc / hexane) to yield the
title compound (0.70 g, 85%). 'H NMR (400 MHz, CD3;0D) 8 6.10 (1H, s), 6.09 (1H,
s), 4.38 —4.42 (2H, m), 3.92 - 4.08 (4H, m), 3.72 (1H, d, J = 12 Hz), 3.53 - 3.56 (2H,

25 m), 3.05-3.10 (2H, m), 2.48 (3H, s). LCMS (M+H)" m/z 282 (t = 0.73 min.).
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W O 02/ 079192 PCT/ US02/ 09. 102 (S)- 4- (1- Benzyl -2- ~1 met hoxy- et hyl ani no) - 3-
~ " ~\ " NH 1.67 (f7 455 (6-imidazol-1-yl-4 140 methyl - 1H "N~

benzi m'd 1H ~ ~ opyridin-2-one 4- (3 Hydr oxy- -

propyl am §)02/§ 9&2} ~ ~ ~0.95 (~ 365 141 i m dazol - 1- y&ﬂugez{'}ﬁqz

H benzi m dazol - yI) HN' Z0" 1 H ri di n- 2- one

()-4-[2-Hydroxy-1-(4nitro- benzyl) ~ MNo% ~ 1.51 (a) 4%$6 ethylam no]-3-(6

142 i ~dazol -1-yl -4-met hyl - o=H ~ (' enZi m dazol - 2-yl) 1H
ridin-2-one ()-4-[1-(2-Fluoro- ", <N enzyl) 2- hydroxy 143

et hyl am no] -3-(6- HN 1.57 (a) 459 |magiazoh~1 yl - 4- met hyl
1H benzi m dazol -2-yl)1H ridin-2-one ()- 4- 1- (3 Fluoro- "N H
benzyl ) - 2- hydr oxy1~ et hyl ami no] - 3- (6- HN°4\57 (a) 459

i mdazol -1-yl -4-nethyl 1 H benzim dazol -2- i di n-2-one
(S)-4-[2-Hydroxy- 1- (4met hoxy- benzyl)- | ~ ~ 1.54 (a) 471

et hyl am no] -3-(6- ~" 145 i m dazol -1-yl -4-nethyl 1 H benzi m dazol -2-yl ) 1H
ridin-2-one (+)-4-[2-Hydroxy-1-(3- ~N H o hydroxy-benzyl)- I ~ N~ ~ 1.38

(a) 457 et hy$)FBroinoR-{4[INS-dn6ro-phendp2-hydydxydethplamihol-2-oxo-1,2-

et byl -1t Frvdro-peidin STY S beem@Rgole s bpidshyde” 2o w%&rorbf&f -
[ (i soqui gol 'Bli'o:?io N4 (x ml&)él;)he ?mizq}ydiloxlsl éthﬂhlﬂn%jszt)&mlpé dlh})% BHi§A9192
PCT/ US02/ 09~02 3-(6-1m dazol -1-yl -

benzi m dazoB-y2}-pH)benzimiNazole-5 raﬂmﬂ(tldl)ﬂ (@Qﬁlglﬂsl (mr[lql-) (IBTHﬁe(ﬁQ'trﬂ.pW(qsyl )

ety 1 1 DO R et Padions s 33 e 76 Theqplion gy °

149 [{3- met ikpywhdititred ay L40EE il bomrﬁcm‘doiédwo 78fC. rBtowél(()ﬁ%npm
4-[(3,5-Dinethyl - ~N o pyridin-2-yl methyl)anm no -im dazol - 1- ~N HH N-

1.00 (d) 426ddedoTi¢ reactin mixture wasisered fﬁréazwna 17§TC§ beforg Wafer(lanbhwas
4-[(3- H%lr OXY AR 4i%l: reagaonl\l'nNtlge Nf'jsWarrfng& & x%o}ﬂ tgﬁﬁ)@é L?re and concentrated. The
residue was passed through a small pad of celite. The filtrate was concentrated and
pl;rified by prep. HPLC to give the titled compound (67 mg, 43%). "H NMR (400
MHz, CD;0D) 8 9.45 (1H, s), 7.62 (1H, s), 7.56 (1H, narrow d, J = 1.6 Hz), 7.44 (1H,
narrow d, J = 1.0 Hz), 7.32 - 7.42 (2H, m), 7.24 - 7.30 (3H, m), 6.24 (1H,d, J=7.6
15 Hz),5.01 (1H, m), 3.65 - 3.76 (2H, m). LCMS (M+H)" m/z 487 (t = 1.76 min.).

N N NHz
; NO»

5-(1,4,5,6-Tetrahydropyrimidin-1-yl)-3-methyl-2-nitro aniline: To a
20  stirred solution of 2.0 g (11.76 mmol) of the 5-Flouro-3-methyl-2-nitro aniline in 10
mL of DMSO was added 1.2 g (14.11 mmol) of 1,4,5,6-Tetrahydropyrimidine, and
2.43 g (17.64 mmol) of potassium carbonate, and the mixture was heated at 100°C for
10 hrs, cooled, diluted with water, and extracted with Ethylacetate containing 5%
methanol. The combined organic extract was washed with water, brine and dried
25  (Na,SOg). Evaporation of the solvent furnished the residue, which was

chromatographed (20% of 2M ammonia in methanol and dichloromethane) to produce
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amno -3- 6-imdazol-1- ' " ~ ~ 0.93 (d) 428 HN N151 yl-4-methyl-1 H

benzi m dazol -2-yl)-1 H HOH2 pyridin-2-one (S)-4-[2- Hydroxy 1-(4- ~-NHo

hydroxy enzyl) - N NH eth lamno -3- 6- ' " ) 486 y
~ AN 13‘2&%4’?@5@ “1-yl-4- n'et hyl - ' 1H benzi mi dazol - CT’@?"%X”*(";i‘ff 1H

r|d|n 2-one 02N (S)-4-[2-Hydroxy-1-(4- /N N H O iodo- benzyl) ~~N NH

et hyl am no] 135 (g6(67%) of tHeprodutt a?s3re{i aahc561?1 NMER (140@) malcmommv BRI IN)sy,
1H benzi m dazol -2-yl)- ~ ~ ~ yridi n-2-one - dro>§’)‘{:I 1- (4-

of
~1 H o hydr 6%9(%%&6%@] )’)44\((1&11(1 &’JH Iéz)hifpémlﬁd} J3=% HZ% 3.70N2H, ~ 1. 44

oyt i n- 2 et - 346 nefe 145 et el Dt T 3P4l M OIPHT s % 2N

H o met hyl - i 235 NN dangi m dazol -2- 1 -4- | ~" \ / 0.71 b 412y ) ~ HN
N1 SS [(6-nmethyl-pyridin-2 \/ ylnmethyl)-am no]-1H ridin-2-one
4[2(5Ethy| pyridin-2- ~-NH o yl)-ethylam no]-3-(6- ~ ~ N ~ imdazol -1-
1-4-nmeth 1- 0 H |m'dazol-2-yl)

1H pyri di n- lZ?‘on le S’L(Q r%gggyﬁxﬁdu(frg%@ég"iplgi)% opylam no)-3-(6- \ N~ ~ ",
\ ~1.11 (a) 381 157 i m dazol - 1-yl - 4- rret hyI ~N HN OH 1

H-benzi m dazol - 2-yl) 1H pyridin-2-0ne ~' ) 4 [ 2- Hydroxy-1-(4- ~H ~ NH

(6-1imdazol -1-yl - "' met hyl - nzi m dazol -2-yl)-1H Mo
ridin-2-one (S)- 4 [1 (4- Fl uor o- =2-hydroxy- ~" N NH

hydr oxy- 3- nmet hoxy benz 1)-eth Ian'liqa\b] 3-ul \ / 1.29 fj 491y Y HN ( 158
by
ethyl anmino]-3-(6- ~ ~ N~ ~ 1.57 (a) g_ﬂ‘n dazol -1-yl -4-nethyl - HN 1

H benzi m dazol -2-yl) 1 Hpyridi n-2-one (SX-4-[2-Hydroxy-1- "1 0

(naphthal en-1-yl- ~" \ " NH net hyl) - et hyl noj-3- ~~ N~ ~1.71 (a) 491
160 (6-im dazol-1-yl-4- HN nmethyl-1 H ~ ~ off benziiriidazol-2-yl)-
pyridi n-2-one 4-(2-Hydroxy-1- "=~ o hydroxymethyl- " \ " "" 1.00 (~ 381

161 et hyh ani§)4.(2Hylroxy-1-phenyl-ethylamino)-3-(6-imidazol-1-yl-4-methyl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one: To a solution of 3-(6-imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-4-iodo-1H-pyridin-2-one (30 mg, 0.072 mmol) in DMF (1
mL) were added (S)-(-)-2-phenylglycinol (26 mg, 0.18 mmol) and N-
methylmorpholine (0.1 mL). The reaction mixture was heated to 80°C for 6 h and

15  cooled to room temperature. The solvent was removed under vacuum and the residue
was purified by prep. HPLC to yield the title compound (16 mg, 52%). 'H NMR (300
MHz, CD;0D) 6 8.07 (1H, narrow t, J = 1.7 Hz), 7.76 (2H, s), 7.27 — 7.48 (7H, m),
7.21 (1H,d,J=7.5 Hz), 6.11 (1H, d, J = 7.5 Hz), 4.92 (1H, m), 4.03 (1H, dd, / = 4.5,
11.2 Hz), 3.95 (1H, dd, J = 6.2, 11.2 Hz), 2.75 (3H, s). LCMS (M+H)* m/z 427 (t =

20 1.44 min.)

Example 2

25
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i mdazol -1-yl -4-nethyl - HN OH 1H benzi m dazol -2-yl)- Ho 1 H ridin-2-one
106 WO 02/079192 PCT/ US02/ 09~02 4-[ 2-Hydi ' oxy-1,1-bis- ~NH o

hydr oxy =, N\H ethylam no)-3-(6- | ~ N~ ~ 0.89 (f ey

i m dazomgﬁ/o@'ﬁet hyl - HN 1 H benzi m dazol -2-yl)- ~oH | I-&C]f/lgj?m |0n 22 one off
off ()-4-[2-(3-Fluoro- ~N ~ O NH phenyl) - 2-hydroxy ethyl am no]-3-(6- ~N HN
CH 1.38 (b) A4h2lE dm;az -iddoyphedrylEdih lanJm(hLjxemhmadazpywmydmyl-rﬂr

H pyri di n- 2§ne[ y 93droxzﬂ2 3- N H O net hoxy- phen -V ~~H-~I
164 et hyl arrbem]lmﬁis(zﬁl-z-lym mmymﬁn@bgnméﬁ NMRd300MHz, ﬂD@Dﬁe‘iMl (o 1

e SRRl LGS R A 3 O

* i mi dazol - 1- yj L
|;n4a%(2) Hydgq Xy_gf‘-tmhz%hégim lggrﬁﬁgﬁjgylya)%le;geyg 092 pBe P, (6. 2 41

6-i m dazol (H,d, /4 7.6 HaN 437 (ﬂ@deBl hﬁl&ﬁ%@néﬁ@(é{klzdﬂ J= §/p)1—315 Hz).di n- 2- one

- (
E (~61!g13dgzgégj(§lﬁl d%hﬁ‘% :ng :?ﬁy%% éﬁ‘&r‘r&ﬁ@? pyrlgfznlrll- - "F??yﬂn'?:SC

am no] -1 Hpyridin-2-one 4-[(6-Ethoxy-pyridin-2- ~NH

yl methyl)-amno]-3-(6- | ~ N~ ~o0J 1.51 (d) 442 168 :
i m dazol - 1- ¥ixathpbe3 hyl - ~ HN N 1 H benzi m dazol-2-yl)1 H ridin-2-one
4-1(4-Chloro-pyridin-2- ~N Ho ylnmethyl)-amno]-3-(6- 1 \ N NH 169
imdazol -1- 1-4-meth 1- ' "\ ~1.38 (d) 432 y y ~ HH NL

H benzi m dazol -2-yl) 1H ridin- 2Nae\ne 107 QAD 02/ 079192 PCT/ US02/ 09- 402

RS

HO

z_ 2Zx

cl

(+)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-(6-imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-1H-pyridin-2-one: 'H NMR (300 MHz, CD;0D) § 9.39
(1H, narrow t, J = 1.4 Hz), 8.04 (1H, narrow t, J = 1.7 Hz), 7.76 (1H, narrow t, J = 1.7

15 Hz), 7.69 (1H, narrow d, J = 1.9 Hz), 7.55 (1H, s), 7.23 - 7.42 (5H, m), 6.25 (1H, d, J
=7.6 Hz), 5.01 (1H, dd, J =4.8, 6.4 Hz), 3.76 (1H, dd, J = 4.8, 13.4 Hz), 3.66 (1H,
dd, J = 6.4, 13.4 Hz), 2.67 (3H, s). LCMS (M+H)" m/z 461 (t = 1.46 min.).

Example 4
20

Br
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3-(6-1mdazol -1-yl-4- ~HH nethyl-1 H benzim dazol-2-yl)-4- ~ HN 1.24 (d)
474 170 [{4_phenyl -pyridin-2 yl nmethyl )-am no] - 1Hri di n-2-one
3-(6-1mdazol-1-vl-4- ;) " H HN net hyl ~~H~r
oo dé‘z%f’”%”}‘?/ 4 v~ <114 (d) Lo 11 [ (4- benzyl oxy- é‘iﬁlﬁ"é.s%f"”.‘”
yl methyl)-amino] -1 H ridin-2-one (2S,3S)-{2-Hydroxy-3- "N ~ N NN
[3-{6-im dazﬂL4 f2- vj-Bﬂﬁabflmbnﬂmz ﬁydfoxy-ethylahnﬁﬁ]-etos -ififidazol-1-yl-4-methyl-
benzi m dazol oxo- 1, 2-di
i di n4-yl am nﬂl-bmzphula;bbzrwn}ﬁmnﬂanﬂmnac|H1NME13@ MEize£D;0D) 6 9.38

6o L DRI sl A T SRR ER T g S REE0 1
-~ off 5 hsﬁés@m)dasm%r@rm&i@ﬂzmm@ln by = =48, 613 Ho). mum dd - N

NH benzi m daz 412 Yg ([34 | - pyridin-2-
HN yI net byl Y=ahBnid.5 Hep, 3:64/(1H, dd.df 6.3, bhé@(itﬁ @At ax CMS§M+ Y MEN  HH
met hyl - zal yl)-4- ~ HN"" 0.92 (d) 428 175

[ (4- et hoxygﬁgiﬁmggf’mﬂl r ylmethyl)-amino]-1 Hridin-2-one 4-{
[6-(3-Hydroxy- LN a "" propyl)-pyridin-2- ~~N-~r "

yl met hyl ]-am no}-3-(6- "" ~ ~ 0.96 (d) 456 176 i~dazol-1-yl-4-nmethyl 1

H benzi m'daEcdamﬂVS)l H ridin-2- one Q8 WD U2/ 079192 PCT/ US02/09. 102
4-1 (6- Am noret hyl - N H pyr|d|n 2n nethyl) | ~ N~ ~0.99 (b) 427 177
am no] - 3- (6-i m dazol - H HH~HH, NL " -benzi m dazol -2-yl)-1 H
ridin-2-one N-(6-{ [3(6|nvdazol 24-methyl-1 H ~ ~H~1i 1.02
(b) 455 HHCHO benzi m dazol - 2-yl) - 2 17

0x0-1, 2-di hydr o- pyri di n4-yl am no] - net y }pr|d|n2ylnethyl) f or mam de
3-(6-1mdazol -1-yl-4- ~N ~ O NH net hyl - | ~ N~ ~1.16 (b) 448 179

benzi m dazol - 2-yl)-4- ~ HH N [ (qui noIin-2-y thyl)am no] 1H ridin-2-one

4- (2-Cycl ohex-1-enyl- ~1 " o ethylam no)- 3- ~ ~ ~ ~1.61 (b) 415
i mdazol -1-yl-4-nethyl- ~" 180 1 H-benzi m dazok-2-yl )- HN 1
H pyri di n- 2- one 0=sZ0

10

(£)-N-(2-Chloro-4-{1-hydroxy-2-[3-(6-imidazol-1-yl-4-methyl-1H-benzimidazol-
2-yl)-2-oxo-1,2-dihydro-pyridin-4-ylamino]-ethyl}-phenyl)-methanesulfonamide:
'"H NMR (300 MHz, CD30D) 6 9.39 (1H, s), 8.05 (1H, s), 7.76 (1H, s), 7.68 (1H, s),
7.62 (1H, narrow d, J = 1.5 Hz), 7.52 (1H, s), 7.42 - 7.49 (2H, m), 7.31(1H, s), 7.30
(1H, d, J =7.6 Hz), 6.26 (1H, d, J = 7.6 Hz), 5.01 (1H, dd, / = 5.0, 5.6 Hz), 3.76 (1H,
d, J=5.0, 13.4 Hz), 3.74 (1H, dd, J = 5.6, 13.4 Hz), 2.98 (3H, 5), 2.68 (3H, s). LCMS
(M+H)* m/z 554 (t = 1.11 min.).

15

Example 6

Br
20
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(S)-4-[2-(4-tert-Butoxy- (" N" o phenyl)-1- ~ NNH 1.61 (~ 513
hydr oxynmet hyl 181 et hyl am no]-3-(6- HN i m dazol -
H benzi m_dazol ) 1 Hpyridin-2-one ()- 4[2(23D|chl

7(5’)’(‘{/‘Zy ~~ N\ % ethylam no]-3-(6- ~ HN OH 1.
i ~dazol -1-yl - 4-net hyl 1H benzi m dazol -

phenyl ) - Y& JHP

- 4- et hyl -

495 182
ri di n-2-one

o~ ~off 1

()-4-(2-(3, émiJm&aémlfbh.aiAvr[ermtnhnaamd:ﬂwmethﬁ TH-benzimidzrgl- amma 3-(6-

~" HH QH 1.34 (b) 463 183 i m dazol -

H pyri di n- 2omd,21d@ydrmwyugim4qi]9hydr@md@sdﬂ\l
met h

et hyl am no] ! r?%lt’n'{ 6324 z ng‘(hﬁh‘ﬁrﬁw
(S)-4- [ 1 dejsqmﬁﬁtﬁam PHEA 7 B QUEXY, L= 79 HNL)NHm Ll?f‘m@wm':)t mm(nmanyl ) -

O~~

~N" o pheny

N~ ~ 6 (~ 525 185 ethylam no

of f 1H- bén2|=rﬁ Udked) 4L 1H, d1J H7pf’yl’l¢}3|7rii4z(lﬁn@ ep8 (éﬂ(@ J m);&aﬁﬁi 2
benzi m dazol -
‘din-2-one (S)-4-[2-(3,4-Difluoro-
1.52 (~ 477 197
H. - benzi m dazol -

"~ o nmethyl - 4 4
[ (i soqui noI i hLﬁM%Wﬂ)) mz 5&4% 1f %%)ﬁl
~NHO phenyl) 1- ~ NNH hydr oxymet hyl -

et hyl am no] - 3- (6- HN i m dazol - 1-yl - 4- et hyl -

1H- ben2| m da oI

@@0( MHz4CP2

A5 1o

2-yl)-4-

(~N- -~

-2-0ne

2-yl) F 1

H-pyri di n- 2 Fyample [ 4- Hydr oxy- pyri di n-20.91 d 414 yl nethyl)-ani no] 3-(6- ~

~ "~ ~ () 188 imdazol -1-yl - 4- nei yI

1H pyri di n-2-one of f 3-(6-1tni daz&l«
~ 0.92 (b) 418 benzi m dazol -2-yl)-4-(
ethylam no)-1 Hpyridin 2-one (+)-4-(

tolyl-ethylam no)-3-(6- ~ ~ N~ ~ 5.74
OH 190 1 H benzi m dazol -2-yl)1 H pyridin- 2’% 110 WO 02/ 079192

10

4-Amino-benzoic-acid N’-[3-(6-imidazol-1-yl-4-methyl-1H-benzimidazol-2-yl)-2-
oxo-1,2-dihydro-pyridin-4-yl]-hydrazide: 'H NMR (300 MHz, CD;0D) 8 9.41 (1H,
s), 8.06 (1H, s), 7.76 — 7.79 (4H, m), 7.39 (1H, d, J = 7.4 Hz), 7.36 (1H, s), 6.81 (2H,
d, J = 8.6 Hz), 6.36 (1H, d, J = 7.4 Hz), 2.70 (3H, s). LCMS (M+H)" mv/z 441 (t =

15  0.96 min.).

Example 8

20 (S)-4-[2-(2-Chlor0-phenyl)-l-hydroxymethyl-ethylamino]-3-(6-imidazol-1-yl-4-
methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one: 'H NMR (300 MHz, CD;0D) &
9.41 (1H, s), 8.05 (1H, narrow t, J = 1.7 Hz), 7.76 (1H, narrow t, J = 1.7 Hz), 7.72
(1H, narrow d, J = 1.9 Hz), 7.08 — 7.36 (6H, m), 6.16 (1H,d,J=7.7Hz),3.98 —4.24

N 1 H benzi m dazol
o met hyl -
89 plperldln 1- yI
N~ NONH

I—|ydt;1 Xy-2- p-
- 4- et hyl -

(c) 441 i m dazol -

HN



PCT/ US02/ 09- 102 - 4-[2-(3,5-Bis- ~N "
trifluoronethyl-phenyl)2-hydroxy-ethylamno]- ~"" " 6.40 (c) 563 191
3-((-in~i d I | -4 rrethyl | Hobenzoi m dazol -2-yl) - 1Hri g [+)
(t)-4- [2‘@%@’& i?zy ~ ~ O NH phenyl ) -2-met hoxy et hyl am noijgm%Q *
6.5 (c) 475 192 i m dazol -1-yl -4-nethyl 1H benzim dazol-2- 1}Y 1H
ri di n-2-one 141[@43Mr151>;ymremym 11.2 Hzp, 3. M- 13 diddf #428, yméﬂﬁyws(m-dm ~ ~
0.9 (b) 428 193 a-=nho i m dazol y.

benzi m dazoV =2 all)3th41 3(9%/@4 Fl‘ild'l'n7§ 531@}@ iﬁ@ﬁaﬁ%ﬁ[&[ﬁ%ﬁ'@ mA ~ N O
NH phenyl) - %ﬁﬁdr P)Sﬁ Iﬁh?yl amno]-3-(6- ~ "N OH 1.54 (b) 495 194

i m dazol - 1-yl H benzi m dazol -2-yl )1 H pyridi n-2-one

~ "N Me

" (}-4-[(4-tert-Butyl- 1- ~H H hydroxy_ cycl ohexyl nethyl)- ""~ 3.82 (a} 475
195 am no] - 3- ( 6- |mdazol " yl-4-methyl -1 Hbenzi m dazol -2-yl)-1
Hri di n- 25 on&xample? Hydroxy 3-[3-(6- LN ~ NH inidazol-1-yl-4-nethyl- | ~ "
" ~ i 1H benzi m dazol -2-yl)- ""~" =23 (b) 48@ 196 2-o0xo-1, 2-di hydro- "~
pyridin-4-yl am no] propyl }-car be(m/ { Ot eBtnbut 1 ester
()-3-(6-1mdazal -1-yl-4- ~N " o net 1 NH 197 benzi m dazol - 2-yl) - 4-
~/ NHWM /OH I ~ 17 (b) 419 (3,3, 3-t¥f1 fYuoro-2 hydroxy propyl am no} 1H

ridin-2-one 111 WO 02l 079192 PCT/ US02/ 0982 ()-4-[2-(3-Chloro-4- ~N H ~~
Ny--NH fluoro-phenyl)-2 hydroxy-ethyl am no] {3-%,+N HN OH 1. 40 (b) 479 198
(6-imdazol-1-yl -4 nethyl -1 Hbenzi m dazol - 2-3k) - 1Hri di n-2-one H O
()-4-(2-Hydroxy-2-m "H 1.37 b 441 tolyl-et 'lno)-3-(6- t ~N~~ ()
199 imdazol -1-yl-4-nmethyl- N HN OH 1 H benzrTm dazol -2-yl) 1
H pyri di n- 2-one (S)-4-(1-Hydroxynethyl- ~N H o 3- phenyl propyl am' no)- \ NN
3-(6-imdazol - ¥I-4- ~~N\ / 1.56 (f7 455 200 neth H-
(S)-4-[2-(3-Chloro-phenyl)-1-hydroxymethyl-ethylamino]- -(6-1mldazol l-yl 4-
methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one: 'H NMR (300 MHz, CD;0D) 8
10 9.42 (1H, s), 8.07 (1H, narrow t, J = 1.7 Hz), 7.75 - 7.78 (2H, m), 7.14 - 7.37 (6H,
m), 6.18 (1H, d, J = 7.7 Hz), 4.07 — 4.11 (1H, m), 3.76 — 3.77 (2H, m), 3.17 (1H, dd, J
= 5.1, 13.7 Hz), 2.98 (1H, dd, J = 8.2, 13.7 Hz), 2.71 (3H, s). LCMS (M+H)" m/z 475

(t =1.57 min.).

15 Example 10
\ N
\QN’ \
HY

Ci

(S)-4-[2-(4-Chloro-phenyl)-1-hydroxymethyl-ethylamino]-3-(6-imidazol-1-yl-4-
methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one: 'H NMR (300 MHz, CD;0D) 3

20 9.42 (1H, s), 8.07 (1H, narrow t, J = 1.6 Hz), 7.77 (1H, narrow t, J = 1.6 Hz), 7.73
(1H, narrow d, J = 1.9 Hz), 7.16 — 7.37 (6H, m), 6.19 (1H, d, J = 7.7 Hz), 4.06 — 4.10
(1H, m), 3.72 - 3.77 (2H, m), 3.14 (1H, dd, J = 5.3, 13.8 Hz), 2.98 (1H, dd, J = 7.8,
13.8 Hz), 2.69 (3H, 5). LCMS (M+H)* m/z 475 (t = 1.61 min.).
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benzi m dazol -2-yl)-1 H off pyridin-2-one \ / (S)-4-(1-Hydroxynethyl- "1
2-p-tolyl-ethylamno)-3- ~" \ N NH (6-imdazol-1-yl-4- ~~ N\ / 1.57 (f7
45S 201 - 1,0 HN benzi m dazol -2-yl)-1H -pyridin-2- US02190407
(S)-4-[2- (%Fl%—‘}wégrzophenyl )-1- ~ N NH hydroxynet hyl - ~ ~ N fEus (i ~
202 ethyl atnino]-3-(6- HN imdazol-1-yl-4-nethyl- / ~ off

1H benzi m dazol -2-yl) 1 Hpyridin-2-one ( 1 S,2R)-4-( 1-Benzyl-2,4- "N N

459

di hydroxy-butylamno)- I \ N NH 3- 6-imdazol-1- 1-4- ~ " \ ~ N 1.39 485 vy
~ HN 203 netixpmple H benzi ni dazol -2-yl)-1 H off ridin-2-one
(S)-4-[1-Hydroxynethyl- " ~ Ho 2.-=(\3 triflugronethyl- ~" ~ " NH

phenyl )-ethyl am no]-3- ~ ~ N\ /Q/ $0 Q4 (6-1mdazol -1-yl-4- HN

met hyl -1H / \ off benzi m dazol - 2-yl 2-one |12 V~' 0 02/ 079192
PCT/ USU2/ 09~02 3-(6-1m dazol - 1-yl - 4- hyl-1H ~ N~ ~" \ ~ 1.16
_ (b) 399 205 benzi m'dazol-2-y|)-4- ~" ['(pyrit di n-2-yl net hyl ) - HN~N

am no] - 1Hpyridin-2-one \" / 3-(6-1m dazol - 4- ~-NH o nethyl-1H ~ ~ "
\ ~1.14 (b) 399 206 benzi m dazol -2-yl)-4- -~ N[ (pyrazi n-2-yl net hyl )

' A- ~NH o nethyl-1 H | ~"

NH enzi mi dazol -2- 1 -4- 2- " " \ ~ 1.26 (b) bY ( 207
phenyl - 1-pyridin-2-yl- HN\ _/ /\ ethylam no) 1 H-pyr|d| n 2-one
()-3-(6-1mdazol -1-yl-4- ~HH o nmethyl-1 H I \ NNH- 1 -4- 3- ~" \ ~

1.34 (d) SSOZSbémZ{ZﬁBdaﬂml-plﬂsnyl))l hyd-robthﬂkltlB(l»&thylanuno] -3-(6-imidazol-1-yl-4-

h | -1- di - ~N
MR R T AR S
29 HNN LModazale b Xos tushiys '*rfﬁ{iﬁﬁ %)d*’?‘SQ'(Iﬁ ﬁ}’d = L5l e 2-one,

()4[2(3 pheny! pyri di n-2 mno -3- 6-
"\~ 1.39 (UM, 2= GQIHIZ)]?(34(~1PHN)I\T(23197|1|6|(6H201I) G.OSI(I-PH,-dréFhXAVHZ) 4.15 -

1 pyrt din- 3t (8 b 5Bl 155°0R, g0 5L FLEUR L1 LDAL 1900
i mi dazol )l - Wh:ghgRh a1, & LENE midayah,Z19!( 4 - s8thind). n- 2- one

Example 12
\ N
HY

15  (S)-4-[2-(3-Bromo-phenyl)-1-hydroxymethyl-ethylamino]-3-(6-imidazol-1-yl-4-
methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one: 'H NMR (300 MHz, CD;0D) §
9.41 (1H, s), 8.06 (1H, s), 7.74 = 7.77 (2H, m), 7.47 (1H, s), 7.24 - 7.31 (4H, m), 7.11
(1H, d, J = 7.7 Hz), 6.16 (1H, d, J = 7.7 Hz), 4.05 - 4.11 (1H, m), 3.76 (2H, m), 3.15
(1H, dd, J = 5.0, 13.6 Hz), 2.96 (1H, dd, J = 8.3, 13.6 Hz), 2.70 (3H, s). LCMS

20  (M+H)" m/z 519 (t = 1.54 min.).
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113 WD 02/ 079192 PCT/ US02/ 09402 {)-4-[2-(3-Brono- ~N o

phenyl)-1-pyridin-2-yl- ~\ NNH'" " \ ~1.40 d) 566 ethylamo]-3-(6- ~ "N
N { 212 1-yl-4-nmethyl 1 H benzim dazol-2-yl) 1 I—b@wﬁg(gyog;‘g one B
4-1 2- (‘%H]Igrggfr)%; ~N o phenyl)-1-pyridin-2-yl- ~\ N NH 1.45

(d) 566 et hylanuno]-3 ( ~ H' N 213 |mdazol 1-yl - 4- net hyl 1
H benzi m daXxamplgyly 1 H- pyri din-2- one e ()-3-(6-Imdazol-1-yl-4- ~N" o
methyl-1H |\ " NH -2- 1 -4- 2- R : ~ 1. 47 (d) 614 benz~rrudazol y ) [ ~

HN N 214 (2-iodo-phenyl)-1pyridi 'K%N et h n;‘no] 1 H-pyr|d| n- ' 2-one

()-4-[2-(2-Chloro- ~N c phenyl)-2 d Y, ~~1.21 i 461
et hyl ammo] -3-(6- ~ HN ON ( ) 215 |m>.§;/ 4- rrethyll

" H benzi mi dazol -2-yl )1 H pyridin-2-one clopentyl am no- 6pr opoxy- [

1,3,S]triazin-2- H\~o 1.67 (b) 585 216 yI ox )-ppropyl am no] -3

(6-1mdazol -1-yl -4net hyl -1 Hbenzi m dazol - 2- -1 Hridin-2-one ()-3-{

* 1-Hydroxy-2-[3- "H\ N O "H (6-im dazol -yf fhyl 217 1

H benzi m dazol -2-yl)- ~H off 1.20 (b) 452 2¢ox0-1, 2-di hydro

pyridin-4-ylamno]l]- cNeth 1} -benzonitrile ()-4-(2-Biphenyl-3-yl- LH"'j o

HH 2- hydr oxy- et hyl am no) 218 3 (6-imdazol-1-yl-4- HH O- 1.51 (b) 503

thyl-1 H . [ -yl-4-
e sz(mmaﬁekyrae 1-2 peltdtiioRo é?ﬂﬁeﬂ%‘i‘amm\ﬁpfiqg .aﬁaNaz?m yF; -4 .

PCT/ U802/09 ()-4-[2-(3-Chl oro- ~1 phenyl) hydr oxy- \
et hyl ani Ao] mbﬂ-lmeﬁﬁnlldwl{z-yladﬂ -pywidiar2rong:- Y1 NMR{(308rMHmi GRz0D) 8- 1

-1HY) ridin- n S dr oxy met hoxy. ~ "~
et hyl ami no 9§0 (éﬁ ‘(‘L)S 0%\‘!5% 4% Jne[ﬁ?lﬁzé’ﬂ)]}‘z Hﬁ’ﬁ&‘fﬂf’wf 81’ 14'})&5}} ry{17>I4~oH 1
H benzi m dazply- Zirddw d Ve 1 R 111"2) 17'39'(DH25207199(§1, d‘}J[—_l’f g,%)‘ﬁﬁfm)dlj =76N NO
NH 2- (3- et hoxy- phenyl’) el hyl am noJ - 3-
i ~dazol - 1- ylHz}-424 G, m), 3.82 (2H, dd, J = 2.6, 4.5 Hz), 323 (2H t, J 6.5 Hz), 2.70 (3H,
s). LCMS (M+H)* m/z 531 (t = 1.61 min.).
10

Example 14
\ N
QJ v
HY,

—N

(S)-4-(1-Hydroxymethyl-2-pyridin-4-yl-ethylamino)-3-(6-imidazol-1-yl-4-methyl-
15  1H-benzimidazol-2-yl)-1H-pyridin-2-one: 'H NMR (400 MHz, CD;0D) § 9.42
(1H, s), 8.67 (2H, d, J = 6.6 Hz), 8.07 (2H, d, J = 6.6 Hz), 8.06 (1H, s), 7.77 (2H, s),
7.36 (1H, s), 7.28 (1H, d, J = 7. 6 Hz), 6.24 (1H, d, J = 7.6 Hz), 4.35 (1H, m), 3.82
(2H, d, J = 4.4 Hz), 3.50 (1H, dd, J =4.4, 13.6 Hz), 3.40 (1H, dd, J = 8.7, 13.6 Hz),
2.71 (3H, s). LCMS (M+H)" m/z 442 (t = 0.96 min.).
20
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OH 1 Hbenzim dazol-2-yl) 1H ridin-2-one Mo (5)-4-( 1-Hydroxynethyl- C
NN O HH 2 (3-nitro-phenyl)- ~~~, ethylamno -3- 6- ~ " \ ~ 1. .27 486 Y~
HN~ 222 yl -4-met hyl ~OH 1H benzi m dazol - 2-yl) one 0
(S)-4-] 3- BEERIE Y ol L ) H N HH 2-y1 - phenoxy) - 2 el d
hydr oxy- propyl am no] -3- H'~H 223 (6-i m dazol - 1-yl - \'i a, ~1.47 (j) 590
met hyl -1 H Beampleidazol -2-yl)-1 prridin 2-one ()- 4 [2-(3-Brono-4- (~" \ p
O NH net hoxy- phenyl ) -2 hydr oxy- eL | am no]-3- HN OH 1.35 (j) 535 224
(6-imdazol -1-yl -4 nethyl - 1Hb mda I0 I)1H-OVbr|d|n20ne
(S)-4-( 1-Benzyl-2- ~1 " o hydr " N propyl am no) - 3- ( 6-
~~ N~ ~ 22.07 HPLC 225 i m dazol -

H benzoi m dazol - 2- yI)1 H pyri di n- 2 one | 18% V\D 02/ 079192 PCT/ US02/ 09~02
(R -4-( I-Benzyl - ~~ " 0 hydroxy- ?- rret hyl/- %5, " "" propylamno)-3-(6- ~ ~

- N~ ~22.09 HPLC 226 i m dazol - 1-yl - 4 met hyl»<"" o 1 H benzoi m dazol -2-yl)1

H pyri di n-2-one 3-(6-1m dazol -1-yl - ‘H" | -1 H benzi m dazol -2-yl)-4-

~" HN N 0.99 (d) 412 227 [(S—rrethyl pyr|d|n nethyl)-ani noj -1

Hri di n- 2- one ()-3-(6-Im’dazo|-1-y|-4- ~N H rrethyl 1H i
benzi m dazol - 2- yI) 4-(2- ~ HN "~ 1.41 (d) 528 228 phenyl - 2- pyri di n- 2-yl

ent - 4- en I O
rothyl -1 1 D] Ry a ey fagn@iRn'dy Peprapradspidianfy v
phenyl 25 pymedhyl IH-»hnﬂhﬁddzohmymlelpyrhdmm o' H'NMR- (GO@W—Ii CD3OD) )
[3-(6-1mdazol -1-yl- "N " -1 benzi m dazol - 2-yl " HN N
1.22 (d) 423.98xbH narqy hymbhkva,ﬂd%—l?i(lbﬂ )y Wﬁb}i fi5th HZ) 6.19

)nlcotlnonl Hil e 5,0 B yiL
hydr oxy- et hy %rﬁ‘e%oﬁé}iﬁ 4(?6 E}%Wﬁ Tﬁl)g 7?353}3%‘(_[6 Qﬂr%? {/I B
13.6 Hz), 3.15 (1H, dd, J = 7.6, 13.6 Hz), 2.60 (3H, s). LCMS M+H)" m/z 491 (t-
1.71 min.).
10

Example 16

\ 7;:[“%@'

HY,

o

(5)-4-(2-Cyclohexyl-1-hydroxymethyl-ethylamino)-3-(6-imidazol-1-yl-4-methyl-
15 1H-benzimidazol-2-yl)-1H-pyridin-2-one: 'H NMR (300 MHz, CD;0D) § 9.40
(1H, s), 8.06 (1H, narrow t, J = 1.7 Hz), 7.76 (1H, narrow t, J = 1.7 Hz), 7.73 (1H,
narrow d, J = 1.7 Hz), 7.34 (1H, d, /= 7.6 Hz), 7.33 (1H, s), 6.34 (1H, d, J = 7.6 Hz),
3.89 - 3.94 (1H, m), 3.68 (2H, d, J =4.9 Hz), 2.68 (3H, s), 1.62 — 1.83 (7H, m), 0.95
- 1.26 (6H, m). LCMS (M+H)" m/z 447 (t = 1.71 min.).
20
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meth 1-1 H "~ Y benzi m dazol -2-yl)-1Hridi n-2-one ()-3-(6-1m dazol -1-yl -

~H " rrethyl 1H ~ ~ N~ ~ 1.12 (d) 412 benzi m dazol -2-yl)-4-(1- ~" 232 ""~
pyri di n- hyl am no)-1 H pyridin2-one 11.6 WO 02/ 07 .

PCT/ US02/ 0%@%‘%’2)—3-(64 i dazol - 1-yI - 4net hyl - 1H ~ ~~N ~PH’%2§”?3) 426
benzi m dazol - 2-yl)-4-(1- ~ " HN N 233 pyridin-2-yl propyl am no)-1

Hri di n- 2- ongxample 12- { 3-Brono-4- <\ N H fl uoro-phenyl)-2

hydr oxy- et hyl am no] -3- HN OH 1. 24 |) 523 234 (6-imdazol -1-yl -

met hyl - 1Hbenzi m dazol -2-yl)-1 Hr - ope ?+) - 4-[ 2-{5- Br ono- 2- ~;,

f 1 uor o- phenyl ) - 2hydr ox - et hyl am%o’]- '1.15 (i) S23 Y 235
(6-imdazol -1-yl-4nmeth 1-1 H Y benzi i z./l- -/I) 1 Hridin-2-o0ne
()-4-[2-(3, 5-D bronmophenyl) - 2- hydr oxyet hyl adi ngds- 3- (6- HN OH 1. 30 (i) 583
236 im dazol -1-yl -4-nmet hyl 1H benzi m dazol - 2=y )1H pyri di n- 2-one B
()-4-[2-(3-Bronb- ~N N O NH phenyl) - 2- hydyox 2 7 propylam no]-3-(6- " HN
- OH 1.90 (d) 519 imdazol -1-yl-4-nmethyl 1R hbenZi ni dazol - 2- yl)1H

pyr|d|n 2-one (L~-4-[2-(3-Bromo- "'~ ~ ~ phenyl) - 2- hydroxyirn'no- ~"
"}--(~lamno -3- 6- ~" HH NNOH 7.8 a 518 238 ethy | ( , ()

L
-~ "\ 5~ YnélliylGH) behBinyidazoldg- ﬂmﬁ-pymnea-ene yH- NM@(BDQIMHHGZD;QD) B
FE—?? US021 00 96 11k, A0kt 1 1985 H gy maspigy | 3k g 369~~~
~ ~ 1.48 (~ L 480 & A239uA; Yh7 ¢ d, /N6 Hz), 7.18 - 7.30 (3H, m), 6.89 (1H, t,
J=7.6Hz),6.85 (IH, d, J = 8.4 Hz), 6.61 (1H, d, J = 7.6 Hz), 4.93 (14, d, J = 8.2
Hz), 3.80 (1H, d, J = 8.2 Hz), 2.46 (3H, 5), 1.48 (3H, s), 1.35 (3H, 5). LCMS (M+H)"

10 m/z483 (t=1.70 min.).

Example 18

2T

Sy

=2

Y

=2
[/

15  3-(6-Imidazol-1-yl-4-methyl-1H-benzimidazol-2-yl)-4-(2-thiophen-2-yl-
ethylamino)-1H-pyridin-2-one: 'H NMR (500 MHz, DMSO-dg) 8 13.17 (1H, broad
s), 11.32 (1H, broad s), 11.03 (1H, broad s), 9.59 (1H, broad s), 8.22 (1H, broad s),
7.91 (1H, s), 7.82 (1H, d, J =2.0 Hz), 7.41 (1H, t, J = 6.9 Hz), 7.36 (1H, dd, J = 1.0,
5.1 Hz), 7.30 — 7.40 (1H, m), 7.05 (1H, broad s), 7.01 (1H,t, J = 4.2 Hz), 6.23 (1H, d,
20 J =7.5Hz),3.74 2H,t,J = 6.5 Hz), 3.25 (2H, t, J = 6.5 Hz), 2.58 (3H, s).
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240 nethyl -1 H benzi mdazol-2-yl)-1 H off pyridin-2- one

(S)-4-(3-Hydroxy-1- ~N' o phenyl -propylamno)-3- ~ ~ °; ~ ~ 1.48 (~ 441
(6-imda 4 ~" "N 241 nethyl-1 H benzi m dazol - 2. Y,
pyri di n- égéﬂéW%gj 4-[ 3- Hydr oxy- 1- (2- ~N o i odo- phenyl) - lLé’we}s‘h’mmo | am no
-3-6-~" ~1.61 ( 567 PPY ] ( "" 242
i m dazol - ElxamplmIShyl 1H benzi m dazol - 2-yl)- ~ ~ ~ 0" 1H pyridin-2-one
{S)-4-[2-(3-Bromp- "\ H N phenyl) -, 2 hydroxy 243 et hyl am no] - 3-(6- HN OH
1.35 (b) 505 imdazol-1-yl - 4n'ethl Nl b fazol-2- 1Y) 1H ridin-2-one
(S)-4-[2-(3-Chloro- ~N" o phenyl) 2- hyI am no]-3-(6- ~ HH OH 1. 30
{b) 461 244 i ~dazol - 1-yl - 4-net hyl n zoI 2- 1)Y 1H ridin-2-one

" (R -4-[2-(3-Chloro- "N " o phenyl)- 2 h dro et hyl am no] -3-(6- H ,~" 1.37

(b) 461 245 i~dazol-1-yl-4-nmethyl 1 H benzi
(R-4-[2-{3-Bromo- (\ N\ N~ N phenyl)-2-

i dazol -2-yl)1 H ridin-2-one
roxy- ~ 1| -~ ~ 1 246

- ethylam no]-3-(6- " HN ~~" 1.35 (b) 505 i 281 - 1-yl - 4- rret hyl
1H benzi m dazol -2-yl)1 H ridin-2-one 4-] - Chl or o- phenyl) QA HHONMNH
et hyl am no] - 3- (6- | ~N~~1.53(b) 445 247 i m dazol -1-yl-4-nethyl- ~ "" 1

H benzi m dazol - 2-yl) lH- ri din-2-one 118 WO 021079192 PCT/ US02/ 09- 402

()-4-[2-(3 ) - no] - 3- HN OH
1,15 (b) 47?@3&%@”" Y h\et@rqlrmw"imﬁdtimilzﬂ@ﬁdz{?zm@c%z'ﬁ?mj y?'pﬂ) 1 H H
ri din-2- snee(h)ylackn{lﬁ]{m-ﬁymdm-éne IR WMRE50D 04z (DS B 13,17 (1H, broad
hyd hyl 1 24 (b) 491 249 I - hyl -
hengt o oy b 152 1thioad sy 1y Al30 Gha tphadiS RS CEhsb B P breash & A ™
nmet hyl - al | y n 48 b
et hyl am no} _%ﬁf%’%g&{‘ﬁi yub%n(ﬁ%%%f%ﬁ HN?qj (IH 8, jﬁbggﬁ%)l ?naga(yglt A 6? 1H
Ci i 2- one Hz). 7.34 (IH, d, J = 8.0 Hz), 730~ 740 ( (2H m) 7.07 (1H, t, J = 7.5 Hz), 6.99 (1H,
¢, J=7.6 Hz), 6.23 (1H, dd, J = 0.8, 7.2 Hz), 3.76 (2H, broad s), 3.17 (2H, t, J = 6.7

10 Hz),2.50 (3H, s).

Example 20
M=\

M(;[n >_€\:r}+

15  3-(6-Imidazol-1-yl-4-methyl-1H-benzimidazol-2-yl)-4-(pyridin-2-ylmethoxy)-1H-
pyridin-2-one: To a solution of 3-(6-imidazol-1-yl-4-methyl-1H-benzimidazol-2-yl)-
4-iodo-1H-pyridin-2-one (25 mg, 0.06 mmol) in DMF (2 mL) were added pyridine
carbinol (26 mg, 0.24 mmol) and cesium fluoride (36 mg, 0.24 mmol). The reaction
mixture was heated to 130°C for 14 h and cooled to room temperature. After

20  concentration in vacuo, the residue was purified by prep. HPLC to yield the title
compound (8.2 mg, 34%). 'H NMR (300 MHz, CD3OD) § 9.58 (1H, narrow d, J = 1.2
Hz), 8.92 (1H, d, J = 4.9 Hz), 8.19 (1H, narrow t, J = 1.2 Hz), 8.12 (1H, 5), 7.97 -
8.02 (2H, m), 7.85 (1H, narrow t, J = 1.8 Hz), 7.81 (1H, narrow t, J = 1.0 Hz), 7.63
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()-[2-(5-Bromp- ~N H N NH bi phenyl yl)-2 hydroxy-ethyl am no]-3- HN CH
H a

1.44 (i) 581 251 (6-imdazol-1-yl-4 rret hyl -1 benzi m dazol - 2-yl ) - 1 H
ridin-2-one 4-(2-Hydroxy-2- LN~ ~HONH[ 1,1 3 , 1 | -5
yl - et hyl Mﬂ&%”é’z(a HN OH 1.48 (i) 579 252 i ni dazol - P&%’ﬁgfaﬁg{w

1H benzi m dazol -2-yl )1 H pyridin-2-one ()-4-[2-(3-Chl oro 4- ~N H

pr opoxy- pheowl)d a:hyglmwmt (0H, a7 86]2-Bz), 5181 OHH L/ #6.5H}), 538 (283s), 2.86

(6-1m dazol y - i methyl-1 Hbenzi ni dazol 2-yl}- 1Hr|d|n20ne 119 WO
02/ 079192 P@H,GMMMMﬂ{%WgB@%mml@azmn-)l yl-4- ~N" nmethyl-1 H

benzi m dazol - 2-yl)-2- HN 1.13 (i) 454 254 oxo-1, 2-di hydro-pyridin- ""

4-yl am no] - N-phenyl - propi onam de (+)-4-[2- Hydroxy- 2-(3- ~N\ p ""

" Vi tro-phenyiExagiphe 2t hyl am no] - 3-(6- "N OH 1.20 (i) 472

i mdazol-1-yl-4-nethyl- r 1 H-berg,m m dazol - 2 yl')1H ridin-2-one
4-[2-(5-Bromp-2- ~N net hoxy- phe IN) eth,y i no]-3-(6- H' 1.51 (i) 519 256
" imdazol -1-yl-4-nethyl- "" 1 H benzi v, yI)l H pyri di n- 2- one
2-[3-(6-1mdazol-1-yl-4- ~N p NH ne Nl M-Henzi mi dazol - 2- yl)-2- ~" HH O
1.25 (i) 440 257 oxo-1, 2-di hydro-pyridin 4%l am no] - N phenyl acet am de
(R-N-{2-[3-(6-Inmidazol- ~N 1-yl-4-nethyl-AH | ~ ~ ~ i

benzi m dazol - 2-yl )-2 258 oxo-1, 2-di hydr o- pyk+di n- H'SO-CH~ 1.35 (h) 504 4-
lamino -2- hen 1 Y] P Y ethyl } nethanes am de {S)-N{
2-[3-(6-Pmidazol- "1 1-yl-4- rrethyl-l H ben2|rridazol-2-yl)-2- ~ HH NN8O0?CH~
259 oxo-1, 2-di hydr o- pyri di n- ~ \ 32 (h) 504 4- yI am' noj - 1- phenyl et hyl

} et hanesul f onam de -

f I uoro-2-[ 31@@41{%@&59@ lghenal)r?eﬂﬁwa- thylamnpl §- (éwn(q@zolswlﬂggethyl -1H-
benzi m dazol i k55559
4-yl am no] - & Hﬁmé 2 )lepsgr &zlmt F ??ug{r oace{%ml\gigglggl 40 (1H. . J
= 1.4 Hz), 8. 06 (1H,t,J =19 Hz), 7.76 (14, t,J = 1.7 Hz), 7.72 (1H, d, J = 1.9 Hz),
10 7.66 (1H,s), 7.27 - 7.50 (SH, m), 6.29 (1H, d, J = 7.6 Hz), 5.75 — 5.94 (1H, m), 3.86
- 4.06 (2H, m), 2.64 (3H, s). LCMS (M+H)" m/z 507 (t = 1.70 min.).

Example 22 (General procedure for examples 22-28)
0

NC ﬂ NH
Y/,
\@N N\ /

",
OH

15
(S)-2-[4-(1-Hydroxymethyl-2-phenyl-ethylamino)-2-oxo-1,2-dihydro-pyridin-3-
y1]-7-methyl-3H-benzimidazole-5-carbonitrile: To a solution of 2-(4-chloro-2-oxo-
1,2-dihydro-pyridin-3-yl)-7-methyl-3H-benzimidazole-5-carbonitrile (0.7 g, 2.19
mmol) in DMF (15 mL) were added N-methylmorpholine (0.66 g, 6.57 mmol) and

20 (S)Q(-)-2-an1jno-3-phenyl—l-propanol (0.40 g, 2.63 mmol). The reaction mixture was
heated to 80°C for 6 h and then cooled to room temperature. After concentration in
vacuo, the residue was purified by flash chromatography (3% MeOH / CHxCl,) to
yield the title compound (0.59 g, 68%) as a yellow foam."H NMR (400 MHz,
CD;OD) 8 7.74 (1H, s), 7.63 (1H, s), 7.12 = 7.27 (6H, m), 6.07 (1H, d, J = 7.5 Hz),
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WD 021 079192 PCT/ US02/ 09~02 3-(6-1m dazol -1-yl-4- ~N" methyl-1 H ~ ~ N ~

~ 0.90 (b) 404 261 benzi m dazol -2-yl)-4- ~" [(piperidin-4-ylnmethyl)- ""~"H
am no] -1 I din-2-one ()-4-[2-(3-Brono-5- ~N H pyridin yI) 2- |
\' NN h)}gb@ég(}jpg%zﬂyl amno]-3- ~" "N roH 1.18 (a) 582 262])(:31"/%‘)2]9:hhfiﬁ

(6-1imdazol-1-yl-4 methyl-1 H r benzimdazol-2-yl)-1 H N r ridin-2-one
()-(2-¢Cnl or(3-947-({1HJ,m) H&(Zﬁﬂ@msmﬂrmxy{m,[cﬂ-, (& 5.5 dayBE)Y, 2941 (1 H; det/hy| - HH
OH1.36 (b) 54 1H benzi m dazo %# 2-oxo-11é-di,h dro- HH ~

pyri di n- 4- yl7a9nlﬁ(9]H@t Bpp GH. %Heq;MS)(M; bawr 408 Tl et i est er
()-N-(2-Chloro-4-{ 1lhydroxy-2-[3-(6imdazol-1-yl-4-nethyl- HH OH 1.42 (b)

560 264 1H benzi m dazol -2-yl)- r ~ ~, 2-o0xo0-1, 2-di hydro- HH

© pyridin-4-ylRxanigg¢ 88 hyl ) - phenyl )-2,2 di math 1 pr opi onam de
(S)-3-(6-1mdazol -1-yl-4- ~=~" 0 rrethyl " ~" NH O ~g (b) 442
benzi m dazol - 2-yl)-4-( 1 265 hydr "- " pyridin-3-yl

" ethylamno)-1 Hpyridin- " 2- one
(S)-3-Hydroxy-2-[3-(6i m dazol -1-yl -4- rre benzi m dazol - 2- yI) L" "
1.41 (b) 520 N NN 266 2-o0xo0-1, 2 d|hy ro py idin-4-ylamno]-N "
napht hal en-1- 1- "~N ~ i P Y ropionam deo+1 WO 02I 079192 PCT/ US02/ 09- 402
(S)-3-(6-1nudazol -1-yl-4- ~N" o nmethyl-1 N N
benzi m dgzol -2-yl)-4-[1- | ~ N~ ~ 1.22 (b 6267(1
H i ndol - 3-yl net hyl )-2- HN hydr oxy-ethylamno]- "" ~ o" 1H pyridin-2-one i

(S)-4-[3-Hydroxy-1-(14+ ~N " o imdazol-4-yl)- I \ " NHro lamno -3- 6-
"~ ~0.75 (lp. ‘ﬁ'[z%?%lﬂoﬂyg&en(yll 2 ékhyl'airﬁﬁé‘]eﬁ B%-‘lZd‘h%ro-pyrldm- .

1H-ben2|mdazo -2-0ne 4-Di chl oro- ~N
phenyl )-2- h)&;lylc)évymbﬂwl-aﬂ miz1ran(a&ele=5 éd‘ib@ﬂtmleéiéH(l‘{MRl(%O RE9z 3DMSO -dg) &
i m dazol - enzi nudazol - 2-y

i di n-2-
():1-(2 o G dth) §9S§.(1H»p)*7138 —r\i-ftw}em)@?sgﬂu{l Jhy';gB(;g(@Oz?Sz 4.96
2-[3-(6-jom q2g0ln Y5 ¥4 473" 2R, ), 2P54 BH, 3P L.MS M axd* Bz 420 (1= 1.99 min.).

Example 24

OH

Cl

15 (S)-2-{4-[2-(3-Chloro-phenyl)-1-hydroxymethyl-ethylamino}-2-o0xo-1,2-dihydro-
pyridin-3-yl}-7-methyl-3H-benzimidazole-5-carbonitrile: 'H NMR (400 MHz,
CD;0D) 6 7.86 (1H, s), 7.10 ~ 7.33 (6H, m), 6.12 (1H, d, J = 7.6 Hz), 4.01 — 4.05
(1H, m), 3.75 (2H, d, J = 4.9 Hz), 3.15 (1H, dd, J = 4.9, 13.5 Hz), 2.86 - 3.00 (1H,
m), 2.63 (3H, s). LCMS (M+H)* m/z 434 (t = 1.81 min.).
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" pyridi n-4-yl am no] - Nnapht hal en- 2-yl pt opi off

WMN 270 benzi m dazol -2-yl)-2- ""~ ~~ oxo-1, 2-di hydro-pyridi n4-yl am no] - et hyl
} hen 1)-urea -(+~-(2-Chloro-4-{ 1- LN~ p

hydroxy- 254 3548143 dazol -1-yl -4-nmethyl - "" " 1.41 (b) 562 gddyse/09402

1H benzi mdazol-2-yl) 2-oxo-1,2-di hydro- ""-~ pyridin-4-ylam no] ethyl
-phenyl)-carbam c acid isopropyl 1 ester ()-(2-Chloro-4-{ 1- LH~p NH
hydr oxy- 2- [ Exémple@dazol - 1-yl -4-nethyl - ""~ 1. 49 (b) 576

1H benzi m dazol - 2-yl) 272 2-oxo-1, 2-di hydro- ""~ pyridin-4-yl am' no] et hyl }

-phenyl)-carbam c acid isobut 1 asf droxy 2-[3-(6- Hp NH
i ni dazol - 1-yl - 4-met hyl 273 1H benzi Mi{y ~ ~1.36 (b) 520
2-0x0-1,2-dih dro- HO"N ~ , 122 /0 92 PCT/U802/09 ~02

m de (S)-3-Hydroxy-2-[3-(6- LN H
N NH i m dazol -1-yl -4-met hyl 1H benzim d -2-yl)- HH ,0 " 1,45 (b} 550

- 274 2-o0xo-1, 2-di hydro- HO-' , ~/ H~~N--""~~/] ~[\\ ~~,

pyridin-4-ylam no]-N(4- "' nethoxy-napht 8P 1) - propi onam de
(S)-Ethanesul fonic acid LN\ p {2-[3-(6-im eI-1 yl-4- ~ ~ H---(~~" ~yi

met hyl - 1H HH NHSO-CH, CH~ 1,47 275 benzi m dazol-2-yl)-2- r ~

oxo- 1, 2- di hydr o- pyridi n4-yl am noj - 1- phenyl eth 1} -amde ()-(2-Chloro-4-{
1- LN ~ HH hydr oxy-2-[3-(6 i m dazol - I-4rrethI-HNO—|123(b) S34
276 1H benzi(iﬂi'%ti‘l'b?( Byw}lo-‘#-nwthoxymlt?%l) QXQFONWF'BL'“"W] -2-0x0-1,2-

PS8 A 7RO et 50 oo
phenyl) - et hMHincm]orSys .86 (MH;3),7.15 29, (sb),)7 G EY, 7(@4 vmdamj m}, 645 4- "N
methyl-1 H ~ ~ o" benzi m dazol

(S)-4-[ 2- (5(&&5#;1 =8.5 Hy)," 6%4%%iy-')pﬁ@ﬁ§ﬁl4)93lﬂlp‘zm MSWG%%&)@& | ~ N
~ ~1.48 (b 1-yl-4-nmethyl- ~ ~ b"
1H benzi n‘i(d Z01" %‘2223? ﬁ-&qlﬁ pyr| %963}1%2% Jghkggﬁgi)(y 1y| ndanrr? ~KI

1-yl - et hyl am no) - 3- (6- \' NN |mdazol 1- yI 4-methyl- | ~ N~ ~ 1.42 (b)
467 279 1 H-benzoi m dazol -2-yl)- " 1 Hpyridin-2-one b" 123

10 Example 26
H
N
@[H\D

(%)-2-{4-[2-(3-Fluoro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-
3-yl}-7-methyl-3H-benzimidazole-5-carbonitrile: 'H NMR (400 MHz, CD;0D) &

15 7.70 (1H, s), 7.49 (1H, s), 7.22 — 7.32 (4H, m), 6.92 (1H, d, /= 8.9 Hz), 6.17 (1H, d, J
=7.2Hz),4.92 (1H,t,J = 6.3 Hz), 3.66 (2H, d, J = 5.9 Hz), 2.56 (3H, s). LCMS
(M+H)* m/z 404 (t = 1.65 min.).

Example 27

NH

o b

HO

2. _ZT

Br
20
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WO 02/ 079192 PCT/ US02/ 09~02 ()-4- [2-(3-Bronp-4- ~N " O net hyl - phenyl)-2
hydr oxy- et hyl am no]-3- H' OH 1.43 (b) 519 280 (6-i mdazol- | -yl-

met hyl - | w(gp%/h;p&ﬁazol 2-yl)-1 Hri di n-2-one 3- (6-1m dazol IJCM{JS@O%O? F .

met hyl - .54 (b) 450 benzi m dazol - 2- yI) 4-1 2-

H i ndol - 5- yI)ethyI am no] 1 Hpyridin 2-one p (S)-3-(5-Bromp-2- ~N " o

nmet hoxy- phenyl ) - [3- \ " NN6im'dazoI-I- 1-4- 1 ~ N~ ~1.09 b 563 ( Y ()
282 nethyl-1 H-

benzi mi dazo(+)22'§!4 1Z'QMO'POZIW‘MD&M@'}??‘Y'@FWA‘"}‘I%M" btstihyshogpyridige d

(S)- Pro anex | f oni 3- d t yI

~ HN "N s, lg'z Tf)t)hy E%E%"Bglﬂ%?lfhs[ g?"@n&r%ngéémo Mlﬁzzygjﬁdgjo pyri d| n
4-yl ani noj - ﬂmrzft@ﬂyk)etmzﬂe}n 9m de - (7590<I‘§bn ﬁf;h@m Zr}wi fran ¢ Hzhl 493 Mﬁl acs d
{2-[3-(6-imdazol - 1- yl - 4- et H' HN~50245(a)

572 284 benzi43 Hard. 4’Q= 91755(2Hom&121582(3ai ). W%Wﬁbﬁ)nmfl 464 (t = 2.00 min.).

" 4-ylam no] -1 -phenyleth 1 }-amde (S)-N-{2-[3-(6-Tm dazol- L

l1-yl-4-methyl-1H ~ ~ N~ ~o0o ~"' HN HHe, benzimdazol-2-yl)-2- ~ 1.34 (b)

644 oxo- 1, 2Fkaklé @8 pyri din 285

4yl am no] 1- phenyl et hyl } - 4nmet hanesul f onyl benzenesul f onam de 124 WO

02/ 079192 PCT/ US02/ 09~02 NC H NH

{S) N-{2-[3-(6-1m dazol 1-yl - 4- net hy H@ dazol -2-yl)-2- ~" H' NHSO=Ph
.60 (b) 566 286 o0x0-1, 2-di hydro- pyrifdi h 47y Qm no] - I - phenyl et hyl }

{

/

/

h

benzenesulfonam de (S)-2-{ 3-Hydroxy-2- [3 o (6-irnidazol-1-yl- ;o\
1.16 (b) 466 287 zoi m dazol -2-yl)-2- " .
\ o

NH nethyl-1 H | ~ N\
0x0-1, 2-di hydr o- pyri di n- " 4-ylam no] - | }- c¢" benzonitrile
(S)-4-( 1-Hydroxynethyl - ~1 " 0 2-o0-tolyl-ethylamno)-3- ~ " \ NN 1,33
{b) 455 (6-imdazol-1-yl- | ~ N\ / 288 nethyl-1 H "

benzi m dazol r

oy oo HBAousF 2){5))9%@?0;& Z%heﬂil étﬂkﬁ“ﬁ“‘g’)ﬂfl"g‘?ﬁﬁdﬁryaﬁﬁ’; ridfi- §§1 S07 289
bﬁﬂZl Im daﬁo:méthyi 3H41behzﬂmdazoteis-cahwlmnxr¢rrh{ NWIR 2400 MHZ)CD;0D) & 8. 04 (IH

phenyl - et ys?%nfgm s), 7.24 - 7.51 (6H, m), 6.22 (1H, d, J = 7.5 Hz), 5.00 (1H, m), 3.64 -

3.74 (2H, m), 2.60 (3H, s). LCMS (M+H)" m/z 386 (t = 1.65 min.).
15 Examples 29-35 were prepared from commercially or readily available diamines
which were prepared and condensed with 4-iodo-2-methoxy-pyridine-3-carbaldehyde

as described in Scheme III.

Example 29

20 OMe
(1)-4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino}-3-(4,5,6-trifluoro-

1H-benzimidazol-2-y1)-1H-pyridin-2-one: 'H NMR (500 MHz, CD;COCD3) &
13.26 (1H, broad s), 10.93 (1H, broad s), 10.27 (1H, broad s), 7.76 (1H, s), 7.54 -
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ridin-2-one (S)-4-[2-(2-Chloro-6- ~N " o fluoro-phenyl)-1- ~ ~ " NH h drox

meth 1- " "\ / yyy ~F"" 290 ethylamno]-3-(6- ~ 1.40 (a) 493
i mdazol -1-yl-4-methyl- / \ " 1 Hbenzimdazol-2-yl)1H rpe}0s@09ne
(S)-4-[2-"(9¥€‘-’7%i“gleuoro- "> " phenyl)-1- ~N o hydroxynet hyT- T~ H\ / 201

eth lamna -3- 6- ~FH 1.44 a 477 Y] ( , {) imdazol-1-yl-4-methyl- / \
off/l H-;)enzzjsm(gj]a,zml),%?yl.%;ng-(mi m)’nﬁaél' aikg d125 8.2%),@219)@%9?JE7.5 Ili)z) \
PCT/ US02/ 09~112 (S)-4-[1-hydroxymethyl- "N " o 2-(2- - phenyl ) - N NH
et hyl anmi no] 585 -0%(1H,'m)v33§7((3‘292),?-ﬂﬂda@z?ﬁ CLH. ). z&sre“tn£§§]8ﬁ¥'“%1.52 (f) 471
1H benzi m dazol -2-yl)- ~\ " 1H ridin-2-one oMa (S)-4-[2-(2,6-D fl uoro-
<\"1 H o phenyl)-1- vN N NH hydroxynet hyl 293 ethylam no]-3-(6- F HN 1.42
" (a) 477 im Gxapipld3y! - 4-nmethyl- ~ ~ off 1

H-benzi t ni dazol -2-yl ) 1H-pyridi n-2-one (S)-4-[2-(2,6-Dichloro- "1 Ho
phenyl)-1- N N NH hydroxynet hyl 204 egth§l akimo]-3-(6- c'"" 1.42 (a) 509

" imdazol-1-yl-4-nethyl- ~ ~ off 1 gnz dazol - 2-yl )1 H pyridin-2-one
(S)-4-[1-Hydroxynethyl- "H" o 2-(2-friflu met hoxy- I \' N NH hen 1)-eth

lanino]-3- ' " ~pyy HN 295 (6-imeazol ™-yl-4- ''- 1.48 (a) 525 methyl-1
H ! ~ o" benzimdazol-2-yl)-1 H ocF, ixpdin-2-one (S)-N-{
2-(3-(6-Imdazol- ~H" 1-yl-4-meth yl-1 H zi mdazol -2-yl)-2- ~" "N, 296
axo-1, 2-di hydro-pyridin- i ~~ 1.31 (a) 51 CH~ 4-yl am no] - 3- phenyl

propyl } nethanesul fonam de (S)-2-{4-[2-(2- Qro- NC N O NH phenyl)-1- ~ ~
, hydroxynmethyl- ~ " MW\ ~ 1 80 (b) 434 ethyl am no] - 2- oxo-1, 2 297
di hydro-pyridin-3-yl}-7- ~ ~ off nmethyl-3 H c¢, benzi m dazol e-5carbonitrile

501 ot byl amithb#-L2-ChBromost-magaeohgreha Rydtaprethuiaimtnol3- (e brome- 15
WO 02/ 079197 PETl Me08d 025221 H-pyridin-2-one: 'H NMR (500 MHz, CD;COCD3) 8
13.18 (1H, broad s), 11.18 (1H, broad s), 10.20 (1H, broad s), 7.92 (1H, s), 7.78 (1H,
10 s),7.52—7.55 (3H, m), 7.03 (1H, d, J = 8.5 Hz), 6.28 (1H, d, J = 7.4 Hz), 5.06 - 5.08
(1H, m), 3.86 (3H, s), 3.73 — 3.77 (1H, m), 3.66 ~3.70 (1H, m).

Example 31

Br

OMe
15
(1)-4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino}-3-(5,6-dichloro-

1H-benzimidazol-2-yl)-1H-pyridin-2-one: 'H NMR (500 MHz, CD3COCD3) § 7.79

(3H, m), 7.53 (1H, dd, J = 2.0, 8.4 Hz), 7.41 - 7.44 (1H, m), 7.08 (1H, d, J = 8.4 Hz),

6.29 (1H, d, J = 7.5 Hz), 5.05 - 5.08 (1H, m), 3.89 (3H, s), 3.74 - 3.78 (1H, m), 3.70
20 -3.72(lH, m).
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benzi nudazol e- 5carbonitrile ~)-2-[4-(1- ' NC H O NH Hydroxynethyl-2- | %N
\ pyridin-4-yl- NHN 1.16 (b) 401 ethyl am no)-2-o0xo-1,2 299

di hydr o- idin-3-yl]-7- N~~off rrethyl 3H benzi m dazol rile H
(~-2-[4- 8%599@1% Hydroxynmethyl -2- | ~ N~ ~ 1.73 (b) 402"%5‘?‘4?%&2%0&2 yl - HN
300 et hyl am no)-2-o0xo0-1,2- | ~ ~~ off di hydr o- pyri di n-3-yl]-7nmet hyl - 3H
benzi m dazoEgaﬁp[ymnitri le S 24 2 NCN O NH Benzo[ b] t hi ophen-3-yl - ~ ~

1- hydroxynethyl- ~ " HN ~ 184 (b) 456 ethyl am no) - 2-oxo- 1,2 301

di hydro-pyridin-3-yl]-7- S ~ ~o : h daenzi m dazol e- 5carbonitrile

7- Met hyl - 2-{2-0x0-4- No ~ ~ w < 2pyl rrethyl) ~~N~/ 1.30 (b)
357 amno -1 2-dih dro-~HNN302 r|d|n3yl

* -3Hbenzi m dazol e-5carbonitrile ()-2-{4- ( (3- Bromno- 4- No N NH

met hoxy- phenyl ) -2 hydr oxy- et hyl am no] -&—<~i HN OH 1.74 (d) 514 303

0x0-1, 2-di hydro-pyridin 3-yl}-7-chloro-3 zi m dazol e-5- 0"" carbonitrile
" ()-2-{4-[2-(3-Chloro- N ~i phenyl)-2-hydr &t hyl am no] - 2- oxo-1,2- Cl HN
OH 1,79 (d) 440 304 di hydro-pyridin-3-yl }-7

chl or o- 3Hbenzi m dazol e-5carbonitrile 127 WO 02/ 079192 PCT/ US02/ 09~02

4 L2 ey AR oo > ©
chl oro- 3£4be ghmlﬂmkee"}?ﬁl@il@?mdMHzerlC@Cfﬁ)82*803‘1@2@64'51‘7 69 (2, N,

phenyl ) -2- hydroxy 306 ethyl am no] - 2- oxo-1, 2- 478
di hydr o- pyr 7diOr(4B; §) }= 7.7z, aéﬁaﬂe@@ﬁ 8 BélﬁlfsrtcéFtS’@%\HtZ) |7LL97(7-7-2 {

4-12-(3-Broggs 40 BN (N FEYO%: BNSYE 14 H, m), 5.13 (1H, dd, 7= 4.5, 7.2 Hz),

3.82 (1H, dd, J=4.5,13.6 Hz), 3.71 (1H, dd, J = 7.2, 13.6 Hz).

L4

\ N

10  Example 33

3-(1H-Benzimidazol-2-yl)-4-[(pyridin-2-ylmethyl)-amino]-1H-pyridin-2-one: 'H
NMR (500 MHz, CD3;COCDs) & 8.96 — 8.98 (1H, m), 8.46 — 8.49 (1H, m), 8.03 (1H,

15 d,J=8.0Hz),7.93(1H,t,J=6.4 Hz), 7.69 - 7.73 (2H, m), 7.53 (1H, d, J = 7.5 Hz),
7.28 —-7.32 (2H, s), 6.34 (1H, d, J = 7.5 Hz), 5.29 (2H, m).

Example 34

20
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hydr oxy-et hyl am no]-2- HN OH 1.76 (d) 508 307 oxo-1, 2-di hydro-pyridin 3-yl
}-7-ethyl -3H benzi m dazol e-5- oM carbonitrile ()-2-{4-[2-(3-Chloro- N \ N
NH phenyl droxy 308 et hyl am no]-2-ox0-1,2- HN OH 1.

di hydr o- ?9%{1’{?1%‘ yl }-7 et hyl - 34 benzi mi dazol e5- car boni tBP?f/ggMﬂﬁﬂn
()-(2-Chloro-4-{2-[3- "~~H o NH (6-cyano-4-nethyl-1 H benzi m dazol - 2-yl)-2-
H' ~H 1. 93 ($)-3508-E2imidazdl- f.y[j1ﬁmdﬂﬁ}rlaxyindmyldmhenynewm:no] 1H- hydroxy-
""~ ethyl } -phenyl)- cfarbamc acid isobut 1 ester ~S)- 3/ 1- NC N
0 NH hydr oxyyidinR-ome: HNM;K(DSQShMWL CE@G@C{M §8)672—769 (21\1 m), ¥ 1755 414

oxo-1, 2-di h yrj.di H z C |
(S)-7- Brorm)(gl[[[’ﬁ‘? 1§'1¢{I—ﬁﬂl K i]ba 4)3@ ?@kﬂ;rﬂ%% 38?[(%?’?11% g(r?‘lﬁnog_ll
"\ / 1.91 (b)d4p4 s, Y3‘ﬂ$£;l3ewtﬁ,,é’d dizg/dr i@ pye)j.di n- B H
3-yl]-3H benzimdazoie- ~ ~ " 5-carbonitrile @8 WD 02/079192 PCT/ U
S02/ U9- 462 (S) 4 ( 1- Hydroxyrret hyl- ~ ~ H o 2-phenyl -ethylam no)-3- N\ N
" NH 4-neth 1- mg% ~" ~~1.08 (f) 473 [ Y ( Y 312

pi per azi n-1- pJ! n2|mdazol 2-yl]-1H ~ \ " ridin-2-one
(S)-4-(1-Hydroxyrrethy| ~ 1" 2-phenyk- h,yI amno)-3- ~ ~H~i" 1.29 {k)
515 [4-met hyl -6-(4-n-butyl- " 313 ‘m@ /1 yl)-1H ~ ~ "
benzi m dazol -2-yl]-1 H ridin-2-one W3- [4-(2-Hydroxy- "~~" \ h~ NH
et hyl ) - pi perazin-1-yl]- 4rrethy| 1 H " ')“ .62 (k) 503 314
benzi m dazol - 2-yl }-4-(1- ~ ~
hydr oxynet hyl - 2- phenyl et hyl am no) 1H pyr| Q2- one

(S)-3-[6-(4-Cycl ohexyl pi perazin-1-yl)-4- yP- ~~" p H' 1.34 (f) 541 315
1H benzi m dazol -2-yl]- ~ ~ N~ i 4-( 1-h ydraxynet hyl - "

phenyl - et hyI amno)-1H ~ ~ ~" ridin-2-o0ne (S)-3-[6-(4-benzy| - ~~~"H NH
pi perazin-1-yl)-4-nmethyl- i %N ~ i 1H benzim dazol-2-yl]- ";) 1.93 (f) 549

316 4_( 1 m‘f&‘&-ﬁ-@@% d&mrz )4 -F’ﬁ?1Wdrﬁé—hyrh@moﬂﬁ)phénﬂ')Jﬂfﬂrgxﬁ-ne (S)_4_

} 2[4 (1 N NH phenyl-et hyl am'no)-2- ~ ~
N~1i |.16 (efthyléﬂﬂnqw-iay&dm-hwfeo-}pwm|(500 MHZB(EDﬂOﬂI}g)_BJrﬁ&(hyII SISH- |~
benzi m dazol - era2| ne- 1- car boxylic acid ar’g ~-3-[6- & PhO~8~N~
68%/2H s)7 —7.55(2H, m), 7.21 - 7.24 (2H, m), 7.06 (1H, d, J = 84H)644
(1H, d, J = 7.5 Hz), 5.08 (1H, dd, J = 4.6, 7.2 Hz), 3.87 (3H, s), 3.79 (1H, dd, J = 4.6,

13.4 Hz), 3.71 (1H, dd, J = 7.2, 13.4 Hz).
15  Examples 36 - 43 were prepared according to Scheme V.

Example 36 (General procedure for examples 36-43)

)\u*'ﬂ Q

Yoty

20
(S)-4-{2-[4-(1-Hydroxymethyl-2-phenyl-ethylamino)-2-oxo-1,2-dihydro-pyridin-
3-yl]-7-methyl-3H-benzimidazol-5-yl}-piperazine-1-carboxylic acid
isopropylamide: To a solution of (5)-4-(1-hydroxymethyl-2-phenyl-ethylamino)-3-
(4-methyl-6-piperazin- 1-yl-1H-benzimidazol-2-yl)- IH-pyridin-2-one (30 mg, 0.063
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O Benzenesul fonyl piperazin-1- 1 -4-meth 1- ~H "~ 2.30 (k) 599 PP Y) Y 318
1 H benzi mdazol -2-yl]- i ~ O 4-( 1-hydroxynethyl-2 phenyl-ethylam no)-1

i din- 240 WD 02/ 079192 PCT/ 11502/ 09. t (12 (S)-4-(;, nethy
MbOS. ‘gﬁﬁfﬁ%i{%yl amino)-3- ~" 319 [6-(4-net hanesul fonyICJT/b%%W

(k) 537 pi perazin-1-yl)-4-nethyl- " 1 H benzim dazol-2-yl]1 H ridin- 2 one

()-4-12-(3- Ay i@-metthol (2-m. Mﬂslﬁb@ﬂyké Y te32Qrops). The reactlon
et hyl am no] - 3 d(wﬂfl nmet hyl -( 1.90 t~pr4 9 53?ﬁéleram np l1-yl-1 H

benzi m dazomixtung| Wasistiped dt 1’0021 t@me(a)urafc[r;& 1@31- n@ﬁf@dum“awwgﬁsydugr hydr oxy-

i perasi n- 1D e YRR P LG iy o hietoaiga 4% 897 8R) T V!
() - 4-[2- (3- Quere AUy togoby@mos@mnyﬂqmmmmmpb 13- (ﬁﬁ §4=78 ~ ~H-~

~" 2.06 (k) 549 322 (2, 2-di met hyl - propyl) ON erazin- 1l9/ ]- 4rrethy|1
H benzi n§ dade), 401yt 403 THH, m),$i 92 @uotes, (=}64‘>If172)s SOGﬂidnbﬁ'/eﬁ(l dd,J

R cicf‘%g P ot ¥ -3 U a5 AR S b8 g =

Hri di n-2-ong ¢ )341&3 i@rgzl%w ='8.0;"13:9 Hz)02 ST es)yl. )9 26Hy&irﬁﬁ<6‘8 Hz)~ ~ i
et hyl am no] - 3-[ 6- k) 5p7 324 et hyI pi perazin-1-yl)-4

met hyl - 1 beﬁMSﬁMaH&)Imﬁ-%ﬂ(lleﬂmmﬂ-z one ()-4-[2-(3-Chloro- ~~"1 ~ ~ " ~
i phenyl)-2-hydroxy- ~" ethylamno]-3-{6-[4-(2- ""~ 1.82 (k) 524 325

hydr oxy- et hyl ) piperazin-1-yl ]-4-nethyl 1H benzi m dazol -2-yl } 1 H
ridin-2q@neEismple 30 02/ 079192 PCT/US02/09.102 (+)-[4-(2-{4-[2-(3- ~-~~~~N
\ H-_ Chl oro-pﬁenyl) 2- "~ N~~~ -°~

N N
" K/N R NH
(;EN/ C
HN

OH

(S)-4-{2-[4-(1-Hydroxymethyl-2-phenyl-ethylamino)-2-oxo-1,2-dihydro-pyridin-3-yl}-
7-methyl-3H-benzimidazol-5-yl}-piperazine-1-carboxylic acid ethylamide: 'H NMR

15 (400 MHz, CD;0D) & 7.55 (1H, s), 7.12 - 7.28 (7H, m), 6.12 (1H, d, J = 7.8 Hz), 4.01 -
4.05 (1H, m), 3.62 — 3.81 (10H, m), 3.24 (2H, q, /= 7.2 Hz), 3.08 (1H, dd, /= 5.6, 13.7
Hz), 2.91 (1H, dd, J = 8.0, 13.7 Hz), 2.65 (3H, s), 1.14 (3H, t, J = 7.2 Hz). LCMS (M+H)"
m/z 531 (t = 1.93 min.).

20 Example 38

OH
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hydr oxy- et hyl am no]-2- HN ON 2,03 (k) 565 oxo-1, 2-di hydro-pyridin 326
3-yl} 7 rre hyl - 3Hbenzoi nudazol - 5-yl ) pi perazin-1-yl]-acetic acid eth 1 ester

()-4- h,,l orophenyl ) - 2- hydr oxyet hyl ani no] - 3- { 6- [Aﬁgﬁ N, q ~
NN 1. 84 ( 023@‘@1%227 di et hyl ai ni no- 2, 2 di et hyl - propyl) 85_?2/093%
pi perazin-1-yl]-4-nethyl- ~ ~ 1H ben20| m dazol -2-yl } 1 H ridin-2-one

()-4-[2-(3- @‘d&gﬂﬂydrﬁxﬁn myl p&sﬁ&yyl)etﬂ mmmxym lneth)lil-6~[4-(13ﬂ8enyl-
et hyl am no] - 3- ( 19(a 480 rpholin-4-y H
ben2| i dazomeghaynqymplnewzm-z-yéhw(l)enmngawJavléﬂéf pwﬂm-aweﬁyTg a solyyien gky -

6 ;DII’\IDEO; i n%‘§ fkpﬁyﬁwﬁgﬁépﬂ hem% g%l afﬂl#))? di nw%)'r%ﬁ%éuﬂ %l (]% Br ono- 4-

"~ NH net h@&ﬂnﬂﬁtﬁﬂ&l'—)-y@ 1H- pymh'nﬂ d)ne3@0 nfg{drﬂéxynmblbyﬂ meihaadl (3-m]|:]\b/£§-hdﬂ;ad6
(a) 554 (4-nethyl - holin 4-yl-1 H benzi m dazol - 1) 1H ridin-2- é)ne
OVb - - ~3%1- hepzyt chlomiﬂ 8rc150p) Eih@fﬁapt)onzmw'érﬁméﬁlw@ﬁﬁ BN 80q goncentrated. _ 337

‘ thyl -6-[4-(tetrahyd N 9 - 1
e bonzoi m dAvsre SRy by bk HEL NS i RS B ff s ey b

phenyl) - 2- h\aVIRX%0GMIYZ, @ij)s%}m (44 (SH in),37. 32 (liHyishlavz1d - zzysl(vrnumymos ~

"~ 1.19 (t7 559 piperazin-l-yl)-4-methyl 1H benzi m dazol -2-yl]1

i di n-2-one 1844, W0ﬂ®m1%24%1(5@8012l33@6 (L](H} ddy J 4 B-10 3 ) 3166'(”5 dd.J 5

phenyl ) -2-h t.h 0 -

6- (4- propyl %g{ Sﬁa‘? )hgfﬁnqﬁ 111&%1634((1@3@@'}]-? l&l igzlfér?gazgld 18[911E|-7
ridin-2-j9ne Hz); 261 BH,3). @tﬂmswm)rm/pbemlgz29hmnoxy- ~~ . G NN

et hyl am no] - 3- (4- ~"~~ ~ NN ON 334 nethyl-6-[4-(1-methyl- , ~ ~ 1.08 (~ 576
pi peridi n-4-yl)-pi perazin 1 yl]-1H benzi m dazol 2- 1 -1H ridin-2-one

(+)-4-[2- (3 9'&? %;1~~~1 ~ a~N phenyl) - 2- hydroxy ethyl anmino]-3-{ 6-(4-(2-
HN 335 hydroxy-&thyl)- ~ ~ ~ 1.79 (f) 567 piperazin-1-yl]-4-methyl 1

H benzi m dazol - 2-yl } 1H ridin- 2/cb\ne ()-4-12-(3-Bronmo- ""~ ~p NH
phenyl ) -2-hydroxy- ~ ~ N ~ i 0

OH

15  (S)-4-(1-Hydroxymethyl-2-phenyl-ethylamino)-3-[6-(4-isopropyl-piperazin-1-yl)-4-
methyl-1H-benzimidazol-2-yl]-1H-pyridin-2-one: To a solution of (5)-4-(1-
hydroxymethyl-2-phenyl-ethylamino)-3-(4-methyl-6-piperazin-1-yl-1H-benzimidazol-2-
yl)-1H-pyridin-2-one (25 mg, 0.054 mmol) in methanol (0.5 mL) was added acetone (0.25
mL) and 1 M THF solution of NaCNBHj (0.2 mL). The reaction mixture was stirred at

20 room temperature for 1 h and concentrated in vacuo. The residue was purified by prep.
HPLC to yield the title compound (12 mg, 44%). "H NMR (400 MHz, CD;0D) 8 7.10 -
7.24 (6H, m), 7.08 (1H, s), 7.06 (1H, s), 6.06 (1H, d, J = 7.9 Hz), 3.58 - 4.01 (10H, m),
3.34 (1H, m), 3.14 (1H, m), 2.98 (1H, dd, J = 5.9, 13.7 Hz), 2.83 (1H, dd, /= 7.9, 13.7
Hz), 2.60 (3H, s), 1.44 (6H, d, J = 6.7 Hz). LCMS (M+H)" m/z 501 (t = 1.80 min.).

25
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336 ethylam no]-3-(4-nethyl- HH OH 1.83 523 6-piperazin-1-yl-1H i ~ ar
benzi m dazol-2- 1 -1HY) ridin-2-one {)-4-[2-(3-Bronmo-4- H-H H O N NH

met hoxy-phenyl)-2- ~ ~ N ~ i 337 hydroxy-ethylam no] - 3- 0b/0642553
(4- met hy|‘Y§9%{”|)o’éfzazi n-1 ~Br yl-1 H benzinidazol-2 ONe 1)-1 %%i din-2-one _
(+~-3-[6-(4-Acetyl- ~IN~ O piperazin-1-yl)-4-methyl- L.N\ NN ~i 338

1H-benzi m dgxgmple40 ] - H 1. 90 565 HN COH 4-[ 2- ( 3- brono- phenyl) -2

hydr oxy- et hyl am no] 1H ridin-2-one (~.)-3-(6-Amno-5- HZN ~ N O NH net hyl -1
H 339 benzi m dazol -2-yl)-4-[ 2- @"&/ 1 (j)y 484 (3-brono-phenyl)-2

hydr oxy- et hyl ammmo] 1H ridi n-2-o0n 32N 210 2 PCT/ US02/ 09-4112
()-4-12-(3-Chloro- CN ~ N NH phenyl)-2-h y ~ N~ i 340

* ethylami no]-3-(6- HN OH 1.86 (~ 447 pyrazol-1-yN-1 H benzi m dazol -2-yl)-1
Hri di n-2-one ()-3-(6-Am no-4- HoN N O NH net hyl -/ H, HN of f 1.51 410 341
benzi m dazol - 2-yl )-4-[2 (3-chl oro-phenyl)-2hydr -et hyl am no] 1H
"ridin-2-one ~+)-4-[2-(3-Chloro- ~" H phenyl)-2 roxy- \ NI ~ N~ i 342
ethylam no]-3-(6- HH OH 2.04 (~ 448 [ 1,2,3]triazol-1-yl-1H benzi m dazol - 2-
1 -1HY) _ pyradin-2-one ()_N(2_{ 4.[2_(3_ HH o N NH Chl oro-Phenyl)-2 HN
OH 1.62 452 hydroxy-ethylarnno] -2 343 oxo-1, 2-di hydr o- p[yri din- i ~~ 3-yl
} - 7- et hyl - $9)-btertd-Beneyl qlipgaging e ph-dnmathy|-1 Hebenzmmidazol2-yhidtls- H-N a ~ H

NH phenyl) - 2- hydr ox t hyl am - 2- < L2 5 HN= 1

ai hydr o: By raft eyl pEb I ANARlas By dp e b ARk b Mz, cs0D)

()-1-(2-{4-[52r.43= %bgén; ) 77040 4,27 (TH, tny-6:00 @Beay 728 Hyumey2H, s), 3.97 -

et hyl am no] - 2-oxo-1,2- HH oN 1.64 (fj 48l 345 di hydro- [ZI)—YI’I di n-3-l\\/4l d;?
4.00 (1H, m), 3.34 - 3.77 (2H, m), 2.82 - 3.04 (10H, m), 2.58 (3H, 5). LCMS (M+H)" m/z

549 (t = 1.93 min.).

10 Example 41

Cl

(+)-3-[6-(4-Acetyl-piperazine-1-yl)-4-methyl-1H-benzimidazol-2-yl]-4-[2-(3-chloro-
phenyl)-2-hydroxy-ethylamino]-1H-pyridin-2-one: 'H NMR (400 MHz, CD;0D) 8 7.50

15 (1H,s), 7.25-7.49 (5H, m), 7.20 (1H, 5), 6.25 (1H, d, J= 8.0 Hz), 4.94 (1H, dd, J=4.6,
7.1 Hz), 3.88 - 3.92 (4H, m), 3.50 - 3.65 (6H, m), 2.62 (3H, 5), 2.20 (3H, 5). LCMS
(M+H)" m/z 521 (t = 2.13 min.).
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met hyl - 3Hbenzi m dazol -5-yl)-3eth 1-urea ()-1-(2-{4-[2-(3-Chloro- ~ ~ ~ G-H

phenyl) - 2- hydroxy HH OH et hyl am no] - 2-oxo0-1,2- ~ 1.71 (~ 495 346

di hydr o- i din-3-yl}-7 nethyl -3Hoenzi nudazol - 5-yl)-3i so 133 WO

Y N L (S)-4- (1- Hydr oxynet hyl - ~N-N | J*“S”ﬂ's‘”"%

2- phenyl - et hyl am no)-3- ~J [4-nmethyl-6-(2- "% 1. 05 {~ 503 347

mor phol i n- 4g¥hmple 42 ~" et hyl am no}-1 Hbenzi m dazol - 2-yl ] - 1Hri di n- 2- one

()-4-12-(3- BronD F Ho N NH phenyl)-2-hydroxy- F ~~H~/ 1.76 (d) 479 HN

OH 348 ethyl arruno]-3-(4,5,6 tr|fW rlo- 1Hbgnz| m dazol - 2-yl )-1H ~ ~ sr

pyridi n-2-one 4-[(Pyridin-2-ylneth m no]-3-(4,5,6- ~ ~, ~ ~

1.36 (d) 372 trifluoro-1 H F N 349 b\ggjiz -2-yl)-1H F HN

prrldln 2-one (S)-4-(1-Hydroxynet hyl H Zm henyl - et hyl am no)-3- ~ N NH
.73 (d) 415 (4,5,6-trifluoro-1 H 350 benzjmdazol -2-yl)-1H F HN

pyr|d|n 2-one /| ~OH 3-(4,6-D bronmo-1H Br ~ NH benzi m dazol - 2-yl)-4- ~

"~ , ~ ~1.66 (d) 474 351 [(pyridin-2-ylnethyl “¢IBr HN Nam no] - |

H pyridin-2-one ()-4-[2-(3-Bronb- ar N HH phenyl)-2-hydroxy- ~ ~ " ~ ~

1.95 (d) 581 352 ethylanino] 3-(4,6- B, HN OH di brono-1

Hobenzi m dazal - ¥ Hridi n-2-one (S) r ono- 14

benzi mi dazol(p4y fg Mqro-mwyn ~Rhydroxy- e{'&l’}'“%‘i’?"?@)@ﬂ' BB‘?MWP‘"?Z'“' M i
phenyl - eghyl am A0)a A2 1§ - R pPiald dne: ARMR @@ MH3¢D,0D) §7.47 (1H, 5), 7.25

- 7.38 (4H, m), 7.07 (2H, s), 6.25 (1H, 4, J = 7.6 Hz), 4.90 (1H, m), 3.42 - 3.66 (10 H, m),
2.59 (3H, s). LCMS (M+H)" m/z 479 (t = 1.90 min.).

Example 43

e

cl

10

(£)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[6-(4-isopropyl-piperazine-
1-yl)-4-methyl-1H-benzimidazol-2-yl]-1H-pyridin-2-one: 'H NMR (400 MHz,
CD;0D) & 7.47 (1H, s), 7.25 - 7.38 (4H, m), 7.06 (2H, s), 6.26 (1H, d, J = 7.6 Hz),

15 4.91-4.93 (1H, m), 3.89 - 3.92 (2H, m), 3.51 - 3.64 (5H, m), 3.31 - 3.37 (2H, m),
3.09 - 3.30 (2H, m), 2.59 (3H, s), 1.44 (6H, d, J = 6.6 Hz). LCMS (M+H)" m/z 521 (t
= 1.95 min.).

Example 44

z\ zI
Z%/%

Sty

O
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WD 02/ 079192 PCT/ US02109~02 ()-4-[2-(3- Bromo- ~~ ~ ~ O NH

S'heﬂlyl ) - 2- hydr oxy- ~~ ~ {j N~1i .85 (d) 493 ethyl anuno]-3-(5,6- HN OH 354
i chl oro- Sob o Penzi m dazol - 2y|) 1 Hridin-2-one 3-(5, | 1H C
~NO NH‘éggz’B%ﬁ’zfm dazol -2-yl)-4- cl | ~ N~ ~ 1.48 (d) g@’%m@m

[(pyridin-2-ylmethyl}- HN N am no] - 1H pyri di n-2-one \ /

(S)-3-(5, 6- (S)C@tpﬂfydi(bkymethﬂ 2-phoaylréthiganiin®-3+(G-indidazel-1-y}-4-methyl- TH82 (d)

429 hydroxynethyl -2- ¢, N 3S6 phenyl -ethylanm no)-1 H HN pyridin-2-one ~\

aH ()-3-(4, bewsldazebmlb?'MWmfdlwrmt hyl-1 H N 357

benzi m dazol -2-yl)-4-[2- cF, HN OH 1.56 (b) 561 (3-brono-phenyl)-2

hydr oxy- et hyl am no]1 H ridin-2-one 3-(4,6-Bis- F3C N O NH

' 'It\l { |( fl uogI orre‘gS‘l)y? {G.H-#klinrs (6Fimrdakol3By(-b-)neﬂtEﬁl -BH$eneinridaza 2zpl)-p@rigiflindd- N HN
pyridin-2-yl met ~F' am ridin-2-one (S)-3-(4,6.Bis; p3C N

@ NH trifl ud}wph%nhfnﬂ PRORAN - ﬂ'!aifa@ SQP‘E}/PP 0/&2((% JICNgL‘)'nyi‘Sé?‘?ﬂ;)'@rg? 359

ydr oxynet h Q3 H mg

()-3-(4, 6- o idazol Py -G eRTY- Pﬁ{éﬁ}g@?ﬂew ﬂjgrog?]?}”?ngldéﬁéérgﬁﬁf’f OMEL o

HN OH 1.51 @) a8@H (XSO)QSarmnomplibnuhDMm}Olm%mgl922411131@11) @n@f@teﬁwlaxmnno] 1

Hpyridin- oMe 2-one ()-4-[2-(3-Bro 2- hyd 361
et hyl ani no] (%56@-)6751‘%{?“@0“‘(9“‘ r@’?"‘fr@ﬁtegb‘jsgé\lf%“thr F‘?qq?fg%d)ﬁﬁ hyIy r1O)IE|y

b d
32 (4 Ot or o treiegofd ekt Il w2 RRDrGabt YR Sl B0 560

benzi mi dazoheRtsydp wihout ptrNuh{u(opyLCMS\(MHgl) rratzmﬁl))(tamlﬂajlm:l) H pyri di n- 2- one
(S)-3-(4-Chloro-6- F3C N o NH trifluoromethyl - ~ ~
benzi m dazol -2-yl)-4-(1- ~" ~ ~ 1.51 (b) 463 363 hydroxynet hyl -2- C~ HN

me%'t hgwy:o r(‘f-l{)izh'ﬁxyméthﬁ _b-phéh{ ity BnfiRG)-6-X6-AnidazbB1 B1-afRethyl-FH= ~ ~ O
benznmldazol 2-yl)-3H-pyrimidin-4-one: To a solution of (S)-2-[6-chloro-5-(6-
imidazol- 1-yl-4-methyl-1H-benzimidazol-2-yl)-pyrimidin-4-ylamino]-3-phenyl-

15  propan-1-ol in 4 N HCI (0.5 mL) and acetic acid (0.5 mL) was added two drops of
water. The reaction mixture was heated to 100°C for 8 h, cooled to room temperature,
and neutralized with ammonia in methanol. After concentration, the residue was
purified by prep. HPLC to yield the title compound (26 mg, 37% for two steps). 'H
NMR (400 MHz, CD;0D) 8 9.41 (1H, narrow t, J = 1.5 Hz), 8.06 (1H, narrow dd, J =

20 1.6, 1.9 Hz), 7.93 91H, s), 7.77 (1H, narrow dd, J = 1.6, 1.8 Hz), 7.73 (1H, narrow d,
J=19Hz),7.11 -7.21 (6H, m), 4.70 — 4.74 (1H, m), 3.74 (2H, d, J = 4.7 Hz), 3.11
(1H, dd, J = 6.1, 13.5 Hz), 3.00 (1H, dd, J = 7.8, 13.5 Hz), 2.70 (3H, s). LCMS
(M+H)" m/z 442 (t = 2.17 min.).

25  Examples 45 - 383 were prepared according to the general methods described
above (Scheme III)

L.CMS conditions:
a) YMC C18 S5 4.6 x 50 mm; 0 — 100% gradient over 4 min*; 4 mL/min flow rate
30 b)) YMC ODS-A C18 S7 3.0 x 50 mm; 0 — 100% gradient over 2 min*; 5 mL/min
flow rate

¢) YMC C18 S5 4.5 x 50 mm; O - 100% gradient over 8 min*; 2.5 mL/min flow rate
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hydr oxy-ethyl am no]-3- C HN OH 1.50 (b) 557 364 (4-chloro-6- /
trifluoronethyl-1 H benzimdazol-2-yl}-1 H oM ridin-2-one

()-4-[ 2- ~ N O HH phenyl) - 2- hydroxy- F~~ | ~ N Pcvr/gs(ﬁ;z,giolg) 493
365 et hy@%ﬁ%wg (5- HH OH trifluoromethyl-1 Hoenzirrudazol -2-yl)-
Hridin-2-one 4-[(Pyridin-2-ylnmethyl)- ~ N O NH am no] -3-{5- | ~~~~1.16

(b) 386 366d} rYMICLOIDEEBION 5Aitm; re@cmomgrmimmrrﬁ wiw¥o B ndl-/pliy flow rate

Hpyri di n- 2- one ( 1- math henyl -.e m no ,
~~ 1.4 (by 4\%(}@%%%{% il M%@@%‘éé’g ﬁﬁ‘}ff tl%@ @H“j 1
HN pyridin-2-qpg ~ ~/ off ()-4-[2-(3-Bromp-4- ~ N O NH
nmet hoxy- phenyl) - 2hydr oxy-et hyl am no]-3- HN OH 1. 38 (b) 523 368
" (5-trifl uor GMRBSHPRIMBSPEIEREYCHARA 6l % 30 pin);-01- HQGH igradiant dvayrdemotit 5
()-4-[2-(3-Bronp- O NH phenyl)-2-hydroxy- F 1 ~ N~ i 369
et hyl ami HoJ- 3- fP’s’f?lPﬁEWbratQ\lN OH 1.10 (b) 509 6-im dazol - 1-yl - 1H
benzi m dazoly 2yne st 30 x 50 nmpcpzw«aaﬂg%@n%bmm) 9.rAl0PYobckati 2- one
3-(5-Fl uoro |mdaz -yl -1H benzi m dazol - 2- 3 (b)
402 370 yl) h- ‘{{WOD&A(ZBWMHMOMnmyOﬁéOQ%IaraChthUFLZ_HHP*~51‘rﬂ~4ml<m n 2- one
(S)-3-(5- Fluozt? - NL H imdazol-1-yl-1 H ~ N\ N NH 1.04 (b) 445
benzi mi dazol - 2S¥¥&%- ( | 371 hydroxynet hyl - 2- HN phenyl - et hyl ani no) - 1H ~
~ of f pyridin- ?N@@ds)A%lls?SX%ﬁrWo 100Hgradiedtvsy t s einy] 9 me/mn | ~ N ~
i hydroxy- ethyl amno]-3- F HN OH 1. 05 (b) 539 372 (5-fluoro-6-imdazol -
yl -1 H-Benzi midewedte?2 yl)-1 H pyridin-2-one ~"" ()-3-(4-Brono-6- F ca-~N

o e R D it L T 57

3 ~ N NH triflllafgorrethyl 1 H 374 benzi m dazol -2-yl)-4-[2- B, HN OH 1 95 (d)
527 (3-chl oro Qhen )-2 h droxx6et hyl am noJ1 H ridin-

MC Pro-ODS C18 S5 4.6x33 inm; 0 - 100% gradlent over mmg 4 mL/min
flow rate

15 1) YMC ODS-A C18 87 3.0 x 50 mm; 0 — 100% gradient over 4 min*; 4 mL/min
flow rate

* Gradient begin with 10% methanoi/90% water (0.1% TFA) and end with 90%
methanol/10% water (0.1% TFA)

Example # Name structure T (min.) | Mass (M+H)"
m/z
4-(2-Fluoro- ol
benzylamino)-3-(6- Q,?_g\t/)
45 imidazol-1-yl-4-methyl- " 1.43 (1) 415
1H-benzimidazol-2-yl)- .
1H-pyridin-2-one
4-(3,4-Dimethoxy- S
benzylamino)-3-(6- Q%@
imidazol-1-yl-4-methyl- HN
46 1H-benzimidazol-2-yl)- 1.37(1) 457
1H-pyridin-2-one PaW
3-(6-Imidazol-1yl-4- U= "
methyl-1H- Q\/(;U%\L_) 2.17 (a) 398
47 benzimidazol-2-yl)-4-

[(pyridin-2-yimethyl)- Cg
W

amino]-1H-pyridin-2-one
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()-4-[2-(3-Brono- F phenyl}-2-hydroxy- t

~H~~1.72 (d) 461 N1 nino -3-

4 6- ~ HN ON 375 ethy a)] (, difluoro-1Hbenzi m dazol-2-yl)-1
Hpyri din ()-4 [2 (3 Chl oro- F phenyl)-2-hydroxy- 1.70
(d) 417 NPl e LN o 37 y 3 penDshioiz
di fl uor g-_1Hbhenzi m daZQ| 2-yl)-1 Hpyridin-2-one 137 _ WD 02/079192
PCT/ US02/ 09~U2 0 (|)(S¥4§(2-HBh&xyomushyl- F:;I;j N NH qet hoxy- phenyl )-2 h drox -leth
lamino {3- ~ NN OH Zp&Ay(-dhyt@iing)-3 ) @M&dif uoro-1
Hbenzi m|dazol - 2- yl )6- lhudhizpym)qiun 2-one o ')-HN- 2- (B14@Bley 0 441
phenyl) - 2g8hydr oxyetjyhami@o] - 3- [ 4-methyl - ~N H 1138 (d) 47S 378
6- (2-nmethyl-im dazo&en}mwﬂm}. 2I—§;1 @gm mi dazol - 2yR) ™ Ht pyri di n-i2- one
' (+)~-[2ﬂ(3 Brono-4- - =i met hoxy- phen -2- |~ ~ i _
hydr oxy-et hyl ani no]Pyé 1 6E| 1. 35 (d) 549 379 [7-met yl - 6- (4- methyl - i e,
i m dazol=t=yt =1 riL L Tdrm=2=one 0 A2 (3=Bronmo—N NH
" phenyl) -2- h?;di oxXy- )g ('1 (ﬁgkylﬁe% tﬁj\j B80-et hy a}n) no]\3 ES 6- HN aH
di fl uor o- 1Hbenzim nyb— 5 py | dlnﬁl%‘i eN3#(5, b Q?fluoro | H {) Q NH
benzi mc% -2-yD)f (zt""(lazg 1°yl-4- 1 14 (b) 135481 ((pyfP&Ph-2-yI -fdthyl)} F
N HN Nani*fo] - 1H— pyrIP@ﬁhMLlZHDne - Hydr oxy- 5- (6- {=%s
i m dazol|- 1-yl - 4- meteprimidazol-2+ le , 46 (~ 309 1 H benzi nildazol - 2-yl)
3H pyrim di n-4-one Hyridén-Pdn€3- Chl oro{ ~N ~ H o phenyl ) - 2- hydroxy- ~ /
H-N~ ethyl amino] -5-(6- ~ HN OH 2.30 (1~ 462 383 i~darol-1-yl-4-nethyl 1
H-benzi mi dazol - 2- [INXP-[3#6-Imiddzdi-b- 4-afTe 138§ <,
yl-4-methyl-1H- N)—i\tj
benzimidazol-2-yl)-2- i
50 oxo-1,2-dihydro-pyridin- \—r}n—(o L35 M 392
4-ylamino]-ethyl}-
acetamide
4-(3,4-Dihydroxy- <j\~ N
benzylamino)-3-(6- \Q/ N/
imidazol- 1-yl-4-methyl- R
51 1H-benzimidazol-2-yl)- 1.97() | 429
1H-pyridin-2-one
HO OH
4-[2-(3H-Imidazol-4-yl)- @ -
ethylamino]-3-(6- j(;[ >_§L_/) 1.91 (a) 401
52 imidazol-1-yl-4-methyl- Yo
1H-benzimidazol-2-yl)- L}NH
1H-pyridin-2-one 4 P
4-(3,4-Dihydro-2H- @ -
quinolin-1-y1)-3-(6- (;D_{\L—/) 1.88 (a) 423
53 imidazol-1-yl-4-methyl- N
1H-benzimidazol-2-yl)- C@
1H-pyridin-2-one
3-(6-Imidazol-1-yl-4- N=) 0
methyl-1H- S A S | 183 398
benzimidazol-2-yl)-4- \QZN/ \
4 [(pyridin-3-ylmethyl)- HN
amino}-1H-pyridin-2-one =
1
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WD 02/ 079192 Intermedi ate I mdate Formation (Schene IV, 13)

PCT/ US02/ 119- 402

(S) 2-[4 ynmet hyl - 2- phenyl et hyl am no) - 2- oxo- 1, 2- g} ri di n3yl
- 7-met m}*‘*&%@é% m dazol e-5-carboxi mdic ethyl ester: T%&Qﬁggggg%si on of
(S)2 [4-(
1- hydr oxynet hyl - 2- phéétnidatblyl-al#no) -2 Bxo- 1, 2- éj hydr o- pyri di p- 3-yl ] - 7net hy
| - 3H benzi m dazol er freggthEni trile (O. 8&9“,' N | n.7dt(hanol (ardPgdr ous,
80 mL) was bubbl ed BQZ”(@@HMCQ Qya) at OC\@&( satdir ation. The mixture
becane a 30 cl ear 4R f.,{eg{ )a gw m nut es bubbl i ng and the sol utjon
was stirfred at roo mn@é%ﬁ?ﬁ[&né 14 h. After_conceéntration|in vacuo, the

" crude prijoduct (0.897q, ctIy used fpr the next sfep wthout
purification. LCMS| (MtH)+ nmiz 446 LL= 1.55 m NHIO F10 ~ ) N NH N\ HN
HO ~ C 3-(6-Imidazol-1-yl-4- «/

, (- 2- {4- 2- (3- Chl of meityenyt-) - 2- hydr oxy @fp@ 24 0:99-(a) 2- {li hydao2 pyr i di
n 3-yl }-17- met hyl - 3Hpbeivaidakslaz gl &-3- clar bo d thyl ester:|The title
conmpound 5¢&s prepaf 5 idai2ng the Generlal Procedlike, foll | nidate| Formati on.
LCVB (MHH) + nlz 466 am,ﬂro)4l?ﬂ Hﬂ . {20 Gener al '\P_@edure for | Exanpl es 384
- 397 - |Imdazoli n,2 &r mat 1’'on ?gc eng 1V, 14) 139 NO 02/ U791192 Exanpl e
384 PCT/|US02/ U9~U2
(S)-3-[6F{4, 5-D hyjaqggﬁkylmg Bky2- Y {:1?4 met hy.i -1H benzi m dazol -2-yl]-44(1
5 hydroxymet hyl - 2- phel n% no) - i MHone 1.86@) cr lide i gygate
ester (6d$rrg 0.135% rﬁ'%g% g?'n d wt flol | owed by addition|of
et hyl ened?/ami ne (24 The reaction tlure was heated to
reflux flor 6 h. Af1% ed’ﬁ'c%’ %,;gg? ?1 in vacu8; tﬁ_@ i due was|purified by
prep. HALC to yi el ¢ lthyridig- P@“&orrpountd (37 my, 62%. |1 H NMR (300 Mz,
CD30D) 8794 ( I H.+ _ I0=S)) /- 7130 (6H p, 6.16 ( 1
H d, J 7.7 Hz), )34{1)1234691&2 n) 3@}_&{5 77 (2H m, B.15 ( 1 H,
dd, J =52 13 6F g%‘]’? dd, JVE8,0 13.8 )y 2. 67 (3Hgs).
LCJVB(M+I—2+ mz 443, nh))l Exarrple “/--NHOI>-IN NH ~N HN HO|Cl
15 8 dazol- -yl -4-met o
(t) 4-[ 2} (3- Chl or of r!He‘i’F;ﬂg?““é%&rﬂky-et hyl ammo] - 3- [ 6- (4, 5- di hydr o- 1Hi i daz

-2-yl}} 4-net hyl - Br2iol - 2yl | - 1H pyri din-2-gne: | H NMR (300 MHz,
CD30D) 8793 (1 H s), 7.54 ( 1 H, s) 723- 745(5H, m,|6.26 ( 1 H,
d, J = 7{6 20 HZJ, +)U4((1 ) 01(4H, s),[3 .7 8 ( 1}|H,
dd, J = 4.7, 13.5 l m]’g glbm]etﬂ"l e 5 |Hzgg (a¥- 66 (3H418) -
LOVB (MHH) + miz 463 P Hn?'

59 ino]-3-(6-1midazol-1-
yl-4-methyl-1H-
benzimidazol-2-yl)-1H- N
pyridin-2-one
(1R,25)-4-(2-Hydroxy-1- @N b
methyl-2-phenyl- \(;[, 8 )
60 ethylamino)-3-(6- Nl on 3.01 (a) 441
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one
(+)-4-(2-Hydroxy-2- Ol v
phenyl-ethylamino)-3-(6- \@N/ \ 7/
61 imidazol-1-yl-4-methyl- W oH 2.96 (a) 427
1H-benzimidazol-2-yl)- \_b
1H-pyridin-2-one
3-(6-Imidazol-1-yl-4- " "
methyl-1H- 7;:[ y{t) 1.94 (a) 415
62 benzimidazol-2-yl)-4-(3- "
imidazol-1-yl- \—\_ L

9
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WD (121 079192 Exanple 386 /-NH OH N NH N HN HO Cl

PCT/ LJS02/ 09-1 02

4-[ 2- (3- Chl oro- phenyl ) - 2R- hydr oxy- et hyl am no] - 3-[ 4- net hyl - 6- (4S- net hyl - 4, 5d
i hydr o- 1IW% /%ﬁﬂ - 2-yl) - 1H benzoi m dazol - 2-yl ] - 1H-pyri di PC?/U@(Q foand _
4-[ 2{ 3- Chl oro- phenyl ) - 2S- hydr oxy- et hyl am no] - 3-[ 4- net hyl - 6- (4S- thyI -4, 5di
hydro- 1H-i m dazol - 2-yl ) - 1H-benzoi m dazol -2-yl ] -1H-pyridin-2-one: 'H N
(300 MHz, CD30D) 8| pgropQlafidkd)-9)-, 7.53 (2H, s), 7.22 { 7.47 ( 1OH, m, 6.23
(2H, d, J = 7.5 Hz pxrﬁjlﬁQ({[\%H t, J 36.4 H), 4.49 { 4.57 (2H, n), 4.21
(2H, t, J—=1-10 378 {6H ) —263—(6H—s)r—F-—48—{6H—¢ J
= 6.3 Hl). LOVB (MED#-GrEYaowy2r = 1| &l ning) S Examl e 387 ~N O NH_N HN|HO
a 1$ phenyl-ethylamino)-3- (6— ﬁ:[’*@ 127 (b) - 427
" ()-4-[2-{(68 Chl or o- pireidgtol-12ylHraethey~ et hy| afri now- 3w [ 4{met hyl - 6 (1- met hyl - 4, 5
di hydr o-[1H i m dazol 1B-beh}infiéhdobBzil)¥ dazol - 2yl ] - yridin-2-one: ' H NWR
. (300 Mz, CD30D) 8 TH%n(duiLzldnes) 7.57 ( 1 H 2%7 23 - 7.5.2 (SH, m,
6.22 ( IH—d 3 = %r 24115 (2ZH, db/-
3.75 (4H m, 2.77 (13 A M 477 60
i n.).( Exa?pl e 388| PIgl- e‘g@ %%192 :E%:@'%{(N Hg)'zgl uso(z4 o103
()-4-[2- (g, Chloro-p 2Y et hyl am noj~ 3¢f 6-( 4, 4-di met hyl - 4, 5di hyd
ro- 1H i ni dhzol - 2- yi Y eﬁ’é‘t“H =0 zi m dazol - 2yT}- 1k pyri di n{2-one: ' HI|5
NVR (300 MHz, CD30D)Hapyridgy (0"1 H, s), 7.52 ( 1\%), 7.22 -|7.45 (5H, M,
6.19 ( 4 H d, J =|7.4 Hz), 99( 1H t, J = 6.2 Fz)|) 3.84 (2H s), 3.78 (
1 H dd, =4 A4—33A4 1) tHydd—3—=6—"7 1134 +Hz) 261 (3H,
s), 1.55/ (6H, s). L MFBZV] m z 491 tho= I 7B n.)|. 1]90 ampl e4?6%9
HOOC1~ pyrrolidin-3-ylamino)-3- W/ LI9(b
(6-imidazol-1-yl-4- HN
65 methyl-1H- C\N\Q
benzimidazol-2-yl)-1H-
pyridin-2-one
3-(6-Imidazol-1-yl-4- h N
methyl-1H- KW/
benzimidazol-2-yl)-4-[2- " e 1.37 (b) 472
66 (5-nitro-pyridin-2- W)
ylamino)-ethylamino]-
1H-pyridin-2-one
3-(6-Imidazol-1-yl-4- = W S
methyl-1H- 2 L5 | 098(b) 420
benzimidazol-2-yl)-4-(2- NN
67 morpholin-4-yl- Rt
ethylamino)-1H-pyridin- <‘_‘>
2-one °
3-(6-Imidazol-1-yl-4- =\ w S
methyl-1H- 5 %
benzimidazol-2-yl)-4-[2- N " 1.31 (b) 460
68 (2-methyl-5-nitro-1H-
imidazol-1-yl)- o i\N
ethylamino]-1H-pyridin-
2-one
" N,
3-(6-Imidazol-1-y!-4- @ 4 N
methyl-1H- >~/
benzimidazol-2-yl)-4-[2- N " 0.97 (b) 415
69 (3-methyl-3H-imidazol- ,
4-yl)-ethylamino]-1H- \_}/j
pyridin-2-one N
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2-(2-{4-[2-(3-Chl oro-phenyl } - 2R- hydr oxy- et hyl am no] - 2- oxo- 1, 2-di hydro

pyridin-3-yl}-7-nethyl

-3H-benzi m dazo

-5-yl)-4,5-di hydro- 1H i m dazol e-4S15

car boxyl i i d )
2-(2-{4- [‘89?%@?{; 0- phenyl ) - 2S- hydr oxy- et hyl am no] - 2- oxoPﬁT/H§(g{0H§/0&
ro-pyridin-3-yl
}-7-nmet hyl - 3H benz| p)drEoDidh Whohimé, B-[d{ hydr or I m dazol e- 4S- car boxylic
acid: NI\/R (300| Mam in8)-7- 88 v 152 (AH3 B). [- 22448 7. 44 (
10H, m,|6.17 (2H, gmi'dm ]y,uz) 5.105 ( 0 4 23 - 4.38 [4H, m), 3.56
-3.72(61@ m, 2. LCVS ( M#H) + n12 7 (tj=1.64 mn.). 20 142
- WD 02/079192 Exar’rp 02 lh@ SI Et/—( N HN HO Cl 10502/ 09402
()-4-[2-|(3-Chloro-p %f@)}‘ idagolee ) d5G_ dt hyl ami no] - 3¥[ 4inet hyl - 6L (1, 4, 5, 6tetra
hydr o- pyjiri-gi-nr-2-4Py1 hh%lmdajnl-? yll-1H-pyridiin-2-one:|' H NMR (300
MHz, CD-OD) 8 7. 90| p-(6-Imidazgl-1-51-43 ( 1%?}1, s)ﬂ R gH -17.47 (5H m), 6.23 ( 1
d, J|= 7.6 Hz),|®etyl-(Ht H t, J = >_§X_)4 {0875B) ( 11 H,409, 3.60
- 3.77 (BH, n), 3. PUer@iBidlatlid-yi¢;(22.163 (3f, s} LOMB (MeH) + Mz 477 (t
.59 nin.). Exanpl vpf&&ihdfn MHIO N NH HN MeO CI OMe
()-4-12-{(3-Chloro-# hhﬁp@ fydih- 4- met hoxy- et Vi a i noj - 3-[p- (4, 5-di hydiro
1H i m dqzol - 2-yl) - 4y§§§hyl en2| m dazol 2 yI ] [yrl din-2tone: ' H NMR
15 (300 [WFz, TD3 o b; 5), 16 T —H—s)— 731
(1H,d,J=6.4 1(71 .g%bé,d,§=6.4
Hz), 6.09 ( 1 H d|S yﬂ 5 ®5 o Hz) #%%. 09
(4H) s),| B 82 (3H, etbé/ . 2.6 (3H, s).
LCVB (MHH) + i z 50 tbe*-‘-Z@uWOhizﬂ 192 Exanpl e 392 ~NH D N
NH N HN|HO Br Owe TRySdRy- Dong ( 12
()-4-[2-{(3-Brono-4t meh@yqymgﬁbeﬁyd) 2-[hpdr oxy- eshyTam noJ - 3-1 6F (4, 5-di hydfol
H i m daZol - 2-yl) -4t mﬁ@ig}qlﬁ:&ﬁ,@y [ qa H- py r1|4@| By 2- pne: 3gkhe title
compound Ras pr epaf e alihai, a0, y)drcly5| Ih/ t\ £ benhzyli ® Chioride to the
hydroxyl{. ~ H NWR f‘ﬁ _é@— 790( , 1 7.67 (14 H s), 7.48 (
1 H, s), #3841 84 Hz)- ﬁ31\*4, d,J—?. 6 Hz),
6.95 (1 H d, J = %( ethyanipo- 1 HoW, Ji= X6 H), 40 1H M,
4.10 (4H, s), 3.80 gyno)f?@z 74 ( .ezlﬂé(bBH s).392cMB
(M+H) + i 537 (t _min_ldar@lﬂﬂﬂ 4yme@lilsdanrpl e 39 ™ .NH O NH
1H-benzimidazol-2-yl)- /
1H-pyridin-2-one A\
4[(Adamantan-1- {‘j\ .o
ylmethyl)-amino]-3-(6- | MM N NH | 1.87 (b) 455
imidazol-1-yl-4-methyl- \(;[N’ \_7
75 1H-benzimidazol-2-yl)- NH
1H-pyridin-2-one Q
3-(6-Imidazol-1-yl-4- <"/=\ W O
methyl-1H- NN N =NH )57 (b) 423
benzoimidazol-2-yl)-4- \Q:N/ |
76 (indan-2-ylamino)-1H- NH
pyridin-2-one &
4-(3,5-Bis- S o
trifluoromethyl- e “, s 1.68 (b) 533
77 benzylamino)-3-(6- N £Fs
imidazol- 1-yl-4-methyl- \—Q
1H-benzimidazol-2-yl)- CFy
1H-pyridin-2-one
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N HN CH

(S)-3-[6- (4, 4- Di met hy!

t s

-4, 5-di hydro-1Hi m dazol -

| -
benzimd 4- ( 1- hydr oxynet hyl - 2- phenyl eth a i n-2-one
.~ H Nl\/&%‘?%@”ﬂﬁlz C(D30D§/ 8 7 94 (y1 H, IOs),y7 50 { 1 H ’,“3%‘%%*‘9 7. 30
(6H,n’),6.15(1Hdd J=77Hz)402-410(1H m, 3.85 (2H,_s),
3.75 - 77 (2H M@ 61@,(%(2H M N=2. 67 {3, s), 6 (6H, s). LCVB
(MeH) + nll z 471 (t % 15) . 20 144</ %_@ Eyge(mpl 394408\H O
HOOC~~' ~~ ~ ~ NH N Q% PCTJ Joo- t@i \ /
(S)-2-{2- Jwg (15- @ Wl - et hyll ani n@) - 24 oxo- 1, 2- i hydr o- pyr [ di
n3-yl) - 7- et hyl - 3H alz>674 yI}-4,5 di hyef o- 1H{i ni dazol £- 45- car boxyl i
‘cacid.~HNl\/R(SDG‘° HepgoD) §8./03 (1 HSeS), 7/60 (1 H s), 7.11 ]
7.29 (6H m, 6.15 berrznmdaépl BYBIH-3 |Hz), 5.0 1 H| dd, J =|6.9, 11.8
Hz), 4.25 - 4.41 (Ppyridip2-ene05 4.07 (| 1 H m. 3.70 4 3.82 (2H m. 3.12|(
"1 H dd,[J = 5.5, [3(6Iidazo21-954{ 1 h@dd nJo 8.0, [13.6 Hz)| 2.69 (3H
s). LOVH (MrH) ~ m znéfikiaH-= 135 nin. | e 39330 O N N8R N HN
OH benzumdazol 2 1)-4- ) HN
(S)-4- (1 Hydr oxynet P4 53500 et hyI ami no) - 3- thyl -6( 1, 4] 5, 6-t et rahydr
ot5 pyrijm di n-2-yl %ﬂ] )nl lazol - 2-yl)-1H pyri d~n4{2-one: 'H NVMR (300
MHz) CD30D)87.76E Y| 32(1H s), 7.09 -17.29 (6H m, 6.15 ( 1
H d, J F7—6Hz) ).’9“‘* 3713 79— 2H—P- 361 {A4H t |
J =56 ) 3. 14 i(ﬁibfa'aayT@ethyg 3 @Na Hey, °2.951( 1 H. df, J = 8. 1.
13.6 Hz)| 2.65 (3H| awjnol3- @gmldaz%é |v|+-|l|)3ﬂ W2 h57 387= 1. 49
mn.). 208d45 WO pe4wurshdA Hexanp 396 HN OH PCT/ U S02/ U9-4(12
(S) - 4- (1 Hydr oxynef hmmm;@h@@yl-)dtﬂiyl am no) - 3- [4\«_@hyl -6- (1- et hyl -4, 55
di hydro-LHi m dazo p?l‘-ld’lh)z—dﬂd- benzoi m|dazo- 2-yl]-1H7pyridi n-2-¢pne: '"H NMR
(300 MHz,—CD30D)-bl7. 77 ( 1 710 - 7 30 (7H—H 61641 H & J{=
7.6 Hz),|3.97 - 4. >é(éémld%>1 1*31'%3 - 3426 (3H, $), 3.15 ( ]
H, dd, J| = 5.3, 13|6eHw)-1H 96 (1H, % HA2Z (2. 68 (303 s)
LCVS (MtHy+ m z 457 bértzimidhz&R-pi)1#-) 1
[(thiophen-2-ylmethyl)-
amino]-1H-pyridin-2-one
3-(6-Imidazol-1-yl-4- C=), 0
methyl-1H- - \@n, @)
% benzimidazol-2-yl)-4-[3- "W o | LI5(b) 432
(2-oxo-pyrrolidin-1-yl)- \‘_\_N
propylamino}-1H-
pyridin-2-one
4-[(1H-Benzimidazol-2- @ "
ylmethyl)-amino]-3-(6- j@:r%\i) .
83 imidazol-1-yl-4-methyl- N 0.98 (b)
1H-benzimidazol-2-yl)- \—{ND
1H-pyridin-2-one
4-[2-(6-Fluoro-1H-indol- | {3 v & ..
2-yl)-ethylamino]-3-(6- 7;:[ )
imidazol-1-yl-4-methyl- HN 1.53 (b) 468
84 1H-benzimidazol-2-yl)- -
tH-pyridin-2-one )
{2-[3-(6-Imidazol-1-yl- | W 4 S
4-methyl-1H- \(':[u’ 7
benzimidazol-2-yl)-2- N 1.31 (b) 484
85 o0xo0-1,2-dihydro-pyridin- s,
4-ylamino]-ethyl}- b
carbamic acid benzyl
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Exanple 397 /'-NH O NH N HN HO
(S)-3-[6-(4, 5-Di hydro-1Hi m dazol - 2-yl ) - 4- et hyl - 1H benzi m dazol -2-yl]-4-(2
15 hydro | - et hyl ami no) - 1H-pyri din-2-one: ~ H NVR, CD30D
8 7.01 (WOI%F/EJ@?W? 50 y 1 H, )s) a8 (2H, s), 7.24 - 7 éﬁg%z%%z . 6. 2?5
(1 H d J=7.6 Hz), 501(1Hdd J =4.6, 7.0 Hz), 4.10 (4H_s), 3.65
- 3.76 (2H, m), 2.6ckter3H, s). LCVMS (NWH)+ mz 429 (t|= 1.48 min.). |46
WO 02/ 079192 Exanple 398 ~NH H O N NH HN~ ' OH PCT/ UsS02/ 09. t|02
(S)-4-(1-Hydroxyneft hyl - 2- phenyl - et hyllam no) - 3-[ 6- (1H; i m dazol | 2-yl ) - 4- nef hy
| 5 1H beénzim dazol}2-yl]1-1H pyridin-2-gne: To a solution of the imdate
ester (}150 ny, 0.3@5%14)(2i'HYdf§Kh'ancl® 10 mL)q was added ami jnoacet al dehyde
di et hyl lacetal (97 h;dihe@gl-nmol). The m r";_&%' stirred at| room
tenperatiure for 14 éthyliinnoyd-(6ent wag renoyed | rvactd4afd) t he re¥ldue was
treated |wgth 60% HGhdadoh 1ML M-mkthybom t enper at u 14 h. The reaction
" mxture {was then nem%},bﬁﬁ@iﬁzmp Rpamoni um 119 oxide (conc.}. The
i norganijc salt was SErae 0‘lgleflltrate was cC. entrated and purified by
prep. HRLC to yield title conpound (37 ny, %] as a white solid. 1H
NVR (300_MHz CI')RO) 8 794 (1 H narrowd J =1 Hz) 758 (2H) s} 71 S3
(1H, narfrow d, J = (3:)61-(12201,3]D.i@®lan-7. W 6H ym% 6.16 (1 H d, J=7.7
Hz), 4.04 - 4.08 (| 2-yHeth§)amio)?®B(6- 3.|7 ) .16 ( 1 H pdgd, J =5.4
13.6 Hz)l, 3.97 (1 frhidgbl-1y1=4-Bethyl-13. 6 W 691(23Hb) s)| LCKNB7( M+H) +
mz 441 |(8 = 1.60 mp. bbnzlﬁﬁd'&'bﬁh ~ocledure for 1 di ne Format|on, Exanples
399 - 412 (Schene op! € 399 NHy O N NH HN OH /-\| 20
(S)-2-14-(1- Hydroxymet yl - 2 phenyl etlhyl am no) - 2- >e3 1, 2-di hydro- pyri di n{ 3y
1'1-7, N-di net hyl - 3H benzi m dazol e- 5- car boxam di ne: > crude ipdate est
(60 ng, |0.135 mol ) (H)eps[3di6-LhidazoMit h ﬂhanol (o, 10 m_), t hen pret hyl am ne
(2.0 M net hanol so 4_%}1 W-191-nL, exce ﬂ%ﬁ to the solution. After
stirring for 2 h, P \j;'ﬂﬁldra%l%- 192 M Xt ur \% ent naed) and puaédied by
prep. HAlgg to yield,} ?2td1f1§'cfro %,Fldm_\hﬂ 02l
4-ylamino]-3-phenyl-
propionic acid methyl
ester
3-(6-Imidazol-1-yl-4- "
methyl-1H- "/ \
benzimidazol-2-yl)-4-(2- N 1.05 (b) 402
89 2H-[1,2,3]triazol-2-yl-
ethylamino)-1H-pyridin- g \)
2-one
(*)-3-(6-Imidazol-1-yl-4- "
methyl-1H- N&)
benzimidazol-2-yl)-4- N 1.35 (b) 474
90 [(1-phenyl-1-pyridin-2- d—@
yl-methyl)-amino]-1H-
pyridin-2-one
(1R,2S)-4-(1-Hydroxy- "
indan-2-ylamino)-3-(6- ")_i\t';' 1.35 (b) 439
imidazol-1-yl-4-methyl- -
91 1H-benzimidazol-2-yl)- % _ 3o
IH-pyridin-2-one %
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PCT/ USU2/ 09. 4U2 conpound (32 ng,

559 as a white solid.

~H NVR (300 MHz,

CD30D) 8 7.82 (1H, s), 7.38 ( 1 H, s), 7.10 - 7.30 (6H, nm), 6.15 ( 1 H J =
7.7 Hz), =03 07 1 H, , 4.72 - 4.76 (2H, 1
3. 12 (QHWQ??Q’/O&’? 6 (1 H, ddTT)J -'8.0, 13.5 |(42), D o (3&("“?5&@&@% (M+H)+
mz 43l (t = 1.34 min.). 5 Exanple 400 NHZ N NH 'N HN HO C
{)-2-{4-[2-(3-Chl o b{@m{&mkol-zthmoxycet hyl am o] - 2{0xo- 1, 2- di hydr o- pyr{ di
nl0 3-ylf}-7, N-di me ﬁhﬂhyBIerenzi m dazq| e-ga‘%xam’ dif nes1 (bH NMR (300 Mz
CD30D) § ¢ s)) 28 - 7.54|(5H, m,|6.26 ( 1 H
d, J =17 . Hz),%(:LH,dd)J=4.5,134
Hz), 3.6 ), 3.12 (34 s) 2.66 (3H s). LOWVB
(MFH) + n Rt B—HN-—N-NH-N—HN-HE—(l
()-2-}4-][ 2- (3- Chl of @n@b"}m?yﬂg/aroxyng .o] ~ 2] oxo0-1, 2- Hi hydr o- pyr { di
n3-yl }-{7- met hyl - 3Hb ﬂ&yﬁﬁl@é{i’)ole 5- carbw. H NVR (300 MHz, CD30D)
20 8 7.9%4 1 H, s)sthylamiolB-67 (6H, |m), 6.25+( & H, |d;150ak 7|6 HAF 5.01 (
1 H t, J= 6.4 Hz)imidazth-1¢yl4-Hethgtt, (J = 4. 8, %{Hj:)’ 3. 66 1 H dd, J =
6.7, 13.}4 Hz), 2.6R1H3enzimidazdoBFIXMiH) + mz 43 M: 1.59 nmih.). 148
V1-' O 02/ 079192 Exprglridfa2-ondl PCT/ US02/ 09~02
()-2-{4-[Z-73-Cnl of &) PNAM dro%yrﬂytgg,pxy et hyl'am noJ - Z{oxo- 1, Z- it hydr o- pyr di
n5 3-yl}-7,N,N, -tr -ilﬂﬂj ?pmgrﬂé azgl e- S—car boxam dine: IH NIVR (300
MHz, CD30D) 8 7.63 Zr? 1GH 8 - | 7. A4y {5H m ,56.26 ( 1
H d J|5 7. 6 Hz) )ftggh = 6. A7 1h dad, J = 4.7, |l
3.5 m),%“.m(lel 01"' y!L35Hz), 3H4(6H s) 2.66 (3H s).
LCVB (M{H) + m z 46p eﬂZlE"%a?O ExaoNHZ O N NH N/ HN HO Cl
()-2-{4-[2-(3-Cnhl oy rﬂi’élﬁy‘l 3-0pe hydr oxy et hy¥am no] - 2{oxo- 1, 2- di hydr o- pyr i di
n3-yl }-N_cycl opropy. -met hyl - 3H benzi m dazol e- 5- carbboxam dine: 1H NVR {800
15 MHz, |[cD-0OD) 8 7 (zaz(qz-uyex)oxy"/z 54 {1@ 7 22 - 7.41 (5H, |m, 6.25 (1H,
d, J =7.6 H), 5 Dpyfdid-2Hl-t, J = 6.]4 Hilji 1|H dd, J|= 4.7, 13.%
Hz), 3. 6795( 1 H, dfethylamifo)B-(6- 1.09 (a) 428
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)- -
1H-pyridin-2-one
(8)-4-(2-Hydroxy-2- -
pyridin-2-yl- 7;:[,‘»—@\:)
ethylamino)-3-(6- on 1.09 (a) 428
96 imidazol-1-yl-4-methyl- %
1H-benzimidazol-2-yl)- =
1H-pyridin-2-one
(8)-4-(2-Benzylsulfanyl- H Q
1-hydroxymethyl- \@'}_@'
ethylamino)-3-(6- N 1.4 (b) 487
97 imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)- @4
1H-pyridin-2-one
4-(2-Hydroxy- "
ethylamino)-3-(6- j@[",;_g‘_"}‘ 0.93 (b) 351
98 imidazol-1-yl-4-methyl- "
1H-benzimidazol-2-yl)-
1H-pyridin-2-one
3-(6-Imidazol-1-yl-4- Ch -
methyl-1H- I; C
99 benzimidazol-2-yl)- — 0.43 (b) 426
[methyl-(2-pyridin-2-yl- pal
ethylamino]-1H-pyridin- =
2-one

97



13.5 Hz), 2.77 - 2.83 ( 1 H n, 2.65 (3H s), 1.03 - 1.10 (2H, m, 0.86 -

0.92 (2H, n). LCMB (MrH)+ miz 477 (t = 1.43 min.). 149 WO U2/ 079192

Exanpl e WN ~ ~ NH N HN MO CI Ove PCT/ US02/ 09~

()- rzrp{4 @6?% or o- 4- net hoxy- phenyl ) - 2- met hoxy- et hyl amLﬁ%TJ/USQO%O)%t)OZl 2di hyd
ro-pyridin-3-yl}-7, Ndinethyl - 3H benzi m dazol e- 5- car boxam di ne: ~H NMR (300
MHz) CD30D) b 7. 79 )-4-H-Hydoxymeddyl-d &~1.0 Hzg, 7.45 (1 H parrow d, J|=
1. S I(-IZ), 7.38 ( 1iipﬁd1n22 k8 -2 (7 3 %’2‘ < 82 b1 H,Bg, \:J)) = 6—54 gz 0
6. 22 1 H d J = 5 1H tyYyi= Hz |, H, , 3.Pp

23,71 (280 m), 3. B%gléﬁm%)ﬁ%e%‘ (3H s), 2"&sS (3H s?)ﬁf)LCI\/B (VoD & i b

495 (t 3 1.64 mn.) II:ZX 2%‘5 Hz O “RYHN{HO G OMe

T ()-2-{4-)[2-(3-Chl or i)h[ F H nyl|) - 2- hydroxy-et hyl am no] -R2-ox0-1,2 th
di hydr o-jpyridi-n-3 27 h"' 3H-benzi-m-dazole—$—carbexafi-di-re—T o4
sol utiorl of 2- { (R)4(1 Hyaroxmiiny: Ch o u A,

" 4-[2-(3-[chl or o- 4- np-pyNginghEhy| ) - 2- net hoxy- ¥t i aji ng] - 2- oxo- fL, 2di hydr o- pyr
i di n-3-y|1r(T)é-7, N- di hethilpniBHi3eenzi mi dgzol e-§- Cag poxami @iMdi) 40 rrg,4 . 08
mol ) in t hanol [ fmidhdollagd-4achdehyl-2 [N Na W) and the feaction
m xture was sti rreduatbeﬁgﬁmlztzerrpgn)ature for & h. °Affer conceptration in
vacuo, tlhe resi due glrp%hél ed by prep. HPLC to yield the[title
conpound—(7-2 1w, ﬂo (6~H NVR 8300 WAz, oL:L):so ) 8 7.78[( I H narfow
v e kgl sty L o
59 H). 205" 3 (3H, "' Zi dazo' y (2 b’s7)0,(ﬂ2 6B (33?’53).
LCVS (MHH) ~ mf z 48[ tPYﬂd!L“ #Min. ). [150 WD 02Y 1179192 Exanpl e 406 NNp|H
0 N NH N_HN_HO Br_Qve PCT/1JS02/09. 102
() - 2- { 4-[[ 2- ( 3- Br onptl4.ZBHEEyFREM} ) |- Q:\,hydr et,hyllani no] - 2t oxo- 1, 2di hydr
o- pyri di|n- 3-yl } - 7, Nagtiraeyrhethyl3H- benzi |mi de,jsggzr boxani di nef ~H NVR (400
MHz, CD30D) 8 7. 77| phehyHethglamido)e®(q- |1 H 7 - |2.®9by3 H, mM57 6.95](
1 H d, P03 8.4 Hz)imi@aR-1lyld-Hettgl- J = 4.4 HzJ% 2 (1H p, 3.80 (3H
s), 3.69 (2H m, BiADendithidsbl-231p1 (3H S).wo WM-H) + ml z| 525 (t = 1]44
mn.). tio Exanpl e 494 pyridin-2-one

(+)-4-[2-Hydroxy-3- vt S
(naphthalen-1-yloxy)- QN*{\L_/)

104 propylamino)-3-(6- N 1.53 (b) 507
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)- &
1H-pyridin-2-one
(1R,2R)-4-(2-Benzyloxy- W ©
1-hydroxymethyl- "/>_§:N)"

105 Prqpylamino)—3-(6- N " 3.14 (a) 485
imidazol- 1-yl-4-methyl- “
1H-benzoimidazol-2-yl)- @_/ ‘<—\
1H-pyridin-2-one
(S)-3-Hydroxy-2-[3-(6- {'j\ 4 0
imidazol-1-yl-4-methyl- | ™V N NH
1H-benzimidazol-2-y)- @N’ \ 7 |2.95 (a) 485

106 2-0x0-1,2-dihydro- HN
pyridin-4-ylamino]- 0-\2—\0*'
propionic acid benzy! @—/ o
ester

98



NHZ O N NH N'N HN

OH

99

(S)-N-Cycl opropyl -2-[4-(1-hydroxynet hyl - 2- phenyl - et hyl am no) - 2- oxo- 1, 215

di hydr o- |']-7-nmethyl -3H benzi m dazol e- 5- car box

(30% Mﬂwéﬁ%%) y7]. 81 ( 1 % s), 7.37 ( 1 H s), 7.10 a'%ﬂ 80‘30@#?

6.16 ( 1 H d. J = 7.6 HZ), 4.03 - 4.08 (1 H, m),374-376(2H m),
3.15 ( 1 H, dd, J F(H-BHyddx§-2H)(6- 2. 9@ 1 H_ dd, 8.1, 1B.6 Hz), 2.78
- 2.84 (| 1 H ), PRifidafctH-yld-meihy®3 ﬁH 0.87 - 0192 (2H .
LOVB (MHH) + m z 4571911,6“21;,{“5&120@;”1 20 | |972Q)1(g)2 anpR 408 NHp
H O~ N |NgsN HN OH n& 0 "

(S -NEtjhyl -2-T4- (- ‘?{‘Bﬁi t'h - -phenyl et hyl 'n())-2-oxo- , 2-di hydr 0%
pyridin-3-yl]-7-nef g/ 3 gazole -carb8 i¥iine: 'H NMR (400 MHz,
CD30D) 8 7.82 ( 1 HP °§j°m°7a%fg s), 7.12 - .30(6H) rr) 6.15 ( 1 H,
d, J = 7.8 Hz) 4 haster 4 QzZ (1 H,Jr;, 3.75 - 377 (?H S1(2H q J

"= 7.3 Hf), 3.15 ( L(Pr2-Bo6-Imidazm]-4- 13§272m) w 296 (1H, dd, J = 8.1, 13.7
Hz), 2.67 (3H's), [Lylddnedn)-1H- J = 7.3 ",gs%_} MrH) + mz 44S (t = 1.44
mn.). 20 ngarrpl e {béhzimidazol-2-yl)-2- N o 0.94 () 456
(S)-2-{4-12- (3- Chl poxo-phediydro-pyHyir axynet | afi no] - 2- oko- 1, 2- di hydro
1 s pyridin-3-yl}- 74 Nidhhid®LRyphridEenzi m d -59cafboxam di pe: ~H NMR
(400 l(\/Hz CD30D) 8;]h pign,%aﬁds) 7.38( 1 ﬁ, s), 7431 ( 1 H s), 7.10 -
7.24 (4H Ny, ©.16 ; 4.0”-4.ua\1H,  n 372-
3.77 (24, m, 3.16 ago“J?(E“ ;@ 96 ( 1[H, ad 3| = 8%\/ 7
He), 2. 8763H ). uk: 465(@:. mi n| 1538 15p
02/ 079192 %Bxanpl e ‘6‘2' ‘Uéoyé 69~02 H~
(S)-2-{4-[2-(2-Chlp Swé]y aminQ)nl iy gxynet hyl {é;/\\hyl ami no] - 2- oxo- 1, 2-di hydr o
5 pyridijn-3-yl}-7 he2tape- 3H benzilmi dazol e- 5-carboxami dinef ' H NVR (400
Mz, CD30D) S 7.84 %(G_IIHI,dast)l)l el (1w, s),, 332 -17.35 (2H m, 7.06 |
7.18 {3H, n), 6.10| fethyH]Hd, J = 7.5 ﬁ*} 10(651(f)H M), 8476 -
3.85 (2H,110), 3. 30| ben3irdidaZol-R-yt)-4) , |3. 06 H m, 3113 (3H s)
2.64 (3H, s). LOVH (pytittnid-Rlamid®51Ht |= m'ﬁ‘z:)S 10 Exanpl e| 411

pyridin-2-one

(5)-4-[2-(3,4-Dihydroxy- [ {5, . &

phenyl)-2-hydroxy- I’:[N, &/

ethylamino]-3-(6- o on 1.04 (b) 459
111 imidazol-1-yl-4-methyl-

1H-benzimidazol-2-yl)- on

1H-pyridin-2-one oH

(8)-4-[1-Hydroxymethyl- @ w 9

2-(3-methyl- N N NH ,

benzylsulfanyl)- Q?‘i\if) 1.49 (b) 501
112 ethylamino}-3-(6- HN

imidazol-1-yl-4-methyl- s_)_\o,.

1H-benzimidazol-2-yl)-

1H-pyridin-2-one

(8)-4-[1-Hydroxymethyl- "

2-(4-methyl- g}_{t")"

benzylsulfanyl)- \Q: 1.49 (b) 501
113 ethylamino]-3-(6-

imidazol-1-yl-4-methyl-

1H-benzimidazol-2-yl)-

1H-pyridin-2-one



- 1H,

100

NHg O wWN ~ N NH HN HO Br
()-2-{4-[2-(3-Brono- phenyl) - 2- hydr oxy- et hyl am no] - 2- oxo- 1, 2- di hydr o- pyri di n
15 3-yl}-7, N-di met hyl - 3H benzi m dazol e- 5- car boxam di ne: ' VHz,
CDsoogl }$“?°8%5 019 %0 s), 7.69 (1 H s), 7 .20 - 7.45 (5 &%2@325 ( 1H,
d, J =7 3H), 500 (1Ht J=0509H)) 364 380 (2H m, 3.12 (3H,
s), 2.64 (3H, s). ZM'I ;5,(57122(449 @ = JH 49 m n. 20 Exapmple 412 153
}/gogl[uzg(lngggT/uﬁ% y 3fethoxy. ) - oL, 2- di i digya3-y1147
-2- r ox € am no) - - - dit hy pyfi di -yl 117,
Ndi et hy|l II%H- benzi n&gﬁ &P{ aﬁ}rﬁigxa di ne: ~9 NVR Qogf% CD??gBE‘)) S 778
( 1H, s)|,'*7. 24 - %FO 1 H d JEYD Hz), 4.00 - 5.05 (
n, [3.61 - 3.74 F#; 3 |2 3%, s), 2.63 (3H, |s). LOMVB|(MH) + ni z
417 (t 4 1.28 min. berExla Ao Pt rjucture T Mass (1in.) (MeH)+ niz
()-4-[2-{(3-Chl oro- opmﬂamzow 2-hydroxy-ethyl anmino]-3-[6- ~H 413
" (1-imno-1-nor phol | 4-(2-Hatdroxy-2-OH 1. 55 T?;? me D) met hyl -1 H
benzi m dazol -2-yl ]+ ;1 ithkléh-2-ybne () - 4 L&%Qp ~~a~N
met hoxy-lphenyl ) - 2- hygiyaxirs)y@m noJ - 4144|9_4(bi- 49 5377
di hydr o-[1H3i mi dazo| 1 2rqubai-1- 5,] _FmethyD) 4 rret hyI dzi mi dazol 2- 1]-1 H
ridin-2-pne ()-2- {1fdenz l@r)ﬁi BroY.~ ~ i enyl ) - 2- hydr oxy- ~'
"t ~~ -~~ NN ON eth/[{ﬁm noj - go%o ( ~~ 1.77 5S3{415
di hydr o- py++einA—3 = >
(2, 2- di et hoxy- et hy ;3‘) T @W}gnm [\ dazokedBear boxani di ne
() - 4- [ 2-|( 3- Chl or o- pRBEYLFthyD;3-hydroxyy Ny /dpeky- et Byl ami no]-3 [6 416
(1H i ni dazol - 2-yl )13 Bf@ﬁrlmldlaqull-déi et hyl - 1 "Bb M dazol - ~ ~
1] - 1H rj di n- 2- one| etyd{13-{ 3- Chl or o- phenyl Y=~ =" Q:.N a 1.GN\b) ' sa1
2- hydr oxly- et hyl am ho¢nZBmidhZol7yb+Pet hy] - 1H, 3'H RN " |1.82 511
[2,5' ] bi penzi m dazpbyb-2-dihydro-pyridy- 1) - 1H ridi n-2-qne
() -G s-4r[2-{3-chl pagdardno]- 4l 8 pheny|)-2-hydroxy- ~|i ~ a
et hyl ani no] - 3- (7' - MBfdibranhe " 1. 7S 517 3a, 4,5, 6, 7, 73- hexahydjo- ~ ~ (b)
154 (3)-N-(&-{1-Hydroxy-2- | &b 1 S
[3-(6-imidazol-1-yl-4- Q*{Q
methyl-1H- .
117 benzimidazol-2-yl)-2- He 1.34 (b) 596
oxo-1,2-dihydro-pyridin- - NHSO,CH,
4-ylamino]-ethyl}- a
biphenyl-2-yl)-
methanesulfonamide
()-N-(d-{1-Hydroxy-2- | O 1 Y-
[3-(6-imidazol-1-y1-4- Wi;D—{\L_/)
methyl-1H- HN_ oM 1.11 (b) 520
118 benzimidazol-2-yl)-2-
0x0-1,2-dihydro-pyridin- \HSOCH,
4-ylamino]-ethyl }-
phenyl)-
methanesulfonamide
(£)-N-(3-{1-Hydroxy-2- | b Sm
[3-(6-imidazol-1-yl-4- Q*{\Lj
methyl-1H- " 1.14 (b) 520
119 benzimidazol-2-yl)-2- HHSO,CH,
0x0-1,2-dihydro-pyridin-
4-ylamino]-ethyl}-
phenyl)-
methanesulfonamide



WD 021 079192 PCT/ US02/09-402 1 H 3" H[2,5 ]bibenzimdazolyl-2"-1)-1H

ridin-2-one()-Trans-4-[2-(3-chloro- phenyl)-2-hydroxy-~" ~~1i ~p ~
i ethyl am pol-3- (7' -methyl-"" "1.755174193a, 4, 5, 6, 7, 7a- hex 5 (b)1
H, 3 I—I—[Q?@LZ/?B& enzi mi dazolyl-2' -1 -1 H ridi n- 2-one()-§@¥g§dﬁ72"-b4(“§-oﬂ or o-

dl 2 hhQ"" ~ /[ " ~1 "~p~roxy- )- - vy p enyethylam no]-2-o0x0-1,2-N

O' 1. 555(5420di hydr Pegy-(3H{ D-tB/dydny=2 @; i §
am "

"(b)cycllopentyl - 7- InmiddFongngiqm dgzol
ro-~r"N, ~phenyl rrE?};zﬁithmnﬁoxy- [}4~ | et|hyl
I -~

boxam{ di ne()-2t{4-[2-(3-Cnlo
2- 0x01 1,12+(hy 550

O'1.61519421di hydr D'vﬁx\é glb)z N A

"(b)cycl|oiéxyl - 7- meP ({_' - nZi m'ddazol e-5-car bgyam di ne()-2-{4-[2-(3-Ch}or
“0- h 1 2 h d~NHH | *Hlg OBRYM |- yet hyl ami no] - 2- oxo- 1, 2} HH

~' 1. 48479422di hydr pHiamigplelyyrd_7.1|

' (b) et hyl - N- pr opy| methoBz®ReRiHaz ol e-|5- car boxani di ne()-2-{ 4-[2-(3-Chl or b-
" f "Nphenyl) - 2- hydr prigthangsulfonamide ~N ' 1 61 _521et hyl %m nol-2- pxo-1,2-"

ON. 423difhydr o- pyri Hih)-8-@+1~Hydroxy-2- | Ch o 1 S
"(b)methyl -N, N - di pyn@imidhrdrangiqn dgzol ;m%;i/)boxarri dine()-2t{4-[2-(3-Chlo
ro- methyl-1H- M o, | 119 (D) 520

121 benzimidazol-2-yl)-2- \_b

0x0-1,2-dihydro-pyridin-
4-ylamino]-ethyl }-
phenyl)-
methanesulfonamide
(2)-N-3-{1-Hydroxy-2- | ot
[3-(6-imidazol-1-yl-4- \(;Er%\\:’)
methyl-1H- Lb:":O_ 1.33 (b) 596
benzimidazol-2-yl)-2-

0x0-1,2-dihydro-pyridin-
4-ylamino]-ethyl}-
phenyl)-4-methyl-
benzenesulfonamide
(£)-2,2,2-Trifluoro-N-(3- | ) %
{ 1-hydroxy-2-[3-(6- WE;E
imidazol-1-yl-4-methy!l- e 2.97 (a) 538
123 IH-benzimidazol-2-yl)- NHEOCF,
2-0x0-1,2-dihydro-
pyridin-4-ylamino]-
ethyl }-phenyl)-acetamide
(£)-N-(2-Chloro-5-{ 1- St S
hydroxy-2-[3-(6- @%@)
imidazol-1-yl-4-methyl- e 2.75 (a) 554
1H-benzimidazol-2-yl)- NH8O,CHy
2-0x0-1,2-dihydro- o
pyridin-4-ylamino]-
ethyl}-phenyl)-
methanesulfonamide

(£)-N-(5-{1-Hydroxy-2- | Ch At Yo
[3-(6-imidazol-1-yl-4- f;b—%\t/)
methyl-1H- L 2.73 (a) 534
benzimidazol-2-yl)-2- NHE0,CH,
oxo-1,2-dihydro-pyridin-
4-ylamino]-ethyl }-2-
methyl-phenyl)-
methanesulfonamide

122

124

125
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h d |

2 hJN HH~-

\H NH'" ~/ 1IN

oxXy y eny )-

pet hyl am no] - 2- oxo- 1, 2-~H " 1. 41479424di hydr o- pyri di n- 3-yl

AN

"~(b)isopro - 7- et hyl H benzi m dazol e- 5- car boxam di n
021 0v0 193 PR BHEDT 06 02" ()-2- .{4-[2-(3-Chl oro- ~~HN~~~eP(ﬁ§§S" OWZRZhydr oxy
HN OH et hyl am no] - 2- oxo-1, 2- 1. 27 550 425 di hydro-pyri di n-3- vI Y} -7- ~ ~
(b) nmet hyl - N-(2- r(gblgl[quA}mydazelt hyl 'Sﬂrkben i dazo e- 5car bgxam di ne ()} 2-
{ 4-[2-(3-Chl oro- Oyrzuﬁ rg{phenyl) %y§2 -~N ~ ~ a |~~
et hyl am|no] - 2-oxo zn , 0Il\lly 2 66 ydr pr By if)di n-3-245 } - 7-| (
~ G (b) jr@éhyl - 1d1n- M coon
nor phol ijn-4-yl - etq )} zole 5car idine|()-2-{4-]2-(3-Chl orjo-
HO-H HHHN O NH phe} a“ﬁ" HN ON et hyTani no] - 2} oxo- 1, 2-| 1.38 481 4p7
di hydr o-{pyridin-3- IIQ“kCiCI ~+( b) h\uir oxy—ethy - 7—rethyH-3H
benzi ni dazol e-5_ caShaxarbdmidazel14- ] 20 M3 Chiwor & ﬁ yl)- --4~ ~ a~"
2- hydr oxy- et hyl ani |nd}4-geftwl-1H- net hyl - ’b;%% HH OH 1.§62 47S 428
i m dazol|- 2-yl) - 1H| benzimidaZobR-Wehzi m dazg@g 143i(h- 2-jonet68
(~) - 2- { 4-182- ( 3- Chl |6x0-1 P dihydrdlblridin= |O NH ph n37 hydroxy
et hyl amino] - 2- 0X0- {14 Ztantihb) A rdethyl452 (429 dl@ﬂd_g din-3-yl}-4- ~ ~ "
nmet hyl -1 H benzim dﬁkﬂ&ﬁkéﬁﬁfnmm di c aC| d razide HN OHO |()-2- {
4‘ [ 2‘(3‘ ml Q-0 H~I— nheny ) 2 1| UI u7\y' H et h anﬂ T U] 2 OX6 J., 2‘ }
OH 1.58 |480 430 di h@ﬁé‘@o[ﬁp(ﬁrlrlaﬁ%%-yu \ (- ~
net hyl - 1H benzi ni de¥lct-geiddHboxan di c ac >L§;:y 1ydr azi ne
()-4-[2-{(3-Chl oro- plbmnym)iaquﬂ -y1)-2= hydr oxy-% nol 139[(®- ~ ~ &4 vi 43
met hyl - 1(2§I-I- [ 1, 2, Ydra-i Aabhydréddy@#nl . |82 46 yWN H{ benzi m dazol -2-yl] [LH
ridin- 2- one 4-ylamino]-3-phenyl- NH:
propionamide
(S)-2-[3-(6-Imidazol-1- C .
yl-4-methyl-1H- ")_i\j‘
benzimidazol-2-y1)-2- oY/ | 148 (H) 482
129 oxo-1,2-dihydro-pyridin- "%
4-ylamino]-N,N- MN—
dimethyl-3-phenyl-
propionamide
(R)-4-(2-Hydroxy-1- "
phenyl-ethylamino)-3-(6- N»_ii) 1.44 (f) 427
imidazol-1-yl-4-methyl- \Q:N
130 1H-benzimidazol-2-yl)-
1H-pyridin-2-one d_\
3-(6-Imidazol-1-yl-4- i
methyl-1H- \Q;‘)—ii) 1.0 (b) 426
benzimidazol-2-yl)-4-(3-
131 pyridin-2-yl- L\_&}
propylamino)-1H-
pyridin-2-one
(5)-4-(1-Benzyl-4- @N LN
hydroxy-2-0xo- Q ,)—2\;/)
132 butylamino)-3-(6- "W o 1.41 (f) 483

imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-

1H-pyridin-2-one
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137 imidazol-1-yl-4-methyl- N
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1H-pyridin-2-one on
(®)-4-[2-Hydroxy-2-3- | &t S
trifluvoromethyl-phenyl)- Qu)—g\t/)
138 ethylamino]-3-(6- W om 1.40 (b) 495
imidazol-1-yl-4-methyl- L};}
1H-benzimidazol-2-yl)- ?
1H-pyridin-2-one
(+)-4-[2-Hydroxy-2- 4 "
(3,4,5-trimethoxy- (;Ln)—i\i)
phenyl)-ethylamino]-3- 1.18 (b) 517
139 (6-imidazol-1-yl-4- @om
methyl-1H- -
benzimidazol-2-yl)-1H-
pyridin-2-one

103



" car boxar

() -

met hyl car bam mi doyl ) - 1H—
1, 2-di hy
ester (S)-

2- phenyl -

[ 2- Chl or 0- 4- (1- hydr oxy- ~"

(gofﬁo |

et hyl arni

HH~~
~I.
n- 4-
- Hydr oxynet hyl - ~~H
no)-2-o0xo0- i ~ N ~

NN 2-{ 3-[4-nethyl

64 566 443 benzi m dazol -

"~ ylanmino }-ethyl)-phenyl] carbagigtuapi@srsobut 1
NH

HH~ \
i 1.33 530 444

-6- (N

2-yl]-2-oxo-

o (b)

1, 2-di h)

et hyl) -3

2- phenyl

1, 2-di hg

et hyl)

© 2-phenyl
2- di hy

dr o- pyri di
H benzim d
-ethyl am n
1de0- pyri di
H benzi m d
- et hyl am nlo
dr o- pyri di

NS4yl IBefzyli{-b) et

afeth8xRERAYL %1%5131”

ls ifii 81 yl -~

n-zo il— , di
haiij zgz Bo’i i‘h ”

rm'dw?‘)?e '(b) n‘et

§Fh N-(2- nzorpho
el

(b)
e (S)- 4-/
, 1 522 4
N- (2-pyri di

hyl -

45 Hy
1t 4S
thykN (2

s Hydr oxynet

I n-4-yl -
qi.rm)(p)rret

t hi ophen

16
h-2-vyl -

!
hyl

. D-
hyl -

455~ """

yl -

' eth

1) - 3H be
~" ~ ~ K
~~H ( )-
met hyl -

nzi m dazol

ndine(S)-2-

t141" 1 37
n_ -

H—(Z-pyriet

e4-53-H38roxyV1' O (1 2/

rBpfldminogirsogy met hyl
'%‘L Afi8a261-Y-y1-4%fdth - 2-

idazol-2-yl
)py%ﬁmf%zeazo T dazc

192 PGT/ USU2

@ ’bggj’-}-ox

({"ijﬁ)
di hy

| e- 5- car boxaift d

R |d|n1

09: 102

_y|]_7_
ne(s) - 2-

D).93-(fhen| |

-BHN ~ "
3HH ,

di

[ 4- (1- Hydro

Xy m
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142

(3)-4-[2-Hydroxy-1-(4-
nitro-benzyl)-
ethylamino}-3-(6-
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one

NH

\ 7

T
Ve e

1.51 (a)

486

143

()-4-[1-(2-Fluoro-
benzyl)-2-hydroxy-
ethylamino]-3-(6-
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one

1.57 (a)

459

144

(£)-4-[1-(3-Fluoro-
benzyl)-2-hydroxy-
ethylamino]-3-(6-
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one

1.57 (a)

459

145

(S)-4-[2-Hydroxy-1-(4-
methoxy-benzyl)-
ethylamino]-3-(6-
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one

1.54 (a)

471

146

(¥)-4-[2-Hydroxy-1-(3-
hydroxy-benzyl)-
ethylamino]-3-(6-
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one

1.38 (a)

457

147

3-(6-Imidazol-1-yl-4-
methyl-1H-
benzimidazol-2-yl)-4-
[(isoquinolin-3-
ylmethyl)-amino}-1H-
pyridin-2-one

1.15 (d)

448
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522am no) -

- 0XO-
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148

3-(6-Imidazol-1-yl-4-
methyl-1H-
benzimidazol-2-yl)-4-
{[4-(3-phenyl-propyl)-
pyridin-2-ylmethyl}-
amino }-1H-pyridin-2-
one

SO
j;:[.?—g\:_)a_/‘@

HN =t

\N/

1.31 (d)

516

149

3-(6-Imidazol-1-yl-4-
methyl-1H-
benzimidazol-2-yl)-4-
[(3-methyl-pyridin-2-
yimethyl)-amino]-1H-
pyridin-2-one

H

N
/

N

N

\

1.00 (d)

412

150

4-[(3,5-Dimethyl-
pyridin-2-ylmethyl)-
amino]-3-(6-imidazol-1-
yl-4-methyl-1H-
benzimidazol-2-yl)-1H-
pyridin-2-one

N\
Choa . Semm

HN N=
LQ

1.00 (d)

426

151

4-[(3-Hydroxymethyl-
pyridin-2-ylmethyl)-
amino]-3-(6-imidazol-1-
yl-4-methyl-1H-
benzimidazol-2-yl)-1H-
pyridin-2-one

0.93 (d)

428

152

(5)-4-[2-Hydroxy-1-(4-

hydroxy-3-nitro-benzyl)-

ethylamino]-3-(6-
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one

1.47 (a)

486

153

(8)-4-[2-Hydroxy-1-(4-
iodo-benzyl)-
cthylamino}-3-(6-
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one

1.73 (a)

567

154

(S)-4-[2-Hydroxy-1-(4-

hydroxy-3-iodo-benzyl)-

ethylamino]-3-(6-
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one

1.44 (a)

583
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(3)-4-(2,3-Dihydroxy-
propylamino)-3-(6-
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one

1.11 (a)

381

158

(5)-4-[2-Hydroxy-1-(4-
hydroxy-3-methoxy-
benzyl)-ethylamino]-3-
(6-imidazol-1-yl-4-
methyl-1H-
benzimidazol-2-yl)-1H-
pyridin-2-one

1.29 (f)

491

159

(8)-4-[1-(4-Fluoro-
benzyl)-2-hydroxy-
ethylamino}-3-(6-
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one

1.57 (a)

459

160

(S)-4-[2-Hydroxy-1-
(naphthalen-1-yl-
methyl)-ethylamino]-3-
(6-imidazol-1-yl-4-
methyl-1H-
benzimidazol-2-yl)-1 H-
pyridin-2-one

1.71 (a)

491

161

4-(2-Hydroxy-1-
hydroxymethyl-
ethylamino)-3-(6-
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-

1H-pyridin-2-one

1.00 (f)

381
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1H-pyridin-2-one OMe

(¥)-4-(2-Hydroxy-3- "
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(6-imidazol-1-yl-4-

166 methyl-1H-
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[(4-benzyloxy-pyridin-2-
ylmethyl)-amino]-1H-
pyridin-2-one
(28,38)-{2-Hydroxy-3- S
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methyl-1H- @_7—{_"" 1.59 (f) 604
benzimidazol-2-yl)-2- 2‘&@
ox0-1,2-dihydro-pyridin-
4-ylamino]-4-phenyl-
butyl}-carbamic acid
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N R NH
V/,
73 ethylamino}-3-(6- ; N “\ 71174 547
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1H-pyridin-2-one

171
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3-(6-Imidazol-1-yl-4- =) . 0
methyl-1H- S "»_@'

174 benzimidazol-2-yl)-4- N W 0.95 (d) 412
[(4-methyl-pyridin-2- »
ylmethyl)-amino]-1H- N
pyridin-2-one
3-(6-Imidazol-1-yl-4- @ .
methyl-1H- \@ 'Y

175 benzimidazol-2-yl)-4- W =] 0.92 (d) 428
[(4-methoxy-pyridin-2- \—?
ylmethyl)-amino]-1H-
pyridin-2-one
4-{[6-(3-Hydroxy- S ™
propyl)-pyridin-2- Q,{*{\\;/) o

176 ylmethyl]-amino}-3-(6- A :- ) 0.96 (d) 456

imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one
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4-(2-Cyclohex-1-enyl- N

= W 9
ethylamino)-3-(6- 2 "»_g\\;'}' 1.61 (b) 415
imidazol-1-yl-4-methyl- Vo
180 1H-benzimidazol-2-yl)- |-
1H-pyridin-2-one \—b
(S)-4-[2-(4-tert-Butoxy-

phenyl)-1- Q/ Q)_{i"}“ 1.61 (f) 513
hydroxymethyl- v

181 ethylamino}-3-(6- nn,/

imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one

(£)-4-[2-(2,3-Dichloro- {f‘ 3

N Y
phenyl)-2-hydroxy- \[;[N/}-i\t:)n
182 ethylamino]-3-(6- o 1.52 (b) 495

imidazol-1-yl-4-methyl- 5

1H-benzimidazol-2-yl)- ¢
1H-pyridin-2-one
(*)-4-[2-(3,4-Difluoro-

Q\/ : NH
phenyl)-2-hydroxy- /)—g\\_)
- N 1.34 (b) 463

ethylamino]-3-(6-

183 imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)- F

1H-pyridin-2-one 4

X
o
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7- met hyl

- 3H benzi m dazol e- 5- carboxi m di c acid et hyl

ester (400 ng,

0. 90

nmmol) was diluted with 2 NHO (20 nL) solution and the m xture was al | owed

to stir ag .r enperature for 14 h. After concentratio s, the
crude pr 3&19828{(93,%29@@, | 0099 was used for the next step w %é'ﬁuﬁ{z)ﬁ@ﬁﬁ
purification. Small amount was purified by 5 prep. HPLC to vield the title
conpound. ~H NVR ([3@94Nbiz3,40DR00BY08 8.4 (1H, ), 7.4 ( 1 H|s), 7.25 -
7.54 (5H, m, 6.25 fhehyhll-d. J:76I§E')“, 3 M H t, J=1|7.2 H), 4.38
P o) J ;;Né (1M+H|Z- A meéhg- R N e Wl iV
()-2-(4-[’5—(3-Chl oreottl ewﬂ -h dgoxy etcn- 21 oxo- 1, 2-|di hydr o- pyr | di
T B e TRREISIG oo el e e, e, ()
ng, O. mol) o iljuted w met haho and wat er
(5 nm) fiollowed 15 Hd-Pé(Hf]Jﬂr 2-88€ of sodium h\/rlrn\u_d_e_L 180 ng, 4.5 o) The
" mixture |was sti rred(SM-kldémméym@hﬂtLrﬁ\for 14 er removjal of
nmet hanol|, the residx4-hadrorpltral i zed ) S)| ution. [The resultipg
slurry wWas filterefrandromahgdhenyll ijce- ¢ tde/ Tha6<hl i d was2kol | ect ed
after dryfsxgg over héf{lamaed]isne- The crjude prioducty (39p ng, 100Poyiel d, 80%
pure) wgs used for ﬁﬁ]@am)itylspﬁgthwthout fod L/ pypification. 20 ~ NWR
627 ( 4 H ) = i ng%?)? i 3’@?’(;' "N, 267 (3 o)

. 1 1 = 1 1 . 1 . 1 S).
LCMS (MHH) + ml z 438 I(It mn.). Exarml e 475 25 163 W0 02] 079192
PCT/ US02/ 09-t 02 3-(6- Imldazol 1-yl-4-

(S)-2-[4- (1-Hydr oxypmeiny-hH2- phenyl - etih -Z- 1,12-(d) hydr o448/ri di n{ 3
yl]-7-met hyl - 3H beﬂgédﬂrgﬁg_iglqyﬁ Qar boxyl d\ hyI ester: [The imdate
ester (qolggg, 0. 06} lol\{\ﬁtq d| | ute s o"- 10 nmL) and two drops$
of water{ was 5 add gl‘fn[ﬁ |191n mxture vvas st 4 ed at room tenperature
for 20 h. After cop |on n vacuo, the re5|d hvas purifjed by prep
HPLC to lyield Ehe ¢o ound( 182rrg, 61 %9 as|a white polid. ~HNE/R
é?gomw;ﬂ,é’fg‘?w?zHD ‘é?:ﬁ%(ﬁ ?‘ﬂk‘%’“’ 4. ofgj@ LB Soad |5, 369 - 3. 81 (2H
m, 3.100( 1 H dd 48 Hz) ,/d( = 13.5
Hz), 2.6@2 (3H, s), EY‘%{ Hig‘%?ﬁhyg - ttlv;gfd 4-5%@2 447%t = 1.95%
mn.). Prlaf?ﬂaration gy artlngfrom
() - 2-{4-[ 2- ( 3- Chl of BLigAENY 4ztrﬁ§}fmloxy F-Qfon
et hyl anijno] - 2- oxo- 1L ]1B- bnnwudeynw n- 3-yl } #/7- met hyl {3H benzi fri dazol e-5 {5
carboxyljc acid, ExaHpgheslintZ®ne 504 Schene |V, 15 Exanple 476
4-[(4-Hydroxy-pyridin-2- H
ylmethyl)-amino]-3-(6- Q’"Q“»_@‘ 0.91 (d) 414
imidazol-1-yl-4-methyl- N ae
188 1H-benzimidazol-2-yl)- LQ\:%
1H-pyridin-2-one oM
3-(6-Imidazol-1-yl-4- = w 0
methyl-1H- % W |0920) 418
benzimidazol-2-yl)-4-(2- -
189 piperidin-1-yl- Aot
ethylamino)-1H-pyridin- N
2-one O
(£)-4-(2-Hydroxy-2-p- @N AN
tolyl-ethylamino)-3-(6- j (‘jN, < 5.74 (c) 441
190 imidazol-1-yl-4-methyl- W on
: 1H-benzimidazol-2-yl)-
1H-pyridin-2-one
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OO0 ~N~NNHHHNHO\ C

20

()-2-{4-[2-(3-Chl oro-phenyl)-2-hydroxy- et hyl am no] - 2- oxo- 1, 2- di hydr o- pyri di

n 3-yl 3H benzi m dazol e-5-carboxylic acid meth a
sol u%/i %)nz%(?}?%/% 9§C| d (SO ng, 0.11 mmol ) |nyDI\/F (5 n) wagllczlgic]ig%mmg
di phenyl phosphoryl azide (38 ng, 0.14 mml). The m xture was allowed to
stir forf 5 mn. Thepavet hpiam ne (2. ( 'Msol utpon in THF) (0.11 m., O.22
mol ) was added. hﬁﬂﬁbgg,ﬁgt@yl%gnyq;l e om 25 tenperature for 14 hi
After regnoval of “ﬁ Hum t r" e wa§_4g|45)i filed 4ps prep.
HPLC to |yiel d the |t § hgu ﬁ? 8 |ny, 360/() a white solild. ~H NMR (B0O
MHz, CDeo‘L%? $ 7.89 1@% {%9 9 7.53 (6H,\a@c6 23 (1 H d J =175
164 WD 02/079192 V gg i.)OEHHz), 4.98 (,&H p, 3.70|( 1 H dd, P =
4.7, 13.|5 Hz), 3. e{1benzqing 0, 13.5 Hz), 2.94 (3H, s)), 2.61 (3H
s). LCVB_(MrH)+ m p)aglznﬁfone 1 57 nig ) Exanple 4770 0 H =N~ N NH&-HN
e (+)-4-[2-(3-Chloro- C\ 9
() - 2- { 4-|[ 2- ( 3- Chl Of ghepBRyIpthdx Py dr oxy- @ 0] - 24 oxo- 1, 2-{di hydr o- pyr | di
n3-yl }-7- met hyl - 34 4ppgmmd}az@ e- S- car bo i Cu cm di 65t(by| am de475-H NVR
(300 MHz,19€D30D) 8| ifniB2di- l;lyljz[,_mgr)[M? 24 -"7.40 W, 7.15 | 1H, s), 6} 25
(1H d J=1 0%k 3824t H dd, J = ,m3.9 Hz), B.70 ( 1 H,
dd, J =14.8, 135%%5_[5%%’22 H’dd, J =7.0 I3.5H), 3.3 (3H ), 308
H 2—62—(3H: -r Mz d66—(t—1 841t mn)—Bxanpt 478
(N3~’ NS?\Ii-i H N HN HO H¢ %Ydroxhetﬂ T W e s
()-2-{4-[ 2- (3- Chl of Wftﬁﬁ%ﬁyﬂﬁ“e@yﬂydroxy-e?%;gu’ o] - 24 8%dPX 2- i h$AR o- pyr | di
n3-yl } - 7-mat hyl - 3H Hameldr@dmidagoklc4r boxyl i c™aghy teért-butyl ami de: ~ H NVR
(300 M—Iz]r%DS oD) 8| yi-Bmeghyl-1H- s), 753 ( 1 H, .A148 ( 1 H s), 7.24
7.40 (4H, m, 6. 25| benkimhidazhl-23ylx1H-6 |Hz), 5. 00 ( 1°H m, 3.64 - 3.70 (2H,
m, 2.62 (3H, s), [pylifrbnes). 20 LAVB {MrH) + nmiz 494 (t = 179 min.). [65
WO U2/ 079T) 2 (+)-4-[2-(3,5-Dichloro- | {3, 0%
phenyl)-2-hydroxy- \(;[N/ \ /
ethylamjno]-3-(6- HN  OH 1.54 (b) 495
194 imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)- “
1H-pyridin-2-one o
(#)-4-[(4-tert-Butyl-1- | Ch_ 1
hydroxy. QF@ 82 (2) 475
cyclohexylmethyl)- "V 382(a
195 amino]-3-(6-imidazol-1- Ho
yl-4-methyl-1H-
benzimidazol-2-yl)-1H-
pyridin-2-one
@)-{2-Hydroxy-3-[3-(6- | &bt S
imidazol-1-yl-4-methyl- (;[,; ¢
1H-benzimidazol-2-yl)- "'\_{’i 1.23 (b) 480
196 2-ox0-1,2-dihydro- Mo
pyridin-4-ylamino]- ¢
propyl }-carbamic acid
tert-butyl ester
(4)-3-(6-Imidazol-1-yl-4- | /=) .0
methyl-1H- 5 NS
benzimidazol-2-yl)-4- v Y/ | 1.17 (b) 419
197 . HN  OH
(3,3,3-trifluoro-2- -
hydroxy-propylamino)- CFy
1H-pyridin-2-one

11



Exampl e 479 PCT/ US02/ U9~02
()-2-{4-[2-(3-Chl oro-phenyl ) - 2- hydr oxy- et hyl am no] - 2- oxo- 1, 2- di hydr o- pyri di

n5 3-yl &gw | - 3H-benzi m dazol e-5-carboxylic acid butp@wﬁg,tz}ayjmam de
H NVR (3 \ OD) 8 7.51 ( 1 H s), 7.48 ( 1 H s), 7.24 - 7.39 (4
m, 7.13 (1 H s), 6.22 ( 1 H d_J=76Hz), 4 95 ( 1H ), 3.55 - 370
(3H, m | 3.34 ( 1 |Ht)-H[2-(3-CHorp-8BH, 5>)<}2 62 @3 s), D.79 - [1.69 (7H, :
LCVE (MfH) + m z 50&1l(0tr0_1—,hén}$)82_m n.). |1 ofEX3 Y 480 0 N~~ ~ [N NN 1i ' H NN
HO Cl 1ox eth ammo] 3- "l on 1.40 (b) _ 479 -
()-2-{44[;35(3- Chlo th(ér; £ahydr oxy- et hyl anto] - 2- oxo- 1, 2-|di hydr o- pyr| di
n 3-yl}- ') net hyI d:XzoI e-5-¢arboxylic '
S Zi 6?22‘5 by 3T | 6.2 (3[4 2o A6ty o
1 H dd, =49 mwndmﬂonQ 60 - 4 07 ( 14H_n), 2 61 (3H_ &) LCMS (MaH) +
" mz 551J(t = 1.49 i 4)(2-Hydaeny-2-m48 1 z@o oNN° l\l NH p N HN HO CI 166 WO
02/ 079192 PCT/ US02|/t0BA-4tlamino)-3-(6- @[Fi\%ﬁ/ 1.37 (b) 441
()-4-[11(2-{4- [ 2- (|3nfiirdzol-0-ypAeansthyt 21 hydr gxy- gt hyl anj no] - 2- oXo- 1, 2- di hydf o
pyridi n- 3‘99I } - 7- met i JbeAimRRRSIL aZ( ol - 5-yl) - hanoyl ] - pi perlazi ne- 1car bpxy
l(l(i H fi)te;t 22my|1ﬁ§%am T%)I% 7.18 ;(()Olwﬂz’ m 228<7'15ﬁ d S)7’67%)
4. 97 —H——5 (HOH—t—262(3H—s )14+ 9H——=)r—LEMS
(M+H)Sr i1z 607 (t —(Si‘d*éé PFH‘HO y‘mqg{ Urplelis2 10 ° N,} N :
() - 4- [ 2{( 3- Cnl or o-|phehsay}-propy - et Ryl n%@&mth | - §- (1- pi per azj n-
1yl - met hanoyl ) - 1H- {bEffrimidazoldtyl - I] 1Hp ¥ n- p=%onel-3¢€0a sjol t3%n of
()-4-1 14 %Ofﬁ- [ 2- (3-méthgk Hphenyl ) - 2- hydr oxy- et HY ami po] - 2- oxd- 1, 2- di hydrp-p
yridin- 3- benzimidazol-2-yl)-1H- oH
} 7- met hyl - 3H- benzi myiRieR-opeyl ) - met hanoyl ] - erazi ng-1-carboxylic acid
tert-butlyl 15 ester (40 ng, 0.06 mol|) in anol (p nm.) was| added 4.0 M
HCl di oxane solutijon (0.1 nL) excess). The reaction i xture was stirred gt
room terperature Tiofg). 3411 d%,gﬁﬁetgﬁnc ev.ﬁr ation, othe fesidue wWas purifi ed by
prep. HRLC to gi veo% %ty Slat AP _nc % as a whitle foam 'H NWR
(300 MHz, CD30D) 8 .. i , 7.53 (1 4 37/& (44 5 7.17)(
1 H M, 626 14‘%“1 L1 ) : 528 O B
3.91 ?)4H,26t1>roa<(j s) | ethyly i H, ﬂ? ] = X 3. 65 1 H, dd, 3 =
6.4, 13.5 Hz), 3. 3bgnaywpud '&dylky,'z. 3 (M+H)+ mz 507 (t F
1.38 nun.). Exanpl ePYIfglin-2-one
(S)-4-[2-(3-Fluoro- N=y
phenyl)-1- o N N
hydroxymethyl- QN/ N’ | 1.48 (f) 459
202 ethylamino]-3-(6- Hy
imidazol-1-yl-4-methyl- Q_/_\OH
1H-benzimidazol-2-yl)- g
1H-pyridin-2-one
(18,2R)-4-(1-Benzyl-2,4- @ A
dihydroxy-butylamino)- Qi ,>_§\L_/)
203 3-(6-imidazol-1-yl-4- N W, o1 1.39 (f) 485
methyl-1H- I,
benzimidazol-2-yl)-1H-
pyridin-2-one
(S)-4-[1-Hydroxymethyl- @ 4 9
2-(3-trifluoromethyl- N N NH
phenyl)-ethylamino]-3- \Q:N/}_@ 1.56 (f) 509
204 (6-imidazol-1-yl-4- HYy
methyl-1H- OH
benzimidazol-2-yl)-1H- iy
pyridin-2-one ?
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25 167

WO U2/ 079192 PCT/ US02/ U9- 4U2

()-2-{4-[2-(3-Chl oro-phenyl ) - 2- hydr oxy- et hyl am no] - 2- oxo- 1, 2-di hydro pyridi

n3-yl}-7- H benzi m dazol e- 5- carboxylic acid cyclo
(30% %\Aﬁz@é@%? 80 (1H, s), 7.21 -7. 5% {6H m), %/s 22%%%‘%%\1 =7.6 Hz)
4.99 (1 H t, 6.4 Hz), 3.59 - 3.76 (2H m, 2.83 - 2.90 (1 H m,
2.60 (3H] s), 0.81 B(O18RatAH-yiD- 0. 0.7342H, f). LOVB (MH)* niz W78
(t =1.60 mn.). Exasmleigs84 0N ~ N 196 (b) 399
()-2-{44[2-(3-Chl or nQ}ﬁﬁ éﬂ m(drox 1 0xo0- 1, 2-di hydr o- pyr| di
n3-yl}-71 t hyl - 34 g Zl 92% ]-)Cc [ ycl openty|] am de: ~H NWR
(300 MHZ, CD30D) S Ejn 16 - 7.60 (6MN2M), 6.22°( 1 H, d, J|=
7.6 Hz),| 4.35 (1H,| 3ok Hepyridip® é’“% 2.62 (3H] s), 1.2 - 2.07 (9H,
m . LCMG (TMFH™ m Tazcﬂ L 155 m n. y* t5 Exanple 485
' ()-4-[2-{(3-Cnhl oro- 'hgéﬁbii A2- hy r oxy- et qthwj 6F ( 1349 peri djn-
120 yl - et hanoyl) ném 1 _%_ _-2- 2-one:” ~H NWVR (300 MHz,
CD30D)&2¢>653(1»1—F ° H |s), (4H, r‘r) 7.07 ( 1 H
s), 6.23 (1 H d, “7‘“62 f’hy 98( 1 H dd, J\=/4.8, 6.6 Hz), 3.60 -
3.74 (54, m), 3.18 Hﬂ@ObAH(PYIIdW%W 2.60 (3H ), 143 - 1.7|(6H m). LOVB
(MtH) * mtz—506—(t :V‘@_UAIU/ T9Z txanple 486 0 0 N ~ N
NH N HNHO O PCT/ L S gggﬁjgaz’d EVEE hg:) P
-2-{4-[2-{3-Chl of dr.oxy E%:a, -2- di h o- pyr i di
I(’l)5 3-§/I }[ﬂ)qiret hyl - S‘P-‘F“B ;&l&gg%llé; -lcar boxyl i ex a cycl %exyl a%ingéde: Io)!-H
NVR (300 MHz, CD30D7h68y1713>8”S_1012M1 s)|, Q). 7.52 (11 H s), 7/16
- 7.40 (|4H, m), 6. pahylaming)-1H-pyridia- | dd, J = 4.7, 6.9 Hz),
3.89 (H| n, 3.69 [(2-bn¢d, dd, J =
(+)-3-(6-Imidazol-1-yl-4-
methyl-1H- )-—%D
benzimidazol-2-yl)-4-(3- _ | L34(d) 502
208 phenyl-1-pyridin-2-yl- \ /
propylamino)-1H-
pyridin-2-one
(+)-4-[2-(3-Fluoro-
phenyl)-1-pyridin-2-yl-
ethylamino)-3-(6- _ | 131@) 506
209 imidazol-1-yl-4-methyl- \ /
1H-benzimidazol-2-yl)-
1H-pyridin-2-one
()-4-[2-(3-Chloro-
phenyl)-1-pyridin-2-yl-
ethylamino]-3-(6- _ | 139 ()] 522
210 imidazol-1-yl-4-methyl- @
1H-benzimidazol-2-yl)-
1H-pyridin-2-one
4-[2-(2-Fluoro-phenyl)-
1-pyridin-2-yl-
ethylamino]-3-(6- 1.33 (d) 506
211 imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one




4.7, 13. 5 Hz), 3.61 ( 1 H dd, J = 6.9, 13.5 Hz), 2.61 (3H s)) 1.19 - 2.00
( 10H, ). LCMB (MrH+ mz 520 (t = 1.93 nin.). 10 Exanple 487 0 0 H N ~ ~
N NHNH
()-4-[2- (N%K@{%&l%z phenyl ) - 2- hydr oxy- et hyl ani no] - 3-{ 4- met h 9”%50[2’1094(05 met hyl t
5 piperidin-1-yl)-nethanoyl]-1H benzi m dazol -2-yl}-1H pyridin-2-one: -~ VR
(300 MH{, CD3OD) b @)5.1[94 31Blomas) , 7- H os), 7]21 - 7.39 (4H, m,
7.14 ( 1 H s), 6.0 HD thin-3-¢1- 7. M 1|H, dd, J=4.7, 7.0
Hz)) 3.68 ( 1 H dbu, 613 6 H ddo (d) = [7- 0566.3. 6 Hz),
2.62 {3H,8), 1.93|: i Q?hy 6.3 Hz%. | OV ( MHH) +
mz 520 |(t = 1.97 nm {io {pl e 488 PAT/ US02/ 09- 402
" ()-4-[2-(3-Chl oro- szd ?&X/ E } (4, 5-di hydro-t hi azof - 2
5 yl) - 4-|net hyl - béHzHYﬁ‘idH‘a%SPCZ yi ]-|{1H pyri di n-2-on¢: To a splution of
-2- N
' E)Z-(3§chloro-pheny +-)f' gr%g?cg’ b‘gyla o & 1di hydro-pyridin-3-y
} - 7rret hyll - 3H benzi 7P}Ef'é’2' rkspyl %1? nitirile 0.2 H}ml [ t hanol
(20 nl) %Isé) added peth aﬁé@t] {%et hi ol hydr ochl o d (41' ég( 36 %E) and
tri et hyllami‘ne (0. 1| imidagoldey<ymettiyt rleacti o was heat ed to reflu
for 14 h and cool efl1Hebengimidaral-2eper|at ur e. ter comcentratipn, the
resi due was purifi edHpyridirep-on¢iPLC tg yield tfAe titl ¢ conpound (76 ny, 645%
as a yellow solid |~H NVR (300 Mz —dD30D) b 8104 H—s)—FF+1+H;
s), 7.68 ( 1 H s)| (@-2&-Imfamld-yla Q@ 6.33% 1 H d, J’=7.6 H), 5. 01
("1 H dd, J = 4.2| ngtyl$#H), 4.58 (2H, t,{;q 6p)HzY, 3.91 (RH, t, J = 8.6
Hz), 3.73 ( 1H, dd|bénzmillazol-2t@)-4-l=)|, 3.6% (" 1A ,dd, 1#7«dy. 0| 1614 Hz),
2.64 (3H21). ~ 5 L@RdoMhehyt)M z 480 (t = Cg)@ Exanpl € 489 oHc
()-2-~4-[2-(3-Chlo mg@y 1 - 2- hydr oxly- et hy noJ-24oxo- 1, 2- di hydr o- pyr i{ di
n 20 3-y|l }-7-nethy fwraggagpmg%%e- 5- car bal dehyde: |To a suspensi on of
()-2-{4- 2 2-one
( 3- chl orje=phenyt=2=hy tryt-amiT 2-0X0- 1, 2-dIr fiydr o- pyridi n- 3-yl
}- 7- et hyl 3H benzi m@alwzi' '@'gﬁt‘? boni tfr \‘ £ 0. 18 mmol ) ifn tol uene
(anhydrous, 20 nl) | RASLY; %I@&dr&]i‘l’)sobutyl al 1.4 gﬂ | uene gutlon
(0.65 | Q 97 mmol pthatanigd-3rffder nitfogen] They moxt drk lV\Q st i rrg 18C
for 6 h.| Bhyl acef amigdagolal-w4-methwhas| t hen added < ol llowed by fater (0.5
m.). The] m xture slelbanznmdam 2r,dbm 170 WG 19192 PCTI US02/ 09~02
WT IH-pyridin-2-one
4'[3—(4- N i 8 NH
Cyclopentylamino-6- (;Q_Q
propoxy-[1,3,5]triazin-2- 1.67 (b) 585
216 yloxy)-propylamino]-3- ~>;:\H’_/
(6-imidazol-1-yl-4- s
methyl-1H-
benzimidazol-2-yl)-1H-
pyridin-2-one
®)-3-(1-Hydroxy-2-[3- | 1 X
(6-imidazol-yl-4-methyl- Q,{ §
217 1H-benzimidazol-2-yl)- W on 1.20 (b) 452
2-0x0-1,2-dihydro- C o
pyridin-4-ylamino]-
ethyl}-benzonitrile
(£)-4-(2-Biphenyl-3-yl- | Gl i S-u
2-hydroxy-ethylamino)- @,{ \ 7
218 3-(6-imidazol-1-yl-4- e 1.51 (b) 503
methyl-1H-
benzimidazol-2-yl)-1H-
pyridin-2-one




" mxture

tenperature for 20 mn.

The m xture was then passed through a pad of celite

and the filtrate was concentrated. The crude product was purified by prep.

HPLC to
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imidazol-1-yl-4-methyl-
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1H-pyridin-2-one

1.90 (d)
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(E)-4-[2-(3-Bromo-
phenyl)-2-hydroxyimino-
ethylamino}-3-(6-
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
1H-pyridin-2-one
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(Z)-4-[2-(3-Bromo-
phenyl)-2-hydroxyimino-
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1H-benzimidazol-2-yl)-
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503 1, 2-di hydro-pyridin-3-yl]-7-

NH OH (b)

nmet hyl - 3H benzi m dazol e- 5car boxyl i c aci d ethyl ester
4-[ 2- henyl NNNH HO "N ~ H NN 2- hydrox 3-[4-
U [ W%é%ﬁé@h{?l 6y()1 Htetrazol -5-yl)- HN " 1 02 Zf‘éﬁﬁé@ﬁﬂbm] [
H-ben2| m dazol -2-yl]-1 H ridin-2-one GeneraI Procedure for Suzuki
coupl i ngs, Exarrpl el Gbx- (ﬁggd((ﬁ hleme \ ) Exarpl e 505
(S)-4-(1-Benzyl -2 hWn?K}fro%S/ 310) "”6 phegykr 1H beagi mi dazpl 2
-yI)-lI—I—pyrldln-2-o&)elm of 1541 t|on of (
1- benzyl|-#ptritylo A gg%am no# 3[ 6-|br ono 4 hyI 1H benzi nmj dazol e-2-y| ] -
1H pyridi n-2-one (p E’ . qri' l%) phenyl b nacid ( 13| ng, 0.11
nmol ), and 2 M K2QD Y mol ) " i F(5 n) was pdded
Pd(PPh3)|4 (8.3 ny, gy <5 ). The nixture was heate¢d to 1 o|reflux 14 h.
Upon cogiitng, the ﬁ% gre wassdituted w th 2C1Z2, washed with 174
" WD 02/ U79192 PCT/ Us %j% t ed™ Med | qQuer z504 nd
concentrlat ed in va: én?lgg?b laeé ? vor\ the ngk4'? St ep Wiﬁ}]f;ut
purificatign. 3 (t = 2.82 mw, ). The crude product was
treated W|th4NH ety esolutlon(5 m.) m|t enperature for 6 h
After concentrati ohben#iiaed);2-yhd Hesji due was rified by prep. s HPLC to
yield the title commdld%orﬁ ny, 34010) as a white solid. ' H NVR (300
MHz, By—8—713T= BT eSS 1 H o= 7.4 Hz), 3799 -
211 (1 H m, 3 79 4‘%‘3‘?‘&(’5%1%’ LB ML Howdd 3 = 5.4] 13.6 H),
2.97 ( 1 H dd, J Eiofogpheny 69 ﬁ OMS (M) + 25451 (U
2.04 ni n.%‘ 1 o ExaRpP¥lagyeelo’ 'NH/ - ~ 1IN oH | b
(S) - 4- (1 B¥nzy! - 2- hymdassl-leyhdmesivio) | 3- (4- met Wy JgHbenzi ni dazol - 2-yl ) - 1H
pyridin-2-one: ' H| NNFbenzmmdazet-2-dB30D) b 6. 7.46 (9H, m| 6.15 ( 1 H,
d, J =15 7.5 ), 3H9;9ynd1142@)41e( 1 H|Im, 3.75(2H ¢, J =51 H), 3.16|(
1 H dd, =51, -2 95— tH1dg—3—=8-—%F+—13- 6 H)—— 261 (SH—=) .
LCIVS(M+H)+ m z 37f()t4gﬁ3$§’fﬂ‘i’n\) Fxa B9%/ O\~~~ NH O I / W
HN OH 20 phenyl)-2-hydroxy- Wﬁjﬁ)—@
043 ethylammo] -3-(6- Wy o 1.35 (b) 505
imidazol-1-yl-4-methyl- ‘b
1H-benzimidazol-2-yl)- o
1H-pyridin-2-one
(S)-4-[2-(3-Chloro- St S
phenyl)-2-hydroxy- \E;[N, N\ /
244 ethylamino]-3-(6- W on 1.30 (b) 461
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)- °
1H-pyridin-2-one
(R)-4-[2-(3-Chloro- @ LN
phenyl)-2-hydroxy- \(;[N/)—@
245 ethylamino]-S-(6- HN oM 1.37 (b) 461
imidazol-1-yl-4-methyl- L@
1H-benzimidazol-2-yl)- “
1H-pyridin-2-one
(R)-4-[2-(3-Bromo- l§! -
phenyl)-2-hydroxy- @:N/)—gt,)
246 ethylamino]-3-(6- Wy o 1.35 (b) 505
imidazol-1-yl-4-methyl- L@
1H-benzimidazol-2-yl)- g
1H-pyridin-2-one
4-[2-(3-Chloro-phenyl)- | (%, -
ethylamino]-3-(6- @»@ 1.53 (b) 445
247 imidazol-1-yl-4-methyl- HN
1H-benzimidazol-2-yl)- \b_
1H-pyridin-2-one ¢
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(S)-4-(1-Benzyl - 2- hydr oxy- et hyl am no) - 3-[ 6- ( 2- net hoxy- phenyl ) - 4- et hyl - 1Hbe
nzi m dazol -2-yl ] -1H pyridin-2-one: "H NVR (300 MHz, CD30D) 8 6.99 - 7.59 (
12H, , 6,16 H d, J =7.5 Hz), 4.04 ( 1 H, , 3.81 76 (2H,
d, J ?4.‘@&&9{9‘%_ 96 - 3.20 (2H, )rr) 2, 66((3H, s;ﬁ. LOVS l(C%S@Z??%%s Et =
2.00 mMin.). 25 175 WD 02/079192 Exanple 508 F 0 \ N NH ~N I- N _OH
PCTJUS0Z7 09~02
(S)-4-(1-Benzyl - 2- hydr oxy- et hyl am no)|- 3-[ 6- (4- 1| uor ot phenyl ) -¥4- et hyl - 1Hb
benzi m qazol - 2-yl - 1H pyri di n-2-one: |~H NWVR (300 M—Iz CD30D) 8 7.10 - 7.66
( 12H, m, 6. | 3 ((-4H2-@-CHloro-4- 6 \L 3. 99 ¢ 491 (1 H m, 3.76 (2H
d, J = 5.0 H), 3.1@&0,@ cng;ng_E % *) 296 ( 1 H dd, J = 81,
‘ %/g.OGOH\z), Z.gSNI(_lSH ﬁP aﬁrMi"d]D rrlz 489"}/ =u2. OY 11m5nb) - [LO Exanpl e 509
(S) - 4- (1-B8nzyl -2-h d‘r”b -°¢lat1H§/| ani no) - 3-[ 6- (4- y- phenyl )| 4- et hyl - 1Hbe
" nzi mdazol -2-yl]- 1 _22 )(7)1512 1 NVR (300 CD30D) b p.97 - 7.65|15
( 12H, ), 6.14 { 1%2“813%)01“ , 4.00 - 4 (|1 H m,{3.83 (3 H,
s), 3.76 (2H_d, Jpylig2rone o qr\-?JQ(?HJﬁ 2167 {3H &) LCMS
(MrH) + nif z 481 (t -(2) 9[- @-@hipro-Gener|al ", Proge e fol Buchwal i couplings
Exanpl es 510 - 516| betherp-piedyd)-20 Exgnpl O/HN\V[NHH'NHN~ " OH 176
VNO 02/ U79192 PCT I U3 Pe@lamino]-3- W oH 1.24 (b) 491
(S)-4-(L-Benzyl - ngfn%yzc@_tlhwzﬁm no)|- 3- (4- et - ror phol i nt 4-yl - 1Hbenzi m
i dazol -2-yl') - 1H pyf | f %Hone mxtgre of4(S) dC' b g 2eyi]-1
1- benzyl|-2-trityl ok -ibr ono- 4- met hydw- ] enzi m dazol - 2- -
H pyri )(;i n- 2-oney(1 ggr{z ‘%%jr%g’l?nm ), m)rphol i ne (28 2 ng, 0.324 mmol )?/
pal | adi um-acetate 5 tr~—tert=buytphosphite {44 o:
0.02 nmmj ), and sojﬁ?rﬂ izﬂ Cblﬂr‘é)‘(‘r(dfe @@1 08 fmol) in {oluene {5 m)
was heatled to 100C| msthyl-aligoxyder nit rogﬁ?nT react on ni xt gre s cool ed
to room |t enper at ur ¢phenglled-hydrewy-wi t h [Et OAC. extr é{,%t(lb hé3Eonbi ned
organi c | 280ers wer eethgkheoo 86 wat er|, bri ne, pver Na28)4.
Concentrati on gave| anfdagolri-gd-nediyiiug, which was ot-}fclt ed with{4 N HC
1H-benzimidazol-2-yl)-
1H-pyridin-2-one
(4)-[2-(5-Bromo- St S
biphenyl-3-yl)-2- WQZE; CJ
hydroxy-ethylamino]-3- e 1.44 (i) 581
251 (6-imidazol-1-yl-4-
methyl-1H- o
benzimidazol-2-yl)-1H-
pyridin-2-one
(+)-4-(2-Hydroxy-2- Gt S
[1,1,3’,1”"Jterphenyl-5’- (;[.{ N _
yl-ethylamino)-3-(6- e 1.48 (1) 579
252 imidazol-1-yl-4-methyl- )
1H-benzimidazol-2-yl)- S
1H-pyridin-2-one
()-4-[2-(3-Chloro-4- -
propoxy-phenyl)-2- Q,{
hydroxy-ethylamino]-3- 1.76 (b) 519
253 (6-imidazol-1-yl-4- o
meth'y]—‘lH- o _
benzimidazol-2-yl)-1H-
pyridin-2-one
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10 di oxane solution (3 nL) at
t he sol vent,

roomtenperature for 6 h. After renoval
the residue was purified by prep. HPLC to yield the title

of

conmpound 189 ~H NWVR (400 MHz, CD~0OD) 8 7.59 12 -

7 98 (7H‘£’§r§2’5%"91 /01 Hod, 1290 % He)) 4. oL ° 4 o8 (Sl-r&n%]%mﬂm 1 H,
dd, J =4.8, 11.1 FE) 3.7 (1 H dd, J =5.2, 11.1 Hz), 3 32 - 3. 10 (4H,
, 3.09 ( T H_dd| 343_ _ﬁn@au;;a 1-42)], (2. 92H(01 H, dj, J =8.p, 13.7 15
Hz)) 2.65 (3H, s). H)+ z 460 ('t%;_{\\y mnjl). Exarrple 511 0 N NH
HN HO Cl 20()-4-2 nyl }|- 2- hyfdiroxy? et hyl Azt hyl - LH
benzi m dazal -2-y|§ :2?;&?5 12 9 A }~H NNR (Qﬁ 4 qCDgg 8(7Z.15:LH?3 -y7. 64
(8H,rr),6.23(1 "°§1“ 4.94 @1361 1 H dd, J E
© 4.8, 13.]8 Hz), 3.54 %W'“%Npe'yb 13. 8 Hz) 2{B1](3H, s).| LOVE (M+H) I
mz 395 |(t = 1.65 nPWP)OnarinidP VO 02/ 079192 Exarrple 512 NO\[ 1 \ N NH ~N

HN HO CI[TPCT7US02Z7
()-4-[2-|(3-Chl oro- ﬁ?qt‘é 1 drﬁ)’} rzo(gy et<Fry 33- (44met hyl - 6y pyridin-3-yl 1
H benzi mi dazol - 2- - 2- one. 00 1 oD 14 1
H s), 8.88 ( 1 Hy hy& p‘Y‘ﬂ mﬁz 72 (‘1 H C"S J 1§%SD3 ,)BQZ)%( 1(4,
dd, J =1|5.8, 8.2 H; idgzog 1' hb 7.56 ( 1@&), 7.24 - [7.4S (5H m,
6.26 ( 1 H d, J =| Hdeppimi @ObQY)lH dd J 6.5 Hz),|[3.77 ( 1 H
dd, J =|5.0, 13.5 -pygdee210nq H d =65 m SlHz) 2. 6B (3H s).
LCVS (M{H) + m z 47P4{2-(5Bto®6-2i n. ) . 1@!\/&155" Name Strpcture ~~n)
(MtH) miz () - 3- ( 6- Brethoxy-phed iy - B~ benu m dazol + 2-yl )-4 518
[ 2- (3-chl or o- pheny| }thgtanid]F3-&-08 473 hydrox Y4 thyI amlrﬁi](i)l—l— ~ ~519
ridin-2-1008% ()-4-[ Rirhi aﬂ]dloylm-ma |-t N' phe ‘2 hydr oxy
et hyl am|no] - 3- [ 6- ( #1gNdnGhhida 202 514 met hoxy- nyl)-4 nethyl -
H benzi nmi dazol 2- 1 one 4-[ 2-( 3- oro- ~ a~H
phenyl) -|2- hydroxy-1 Flli%yﬂ»d-hgb %ngS 39(5) 518[ et §1yl am noj(- 3- (4- net hyl
1H benzi mdazol - Z- Vb 3k i 8- ZyRBe [(B)-4-(, k- Benzyll-2 ~H ~ b O NH 1.39
458 hydrjoxy- et hyl afrinigh; 3p( 4 N "\Q:“/)_w
benzimidazol-2-yl)-2- "o o 1.25 (i) 440
257 oxo-1,2-dihydro-pyridin- \—SNO
4-ylamino]-N-phenyl-
acetamide
(R)-N-{2-[3-(6-Imidazol- | &, 4 & ..
1-yl-4-methyl-1H- \QN’)—%\_’_/)
benzimidazol-2-yl)-2- Hy
258 oxo-1,2-dihydro-pyridin- d‘ L35 M) 504
4-ylamino]-2-phenyl-
ethyl}-
methanesulfonamide
(8)-N-{2-[3-(6-Imidazol- @N W
1-yl-4-methyl-1H- 1;:@—{\:)
benzimidazol-2-yl)-2- MK NHSO.CH,
259 0x0-1,2-dihydro-pyridin- 1.32 (h) 504
4-ylamino]-1-phenyl-
ethyl}-
methanesulfonamide
(+)-N-(2-Chloro-4-{ 1- Ch b S
fluoro-2-[3-(6-imidazol- ‘(;D—{\L_/)
1-yl-4-methyl-1H- WS 1.30 (b) 574
260 benzimidazol-2-yl)-2- o
0x0-1,2-dihydro-pyridin- NHCOCs
4-ylamino]-ethyl}-
phenyl)-2,2,2-trifluoro-
acetamide
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()4 [2-

51 6 net hyl - 6- pi per

ridin-2-
517 519

one 178

%ﬁf—ﬁﬁ ared according to Schenes VI

idin-1-yl- HH (b) 1 H benzi m dazol
WO 02/ U79192 PCT/ US02109~02 The fol | om ng exanpl es

Cl HO u Cl

and II11.

~2-yl)- ~ ~ of f 1H

S &88mI0640217 HN- H

(S) 4 [2 (3-Chl aro- phenyl ) - 2- hydr oxy- et hyl am no] - 3- (4- net hyl - 6- pi perazi n- 1-

yl10 1H

7.54 (bris

6.25 (d,

1 H, 3.
Exanpl e

benzoi n da
, 1 H, 7
zélH’ J

- 3. 25
518 HN
(3-Chloro-4

S
benzi zol 4-
Rblpgll_gl’n %ylﬁ%ﬂ(ﬁ)

Z N 6-BmidaYollHylpd i di

AP PN lg1 o

*- one;

o H NVR

R

enyl ) -2- hydr oxy;

/3 (dd,
mz 479,

et hyl am

(500 Mz}
"1 H) 0.96.B¢ (

CD30D)

48l . t s

] -3-(4-

8

brs4o4. H) ,
1| H), 3.65

(

| 6- pi per

azin-1-yl -

20 CD30D) 8 7.47 (

" Hz), 7.03

(m 1H),

525, 521.

Ca F PCI

(S)-4-12-
razi n- 1-|y

%265 -

/ US02/ 09.tp

(3-Chl orot
1H-benz

(brs, 1H>h (ﬁ
B
%0 W 9@@7@79192 Exant

bpsridid-3H)1)phénydB2-
lﬁ Fafninoftd-,

g C"FCL §%°1 gy -

) Blef2zGi Biotkaz ! - 2-

CD
~

a L Sy JRVIIR 1I—L

2

s, 3

- hydroxy"_

. 2

yis) - 1H-pyri di n- 2-
®

e
6.2 q, H J
, 42 (s
le 519 H

N

hyI a

one: | H
19 (d, 1

F1.487a}z)

3H): LOQ

nno]-3-(

H J = 8.

4- met hyl

NVR (500 M

3

4580 - 4.
M5 (MHH) + m
+ NNHHN HC HO i

_6p

0Nz CD2
AEm i A BN " =3t SO

8 7 .61

Hz), 7.17

6.25 (d,
- 3.30 (
exanpl eg

(dd, 1 H,
1H J =
8H) . 2.
20- 522)

1(2-(2-Chlorp-b{Hy) |

(dd, 1 H hsndre:xseM} (8.8 Hz),

rinfidiio)-1-yl-Bdethyl.
b #H (e nzidtiflazol-SVD-
PRKE-102-gihgded acc
pyridin-4-ylamino]-

ethyl }-phenyl)-carbamic
acid ethyl ester

q0

N
G

H] :
73 1.363bB0
44

1 H NVR (5
7.28 (d)
6. 87

D9. The f
Vil and

1H J=
m 544) ,

Dl | owi ng

7

(prs, 1 H),

264

(£)-N-(2-Chloro-4-{1-
hydroxy-2-[3-(6-
imidazol-1-yl-4-methyl-
|H-benzimidazol-2-yl)-
2-ox0-1,2-dihydro-
pyridin-4-ylamino]-
ethyl}-phenyl)-2,2-
dimethyl-propionamide

1.42 (b)

560

265

(8)-3-(6-Imidazol-1-yl-4-
methyl-1H-
benzimidazol-2-yl)-4-(1-
hydroxymethyl-2-
pyridin-3-yl-
ethylamino)-1H-pyridin-
2-one

0.78 (b)

442

266

(S)-3-Hydroxy-2-[3-(6-
imidazol- 1-yl-4-methyl-
1H-benzimidazol-2-yl)-
2-0x0-1,2-dihydro-
pyridin-4-ylamino]-N-
naphthalen-1-yl-
propionamide

1.41 (b)

520

121



and illustrate the al kylation of a piperazine derivative t s Exanple

520 (General procedure for exanples 520-522) N=~ NO~NH N NH -N HN HC
HO u C
(S) - 3- [ 4NQOVYOI2. (3 Chi or o- phenyl ) - 2- hydr oxy- et hyl ani no] ~2X 6% 6.1+ 3- di hydr o
20
pyridin-3-yl}-7-metsyl- @I.-hb@ﬂz)purp]dazo \\5 yl ) - pioperazi n-1-yl ] propionitr|le
. To a dtirred solu,tnhgp,lq)ﬁ ?7;1_';&
4-1 2- ( 3-|Chl or o- phe byl am h
pi E)eh(am n-1-yl - p “B/én)m%g]ﬁé/ g']z;gtl y-lH- pérl dnm-2 onew(zlg ngy 04.1%021 mol )
i n anhydrd§us rret ha g W_ ded Huni 36 p.L).| The result|ng
" solution was cool edh¥d6 ’f)y@f 14"y rylonltril 5 1tL5' was added in portions
until tHe reaction| IHayridingzengp; 1174192 p S02/ 091402 was fonplete as
j udged hy LCMS. The reactl on was warned to roomterrpe=rature apd the sol vent
" evapor atjed—n—vacd tH Li. stwgte—was—purified—on—reyerse phase
preBar atli ve HPLC up Sﬁ' [2 ﬁ%@rﬁé}‘léf H g 1&,0 ad T fl uoroacetic agi d
gradi ent|. The fract i azqlgdrd »evapor at ed t \t e fitle conpound as a
trifluorlopgetic ac|progglemispl3-62. 1 ny): 5,90 ,(brp3pp) 48! 7. 49
(brs, 1|H, 7.39 - muﬂaquﬁrylwethylw brs, 06 (brs, L H, 6.25 (d,
1 H J 3 7.7 H), #lBDbenzimi&ol-Byt H), 3. 70Ho 3. 40 m 12 H)| 3.06 (t, 2H)
J =7.0|Hz), 2.59 $H@Irm;n26w8 (I\/H—I)+ m z 532,534. The trifl uoroaceticacid
salt of [thepuret +)e g}@ rg§olved d n met panol and applied tola
Vari an Mega Bond-E c r ridge. N i h net hanol followed t0 by
2.0 MNH3 / MeOH gp % € 'PY x%ase Thi S al wag BJen:ied4'b§1 MeOH
and 1.00 %\ér?aqueous a nQlz ' J added. ™ esul £ lr@ ution was
filtered ¥hrough a H@da%%lf’}’r‘lg’lehé’llrd evapor at ed gilve the b s HO salt |of
the titlle conpound| IH-henkivrdgzebd-Wz)| CD30D) 8 780 | 7.25 (m 5H), 7.16
(brs, 1H), 7.13 (3&Hp}11dh1)20®c27 (d|1H J-= 7.7 Hg j, 4.95|- 4.87 (m |1
y 37“ 34 M H 2 J—u 570 I‘IL\,?.GZ Ib, BH\,
[Dcuvs (MHH) + i z 5325%)2:;:& %ﬁlﬁ%‘%ﬁ% 2@ ) \ )
S)-4-[2-(3-Chloro -let hyF #midria] - 3- { 6 [4- ( 2- met hapesul f onyl
(et %yl )Epi éerazi n- 1 1[]5424(;{}1&%91#1 Il—lf"%enzo?/m daz ]-2 i/l }1.21q_{b§y“ 3% one: 'yH
NVR (SOOW CD303)ne31yT—.15I3 (brs, 1H)|, 7.41 - ;0 (m 4H) 7 13 (brs, 1H),
6.92 (brls 6| BénzimljdazolFg-y)-2= 7.6 Hz), S.00 w~4.192 (m 1}H), 3.80 -
3.25 (m 14H) 3 1B8ok&-1,Bthydd-fhrid{ts, | 3H); LCVS (MrE)[+ nfz 585, S87. 25 18l
WO 02/ 079192 ExanphsgifndoNeMyHt
phenyl)-urea
(+)-(2-Chloro-4-{1- Chotl X
hydroxy-2-[3-(6- Q.{ N
imidazol-1-yl-4-methyl- . 1.41 (b) 562
271 1H-benzimidazol-2-yl)- o
2-0x0-1,2-dihydro- nd _<
pyridin-4-ylamino]-
ethyl}-phenyl)-carbamic
acid isopropyl ester
(£)-(2-Chloro-4-{1- St S
hydroxy-2-[3-(6- Qu’i‘%\t{“
imidazol-1-yl-4-methyl- 1.49 (b) 576
1H-benzimidazol-2-yl)- %
272 2-0x0-1,2-dihydro- ""—qo—>_
pyridin-4-ylamino]-
ethyl }-phenyl)-carbamic
acid isobutyl ester
(§)-3-Hydroxy-2-[3-(6- | Ch_ 1 Y
273 inﬁdazol-l-}(fil-4-x]n§thly)l- Q,{ \_/ 136 () 520
1H-benzimidazol-2-yl)- A .
2-0x0-1,2-dihydro- " _/‘f,,

122



PCT/ US02/ 09- 402 5
(S) 3-[4-(2-{4-[2-(3-Brono-4-net hoxy- phenyl ) - 2- hydr oxy- et hyl am no] - 2- oxo- 1,

123

i hydr o- pyPPEPRI% y1 3 - 7- et hyl - 3H- benzoi ni dazol - 5-y1 ) - pi pef Az he 12y ] pr opi o
nitrile: ~ HNWR {500 WHz, CD30D) 8 7.59 (brs, 1 H), 7.41 (d, 1 H J=7.5
Hz), 7.34 (dd, 1 H pyidind-QamfhoPN=z),| 7.17 (brs, 1 H), 7.12 (prs, 1 H),
7.00 (d,} 1 H J = BHaPﬁlﬂdz%z@;ZS (d, |11H, J = 7.5 Hz)| 4.85 - #.76 (m 1H),
3.85 (s,| 3H), 3.80 roém%gm(d@ 12H), 1o 3.16 (t, 2H, J = 7.0 Hz)) 2.55 (s
3H); LCNE (MtH) + B 608. The fqgl]l ow nﬂiynrml e$ (523-528) were
prepar ed accor di ng| £9-3dbdiery-@tB-&nd |1 Ch I ustrate the carbanoyl ati on
" of a pipgerazine defimdaiold-yl-BmEstyhpl|e 5%@&& procedure| for exanpl ¢s
523-528)] 0 FRON 0 l-PIl-Hannﬁl&hzeN?.HN- HCl ~% @ )| 145 (b) 550
(9 -4-(2-4A- [ 2- ( 3- Coloroa;phdmyito) - 2 dr oxy- 8 hgl‘o] - 2-0xo0- [, 2-di hydro| 2o
pyridin-3-yl}-7-nme Byﬁdlﬁﬂﬁmm-@az -5-yl) - pi petazi ne- 1-caf boxylic acid
2f  uor o-jet hyl estef meTBx?—n% tﬁﬂ@,q_zsol ution of
4-12-(3-|Chl or o-phewb l%y h | am no] - 3- (4 met hyI 6- pi perazin-1-yl-1
H benzoi mdazot=2- ham n&ﬁ 2 JFFASatt— 860y, =01 ol
in nethanol (2 ni) [ (EPVB‘E N “AD 024079192 PLCT/ US02/ 09~02
di i soprgpyl et hyl am -fI chlior of or mat e ny) .
The cool{i ng bat h waget¥dfed and the sol ut i on }{'s'é"c"’sc'i’i 3r4§cf%gt oo%ig
t enper at|#%® for 30| hengimisezolakyle2- whilch LC/ M5 | ysiis showed|the reacti¢n
to be cgnpl ete. Theoxedlt+dibydrodpytidine \was t hen purified on reverse phase
pr epar at|i ve HPLC us#ndpmains]-bphbraydol /| water / 0.1 % trifluoro@cetic acid
gradi ent|. The fract ethpl-mride evaporatied to give the fitle conpound as a
trifluorfoacetic ac q+§(’:§ Ehlophlugh - was [afssol in methanol and applied t¢ a
Var i an/ Nega Bond- E f: 5[ qgtrl dge. h i th met hanol foll oweg 3y 2.0
M NH3 MeOH gave | 2 Soat ef | 5US ed inm
MeOH and 1.00 N aq id £ci—i%l' ( E.e(h? ) was a . 1e@10dy?es | t?%
solution'z/va’;sfilteg eH1| mfilter ®vaporated {o give the
mono HCl| salt of t °€‘P ound (146 ng): ~H MM} (500 MHz, |CD30D) 8 750
(brs, 1|H, 7.4S - Unylagipol- 626(d, 1 H J =77 H), 4/98 - 4.91 (m
1 H, 4.164 (dm 2H ethyk} pimnsal)ﬂ,ﬂ_r)bamc 39 (dm 2H, J = 29 Hz), 3/9S - 3.50 (m
10H), 2.163 (s, 3H) ] acidin@uEyleneH) + mi zl S69. S71. |s Exanple 524|011 _/O-O-Nt O
HN ~ NNH HN HCl | 4=[ CHyd@xymethyl- "‘T Q
(S)-4-(2-{4-[2-(3- jal(gn@deByL},m&i hyd&) | anitno] - 2- oxo- 1, 2- di hydr opyr
i di n-3-y|l }-7-met hyl 5 §é—rg-y CHEALmdqz0!l -15-yl) er ne-1oc@y boxyl 4giaci d
2met hoxy|- @}7hyl est (6 imida YR {1900 Mz, CD30D) 8wif.S3|- 7. >) (m 7H), 6.2¢
(d, 1H, 7.6 Hz) oo § d, 1H, J = 7.0, o |4.31 - 4427 (m 2H),
gSOFBé 3.SS (m 12 enzhinl az& yl§aH)H 2. 64 (s (I)—l) LCVMS (MFH) +|m z S81, S83.
pyridin-2-one
(8)-4-[2-(5-Bromo-2- N=) . 9
methoxy-phenyl)-1- = " Ny
hydroxymethyl- N oY’ | 148 (b) 549
778 ethylamino]-3-(6- oms™,
imidazol-1-yl-4-methyl- OH
1H-benzimidazol-2-yl)-
1H-pyridin-2-one Br
4-(2S-Hydroxy-1-indan- | M= w0
1-yl-ethylamino)-3-(6- L " N
imidazol-1-yl-4-methyl- N Y/ | 1.42 (D) 467
279 I H-benzoimidazol-2-yl)- "
1H-pyridin-2-one oH



WO 02/ 079192 Exarrple 52566/ "O \NI O~-NHNNHHN HC HOI~ C
PCT/ LJSI | 2/ 09~02
S) - 4- ( 2- 3- Chl or o- phenyl ) - 2- hydr oxy- et hyl am no] - 2- L,hydro
(y2| di §1 éi'9| ][?/07;*’(1% hyl - 3HE)ben>210|) i daZoI 5ny ) - %I per az} ne- ?é@g%%oxy i >c/ acid
tertbutyl ester: I H NWR (SO0 MHz, CD30D) 8 7.51 (brs, 1 H, 7.40 - 7.22
(m 6H),[6.26 (d, 1@,)412_37,33)[,5@ 4 9 Z. 90=(m 18), 3.90 [ 3.30 (m
10H), 2.164 (s) SFI)ﬂ P 579, 581. Exanpl e 526(0
~O-N~ O-N H N NH
(S)-4-(2-{4-[ 2- (3- r%‘ngl“ﬁ?"]% hydr oxXy- etFn Kani nc]1 B Bo-1. 224 hydr o
pyridin- I}-7-rre m dazjol - 5-yl) - @21 ne- 1- carboxylic acid
" prop-2-ynyl ester: 500 VHz DaCD) 8 7. 5 (brs, 1H), $.43 - 7.20
(m SH))| 7.19 (brs bqnmpldaeolz?(syl()dﬂl = 7. 6 Hz), |4.98 - 4 90 (m 1 H,
4.78 (d,| 2H, J = 2| pymip;2-3e95 - 3. 30 ( I . 297 (t, 1 H = 2.5 Hy),
© 2.62 (s,| 3H); LCVB| gN6inidazdiz1 304561, 3 e 537 184 /\o 02/ U79192
~O-N~ O -N H N NH Hiety@llg-O | i ~ Br C O‘@?&é@ 402 1.54 (b) 450
((j_S)h-g-(Z-{4_-([j_2-(§- 35%1@3%@19 H- henyl ) d-'hyl roxy-ethyl am no] - 2-10xo- é 2 I
[ ro- i di n-3- enzoi m dazo - pi per azi ne- 1- car bo
ic g aci %lert-but g:g;gg%leﬁ§l (300 MHz) % 8p7P68 (brs, 1 H), ’
7.48 - 7.28 (m 3H ? ? yhﬁ) 697(d 1 J =8.5H), 6.25 (d| 1
H J =77 H), 4 920 4.8 (m 1H), [8.90 - 3.45 (m |10H, 3.$2 (s, 3H,
2L0 1 (ads] T e V aliWwal W Fa¥ ol - 1 o0 A1 — |
20.61 (s, F3H-—1-52 X5313-(5-T3forﬁ6f§9 i jh\INTL 0;)?,0 (:;):) Exanpte 528 0t1——0rN~
methoxy-phenyl)-2-[3- ")_@
(6-imidazol-1-yl-4- N 1.09 (b) 563
282 methyl-1H- oMY, oo
benzimidazol-2-yl)-2-
0x0-1,2-dihydro-pyridin- Qj
4-ylamino]-propionic o
acid
(S)-Propane-2-sulfonic @ boQ
acid {2-[3-(6-imidazol-1- @ @) N
yl-4-methyl-1H- W | 134() 532
283 benzimidazol-2-yl)-2-
oxo-1,2-dihydro-pyridin-
4-ylamino]-1-phenyl-
ethyl}-amide
(S)-Thiophen-2-sulfonic | {3, -
acid {2-[3-(6-imidazol-1- W(;U—{Qo .
yl-4-methyl-1H- w_en-s | 245 (a) 572
284 benzimidazol-2-yl)-2-
oxo-1,2-dihydro-pyridin-
4-ylamino]-1-phenyl-
ethyl }-amide
(S)-N-{2-[3-(6-Imidazol- | b g S sowcw
1-yl-4-methyl-1H- QF@ S -
benzimidazol-2-yl)-2- A 1.34 (b) 644
285 oxo-1,2-dihydro-pyridin-
4-ylamino]-1-phenyl-
ethyl}-4-
methanesulfony!-
benzenesulfonamide
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N ~ N NH N HN HO |

|~ Br Owe

(S)-4-(2-{4-[2-(3-Brono-4-net hoxy- phenyl ) - 2- hydr oxy- et hyl am no] - 2- oxo-1, 2

15 , ‘ ’
di hydr o- pYPPHPR- % y1} - 7- et hyl - 3+ benzi i dazol - 5-y1) - pi perazine. 1sbar boxyl i
c acid ethyl ester: "H NVR (400 IWHz, CD30D) 8 7. 80 ( 1H, s), 7.63 (_1H,
narrow d, J = 1.8 HX)-N-T252(¢- Iﬂndzdzols) .42 [ o J =7.5/Hz), 7.37 ( 1
H dd, J = 1.8, 8 AL)methPOIK- 1 H 3% 6.31 ( 1lH d, J =7.5
HZ)1 4. 89 ( 1H, mberﬁuﬁ%aﬁcﬁl’i’ yl‘}l-Q J 3 HN o,P 4'6’0(9)ﬁ Sy, §6@4 (3H
s), 3.70 y363. 72 (4 _Q(ﬁh (_)(2H (3H, s), 1/ 317(3H t,|J
=7.1 Hg). 20 LCMS)% oM 4n = 1. 45 m n 185 WO 0R/ 079192
" PCT/ US04/ 09. 102 The Poit8 ée anpl s (529- S40) re prepared according|to
Scheme V1 and 111 %@ }|II strate an |alternative nethod of alkylation of}a
pi per azi deriwvat zenespiipnanyde (g for exanpl es 529- 540)
" FAN ~N (8)-2-{3-Hydroxy-2-[3-
(S)-4-[23-(3-Chl oro-@ﬁ-imiﬂhmyl-xih’enyl) W m no] -3-{6-[4-(3-fl uor
opr opyl )i- pi per azi n; theiHy]-1 H- net hyl - benz az 24 Y I16-(hH plyri dbth- 2- one:
To a 10 |stirred so béﬂz@l’mﬂﬁzo]Zyl) 2-
4- [ 2- (3-|@Wor 0- 4- m=bmm ahemslpy namhydroxy'@y-mom] 3-(4
met hyl - - pi perazin Am&]!s!fgﬂgygtm dgqzol - 1H py1i di n-2- ohe (100 ny,
0.162 rrmol ) in 1, 454[2%,?1% ethanol {'0.8 nl), nethahol (0.8 nL
was added N, N diisppropyl et hyI am ne 0 30 nl) and 1- br ono- 3-f | uor opr opange
(85 pl) .Fhe—r+eactton—ne s % GNngr P2—h—The—+eacttpr—ixture—yas
then purlified on rag‘é Eé éylf%t ep@ tiven HY G, usi t hanol / wafer
10.1 % t|ri f 1 uor oacetioto | “&'&P The ac, 'Qn or a to glve
the titlle conpound éﬁs“’é‘dﬂfq]flrﬂd‘roacetl c achyd ¥al_ Hi ssol ved in
met hanol| 288d appl i ethethyl-dHvari an Mega Bond- 2. Elution
wi t h nmetlhanol fol | phedtibidazol®@-M)NH3 /| MeOH ¢ave theH (39.3 ny).
This matleri al was spgfdindeshe n MeOH gnd 1. 00 20 equi v.)
was addgd. The reSJIting solution wag filtered through a 45 pimfilter and
evapor atied to give 3=_|§,1[ AT of N'[Etltle co 5 ng): ~ H
NVR (400 MHz, CD30 70l ﬁZﬁ(n Q/ Tu?2 Qd, 1H JF 20, 8.6
Hz)) 7.16 (brs, 1 ?c? =773 (750 1(334)@1 H Js5,8.5 Hr),
6.24 (d,| L. H J = d, 28 4gs(m M), K 60 (dt,’2H J7Z 5.7,
47.1 Hz)|,“%3. 95 - 3 Y‘é g3 (s, 3H)', 3.8 *3.71 25 (In 2H), 3.58 -
3.14 (m| 8H), 2.59 - 2.116 (m /L (MrH) + iz 569, 571.
| 86 WO 1121U7919 Eh%yérﬁﬁ'ly@ﬂ%@ H- pcT/ Us02719~02
pyridin-2-one
(S)-4-[2-(2-Chloro-6- & W ©
fluoro-phenyl)-1- L )
hydroxymethyl- N "
290 ethylamino}-3-(6- % 1.40 (a) 493
imidazol-1-yl-4-methyl- Q_F—\m‘
1H-benzimidazol-2-yl)- a
1H-pyridin-2-one
(S)-4-[2-(2,5-Difluoro- N
phenyl)-1- S
hydroxymethyl- \Q:N/}-%;/)
291 ethylamino]-3-(6- FHN, 1.44 (a) 477
imidazol-1-yl-4-methyl- "o
1H-benzimidazol-2-yl)-
1H-pyridin-2-one ]
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5

(S)-4-[2-(3-Chl oro-phenyl)-2-hydroxy-ethylam no]-3-{6-[4-(2-fluoro-ethyl)pi

erazin t hyl - 1H benzoi m dazol - 2-yl } - 1H pyri din HNVR 400
Mt cmé’ﬁ?%é?g Y3720 (m 8H) | 7.16(b¥s? 1H;)?/709( %02/"1’% b
(d, 1 H J=7.6 H), 500 - 4.92 (m 1 H), 492-478(m2H) 398-
3.15 (m| 12H), 2. §USig,[13tdroxylByl-Miy= nf z 525, 52f. 10 Exajpl e 531 FAN O
~N H N NH HN 2 HdI2- mmtrfab(yli)hen)'a) (%}_@
(S)-4-[2-(3-Chl or o-dhf1hMeo? 3 enyl ) - 2- hyd - | ami no] - 3-{|6-[4-(3-flupro
propyl ) -|@Ber azi n-|1; 'lz Lt g,j—l—tenzo' i dapl - 2- I1}5219- pyr4di n- 2-onef |
H NVR (400 MHz, CO3 § @ﬂ 7.40 (d, 1 H D =
6Hz),735-7.1§J Q(c ,625(d 1H, J =
.7THz), 4904 '09| 60 (- o 17 1 Hz) 1 3.96 3.1
m 12H), 2.60 (s, @54)4,[22(2%13@"9%3 T (MiH) + i z 557, 559
87 \1' O (12/ Uradsayldanpl e 532 F+ D2 s
S) - 4- [ 2- ( 3- Br ono- hydertymeghyheny| ) - 2 M no] - 3-{|6-[4-(3-flupro
propyl ) -|@oper azi n- lethylhmiho}Bt(dy| - 1H- | y 1 42Xk} pyr4adi n- 2- one
~H NVR (|400 MHz, QO3GEzo8 1%l H#8méttiyl-1H .43 (d, [IH, J = 7.6
Hz), 7.34 (dd, 1 H, |H-benZnfdaz8l-2yhz), {) 7.11 (jprs, 1 H),
7,00, (4] L 13 = Binsyhgha o (0 550482 (m 1
y . Ol Ot — =171, T Mz o 09 S, 911,
262 (s.| 34 2. 30 (S)QTMZ(%PCE%W‘ 2613, 615. [Exanpl e 533 F
FFNO|HN ~ N NHPherloHC1 HO  © %
(S)-4-[2-(3-Chl oro- rl)C‘ﬁ“ﬂl’nydroxy et hyl m'ho“L - met hyl -16-[4- (3, 3,3tri
t 1 uor o- pr29gyl ) - pi peathpminblB+(6- 1H benzoi mi dazgl % -yI L 18BHpYy r i d3G9- 2- one: RH
NMR (30Q MHz, CD300mi8azol-36/1-4-meth@l-(m 7H), 6 (4|1 H J = 7.5 Hz), 4{96
- 4.88 30 (m 1 H)| 1H-befzimidzaB2yin 12H), 3.08.- 2.82 (m 2H)| 2.61 (s,
3H); LONS (MrH) + nil vH.5YAdin5Y.dne | 88 VO ( 12/ U79192
(5)-4-[1-Hydroxymethyl- = "
2-(2-trifluoromethox y- o ")_g\;")"
phenyl)-ethylamino]-3- "
295 (6-imidazol-1-yl-4- % 1.48 (a) 525
methyl-1H- Q‘h
benzimidazol-2-yl)-1H- ocF
pyridin-2-one
(S)-N-{2-[3-(6-Imidazol- @ -
1-yl-4-methyl-1H- \Q:N/ \ /
benzimidazol-2-yl)-2- H 518
296 oxo-1,2-dihydro-pyridin- O_/_\""“":"’ 1.31 (a)
4-ylamino]-3-phenyl-
propyl}-
methanesulfonamide
(S)-2-{4-[2-(2-Chloro- Ne H AN
phenyl)-1- )—gi/)
hydroxymethyl- - 1.80 (b) 434
297 ethylamino]-2-0xo0-1,2- 2,
dihydro-pyridin-3-y1}-7- Q—/_\ OH
methyl-3H- ¢
benzimidazole-5-
carbonitrile
(S)-2-[4-(1- c -
Hydroxymethyl-2- ,)—@
208 p};lricliin-3-yl- N w 1.07 (b) 401
ethylamino)-2-oxo-1,2- 7,
dihydro-pyridin-3-yl]-7- Q_/—\ OH
methyl-3H-
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PCT/ USU2/ U9-t 02 Exanple 534 FAN O HN ~ N NH ~N HN 2HC1L HO I n Cl

5

(S)-4-[2- (3 ChI or o- phenyl ) - 2- hydr oxy- et hyl am no] - 3- { 6- [ 4- (3-f| uor o- propyl ) p

[ per azi n-

1 H J=

6.27 (d,

- 4- et hyl -

1H- benzoi m dazol -
(300 Mz, @lﬁ~ Y98 7.46 - 7.25 (m SH),

2-

yl

}_
7.19 (brs,
7.7 Hz), 4.95 - 4.86 (m 1 H),

1H pyri di

1H,
4.62 (dt,

@Cf/fg«fk‘gnmdz H NVR

2H

47.1 Hz)|
(MEH) + m
Cl t 5

(S)-4-[2L(3-Chl oro;

3.98 - 3
{z 539, 54

bénziidazdlE)s- 2. 62

L carbOnii@anpl e 535 H

phenyl ) -2- hydr oxy-

(s,

3H),
FF~N~ 0 ~N H |

ot hyl am nn] -?-{z

2.

35 - [2.12 (m
N NH

- et hvl -
P4

"N H

2H); LCMS
N 2 HCl

Hol

h-[A4-(3 4 _A41
T AN T T 9

ri

fl uoro-but-3-enyl)
© LOCMB (M+H) + ml z~ S8
PCTI US02f 09~02

4-[2-(3-Lhl oro-phe
‘propyl)-p? razin-
LCMS (MtH) ~ ml z 558},
HCI HOL (O 10

(S)-4-[2r(3-Chloro

pyridin-4-yl-
[

1l hro4;;_g§d1 H—)Bl-y]

Wanpltﬂ

nrnf h\/l

petatin: 1-yl ] - 1H
f Hydascyntexdtaytqdl e 536

N¥thlytaddi®d)- Md@nw e

31 Rydr oxy-

2

t hyl
benzoi
537 HO

- Renzoi m

o']/f,

| -2-yl}-1H
\ » W 0210791
1.16 (b)
-{64[4-(3-fl
ol oR- Y

D2
401

N NH HN 2

Dyri di n- 2- of

or 0- 2- hydr ¢
/ridi n-2-une:

ydr oxy- 2- mef

ne:

DX Y

hy

I eropyI ) FHpt-perazi-n

300

(S)y-244-(1-
Hydroxymethyl-2-
thiophen-2-yl-
ethylamino)-2-oxo-1,2-
dihydro-pyridin-3-yl}-7-
methyl-3H-
benzimidazole-5-
carbonitrile

406

r\ne-
1CT.

hazr it Ay w9
Jyllulll o~ Ul

301

(S5)-2-[4-(2-
Benzo[b]thiophen-3-yl-
1-hydroxymethyl-
ethylamino)-2-o0xo-1,2-
dihydro-pyridin-3-yl]-7-
methyl-3H-
benzimidazole-5-
carbonitrile

1.84 (b)

456

302

7-Methyl-2-{2-0x0-4-
[(pyridin-2-ylmethyl)-
amino]-1,2-dihydro-
pyridin-3-yl }-3H-
benzimidazole-5-
carbonitrile

1.30 (b)

357

303

(£)-2-{4-[2-(3-Bromo-4-
methoxy-phenyl)-2-
hydroxy-ethylamino]-2-
0x0-1,2-dihydro-pyridin-
3-yl}-7-chloro-3H-
benzimidazole-5-
carbonitrile

1.74 (d)

514

304

(£)-2-{4-[2~(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-2-oxo-1,2-
dihydro-pyridin-3-y1}-7-
chloro-3H-
benzimidazole-5-
carbonitrile

1.78 (d)

440
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NVR (400 MHz, CD30D) 8 7.44 - 7.22 (m 5H), 7.15 (brs, 1 H, 7.08 (brs, 1
I?-)|),55 25(d 1 H, J:3722HZ) 4.88 - 4.80 (m 1 H, 3.8 - 3.81 (m 4H),
- s, 2 2. ‘
mz 551, “o‘égg’mf& TExanpl e 5%8 HOtIDO N ?ON( NH ﬁﬁ) HOll §SC|(S’P@%S°2!‘O% (M
(S)-4-[2- (13 IC]hl Zro ph;nyéill) 2- hydro>c<ly-ethyl an no] 3-{6-[4-(2-hydroxy-ethyl)p
I perazin-1-yl]-4- az L H i din-2-ope: | HNWR
(400 w, CD30D) 8 "L 9&%@@13?@;% 7.25 y* 4Hl)oyrr), 7.04 { 1 H s),
6.97 ( 1 H b. pB" éjygox’s 8 Hf," 4093, 4|957((4) H 3.21
396( 1@’? 5 g *'@:%cé/ﬁ(nmriw Mz §(t'=57|7.(f%mn.”§§4| %0 |
WO 11214 92 Exa ﬁ@ N~ N NH HN &1 Br Ove PCT/ US02/09+02
" (S)-4-[2(3- Brom)- phenyl ) - 2- hydr oxy- etfiy/l am no] - 3-{6-[ 4- (2
hydr oxy-let hyl ) - pi pBP%ifﬁldﬂz‘?}F']s 4- et Ryl - 1H benzi ni dazol - 2-yl }{ 1H pyri di n{20
ne: ~ HNMR (400 MHgarbaiBd®) 8 7.60 (| 1 H narrowd, |J = 2.0 Hz) 7 40 (]l
"H d, JF 7.6 H), | ®)3B(4-[2(3FBraito- J 5620, 4 8%uHz), [7.13 ( 1[H s), 7.09 (
1 H's))| 6.99 (1 Hohdhy2 fy@ody-Hz) . [6. d5J(01H) d, 1 = 7.6 Hr), 4.82 -
4.87 (U4 H m 3.'& aRiST]-1-6kb-11) . 3.8 (3h s y | 0 132d)- 3. 5279 8H, ),
2.60 (3H3%). Hl)opm(ﬁﬁ% Gt |= 1709 m Exanpl e 540 N-N O ~N N N
NH { N HN 2HC1 HO —bc Z|m11i zo&e B .
(S)-[4-(2- {4(2(3?’1 I Q- 3 hydroxy et hyl'am no] - 2- oxoq 1, 2- di hydr ¢
rldln-?)-\’l1 etk Cg& nuﬂ""l"_'nl B b perazti—t=—yH—=a ctUIIEtliyiUpy
~H NVR (400 Mz, d t%{é*[%(%@fomv“zs , ) P @ 28 (d, 1H § = 8.0 He) |
4.95 - 4,88 (m | Hmethpxgphery)-2+) , 3. /(m 4H), 3.60|- 3.35 (m
6H), 2.68 (s, 3H); bﬁdﬁxﬁ-@tl@lﬂﬂﬂ)‘l&]-%z he fdljﬁ)(ﬂi)ng exé(?\gpl es
(541-553)30%r e prepaked,2adihpddipygidim Scherre VI {1l and illustrate the
acyl ation of a pipéBag}aetiggriH/ati ve (191
benzimidazole-5-
carbonitrile
(1)-2-{4-[2-(3-Chloro- | nc N\
phenyl)-2-hydroxy- J>_<\t)
308 ethylamino]-2-oxo-1,2- 1.80 (d) 434
dihydro-pyridin-3-yl}-7- L%}
ethyl-3H-benzimidazole-
5-carbonitrile
(#)-(2-Chloro-4-{2-[3- ne H N
(6-cyano-4-methyl-1H- Q'{ >
benzimidazol-2-yl)-2- 1.93 (b) 535
309 oxo0-1,2-dihydro-pyridin- \_b*
4-ylamino]-1-hydroxy-
ethyl }-phenyl)-carbamic 3‘
acid isobutyl ester
(S)-7-Ethyl-2-[4-(1- \c N
hydroxymethyl-2- X/
310 phenyl-ethylamino)-2- N 1.75 (d) 414
oxo-1,2-dihydro-pyridin- 7,
3-yl]-3H-benzimidazole- OH
S-carbonitrile
(S)-7-Bromo-2-{4-(1- NG H N
hydroxymethyl-2- \(;: )
311 phenyl-ethylamino)-2- - 1.91 (b) 464
oxo-1,2-dihydro-pyridin- o 7,
3-yl]-3H-benzimidazole- oH
5-carbonitrile
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WO U2/ 079192 Exanpl
~NHNNH~NHN 2

e 541 (General
HCl HOu C

procedure for exanples 54|
PCT/ USI 12/ U9- 402

-583} 0 FNO

LCVB ( M+H)

T

316

'($)-3-[6-(4-benzyl-
piperazin- 1-yl)-4-methyl-
1H-benzimidazol-2-yl]-
4-(1-hydroxymethyl-2-
phenyl-ethylamino)-1H-
pyridin-2-one

(S)-4-[2-(3-Chl or 0- phenyl ) - 2- hydr oxy- et hyl am no] - 3- {6- [ 4-§ butyryl)
pi per azi 9L°§/P]'919AP met hyl - 1H benzoi m dazol - 2-yl }- 1H pyri di égh%dr@mn
stirred solution of
4-[2-(3-[Chloro- phewS))4-@ Hy&rosaym?,@l byl awripo] - 3- (4- met hyl - 6- pi perazinl-ylq1
H-benzoijm dazol - 2- yb)d, n eﬂ'}’ﬂb nd) - one'( T 36 mmol ) ip anhydrous
N, N- di net hyl f or mani -6( §l_added 1@ [ hyliag ¢eppr ppyl4733 1o
et hyl car|pbodilZi de h drpa% 112 ng, 0.'584#ymol ),
1- hydr oxiybenzotri az P& Fv&_g % ﬁE} 0. 438 ) Jou - et hyl mpr phol i ne

" (0.048 nk_ 0.438 m ‘)Z”a f yric aci@® (31 my, 0.291 mmol; see O
Hagan, D.| 1 _Fluor RIdiRZone 43 (1QR '271 377) and-the mixtureheateddto
80 C for| 3 h. The éﬁc‘t(loﬂymowmﬁ\@)’has therV on rever$e phase

" preparatjve HPLC us$Rrphenylmshylamiio)3- wat er &;% tlr3% (kdor pacePit aci d
gr adi ent| gfj f r act [onethydoe4avbmpgl-at ed to gi ve_the tlitl e conpound as a
trifluorpac Pc aci Qipeaizin-1Wh-ti- was di ssol ved D tthanol and applied to a
Varian Mega Bond- El utgimtdzslas-k1iidye. EI ut| on with nEt hanol followed by 2.0
M NH3 / MeOH gave tBeqd lﬁgeoﬁpse (35.9 This materjial was s$uspended i1
MeOH and—1—60—N—aquesus 8‘ W aueu |ne resurtrmg solution
was filtered 20thr§ B l_4§er an to givelthe bis HCO
salt of fhe title ¢§ f%‘ y:lrg) %1)%00 b. 5g561
(brs, 1 H), 7.47 (bf¥ S, 7.44 - 20( '?d, 1 H J°=7.6
Hz), 4.9 (dd4 1 H, bsnuméﬂaéol 7Y8-#43- | 4. 50 (dt (o] =509 47.3 Hz), 4./05
- 3.40 (M 10H), 2.@4drp§ymsqhy122)he®1(., 2H, J = 7. 6 Hz), 2.09|- 1.95 (m
2H); LCMS (MrH) + ml|zthygmisep | Hagridgr | WO 02/ 079192 Exanple 542 0 F N O K N
NH/ N HN HC HO {2@nePCT/ US02/ 09. 10P
(S)-4-[2f (3-Chl or o4 phehysé-14-Zybipteopy - aE?{I am noj - 3- {6 [4- (2, 2-dit| uoro-adet
yl) pi per azi n- 1-yl | - igeedzmh -y bediri M {/\I - 2-yle } - 1HBY(f) di n- 2- oAe: LCNG
(MrH) + n z 557, 559.1 HXAFRhRa2A2- Q0 O h@w NH 1 / N[HN HO HO11
Cl to -
(S)-4-[2t(3-Chloro-p n%'?@z%lfﬁf et hyl am r@-_Z“{G-M-(Z- met hanesul f onyl
acetyl) - pi perazin- 12 benzoi m dazol vl }-1 Hpyridin-2-one:

N+ Mz 5Q 5

549

317

(S)-4-{2-[4-(1-
Hydroxymethyl-2-
phenyl-ethylamino)-2-
0x0-1,2-dihydro-pyridin-
3-yl]-7-methyl-3H-
benzimidazol-5-yl}-
piperazine-1-carboxylic
acid amide

1.26 (f)

502

318

($)-3-[6-(4-
Benzenesulfonyl-
piperazin-1-yl)-4-methyl-
1H-benzimidazol-2-yl]-
4-(1-hydroxymethyl-2-
phenyl-ethylamino)-1H-

pyridin-2-one

2.30 (k)

599
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" 114-thig

0 ~N ~N 21
(S)-3-[6-(4-Acetyl -

Tos  w IR

193
7.40 - 7.20 (

pi perazin-1-yl)-4-

hydr oxy- et hyl am noJ- 1H pyri di n- 2- one:
PCT/ US02/ 09402 CD30D)
1H J

2
SH), 6.29 (d,

nmet hyl - 1H benzo
8 7.57 (br
7.6 Hz),

i m dazol -

S,

2-yl]-4- [2 (32

1 FiASa

4.98 - 4.90 (m 1H)

H,

4.02 - 391 (m 4H
(MH) + mz 521, 523
HOu ~ ¢l
(S)-4-[2-(33nl orof
10

nmor phol i n-

pyri di n-|2-one: | CVE!

) (5)-3- (Z dréxyfeth i
32-pheny iR

e B lb gy

I- yl)

4131bfpgﬁléﬁiaff’!| 23 er

TPPC 638 6

6H), 2.66 (s, 3
OBHT™ O _ ~h-N-

et hyl a@g HN (

(i
an;ml e_B46

azin-1-y
An

2.21
O~INH

o et iy

i),

S,

enzoi m dagol

00Q.l]l s

N NH NN HC
537
-B-{4-T2- (1-

-2-yl)-1
Ngo V ~ H

3H) ;. LOMB

DXO0

UL

~ N NH
" (S)-4-]2-
t hi onor g
1H pyridin
02/ 07919

N 2 HCl H
(3-Chl orof

hol 5?%4 yl

20

Ol-4- [@r(31(5hlor0-
pireaphi2-hirbyydr oxy -
ctégleimyil d] -3p(4pmehzi-
| et 11tz 654
benzimidazol-2-yl)-1H-
pyridin-2-one

!
et hy
n-1-yl %-44«

O

/3-(

, 656. 20 rrcp

tuhy| -

6-{4-[2-(
1190Bnzo

| e 547 194

1, 1-di oxo-1
m ddZ9l - 2-

=

WO

321

(%)-4-[2-(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-3-[6-(4-
cyclopropylmethyl-
piperazin-1-yl)-4-methyl-
1H-benzimidazol-2-yl]-
1H-pyridin-2-one

e
Ras

1.97 (k)

533

322

(£)-4-[2-(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-3-{6-[4-
(2,2-dimethyl-propyl)-
piperazin-1-yl}-4-methyl-
1H-benzimidazol-2-yl}-
1H-pyridin-2-one

2.06 (k)

549

323

(+)-4-[2-(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-3-[6-(4-
cyclobutyl-piperazin-1-
yl)-4-methyl-1H-
benzimidazol-2-yl1]-1H-
pyridin-2-one

cl

1.97 (k)

533

324

(£)-4-[2-(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-3-[6-(4-
ethyl-piperazin-1-yl)-4-
methyl-1H-
benzimidazol-2-yl]-1H-
pyridin-2-one

1.88 (k)

507

325

(£)-4-[2-(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-3-{6-[4-(2-
hydroxy-ethyl)-
piperazin-1-yl]-4-methyl-
1H-benzimidazol-2-yl}-

1H-pyridin-2-one

1.82 (k)

524
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S N

phol i n- 4-
H benzoi

,/I\ HON ~ N NH ~N HN 3 HC
(S)-4-[2-(3-Chloro-phenyl) - 2-hydroxy- et hyl am no] - 3- { 4- met hyl|
| )-piperazin-1-yl]-1
-yl }-1H pyri di n2- one:
548 0 0 s~/ NHON~ NNHHN HC

| - acet

WasZipis.

Hol u Cl

a 10

PCT/ US( 12/ 09~1) 2

-6-[4- (2t hi onor

Lovs (MeH) + mhz 6255 VB3 BRanpl e
HO |

4-12-(3-

cetyl)-p
LCVS (M

(S)-4-[2-

pi per azi
~ 20 (SO0
7.7 Hz

(s, 2H),

' 551, 553

[ oro- phe
| perazin- 1} »
H+ nmz 588
(3-Ch|oro
n-13g6] - 4-
MHz, CD30D)>
, 195
3.95 - 3.

Exanpl e

) )[42<fz$g)4 droxy-

hj% M-

’f“h'

4@"" ¥l 1H)

V\!v@mmdezmﬁg:@l)PCTl
npiperazint Dl acgtiaq (
S56id Bthybestéd O H N _~

%%fb%?&grﬂy d

thmql’alm noJ <3- { 6+
nzol m 2-yl
549 01 |
et hyl am no] -
azol - 2-yl } - 1H py
7.40 - 7.18 (m
US02/ 09~02 4. 9§
s, 3H), 2.63 (s,
N NH , N NN__HC

IOCEN

6- [ 4- (2- mpt hoxy- acet |

}_

[4-(2-net

.26 (d, 1 H,
LCVS (MrH) + m
o)

hanesul fi ny
di n- 2- one:
565

one: ~ H NM

m 1H, 4

(S)-4-[2
met hyt su
ne: ~ H
(d, 1 H,

(13- Chl orot
| f anyl - ace
NVR (500 M

327

pt)emyi {3-2hlvyslr oxy-

LRRL@ABK{L- 1- V]
R o8,

dimethylamino-2,2-
dimethyl-propyl)-
piperazin-[-yl]-4-methyl-
1H-benzoimidazol-2-yl}-
1H-pyridin-2-one

et hyl am no] - 3- {

| - 1H- benzoi m daj

b‘Fu&(\aﬁ H)ﬁ o 7. 45
\ 7

Sy

HN OH

b-[4-(2
1H pyri di n-
m 6kh2 6. 26

328

(£)-4-[2-(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-3-(4-methyl-
6-morpholin-4-yl-1H-
benzimidazol-2-yl)-1H-
pyridin-2-one

1.19 (a)

480

329

(+)-4-[2-(3-Bromo-
phenyl)-2-hydroxy-
ethylamino}-3-(4-methyl-
6-morpholin-4-yl-1H-
benzimidazol-2-yl)-1H-
pyridin-2-one

Br

1.21 (a)

524

330

(£)-4-[2-(3-Bromo-4-
methoxy-phenyl)-2-
hydroxy-ethylamino]-3-
(4-methyl-6-morpholin-
4-yl-1H-benzimidazol-2-
yl)-1H-pyridin-2-one

1.16 (a)

554

331

(£)-4-[2-(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-3-{4-
methyl-6-[4-(tetrahydro-
pyran-4-yl)-piperazin-1-
yl}-1H-benzoimidazol-2-
yl}-1H-pyridin-2-one

1.19 (f)

563

332

(£)-4-[2-(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-3-[6-(4-
imidazol-2-ylmethyl-
piperazin-1-yl)-4-methyl-
1H-benzimidazol-2-yl]-
|H-pyridin-2-one

1.19 (H

559

131




10 J = 7.60 Hz), 4.98 - 4.90 (m 1H), 3.97 - 3.40 (m 12H), 2.63 (s, 3H)),
2.20 (s, 3H): LCNIS(M+H)+ mz 567, 569. Exanple S51 0 G/~ NH O ~N ~ N NH
~N HN 2

(S)-3- {GJ‘FQOI(_@#% or o- acetyl) pi perazin-1-yl]-4-nethyl - 1I—E%Te/H§(g|/0r?1m azol - 2-y

| }-4[ 2- (3-chl oro- phenyl) 2- hydr oxy-et hytam no] - 1H pyridi n-2-one: 'H NMR

(500 MHz[, CD30D) b pjghlo;oH) 73877 7. %Oo (m 5%H), 7.15|(brs, 1 H),
ﬁﬂ

b.25 (d,| 1 H J = droth 4 90~ JH, 4/35 (s, 2H), 3.90 -
3.80 (m| 4H), 3. 66 n]__ _ _. 61 (s, 13HwW 4CMB (MH)+ iz 555, 557.
196 WO 0213339192 r’g)

PCTI US02} 09. 102 topy1-7 P‘P""a“" 1'
" (S)-4-(2-{4-[2-(3- Bb’Bn]d{ Benamifsssl-Shenyl ) - 2- hydroxy- et hyl anmi ng] - 2- oxo- 1, 2
di hydr o-jayri di n- 3- yil-FH-pyridint2-aig hen inmidazol -5-yl)dni perazine-1carbal dehy
de: | H NVR (400 MHED)-GOBODChBI®. 18 ( s), 7 65 (1 H s)| 7.61 ( 1 H,
“narrowd, J = 2.0 Hphenyl)}-2bydrotyH, s)| 7.@@[/ d J = 7.6|Hz), 7.36 ( 1

HN )

O N ~ N NH HOILLEO @ 21

H dd) J = 2.0, 8 Seiig)amioP®(f-1 H d, J = 6.32 ( 1|H, d, J =17.6
Hz), 4.86 - 34489 (| Indthyl'®4-@-Hdhyt O B. 96 (4H, 3.|8408 @ $5763. 57 -
3.67 (7H m, 2.66 1‘1dﬁm)—4y-)- hgH + mz 581 (W=|1.24 min)). Exanple
S53 0 HN O ~N ~ N rﬁﬁgl.{zg 1S

-A4- L - - (( - - ! - -
FSE [Aj@ﬁiﬂkﬁmmy e
NMVR (400] Mz, CD-Opfei-€2-{hBromo-y) o) , 7.24 -|7.38 (6H, 1M,

6.23 ( 1| H, d) J =|Phenyl3-hydrogg- - 4.p6 ( - 3.79 ( 10H m,
2.58 {3H s). LCVS|2Mhyldwmikpk31{6448D7 (t 97 WD 02/ 079192
335 hydroxy-ethyl)- 1.79 (f) 567
piperazin-1-yl]-4-methyl-
1H-benzimidazol-2-yl}-
1H-pyridin-2-one

’Nndﬂ

’54
|

(#)-4-[2-(3-Bromo- "0 . %
phenyl)-2-hydroxy- \Qu»_i\t/)
ethylamino]-3-(4-methyl- W on

336 6-piperazin-1-yl-1H- ) 1.83 () 523
benzimidazol-2-yl)-1H-
pyridin-2-one
(+)-4-[2-(3-Bromo-4- "O . %
methoxy-phenyl)-2- \@")—@
hydroxy-ethylamino]-3- ol o

7 (4-methyl-6-piperazin-1- é: i 172 (f) 553
yl-1H-benzimidazol-2-

yl)-1H-pyridin-2-one
()-3-[6-(4-Acetyl- X, ~
piperazin-1-yl)-4-methyl- L_n
1H-benzimidazol-2-yl]- Q >
338 4-[2-(3-bromo-phenyl)-2- 1.90 (f) 565
hydroxy-ethylamino]- 2 >—a,

1H-pyridin-2-one

(2)-3-(6-Amino-5- o Sewn
methyl-1H- Di,?‘{\\:/)

139 benzimidazol-2-yl)-4-[2- W OH 1.41 () 454
(3-bromo-phenyl)-2- \—}}B
hydroxy-ethylamino]- '

1H-pyridin-2-one
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PCT/ US02/ 09~02 The fol |l ow ng exanpl es {Exanpl es 554-57S) were prepared

according to Schene VI

and |11

Example 554 0 ~N HC 5

(S) 4-1 2- ( 3- Chl or o- phenyl ) - 2- hydr oxy- et hyl am no] - 3- (4- net rphol i n- 4
- 1H ben‘&&oﬁ‘i‘)@d%’ol -2-yl)-1 Hpyridin-2-one: To a suspensPOJFI/U?J)?ﬂEB“E
4 Chloro-3-(4
nmet hyl -6[—m)rphol I n{ ? 2- y,l)olH—py idin-2-ope and the 10
correspondi ng i odo ( h@ﬁ% mor phol i n-4-yl-1 H
benzoi m [dazol - 2-yl o) W R ¢ {n ace itrile (
100 m) friéthyl am I ) and nﬁ@(ﬂ uer
2-(S)-2-|(3-Chl oro- t hyl am ne eg¢hloride (2.55 g, 12,2
" mol ) were added. irred at 85C ovenni ght. LCMS showed
some stafting natef PHidipyronfone |eft | 2-(S)-2-(3-Chlgra 15
phenyl ) -2- hydr oxy- ettyd-éavAmendrddr ochl pis g, 1.06 mol)] was added
" and the |mi xture sti kfetttyl-dH-85C anot hey ZW After evaporation of
vol atiles an aqueolsesohidabSI-9f)-42A03 (200 ) w109 Nn@Eis(fpadded, 4ibe
suspensi pn S6hi cat egh Ok DpENgH{RS and stirred Oyernijght. The|product was
filtered, washed Wt inbECT VBt allized f ‘et hanol chl orof orm
The title conmpound L 'as yel | ow crystals 20 (3 951 9, 75% LEMVS
(MEH) + 1 HPEC 154 UO Y YCPack—EDHFA—30—x5¢
mm 0 - [100% gr adi ¢fE)-blask>- h 2.5 f%L rate. ~H NI\/It of rmono- KA
sal t (500 M—lz DNB(JPH@)YI)82b3d®X1{ 1 H, 1 22 (.1 H, 19. 9 ( 1
H, broad A3 65 ethylaminelo3d6s) , 7. 60 ( 1 Hmsp 7B 3]z 7‘
7.38-7.30D Z? 6 [ 1,9,3(tridzak 1-9; iB-= .5 Hz), Lﬂg& 1 H t, J=5.3 Hz),
4.00 (6H br oad) Bbénzifidhzdl-2-2H-1H-, B. 52 (5H, 58 (3H, s,). Gener al
procedurg for prepapgfidiare-6de "oONo- angd bis- HCI saltg: A solutiion or
suspensi pn of free @ﬁ)Sﬁ(Qr’MrTQ @anol |s geat w,th 1.00 (or 2.00 resp.)
equi val ept of 1.00 y rngl. t/ anounts of conpound rengin
198 WO 02/ 079192 nsol u W noequal me | of
di chl oret? eis ad&@ %ty i n8 | ubi ['i ty tltj?z;h?ls fliltered and
concentra in vag¢Q Q¥0- 1. Zgihyiro; s wer e evapo to drynesgs,
| ar ge- schl e prepar q1t3r36h§ IPE‘PY‘ Vivo Ftudi es were corcentrated until nost
of the cbnpound crydemgimidagal-S9hen fi|tered. 5 Exanplle 555 3r |to
(S) - 4-[ 21(3- Bronn- 4apesamisley - phenyl ) - 2 hvdr oxy-et hyl ani nol - 3- (4-net hyl - rp
hol i n- 4-yl - 1H benz ¢i(#H)-@apb[2-B-Chlord-H- py H NWVR (390 MHz, CD3(QD)
8 7.68 -|7.60 (m Zighenyl)-Adydroky28 (m gg@ed 1 H J =850 Hz),
6. 26 344 ethylamino]-2-oxo-1,2- 1.49 (f) 453
dihydro-pyridin-3-yl}-7-
methyl-3H-
benzimidazol-5-yl)-urea
(#)-1-(2-{4-[2-(3-Chloro- | ~AH M Hom
phenyl)-2-hydroxy- ¢ Qﬂfp‘m
ethylamino)-2-oxo-1,2- 1.64 (f) 481
345 dihydro-pyridin-3-yl}-7- °
methyl-3H-
benzimidazol-5-yl)-3-
ethyl-urea
(#)-1-(2-{4-[2-(3-Chloro- | ~HA ALK S
phenyl)-2-hydroxy- s (?:"):pm
ethylamino}-2-oxo-1,2- 1.71 (f) 495
346 dihydro-pyridin-3-yl}-7- °
methyl-3H-
benzimidazol-5-yl)-3-
isopropyl-urea
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(d, 1 H,
3H), 3.7
Exanpl e

(S)-4- [2
hol i n-

8 7.65 -
Hz), 6.2
3 .75 -

U2/ Ur919
PCT/ LTSO

" (9)-4-[2
phol i n- 4t

. CD30D) 8
H J =28
(m 4H),
mz 510,
(S)-4-[2¢
t hyl -

MHz, CD~
(brs, 1
2H), 4.1
(s, 3H);

3.82 (s,

J=7.7H), 4.97 - 4.89 (m 1 H), 4.18 - 4.04 (m 4H),
3 - 3.55 (m 6H), 2.63 (s, 3H); LCMB (MrH)+ nmiz 554, 556. 15
N~ NNN-~NH HJ OHF O 20

LRI

4-y1-1H benzoi m dazol -

2-yl)-1H

pyrldln 2- one

9P o- 4-f | uor o- phenyl) 2- hydr oxy- et hyl am no] PET/PEQZKP&?%W -6norp
| H NMR (300 MHz, CD30D)

750 (M 2(h).4- ? p@dmx;mg@, (m 3R 7 1@ TH J£809 88
SO ‘?9’“%} Oaf‘é?h ot 1200 1182 (m 1.
: m :
D Exanpl e 5%47'"&'% H ~N HN @Qmﬂc qﬁ)sc@) 5 303
b1 UL morp om4y
( 3- Chl or o £PHAHBKY I Hhen 2 hydr oxy- et hyl ami no] - 3- ( 4- net hyl - 6rfor
yl - 1H benz OFR3 BrdaGPL- -YUT pyri di n-2-one: |' H NMR (400 Mz,
7.67 {brs pxrl¢4112qne45(br s L 7.40 - 7/28 (m 23H 7 00 (d]| 1
4 Hz)) 6. 27t42-13HBrdme 7. 6 @ 4.84 (m 1H)| 4.15 - 4. 05
3.82 (s, 3ihenylP2-Bydoxy- 3. 55’4%;[ 64 (s, 763d); LCVBTOM-H) +
512. Examﬂeﬁ)yﬁa"a%né 3-(4,5,6- _
348 Br ono- SH-hMe-o- benzofuran 5. yI )dr oxy- et hyl ani no] - 3- (4ne
pr phol i n- 4- zo| -2-yl)-1 ¥r 4. di n-2-one] ~H NVR (4Q0
anl)O S 7.54 %“&Fh;'% Eg@lylygg 7730 %m , 1.27 (brs| 1 H), 7.(22
) 6 27 (g Yrifin-2rone ;¢ Hz) 1405 - 487 (ml 1 1) 4160 - 4 50 (m
D - 4.00 20 4l®yrigip-2-dmesiyD)- 3} 60 _(mi 68 3. 25 - 3.13[(m 2H), 2.62
LCMVB ( MrH)|-amidal-5663,6568. 20D 0¥9192.36 (d) 372
249 trifluoro-1H- F i N WA

benzimidazol-2-yl)-1H-

pyridin-2-one \—Q

(8)-4-(1-Hydroxymethyl- H

2-phenyl-ethylamino)-3- ”/ 1.73 (d) 415

(4,5,6-trifluoro- 1H- N \
350 benzimidazol-2-yl)-1H- HN//

pyridin-2-one OH

3-(4,6-Dibromo-1H- Br H N\

benzimidazol-2-y1)-4- {‘j/ Y] 166(d) 474
351 [(pyridin-2-ylmethyl)- "W e

amino]-1H-pyridin-2-one \ )

()-4-[2-(3-Bromo- B R .

phenyl)-2-hydroxy- \(;[N/ \ 7 1.95 (d) 581
352 ethylamino]-3-(4,6- Br WN  OH

dibromo-1H-

benzimidazol-2-yl)-1H- o

pyridin-2-one

(5)-3-(4,6-Dibromo-1H- | . H Q "

benzimidazol-2-yl)-4-(1- Di »_i\\:} 1.92 (d) 517

hydroxymethyl-2- N
353 phenyl-ethylamino)- | H- Br Y

pyridin-2-one Q_/_\OH
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Exanpl e 559 ~N HC PCT/ LI S02109~02 5

4-[2-(3 Chl or o- phenyl }-2(S) - hydr oxy- et hyt am no] - 3- [ 4- net hyl -

6-[2(9), 6(R)dim

et hyl - -yl]-1H benzoi m dazol - 2-yl ] - 1H pyri di ne;,
(40% VHz ‘95%%)8&%’8 ¥.]23-7.57 (7H, - m), 6. gz]( T Hod _8’}%8&14’2441 4.97 (
1H m, 406 (2H,_m, 3.62-3.68 (4H, m, 3.20-3.34 2H)n') 263(3Hs,
1.30 (6H, d, J = 6 @@_4:@(33%(M+H) C.n12n (t = 2. 12 mn.) to Exanpl ¢
560 0 N|H H NH ~N enlgjz_ Yy © &/ 5 (d) 493
4-[ 2-(3-|Br ono- 4- net &@ _L5)6_2(S) hydr oxyHNethyI ani no] 3- (4t met hyl -6
[2(S), 6(|R54di net hy % 4-yl]-11H benzolfmi dazol|- 2-yl ] - 1H pyri di ne-
one.' H [NVR (400 %g ‘%Jr Z}la(le), 1H s)| 7.42 ( 1L H,
's), 7.34 (2H n), BPYEMORZQLZ-Y)-1H-2Ng 48 W) B 21 (1 H d,|J = 7.48 H),
4.87 ( 1 H m, 4 >Bym¢m2<me 3. 57-3.167(4H_ 1) 3.34|(3H_ s} R.230-3. 32(2H,
. m) 2.60 (1H s), [336.6daishlom-18-= 6. 20.% n)g_\&)gmm+ mz 58P (t = 2.03
mn.) 20l WO 02/ berirailagodivpl)-d- 561 N | NIiF4-8HR) ' 386
PCT/ US02/ B8. 102 [(pyndm -2-ylmethyl)-
4- 2-(3-|chl or o- pheqylln)mq _let hyl ani n \3 {6 [ (R)-2- 1 uoronet hy} 5
rrﬁlrpholi[]r-ti-lygjig 9-’ ] . |a|n 2=0 eana4}]4|_(
chl or o- phenyl ) - : r phol i
oy ety S ng R ;@@@ MR (4
CDB0D) § 7. A7 ( 1 prymethyl-2- 77 43 1 H d, J 2 H)
4.87 -- |4 (1 H Phgryl-gthglaming)-ii1- d 4.48 (1 H d, 3 = 3]
Hz) , 4.04 - 4 15 ( BPYrig-2-ane28 - 3. 62 (6H 7 Sen(3H, s). LOMS (MHH) +
mz 512 |(t = 1.35 mn.). Exanple 562 [F O N = NNHHNHC]~~ Bf O ~ 5
4- [ 2-(3- Bronpn-4- ne hnxv nhpan ) - (Q\ 2- hvdr oxy-et th am nn] -’2-{ - [(R)-?fl U
met hyl - npr phol i n- 4} @}3-GhemBiday| - 1H- be HzOkw2- yl J- 1H pyri ¢i n- 2- one and
4-[ 2- ( 3-|br ono- 4- et triflupr@hethyl )H( S) - ZWW%WWI ari no] - 3-{6-[(S) - 2t 7u(
met hyl BID hol i n- 4} bér]mﬂrdlﬁﬁéltwyb HHobenzi niidazgl -oR- yl }-1136-(byr i di n5@bne: ~H
NVR (40 , CD30 3§ro?n ényB-24, narrow d, J .0|Hz), 7.56 ( 1 H, s)
20 7.39|( 1 H, br D)lydrgxyaéth@l i;'uﬁb] dad,| J = 2.0, +z), 6.97 1 H d J
8.4 Hz),| 6.27 ( 1 HAH- yridlic2-one
3-(4,6-Bis- o @A
trifluoromethyl-1H- 'Y 1.39 (b) 454
358 benzimidazol-2-yl)-4- W Ne
[(pyridin-2-ylmethyl)- o \—Q
amino]-1H-pyridin-2-one
(5)-3-(4,6-Bis- o2
trifluoromethyl- 1H- FSC\Q:N, 4 ';H
benzimidazol-2-yl)-4-(1- N 1.53 (b) 497
359 hydroxymethyl-2- cr,  HY
phenyl-ethylamino)-1H- < >—/ OH
pyridin-2-one
(+)-3-(4,6-Bis- o i
trifluoromethyl-1H- @:N’ \ 7
benzimidazol-2-yl)-4-[2- cr, MM OW 1.51 (b) 591
360 (3-bromo-4-methoxy-
phenyl)-2-hydroxy- o
ethylamino]- 1H-pyridin- OMe
2-one
()-4-[2-(3-Bromo- R -
phenyl)-2-hydroxy- \Qi,{ \ 4
361 ethylamino]-3-(4-chloro- ¢ N OH 1.54 (b) 527
6-trifluoromethyl-1H-
benzimidazol-2-yl)-1H- o
pyridin-2-one

135

DI' O

DI O



202 WD 021079192 PCTI US02/09~02 6.4 Hz), 4.86 ( 1 H m, 4.61 ( 1 H m,
4.50 ( 1 H n), 4.77 - 4.19 (3H m), 3.82 (3H, s), 3.38 - 3.74 (8H m,
2.63 (3H, }’2’048 (MtH) + mz 586 (t =1 .31 nin.). Exanpper/pidei@ O ~N ~
N NH HN
4-[2-(3-Chloro-4- methoxv phenyl)-(S)-2- hvdroxv ethylaminol-3-{6-[(R)-2
f1 uor onet hyl - mor phpBi(4-Chlgrb{6- 4- net hyl |- 1 ,azol -2-yl}-1H pyridi n-2{on
e and trifluoromethyl-1H- 1.34 (b) 420
4-12-( 3- Or 0- 4- rregg]gwrdgimryyl)_z;( S) -[2- hy ro’k 1m’ nol-3-{6-[(S)-2
fl uor ometnyl - rmrphot( Widtavld; hyI -1H B‘en2| -2-yl}-1H pyridin-2pne
: ~ H NMR (400 MHz 09[1) @g H s), 728 730(3H, nm, 7.10 (|1
H s), 697 (1 H, 20 (1 H, d\]::ﬁAHy)AR:.(1-|,
m, 4.58 ( 1 H br (55))3@@510(OQH br |§<) 3. 0 (3H m| 3.80 (3H,
s), 3.59 (4H m, PBtriflhorometaA-(2H, n) ?‘m LCVB (MHH) + nfz 542|(t
= 1.28 min.). |5 Expgmzimidagst-ZFy$401=N | i 1.8r(bP 2P3 463A0
02/ 079192363CT/ US02/ AQurdRAnethyl-2- HN,
4-12-(7-Brono- 2, 3- [%ﬁ%%ut@nSW) -2°h gnoxy- et hy| am no] - 3- { 6[ (
R) - 2-f | uor onet hyl - W‘E Qo fed- Y| ] net hyl - benzi m|dazol - 2-yl } - 1Hpyri di n-
2-one and
4-12-(7-prono- 2, 3- :i(-ak)y41[p PRFS-4r an- (5 - f Sh=- hydroxyet hyl am no] - 3- {64 (
S) - 2-f | uor onet hyl - TH{eEHER )bl - 4- nie h epzi m dazol - 2-yl} - 1H pyri dijn-
2- one: 1H NVR (400 @m Rola- 26 0" ( Houn') 458§ 1| H 557, 6.24 (
1 H d, —47.6 i 2] H M, 9-461(4H, n, 3.18 -
4.18(11?—?,_ m %M% ++H)+ S, = 1.32 nin.). 10
Exanpl e 565 HO o o Ifjhuo % -
4-[ 2- (3-/Chl or o- pheh§§Ha -let hyI am no] - 3-{6-[ (R) - 2- hydr oxynet hyl
nor phol ijn-4-yl]-4- rB)’fM)P Tqm-ehpn7l m d =2-yl}l-1H pydidin-2-ohe and 4-{24(3
chl oro -phenyl) - ( S){D- 4ay2363oB;om hyl anp n(ibén{ u(S) -2- h dr oxy1{ met hg/l
phenyl)-2-hydroxy- >_2:) 42 (b)
365 ethylamino]-3-(5-
trifluoromethyl-1H-
benzimidazol-2-yl)-1H- o
pyridin-2-one
4-[(Pyridin-2-ylmethyl)- H NH
amino}-3-(5- /@[ () 1160 386
. N
366 trifluoromethyl-1H-
benzimidazol-2-yl)-1H- \—Q
pyridin-2-one
(S)-4-(1-Hydroxymethyl- H N
2-phenyl-ethylamino)-3- /@: »_é\\:/) 1.41 (b) 429
(5-trifluoromethyl-1H- FaC N
367 benzimidazol-2-yl)-1H- Y
pyridin-2-one @—/—\ OH
(+)-4-[2-(3-Bromo-4- T
methoxy-phenyl)-2- F:,C/@:N/ \_7
hydroxy-ethylamino]-3- N OH 1.38 (b) 523
368 (5-trifluoromethyl-1H-
benzimidazol-2-yl)-1H- g
pyridin-2-one ome
(2)-4-[2-(3-Bromo- it N
phenyl)-2-hydroxy- ﬁ"}-{\i/)
369 ethylamino]-3-(5-fluoro- f M oM 1.10 (b) 509
6-imidazol-1-yl-1H- Lb
benzimidazol-2-yl)-1H- >
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15 nor phol i n-4-yl]-4-nethyl - 1H benzi m dazol - 2-yl } - 1H pyri di n-2-one: 'H NWR
(400 MHz, CD30D) S 7.49 (1 H s), 7.23 - 7.37 (6H m, 7.10 ( 1 H s),
6. 24 1 :7.6HZ,4.95-4.96 1 H, , 4.19 3.94 -
4. 80 EzH‘b%ngﬂ 3. 71)(8H M. 263 EBH s)mLCIVS( POz (1 =
1.21 min. .20Exarrp|e566HOOO ~N~NNHHNHOI~\ Br Ow 204 W O
112/ 079192 PCT/ USOR ﬁ&l@dﬂ@Zone
4-[ 2- ( 3-Br ono- 4- met hoxy- phenyl ) - (S) 2 hydr oxy- et hyl am no] - 3-{ti-[ (R) - 2hydro
xymet hyl + nor phol i n{ 4-yl ] -4-nmet hyl - 1H-benzi m dazol - 2-yl }-1 H pyridi n- 2o0ne
and 4-[ 2k(3-bromn-4- net hoxy- phenyl \- ( Q\ =2-hydr ny;;gt_}:_}q_am noll3-{6-1(S)
2- hydr oxly- met hyl - mbBrAdilneros-imifazelne t@J 1Hnb ngi mi dazol - 2-y| }- iH pyr| d| n2
-one: | H NVR (400| My 1HoB80ibnidezal-262] ( r pow c,O.ZB @2.0 HAPY 7.541{
1 H s),| 7@~ - 7.‘3§1)(43['dpyﬂidm?6 95 ( 1 H \lm HZ), 6.28 ( 1 H, d, J
= 7.6 Hz), 4.88 - #yBfethyll-ahind)1H-3. 56 - 9 ( m, 3.80 (3H, s),
2.60 (3H s). LOMB gpmﬂ}mgﬁez 584 (t arrple 56 HOO 1 O 1N
~ N NH HNHOT=C E>35Foro- .
4-12- (3-chl or o- 4- m %olp_ ) ) (S) 2§\hy ﬂ’;@ Ln];@pqg_)B-{G nge) 2hydr o
xymet hyl + nor phol i n- iw%a : H pbenzi I'F-1H pytidin-2 15 gne
and 4-[ 2t -chloro ) " S) f2- etlhyl ami no]-3-{b-[(S
2- hydrgxygﬁet hyl - WSI"V‘HC ] 4 rret hi/l y aélol - 2-y} }- 1§+ p%i zji n2
- one: ~HNI\/R(4OO -THgg| { 1H 7°54( 1H $), 7.45 ( 1 H
) s), 7.B9 ( 1 H, s,pyrldms‘bonw 32 (2H, m, 6. 98{ 1H d J =84 Hz), 6.[22
1H,dd—10r i I1= 4,19 (3H;, . 3.80 (3H, 5),
g.49-372(8H, m | ’z;?é‘ m°4.' l\/ﬁf‘ MHZ 52)(t :1.(09 mil)
205 WO 11 2/ 079192 0~ o ~N HY HA |l %b) CT/ Uﬁg%/ 09-4Q2
4-[2-(3- %for o-phenﬁFIY?ro 8PbRy- ket hyl ani °"3-{6- (R) - 2- et hy
nor phol i W24~ yl ] - 4- 1 w@gpfol@-ﬂ‘ﬁ #0Ind- dazol 2-yl}- yrli di n-2-ome and
4-[ 2-(3chl oro- phen; ly}-1 Hidyenzimidagcb2y - ef hy| ami no] - 8= 6-|[ ('S) - 2- met hyl - nor phql i
n-4-yl]-#net hyl - lyé)ﬂlzﬁimyddmaz 0126 yI 1 pyrl di n-2-one: 1H NMR (400 MHz,
CD30D) 8++5—(1 y TA2o T H sy, 7237 737 (41,
m, 6?24( 1 H d {:)—3%‘;*?“11@ 4. 94 %@ﬂ%}tﬁ m|, 4.11 - |4. 16 {3}4, M,
3.61 - 3|68 (5H, P. 6 s), 3H, J =6.4
Hz) . LG\AS3@/|(+H)+ mbeu@mlqatzolﬁwi)ﬁmn .).araa%gég 7—2~?‘B( N ~d5R|1NH
(3-bromo-phenyl)-2- N
hydroxy-ethylamino]-
1H-pyridin-2-one
(2)-3-(4-Bromo-6- FsC R
trifluoromethyl-1H- \Q:N»_i\\;/)
374 benzimidazol-2-yl)-4-[2- gr  HN  OH 1.95 (d) 527
(3-chloro-phenyl)-2-
hydroxy-ethylamino]- °
1H-pyridin-2-one
(+)-4-[2-(3-Bromo- . o Newn
phenyl)-2-hydroxy- @N’ 8 ) 1.72 (d) 461
ethylamino]-3-(4,6- ' N OH
375 difluoro-1H-
benzimidazol-2-yl)-1H- Br
pyridin-2-one
(£)-4-[2-(3-Chloro- ¢ T
phenyl)-2-hydroxy- T;[N/ () 170 (d) 417
ethylamino]-3-(4,6- F HN  OH
376 difluoro-1H-
benzimidazol-2-yl)-1H- c
pyridin-2-one
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HN HOli~ Br Ov i 5
4-[2- (3- Brono- 4- met hoxy- phenyl ) - (S) - 2- hydr oxy- et hyl am no] - 3-{6-[ (R) - 2net hyl|

- nor phol i p- 4- A- met hyl - 1H benzi m dazol - 2-yl } - 1H pyri di
4-12-( 3- B)pgﬁgxﬁ’]l%t hoxy- phenyl ) - (S) - 2- hydr oxy- et hyl am no]F% Fg&??S) 2- met hy
| mor phol i n-4-yl]-4-nethyl - 1H benzi m dazol -2-yl }-1H pyridin-2-one: IH NMR

(400 MHf, CD30D) b[ ¢ ﬁg[zc(le,lgmos; 7.162 30 - 7.6 (3H m,
6.95(1HdJ— th%x ,)@22(@[%{76H2) 4.88 - 4.90 (|1

H nm, 4.08 - 4. 18 Y ( /079 / US024{)9~02 $),
3.61 - 3.{7 (SH, 4 "’h-‘/ "@'910'33 (3H ),@?23 (3H, d, J|=
6.0 Hz). ( M+ &‘ Hliﬂlmn) J635700N~NNHHN
HO 1~ C! Owe bcnzumdaz - —yl) 1

4-[ 2- (3-[Chl or o- 4- mpPHERYZpMENY | ) - (S) -[2- hydr oxy- et A dmi no] - 3-{6-[ (R) - 2

met hyl - rpholin-4iyl]-4-nethyl -1Hhanzim dazol-2-yl }-1H-pyridin-2- gne and
4-1 2- ( 3-|chl or o- 4- netHek2-(FEhipkg-- ( S) - Zg*ﬁ/dro,xyn et hyl am no] -3-{6-[(S)-2-ngth
yl to nor phol i n- 4-ybherdt)rBbhigtox j-H benzi*fi 9J_§\L_2‘; yl }41H pyridin-2-one: IH
NVR (400 MHz, CD30Dbh§lamidd-1- (A methynal  owd, " 3)2,2. 0 [HAR (d7. 40 ( 4I5H, br
s), 7.31 7(781 H na ngn%thy]_mgazgl_ Hz)| 7. 29’ ( , narrowd, J = 2.0 Hz),
6.97 ( U H d, J =\§nA gl ifidaai(p-1 [H d. I = 706-ka), 4.87 { 4.90 ( 1 H
m, 411 ( 1 H m g  iridinOlodeH M. 3.80 (3H s), 3.47 (4H m), 3.37 (
1H n,l325(3 pyidly SH e 27— BH—th—1—=—6—4—Hr )15 ENB
(MeH) + iz 525 (t :-(@42§2Hﬁf9m0-éxa @ﬂ’u& ® N+ NNH HN[HO I~ O 20
4-[ 2- (3-Chl or o- phenyicthoxg)phenHydr oxy- let hyl ‘smivno}4 3- { §- [#R?21 ret hoxymet hyl m
or phol i nf 4-yl | - 4- mphipgoxg-ethytamined-3azpl - 2- yI i|di )one ard’4-[ 2-(3

}-"Nepy

207 WO 3 079192 | REHets0-2/@mebgl-ch| or o b

- phenyl )+ (S) - 2- hydr gxpdagsiyyipqtiHAo] - 3-{6-[ (S) - 2- hoxy- met hyl ror phol i n- 4yl

] - 4- met hyl - 1H benzi 'Ebﬁh@ﬁnﬂiaz&'ﬂzl}] 1H+p ridin-2-one: "H NMR (400 MHz, CD~-QD)

b 7.49 ([ 1 H narrowdaind.on .23 - 7.36 (6H| M, 6.22 ( 1 H d, |J

2. 60 (SHW - V‘lﬁmr{‘% y "M( |1—|)l+Hn 2775 3'?t (_32’ 32)’
mn.). Exanple 572 @S’y&a-&-b& XV N N vel'ﬁ & 401

ethylamino]-3-(5,6- HN

380 difluoro-1H-

benzimidazol-2-yl)-1H- Br

pyridin-2-one

3-(5,6-Difluoro-1H- . H N
benzimidazol-2-yl)- 4- j@ »_i\i/) 1.18 (b) 354
m ] .

381 [(pyridin-2-yl-methyl)- _
amino]- 1 H-pyridin-2-one ""\_D
-5-(6- N
6-Hydroxy-5-(6 @ o

imidazol-1-yl-4-methyl- N N w1 0.96 (5 309
382 1H-benzimidazol-2-yl)- NN

3H-pyrimidin-4-one

(%)-6-[2-(3-Chloro- Ot S
phenyl)-2-hydroxy- Q:N)—i\t V4
ethylamino]-5-(6- HN oW 2.30 () 462
imidazol-1-yl-4-methyl-
1H-benzimidazol-2-yl)-
3H-pyrimidin-4-one

383

Cl
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4-[ 2- (3 Br ono- 4- met hoxy- phenyl ) - (S) - 2- hydr oxy- et hyl am no] - 3-{6-[ (R) - 2net hox
ynmet hyl - nor phol i n-4-yl ] -4-met hyl - 1H benzi m dazol - 2-yl } - 1H pyri di n- 2one and
4-1 2- t hoxy- phenyl ) - (S) 2- hydr oxy- et hyl ani no]

2- met hoxmpﬁyﬁ 5rggr pholin-4-yl]-4-nmethyl -1H benzi m dazol -E@F?Tzi’(ﬁﬁ%yn di n2-
one: "H NVR (400 MHz, CD30D)8763(1H narrowd, J = 2.0 Hz), 7.40 ( 1
H br 15 s) Iniérsediafe BRida8¢&Forthation (Stheémé IM, 18y s), 6.95 ( 1 H d, J =84
Hz), 6.23 ( 1 H d, J =7.2H), 487 - 48 (1H mM, 418 ( 1 H m,
3.97 - 4.03 (3H, m, 3.80 (3H, s), 3.54 - 3.66 (7H, m, 3.39 (3H, s), 2.59
(3H, s). LCVMs (MtH) + mz 598 (t = 1.x81 mng Exanple 573 20 Ove O ~N ~ N

NH HN HO11 C Ove 208 WD 02/ 0791% NUSO-2409~02
© 4-[2-(3-Chl oro-4-net hoxy- phenyl ) -(S) - raxy- et hyl am no] - 3-{6-[ (R) - 2nmet ho
xynet hyl - mor phol i n-4-yl | - 4- et hyl - 14 benzi § dazol - 2-yl }-1H pyri di n-2one
and /
" 4-[2-(3-chl oro-4- et hoxy- phenyl ) -(S)-2-hydr ¢ -et hyl am no] - 3-{6-[ (S) 2- net ho
xymet hyl - nor phol i n- 4-yl ] -4-met hyl - 1H benzi 2zol - 2-yl }- 1H pyri di n2- one: ~
H NVR (400 | "dHz, CD30D) 8 7.52 ( 1 H, s), 7.46 ( 1 H narrowd, J = 1.6
Hz)729 7.34 (3H, mM, 6.99 ( 1 H d, J = 84Hz)624(1HdJ=7.2

m 3 285 o6&+ Cheprptymelhy-tutdin Fhyjpiofio 2 8y 13 amdgrS yridy. €27

EX&WD' € 574 yl]-7-methyl-3H-benzimidazole-5-carboximidic ethyl ester: To a suspensnon of (S)
4-12- (3- Chl orog)henyl) 2(S) - hydr oxy- et hyl am no] E‘J[J yl - 6- (4- et hyl ~5
pi per azi n- 12yi4yd4 hardb@ﬁmﬁthﬁlé’aﬁlzﬂnybetwlpmwﬁyﬁawm lzyctm@yrldﬂ Nbﬂiﬂmoo MHz,

0206 oy ety e amidhsBt ot ot A3 g, 2 BinbiEl pfdol Byfggfopg o G,
LCVS (M+H) + dﬂ)zwékg&bbledﬂﬁl @fhydréus) aQ(O?CExtﬁmthara‘EBB The mixture became a

4-[ 2- (3- Bronp- 4- et hoxy- phenyl ) - 2(8%1 %Jroxy et hyl am no] - 3-[ 4- net hyl - 6- (425
net hyl - plppercépz\r ﬁPIEU%9 ef - fpwrinispies @hbeibling apg IthDbWPdY%%é“E%NéOOH]H NI\/R 209

WO 112/ 0791 / )

) . 7. 30- 7. be TR 195 A5y ihibndtiley gD ol R bybarty e thomy®, )

H d, J = 7\;&%dﬂz&t,ly dsedZof thi nbkms}cp Witk bﬁhﬁcam)onBLGM&%(M‘rm-II* maM46r() = 2 98
(3H, s), 2.56 s) LCVMS (MtH)+ mz 567 (t = 1.53 min.) 5 The follow ng
exanpl es (57165 ‘8’&‘))- were prepared according to Scheme VII and |1l and

illustrate the acylation of a 4-am no-piperidine_derivative Exanple S76
(General procedure for Exanples 576- 581) to

Sy
15 ﬁ}.

(+)-2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino}-2-oxo-1,2-dihydro-pyridin-

NH

z, 2T

3-yl}-7-methyl-3H-benzimidazole-5-carboximidic ethyl ester: The title compound
was prepared using the General Procedure for Imidate Formation. LCMS (M+H)" m/z
466 (t = 1.43 min.).

20

General Procedure for Examples 384 - 397 - Imidazoline Formation (Scheme IV, 14)
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" 0 100%gradient over 1.5 mn; 5 nt/mn flo

HNHOO-~N~ NNNHNHC HOu Cl

4-[ 2- (3- Chl oro- phenyl) - 2- hydr oxy- et hyl am no] - 3- { 6- [ 4- (acet am do) - pi peri di n-
1 yl]-4- hyl - benzoi m dazol - 2-yl }- 1H pyri di n- 2- one: I of the 4
15 am noﬁbﬁéﬁ%ﬁle conmpound (~ 50-100 unol) in 5 m %O&‘?@b%‘%@%ﬁ to OC

Then 10 equi val ent of Hueni gs base and ~ 3 equival ent of acyl chloride are
added. The WHxample3is&haken once and al lowed to stand at anbient tenperature
for 1 hour. Evaporation of volatileg, and purification by prep. HPLC gives

t he 4-acyl am nopi peri di ne corrpountjg, ~ HHWOO MHz, CD30D) 8 8.06 ( 1 H,
1 HY¥s) 1.
\\, 7

s), 7.68( 1 H 20 s), 7.49 ( H d J=7.6), 7 .27 -
7.38 (4H m, 6.3 3 ( 1 H d, J =78 4796 (1 H dd, J =4. 1, 7.6
Hz), 4.17 ( 1 H m, 3.87 (4H m, 3.6 “H dd, J = 4.2, 14 Hz), 3.58 (

1H dd, J =7.8, 13.8 Hz)) 2.72 (3H, s), 2(3To(2H, mM, 2.19 (2H, m, 2.02

(3H, s). LCVMs (MtH)+ mz 535 (t = 1.03 mn, Xterra C18 S7 3.0 x 50 mm
ate). 25 210 WD 02/079112

Exanpl e 577 HN HO~ 0 O~N H N NH HN HCI HOl C PCT/ U S02/ 0902

4-[ 2- ( 3- Chl or o- phenyl ) - 2- hydr oxy- et hyl am no] - 3- { 6- (4- ( 2- hydr oxyacet am do) pi

eridin-1-yl . 0l daz0y 2- o1l "---_:_I@VS_ M+H) +
ﬁi zI 5|5| (tyéhi.g'ﬁg'%‘?ﬁgsrg'f’;. &ﬁﬁfﬁaﬁ'@@?@%&rﬁét@t g?@?ﬂ"r"ragg%%ﬁ LTS §< 350
m 0 - b00Hydragineethyle2-pheriy2-ethylamihayilHhppriflim+onet Ehe Endaphidatd £8et o FA
'"HNH OO~

~ H. HN HCl HOLl ~ Br. .
4-2-(3-Chl %Q)‘-“ﬁhgﬁ#{ 5“—“2‘1%1%? M9£WWI%WW81 foél-o{”@g[bﬂ-a(j_é‘-“_f’f‘ Qbr oacet ani do)
pi peri di n- 1-eWlendd ARG (04 bhg, @Qﬂ@zrﬁhmed@lﬁ@}ea@tidd thixhite RidsihdaBd & RABX fér & LCVS
(M-H) + T z 597 (t =1.31 mn.). HPLC't = 6.90 mn) YMCPack ODS-A 3.0 x 50
mm 0 - 100% éftericencentoarion in Paquionthe 2ebdueiwasi purified by maene HPEGoiedd8iFo \ ' HN
H O title compound (37 mg, 62%). "H NMR (300 MHz, CD;0D) & 7.94 (1H, s), 7.50 (1H,
10 s),7.12-7.30(6H, m), 6.16 (1H, d, J = 7.7 Hz), 4.04 — 4.10 (5H, m), 3.75 - 3.77
(2H, m), 3.15 (1H, dd, J = 5.2, 13. 6 Hz), 2.96 (1H, dd, J = 8.1, 13.6 Hz), 2.67 (3H, s).

LCMS (M+H)" m/z 443 (t = 1.50 min.).

Example 385

cl
15

(£)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[6-(4,5-dihydro-1H-
imidazol-2-yl)-4-methyl-1H-benzimidazol-2yl]-1H-pyridin-2-one: 'H NMR (300
MHz, CD3;0D) & 7.93 (1H, s), 7.54 (1H, 5), 7.23 - 7.45 (5H, m), 6.26 (1H,d, /= 7.6

20 Hz), 5.01 (1H,t,J=6.3 Hz), 4.01 (4H, s), 3.78 (1H, dd, J = 4.7, 13.5 Hz), 3.67 (1H,
dd, J = 6.6, 13.5 Hz), 2.66 (3H, s). LCMS (M+H)" m/z 463 (t = 1.54 min
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O ~N ~ N NH HN HCI HO11 Br Ove 20 211 WD 02/f179192 PCTI US02/ 09- 402

4-[ 2- (3- Bronp- 4- met hoxy- phenyl ) - 2- hydr oxy- et hyl am no] - 3-{fi-[4-(acetam do)p
i peridin-1-vyl].-4-methyl-1H benzoi m dazol -2-yl}-1H pyri di ns2x- y

(MiH) + m“éoéﬁ&%-‘{z o7 min) HPLCt = 5.00 min veters PE8BE s 4 6
x 30 mm O - 100%gradient over 12 mn; 5 nL/mn flowrate. 5 Exanple S80
HN HO~ O O giiamiphe 386 ~N NN HCI HA i~ Br

4-[2-(3- Brono- phenyl ) - 2- hydr oxy- et hy| am no] - 3- { 6- [ 4- (2- hydr oxyacet am do)

pi peridin-1-yl]-4-nethyl-1H benzgj,@xda 0I32° |4 - 1H pyri di n-2-one: LCM5
(MrH) + miz 595 (t = 1.30 min.). HPLC Q9 yrin, Waters Xterra C 18 S5
4.6 x 30 mm O - 100% gradi ent over 1 m'h;HN m./mn flowrate. Exanple S81
F¥ " HNHOO~N~ N NH HN HC HOi cl 15
4-1 2- ( 3- Chl or o- phenyl ) - 2- hydr oxy- et hyl am
pi peridin-1-yl]-4-nethyl-1H benzoi m dazol -2 «LlH pyridin-2-one: LCVB
(MtH) + mlz 553 (t = 1.35 min.). HPLCt = 5. m n, YMC-Pack ODS-A 3.0 x 20
50 mm 0 - 100% gradient over 10 min; 2.5 nL/mn flow rate. The foll ow ng
exanpl es (S82-584) were prepared according to Schenme VI1 and |1l and .
illustrate wHe-@aChblanephenylpaRdfydaoxy-ethyhomipiopdt[ddnetbybe(4S-methd-&S5 Gener al

Procedure for a es, S82- S8 \\D. 021 079 PCT/ LUSQR2/ 09, ~

sol uti on?of dl‘@ﬁi imifazols 'Wﬁﬂﬁ%‘i’e%m&ﬁ??' anquWd' 'U%?'}e ?'}{P‘E’[ﬁ'ﬁ MeCOH
is cooled tQjl 5 SR NE K =Ya  TRVA-T | ; ARt (480dethyRB4Squi val ent  of
car banoyl| cg?gﬁloyg&eygd%seggm'lg\#g e{?@?ﬁ?gﬂﬁgkg%tonce{qndealyl wed to stand
at anbi ent tdéllopb'pellirrimidazelr-h-iy@htH-hEnmipﬁéﬂObﬂ-)d}-.lchmdme?s%ﬁiSHFNMWi cation
by prep. HPLGSNES B ] SRR, 7% BRSPS % 1187 CRIP U833 oM, d, J

= 7.5 Hz), 5.00 (2H, t, J = 6.4 Hz), 4.49 — 4.57 (2H, m), 4.21 (2H, t, J = 11.0 Hz),
10 3.61-3.78 (6H, m), 2.63 (6H, s), 1.48 (6H, d, J = 6.3 Hz). LCMS (M+H)" m/z 477 (t

-3-{6-[4-(2-fl uoroacetam do)

= 1.71 min.).

Example 387

15
(£)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(1-methyl-4,5-
dihydro-1H-imidazol-2-yl)-1H-benzimidazol-2yl]-1H-pyridin-2-one: '"H NMR
(300 MHz, CD30D) 8 7.94 (1H, s), 7.57 (1H, s), 7.23 - 7.52 (5H, m), 6.22 (1H, d, J =
7.5 Hz), 4.99 (1H, m), 4.00 - 4.15 (2H, m), 3.57 — 3.75 (4H, m), 2.77 (3H, s), 2.61

20 (3H,s). LCMS (M+H)" m/z 477 (t = 1.60 min.).

Example 388
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Exanple 582 ~O-HN O~ OO ~N~ NNH ~NHN HCl HOI~ ~ C to
4-[2-(3-Chloro- phenyl) 2- hydr oxy- et hyl am no] - 3- { 6- [ 4- ( 2nmet hoxyet hoxycar bam)
yl)- pi perldln | ]-4- et hyl - 1H benzoi m dazol - 2-yl } 1H py.

NVR (500 WRP2VEH90D) S 7.90 (1H, s), 7.26 -7.52 (6H, ), Ngggh(ﬁ% d, .
7.5 Hz), 4.97 ( 1 H dd, J =4.1, 7.0 Hz), 4.20 (2H, m, 3.93 ( 1 H, n),
3.60 - 3.84 (84, m, 3.37 (3H, s%(‘ 69 (@Ho s), 2.33 (2H, m, 2.13 (2H,

m. LCMS t5 (MtH) + nmfz 595 (t terra C18 S7 3.0 x 50 mm O

- 100'o gradient over 1.5 mn; 5 nL/ ,L/ /Ate). Exanple 583 /O'HN O O
~N ~ NNHHNHC HOI~ C 20 HN

4-[ 2- (3- Chl oro- phenyl ) - 2- hydr oxy- et hyl am no] # 3- { 6- [ 4- ( met hoxycar banoyl ) pi pe
ridin-1-yl]-4-nmethyl - 14 benzoi m dazol - 2- y["¥=\LH pyri di n- 2- one: ~H NMR (500
MHz, CD30D) S 800 ( 1 H s), 7.63 ( 1 H s) -6 -7.49 (SH, m, 6.32 ( 1
d J =7.6 H), 496 ( 1 H dd, J =4.2, 6 Hz), 3.93 ( 1 H m, 3.79 -
88 (4H m, 3.67 (3H, 25 s), 3.56 -3.65 (2H, m, 2.71 (3H, s), 2.32 (2H,
17 (2H, m. LCVs (MtH+ mz 213 WD U2/ 079192 PCT/ US02/ 09402 551 (t

(
2.
1.07 min, (YB-(2(8+Clloftph@iylR2-bysrey-ethylamino)ibibd4d-dimethyl-dder 1.5 nin;
m_/ mn f I ow r

4-(2-(3-Chl &'Byﬁ%mr'w;ﬂ%g' i&@"‘é"t‘ﬁvrHﬂibﬁBT'“gd?@"ZX“(‘zﬂﬂyﬂ%ir‘%%t%‘gxyH

car bam)yl .22 - 7.45 (5H, 6.19 (1H,

pi peri di n 1 y]lvl]R (Z?OO Mﬁz Dﬁ%)esn;glgr(nl%asz)o? 522-(1yH}52 7H?f)pyr7| dl(n 2m())ne ( H NMR

(500 MHz, ChyQoR)7.8 I-Yz.),9Q9‘1 (l:H It J 85,2 Hz)28.84 12B4s)( B (1H,,dd6J F 44,134 Ha), J =

L) s 2‘% G713 18 20 T, it 35 Gh . CysIEAGy v §

n),3.79-3§5%%h| 3.88 - 3.72 (2H, m, 2.70 (3H, s), 2.33 (2H, rr)

2. 15 (2H, (NH—|)+ mz 583 {t = 1.29 mn, YMC Xterra C18 S7 3.0 x 50
m 0 - 100%grad|ent over 2 min; 5n/mnflowrate). 15 The foll ow ng
exanpl es (58 590% re prepared according to Schenme VII and |1l and

il lustrat®e t#HEATRB 3% an al cohol as the nucl eophile in Schenme VII Exanple
58S (General procedure for Exanples 5-59Q) ~N~O~ NNHNHNHOI~ C 20
(S)-4-[2-(3-Chl oro-phenyl ) -2- hyd‘P‘Efi(§5 i - 3-[ 4- net hyl - 6- (2- nor phol i n

H
3.
i
5

4-yl - et hoxy) - 1H benzi m dazol -2-yl ] -1H i N} one: |H NVR (400 MHz,
CD30D) b 753 ( 1 H s), 7.37 -7.39 ( 1 H, , 7.23 - 7.30 (3H, m, 7.01 (
1H s), 6.75 214 HO

(>4}

2-(2-{4-[2-(3-Chloro-phenyl)-2R-hydroxy-ethylamino]-2-ox0-1,2-dihydro-
pyridin-3-yl}-7-methyl-3H-benzimidazol-5-yl)-4,5-dihydro-1H-imidazole-4S-

15 carboxylic acid and 2-(2-{4-[2-(3-Chloro-phenyl)-2S-hydroxy-ethylamino]-2-oxo-
1,2-dihydro-pyridin-3-yl}-7-methyl-3H-benzimidazol-5-yl)-4,5-dihydro-1H-
imidazole-4S-carboxylic acid: 'H NMR (300 MHz, CD;0D) 6 7.88 (2H, s), 7.52
(2H, s), 7.22 - 7.44 (10H, m), 6.17 (2H, d, J = 7.4 Hz), 5.05 (2H, m), 4.23 - 4.38 (4H,
m), 3.56 — 3.72 (6H, m), 2.58 (6H, s). LCMS (M+H)" m/z 507 (t = 1.64 min.).

20
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* 3.34 3.66 (8H, m), 2.51 (3H, s). L

V\002/079192 PCT/US02/09-402 ( 1 H s), 6.2 ( 1 H d, J =7.2 Hz), 4.98 (
1H t, 5.6 Hz), 4.40 (2H, br s), 3.97 (4H, br s), 3.45 - 3.73 (8H, m,
254(3H (MtH+ mz 524 (t = 1.24 mn.). Exanpl O~ N
NH O ~N A@M%"g\% FoRtSnbonh”
(S)-4-[2-(3-Brono- 4- rret hoxy- phenyl ) - 2- hydr oxy- et hyl am no] - 3-[ 4- net hyl - 6- (2m
or phol i n- 4- Wxagipho390) - 1H benzi mdazol 2- yI]-lH— pyridin-2-one : ~H NVR (400
MHz, CD30D) 8 7.67 ( 1 H, narrow = 7.36 ( 1 H dd, J = 1.6,

HZ)
8.4 Hz), 7.25 to
(1 H d,J=7.2Hz), 6. 98(1 H, s), 6. 92(| ' 75(1H,s),6.22(1Hd,J = 7.2
Hz), 4.89 - 4.92 ( 1 H m, 441( s)\ .97 (4H, br s), 3.79 (3H, s),
OVB[{ M+ nfz 598 (t = 1.22 nin.).

Exanple 587 0 ~O-O~ NNHHN HO I~ C

(S)-4-[2-(3-Chl oro-phenyl ) -2- hydr oxy- et hyPaxi no] - 3- (4- met hyl - 6- ( 2- met hoxyet
hoxy) - 1H benzi m dazol - 2-yl ] - 1H pyri di n- 2-on H NVR (400 MHz, CD30D) 8
7.48 ( 1 H s)) 7.25 -7.36 (4H, n), 6.96 ( , s), 6.81 ( 1 H s), 6.20 (
1H d J=7.4H), 20 4.90 - 4.93 ( 1 H m, 4.13 - 4.14 (2H m, 3.76 -
3.77 (2H, m, 3.50 - 3.61 (2H, m, 3.43 (3H, s), 2.53 {3H, s). LCM5 (M+H) +
nmz 469 (t 4-p2-(30Chidro- 1 QX LMAZmG R [ eme 18- H®SE-\ N NH HN
HO | i’ Pg}l-g(lzlw 40%3&)’)2% y-ems [ aly

(S)-4- [25(31ﬁmhﬂdromyanpid)n2)ﬂ3rblﬂohgﬂlwiﬁ‘ﬁmlrﬂ w81 LEE-pyridine21ope. 1 NMRy dr oxyet

hoxy) - 1H be I | 0 0D) 8
7.43 -7, 45%%8[')76?\4 §77&‘gtf¥%/§lmd’5%&"‘$nb§28‘ %Pﬁi Q“AHQ&WH . narr ow
d J =10 HZéHz)Gs%‘é(ﬁHlt |7|,-613P&h?1954|ﬂz7)(,lﬂ4m§736013H7(HH;m43124(-2H t, J
= 4.6 Hz), 3.92 (2H &) , 2.60 (3H, s).

LOVB (M+H)+3ra4z(211551)(2 6%(3H.35 hﬁMS)(Mm)amyzé%g% «59esnmm~0\ N NH HN HO | ~'
Br Owe

(S)-4-[2-(3-Brono-4-net hoxy- phenyl ) - 2- hydr oxy- et hyl am no] - 3- [ 4- met hyl - 6- (3m
or phol i Np4- Wxapipled9y) - 1H benzi m dazol - 2-yl ] - 1H-pyridin-2-one: 1H NWVR ~ 5
(400 MHz, CDaOD) b 7.66 ( 1H, s), 7,35 ( 1 H dd, J =1.6, 7.9 Hz), 7.25 (

1H brs), 6.93(1Hs), 6.91¢ M H 846,68 ( L H s), 6.19 (1 H br
s), 4.86 ( 1 H m, 4.05 - 4.10 (4f, ,},@79 (3H, s), 3.17 - 3.73 (
12H, m), 2.50 (3H) s). LCVB (MH)+ #2 = 1.16 nin.). 216

HN

Cl

OMe

(+)-4-[2-(3-Chloro-4-methoxy-phenyl)-2-methoxy-ethylamine]-3-[6-(4,5-dihydro-
1H-imidazol-2-yl)-4-methyl-1H-benzimidazol-2-yl]-1H-pyridin-2-one: 'H NMR

15 (300 MHz, CD;0OD) & 7.88 (1H, s), 7.46 (1H, s), 7.44 (1H, s), 7.31 (1H,d, J = 6.4
Hz), 7.28 (1H, d, J = 5.6 Hz), 7.01 (1H, d, J = 6.4 Hz), 6.19 (1H, d, J = 5.6 Hz), 4.49
(1H, dd, J = 3.4, 5.0 Hz), 4.09 (4H, s), 3.82 (3H, 5), 3.36 (3H, s), 3.63 - 3.67 (2H, m),
2.62 (3H, s). LCMS (M+H)" m/z 507 (t = 1.72 min.).

143



" 591-593) O HNHNNONBr HNHOI~ \iCl

" (S)-7-Bronmp20

WO 02/ 079192 Exanple 590 o'~ o0 ~N~O ~ N NH HN HO~lIi C PCT/ US02/ 09~02
(S)-4-[2-(3-Chl oro-phenyl)-2-hydroxy-ethyl am no] - 3-[ 4- met hyl - 6- ( 3- nor phol i n

4-yl -pro - 1H benzi m dazol - 2-yl ] - 1H pyri di n- 2-one: | VHz
CD30D) 8@6&“#}_#? s), 7.36 - 7.38 (1H, m), 7.23 - 7.30 (Hé‘ﬂ,/ﬁs 2?09%?292 (1H,
s), 6.67 ( 1 H s), 6.18 ( 1 H d, J =6.9 Hz), 4.96 ( 1 H t, J =059 Hz),

4.04 - 4.08 BxhmplePp923.82 (2H, m, 3.56 - 3.65 (8H m, 3.15 - 3.18 (2H,
m, 2.52 (3H, s). LCVMS (MtH)+ mz_538 (t = 1.19 min.). 10 The foll ow ng

exanpl es (591-593) were prepar ed@m(':or diwmg % 0, Schenme VII and Il wherein a
cyano group (Scherme IV) is conver'te I'dehyde whi ch undergo reductive
am nation with an amne 15 Exanple 5 n | Procedure for Exanples

HN

(S) - 3-(4-Brono- 6-nor phol i n-4-yl net hyl - 1H,
phenyl) - 2- hydr oxy- et hyl am no] - 1H pyri di n- 2-

zi m dazol - 2-yl)-4-[2-(3-chloro
e: To a solution of
Br

2-{4-[ 2-(3-chl oro-phenyl) - 2- hydr oxy- et hyl am O]M 2- 0x0-1', 2-di hydro- pyri di n-
3-yl} 3H benzi i dazol e- 5-carbal dehyde ( 130 ng, 0.27 nmol) in nethanol (60
m.) was added norpholine (0.2 nL, excess). The reaction m xture was stirred

| h at t ture. Then NaCNBH3 (1 M THF sol uti 35 pi, 1.35
ol ) wins. ST BaCA SR gk ay dtony s A o e

overni ght. a t j v - Macuo. The
r esi dug \%Nas q&'%%@"%gbgﬁ%%ﬂ"ﬁ%‘éb?%ﬁ??‘%‘{zgl'?@ﬁ% 5@%%‘%%?\39%8%@@, 45
% . | H NVRcoApOundiwas fiepaEY f@lokiBhydrdlykls of)he bénb@ic(chloride ts}he 7. 68 ( 1 H,
s), 7,24 7.54 (4H m 630 ( 1 H do 1= 7 .8 Hz%_l, 4,89 - 502 (. 1H m,
4.50 (2H, s)hydmxgh 'H MR (409 Hpy CDOBYS 7.99 (3H. 96467 i H. O AAS (W19 m 2 558

t =1.41 m | ~ N N s

(=t ST uEL 08 N D R Bt
10" (3- chl or g1 Hhey ¥-6211)y4i0exIH ah ) 18riHO$): 380RYH] 9i h62- ikt (2H, h)NAR2 (400
MMz, CDBOD) S 7.70 ( 1 K S). 7.5S (2H S), 7.42 (1 H d J =76 H),
7.24 - 7032 BHre)- EMS(MHH" /23374t =343ming. 1) - S 01 ( 1 H t, J = 6.2
Hz), 4.35 (2H, br s), 3.48 - 3.71 ( 10H, m), 2.98 (3H s). LCVB (MrH)~ m z
571 (t = 1.37 min.). ~ s Exanple 593 0

Example 393
NH o
SLA A S
v\
HN

OH

15 (S)-3-[6-(4,4-Dimethyl-4,5-dihydro-1H-imidazol-2-yl)-4-methyl-1H-
benzimidazol-2-yl]-4-(1-hydroxymethyl-2-phenyl-ethylamino)-1H-pyridin-2-one:
'H NMR (300 MHz, CD;0D) 8 7.94 (1H, 5), 7.50 (1H, s), 7.12 - 7.30 (6H, m), 6.15
(1H, dd, J = 7.7 Hz), 4.02 - 4.10 (1H, m), 3.85 (2H, s), 3.75 - 3.77 (2H, m), 2.96 —
3.17 (2H, m), 2.67 (3H, s), 1.56 (6H, s). LCMS (M+H)" m/z 471 (t = 1.62 min.).
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HNHNNHNHOI~ C
(S)-4-[2-(3-Chl oro-phenyl)-2-hydroxy-ethyl am no] - 3-[ 4- met hyl - 6- (4- et hyl pi p
erazin-1- - 1H benzi m dazol - 2-yl ] - 1H pyri di n- 2- one; a 20
eraz O\%EIEBPMQ pCT/O5RH9 2
(S)-3-[4-Bromnu-6-(4-nethyl - pi perazi n-1-yl net hyl ) - 1H benzi m dazol - 2
yl']-4-[2-(3Exhhpio3g@henyl ) - 2- hydr oxy- et hyl am no] - 1H pyri di n- 2-one (80 nmy)
0.14 nmmol ), tetramethyl tin (2.5 nm __gexcess), Pdd2 (PPh3)4 ( 10 ng) 0.014
2

mol ), and KF (40 g, 0.7 mol),jog.OM gL)%ip, a vial was bubbl ed
nitrogen, sealed, and heated to 100C f W—@- The reaction m xture was
passed through a small pad of 218 WO 79 PCT/ US(12/ 09~02 celite.

~ After concentration, the residue was pur'ifief,by prep. HPLC to give the
titled conmpound (34 ng, 48 %9. | H NWR (400 ,oCD30D) b 7.53 ( 1 H, s),
7.45 ( 1 H s), 7.24 - 7.40 (4H, m), 7.09 ( 1 s), 6.22 ( 1 H d, J=17.6

" Hz), 4.99 (1H t, J =6.4 H), 4.04 (2H, bris), 3.61 - 3.74 (2H, m, 2.98

- 3.34 (8H, n), 2.80 (3H, s), 2.S8 (3H, s). LCvB (MtH)'" nmlz 507 {t = 1.29
mn.). The follow ng exanples (594-595) were prepared according to Schene

Vi | d 1l i | te th t . .3

vt coon |+ GREGTRB-RbRLRBIE e RYRHOONE KB SRRy Biin
4-[2-(3-¢nl GFfl]-Phﬂa}iZl\-Sﬂ(b%hthﬁ_dﬁmﬁ-ﬂ}mS-arﬁyﬂeb-lﬁ-irﬂidmlhéﬁls-&rbdx)‘li&, 6tetra
hydr opyri m di ne- 1-yl ) -1H benzoi m dazol - 2-yl ] - 1H_(PE/“ di ne-2-one: | H 15 NWR
(400 M,  CoeWDJH MR 300 MHAICTSOD) S 85 (1H 5h 7560 (1, 2% TA 141708 (6. ). 7. 04

(1 H d J,.501.2H2), 6..2% dey b = 4. vy = 4.9 H)
3.97(2H, 631-5&%%%_??&%2)”;.,6%@(%:}-—,[6,.5,qul;g E‘?%if‘-%z)“-ﬁ?é%“‘z‘%hf’-]% © 2,25
(2H, m) LCVE.gNH) m)d.70 4 BR2((RH=m), 792 (iH.dd, 2e FX AP HzHAD5(1H, MOM= N NH N
HN HOu ~ ci 0 4-[2-(4-Methoxy-3-ch . )
| or 0- phenyl B-B(A3P-5)a? 6% (3R I MY ofz A8Y KyF 1 §0 MiB.)5 6-t et r ahydr opyri m
i di ne-1-yl)-1H benzoi m dazol - 2-yl ] -1H pyri di ne-2-one: 219 V1' O 02/ 079192
PCT/ USOé}‘09~02 ~ H NWR (400 MHz, CD30D) 8 8.37 ( 1 H, s), 7.52 { 1 H,s),
7.04-7.52(4Mxample 3994 ( 1 H d, J = 1.2Hz), 6.21 ( 1 H, d, J = 7.6Hz),
4.98 (1 H t, J=4.92 H) 3.97(54, m 3.6U-3.73 (2H, m,3.52(2H, t, J =
5.74 Hz), 2.60 (3H s), 2.26 (2H [(m}" LCNS gMeH) + iz 507 (t = 1.67 min.)

oSy

OH

(S)-4-(1-Hydroxymethyl-2-phenyl-ethylamino)-3-[4-methyl-6(1,4,5,6-tetrahydro-
15  pyrimidin-2-yl)-1H-benzimidazol-2-yl]-1H-pyridin-2-one: 'H NMR (300 MHz,
CD;0D) 6 7.76 (1H, s), 7.32 (1H, s), 7.09 — 7.29 (6H, m), 6.15 (1H, d, /= 7.6 Hz),
4.02 -4.07 (1H, m), 3.71 - 3.79 (2H, m), 3.61 (4H,t, J=5.6 Hz), 3.14 (1H, dd, J =
5.3, 13.6 Hz), 2.95 (1H, dd, J = 8.1, 13.6 Hz), 2.65 (3H, s), 2.09 - 2.16 (2H, m).
LCMS M+H)" m/z 457 (t = 1.49 min.).
20
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It is understood that the exanples described above in no way serve to limt
the true scope of this invention, but rather are presented for illustrative
pur poses.. A erences cited herein are incorporated by . in

thei r ent‘?’?@?/{.ﬁ%o WD 021079192 What is claimed is: 1.P6Aﬁfé§d§pﬁ'gﬁﬁd
according to formulal R R YRR R ~NWs PRI/ ~. (---RN~XR ~R-
S | PCT/ USOgx@fypAd396 t s enantioners, diastereoners, pharmaceutically
acceptabl e salts, hydrates, prodrugs |0 and sol vates thereof; wherein X is
selected fromthe group consisti f N ,CoC--C- alkyl, G-C3 alkyl
Substituted wth one or nore R, iNect Mdond; 15 Y is selected from
the group consisting of Oand S ; Wi ected fromthe group consisting
of NNy, C O and S; provided that if Wjs Or S) RO is absent; R, R2, R~
R4, R5, R6, R, Rg, R9 are each independen;gel ected fromthe group

consisting of H C,_6 alkyl, alkenyl, alkynfl, °®ycl oal kyl ,

het erocycl oal kyl, hal o, 20 am no) OR6, NO2, SR6, NR6R6' , CN, CO2Re,
CONR6R6' , OCONR6R61, NR62CONR6R61, NR6S 02 , S 02NR6OR6 ~ , C

(NR62) NR6R61, aryl, heteroaryl, (CH2)~OR60~ (CH2)nNR6R6y (CHZ)nsR6o~ (CH2)~
~'yl, (CH2)n heteroaryl, , . (CH2)" heterocycloal kyl, NH Z-aryl, and

NH Z- het er 0QS)‘JI-»'(I-‘Hﬁl’rﬁ&%ﬂnchiyBZ-’bh’&:ﬁyﬁéthﬁlﬁﬂﬁ85)-1[4-&1&!@&]%:(leﬂwilf)()-m,s-he gr oup
consisting of C, - 'C4 al kyl, alkenyl, and al kynyl chain; _Z havi hg one or

more hydsoxyihydrogiH-imidezal,2-yDriB-dienzpimidager 3151 MHpyridipg smsRLNMR yups . 7

optionally i ratd 0 I h p

consi sti ny SPOEHREORRRE ke ¥ SRS R B ob B0 ™ Pk 3o ke

and R61 areﬂ.%@.@oféﬂth&%ﬁﬁjﬁg.w 2T @3t dE3Er, 9B IGQNH 8d,ings5ef 135 al kyl ,

22l WO 02/ (179192 PCT/ US02/ 09~U2 al kenyl , alkynyl , cycl oal kyl,

cycl oal kyl alHa)l 2.9 (idH.aldy J =8.0.d2:p, Ha) 9168 (gﬂt @rbﬁw (thé¥ép/@d1r59 (6T, and

al kyl - R25 V\/ner%i n R25 i s hydrogen, al kenyl, hydroxy, thiol, alkoxy,

t hi oal koxy, Yno, al kyl am no, dial kylam no, aryl) heteroaryl, cyano, halo,

sul f oxy,jgsul fonyl, 5 NR~COOR31, -NR~C(O) R3~, -NR~SO02R3~, -C(O NR3R3-~,

het eroaryl or heterocycloal kyl; and R3 and R3' are, independently,

hydr ogen, alli¥ampleg87oal kyl , or al kyl -R25 2. The conpound according to

claiml1l wherein R~ , R, Rgand R%—ane H; o
N/ NH

\_/

HN

z,_ 2T

HO

(S)-3-[6-(4,5-bihydr0-IH-imidazol-2-yl)-4-methyl-lH-benzimidazol-Z-yl]-4-(2-

15 hydroxy-2-phenyl-ethylamino)-1H-pyridin-2-one: "H NMR (400 MHz, CD;0D) 8
7.91 (1H, s), 7.50 (1H, s), 7.48 (2H, s), 7.24 - 7.35 (4H, m), 6.25 (1H, d, J = 7.6 Hz),
5.01 (1H, dd, J = 4.6, 7.0 Hz), 4.10 (4H, s), 3.65 - 3.76 (2H, m), 2.64 (3H, 5). LCMS
(M+H)* m/z 429 (t = 1.48 min.).
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R2 and R4 are Hor F;, YisO X is selected fromthe group consisting of N
and CH, Wis N, 15 RS is selected fromthe group consisting of H nethyl,

et hyl , secondary butyl, cyclopropyl, F, and CRJ; } el ected
fromt hei'gﬁ?égg%t(?nm sting of H, 2-am nonethyl pyridine, NH%—B%’(Z’&%O%R
NHCH2CH( OH) ( 3- C - Ph), NHCH2CH( OH) ( 3- Br- Ph) , NHCH2CH( OH) ( 3- Br - 4- OVe- Ph) ,
NHCH( CH20H) @hiaktple BY$H2CH( OH) aryl, 20 and NHCH( CH20H) CH2aryl; and R3 is
sel ected fromthe group consisting gf OR6, C( NH) NHR6, C(O NHR60 i mi dazal e,
i m dazol i ne, tetrahydropyri m di ne?/_ DI per agi y mor phol i ne, hononor phol i ne,
pi peridine, pyrrolidine, honopiper#zi \
fromthe group consisting of H alkyl; cybl kyl, 25 heterocycl oal kyl, and
al kyl - R25 wherein R25 i s hydrogen, al k nyl ™h droxy, thiol, thioal koxy,
al koxy, thioal koxy, hal o, cyano, sulfoxy, sdlfanyl, - NRBCOO?3~) "NR3C( O) R3~,
-NR3SO02R3~, -C(O NR3R~~, or a heteroaryl or ter ocycl oal kyl; and R3 and
" R3, are, independently, hydrogen, alkyl, cy al kyl, or al kyl-RzS. 30 3.
The conpound according to claim2 wherein R3is -OR6 and R6 is al kyl, or
al kyl - R25, wherein 222 WO 02/ 079192 PCT/ USOZ/ 09-402 R2s is hydrogen,

CulTom " Bl Ern ARG SR o 24 ma 3

het er ocycl o dHehenzianidazeB 2 i 1 R yridin-d-onen Efepwemwewnmf thenyddagesier ARy ,

e R el o RS- M AR 17
The CO”DOUH%%WM trRe fliRLFE Was¥iee8 larddébtelnperibird fed 1406, THOsElvBit N~ N~
N~ N NON R31 R31 NON NN R31 N-N --- ~~-NNNN ~ ~/~
~/~ ~~ ~O ovas~removecttnl-'\>3¢u0~and th tesipe wve tispied RA) &% YAk Og EhnLapiipem or
subst tuted alkyl, Sc 95 FOTRAUD] AGCELINGS Quel AR AN BRALAR | <

pi per azi ne, ‘¥8P e

3, 5- di mefhy IRERRI@Zco. p%smdmtnu@mlw fsmsb@d flhatt'ﬂtdatatwa's bencaixatpdand i on
wi th a conpound selected fromthe group consisting of_ alkyl, cycloalkyl,

cycl oal kyl alpuyified By ipyap. RPEC ogiedy IfR’ titks cogppoud £33 Bevdvidp bas il ‘i%‘dhﬁir ogen,

hyar oxy - © niNPR DA GHROIS) £708 it §5°) D Cr 3608 & ferutn,
cyano, hal o,nasidlf @9y= 0.5HZA) Nyl - 7@m(bﬂuhi)omyds(1mla$¢@u?3Hz),-4\.mqm)slm-H

- NR3S02R3"' O NRaR3' het eroaryl or
m)Cg 7)6 3.79 (2H m), 3.16 (IIYI dd, J =5.4,13.6 Hz), 3.97 (1H, dd, /= 8.1, 13.6

15 Hz), 2.69 (3H, s). LCMS (M+H)" m/z 441 (t = 1.60 min.).

a a no wherein R6 i s sel ected

General Procedure for Amidine Formation, Examples 399 - 412 (Scheme 1V, 16)

Example 399
v N\ 7
N//

(S)-2-[4-(1-Hydroxymethyl-2-phenyl-ethylamino)-2-o0xo-1,2-dihydro-pyridin-3-
yl]-7,N-dimethyl-3H-benzimidazole-5-carboxamidine: The crude imidate ester (60

20

mg, 0.135 mmol) was diluted with methanol (10 mL), then methylamine (2.0 M
methanol solution, 0.5 mL, excess) was added to the solution. After stirring for 2 h,

25  the reaction mixture was concentrated and purified by prep. HPLC to yield the title
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het erocycl oal kyl ; and R3 and R3' are, independently, hydrogen, alkyl,

cycl oal kyl, or alkyl-R2s. 25 7. The conpound according to claim®6 wherein
said pip i iS substituted with nethyl, ethyl, CH2-cy

hydr oxyeS&@lﬁ?/R‘g’}%ﬁ met hyl am noet hyl ) 2di et hyl am noet hyl Z%ﬁnﬂﬁ(%@?#fl ,

2- met hyl am noet hyl , 2-ethyl am noet hyl, nethoxyethyl, ethoxyethyl,

mor phol i ne, camgom@b%%,rm%tqlawwm%?saud._ 'Yy OMIR(00MBZ, EOTODES 280 02 8.
The conpound according to claim2 wherein R3 is an am no group sel ected
fromthe groeyup.3Bods, st 7 -of.30vaH ony &l IRy Had rd,.7 Hal, 4B «y%amm,cm), 4.72

di al kyl am noa 1 no n o] I yl lLam np., 9, ~T ofrpound
according to ‘g&hﬂn@%\nﬂ@&a—%ﬁggﬂ @yngﬂg?#é @:#éﬁt(gg] cﬁ?érﬁ%‘ﬂ’eﬁg’r gagp

consi sti ng ol6THFERCIANMS MAGHAGHAGH( NEBFHREN20H) NHOHDCHaNHE,

NMe CHz CH2NHz , t CHRCH2NHz, NHCH2CH2NMez, NMeCH2CH2NMez, NEt CH2CH2NMez,
NHCH2CH2REt z, NMeCH2CH2NEt z, to NEt CH2CH2NEt z, NHCH2CH2N( CH2CHz) zO0,
NIVECHZCHZN(%CI—%%&QQ and NEt CH2CH2N( CH2CHz) z0. 10. The conpound accordi ng
to claim?2 o is piperidine, optionally substituted with hydroxy,
thiol, am no, alkylam no, dialkylamiho, gl loxy, thioal koxy) i5 1,3

di oxol ane, 1,3 di oxane, -NHC(OR S;«M wherein R S is hydrogen,

al kyl, aryl or alkyl-R25 wherein R25 Rydpregen, al kenyl, hydroxy, thiol,
al koxy, thioal koxy, am no, hal o, cyano, suf™ oxy, sulfonyl, -NR3COOR3',
-NR3C(O R3', -NR3SO02R3', C(O NR3R3', hetseroaryl or heterocycloal kyl; and
R3 and R3' are, independently, hydrogen, al .o Cycloal kyl, or al kyl - R25.
20 25 11. The conpound according to claim?2 erein R3 is norpholine,

t hi onor phol i ne, sul f oxynor phol i ne, sul fonyl nor phol i ne, or hononor phol i ne,
or a substituted norpholine, thionorpholine, sulfoxynorpholine,

sul f onyl mor ghnbi{ag?-(3/CHerRpRENINL hy8roxyZethylamifsrPonsd , 2dihga £o-pyrilin-cl ai m
11 wherein said norpholine, thionorpholine, sulfoxynprpholine sulfonyl

mor phol iife, 3oyl}ﬁdﬁmﬁmﬁﬂbﬁmbenzsmngleri-m@@xmdmﬁyclrl R3¢0 MiHz, ani no,

al kyl am no, i i no, al kox t hi Kk vl Kyl ~ 0, v+N S,
“NHOO2R S, \ﬁﬂéﬂ«%ﬁé 2 g%sshig‘?g'g}iﬁ?' ﬁﬁy??@é‘é?@r 76'5%@#-%5%% in R25
i's hydrogen,s @ &enY! = BA1DXY.77 (1 Add, J& Koxi3.4 HRY, GAH7KAHY dd e 58, 194l o,
cyano, 224 w0 02/'U79192 PCT/ USU2/ U9. 102 sul foxy, sul fonyl, -NR3COOR~~,

- NR3C( O) R3~, H2)NR3B(3HR3), 2.6@(3H . NRIFEMS (Metdr oz ¢5! 6= hd2 &rddycl oal kyl ; and
R3 and R3~ are) independently, hydrogen, alkyl, cycloal kyl, or alkyl-Rzs 5
13. The conpound according to claim2 wherein R~ is (CH2)~-norpholine or
(CH2) " - Bi peragapie4opherein n is 1 to 3. 14. The conpound according to
claim2 wherein is an optionall yNstubsti tuted Ntetrahydropyrimdine or

N-i mi dazol i ne. N
HN
gesse

aLE

HN

HO
Cl

(1)-2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-
3-yl}-7-methyl-3H-benzimidazole-5-carboxamidine: 'H NMR (300 MHz, CDs;0D)

20 67.90(1H,s), 7.26 -7.57 (6H, m), 6.25 (1H, d, /= 7.6 Hz), 5.01 (1H, t, /= 6.4 Hz),
3.75 (1H, dd, J = 4.8, 13.4 Hz), 3.66 (1H, dd, J = 6.7, 13.4 Hz), 2.62 (3H, s). LCMS
(M+H)" m/z 437 (t = 1.59 min.).
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10 15. The conpound according to claim14 wherein at |east one of said
substituents is al kyl, hydroxyal kyl, al koxyal kyl, hal oal kyl, cyanoal kyl ,
car boxyl , or rboxam de. 16. The conpound according to clai rein R3
is pyrrol ﬁﬂH@%‘%% 17. The conmpound according to claim 2 hﬁgggﬁﬂﬁggid
pyrrolidine is selected fromthe group consisting of 3-hydroxyl

pyrrolidi negExdmphd 462<y pyrrolidine, and 3al kyl am no pyrrolidine,

3-di al kyl ami no pyrrolidine. 20 18. The conpound according to claim?2
wherein R6 is selected fromthe gr&up copsiesting of H,

2- ami nonet hyl pyri di ne, NHCH2CH( OH)M¥ n CH( CH20H) CH2aryl . 19. The
conpound according to claim18 wherei I yl is an optionally 25

substituted phenyl. 20. The conpound accor#jng to claim19 wherein said
phenyl is substituted with a Br, O, F, alkoxy or-NHS02CH3. 30 21. The

conpound according to claim19 wherein sal ubstituent is 3-Br, 3-d or
3-F. 225 V1' O 02/ 079192 PCT/ US02/09-1112 @he conpound according to
claim19 wherein said substituent is 4-F or met hoxy. 23. The conpound
according to claim19 wherein R6 is \NH ~NH ~NH HO HOHOR Rte | ~ Rh n O ~

R 7T s H | B R - Ehlors-phem ) Aty ey Iasino - SH S a e Pr e
Bkl ot e T RIS ey Afarle 5-caf oxa RO RMK 300 WiHIO0EN.
ani no, al kox3D,OINi RbX ONY, s) aso( 1 H; ¥pIToL8 -sTHl @5k, my 6l I6o(iy, d, J €26 Hz),

het o) ooycl oS MITL R 763 O Ehite 6. &ra: 7 TadcHEnd6AULY, Syt 68ek-5 hal ogen,
o oup: Cany B2y NG, 3.6 (S80S} REIS DYDY o B BT, L kgl 890,

10 Example 403

Ci

(%)-2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-
3-yl}-N-cyclopropyl-7-methyl-3H-benzimidazole-5-carboxamidine: 'H NMR (300

15 MHz, CD;0D) 8 7.78 (1H, s), 7.54 (1H, s), 7.22 - 7.41 (SH, m), 6.25 (1H,d, J = 7.6
Hz), 5.01 (1H, t, J = 6.4 Hz), 3.76 (1H, dd, J = 4.7, 13.5 Hz), 3.67 (1H, dd, J = 6.6,
13.5 Hz), 2.77 - 2.83 (1H, m), 2.65 (3H, s), 1.03 - 1.10 (2H, m), 0.86 - 0.92 (ZH, m).
LCMS (M+H)* m/z 477 (t = 1.43 min.).
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226 WO 021 079192 PCT/ LI SU2/ 09-402 25. The conpound according to claim 24
\_/merein R Sis nmorpholine, ONN NN~N- NNNN R31 N-NJ ~O- ~O~- R31 26.
ecorrp rding to claim24 wherein R 2 is hydro ,
hydr oxyme ﬁgf/‘%ﬁ& hoxymet hyl, CH2F, CHZCN, CO2H, or ycmgﬁégluﬂogwezm R3
and R3' are, independently) hydrogen or alkyl-R2s. 5 wherein R 33 is
hydrogen, alggamplod40substituted alkyl. is 27. The conpound according to
claim 24 incorporating the side chgjn \NH \NH HO HO RRe \ / Rte 0 NR4AO NH
HN~HOHOO/RteI/RteNR4pNR~&N L\#NN\/I\UN\NRBlRBlNN
.,NNNOor ~iNOR31 OR ~NH HO'A OyNH HO/ Rte =-N wherein R4
I s hydrogen or alkyl, and R7 hydroge o Nha\ en. 28. The conpound
according to cIa|m24 wherein R2 and'R 3 8% e H R' is Br, F, or d; R~ 8
is methoxy or fluoro; and R 9 is H or 2l8 and R ~ 9 together form4-0O 5
di hydrof uranyl . 227 WO 02/079192 PCT/ USOZ -402 29. The conpound
according to claim24 wherein R~2 and R~-3 athyl; R~~is Br, For d)
R 8 is hydrogen or nmethoxy; and R~9 is H 30. &econpound havi ng the formul a

(£)-2-{4-[2-(3-Chloro-4-methoxy-phenyl)-2-methoxy-ethylamino]-2-oxo-1,2-

5  dihydro-pyridin-3-yl}-7,N-dimethyl-3H-benzimidazole-5-carboxamidine: 'H
NMR (300 MHz, CDs0D) & 7.79 (1H, narrow d, J = 1.0 Hz), 7.45 (1H, narrow d, J =
1.5 Hz), 7.38 (1H, s), 7.28 — 7.31 (2H, m), 7.02 (1H, d, J = 6.4 Hz), 6.22 (1H, d, J =
5.7 Hz), 4.52 (1H, t, J = 5.9 Hz), 3.83 (3H, s), 3.60 — 3.71 (2H, m), 3.36 (3H, s), 3.13
(3H, s), 2.65 (3H, s). LCMS (M+H)" m/z 495 (t = 1.64 min.). -

10

Example 405

NH, o

NP -
T\
HN

* HO
Ci

OMe

(£)-2-{4-[2-(3-Chloro-4-methoxy-phenyl)-2-hydroxy-ethylamino]-2-oxo0-1,2-

15  dihydro-pyridin-3-yl}-7,N-dimethyl-3H-benzimidazole-5-carboxamidine: To a
solution of 2-{4-[2-(3-chloro-4-methoxy-phenyl)-2-methoxy-ethylamino}-2-oxo-1,2-
dihydro-pyridin-3-yl}-7,N-dimethyl-3H-benzimidazole-5-carboxamidine (40 mg, 0.08
mmol) in methanol (5 mL) was added 2 N NaOH (0.5 mL) and the reaction mixture
was stirred at room temperature for 14 h. After concentration in vacuo, the residue

20  was purified by prep. HPLC to yield the title compound (7.2 mg, 19%) as oil. 'H
NMR (300 MHz, CDs0D) § 7.78 (1H, narrow d, J = 1.6 Hz), 7.52 (1H, narrow d, J =
2.1 Hz), 7.30 - 7.36 (3H, m), 6.99 (1H, d, J = 8.5 Hz), 6.27 (1H,d, J = 7.6 Hz), 494
(14, t, J = 5.9 Hz), 3.82 (3H, 5), 3.68 - 3.72 (2H, m), 3.13 (3H, s), 2.63 (3H, s).
LCMS (M+H)" m/z 481 (t = 1.44 min.).
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Rl's RSSN~ ONHNNHR ~ NHNHO-~" R~ R-s Ris wherein R 5 is hydrogen,
al kyl, aryl, or -alkyl-R25, wherein R25 is is-hydrogen, hydroxy, thiol,
aIkenyI | koxy, thioal koxy, hal o, cyano, sulfoxy,
-chomévg]"z"%r%ﬁgqqm ~, INR3S OZR3 ~ , -Q(O NR3R3 P‘fiﬁ%‘?%"ﬁl or 10
het er ocycl oal kyl ; R~6 is each independently hydrogen or nethyl R~~, R-8
and R 9 are) independently, hydr ogen, hal ogen, or al koxy; or R~8 and R-9
toget her forma heterocycl oal kyl or heteroaryl group; and R3 and R3~ are,

i ndependent Example#®gen, al kyl or al kyl -R25 15 31. The conpound accor di ng

to claim30 wherein R25 is norphol iwg, thignorpholine, O- ~ "Nl -N\~ -N N
N, N ~N R31 N NNJ ~N~ ~N~ N O R31 N MNJ NON R31 R31 ~~N N~N -.( O
or R3 ~1 20 32. The comnpound accor di m 30 i ncorporating the

si dechai n 228 WO 02/ 079192 NH NH NH HOR~/ Rn/ RI7 t7 p ~ NR4p

NRgp O PCT/ US02/ 09-102 NH NH NH HOHOHO OR/ Rt7 O/ 17 R17 R ~-N NRgp ~
NRgp O wherein R4 is hydrogen or al kyl affd\R' hydrogen or hal ogen. 33. The
conmpound according to claim30 wherein R-s @ sy dr ogen, net hyl, ethyl,

OMe

5 (4)-2-{4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-
dihydro-pyridin-3-yl}-7,N-dimethyl-3H-benzimidazole-5-carboxamidine: 'H
NMR (400 MHz, CD;0D) 8 7.77 (1H, s), 7.67 (1H, s), 7.29 - 7.39 (3H, m), 6.95 (1H,
d, J = 8.4 Hz), 6.23 (1H, d, J = 4.4 Hz), 4.92 (1H, m), 3.80 (3H, s), 3.69 (2H, m), 3.13
(3H, ), 2.61 (3H, s). LCMS (M+H)" m/z 525 (t = 1.44 min.).

N NH
K\
N/,

(S)-N-Cyclopropyl-2-[4-(1-hydroxymethyl-2-phenyl-ethylamino)-2-oxo-1,2-

15  dihydro-pyridin-3-yl]-7-methyl-3H-benzimidazole-5-carboxamidine: 'H NMR
(300 MHz, CD;0D) 8 7.81 (1H, s), 7.37 (1H, s), 7.10 - 7.30 (6H, m), 6.16 (1H, d, J =
7.6 Hz), 4.03 — 4.08 (1H, m), 3.74 —3.76 (2H, m), 3.15 (1H, dd, J = 5.3, 13.6 Hz),
2.96 (1H, dd, J = 8.1, 13.6 Hz), 2.78 - 2.84 (1H, m), 2.67 (3H, s), 1.03 — 1.10 (2H,
m), 0.87 — 0.92 (2H, m). LCMS (M+H)" m/z 457 (t = 1.51 min.).

10
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or (CH2)"CH2-RZS wherein R25 is OH, Owe, F, CN, CF3, SOCH3 or S02CHS,
wherein n isOor 1. 10 34. The conpound according to claim30 wherein R-s is
cyanoet h xyet hyl, CHZCHzSOCH3, CHZCHZCH2F, CHZCH2(dH
CHZCHZCF&LOPZD%%wgnd R9 are H R is Br, or d; and Rtg is hg%c}brzggjeoﬁ or

met hoxy. 35. A conpound having the forrrul a: 15 ORts Rts~N~ HO N ~ N NH

R s~ HN HO-ExBmipl&408 s wherein R-s is hydrogen, alkyl, aryl or alkyl-R2s ;
229 WO 021079192 PCT/ US02/ 09~02 F€2,§1 is hydrogen hydr oxy, thiol, alkenyl,
al koxy, thioal koxy, am no, hal o sul fonyl, -NR3COOR~',
-NR~C(O R3', -NR S(ZR3~, C(O N }e@ or heter ocycl oal kyl; R 6
is each |ndependently hydr ogen or rreth i Rs and R 9 are,

i ndependent |y, hydrogen, hal ogen, or al koxy “ R ~ 8 and R-9 t oget her form

a heterocycl oal kyl or heteroaryl group; and and R3' are, independently,
hydrogen, al kyl) cycl oal kyl or al kyl -R2s 36. e conpound according to
claim35 wherein RZS is norpholine, to 15 th rpholine, OO - ~ i, N~

NN~ -NN~ -NN'N -N N N-N~ ~N'J ~N R3i Rs~ NN NNR3 NNNNN _NJ
~~~~~~ ' ~~~ ~iOr~ii O~N N O Rs~ O O R31 wherein R33 is hydrogen, alkyl, or

substitutedg )vyEthyﬁi [4Imfhyﬂedm@nmﬁylab-phényl@hﬁlanﬂh@&%ﬁﬁlﬂ@hy@m ating the
si dechain ~NH ~NH HO HO |/ I\qup 1
5  pyridin-3-yl]- 7-methyl 3H benznmndazole-S-ca amidine: 'H NMR (400 MHz,

CD;0D) § 7.82 (1H, 5), 7.38 (1H, s), 7.12 = 7.30 (6H, m), 6.15 (1H, d, /= 7.8 Hz),
4,04 - 4.07 (1H, m), 3.75 - 3.77 2H, m), 3.51 (2H, q, J=7.3 Hz), 3.15 (1H, dd, J =
5.4, 13.7 Hz), 2.96 (1H, dd, J = 8.1, 13.7 Hz), 2.67 (3H,s), 1.40 (3H, t, /= 7.3 Hz).
LCMS (M+H)" m/z 445 (t = 1.44 min.).

H
N
/
KE% C
W
OH
Lod]

(S)-2-{4-[2-(3-Chloro-phenyl)-1-hydroxymethyl-ethylamino]-2-oxo-1,2-dihydro-
15 pyridin-3-yl}-7,N-dimethyl-3H-benzimidazole-5-carboxamidine: '"H NMR (400
MHz, CD;0D) & 7.83 (1H, s), 7.38 (1H, s), 7.31 (1H, s), 7.10 - 7.24 (4H, m), 6.16
(1H, d, J = 7.6 Hz), 4.06 — 4.09 (1H, m), 3.72 - 3.77 (2H, m), 3.16 (3H, 5), 3.15 (1H,
m), 2.96 (1H, dd, J = 8.2, 13.7 Hz), 2.67 (3H, s). LCMS (M+H)" m/z 465 (t = 1.49

10
Example 409
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~NH HN\~ HOHO 0 R1 R ~NRgp NRao O OR ~NH HO R NRgp O ~ NH HO/ Rn O ~N 230
WO 021U79192 PCT/ US02/ 09-402 wherein R4 is hydrogen or al kyl and R’

hydr ogen . 38. The conpound according to claim 35 i 5is
hydr ogen vg{;o?@'%)ﬁ%; R' 5 is brono, chloro or fluoro; R 8‘%.]‘2{]%%3’?@3% or
met hoxy; and R ~ 9 is hydrogen . 39. A conpound having the fornmula O Rls
R~$O-N~ H OFfMampe MO R ~ N HN HO-~' R Rls Rye 10 wherein R15 is hydrogen,
al kyl, or, -alkyl-R25; R25 is hydro gn, hydroxy, thiol, al kenyl, alkoxy,

t hi oal koxy, am no, hal o, cyano, sulflox ;su?fgpyl, I s - NR~COOR3~,
tﬁ:—%g_r/)yl or heterocycloalkyl; R 6

-NR3C(O R3', -NR3SQZR3', -C(O) NR3RS1,
is each independently hydrogen or net NR)T, Rg and R-9 are,

i ndependent |y, hydrogen, hal ogen, or al koxy® or R18 and R 9 together forma
het erocycl o or heteroaryl group; and 20 R3 &ndeWrR3' are, independently,

hydr ogen, al kyl, cycl oal kyl or al kyl - R25 go. he conpound according to
claim39 incorporating the sidechain 23l 021 079192

(S)-2-{4-[2-(2-Chloro-phenyl)-1-hydroxymethyl-ethylamino]-2-o0xo-1,2-dihydro-

5  pyridin-3-yl}-7,N-dimethyl-3H-benzimidazole-5-carboxamidine: 'H NMR (400
MHz, CD;0D) 6 7.84 (1H, s), 7.41 (1H, s), 7.32 - 7.35 (2H, m), 7.06 — 7.18 (3H, m),
6.10 (1H, d, J = 7.5 Hz), 4.20 - 4.24 (1H, m), 3.76 — 3.85 (2H, m), 3.30 - 3.34 (1H,
m), 3.06 — 3.14 (1H, m), 3.13 (3H, s), 2.64 (3H, 5). LCMS (M+H)" m/z 465 (t=1.48
min.).

10

Example 411

Br

(£)-2-{4-[2-(3-Bromo-phenyl)-2-hydroxy-ethylamino]-2-oxo0-1,2-dihydro-pyridin-

15 3-yl}-7,N-dimethyl-3H-benzimidazole-5-carboxamidine: 'H NMR (300 MHz,
CD;0D) 8 7.80 (1H, s), 7.69 (1H, s), 7.20 — 7.45 (5H, m), 6.25 (1H, d, J = 7.3 Hz),
5.00 (1H, t, J= 5.9 Hz), 3.64 - 3.80 (2H, m), 3.12 (3H, s), 2.66 (3H, s). LCMS
(M+H)" m/z 495 (t = 1.49 min.).

20 Example 412
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~NH ~NH ~NH HOHO HO\ \ / R I
\\O?O/ Rn |

HO HO |

or alkyl and R

to clai m‘%@“%@?%

wherein nis 0, 1,

- NR3COR3'

- NR3COOR3'

I R~ 1
/ R
drogen or hal o.

R S is hydrogen,

- NR~SO02R3' ,

et hyl,

5 or

FEPRABY
or 2; and R25 is OH, Ow, F, CN, CF3, SOCH3 or
-C(O NR3R3', or
-NN~-NJ NN:NNJN~NN~ N~~NRsNC]\l

/ Rt O~ NRgp NRao O ~NH HN ~ NH HO
/ mRn NRyp NR- ~-N O wherein R4 is hydrogen
PCT/ US02/ 09~02 41. The
nmet hyl ,

~ ~i o~ ~i ~(8)- 2 be2- Hbddw’@-mheﬂl@thyjamﬁm)ez-nxmﬁ dihydrpygycigisn3-yHE i)t

iyl et ndyEPRP TRt R BEp R v Blvis: Sigiafe

ég ¥Q@d 1495(7'Ri %1)' 8. 2'11>(¢Hocﬂqn~ 7@32[) 4, M@-@%ﬁ(ﬁﬁlﬂa

met hoxy or I=7y7<§r

conpound haV|ng th

wher ei

or mul a:

al kyl, aryl,

or -alkyl -

Example
#

Name

Structure

(min.)

Mass
M+H)*
nm/z

413

(%)-4-[2-(3-Chloro-phenyl)-
2-hydroxy-ethylamino]-3-[6-
(1-imino-1-morpholin-4-yl-
methyl)-4-methyl-1H-
benzimidazol-2-yl}-1H-
pyridin-2-one

1.55
()

507

414

()-4-[2-(3-Bromo-4-
methoxy-phenyl)-2-hydroxy-
ethylamino}-3-{6-(4,5-
dihydro-1H-imidazol-2-yl)-
4-methyl-1H-benzimidazol-
2-yl}-1H-pyridin-2-one

1.49
(b)

537

415

(£)-2-{4-[2-(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-2-oxo-1,2-
dihydro-pyridin-3-yl}-N-
(2,2-diethoxy-ethyl)-7-
methyl-3H-benzimidazole-5-
carboxamidine

1.77
®

553

416

(2)-4-[2-(3-Chloro-phenyl)-
2-hydroxy-ethylamino]-3-[6-
(1H-imidazol-2-yl)-4-
methyl-1H-benzimidazol-2-
yl]-1H-pyridin-2-one

1.7
®

461

417

()-4-[2-(3-Chloro-phenyl)-
2-hydroxy-ethylamino]-3-
(7’-methyl-1H, 3’"H-
[2,5’]bibenzimidazolyl-2’-
yl)-1H-pyridin-2-one

1.82
(b)

511

418

()-Cis-4-[2-(3-chloro-
phenyl)-2-hydroxy-
ethylamino]-3-(7’-methyl-
3a,4,5,6,7,7a-hexahydro-

1.75
(b)

517

154

ccordi ng
2- R25
S02CH3,
has the fornula: O O N ~
NR3~ NNNNN-N, J ~~

RSis

R 8is
181 A
RR-s R e
n5 PCF/3UR02H) &n) 18122 K—BHIHSDMB (3|H ). CD(ZMSNWPN IWIZAIT-N -112281@\411/) \ R R-s
Rye R~5 i s hydrogen,




R25 i s hydrogen,

cyano, sul
het er oar
hydr ogen)

hydr ogen,

claim43 v
Ove, F, CN

X

f oxy,

hydr oxy,
sul fonyl ,

erocycl oal kyl ;
‘Hﬁ&g i , or al koxy; or
het erocycl o or heteroaryl

t hiol,
- NRSCOOR3' ,

R 8
group;

al kenyl ,

t hi oal k
- NR~S0

al koxy,
-NR3C(O R3' ;

R7, R gand R 9 are, i

and t0 R 9 together

oXY,
2R3'

orm

am no,

hal o,

C( O NR3R3' ,
psnRdsk! V.

a

and R3 and R3' are, independently,

al kyl,
herei n H
, CF3, §

R §5i
D

e, oa-kyl
BibehdBdHEIRR2S

%&ri%— “otie 1

or al kyl -R2
- NR3

V= |

s 44. The conpound
is 0, 1, 15 2 or
COOR3~, NR3C(O) R3'

n

accor
3 and
., -NR3

ding to
R25 is (
SO2R3' ,

PH,

- (O NR3' R
~N ~ ~N R4
Rs~ O O 20

02/ 079192
I's methyl,

bronmo; R
conpound a

HO HO R~7
OR ~NH HO
hal o. 47.
each R s i

y N;N N
wher ei
PCT/ US04
Hphyl ,
g i s hy
ccor di ng
/| R17

A conpoy

420

trFFT*—ﬁ(wggfgu

S i ndeperP &

S e
| k
edpdamingh3-(Fhaetsimon

pRenyly 2y

¥gen,

Qa2R,6, daHexgiatdng |,
dmhgér, net hoxy, or

[0’ BitRhANASazong @ por
RH 1R-pyritiiRé2ohiRap O N

s NN NF—= NN

, olJsUbdtit ut ed
nd accor'dkhg to cl
GH2CHZF, or 2CHZQ
fil uoro; and R-9 is
ating the sidechai
H HO p Rt7 NRqo O

A

N—=NJ

( Oo
Ak
HPSOCH

H. 46.
n \ NH

HN ~ H

NI
~~N N

23
mhgﬂéir
3;
The

NH ~NH
D Ri 7 N

[

R ~ +

, N

O
\O
L

n 4 |
el
dihydro-pyridin-3-yl}-N-
cyclopentyl-7-methyl-3H-
benzimidazole-5-
carboxamidine

ik

Jidoen. alk

e@Rax, al'kyl, and
R -4G R15 R15
yl, aryl«_®er -alky

<.

~~1s

N R15
159s;
(b)

nydr oger
O wher 4

503

421

(£)-2-{4-[2-(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-2-oxo-1,2-
dihydro-pyridin-3-yl}-N-
cyclohexyl-7-methyl-3H-
benzimidazole-5-
carboxamidine

1.61
(b)

519

422

(2)-2-{4-[2-(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-2-oxo-1,2-
dihydro-pyridin-3-yl}-7-
methyl-N-propyl-3H-
benzimidazole-5-
carboxamidine

1.48
(b)

479

423

(&)-2-{4-[2-(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-2-oxo0-1,2-
dihydro-pyridin-3-yl}-7-
methyl-N,N’-dipropyl-3H-
benzimidazole-5-
carboxamidine

1.61
(b)

521

424

()-2-{4-[2-(3-Chloro-
phenyl)-2-hydroxy-
ethylamino]-2-oxo-1,2-
dihydro-pyridin-3-yl}-N-
isopropyl-7-methyl-3H-
benzimidazole-5-
carboxamidine

1.41
(b)

479
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234 WD 02/ 079192 PCT/ US02/ 09-402 R25 is hydrogen, hydroxy, thiol,
al kenyl , al koxy, thioal koxy, am no, halo, cyano, sulfoxy, sulfonyl,
- NR3COOR3~, -~ NR3C(O) R3~, - NR-SOZR3~, C(O NR3R ~~, hetero
het er ocyc?’f’gg?/f%-ﬂ?llg(l? ~~, R~8 and R~9 are, independently, hygt?(})l/gse(%yo%ml ogen,
or al koxy; or R~g and R19 together forma heterocyclo or heteroaryl group;
and R3 and R3 ~ ane+).»NdqpeReeiidloy. hy r°0\g;en""z al,kyl , cyclpal kyl | or
al kyl -RZs |48. The |cg }'qu gr&ording to clal ﬁ@:sélx)ected fromthe group
consisting of A CC%&@J}Q acearding to claimil haviny the feppul a: 559
(S)-4-(2-Hy LOXY - J-dpt}y nFé/lIn- g.hy .}10)-% (6-imdazolFLayl - 4(b5nat hyl -1
Hoenzi ni dazgr- 2- yI[)& BYPTEiRY'2- One;
()-4-[ 2- Hydr oxy- 2- ('@ethﬂ' 1) 1 "P‘H /I lam no] - 3- (6-i m dazpl - 1-yl - 4- net hyl -
H benzi ni dazol - 2- ylethyD-3Hbepzigidazlenire:
() - 4- (2- (3-Chl or o-|ghtheganidinehy dr oxy- et hiyl ani no] - 3- (6-i mi dazol - 13yl - 4- net hyl
" -1 H t5 benzi ni dajaly-2-(#hR-(34Emoidi n- 2- one; MN,Q"

() -4-[2-(3- Bromo- phmex1)-2dryldmskyoxy- et hyI H-I m dagoi - 1- yl - 4- et hyl -
1H benzi mdazol - 2-|y} ‘1aJml|d‘oP!fdx€11”2-2 one}; 1.22 663
(S)-4-[2-(]2-Chl org ghgxyrret hyl - et hyl a%} 3- [ @yi m dazol - 1yl -
met hyl -1 H-4%nzi nmi i]l;' pyr| di n- 2- one;
(S)-4-[2-(]3-Chl orag p §§)L nmet hyl - et hyl am no] - 3-( 6-i m dazol - 1yl -
met hyl - 1Hjbenzi m ¢ idip-2-one;
(S)-4-[2-({4-Chl org- ydr oxyrret hyl - et hyI am no] - 3-(6-i m dazol - 1-yl -
met hyl -1 H henzim rﬁammmqu 1 Hpyridin-2-
(S)-4-[2-()2- Brono- rﬂ:'xbay{|4}[-23(3l=(§/ldom»<ynet hy'i"ve,t/ ]-3-(p-imdazol -1-yl -
25 net hyl -[1H benzi|rphdagddR-Rdydxly- 1H- pyri di n- 2-
(S) - 4-[ 2- (3- Br ono-|diieyyhinol-2hypdr Q3y et hyl - et hyI am-r0] - 3- (64381 dazol81- yl - 4m
ethyl -1 Hbemzi m dacﬁﬁ’}dré’-p)ﬁh}lmh bpyredi p- 2-one; () & ¢ |
1- Hydr oxynget hyl - I‘(ﬁ(y Y| rl??hﬁ‘&}i cgghy! am no) - 3- (6-i m dazol - 11yl - 4netjhyl -
1H benzi m dazol - 2- }ni “kdin-2-one
(S)-4-(1-Hydroxynst C§¥b amﬁ’&”' di n-4-yl - ef hyl am no) 3-(6-inudazol {1-yl -4-jmet h
yl - 1H benzpm-dazel k- Pyt ei-A—2 o 235—WO-62/ 5791982
PCT/ US02/ U9~02 (S) _G)#-12-B-Chloro-phenyl)- [ —CH "y S L
1- Hydr oxyngt hyl - 2-{(Zbydipry-Bdymingl-3{4ry| axniwof - 87( 6-i m dazol - get hyl -
1 H benzin 92"}120' 2- Iytt)ly1161€5-pgﬁlth)dhl -2-ong; 3-(6-1hKdazol - 91624 rretﬁv
H benzi m dazol - 2- y|linlidagol-gyyl)-tHn- 2- yl et hoxy) - 1 ridi nﬂZ— ong;
() -4-[ 2- (3t Br onp- phsnyinid2zol-Rudl-oHet hyl pm no] - 3- (6-i m dazol - 1- vyl L 4- et Ryl -
H benzi m dpzol -2 | pyrillidR4oei di n-2-one; | (S)-2-[4-(
1- Hydr oxyngt hyT - heny 4-91(33((]3@13}({10) 2- D01, 24 A hydro-pyridin-3-yl]- 7qet hy
I-3I—|—benzin1'dazo|e %)1 e; ()-2¢ {J\(J:EN/ \ /
4-[ 2- ( 3- Ch| or o- phe ﬁ% i thyI am no] 4 2- 1, 2-di Wg;mo- pyrighn-|13 to
yl }-7-nmet h429 3H be e- -c rbontrile; (S)Fr2-, { (
4-12-(3-Ch| oro-phen rg ‘%yé et hyl am no] =2- oxo- :L,g- di Rydr opyr|i di n
-3-yl } -7tnethyl - é‘n% rhea%e “Carbonitrile: ()-2- {
4-[ 2- ( 3- Br pap- 4- npt%ébﬂxﬂﬁmiﬁ@?lﬂlb’ fgifleayy- et byl ani nol-2- oxo-1.2-ldi hydrgpyr |
di n-3-yl }|-7- net hiy)2HbBAG-Ghidezol e- 5 g.ar”’b

phenyl)-2-hydroxy- J\[P: >—§:)

ethylamino]-2-oxo-1,2- 1.58 480

430 dihydro-pyridin-3-y1}-4- Lb ®

methyl-1H-benzimidazole-6-

carboxamidic acid N-

formylhydrazide

(#)-4-[2-(3-Chloro-phenyl)- | ¢ 4 & ..

2-hydroxy-ethylamino]-3-[4- NJ\QZ"/ \_/

431 methyl-6-(4H-[1,2,4]triazol- o 1.82 462
3-yl)-1H-benzimidazol-2-yl]- Lb ®
1H-pyridin-2-one
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15

()-2-{4-[2-(3-Fl uoro-phenyl)-2-hydroxy- et hyl am no] - 2- oxo- 1, 2- di hydr o- pyri di

n-3 yl } 3H benzi m dazol e-5-carbonitrile; ()-2-
4-[ 2-(3- é§8§@%ﬁ$e2n yl ) - 2- hydr oxy- et hyl ani no] - 2- oxo- 1, 2- di ﬁcﬂpgméoﬁﬁzdl n-3 vyl
}-7-met hyl - 3H ben2| m dazol e-5-carbonitrile;
(S)-2-[4-(|2- Hydr oy 3(+)22,qlz,e[gy(l3, il am no)m,Z“" o- %, 2-di hydrjo-pyridin-3-yl]-7
20 net hyl -i3H benzijn,d ?,r bonitrill e; 8471
H Benzi m dazol - 2- ﬁé (g: oln? phenyl ) - hy r@xy- et hy| g noj - 14kh
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© VA VIAYAAAAND XKXQXUXz XXXXXzt oj e” ZUj eU] ] ¢ aUl)c a]ca] ca]jcalc al]c
aJjcajcaljcalUc aJcaUc aJc aUc a]calcalc aUc aJc a]Jcalca]ca]calc
a]callc aJc aUc a]ca]ca XXXXX Y" YAYOYYYYYYY. AQZZZZ[ [#[ K[ n[[[
“\"\"\zuoje [U eU U ca] ca] ca] ca] cal] ca] ca] caU]Ta] cal] ca] ca] cal] ca] cal] ca] ca]
ca] ca] cal] ca] ca] ca]ca]ca]calc aJcajcalc aJcalUc a "\WY\[\MNz\\\\)]
111111111 ~&(~chfAnnnn {upkf " [Vj eU U ca] can]c a] cagca caUl c
(+)-2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-

5  3-yl}-7-methyl-3H-benzimidazole-5-carboxylic acid butyl-methyl-amide: 'H NMR
(300 MHz, CD;0D) 8 7.51 (1H, s), 7.48 (1H, s), 7.24 — 7.39 (4H, m), 7.13 (1H, s),
6.22 (1H, d, J = 7.6 Hz), 4.95 (1H, m), 3.55 - 3.70 (3H, m), 3.34 (1H, m), 3.05 (3H,
s), 2.62 (3H, s), 0.79 — 1.69 (7H, m). LCMS (M+H)" m/z 508 (t = 1.88 min.).
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(2)-2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino}-2-oxo-1,2-dihydro-pyridin-
3-yl}-7-methyl-3H-benzimidazole-5-carboxylic acid (2-morpholine-4-yl-ethyl)-

15 amide: "H NMR (300 MHz, CD;0D) § 7.58 (1H, s), 7.52 (1H, s), 7.05 — 7.42 (5H,
m), 6.22 (1H, d, J = 7.6 Hz), 4.97 (1H, dd, J = 4.9, 6.7 Hz), 2.60 - 4.07 (14H, m),
2.61 (3H, s). LCMS (M+H)" m/z 551 (t = 1.49 min.).
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a] cal] ca] C aJcajcaUc alJc aUrc aJcalUc a]c

a] cal] ca] ca] ca] cal] ca]cal]caUc aJca Tccccddd dCdEdddde
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a} ca]U] cU]a] cdYd a] ca]ca] callca]calcallc a]caUlc a]caUc aJcaUc a]calc

a] ca] cal] c

aJ cal] ca] ca] ca] calU caUrwrrrr3s9sHsLswssssst It QtttttuuduouuuuuOvav~xsmhb] Xi

d YTje]]lcV] Ig 482 caU] ca] caV] ca] caU] ¢ a]caU]c a]ca] caU] ca] cal]c

aljcalJcaUc aJc aUc a]calcalc a]calUpc a]calca] callc

a] cadv7vAvQl VSVVVV\N\/'\MTV\MMMMMMMMN\PX i EyGy{upkfa[Vje]]]cal] ca]ca]ca

] ca] caU] ca] caU] ca] ca] ca] cal] ca] ced.cal] a caj] ca] ca] cal] ca] ca] ca] ca] ca
Ul ca] ca] ca] cal] ca HN

GyLypyyyyyyzz/ zXz\ zazczezwzyz~zzzzzzz~{{{{, 2| zuoj d_YTj e] ] caU] ca] cal] ca] ca
U] ca] ca] ca] ca] cal] ca] ca] ca] cal] ca] ca] ca] ca U] ca] ca] ca] caU] ca] cal] ca] ca] c
aU] ca] ca] cal] ca c
2|=?D~||994=}B}I}}}}}~—~1~-G-M-r~~~~1 P*n{vql ga\ We]] c] ca] cal] ca] ca] ca] ca]c

a] ca] calPca] ca] ca] cal] ca] ca] cal] ca] ca] cal] ca] ca] ca] caU] ca] ca] caU] ca] ca] caU]
ca] ca] ca d1Ifilvﬁi:[f'fb-C]Hlér%ﬁﬁen%”—f—“&&%ﬂe?ﬁglgiﬁi&ﬁEﬂ-fﬁ]n%ﬁl(ﬂl-%ﬁlﬁiﬁwacunl-
yl-methanoyl)-1H-benzimidazol-2-yl]-1H-pyridin-2-one: To a solution of (£)-4-[1-
(2-{4-[2-(3-chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-3-yl } -
7-methyl-3H-benzimidazol-5-yl)-methanoyl]-piperazine-1-carboxylic acid rert-butyl
15  ester (40 mg, 0.06 mmol) in methanol (5 mL) was added 4.0 M HCI dioxane solution
(0.1 mL, excess). The reaction mixture was stirred at room temperature for 14 h. After
concentration, the residue was purified by prep. HPLC to give the title compound (16
mg, 63%) as a white foam. "H NMR (300 MHz, CD;0D) 8 7.56 (1H, 5), 7.53 (1H, s),
7.23 - 7.41 (4H, m), 7.17 (1H, m), 6.26 (1H, d, J = 7.6 Hz), 4.99 (1H, dd, ] = 4.7, 6.4
20 Hz), 3.91 (4H, broad s), 3.74 (1H, dd, J = 4.7, 13.5 Hz), 3.65 (1H, dd, J= 6.4, 13.5
Hz), 3.31 (4H, broad s), 2.63 (3H, s). LCMS (M+H)" m/z 507 (t = 1.38 min.).
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-1 29bk' / vx9<>C~ Diwnmgb\Wd_ZUje]]]]cal ca]calc

10 (+)-2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-
3-yl}-7-methyl-3H-benzimidazole-5-carboxylic acid cyclopentylamide: 'H NMR
(300 MHz, CD3;0D) & 7.97 (1H, s), 7.16 - 7.60 (6H, m), 6.22 (1H, d, /= 7.6 Hz),
4.35 (1H, m), 3.58 — 3.68 (2H, m), 2.62 (3H, s), 1.29 — 2.07 (9H, m). LCMS (M+H)*
m/z 506 (t = 1.86 min.).

15
Example 485

(+)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(1-piperidin-1-

20  yl-methanoyl)-1H-benzoimidazol-2-yl]-1H-pyridin-2-one: 'H NMR (300 MHz,
CD;0D) § 7.53 (1H, s), 7.46 (1H, s), 7.18 — 7.41 (4H, m), 7.07 (1H, s), 6.23 (1H, d, J
=7.6 Hz), 4.98 (1H, dd, J = 4.8, 6.6 Hz), 3.60 — 3.74 (5H, m), 3.18 — 3.24 (1H, m),
2.60 (3H, m), 1.43 — 1.7 (6H, m). LCMS (M+H)" m/z 506 (t = 1.78 min.).
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al calcalcalc a]ca]ca]calca]ca]ca]ca NCa a) cal] ca] ca] ca] caU] ca] ca] ca
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(£)-2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-
5  3-yl}-7-methyl-3H-benzimidazole-5-carboxylic acid cyclohexylamide: '"H NMR
(300 MHz, CD3;0D) & 7.88 (1H, s), 7.54 (1H, s), 7.52 (1H, s), 7.16 — 7.40 (4H, m),
6.22 (1H, J = 7.6 Hz), 4.97 (1H, dd, /= 4.7, 6.9 Hz), 3.89 (H, m), 3.69 (1H, dd, J =
4.7,13.5 Hz), 3.61 (1H, dd, J= 6.9, 13.5 Hz), 2.61 (3H, s), 1.19 - 2.00 (10H, m).
LCMS (M+H)" m/z 520 (t = 1.93 min.).
10
Example 487

Ci

(£)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{4-methyl-6-[1-(4-methyl-
15 piperidin-l-yl)-methanoyl]-lH-benz_imidazol-2-yl}-1H-pyridin-2-one: 'H NMR
(300 MHz, CD30D) 8 7.51 (1H, s), 7.49 (1H, s), 7.21 = 7.39 (4H, m), 7.14 (1H, s),
6.24 (1H,d, J=7.6 Hz), 4.96 (1H, dd, J= 4.7, 7.0 Hz), 3.68 (1H, dd, /= 4.7, 13. 6
Hz), 3.60 (1H, dd, /=17.0, 13.6 Hz), 2.62 (3H, s), 1.93 - 1.72 (9H, m), 1.00 (3H, d, J
= 6.3 Hz). LCMS (M+H)" m/z 520 (t = 1.97 min.).
20
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(+)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[6-(4,5-dihydro-thiazol-2-
5  yl)-4-methyl-1H-benzimidazol-2-yl]-1H-pyridin-2-one: To a solution of (+)-2-{4-

[2-(3-chloro-phenyl)-2-hydrox y-ethylamino]-2-oxo-1,2-dihydro-pyridin-3-yl }-7-
methyl-3H-benzimidazole-S-carbonitrile (100 mg, 0.24 mmol) in methanol (20 mL)
was added 2-aminoethanethiol hydrochloride (41 mg, 0.36 mmol) and triethylamine
(0.1 mL, excess). The reaction mixture was heated to reflux for 14 h and cooled to

10  room temperature. After concentration, the residue was purified by prep. HPLC to
yield the title compound (76 mg, 66%) as a yellow solid. '"H NMR (300 MHz,
CD;0OD) $ 8.10 (1H, s), 7.7 (1H, ), 7.66 (1H, s), 7.25 - 7.53 (4H, m), 6.33 (1H, d, J
=7.6 Hz), 5.01 (1H, dd, /=4.2, 7.0 Hz), 4.58 (2H, t, J = 8.6 Hz), 3.91 (2H, t,J = 8.6
Hz), 3.73 (1H, dd, J = 4.2, 13.7 Hz), 3.63 (1H, dd, J = 7.0, 13.7 Hz), 2.64 (3H, s).

15 LCMS (M+H)* m/z 480 (t = 1.70 min.).
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(£)-2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-
20  3-yl}-7-methyl-3H-benzimidazole-S-carbaldehyde: To a suspension of (£)-2-{4-[2-
(3-chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-3-yl } -7-methyl-
3H-benzimidazole-5-carbonitrile (76 mg, 0.18 mmol) in toluene (anhydrous, 20 mL)
was added diisobutylaluminium (1.4 M toluene solution) (0.65 mL, 0.97 mmol) at -
78°C under nitrogen. The mixture was stirred at -78°C for 6 h. Ethyl acetate (1 mL)

25  was then added followed by water (0.5 mL). The mixture was stirred at room
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ajc aj calyg(?é&%@ﬁca] calUlc a]Jca]calcalcalUc a]ca]calc a] cp‘ial]/g ZR’?JCOE?J] .

>8 ceq~5 ic"XSje]calUc aJc aUc aJc a]ca]ca]calca]calca
aJcalc aJc aUc aJc alUc aJc aJca]JcaVlc a UVc aJca]calc a]Jc aJcaljc a]c
a] ca g &PU psiderdtike 34T @i THE infik dueawhethad padse@itrodihcagadadficelivlaad the
a] cal] ca]cal]calcaUc a]c
filtrate was concentrated. The crude product was purified by prep. HPLC to yield the
title compound (4 mg, 2.5%) as a brown solid. 'H NMR (300 MHz, CD;OD) & 7.65
(1H, s), 7.57 (1H, s), 7.24 — 7.50 (5H, m), 6.26 (1H, d, J = 7.6 Hz), 5.49 (1H, 5), 4.96

5 (1H,m), 3.53 -3.79 (2H, m), 2.62 (3H, s). LCMS (M+H)" m/z 423 (t = 1.79 min.).
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10 (+)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino}-3-[6-(1-hydroxy-1-methyl-

Example 490

ethyl)-4-methyl-1H-benzimidazol-2-yl}-1H-pyridin-2-one: To a solution of ()-2-
{4-[2-(3-chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-3-yl } - 7-
methyl-3H-benzimidazole-5-carboxylic acid ethyl ester (40 mg, 0.08 mmol) in THF
(5 mL) was added methyllithium (1.4 M THF solution, 0.57 mL, 0.8 mmol) at -78°C

15  under nitrogen. The reaction mixture was gradually warmed to room temperature
overnight. After quenching with water, the mixture was partitioned between ethyl
acetate and water. The organic layers were washed with brine, dried over Na>SOy, and
concentrated in vacuo. The residue was purified by prep HPLC to yield the title
compound (13 mg, 36%) as a colorless oil. '"H NMR (300 MHz, CD;0OD) 8 7.66 (1H,

20 s),7.47 (1H,s), 7.26 — 7.41 (5H, m), 6.26 (1H, d, J = 7.6 Hz), 4.92 (1H, m), 3.54 -
3.61 (2H, m), 2.62 (3H, s), 1.60 (6H, s). LCMS (M+H)" m/z 453 (t = 1.46 min.).
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washed with brine, dried over Na,SO4. After concentration, the crude product was

purified by prep. HPLC to yield the title compound (11.5 mg, 60%). 'H NMR (400

10  MHz, CD3;OD) 8 7.53 (1H, s), 7.50 (1H, s), 7.39 (1H, d, J = 7.5 Hz), 7.24 - 7.32 (3H,
m), 7.13 (1H, s), 6.26 (1H, d, J = 7.5 Hz), 4.99 (1H, dd, J = 4.8, 6.8 Hz), 4.19 (2H, s),
3.72 (1H, dd, J = 4.8, 13.6 Hz), 3.64 (1H, dd, J = 6.8, 13.6 Hz), 2.62 (3H, s). LCMS
(M+H)" m/z 424 (t = 2.10 min.).

15 Example 492

cl

(£)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-(6-hydroxymethyl-4-methyl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one: To a solution of (£)-2-{4-[2-(3-Chloro-phenyl)-2-
20  hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-3-yl }- -3H-benzimidazole-5-carboxylic
acid ethyl ester (25 mg, 0,054 mmol) in methanol (2 mL) and acetic acid (1 mL) was
added NaBH, (10 mg, 0.27 mmol) at -20°C. The reaction mixture was stirred at -20°C for
30 min. and quenched with isopropanol (5 drops). After removal of most solvent, the
residue was extracted with EtOAc, washed with water and brine, dried over Na;SO4. After
25  concentration, the crude product was purified by prep. HPLC to yield the titlé compound
(18 mg, 62%). 'H NMR (300 MHz, CD3;0D) 8 7.50 (1H, s), 7.48 (1H, 5), 7.25 - 7.38 (4H,
m), 7.22 (1H, s), 6.25 (1H, d, J = 7.6 Hz), 4.89 - 4.94 (1H, m), 4.76 (2H, s), 3.51 - 3.62
(2H, m), 2.62 (3H, s).
LCMS (M+H)* m/z 425 (t = 1.64 min.).
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ajcaljcaljcalUc aJcalcaUc aJcaljcaUc aJcaUc aJc aUc

;3.] gzéU]dga]} ca] ;:a] cal;{J]Tca% i:a] (L:J]a] ca% ca% cal] ca] ca] cal] ca] calU ca w~
+0CMd5i } > n jel]caUc aJcaljcaljcaUc aJc aUc a]ca ca] calc

ajc aUc Véﬁ'ﬁ;%é(ds'gﬂa] calJcaUc a]Jc a]ca]ca]c”a] ]ca] cg]U] C L] CL C/th}zgﬁlgﬂz Jeald

s @x#Z~|vglfa[Vje]]]lcaUc alJc aUc aljcaljc aUc aJcalUc alJc allc

aJca] ca]ca]cajcalc aJc aUc aJcajca]cajcajcaljc a]c a]ca]ca]calca]calca

Zfoq(:t; Al fToje ZUgjeJJJcaUc aJcaJcaJcaJcalUc aJcaJcaUc|a]c

Example T MaSSJ,
4 Name BMS-# (mi (M+H)
min)
(m/z)
(+)-2-{4-[2-(3-Chloro- U
phenyl)-2-hydroxy- : J\QZ,{*—@

493 ethylamino]-2-oxo-1,2- o 1.68 437
dihydro-pyridin-3-yl}-7- bc, (H
methyl-3H-benzimidazole-5-
carboxylic acid amide
(£)-2-{4-[2-(3-Fluoro- At S
phenyl)-2-hydroxy- J\(;[f'@

494 ethylamino]-2-oxo-1,2- v 1.90 451
dihydro-pyridin-3-yl}-7- Lé}r (b)

methyl-3H-benzimidazole-3-
carboxylic acid ethyl ester
(+)-7-Chloro-2-{4-[2-(3- At S
chloro-phenyl)-2-hydroxy- J\(;[,?_{\\:/)
495 ethylamino]-2-oxo-1,2- o MM 2.06 487
dihydro-pyridin-3-yl}-3H- \_b'“ (d)
benzimidazole-5-carboxylic
acid ethyl ester
(+)-7-Chloro-2-{4-[2-(3- e S
chloro-phenyl)-2-hydroxy- J\(?:N/ 7
ethylamino]-2-oxo-1,2- “"2 1.54 458
dihydro-pyridin-3-yl}-3H- i (d)
benzimidazole-5-carboxylic
acid amide

(£)-7-Chloro-2-{4-[2-(3- At S
chloro-phenyl)-2-hydroxy- k(l:['{ \ 7 1.69 459
497 ethylamino}-2-0xo-1,2- CM (d)

dihydro-pyridin-3-yl}-3H- 2 s
benzimidazole-5-carboxylic
acid

(+)-2-{4-[2-(3-Chloro- B U
phenyl)-2-hydroxy- J\g:("/ Nt
498 ethylamino]-2-oxo-1,2- e 1.98 481
dihydro-pyridin-3-yl}-7- Lé;yc- (d)
ethyl-3H-benzimidazole-5-
carboxylic acid ethyl ester

(+)-2-{4-[2-(3-Chloro- PO W™

phenyl)-2-hydroxy- " )H?in»_%\t/) 1.51 452
ethylamino]-2-oxo-1,2- e (d)
dihydro-pyridin-3-yl}-7- o
ethyl-3H-benzimidazole-5-
carboxylic acid amide

496

499
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aUc aJc aUc aJca]ca]ca]ca]calca]ca]ca]lca]calcaUc alc
a] ca] caU] ca] caV] ca ~df & 3CRShn{vpkf ' [Vje]]]]ca]caUc a]ca] calU]ca]ca]cal]c

a] ca] ca]

a] ca] calﬂ%ghf@]ﬁﬁl\/fs

Ca
B T SRl oo ol vl sk

a] cal] ca] ca] ca] caU] ca] ca] ca] ca] callc a] ca] calU] ca] ca] ca]caUlc_ a] cal] ¢

aJ calcalc

aJcalUc aj¢ aUc aj

alU] c a]ca]

cal] ¢ a]
500

a] ca] calss-7apeaiscali¢1alc a

ERINTYIC - 1 ca]
& ﬁ%?ﬁ?c})t%»&gﬂ‘@ a] c4

dihydro-pyridin-3-yl]-3H-
benzimidazole-5-carboxylic
acid ethyl ester

/| >Rgot Afiqw, $ ~yt
cQ & afcau c
5 N /

Br m},

OH

(b)

ni cMXSjie] cal] g
absall

c ajigay] c

501

(£)-2-{4-[2-(3-Bromo-
phenyl)-2-hydroxy-
ethylamino]-2-oxo-1,2-
dihydro-pyridin-3-yl}-7-
methyl-3H-benzimidazole-5-
carboxylic acid ethyl ester

er

o o
o 1 e
I\
HN  OH

1.99
(b)

511

502

(S5)-2-{4-[2-(2-Chloro-
phenyl)-1-hydroxymethyl-
ethylamino]-2-oxo-1,2-
dihydro-pyridin-3-yl}-7-
methyl-3H-benzimidazole-5-
carboxylic acid ethyl ester

ct

1.89
(b)

481

503

(S)-2-[4-(2-Hydroxy-2-
phenyl-ethylamino)-2-oxo-
1,2-dihydro-pyridin-3-yi]-7-
methyl-3H-benzimidazole-5-
carboxylic acid ethyl ester

[s]

o
Et0 n NH
Y,
HN OH

1.84
(b)

433

504

(3)-4-[2-(3-Chloro-phenyl)-
2-hydroxy-ethylamino]-3-[4-
methyl-6-(1H-tetrazol-5-yl)-
1H-benzimidazol-2-yl]-1H-
pyridin-2-one

1.92
)

463

General Procedure for Suzuki couplings, Example 505 -509 (Scheme V, 18)

Example

505

QU
N NH
"

8,1

5  (S)-4-(1-Benzyl-2-hydroxy-ethylamino)-3-(4-methyl-6-phenyl-1H-benzimidazol-

2-yl)-1H-pyridin-2-one: To a solution of (§)-4-(1-benzyl-2-trityloxy-ethylamino)-3-

[6-bromo-4-methyl-1H-benzimidazole-2-yl]-1H-pyridin-2-one (50 mg, 0.072 mmol),
phenylboronic acid (13 mg, 0.11 mmol), and 2 M K,CO;3 (0.108 mL, 0.22 mmol) in
THF (5 mL) was added Pd(PPhs), (8.3 mg, 0.007 mmol). The mixture was heated to

174

reflux 14 h. Upon cooling, the reaction mixture was diluted with CH,Cly, washed with



QI | #/;?2\:UZlrytojd_YTje]]caU c a]JcaU c a]ca]ca]calc
a) ca] c™a] ca] ca] cal ca] caljcaU c alJc aUc aJcalcaUc aJcalUc ajc aUc

a] ca] ca] %ﬁj ﬁ ev z
9pvoqxzug‘j9§4] g ] caU] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca] ca CT/ %Zé 4cueg] caV] ca]
ca] caU ¢ a] ca] ca] c”a]ca] calUc a] cal ca] ca] c*a] ca] ca
AMaqubhO~y s RiwfXs Nilkal) cc&]eaa)]vexamzs@Cald]dbazcm]ama]mah&walrhahﬂsm]am]scatﬂ cajc
aU] ca]cal ca]c g@saU] caJ caU] ca] ca] ca] ca] cal] cal.ca ca 0%9 DSk o .
Ac, 03Jkq)} xs mied iesihe] nexbsipr Withew rusfieaigne L Mz 3a(U]=c?- $2 min.).
al CaU] caj Ca}I‘fl%]cﬁ?dlé]p?@clu%?wa? tr@a]tgd with 4 N HCI dioxane solution (5 mL) at room
temperature for 6 h. After concentration in vacuo, the residue was purified by prep.
5 HPLC to yield the title compound (17 mg, 34%) as a white solid. 'H NMR (300 MHz,
CD;0D) 8 7.13 -7.67 (13H, m), 6.15 (1H, d, /= 7.4 Hz), 3.99 - 4.11 (1H, m), 3.74
—3.77 (2H, m), 3.16 (1H, dd, J = 5.4, 13.6 Hz), 2.97 (1H, dd, J = 7.8, 13.6 Hz), 2.69

(3H, s). LCMS (M+H)" m/z 451 (t = 2.04 min.).

10  Example 506
N
N/ \
i g3

(S5)-4-(1-Benzyl-2-hydroxy-ethylamino)-3-(4-methyl-1H-benzimidazol-2-yl)-1H-

pyridin-2-one: '"H NMR (300 MHz, CD;0D) 8 6.98 — 7.46 (9H, m), 6.15 (1H, d, J =
15 7.5Hz),3.99-4.04 (1H, m), 3.75 2H, d, J = 5.1 Hz), 3.16 (1H, dd, J = 5.1, 13.6 Hz),

2.95 (1H, dd, J = 8.1, 13.6 Hz), 2.61 (3H, s). LCMS (M+H)" m/z 375 (t=1.72 min.).

Example 507

@H

20
(S)-4-(1-Benzyl-2-hydroxy-ethylamino)-3-[6-(2-methoxy-phenyl)-4-methyl-1H-
benzimidazol-2-yl]-1H-pyridin-2-one: 'H NMR (300 MHz, CD30OD) § 6.99 — 7.59
(12H, m), 6.16 (1H, d, J =7.5 Hz), 4.04 (1H, m), 3.81 (3H, s), 3.76 (2H, d, J = 4.1
Hz), 2.96 - 3.20 (2H, m), 2.66 (3H, s). LCMS (M+H)" m/z 481 (t = 2.00 min.).

25
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aUc aJcaUc aJcaUc alJc aUc a]ca]ca]caUca]lca N‘bdi

%HnBI LVg} xsnmhc] XSj e] ca] calU] ca] cal caU]lc a]Jca]lcaU c alJc aU c a]ca]ca]calc

aljcaljcalUc alc aUc aljcaJcalUc alJcaUc alJc aUc a]ca]ca

gl/z~]6y6’L‘J{W\Qﬂ%/ﬂ?i‘ YSj ]eU] ]ca] (L:J]a] ca]U] cg] caU} ca] (L:J]a] ca} ca} caa ca]afcaﬂ%ﬁ]zcalﬂ cajc
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Zf BDHKt z( . Oyt 8w XSj e] cal] ca] ca] ca] cal] ca] ca] ca] cal] ca] ca] cal] ca] call c

a] ca] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] caUjcalca 17" bdi)+1Z + C

EGL a

ztoi d_YTj e]] cal] ca] ca] cal] ca] caU] ca

] ca] caU] caj ca] caU] ca] caU] ca] ca] ca] cal Fl o
"D'F'H'M "w'y" "zupke [Vje]]]calca] 't’:'ﬁU] ca] ca] ca] cal] ca] cal] ca] ca] ca

] caU] ca] ca] ca] caU] ca] ca] cal] ca] ca] cal] ca] ca]éca;)] cal] ca] cal] ca] ca] ca

" HHEHS HWEXHHHHHHEAS] SNSSSSS 49T YPBBBA0886F I dMYS) eU] ca] cal] ca] ca] cal] ca

* ]Jca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] calelal] ca] ca] cal] ca] ca] c”*a] ca] ca]

OC/&&&&aU] C%LSFZLC&&&&a RI(((Q\V)e)i)n)qg)s){)~)))o*******zypkf aYTj eU] caD] ca] ca] ca] ca]
B]a] Ci'al] C?U] i:qs):wl-mh@ﬂlﬂ -Bigdioxgletitythmio)d-paid-Napwaplalybed-oetitRa] ca] ca] ca
ca] ca] ca] ca
k%1 4+, benzigigazel-R-yll-1H-pyridin/2-one:/ H/NVR @00 Hey CRICR) 84 %] €80P] ca] c
g} gg]U]ca] cal el cableal Gal §3) £3Y §7) YL cabs alie Y, a3 @lica Vi £3laadcahigal cal ¢
/11 K11229%2( 2283883338636 Ha {25 P Ad \IF2 8pij, d3 BHALMPE 8]H.a) dalYiSal] ca] ca] ca
] caV] ca] caV] cal ca] ca] cal] caU]J ca] ca] cal] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca]ca]c
a] cal] ca V7iVAHD7yBa6bERR. 07 guny). - - - =>
>+>3>y>yt 0] e_YTj eU] cal] cal] ca] ca] ca] ca] cal] cal] ca] ca] caU] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] cal] ca] ca] caU] ca] calbt Y] ca] ca] ca] ca
y>>????’ﬁ’6??m&9\6AAAAAAB

cal] cal] ca] caU] ca] cal] ca] ca] ca] cal] c cal ca
CDDDDD. DDEEEEEEE} F5GUG G'G G Gv GEEEEER %a\ Vj eU WV] ca] ca] ca] cal] ca] c
e aUl-ea] ca] ca] ca] ca] ca] ca]cal ca]c

aU] ca] ca] ca
HOI - J~JJJJKK¥K) K3KoKKKKKK| LLMuM MVIVIVI\INNNOOD}xsn e”Yj eU UV] ] ca] ca] cal] ca] ca]
ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] c aJ caV] ca] caV] ca] calcaV]calc
a] ca] ca] ca PP2P6P@PPPPPPJQURSR+RLR;

RCGRHRKRZRROS{ SSSSSSTTUY{ upke™ [ Vj eU] U] ca] ca] calU] ca] ca] caV] ca] caV] ca] ca] ca] ca
] caU] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] caV] ca] caV] ca

U UsU?UYUbU WQWMZW“ HRWth T'lammo) -3-[6-(4-methoxy-phenyl)-4-methyl-1H-

Cal] calh e imaoiridpeal e mUbprtsin-5-one: 1 NMI (100 Wi, CDIOTS 5 b7 27 ol 2

g o L A L cau

a] ca] ca] ca] caizglxed calioaicam),cnd T a) LN ¢rd+HR] astfigR(t = 2.01 min.).
nbc$c' c+c, cOc>cJcKcZcceeeee e)eefnfffffffffff|togb\ Wfa\lWeU U]cal ca] cabD0
] ca] caDD

) cal car vor RO TRERRRAT OF FERh Al ol BT S T SR T e

a] ca] c*a] ca] Exdriplec0)] ca] ca] ca] ca] cal] ¢ a] caU] ¢ a] ca] cal] c
a] ca] ca] cal] ca] calcaUc a]ca]calc cal] ca] ca] ca nmmmmnnnnn;
p=pBpUpWoYp[ p”pf phpppp) 4, g0g4q9q<q qBgyynitdi Xl ga\ W eU] U ] U] caU] ca] ca] cal
ca] caU] ca] ca] ca] caU] ca] ca] cal] ca] ca @ 3) ca, ca] caU] ca] ca] cal] ca] cal] ca] c
~a] ca] cal] ca] caBqCqHqqqrrr4r<rO Urrs) s@psds stttt=u”u uguuu~xsmhb] W ga\ W
eU] U U] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] c aJ cMa] cal] ca] ca] ca] caU] ca] caU
] ca] cal] ca] ca] ca] cal] ca] ca] ca] cal] cauuuuuvv &y RIXvvvvvww Wow[ WKW WU VWMWY
“waxyrmgb\ Wga\WeU] U] caU] c a] cal] ca]ca

U c”aU] c# ca] ca] cal] ca] ca] ca] caU] ca] caU] ca] cdfca] c*a] ca] cal] ca] cal] ca] cal] c
a] ca] cMa] ca] cadx8xVx\ x” xbxi x| xxxxxy"yLyRyyyyyyzz5z{zzzzzza{x{}w | ga\ W ga\ W
eU U ]calcalUc alJcalc a]c '
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aUc aJcaljcaUc aJcaljcaUc aJc aUc aJcaUc a]Jcal c a]calca]calc
aljcaljcalUc alJc aUc a]c

a] ca] C"a&,ﬁ(;{,%,{,-{.)},ézl SIBPLTTTTTTTTL T} E33 )} (~~~~#% zupj e” [ U epdihi§o2rabso2

aJcalcaUc aJcaJca]calcalcaUca]calcalUc alJc aUlc
aljcalcalcalcalcalJcalcaUc alJcajcaUc alJc aUc aJcalcalc a *] gdN. 2
A L~xsmhc” X844 Beazy] Bhedoay @ tialbmim) Sl mathydoemorpholin-4-yl-1H-

2] cal L(+aobengaigaty i Bopehdiicapte: ) Bisiyte off S PbEpLATERIp R
ethylamino)-3-[6-bromo-4-methyl-1H-benzimidazol-2-yl]-1H-pyridin-2-one (150 mg,
0.216 mmol), morpholine (28.2 mg, 0.324 mmol), palladium acetate (2.4 mg, 0.01

5  mmol), tri-tert-buylphosphine (4.4 mg. 0.02 mmol), and sodium tert-butoxide (104
mg, 1.08 mmol) in toluene (5 mL) was heated to 100°C for 14 h under nitrogen. The
reaction mixture was cooled to room temperature and diluted with EtOAc. After
extraction, the combined organic layers were washed with water, brine, dried over
Na,S04. Concentration gave a brownish residue, which was treated with 4 N HCI

10  dioxane solution (3 mL) at room temperature for 6 h. After removal of the solvent, the
residue was purified by prep. HPLC to yield the title compound (18 mg, 18%). 'H
NMR (400 MHz, CD;0D) $ 7.59 (1H, s), 7.12 - 7.28 (7TH, m), 6.12 (1H,d, J = 7.6
Hz), 4.01 - 4.08 (5H, m), 3.76 (1H, dd, /= 4.8, 11.1 Hz), 3.71 (1H, dd,J = 5.2, 11.1
Hz), 3.32 - 3.10 (4H, m), 3.09 (1H, dd, J = 5.6, 13.7 Hz), 2.92 (1H, dd, J = 8.0, 13.7
15 Hz), 2.65 (3H, s). LCMS (M+H)" m/z 460 (t = 1.30 min.).

Example 511
f S
Sene
HN
HO
Cl

20  (#)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-(4-methyl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one: 'H NMR (300 MHz, CD;0D) § 7.17 - 7.64
(8H, m), 6.23 (1H, d, J = 10.2 Hz), 4.94 (1H, m), 3.61 (1H, dd, /= 4.8, 13.8 Hz), 3.54
(1H, dd, J = 7.4, 13.8 Hz), 2.61 (3H, s). LCMS (M-+H)"* m/z 395 (t = 1.65 min.).
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alc alUc aJcaU calcaUc a]c
alUc aJca \bd[INQ t (/U]2<|_|v% W ?g]a{:V\j?LfJ] 2% gg% g :ﬂ g :% gag]wcca] caUc alJc a]Jcalc

a] ca] ca] %‘5?@@%9@] caJca]ca]calcalc a]c aUc a]ca]callc apEr/uso2/09402

a] cal] ca] ]caljcalc aUc a]ca
MJ] ") +16NP~ysni c*YSj eU] ca] ca] caU] calca]lc aUc aJc aUc aJcalc aUc aJcalc
alc aljc a] gaammpbsr2 al calc ajc

N NH
7N

CI

(+)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-(4-methyl-6-pyridin-3-yl-
5  1H-benzimidazol-2-yl)-1H-pyridin-2-one: 'H NMR (300 MHz, CD3;0D) § 9.14
(1H, s), 8.88 (1H, d, J = 8.2 Hz), 8.72 (1H, d, J = 5.4 Hz), 8.08 (1H, dd, J = 5.8, 8.2
Hz), 7.82 (1H, s), 7.56 (1H, s), 7.24 - 7.45 (5H, m), 6.26 (1H, d, J = 7.6 Hz), 5.02
(1H, dd, J = 5.0, 6.5 Hz), 3.77 (1H, dd, J = 5.0, 13.5 Hz), 3.68 (1H, dd, J = 6.5, 13.5
Hz), 2.68 (3H, s). LCMS (M+H)* m/z 472 (t = 1.66 min.).
10

Example T Mass
p P Name Structure (min) (M+H)
m/z

(£)-3-(6-Bromo-4-methyl- | s
1H-benzimidazol-2-yl)-4- \Q:
513 [2-(3-chloro-phenyl)-2- 2.08 473
hydroxy-ethylamino] 1H- \_é}c. (f)
pyridin-2-one

(£)-4-[2-(3-Chloro- e &
phenyl)-2-hydroxy- 5’>_§\L_/)
514 ethylamino]-3-[6-(4- o 1.96 501
methoxy-phenyl)-4- \—b"’ (f)
methyl-1H-benzimidazol-
2-yi]-1H-pyridin-2-one

(£)-4-[2-(3-Chloro- @E“ N

phenyl)-2-hydroxy- N/ 1.65 395
515 ethylamino)-3-(4-methyl- " (f)

1H-benzimidazol-2-yl)- \—%}a

1H-pyridin-2-one

(5)-4-(1-Benzyl-2- Ol S

hydroxy-ethylamino)-3-(4- 7;\;[ ,>—§\L_,) 1.39 458
516 methyl-6-piperidin-1-yl- " (b)

1H-benzimidazol-2-yl)- Q_/_\o" :

1H-pyridin-2-one
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al calca]lcalUlca]caU calcalcalcalU c aljc alJcaUcalcalcalUc alJcalUc a]c
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a] caV] ca] caVpridiRhiRd %\4.551@4 515 GelCptepaldapd eatding ke SElEnte VII and
. 7QZd g} zuoj d_YTj e] ] cal] ca] calU] ca] caU] ca] ca] caV] ca] caV] ca] ca] ca] cal] cal] ca]
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Dt ] ca] ca] ca] ca] ca] ca] ca] ca] ca] caLﬂQ‘Q/a,U] altray] ga] ca] ca] ca] ca
Jr{!$048<LITir$ .1, 7\
GWB7R[ q{ vgl gb\ W e] V] ] caV] ca] ca] ca] ca] ci] cal,£al ca] ca] cal] ca] ca] ca] caV] ca] caV
] ca] caV] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] caV)pca] ca qu#ru
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] ca] ca] cal] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca =~ "0459<FU( z
3Sbdkvy| ~yt oj d_YTj e] ] caU] ca] cal] ca] ca] ca] ca]Ta] caV] ca] caV] ca] ca] ca] ca] ca] ca
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(brs, 1H), 7.40 — 7.20 (m, 4H), 7.03 (brs, 1H), 6.84 (brs, 1H), 6.25 (d, 1H, J = 7.60
Hz), 5.01 — 4.91 (m, 1H), 3.73 (dd, 1H), 3.65 (dd, 1H), 3.45 — 3.25 (m, 8H), 2.56 (s,
3H); LCMS (M+H)" m/z 479,481.

15 Example 518

HN/ﬁ H Q
k/N N NH
@Nf \_/

HN

2TFA HO

Cl

(£)-4-[2-(3-Chloro-4-methylsulfanyl-phenyl)-2-hydroxy-ethylamino]-3-(4-methyl-
6-piperazin-1-yl-1H-benzoimidazol-2-yl)-1H-pyridin-2-one: 'H NMR (500 MHz,

20 CD;OD) § 7.47 (brs, 1H), 7.38 — 7.29 (m, 2H), 7.19 (d, 1H, J = 8.3 Hz), 7.03 (brs,
1H), 6.98 (brs, 1H), 6.26 (d, 1H, ] = 7.7 Hz), 4.90 — 4.81 (m, 1H), 3.65 - 3.35 (m,
10H), 2.56 (s, 3H), 2.42 (s, 3H); LCMS (M+H)" m/z 525, 527.

179



aUl c a]caU]c aljc aUc
a] cacoTXY] " j zg@! | wnhc] Xkfa[ Vj e]]]] calU] ca] ca] ca] ca] ca] caV] ca] ca] caV] ca] caV

cal cal ca ca] ca] ca] cal] ca] caDX] ca] ca] ca] ca] cal] calj, EﬂPL
}##' }:JI }v&&g%/&ﬁg ] ] ]ca] ]ca\/} ca]U]ca\/} caj ?:qa] c!a] CLU] ]caU} caa caj ca &Tﬂgg]ica] caj ca
] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal ca
JAoEHTVY] gi tgx]ﬁpyets)lge [ U e]]V]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]cal]ca]cal
cal ca] ca] cal ca] ca\/] ca] caV] ca] ca] cal] cal] ca] cal] ca] cal] ca] ca
FRTbO4\ | ") Bzuoj e ZUj e] ] ] caV]ca] ca]ca]caUl calcalcalU c aUc a]Jc aUc
a] ca] cal] ca] ca] ca] ca] ca] cal] ca] caq}.63] ca] ca\/] cal] caV] ca] ca] caV] ca] ca BFdh
W G/GNQ ~yt ni d_YTj e] ] cal] ca] ca] ca@ Uc ajJc aUc aJca]ca]lcalcalc
- aJcalcalU c aJcaU c a]ca]calca]ca]ca] caV] ca] caV] ca

[ ] 6TdgX~ysni d*YSj eU] ca] cal] ca] ca] ca] ca c‘a]N aD] ca] ca] ca] ca] cal] ca] ca] ca] ca]
ca] ca] cal] ca] cal] cal] ca] caU] ca] caU] ca] ca] ca}ca]ca $*/1A*;
- xi MM{vql ga\ W eU] c] ca] caV] ca] ca] ca] &«] ca]“&'a ca] ca] cal] ca] caU] ca] cal] cal] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal] sao 2% U/ 267,
U1 O 04: |wlfa[VjeU]cal] ca] caU cal] ca] calTa] cal] ca] ca] ca] ca] ca] caU] cal]c
a] ca] ca] caD<] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca :=&7!yZ*+. 8<>FHLT
{upj d_ZUj eU] ] ca] ca] cal] caU] ca] cal] ca] cal] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

%? ]r (2:313102 ?/%@EH? @a@%@a‘i @3}’ a{f@?@ﬁ%ﬁ@gqxgaﬁ%lgw@}@g] 85‘*1"}%] ca] ca] ca] ca]

ca] cal] ca] Cpifeératihcr pﬁﬂhéﬂl&ﬁin&@amlﬂlyzmcﬂmﬁn 2-one: 'H NMR (500 MHz,
ry| Ygswy~yt oj e_ZU eU| ] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] c ]HcaU] cal] ca]

ca] ca] ca] caliEnmy]cat] il ¢HU e8]l A\ Jalf ¢4)(ddd.j1Eh] 338 (d, 1 J 75

e

LEEEr# {vqi d.“9‘éTJ, £bb ea] apbeal-cakh ea) o), aaiscad selweg HpLoA s c3; qacrmsU] ca] ca]
ca] ca] ca] ca] ca] cal] ca ca cal caDA@ ca] ca] caljcalca #!'/19!;

| FI L! R UD! BNV i 490 AR %4 1 142 S PSS Zr mgb] XSj e] ca] ca] ca] caU] ca] cabt] ca] cal
ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] caU] ca] ca] ca] ca] ca] cal] ca] cal] cal] ca] cal] ca

]1c

$$$$$$$$$$$Wﬁ&bﬁ8&%§&&&n 1ds((620-52D (wierl (peeparet aatofde £ id Subleare W Hainda] ca] caU
] ca] ca] ca] ca] ca] cal ca] caU] cal ca] ca]l ca] cal ca] ca] ca] ca] caU] ca] cal] ca] caU] ca
] ca] ca] ca I and illustrate the alkylation of a piperazine derivative

Z(T((X*d*¥t*x****0gx++| , S, V,,,,,,,,,, | -p..F/]/0Hl1lytoj d_ZUje]]ca] cal]caV]ca]c
a] ca] caU] ca] caU] cal] ca] caU] cal] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca
U] ca] calisa] Exlatipld 520 A3ehedaipracedure for examples 520-522)

3=373J3N3(@BS3\ 3_3p34(4, 404246484: 4?4E4HAIANASAyt ni ¢ XS] e] cal] ca] cal] ca] cal]
ca] cal] cal] ca] cal] ca] ca] ca] ca] cal cal] ca] cal] ca] cal] cal] ca] ca] ca] caU] ca] ca]
ca] ca] ca]ca] ca NS A

S4V4AY45555" 5&555555557666666666666?@,77 wrm‘n "JTj e]] ca] ca] ca] ca] ca] ca] cal
ca] calU] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal] a] ca] caU] caU] ca] caU] ca] ca]c
aUcalca 7777777777D888888888889 9 "

9999999999zupke_ZTj e] U ca] cal] cal] ca] ca] ca] ca%%ca] ca] ca] cal] ca] cal] ca] cal] ca

U ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] cal] cdfca¥'galcajca 999:: :::::::::::0;
o0 C<] <i <o<wky<~<<} xsnhc] Wke_ZTje] U U] ca gall| ca] ca] ca] ca] ca] caV] ca]
ca] caDL| ] ca] ca] ca] caU] calU] cal] ca] calU] ca] ca] ca]Ta] ca] ca] cal] ca] cal] ca] ca<<<<
<Foy=====355>>>
SH>&>>?072?27?2272722?22?|wrl fa[ Uje] U] ca caU] cal ca ca ca)] caUlcal ca] ca]ca]c
a] ca] ca] ca] d&lﬂ?dé](édhﬂ[%’&?mli?]aﬂ#']d]y@g ;B&P’lﬂc"éul{]éﬂ]"]é@] ; g%%;ykug]@@\k* A];
AFAAAAABRBB
DDD~yt 0j Z'ﬂ%eﬁﬂ‘E W ca]{cae]'lzo n(':la %%!]sc%‘b] raz']ncafl]a]mgﬂ]mm cgfﬂ cal ca
e et T co
n u a calcalcaV]calc
~a] ca] cal] c a]ripamR% Bl idhpenspandazy 2a ﬁl]' ]‘i%l‘g é{‘ﬂ}% gg’?i&]’@&fﬂﬁ] ca] cal
COiI]Og]L\j]D%% OBWXS r?hq%]gf | € ca l(‘,ga]base ) Th%é“%%‘ufé%‘t‘j]“g'é] cal] cau
] ca] caD4] calwa]enicadd 0aleabllaesldnddle e ﬂ@@@@ddd@@]mpdmaﬁsa&]tﬂa]m]amhca
PQ QBQORRRRRRRRRRRRRSS+T7TeTt TVTTTTTTTT{uoj d_ZTj e] U] ca] ca] cal] ca] cal] caU
] ca] ca] ca] caV] ca] ca] ca] ca] cal] ca] caU] ca] ca] cal] ca] caDHF] ca] ca] ca] ca] ca] ca]c
aJ cal]ca] ca
TII'UU]7V {/chVthVuVVWVWWGV\EXXXXXXXXGYYyZZZ~xs mhb] XSj e] ca] ca] caU] ca] caU] ca
] cal] ca] cal] ca] ca] ca] ca] ca] cal] caU] ca] cdf ca] caU] ca] ca] caU] ca] caD, ] ca] ca] ca
lcalca]calca ZZZ[J[[[[[[[\o\\ Q]



/\8/\;

AGAPATAQN AphpanT T e zupkf [ U e] U ca] caU] ca] ca] ca] ca] cal] ca] cal] cal] ca] caU

1 ggggg})g%@ﬁ/@ﬁ@g%gg] ca] ca] cal] cal] ca] cal] ca] ca] ca] ca] ca}cpikBRosoz

eqe} eeeeee2f f &gghhhhzupkf " [ Vj e] U] ca] cal] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca

L T e s e e e e R o
''h+h= uii, , . m np wr aly.e cal) cal)calcC

aU] ca] ca] caP%%]@lé\ﬁ%%i‘efja}@J])%f&]eédﬂl &‘é‘]“@a]Té‘S&%H}'@d@ﬂ%%ﬁ‘ﬁgﬁ@&}‘g&% ca] ca] ca

] cal ca] ca ﬁ?&&%@qﬂ%@%%ﬂﬂﬁg a methagglxl water / 0.1% trifluoroacetic acid gradient.

ppp! p%+plpdppp rerrrrrr=szuol S) e] cal] cal] ca] cal] caU|tca] cal] ca] ca
] caV] ca] ca] Tat datlas]wat eedgocadc o dicathe @k catdpoa]deas]adafloajoaedticaddsltica] cal ¢

ﬁst gt | t! 8- ubtslisuu =R B YERQUMEaMD AP 43 (R y 13D s 3me 18R] TA3) ca] caD
4 D

a]U]C 25 2a} g:ﬁ%@a? fg)g](@]g? forf 3l 5kiC A oAl §alA] £9v L cadL@l) G8] s WL

yGzzz9{ } { {{ {s{ {2 {8 3.061{t] 2H} ]} 2 710-H2)2D 66 (g BHY] TR @4H ) ah/e S0P 533 cEhea] ca] caV

ca] caV] ca] ca] ca] ca].ca] ca] cay] ca] ca] ca] cal] ca] cal)] c caj ca] cal ca] ca] ca] ca
La JcaV] cal tri uorl)acellcac]ld sa]lt of t epl!re txllec mpound \l'as éﬂsoﬁ}éli n lne?llangllan I calca] cal

69R dh :

Jca] ca] oal 2aMRiBR el BB R A S PR Al SkeabeRbbeay) (oot
} xsmhc” Y8 e by@A) MaNHA | Mé@H (dheaihe dice dpsea Thiainezficbyvaajuspdmlad oalMe@H ca] cal] ¢
7 DPRT T <z p; &M (1000 opteans HCL 4 Carvt £ AFs AR T os Fesultiog ol ion esliesfca) ca] cau
ot ur v ooy (LR PG R RR SR CRER AT Pt of the il compound: 3 cau
ca] cal] ca] cAHMNMRaB0aMHAL]CRIQRS T.40 ¢ &) 258(ne, SH)c AU ¢tas)] Idd), ¢4B](bm] th),ca] cai ! &

| cal ca] ca) c AeL Hal €401 0 2peeh SLEpCpEanDa PR . 126D 115 b <21 calea
L(jvx/ kK
o Mg e gl aloat ool o ca el ol

*, 3>A$hor | h@Example52dj eU] | ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] c
a] ca] caU] ca] ca] ca] caU] cal] cal] ca] ca] ca] caV] ca] caV] ca] ca

ClYhn~mw vagkf " [Vj eU] ] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca
U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]lga] caU ca] caU] calcda [t|]Vv

*z7=rz6] *}| wnmhc”Y] ] c]ca] ca] ca] eéﬁi/c\a}ga] ca] cg] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢a) cal c®lwn: z-1 rb(zupje [ Vmhc"Y] ] ca] ca
] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca aU] ca] cal] cal] cal] ca] ca] ca]
ca] ca] ca] ca] caU] ca] ca] ca HN

+vG&IM >~@ CXBY" | w mhc”Y] ] c] ca] ca] ca] ca] ca] cao]l_ a] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]"&'a]"ca alcal")"$(9;

?uzupkc”XSmh] calU] ca] caD| ] ca] ca] ca] ca] ca] ca] ca ¢a] ca] ca] caU] ca] cal] cal] ca
] cal] caU] ca] caU] ca] cal] ca] caU] ca] ca] ca] ca] ca

"% {}wgkf ~ ZTkc"XSmh] U] caU] calU] ca] caU] cal] cal] ca] cal] cal] ca] cal] ca] cal] cal]

ca]callca]c caU ca calc .
O_]ez{ \l/J]qI2 ]b] m?{ﬁ?@@'ﬁ?ﬁﬁﬁ'@?&ﬁ% x?%@@%’ﬁé?@%ﬁ%f@g’@é@ac"a l(l:lzft y(g'aU] caj ca
] ca] ca] cal] ecehApipekadhaayii-alhemyl-aH}isandbinsidazol 2-yl}-12F-pyridin-2-one: 'H
=AHMIdvy{ {upke ZTIl gb] Wrh] U] ca] caUécaU] cal cakcau’é(ga] cay ca%caU] ca] cal] cal ca
] caU] ca] caqm@pgy}ﬂa]@fmﬂé Qrealde 278 a ) e fre e A3 éhffdldi\ﬂqglpkf a\ Wn
h caj ca o a a
aU ca] caul cdorobE R B EaTEMER BreR Gy D 2 s A B A 1

LSw (r1<Guadsy . SYKLEMI b LIma dBrdTeal call call cal call cal cal] cal cal ¢
~a] cal] ca] caU] ca] caU] ca] cal] ca] cal] ca] calU] ca] ca] ca] ca] ca] ca] ca] caduw} 2[ J} xsn
i d_ZUmh]23) ca] ca] ca] ca] ca] ca] ca] ca] ca]calUjca]c a]c
aU] ca] cay] cal] ca] cal] ca] ca] ca] ca] ca] cal] ca] cal] cal] ca] cal] ca] cal] ca
"' <BDHLPSUWj | ux~~ysni d_ZTi d_ZUmh] U] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] cal]
cal] ca] caU] cal] ca] caU] calU] ca] caU] calU] ca] caU] ca] cal] ca] cal] ca] cal] ca" &6<>AC
EQ LSW Myt ni cMYTi d_ZUnmh] ] ca] ca] caU] ca] cal] ca] cal] ca] caV]ca V]c"aV]ca
V] cMaV] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] c: a] caU] ca] ca] c: a] cal] ca] caCIMXz| q
14} xr mhc”YTnh] ] ca] ca] ca] ca] ca] cal] ca] caU] ca] caU] caU] ca] caU] caU] ca] ca] ca] ca]
ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] ca] ca
4m<CFyt ni c*YSmhU] ca] ca] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU
] ca] cal] ca] ca] c>a] cal] ca] cal] ca] ca] ca] ci‘ﬂ"ca] calca F\ hgwy*-03;
AC~ysmhc”VQ c”] caD] ca] ca] ca] caU] caU] ca] caU] caU] ca] ca] cal] ca] cal] cal] ca] cal]
cal] ca] caU] cal] ca] caU] cal] ca] caU] cal] cal] ca] ca] caBA} m OB
] S} xsni d_YcaDU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]ca



} A% SA1 3510% U& ()- 10% & ()-! 10%8u8u& ()-1K3 ' 10%x& ()-F ' 10% & ()-F
10% u& () -G Na?r S4 '()F 10%u-ug ()-SIF 100 ()-S10% ug ()- " 10% ug () -
"10% ug! % ug ) Wz X6r S41 T *" 100418
1 1094 5} ¥ PFPIBR. @' 100498 ()- ! h*' 10%IU&! (§ )2 a0% ug: GEl o0z
109 ()-SwbOLT * 10%4& ()- ! 10%& ()-10%& ()- 10-u 10-u
10- u3=" 10% WRafnpid §220% U& () - Az/}A<bCLT!# F* 104148 ()
109448 () - 100648 () - @ 10%48 () -1 L T09XX&' ()-! L1 10%4H&' () -/ xt | Z;
bCl .1 410%% ()-!, 10%& ()-3 L 10% ()- L 10%& ()- |10%& () !(
F" 10% H(H&' () -t (" hdEbC! . 109448 -1 0411—4& ()-1+10%& ()-) L0%& () -

H

@&L0%HE () - $F 10%H& () - hlcefghaVK 1@HOLOHLF="10%4& () -5y 10%4& () -
| @ @0%HE () - @@o%: ()-010%4& ()- &} 100&& ()-°
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5 (S)-3-[4-(2-{4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-
dihydro-pyridin-3-yl}-7-methyl-3H-benzoimidazol-5-yl)-piperazin-1-yl]-
propionitrile: 'H NMR (500 MHz, CD;0D) § 7.59 (brs, 1H), 7.41 (d, IH,J = 7.5
Hz), 7.34 (dd, 1H, ] = 2.0, 8.5 Hz), 7.17 (brs, 1H), 7.12 (brs, 1H), 7.00 (d, 1H,J = 8.5
Hz), 6.25 (d, 1H, J = 7.5 Hz), 4.85 - 4.76 (m, 1H), 3.85 (s, 3H), 3.80 — 3.30 (m, 12H),

10 3.16 (t, 2H, J = 7.0 Hz), 2.55 (s, 3H); LCMS (M+H)" m/z 606, 608.

The following examples (523-528) were prepared according to Scheme VII and

III and illustrate the carbamoylation of a piperazine derivative

15 Example 523 (General procedure for examples 523-528)

o)
F\/\O/IL

(S)-4-(2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-

20  pyridin-3-yl}-7-methyl-3H-benzoimidazol-5-yl)-piperazine-1-carboxylic acid 2-
fluoro-ethyl ester: To a stirred solution of 4-[2-(3-Chloro-phenyl)-2-hydroxy-
ethylamino]-3-(4-methyl-6-piperazin- 1-yl-1H-benzoimidazol-2-yl)-1H-pyridin-2-one
(~ 2 TFA salt, 80 mg, ~0.1 mmol) in methanol (2 mL) at 0 °C was added N,N-
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:18;{@??;13(%@5%&%;% 3/% %gmaﬂ%-%g OI/S(\onld-Elutle sc>§ car(t)ridge.l Elution with
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109 () - ! 10%8" ().~ AB A R11 00 &IOOFR" () - O ITAR
Toot: () - s 10WaRH1 )74 R gt Vg Sk ol G S PR s Bt
, & 10948 0( ) resulh idn) wastl%éréd thyough a 45 um filter and evaporated to give the mono

(109%4&' () - gEEE2FDFEFFFGFTFXmbC10%4.0%4&' () - 10H 10H
10H@ &1 0%-& G alof td-&ig gompound (46 mg): NMR (500 MHz, CD;0D) $ 7.50 (brs,

1H), 7.45 - 7.20 (m, 6H), 6.26 (d, 1H, J = 7.7 Hz), 4.98 - 4.91 (m, 1H), 4.64 (dm, 2H,
I =47.9 Hz), 4.39 (dm, 2H, J = 29 Hz), 3.95 — 3.50 (m, 10H), 2.63 (s, 3H); . LCMS
(M+H)" m/z 569,571.

Example 524

20 (S)-4-(2-{4-[2-(3-Chloro-phenyI)-2-hydroxy-ethylamino]-2-0xo-1,2-dihydro-
pyridin-3-yl}-7-methyl-3H-benzoimidazol-5-yl)-piperazine-1-carboxylic acid 2-
methoxy-ethyl ester: 'H NMR (500 MHz, CD30D) § 7.53 - 7.22 (m, 7H), 6.26 (d,
1H, J = 7.6 Hz), 4.96 (dd, 1H, J = 7.0, 4.6 Hz), 4.31 - 4.27 (m, 2H), 4.05 - 3.55 (m,
12H), 3.39 (s, 3H), 2.64 (s, 3H); LCMS (M+H)" m/z 581, 583.
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5  (S)-4-(2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-o0xo-1,2-dihydro-

pyridin-3-yl}-7-methyl-3H-benzoimidazol-5-yl)-piperazine-1-carboxylic acid tert-
butyl ester: 'H NMR (500 MHz, CD;0D) 8 7.51 (brs, 1H), 7.40 — 7.22 (m, 6H), 6.26
(d, 1H,J =7.7 Hz), 4.96 — 4.90 (m, 1H), 3.90 — 3.30 (m, 10H), 2.64 (s, 3H), 1.51 (s,
9H); LCMS (M+H)" m/z 579, 581.

10
Example 526

15  (S)-4-(2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-o0xo-1,2-dihydro-
pyridin-3-yl}-7-methyl-3H-benzoimidazol-5-yl)-piperazine-1-carboxylic acid
prop-2-ynyl ester: 'H NMR (500 MHz, CD;0D) & 7.50 (brs, 1H), 7.43 - 7.20 (m,
5H), 7.19 (brs, 1H), 6.25 (d, 1H, J = 7.6 Hz), 4.98 - 4.90 (m, 1H),4.78 (d, 2H,J =2.5
Hz), 3.95 — 3.30 (m, 10H), 2.97 (t, 1H, J = 2.5 Hz), 2.62 (s, 3H); LCMS (M+H)" m/z

20 561, 563.

Example 527
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93% 0%&( &( &'dihydrb-pyridin-3-yl}-7-methyl-3H- benzmmldazol 5-yl)-piperazine-1-carboxylic
ig(/ &(1)(()3/%( 3 &géi)@o o Yr:;tyi(eJt SRS 00 4, Y58 7.85 1o: 3 has S 7K FmHCH& (0)-
109 & () - Os 1 #\ 10,
Lo ()L 5@7—_‘?5% SEB1OYY #h "D YRS () 26 .98 (LAWY €787 [1ky, 4. Jl 08K () -
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10%4& () - 10 W whxx8yydECDLO% #, | . z 10%& ()-
10%4: () - %%(G)S%f&lo%-l&() $ " 1094 ()-
10%44& ()-yy22TzV\thYzszzxanlO% #!10% o& () 10H 10H 10H9 =10%&' () - @BY

10 Example 528

Br

OMe

(S)-4-(2-{4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino}-2-oxo-1,2-

15  dihydro-pyridin-3-yl}-7-methyl-3H-benzimidazol-5-yl)-piperazine-1-carboxylic acid
ethyl ester: '"H NMR (400 MHz, CD;0D) 8 7.80 (1H, s), 7.63 (1H, narrow d, J = 1.8 Hz),
7.52 (1H, s), 7.42 (1H,d, J=7.5 Hz), 7.37 (1H, dd, J = 1.8, 8.4 Hz), 7.00 (1H,d, /=84
Hz), 6.31 (1H, d, J = 7.5 Hz), 4.89 (1H, m), 4.22 (2H, q, J = 7.1 Hz), 3.98 (4H, br s), 3.84
(3H, s), 3.70 - 3.72 (4H, m), 3.59 — 3.60 (2H, m), 2.67 (3H, s), 1.31 3H, t, J=7.1 Hz).

20 LCMS (M+H)" m/z 625 (t = 1.45 min.).
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(S)-4-[2-(3-Chloro-4-methoxy-phenyl)-2-hydroxy-ethylamino}-3-{6-{4-(3-fluoro-
propyl)-piperazin-1-yl]-4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one: To a
10 stirred solution of 4-[2-(3-Chloro-4-methoxy-phenyl)-2-hydroxy-ethylamino]-3-(4-
methyl-6-piperazin-1-yl-1H-benzoimidazol-2-yl)-1H-pyridin-2-one (100 mg, 0.162
mmol) in 1,4-dioxane (4.0 mL), ethanol (0.8 mL), methanol (0.8 mL) was added N,N-
diisopropylethylamine (0.30 mL) and 1-bromo-3-fluoropropane (85 ul). The reaction
was heated at 80 °C for 12 h. The reaction mixture was then purified on reverse phase
15  preparative HPLC using a methanol / water / 0.1% trifluoroacetic acid gradient. The
fractions were evaporated to give the title compound as a trifluoroacetic acid salt,
which was dissolved in methanol and applied to a Varian Mega Bond-Elute SCX
cartridge. Elution with methanol followed by 2.0 M NH3 / MeOH gave the free base
(39.3 mg). This material was suspended in MeOH and 1.00 N aqueous HCI (2
20  equiv.) was added. The resulting solution was filtered through a 45 pm filter and
evaporated to give the bis HCl salt of the title compound (43.5 mg): 'HNMR (400
MHz, CD;OD) 8 7.43 — 7.37 (m, 2H), 7.28 (dd, 1H, J = 2.0, 8.6 Hz), 7.16 (brs, 1H),
7.08 (d, 1H,J = 1.7 Hz), 7.01 (d, 1H, J = 8.5 Hz), 6.24 (d, 1H, J = 7.7 Hz), 4.84 - 4.78
(m, 1H), 4.60 (dt, 2H, J = 5.7, 47.1 Hz), 3.95 - 3.88 (m, 2H), 3.83 (s, 3H), 3.78 - 3.71
25 (m, 2H), 3.53 - 3.14 (m, 8H), 2.59 (s, 3H), 2.31 — 2.16 (m, 2H); LCMS (M+H)" m/z
569, 571.
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5 (S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{6-{4-(2-fluoro-ethyl)-
piperazin-1-yl]-4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one: 'HNMR
(400 MHz, CD;0D) § 7.45 — 7.20 (m, 5H), 7.16 (brs, 1H), 7.09 (brs, 1H), 6.25 (d, 1H,
J =17.6 Hz), 5.00 — 4.92 (m, 1H), 4.92 — 4.78 (m, 2H), 3.98 — 3.15 (m, 12H), 2.60 (s,
3H); LCMS (M+H)" m/z 525, 527.

10
Example 531

cl

15  (S)-4-[2-(3-Chloro-4-fluoro-phenyl)-2-hydroxy-ethylamino]-3-{6-[4-(3-fluoro-
propyl)-piperazin-1-yl]-4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one: 'H
NMR (400 MHz, CD;0D) § 7.52 (dd, 1H,J = 2.1, 7.2 Hz), 7.40 (d, 1H, ] = 7.6 Hz),
7.35-7.12 (m, 3H), 7.08 (d, 1H, J = 1.7Hz), 6.25 (d, 1H, J = 7.7Hz), 4.90 — 4.82 (m,
1H), 4.60 (dt, 2H, J = 5.4, 47.1 Hz), 3.96 - 3.10 (m, 12H), 2.60 (s, 3H), 2.28 - 2.13

20 (m, 2H); LCMS (M+H)" m/z 557, 559.
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10% 0&' ( %2 kgk%@?ﬁééz)%r?[no-a-meﬂ(ngxy-p enyﬁ)gigfhg'&roxy-eotgﬁal(l&nd]yﬁfﬁwa-hﬁoro-
propyl)-piperazin-1-yl]-4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one: 'H
NMR (400 MHz, CD3;0D) 6 7.58 (d, 1H, J =2.0 Hz), 7.43 (d, 1H, J = 7.6 Hz), 7.34
(dd, 1H, J = 2.0, 8.5 Hz), 7.19 (brs, 1H), 7.11 (brs, 1H), 7.00 (d, 1H, J = 8.5 Hz), 6.26
(d, 1H, J =7.7 Hz), 5.90 - 4.82 (m, 1H), 4.61 (d¢t, 2H, J = 5.4, 47.1 Hz), 3.95 - 3.12

10 (m, 12H), 3.85 (s, 3H), 2.62 (s, 3H), 2.30 - 2.14'(m, 2H); LCMS (M+H)" m/z 613,

615.

Example 533
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(S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{4-methyl-6-[4-(3,3,3-
trifluoro-propyl)-piperazin-1-yl]-1H-benzoimidazol-2-yl}-1H-pyridin-2-one: '‘H
NMR (300 MHz, CD30D) 8 7.50 — 7.10 (m, 7H), 6.26 (d, 1H, J = 7.5 Hz), 4.96 — 4.88

20 (m, 1H), 4.00 - 3.15 (m, 12H), 3.00 — 2.82 (m, 2H), 2.61 (s, 3H); LCMS (M+H)" m/z
575, 577.
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%ggcl;ﬁ éO((%;& g 4@24?31 %m—lgf'oggl{elnggli &3(') o:;)(f& I ﬂil;#uq%ﬁh@-u-&q (%I'o(-grop%l)-
piperazin-1-yl}-4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one: 'H NMR
(300 MHz, CD;0D) § 7.46 — 7.25 (m, 5H), 7.19 (brs, 1H), 7.11 (brs, 1H), 6.27 (d, 1H,
J =7.7 Hz), 4.95 — 4.86 (m, 1H), 4.62 (dt, 2H, ] = 5.4, 47.1 Hz), 3.98 - 3.15 (m, 12H),
2.62 (s, 3H), 2.35 - 2.12 (m, 2H); LCMS (M+H)" m/z 539, 541.

10
Example 535

15 (S)-4-[2-(3-Chloro-phe'nyl)-2-hydroxy-ethylamino]-3-{4-methyl-6-[4-(3,4,4-
trifluoro-but-3-enyl)-piperazin-1-yl]-1H-benzoimidazol-2-yl}-1H-pyridin-2-one:
LCMS (M+H)* m/z 587, 589.

Example 536
20

Ci
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?CeF, @ HLOYpMR((4bH A dDO)RLPAB & 7(22- (i 3H), 7.15 (brs, 1H), 7.08 (brs, 1H), 6.25
(d, 1H, J = 7.6 Hz), 4.88 — 4.80 (m, 1H), 3.86 ~ 3.81 (m, 4H), 3.55 - 3.32 (m, 6H),
3.28 (s, 2H), 2.60 (s, 3H), 1.38 (s, 6H); LCMS (M+H)" m/z 551, 553.

Cl

L (#3 | HL09B& () - (

15
Example 538

20 (S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{6-[4-(2-hydroxy-ethyl)-
piperazin-1-yl]-4-methyl-1H-benzimidazol-2-yl}-1H-pyridin-2-one: 'HNMR (400
MHz, CD;0D) & 7.50 (1H, s), 7.25 - 7.35 (4H, m), 7.04 (1H, s), 6.97 (1H, s), 6.22
(1H, d, J = 6.8 Hz), 4.93 - 4.95 (1H, m), 3.21 - 3.96 (14H, m), 2.57 (3H, s). LCMS
(M+H)" m/z 523 (t = 1.11 min.).
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q HL096& () - ([ HLOYBS&: () - ([ HLOYB&' () - ( OGHI MORSeK1 @ HL0YG&' () - ([ HLOYB&: () - ([
HL0%B& () - ([ HLOYB&' ()- (#3 | HLOYBE Eg-gmigfﬁg 8-E#S‘:I;X\‘de‘ <1@[ HLO#3

HLOYB &’ HL09%6& () - ([ HLOYBE: () - 95& () -
gel rmo t%%%t%HlO%&' 8 E E |[410%3&' ()-(1#3 PCT/US02/09402
d HLO09%& () - ([ HLO%&' () - ([ HLO%&' () - ([ HLOY&! () - (xyz{i CB@ HLO%E& () - ([ HLO%
58 () - ([ HL09%& () - ([ HI09%& () - (#3 G HI0%& ()- ([ HLOY& () - (j F5@ HL0Y%5#3
q HLOYB&' () +{ [ HLO () ([Hlo%s& ()- ([ HLOY%B&' () - (#3
G F5@H[ HL0Y rgﬁti’ts
q HL09%6& () - ([ HLOYBS&! () ([H100/<5&'o pH%O%& ()- (] KL@{ H10%8& () - ([ HL0% (
)- ([ HLOYB&' () - (#3
Q[ HLOYB&' () - ([ HLO9G&' () - ([ HLOYE&: () Nﬂ MYy ([Hlo%s& () - ([ HLOYB&:
() - ([ HLOYB&' () - ([ HLO9B&' () - (' #3 G HLO0%& N<1 HLO#3

q HLO09B& () - ([ HLOYBS&: () - ([ HLOYB&' () - ([ HLOYBE&' ()wN #3

GdJ+@ HLO9B& () - ([ HLOYB&: () - (#3 .
G HL096& () - ([ HLOYBS&: () - ([ HLOB&' () - ([ HLOYG& P9™ |

([ HLO%B& () - ([ HLOYB& ()- (#3 | HLOYB&' () - ([ HLOY o i F, @HLO0%B& () - (#3
q HL096& () - ([ HLOYS&: () - ([ HLOYB&' () - ([ HLOYB&' ()- 3 G
$eF, @ HL096& () - ([ HLOYBS&: () - (#3 ome

G HL09%6& () - ([ HLOYBS! () ([Hlo%s& ()- ([ HLO9B& () - ($(, - ./ 234kI=010$10%
&F=10%6& () - [ HL0YB&' ()

q HL09B&3 ( L{) %ﬁ%%&rqrp«%m@%& phenyb2ddopgy -ethyk8nino]-3-{6-[4-(2-

ES%%‘EL&( § hy Ry bl A ey B e el A S R By i, 75043
. C01096&’ ()omlﬁmﬂmmmﬂéml@?@@ &76 1A% dw d @19%)%) gélﬂ,-@%c’#?’

. C01098&' () - CO109%6&' %100100/&& . C01098& () - C01098&" 20#3°. 10%
& ()- F 10986417))7.35 (HH.obk & 2.9, H@W&B(()lkws) 7091@%& 6.p9Q8| 4, J2=08£3

MLOYK" & 09" & 0%<" & Y%
e T T
H#1096 | & 324 L0988, [); 2.60 7109

L3=109%K" &(%) & @10%" gﬂ)()--@s’?aéélow & ()_WH;/\Z{' 100(%( g (9) Y22 Y8bUa
Y10%" & ()- gl0%"& ()- 3L@10%& ()-- z10%"& ()-- s!10%

& ()-- ! Hs! 1pdg Cheny <K|[: bUA# @S 10%"& ()-3 0910%" & ()-° <910%
<& ()-" , 1087 8POHT 1006 & ()-  2LI 100RA" 28 () =/ e|[:bUA#  S5MLO% & ()-

eF, @ H109%& () - ([ HLOY%& ()

f3F10%" & ()- 031"10% & ()-m @S 10%"& ()- ) "10%"& ()- @3

109" & ()-33vUa# ,y- 1098" & () - |1 %3 & - 310%3 & ()-

1098" & ()-102"107"10"" 9 =10%"" 0@109%8" & ()-m & 10% ! & () -
- 1098 & ()-F , Y109%B" & () - ‘10%3 %‘VB&()]NCHVM#
D&*!11098" & ()-3 S& 1098"& ()- L! movs 1098" & ()- S91098" & () -

2 HC HOlI

@1098" & () - C% obU4# 1098 M& () - 108" 108" 108" ;93 1098" & ()- f81098"& () -

Cl

15
(S)-[4-(2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamine]-2-oxo-1,2-dihydro-
pyridin-3-yl}-7-methyl-3H-benzoimidazol-5-yl)-piperazin-1-yl]-acetonitrile; 'H
NMR (400 MHz, CD30D) 6 7.50 - 7.25 (m, 7H), 6.28 (d, 1H, J = 8.0 Hz), 4.95 - 4.88
(m, 1H), 4.32 (s, 2H), 3.75 - 3.62 (m, 4H), 3.60 - 3.35 (m, 6H), 2.63 (s, 3H); LCMS
20  (M+H)" m/z 518, 520.

The following examples (541-553) were prepared according to Scheme VII and

III and illustrate the acylation of a piperazine derivative
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@10%8 () 100 () | T ()| &0 65580
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10% r*' &o() ethy&ihﬂ%dinm& l@droéfﬂori&%l 112 m% ())584 mrhdilﬁl%ﬁydr&)(b)snzdtﬁmzﬂe

153505 bl ey koS 5

F=10% y g )
109 1" r & () (ﬂ)hogib@iér% Aeld ((3;% n?% P(Zﬁ)r%?gi’ rsec & I@gan D ﬁ ﬁ% )e " 6'({’/2‘ 4.3& 0-

S10%" & () - (19890 ffno pad HRURIK8Ir¢ heat@l no 801°@ fot '3)h) Fhe reaetion mdLE was'

10%" & 109" & %" & 10%6" & () -
“1109%" E&) 04 hﬂ%@l@f@d of )fevmwl}aﬁe Pfé%%fmliftl)gfgc(‘?& an‘ﬁ%fé@ Oi’ Rateu Oddk- & () -

, 9$10% W 1109%K" &
LOK" & (lsg‘ ?L rlﬂuérga/é\ctlé‘aélh gré!tge/m @hé }racuonf ere éVdg?ﬂa/Q% /th%ﬂ%g’éolgigll}lf SUA10 ()-

, 109K & () - co&pﬂ:ﬁl%(ﬁS& r(n)ﬂuozoawmc@ s whmmsgzls(splved immgthapol andogrpléed ) -

S R B BRSO RS iSO

C/ yl09%K" & ()M PﬁiMﬂféﬁI—&gzﬁkTh@ﬁeé—%(& 9)118%) SShis télal @’as(shsp’iﬁ&&BﬂaMé@MlO
9@0% r" & ()- y 10%r""& ()-: !s10%r" - 10% "' & ()- 10K" 10K" 10K"
IF=10%" & ()aneaesl@ N pqueons 4G4 19 eqw)mafided& The-resulting solution was filtgsed "+ & () -

1 12(())/%/; r 2%&( 51rou|g‘h 19{% {Sﬁ(fg(%lji %(E{étfg% 1.)vc Ql%%% ?2%&%%}&94@9 compound
fgc;o‘r%” & (0% NV {00 MIGICDIOD) S 7 6V, 1T (b, (0. 7.44 -7.20

S3!10% r" &((n), SH) 6 27 (ds<H, ] w046 H2), &A210% er J&W 7.8 Hz)oA. 50 (d(&, M. I=59,
S10% "' & 0% 19% = 10
271004 7 7 & 847F3 05 &%t“? L0 ds g’)(s éﬂ)w{%_@ogﬁ Q‘ %ﬁ%?@% riby’%%

f

10% 1" & () Hy'l{ﬂzlzosmﬁglO%r & ()- sSt'lO%r & () -
" 10% " &()ﬂp+4 109% ) 10% r"" & ()-

#210% r"25& () - F@@A4A5A6A7ADAUAVU410 1 109" & () -
s10%"& ()-10'r" 10" r"' 10" r" 3=10%r"' & ()- 8s10%r"' & ()-
610% r"' & ()- UAA: BBBBB| [: vU410 10%"& ()- 109 & ()- L10%"& ()-
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109" & ()- 109%"& ()- 10%"& ()- BCCDDEE| [:vU410  #y10%" & () -

#y10K& ()- 109" & ()- g 10%"& ()-Z 6Y" 10%3’(\)6& % E

109%" & () FDGG [ vU410 SF1i"10%Sp S& ()-F @1l " 10%

S/ 1096 &V(V)EUE;E?Em%& ()- *Y"10%"& ()- ,,) 10%"& ()- bbb
GGAHDHEHFHGHUHAHV U410 ! 1098" & ()- 1098" & ()- 107" 107" 10~" 93=109%"& ()- S7S
10%" & ()- Eamplosd2 & ()- dHHHHHHI| [:vU410 ,z 1098"& ()- 's 1098"& ()- O
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109" & ()- 91109%"& ()- 109%"& ()- ! 10%" & " 10% " & () -

51096 & () XYRYY4ZBZHZ| | : NA41010 S@0%" & ()-5 #S@O%H #& ()-5 109%"& ()-

@Hggﬁ\ &5 () 5?) ‘@f%@h@&myﬁ 081‘*%'% '[W&Fﬁlgb((ﬁw&l?x%?o-ggg%- &0
1 109%" & :
| 1006 (§) 18‘?“{%"]}“11831' h]ﬂlhﬁ iﬁ be@z&ﬂﬁfgaébllo /yu ﬁ]n(-; one: LCMS g

109" & () - eMtHYkméz 357, 5@0%< & () L 110%"& ()- >L 110% ! +& (

109" & () - _Oaa-bb+clc|[:vU410 L*10% & ()- ' 10%K"& ()- @, 10%< & ()-
@"S10%<" & ()- Ds"10%H 1& ()-&

?s"10% K", &Ekamglecu3cc e’ e( e) e*e|[NA41010K" 10K" 10K" 93=10%K" & ()- Ss3
109" & () - &1& 109" & () - 890y

~L*10%<" & () - *e7eFe' g) g8gg| [ o - 10% (& ()- ~y10% & ()-  y10% & () -
f 10%":& ()-L 110%": & ()- 0%8 O gthl i ][ NA41010 10% ": & () -

() &@1098" & ()- Of
1’b9( () TT TTUYUOV| [ : A4108" SF. @
098" & ()- S 1098"& ()- m 10%
8" & ()- S91098" & () -

A10%": & ()-' $10%": & ()- "f 10% L &

F109% ": & ()-ijljjl1111]|[NA41010: ": 10: " \@ 10% " & ()- $310%": & ()-
14"10% " & ()- 9010% ": & ()- .'109%":&I()-1%J 9l | 3m¥m m [ : NA41010 , 10%
& ()- :10%"& ()- L10%K"& ()- - 10% & () - wdlO%<" & () -

109" & ()-_mi mmTnoo| [: NA41010 &109%K" & () - 0%K" & ()- f!10%C" & ()-
109" & (0-,, 109" & ()- , 10%" & ()-opp’ q*q, q9%a/[ “NA41010 hS) 10%<" & () -

S)10% & ()- ' 109%K" & ()- @10%" & ()- @l 10%<" & () -
@1 10% ! & ()-9qqr nr sssss| [ NA1010K" 10K" 10K" &3=10%"& ()- S510%!& ()- S34S
109" & () - (S3-42%48-@hlpye-pEa D2ty royy-etiy fanins b-BI{ 6442 M&thanesulfonyl-

acetyl)-piperazin-1-yl]-4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one:
LCMS (M+H)" m/z 599, 601.

15
Example 544

+2HCI HOlix

Cl

(8)-3-[6-(4-Acetyl-piperazin-1-yl)-d-methyl-1H-benzoimidazol-2-yl]-4-[2-(3-
20  chloro-phenyl)-2-hydroxy-ethylamino]-1H-pyridin-2-one: 'H NMR (500 MHz,
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010%<" & (5) - S& 10%<" & ()- @ 10%<" & ()-MiS210 10%!& ()- .

(S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-(6-{4-[2-(1,1-dioxo-1-16-
thiomorpholin-4-yl)-acetyl]-piperazin-1-yl}-4-methyl-1H-benzoimidazol-2-yl)-
1H-pyridin-2-one: LCMS (M+H)" m/z 654, 656.

20 Example 547
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4-[2-(3-Chlom-phenyl)-2(S)-hydroxy-ethylamino]-3-{6-[4-(2-methanesulfinyl-
acetyl)-piperazin-1-yl]-4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one:
LCMS (M+H)" m/z 583, 585.

15 Example 549

(S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino}-3-{6-[4-(2-methoxy-acetyl)-
piperazin-1-yl]-4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one: 'H NMR
20 (500 MHz, CD;0D) & 7.49 (brs, 1H), 7.40 — 7.18 (m, 6H), 6.26 (d, 1H,J =7.7 Hz),
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.GLOE & ()- 10986 & ()- !S1098& ()-'378|[:b f 10084 & ()-

91 G'109%84 & () - f10%84 &' () - Sf310%?/6&()- SF10996 & ()-3 30sF10% ]& ()-3
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Y 10% & (jcarbaldehyde: (FLNMBM 4902*%1,1@3@) %é (kH¢s). 7@1%&7 % H,

A2, bont o gy S o L RAR S s BTG PR e a0

& ()-F Hz), 7.00 (1H, d, J = 85Hz) 6.32 (1H, d, J = 7.6 Hz), 4.86 — 4.89 (1H, m), 3.91 -
10 3.96 (4H, m), 3.84 (3H, s), 3.57 - 3.67 (7TH, m), 2.66 (3H, s). LCMS (M+H)" m/z 581
(t = 1.24 min.).
Example 553
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(S)-4-(2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-
pyridin-3-yl}-7-methyl-3H-benzimidazol-5-yl)-piperazine-1-carbaldehyde: 'H
NMR (400 MHz, CD;0D) § 8.12 (1H, s), 7.50 (1H, s), 7.24 - 7.38 (6H, m), 6.23 (1H,
d, J = 7.6 Hz), 4.93 — 4.96 (1H, m), 3.54 — 3.79 (10H, m), 2.58 (3H, s). LCMS

20 (M+H)" m/z 507 (t = 1.29 min.).
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S1094 ]& ()- 0S10% & ()- &L098" & ()-wei 109@Y& () - 108" 108" 108"

LF=1098" & ()-+/;/00000| [:vU41l @ 10%g! q& @ 109& ()-g &L09B" & ()-
@F1098"& ()- , "10%8"& ()- !1098"& ()-000h¥$2D2G2HR| [: - 4108" "3=1098"& ()-
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&10986 & () - (SOTR4 3 hlervdlichy8:2-Rp 833 3thylamida]e3-(Divietlglas-giof pholist 984 & () -

yo- o0a0 s | YFITEBrp ot YTk it g T ot TA GRS ()
1109 * & ( hdiippsorrrenshobih- %Oﬁi b7 midabl=2- %12%1{1 i@ oncZakd e & () -
“F=10086 & ()- y010988°& ()- 1810986 & ()- 5567 377? . Y8108" ,10%K"& ()- ,, T

109" & (1p- %Heﬂp@@dﬁg@pc(gcommmiﬂ&b(iq% -(40n8th -G ;norpholm “4-yl-1H-

éggﬁ i 8 Z)7e88Tbc?%M2 \38111-? yij &4 L0 o 4843( gﬂrﬁ«g%g%é%r%%@% n& ((&) 0-

@10%K" & () 1ridfh 1°a’mnﬁé)m 1&1 (SDmx@sHMnde) &(B X:hlor@]Eﬁﬁw&:yﬁ)rexy@ﬂlaﬂ%e& ()-
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sl A (sl Rl B o S R s

"10% ! &) - ph¥nyl)- 2-hydroxy -ethylamine hydrochloride (0.22 g, 1.06 mmol) was added and the

mixture stirfed at 85°C another 24 hours. After evaporation of volatiles an aqueous
solution of Cs,CO3 (200 ml, 10%) was added, the suspension sonicated for 5 minutes
and stirred overnight. The product was filtered, washed with water and recrystallized
from methanol - chloroform. The title compound was isolated as yellow crystals.

20 (3.951 g, 75%). LCMS (M+H)" m/z 480 (t = 1.31 min.). HPLC t =4.93 min, YMC-
Pack ODS-A 3.0 x 50 mm; 0 - 100% gradient over 8 min; 2.5 mL/min flow rate. 'H
NMR of mono-HCl salt (500 MHz, DMSO-de) 0 13.3 (1H, broad s), 11.22 (1H, s),
10.9 (1H, broad s), 7.65 (1H, broad s), 7.60 (1H, s), 7.45 (d, J = 7.6 Hz), 7.38-7.30
(4H, m) 6.19 (1H, d, J = 7.5 Hz), 4.92 (1H, t, J = 5.3 Hz), 4.00 (6H, broad), 3.67 (1H,

25 m), 3.52 (5H, m), 2.58 (3H, s).

General procedure for preparation of mono- and bis- HCl salts:

A solution or suspension of free base in methanol is treated with 1.00 (or 2.00 resp.)

equivalent of 1.00 N aqueous HCI. If significant amounts of compound remain
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WOOC$10%HA& () -{1 s0C$10900& ()-{1! |1 & ()-{1 QC$10% & ()-{1
) CzY8t S210 i 00C$10%HeH& () -{1 9CILOWY C&" (W {1{! 0C$10%HE ()-{1

' %) - {151 }{Z9t S210 i
()-{1 CP10%NV& ()-{1
(10" 10" 10" 9F= 10% & ()

, 0C$10%1d&" ()-{1 0C$10% 2" & ()-{1! C$10% ol
C$109%& ()-{1 0C$10%QQE’ ()-{1]| obUs10 109% &
| C$10%6s& ()-{1 C$10% i & ()-{1 C$10% Hi & () I[:bU410  WL$10%+& () - 22
NOL$109619&' ()-22 L$10% ()-22 nOL$10% " _L$1098& () - 22

1'10% & #Z bU410 OL$109% 22 O(Vé&o 09& 22
FIEART DY L e e s RO o SR DR (R S RO

| 0L$10% Fj F 9 2l iR DL el Drdld
0L$10%/§/\&] (?“é')z"hg’ﬂﬂ %@‘{HP h%%g[x%llo'léoﬁ[igq %}ﬁi = 10% Ei'&'()-)! 2$30%_ _
& ()-22 L$1Q.‘hjdgo&phén)ﬂﬂﬁg)%ﬂﬂﬂoyx&etbyl%ﬂd]@l%&&%h)ydml(y m@ﬂmbllolo

103?12(%(!—2+& FOREIRhIE IOk %{,& 18- {,g);‘z%,({ 1@@%% %1 Qy? o dhet Ly E&) ()-

MS10%&’ () - fih@dlﬁﬁ@z/@% @i(&%}zﬁvm eﬁxm@m?m sABIDOM HX &, [ x- 33
W 4$10%0C& () - 3! S48100998 4$10%s& () -3 s4$109@/ ?& () - 3! wA$10%0w Cw
7.6 Hz), 4.95 - 496(1H m) 4.19 (1H, m), 394 4.80 (2H, m), 3.5 371(8H m),

2.63 (3H, s). LCMS (M+H)" m/z 510 (t = 1.21 min.).

20 Example 566
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& ()-38f yWsK>1101! 04$10% | & ()-3!4$10% | & ()-3 mi$10%a& () -3
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PB1096q5& ( hydragmet: orphplipyd-rilmothyl-dshenggmidazaly2-y o pyridin-2-

drevsiove (PR s e eddroa b 2ol MRS ) o
V$109& () - nOhydrodRinetid-ifor phdlih LRgi-4ethyl-AH-benzimidazol-2-yl}-1H-pyridin-

[ 0V$10%&b&& ()-n0!'V$10909& ()-n0 w, V1098 T! & () - nO ROF
. SOVS$10%&S5 () 2WR8HWRSSQ@ b}&ug?w%?)fﬁgﬂ-é? (Hﬂ)-n(azir@{]?%égigéﬁ)ﬁﬁg?lH, s)

V$109525&' ()-n0) ! 9 (O enQ PVSL060-4+&: no-4.¢
VSLove: ()- oAb Ss s MoUSBade TR b Set oI 3 TSI AIRAEER () - no
VS109%6 | * & () 1A0m§) WHE0YB IS ({ )H, ), BBABRIES)( 2.60CSH G)KLCME VEH)" mVESRA (t =
110% & ()- 10% & ()-10"10"10" 9F= 10% & ()-! V$10%WN& ()-n0
0V$10%CoC&' (h1oroin.). /\ | Z9uT310 i 0V$10%&' ()-1!dV$10%&' ()-1 V$10% & ()-1
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e  9{Z8uT3HXanipld3ePm5& ()-1 f VSI0% & ()-1 =

HO

(o)

Rars

HOlI+

Z5. I
\%(

Ci

OMe

4-[2-(3-Chloro-4-methoxy-phenyl)-(S)-2-hydroxy-ethylamino]-3-{6-[(R)-2~

hydroxymethyl-morpholin-4-yl]-4-methyl-1H-benzimidazol-2-yl}-1H-pyridin-2-
15  one and 4-[2-(3-chloro-4-methoxy-phenyl)-(S)-2-hydroxy-ethylamino]-3-{6-[(S)-

2-hydroxy-methyl-morpholin-4-yl]-4-methyl-1H-benzimidazol-2-yl}-1H-pyridin-

2-one; 'H NMR (400 MHz, CD;0D) & 7.68 (1H, s), 7.54 (1H, s), 7.45 (1H, s), 7.39

(1H, s), 7.30 — 7.32 (2H, m), 6.98 (1H, d, J = 8.4 Hz), 6.22 (1H, d, J = 7.6 Hz), 4.89

(1H, m), 4.11 - 4.19 (3H, m), 3.80 (3H, s), 3.49 — 3.72 (8H, m), 2.60 (3H, 5). LCMS
20 (M+H)" m/z 540 (t = 1.09 min.).
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ff/8&1098"& ()- f,1098"& ()- 19( 100 -\ %&() m K 10996 % ()-m

S-109%8" & () - UGBY&ZJ G G G\/G~GGVU410 SY10 - yl0% & ()- , &@0%WA & () -

10996 & ()- 108" 108" 108" 9F= 1098" & () - HHOI~I J|[ vU410 S 693G 10% ! & ()-Y
193G'109E & ()-Y SnLO%8E & ()- Sff 10986 &wo)pd , "10986 & () -

1 S10906 & () - - J~JI3KOKKK| [: vU410 S f' @O0%6 & f@ 109848 & ()- L#10%4 & () -
S IYL0WE& ()- S 1096 & ()- S&L0%WE & ()- KK B ]:vU410 S y5109%86 & () -
y@ 10% & ()- 901094 & ()- f)10%y! k& ()- f) & ()- :f)10%

& ()- LMufyMzM M MM U410 | 1098" & ()- 108" & () - 109% 109 109 9F= 10984 & () -
L8 110986 & ()- y37GLO%A & ()- MNNNNNN| [ vU410  109%8"v& ()- . plO% ()-

PO« R bt tutaii BB BRI )
OTEiE? o) )él.wl)l@mgum rinfinfidazol 21N Sp{Didind2-bne AREE" & () -

f-S 109" & ( 10% & ()-$R(R) R RGRHRKRv U410
, 1098" & () - 408 o-4-snetBexyOpEny ) (S)- 21mm‘oxy(eyhmminm9 {00KS)-2methyl-

1098" & ( vUu4l 0% &
010" o ) )mg' Gptioligobi-Amethyigbpoen fptisn 2 iig 2t gie: MR () -
* & ( f 2.b /&0 1(
109%=&' ()-UU UU%%XW%%@@) 897@‘{%3§1H Jrﬁ%zv?d (1,)—;/8/6 (ﬁz?)Of_’ -1 g )1°6§m17(()38 uiIO%B & () -
&F= narrow d, J = 2.0 Hz), 7.29 (1H, narrow d,J=2.0Hz), 697 (1H,d, J =8. 4 Hz), 6.22
(1H, d, J = 7.6 Hz), 4.87 - 4.90 (1H, m), 4.11 (1H, m), 3.95 — 4.01 (2H, m), 3.80 (3H,
s), 3.47 (4H, m), 3.32 (1H, m), 3.25 (1H, m), 2.57 (3H, 5), 1.27 3H, d, J = 6.4 Hz).

15 LCMS (M+H)" m/z 525 (t = 1.27 min.).

Example 571

Cl

20  4-[2-(3-Chloro-phenyl)-(S)-2-hydroxy-ethylamino]-3-{6-[(R)-2-methoxymethyl-
morpholin-4-yl}-4-methyl-1H-benzimidazol-2-yl}-1H-pyridin-2-one and 4-[2-(3-
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4-[2-(3-Bromo-phenyl)-2-hydroxy-ethylamino]-3-{6-[4-(2-hydroxyacetamido)-
10  piperidin-1-yl]-4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one:
LCMS (M+H)" m/z 595 (t = 1.30 min.). HPLC t = 5.09 min, Waters Xterra C18 S5

4.6 x 30 mm; O - 100% gradient over 12 min; 5 mL/min flow rate.

Example 581

(o]

HN
F/j])/ \GN N NH
{3

HN

«HCI HOlIh:
[o]]
15

4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{6-[4-(2-fluoroacetamido)-

piperidin-1-yl]-4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one:

LCMS (M+H)" m/z 553 (t = 1.35 min.). HPLC t = 5.90 min, YMC-Pack ODS-A 3.0 x
20 50 mm; O - 100% gradient over 10 min; 2.5 mL/min flow rate.

The following examples (582-584) were prepared according to Scheme VII and

II1 and illustrate the carbamoylation of a 4-amino-piperidine derivative

25  General Procedure for Examples 582-584
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methoxyethoxycarbamoyl)- piperidin-1-yl]-4-methyl-1H- benzoimidazol-2-yl}-
1H-pyridin-2-one: 'H NMR (500 MHz, CD;0D) & 7.90 (1H, s), 7.26 -7.52 (6H, m),

6.29 (1H, d, J = 7.5 Hz), 4.97 (1H, dd, J = 4.1, 7.0 Hz), 4.20 (2H, m), 3.93 (1H, m),
3.60 — 3.84 (8H, m), 3.37 (3H, s), 2.69 (3H, s), 2.33 (2H, m), 2.13 (2H, m). LCMS
15 (M+H)* m/z 595 (t = 1.09 min, YMC Xterra C18 $7 3.0 x 50 mm; 0 - 100% gradient

over 1.5 min; 5 mL/min flow rate).

Example 583

HN
Tt
N N NH
7@1; \ 4
HN
HOII:
cu

4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{6-[4-(methoxycarbamoyl)-
piperidin-1-yl]-4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one: 'H NMR
(500 MHz, CD;0D) 8 8.00 (1H, s), 7.63 (1H, s), 7.26 -7.49 (5H, m), 6.32(1H,d, /=
7.6 Hz), 4.96 (1H, dd, J = 4.2, 7.6 Hz), 3.93 (1H, m), 3.79 - 3.88 (4H, m), 3.67 (3H,
25 s), 3.56-3.65 (2H, m), 2.71 (3H, s), 2.32 (2H, m), 2.17 (2H, m). LCMS (M+H)" m/z

20
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4-[2-(3-Chloro-phenyl)-Z-hydroxy-ethylamino]-3-{6-[4-(2-fluoroethoxy
carbamoyl)- piperidin-l-yl]-4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one:
'H NMR (500 MHz, CD30D) § 7.92 (1H, 5), 7.26 =7.54 (6H, m), 6.3 (1H, d, J=7.5
Hz), 4.97 (14, dd, J = 4.5, 7.5 Hz), 4.63 (1H, broad s), 4.53 (1H, d, J =2.5 Hz), 4.32
(1H, broad s), 4.27 (1H, broad s), 3.93 (1H, m), 3.79 - 3.85 (4H, m), 3.58-3.72 (2H,
m), 2.70 (3H, s), 2.33 (2H, m), 2.15 (2H, m). LCMS (M+H)" m/z 583 (t = 1.29 min,
YMC Xterra C18 $7 3.0 x 50 mm; O - 100% gradient over 2 min; 5 mL/min flow

rate).

The following examples (585-590) were prepared according to Scheme VII and
I1I and illustrate the use of an alcohol as the nucleophile in Scheme VII

Example 585 (General procedure for Examples 585-590)

\E’:E

2 ZI
\%ﬁ

HOfs:

(S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(2-morpholin-
4-yl-ethoxy)-1H-benzimidazol-2-yl]-1H-pyridin-2-one: 'H NMR (400 MHz,
CD;0D) § 7.53 (1H, s), 7.37 ~7.39 (1H, m), 7.23 - 7.30 (3H, m), 7.01 (1H, s), 6.75
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(S)-4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(2-
morpholin-4-yl-ethoxy)—lH-benzimidazol-Z-yl]-1H-pyridin-2-one . '"H NMR (400
MHz, CD;0D) 8 7.67 (1H, narrow d, J = 1.6 Hz), 7.36 (1H, dd, J = 1.6, 8.4 Hz), 7.25

10 (1H,d,J=72Hz), 6.98 (1H,s), 6.92 (1H, d, J = 8.4 Hz), 6.75 (1H, 5), 6.22 (1H, d, J
=7.2 Hz), 4.89 — 4.92 (1H, m), 4.41 (2H, brs), 3.97 (4H, brs), 3.79 (3H, 5), 3.34 -
3.66 (8H, m), 2.51 (3H, s). LCMS (M+H)" m/z 598 (t = 1.22 min.).

Example 587

ct

(S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(2-methoxy-
ethoxy)-1H-benzimidazol-2-yl]-1H-pyridin-2-one : 'H NMR (400 MHz, CD;0D)
7.48 (1H, s), 7.25 =7.36 (4H, m), 6.96 (1H, s), 6.81 (1H, s), 6.20 (1H, d, J = 7.4 Hz),

20 4.90-4.93 (1H, m), 4.13 - 4.14 (2H, m), 3.76 - 3.77 (2H, m), 3.50 - 3.61 (2H, m),
3.43 (3H, s), 2.53 (3H, s). LCMS (M+H)" m/z 469 (t = 1.52 min.).
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4.6 Hz), 3.45 - 3.54 (2H, m), 2.60 (3H, s). LCMS (M+H)" m/z 455 (t = 1.35 min.).
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(S)-4-[2-(3-Brom0-4-methoxy-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(3-
morpholin-4-yl-propoxy)-1H-benzimidazol-2-yl]-1H-pyridin-2-one: 'HNMR

15 (400 MHz, CD;0OD) & 7.66 (1H, s), 7.35 (1H, dd, J = 1.6, 7.9 Hz), 7.25 (1H, br s),
6.93 (1H, s), 6.91 (1H, s), 6.68 (1H, s), 6.19 (1H, br 5), 4.86 (1H, m), 4.05-4.10
(4H, brs), 3.79 (3H, s), 3.17 - 3.73 (12H, m), 2.50 (3H, s). LCMS (M+H)" m/z 612 (t
=1.16 min.).
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15 Example 591 (General Procedure for Examples 591-593)
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(S)-3-(4-Bromo-6-morpholin-4-ylmethyl-1H-benzimidazol-2-yl)-4-[2-(3-chloro-
phenyl)-2-hydroxy-ethylamino}-1H-pyridin-2-one: To a solution of (§)-7-Bromo-
20  2-{4-[2-(3-chloro-phenyl)-2-hydroxy-ethylamino}-2-oxo-1,2-dihydro-pyridin-3-yl } -
3H-benzimidazole-5-carbaldehyde (130 mg, 0.27 mmol) in methanol (60 mL) was
added morpholine (0.2 mL, excess). The reaction mixture was stirred [ h at room
temperature. Then NaCNBH3 (1M THF solution, 1.35 mL, 1.35 mmol) was added.

The reaction mixture was stirred at room temperature overnight and concentrated in
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(S)-3-[4-Bromo-6-(4-methyl-piperazin-1-ylmethyl)-1H-benzimidazol-2-yl]-4-[2-

10  (3-chloro-phenyl)-2-hydroxy-ethylamino]-1H-pyridin-2-one: 'H NMR (400 MHz,
CD;OD) &7.70 (1H, s), 7.55 (2H, s), 7.42 (1H, d, J = 7.6 Hz), 7.24 - 7.32 (3H, m),
6.22 (1H, d, J= 7.6 Hz), 5.01 (1H, t, J = 6.2 Hz), 4.35 (2H, br 5), 3.48 - 3.71 (10H,
m), 2.98 (3H, s). LCMS (M+H)" m/z 571 (t = 1.37 min.).

oo

15 Example 593

A 4= o
\%f

HOliv

Cl

(S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(4-methyl-
piperazin-1-ylmethyl)-1H-benzimidazol-2-yl]-1H-pyridin-2-one: Through a

20  mixture of (S)-3-[4-Bromo-6-(4-methyl-piperazin-1-ylmethyl)-1H-benzimidazol-2-
yl]-4-[2-(3-chloro-phenyl)-2-hydroxy-ethylamino]-1H-pyridin-2-one (80 mg, 0.14
mmol), tetramethyl tin (2.5 mL, excess), PdCI2 (PPh3)4 (10 mg, 0.014 mmol), and
KF (40 mg, 0.7 mmol) in DMF (2 mL) in a vial was bubbled nitrogen, sealed, and -

heated to 100°C for two days. The reaction mixture was passed through a small pad of
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&Y=310% ## & ()-yGzzz9{}{{|[:~] <10s6#s @10%6#s& ()- - , 10%6#s& ()--
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YG 1098" & (JH aMillustrate the use of tetrahydropyrlmldme as the nucleophile in Scheme

vII

Example 594

4-[2-(3-Chloro-phenyl)-2(S)-hydroxy-ethylamino)-3-[4-methyl-6-(1,4,5,6-
tetrahydropyrimidine-1-y1)-1H-benzoimidazol-2-yl]-1H-pyridine-2-one: 'H

15 NMR (400 MHz, CD;0OD) § 8.38 (1H, s), 7.52 (1H,s), 7.21-7.41 (5H, m), 7.04 (1H, d,
J=12Hz), 6.21(1H, d, J = 7.6Hz), 4.97 (1H, t, J = 4.9 Hz) 3.97(2H, m) 3.60-3.73
(2H, m),3.52(2H, t, J = 5.74 Hz) 2.60 (3H, s), 2.25 (2H, m) LCMS (M+H)" m/z 477 (t
= 1.79 min.)

20 Example 595

4-[2-(4-Methoxy-3-chloro-phenyl)-2(S)-hydroxy-ethylamino]-3-[4-methy|-6-
(1,4,5,6-tetrahydropyrimidine-1-yl)-1H-benzoimidazol-2-yl]-1H-pyridine-2-one:

3714 "10%6#8& ()- 0l 4 10% & () -
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yl?‘(’)/qg/#ﬁ 812 ) &élf)‘[yﬂﬁlﬁzé%ctw frbﬂﬂﬂlpfgiaﬁp(c)onsiﬂtﬁﬁg&bf( P-and®p#& ()-m

| S10%p#&’ 1 L% -3 S10% % F .

| 10%#& () - 910944 felectegdiom % gBﬁX 5 0&%‘2’1%% Qé%Sh-a‘ if B

10%p#& () - %?%@%ﬁg&.s@o . tJ +f 10%)#& ()- $I 10%p#& () -
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|L _féoo;/ﬂ&&()- fmj/a%m (B, (R{ZB B&aa,lﬁm@y@Mepyndvntlyi@%téd frgmthe

()roup consisting of H, C\¢alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, halo,

20 amino, OR®, NO,, OH, SR®, NR®R® , CN, CO,R®’, CONR®R®', OCONR*R®",
NRE2CONRR®!, NR®SO,R®! , SO,NRPR®', C(NR®*)NR¥R®', aryl, heteroaryl,
(CH2),OR®, (CH,),NR*R®, (CH»)aSR, (CHy), aryl, (CH2), heteroaryl, ,

(CHy), heterocycloalkyl, NH-Z-aryl, and NH-Z-heteroaryl;

wherein n is 1 to 3; and

25 Z is selected from the group consisting of C, — Cy alkyl, alkenyl, and alkynyl
chain; Z having one or more hydroxy, thiol, alkoxy, thioalkoxy, amino, halo,
NR¥®SO,R® groups; Z optionally incorporating one or more groups selected from the
group consisting of CO, CNOH, CNOR®’, CNNR®, CNNCOR* and CNNSO,R%

and
30 R and R%' are independently selected from the group consisting of H, alkyl,
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15 R’ is selected from the group consisting of H, methyl, ethyl, isopropyl,
secondary butyl, cyclopropyl, F, and CFj;

R® is selected from the group consisting of H, 2-aminomethylpyridine,
NHCH,CH(OH)Ph, NHCH,CH(OH)(3-C!-Ph), NHCH,CH(OH)(3-Br-Ph),
NHCH,CH(OH)(3-Br-4-OMe-Ph), NHCH(CH,OH)CH,Ph, NHCH,CH(OH)aryl,

20 and NHCH(CH,OH)CHjaryl; and

R’ is selected from the group consisting of OR®, C(NH)NHR®, C(O)NHR®
imidazole, imidazoline, tetrahydropyrimidine, piperazine, morpholine,
homomorpholine, piperidine, pyrrolidine, homopiperazine and amino; wherein

R% is selected from the group consisting of H, alkyl, cycloalkyl,

25  heterocycloalkyl, and alkyl-R* wherein R? is hydrogen, alkenyl, hydroxy, thiol,
thioalkoxy, alkoxy, thioalkoxy, halo, cyano, sulfoxy, sulfonyl, -NR¥COOR?, -
R3OC(O)R3l NR*sO,R3!, C(O)NRSOR” or a heteroaryl or heterocycloalkyl; and
R30 and Ry, are, independently, hydrogen, alkyl, cycloalkyl, or alkyl-R%.

30 3. The compound according to claim 2 wherein R? is —~OR® and R is alkyl, or -

alkyl-R25 , wherein
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wherein R¥is hydrogen, alkyl, or substituted alkyl.

6. The compound according to claim 2 wherein R? is piperazine,

15  homopiperazine, 3-methylpiperazine, or 3,5-dimethylpiperazine being optionally
substituted at the 4-N position with a compound selected from the group consisting of
alkyl, cycloalkyl, cycloalkylalkyl, alkyl-R25 ,-C(O)-R'", or -CO,R'® wherein R" is
hydrogen, alkyl, aryl, alkyl-R25 , amino or aryl; and

R? is hydrogen, alkenyl, hydroxy, thiol, alkoxy, thioalkoxy, amino,

20  alkylamino, dialkylamino, cyano, halo, sulfoxy, sulfonyl, arylsulfonyl, -
NR¥COOR?!, -NR¥C(O)RY, -NR¥SO,R?, -C(O)NR*™R*, heteroaryl or
heterocycloalkyl; and

R* and R*! are, independently, hydrogen, alkyl, cycloalkyl, or alkyl-R?,

25 1. The compound according to claim 6 wherein said piperazine is substituted
with methyl, ethyl, CH,-cyclopropyl, hydroxyethyl, 2-dimethylaminoethyl, 2-
diethylaminoethyl, 2-aminoethyl, 2-methylaminoethyl, 2-ethylaminoethyl,
methoxyethyl, ethoxyethyl, morpholine, and morpholinylethyl.
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12.  The compound according to claim 11 wherein said morpholine,

thiomorpholine, sulfoxymorpholine, sulfonyl morpholine, or homomorpholine is
substituted with hydroxy, thiol, amino, alkylamino, dialkylamino, alkoxy, thioalkoxy,
alkyl-R*

30 -NHC(O)R', -NHCO;R", wherein R" is hydrogen, alkyl, aryl or alkyl-R* wherein
R? is hydrogen, alkenyl, hydroxy, thiol, alkoxy, thioalkoxy, amino, halo, cyano,
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19. The compound according to claim 18 wherein said aryl is an optionally

25  substituted phenyl.

20.  The compound according to claim 19 wherein said phenyl is substituted with a

Br, Cl, F, alkoxy or-NHSO,CH3.

30 21.  The compound according to claim 19 wherein said substituent is 3-Br, 3-Clor

3-F.
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22, The compound according to claim 19 wherein said substituent is 4-F or 4-

methoxy.

23.  The compound according to claim 19 wherein RS is

“NH “SNH “SNH
HO HO HO
Ryy Ryy Ryz
0 \_NRg NRg
[e]
N
NH HN/ \NH
HO HO "o
OR Q . _
[} Rz |
)/Nn.o AR Rz o F Ru
5 o \=N
wherein R'” is H, Br, Cl, or F and R¥isHor alkyl.
24. A compound having the formula:
Ri2
0
H O
/
N\ 4
HN
Ho“l-
Ri7
10 Ryg PRis

wherein R'? and R" are, independently, hydrogen, alkyl, or alkyl-R** wherein
R? is hydrogen, hydroxy, thiol, alkenyl, amino, alkoxy, thioalkoxy, halo,
cyano, sulfoxy, sulfonyl, -COH, -C(O)NR*R*', -NR*SO,R*, NR*C(O)RY, -
15 NR*C(O)OR?, heteroaryl or heterocycloalkyl;
R'”, R" and RY are, independently, hydrogen, halogen, or alkoxy, or R'® and
R'? together form a heterocycloalkyl or heteroaryl group; and

R*%nd R* are, independently, hydrogen, alkyl, or alkyl-R25 .
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25.  The compound according to claim 24 wherein R* is morpholine,

o] (o]

N~

»\o /N\ . ,Nﬁ . /N\ ——N’ “IN

—_ —N _N‘N;l' N\;N N __ \—=N
Ra1 Ras
L R L T
- N 1 or 1
N’I 0" Mg, O oJ\,:,s1 \ NN

5  wherein R¥is hydrogen, alkyl, or substituted alkyl.

26.  The compound according to claim 24 wherein R'?is hydrogen, methyl,
hydroxymethyl, methoxymethyl, CH,F, CH,CN, CO;H, or -CONR™R"' wherein R
and R*' are, independently, hydrogen, or alkyl-R%.

10
27.  The compound according to claim 24 incorporating the side chain
“n “SNH “SNH
HO HO HO
Rz Ry R4z
0 \ NR NRg
o]
\NH -
Ho o “NH
HO
OR
Q Rir Ry7
Z]’ e NRso O\::'«N o
wherein R is hydrogen or alkyl, and R’ hydrogen or halogen.
15

28.  The compound according to claim 24 wherein R'?and R"® are H;R" is Br, F,

or Cl; R' is methoxy or fluoro; and R' is H: or R'® and R" together form 4-O, 5

dihydrofuranyl.
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29.  The compound according to claim 24 wherein R'?and R'? are methyl; R is

Br, F or Cl, R'"® is hydrogen or methoxy; and RYisH.

30. A compound having the formula

Rie
Rys~
)N\/N "9 NH
R N/
'Y
HN
HOIII.
Ry7
5 Rig Ris

wherein R;s is hydrogen, alkyl, aryl, or -alkyl-R%, wherein

R? is is-hydrogen, hydroxy, thiol, alkenyl, amino, alkoxy, thioalkoxy, halo,
cyano, sulfoxy, sulfonyl,

-NR*’COOR?', -NR¥C(O)R*, -NR**SO,R*!, -C(O)NR*R?", heteroaryl or

10  heterocycloalkyl;

R'® is each independently hydrogen or methyl;

R”, R!® and R" are, independently, hydrogen, halogen, or alkoxy; or R'® and
R'? together form a heterocycloalkyl or heteroaryl group; and

R and R?! are, independently, hydrogen, alkyl or alkyl-R25.

15
31.  The compound according to claim 30 wherein R is morpholine,
thiomorpholine,
N
=N
- i\] = j _NJ Nt
Ra1 Ra1

N=n N N-_-Ra1 —CN
—N _</ — </ = N
‘N/J 01“31 o]/ OJ\R \ CI) or __<\/Irlq

31

20 32.  The compound according to claim 30 incorporating the sidechain
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NH NH NH
HO HO HO
H.‘.’ \ R17 R17
o NR4o NR4o
o}
NH NH NH
HO HO HO
OR
Ryz o Ry7 0 Rz
\==N
NR4o NRgo
(Zr |

wherein R* is hydrogen or alkyl and R'” hydrogen or halogen.

s 33. The compound according to claim 30 wherein R" is hydrogen, methyl, ethyl,
or
(CH,),CH,-R® wherein R? is OH, OMe, F, CN, CF3, SOCH; or SO>CHj, wherein n

isOor 1.

10 34.  The compound according to claim 30 wherein R" is cyanoethyl,
hydroxyethyl, CH2CH250CH3, CH2CH2CH2F, CH2CH2CH2CN, or CH2CH2CF3-_ Rlé

and R are H; R" is Br, or Cl; and Ry is hydrogen or methoxy.

35. A compound having the formula:

16

O R
PN

Ris /"L/ H O
N N
Ri¢ N/ H
N \ /
HN
How-
Ry7 ’
15 Rig PRis

wherein

R'S is hydrogen, alkyl, aryl or alkyl-R* ;
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R? is hydrogen, hydroxy, thiol, alkenyl, alkoxy, thioalkoxy, amino, halo,
cyano, sulfoxy, sulfonyl, -NR**COOR™, -NR®C(O)R’!, -NR¥SOR™', -
C(O)NR3°R3', heteroaryl or heterocycloalkyl;

R'¢ is each independently hydrogen or methyl;

5 R'7. R'" and R" are, independently, hydrogen, halogen, or alkoxy, or R'® and
R'? together form a heterocycloalkylor heteroaryl group; and

R and R?' are, independently, hydrogen, alkyl, cycloalkyl or alkyl-R>.

36.  The compound according to claim 35 wherein R? is morpholine,

10  thiomorpholine,

(o) (o]
o /N\ ,NQI N, = N,N:';‘
- N _N\NJ NN = \=N
N N N_ R Ra Ra
AN 31 N\N =N N\N
—N __</ ]\ _</ j/ — y or I
NJ 0" ™Ry O OJ\RM N0 NN

15
wherein R* is hydrogen, alkyl, or substituted alkyl.

37.  The compound according to claim 35 incorporating the sidechain
NH

i “NH
HO HO HO
Ryy A Ry7 Ry7
o NRgo NRgo
o
AN
HO NH HN \N
HO
HO
OR
9 Az Ry7
o

H
)—NR«, R47
NR4o .
6 \=N

~
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wherein R% is hydrogen or alkyl and R'7 hydrogen or halo.

38.  The compound according to claim 35 wherein R'® is hydrogen or methyl; R

is bromo, chloro or fluoro; R'® is hydrogen or methoxy; and R' is hydrogen .

39. A compound having the formula

X AT

N N
Ryg N/ H
O\ 4

HN

HOu-

Ry7

Rig Rig

wherein

Ris is hydrogen, alkyl, or, —alkyl-RzS;

R? is hydrogen, hydroxy, thiol, alkenyl, alkoxy, thioalkoxy, amino, halo,
cyano, sulfoxy, sulfonyl,

_NR*COOR?, -NR¥C(O)R*, -NR¥SO,R*, -C(O)NR*R*", heteroaryl or
heterocycloalkyl;

R'® is each independently hydrogen or methyl;

R'7, R'® and R" are, independently, hydrogen, halogen, or alkoxy; or R'®'and
R" together form a heterocyclo or heteroaryl group; and

R¥* and R¥ are, independently, hydrogen, alkyl, cycloalkyl or alkyl-R%.

40. The compound according to claim 39 incorporating the sidechain
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15

e “SNH SNH

HO HO HO
Rz 4 Ry7 Ry7
o) NR4g NRgo
(o]
AN
NH ~
HN \NH
HO HO
HO
OR

o Raz Ry7
)———Nﬂw NR o Rqz
o 40 \==N

wherein R* is hydrogen or alkyl and R!” hydrogen or halo.
41.  The compound according to claim 39 wherein R" is hydrogen, methyl, ethyl,
or -(CH,),CH;-R® wherein n is 0, 1, or 2; and R” is OH, OMe, F, CN, CF3, SOCHj3

or SO,CHs, -NR*COR?', -NR®COOR?, -NR¥SO,R', -C(O)NR*R?', or has the

formula:

N ,N\j ,N\
_ . . ’ — e _N
N\/l N\NJ NN \;

R
2 -4 ST e G

Ras
wherein R* is hydrogen, alkyl, or substituted alkyl.
42.  The compound according to claim 39 wherein RY is ethyl, methoxyethyl,

CH,CH,F, or CH,CH,CN; R is bromo or chloro; R'® is methoxy or hydrogen; and
R" is hydrogen.
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and

10 R together form a heterocyclo or heteroaryl group; and

30 and R*! are, independently, hydrogen, alkyl, cycloalkyl or alkyl-R25 .

44, The compound according to claim 43 wherein R is —(CHz)nCH2R25 nisO, 1,
2 or 3 and R® is OH, OMe, F, CN, CF3, SOCH; or SO,CHs , -NR*COOR?, -

15 NR*C(O)R*,

-NR¥S0,R*, -C(O)NR*'R*? or has the formula:

20  wherein R*is hydrogen, alkyl, or substituted alkyl.
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45.  The compound according to claim 43 wherein R' is methyl, ethyl, CH,F,
methoxyethyl, CH,CH,F, or CH;CH,CH,SOCH3; R'7 is bromo; R'® is hydrogen,

methoxy, or fluoro; and R”isH.

5 46. The compound according to claim 45 incorporating the sidechain

\NH

“SNH SNH
HO HO HO
Rq7 \ Rq7 Rq7
o NRjo NR4o
(o]
N
NH HN/ -
HO HO NH
HO
OR
0 Rz Ry7
>]f-NR4° NP4 o Ri7
\=

wherein R* is hydrogen or alkyl, and R'? is hydrogen or halo.

47. A compound having the formula:

R17 Ri7
10 Rig Rig Rig Rig

wherein each R"? is independently hydrogen, alkyl, aryl, or -alkyl-st;
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R? is hydrogen, hydroxy, thiol, alkenyl, alkoxy, thioalkoxy, amino, halo,
cyano, sulfoxy, sulfonyl, -NR*COOR®, -NR*C(O)R*, NR*¥SO,R*, -
C(O)NR**R?', heteroaryl or heterocycloalkyl;

R'7. R'® and R'® are, independently, hydrogen, halogen, or alkoxy; or R'® and

5 R!°together form a heterocyclo or heteroaryl group; and

R3® and R?! are, independently, hydrogen, alkyl, cycloalkyl or alkyl-R%.

48,  The compound according to claim 1 selected from the group consisting of :
A compound according to claim 1 having the formula:

10 (S)-4-(2-Hydroxy-1-phenyl-ethylamino)-3-(6-imidazol-1 -yl-4-methyl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one;

(3)-4-[2-Hydroxy-2-(3-iodo-phen yl)-ethylamino]-3-(6-imidazol-1-yl-4-methyl-1 H-
benzimidazol-2-yl)-1H-pyridin-2-one;
(f)—4-[2-(3—Chloro-phenyl)-2—hydroxy—ethylamino]-3-(6-imidazol- 1-yl-4-methyl-1H-

15  benzimidazol-2-yl)-1H-pyridin-2-one;
(i)-4—[2-(3-Bromo-phenyl)—2-hydroxy-ethylamino]-3-(6-irnidazol- 1-yl-4-methyl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one;

($)-4-[2-(2-Chloro-phenyl)-1 -hydroxymethyl-ethylamino}-3-(6-imidazol-1 -yl-4-
methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one;

20 (S)-4-[2-(3-Chloro-phenyl)-1 -hydroxymethyl-ethylamino]-3-(6-imidazol-1-yl-4-
methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one; .
(S)-4-[2-(4-Chloro-phenyl)-1 -hydroxymethyl-ethylamino]-3-(6-imidazol-1 -yl-4-
methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one;

(8)-4-[2-(2-Bromo-phenyl)-1 -hydroxymethyl-ethylamino]-3-(6-imidazol-1 -yl-4-

25  methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one;

(S)-4-[2-(3-Bromo-phenyl)-1 -hydroxymethyl-ethylamino]-3-(6-imidazol- 1-yl-4-
methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one;

(+)-4-(1 -Hydroxymethy]-2-pentaﬂuorophenyl—ethylamino)-3-(6-imjdazol- 1-yl-4-
methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one;

30 (S)-4-(1 -Hydroxymethyl-2-pyridin—4-yl-ethylamino)-3—(6-imidazol— 1-yl-4-methyl-1H-
benzimidazol-2-yl)- 1 H-pyridin-2-one;
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(S)-4-[ | -Hydroxymethyl-2-(2-naphthalenyl)-ethylami noJ-3-(6-imidazol-1-yl-4-
methyl-1H-benzimidazol-2-yl)- | H-pyridin-2-one;

3-(6-Imidazol-1-yl-4-methyl-1 H-benzimidazol-2-yl)-4-(pyridin-2-ylmethoxy)-1H-
pyridin-2-one;

5 (i)-4-[2-(3—Bromo-phenyl)-2-ﬂuoro-ethylamino]—3-(6-imidazol- 1-yl-4-methyl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one;
(S)-2-[4-(1-Hydroxymethyl-2-phenyl-ethylamino)-2-oxo-1 ,2-dihydro-pyridin-3-yl]-7-
methyl-3H-benzimidazole-5-carbonitrile;

(1)-2- {4-[2-(3—Chloro-phenyl)-2-hydroxy-ethylamino] -2-0x0-1,2-dihydro-pyridin-3-
10 yl}-7-methyl-3H-benzimidazole-5-carbonitrile;
(S)-2-{4-[2-(3-Chloro-phenyl)- 1 -hydroxymethyl-ethylamino]-2-oxo- 1,2-dihydro-
pyridin-3-yl}-7-methyl-3H-benzimidazole-5-carbonitrile;
(£)-2-{4-[2-(3-Bromo-4-methoxy-phen yl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-
pyridin-3-yl} -7-methyl-3H-benzimidazole-5-carbonitrile;
15  (£)-2-{4-[2-(3-Fluoro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1 ,2-dihydro-pyridin-3-
yl} -7-methy1-3H-benzimidazole-S-carbonitrile;
(£)-2-{4-[2-(3-Bromo-phen yh)-2-hydroxy-ethylamino]-2-oxo-1 ,2-dihydro-pyridin-3-
yl}-7-methyl-3H-benzimidazole-5-carbonitrile;
(S)-2-[4-(2-Hydroxy-2-phenyl-ethylamino)-2-oxo-1 ,2-dihydro-pyridin-3-yl]-7-
20  methyl-3H-benzimidazole-5-carbonitrile;
(®)-3-(1 H-Benzimidazol-Z-yl)-4-[2-(3-bromo-phenyl)-2-hydroxy-ethylamino]- 1H-
pyridin-2-one;
(5)-3-(1H-Benzimidazol-2-yl)-4-(1 -hydroxymethyl-2-phenyl-ethylamino)-1H-
pyridin-2-one;
25 (H)-3-(1 H-Benzimidazol-2-yl)-4-[2-(3-bromo-4-methoxy-phenyl)-2-hydroxy-
ethylamino]-1H-pyridin-2-one;
(S)-4- { 2-[4-(1-hydroxymethyl-2-phenyl-ethylamino)-2-oxo- 1,2-dihydro-pyridin-3-
yl]-7-methyl-3H-benzimidazol-5-yl}-piperazine- 1-carboxylic acid isopropylamide;
(S)-4-{2-[4-(1-hydroxymethyl-2-phen yl-ethylamino)-2-oxo-1,2-dihydro-pyridin-3-yl]-7-
30  methyl-3H-benzimidazol-5-yl}-piperazine-1-carboxylic acid ethylamide;
(S)-4-(1-Hydroxymethyl-2-phenyl-ethylamino)-3-{ 4-methyl-6-[4-(1-phenyl-methanoyl)-
piperaiin- 1-yl]-1H-benzimidazol-2-yl}- 1H-pyridin-2-one;
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(5)-4-(1-H ydroxymethyl-2—phenyl-ethylamino)-3-[6-(4-isopropyl-piperazin- 1-yl)-4-
methyl-1H-benzimidazol-2-yl]-1H-pyridin-2-one;

(S)-3-[6-(4-Benzyl-piperazine- 1-yl)-4-methyl-1 H-benzimidazol-2-yl]-4-(1-
hydroxymethyl-2-phenyl-ethylamino)-1H-pyridin-2-one;

5 (F)-3-[6-(4-Acetyl-piperazine-1-yl)-4-methyl-] H-benzimidazol-2-yl]-4-{2-(3-chloro-
phenyl)-2-hydroxy-ethylamino]-1H-pyridin-2-one;
(i)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethy]amino]-3-(4-methyl-6-piperazin— 1-yl-1H-
benzimidazol-2-yl) -1H-pyridin-2-one;
(i)-4-[2-(3-Chloro-phenyl)—2—hydroxy-ethylamino]-3-[6-(4-isopropyl-piperazine- 1-yl)-4-

10  methyl-1H-benzimidazol-2-yl]-1H-pyridin-2-one;
(S)-6-(1-Hydroxymethyl-2-phenyl-ethylamino)-5-(6-imidazol-1 -yl-4-methyl-1H-
benzimidazol-2-yl)-3H-pyrimidin-4-one;
(S)-2-[6-Chloro-5-(6-imidazol-1-yl-4-methyl-1 H-benzimidazol-2-yl)-pyrimidin-4-
ylamino]-3-phenyl-propan-1-ol;

15  (S)-4-(2-Hydroxy-2-phenyl-ethylamino)-3-(6- imidazol-1 -yl-4-methyl-1H-
benzimidazol-2-yl)-1H- pyridin-2-one;
(R)-4-(2-Hydroxy-2-phenyl-ethylamino)-3-(6-imidazol-1 -yl-4-methyl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one;
(1S,2R)-4-(1-Hydroxy-indan-2-ylamino)-3-(6-imidazol-1-yl-4-methyl-1 H-

20  benzimidazol-2-yl)-1H-pyridin-2-one;
(+)-4-[2-Hydroxy-2-(3-hydroxy-phenyl)-ethylamino]-3-(6-imidazol-1 -yl-4-methyl-
1H-benzimidazol-2-yl)-1H-pyridin-2-one;
(S)-4-(2-Hydroxy-2-pyridin-2-yl-ethylamino)-3-(6-imidazol-1 -yl-4-methyl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one;

25  (%)-N-(3-{1-Hydroxy-2-[3-(6-imidazol-1-yl-4-methyl- 1H-benzimidazol-2-yl)-2-0xo0-
1,2-dihydro-pyridin-4-ylamino]-ethyl} -phenyl)-methanesulfonamide;
()-4-[2-(3-Fluoro-phen yl)-2-hydroxy-ethylamino]-3-(6-imidazol- 1-yl-4-methyl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one;
(i)-4—[2-(3-Chloro-4-ﬂuoro-phenyl)-2-hydroxy-ethylamino]-3-(6-imidazol- 1-yl-4-

30  methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one;

(S)-4-[2-(3-Fluoro-phenyl)-1 -hydroxymethyl-ethylamino]-3-(6-imidazol-1-yl-4-
methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one;
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(1)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-(6-imidazol- 1-yl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one;
(£)-4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino}-3-(6-imidazol- 1-yl-4-
methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one;

(8)-4-[2-(3-Bromo-phen yh)-2-hydroxy-ethylamino]-3-(6-imidazol-1 -yl-4-methyl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one;

(S)-4-[2-(3-Chloro-phen yl)-2-hydroxy-ethylamino]-3-(6-inﬁdazol- 1-yl-4-methyi-1H-
benzimidazol-2-yl)-1H-pyridin-2-one;

(R)-4-[2-(3-Chloro-phenyl)-2-hydrox y-ethylamino]-3-(6-imidazol-1 -yl-4-methyl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one;
(.-!.-)-4-[2—(3-Chloro-4-methoxy-phenyl)-2-hydroxy-ethylamjno]—3-(6—imidazol- 1-yl-4-
methyl-1H-benzimidazol-2-yl)-1H-pyridin-2-one;

(#)-(2-Chloro-4-{ 1-hydroxy-2-[3-(6-imidazol-1 -yl-4-methyl- 1H-benzimidazol-2-yl)-
2-0x0-1,2-dihydro-pyridin-4-ylamino]-ethyl }-phenyl)-carbamic acid methyl ester;
($)-4-(1 -Hydroxymethyl-2-phenyl—ethylamino)-3-[4—methyl-6-(4-methyl—piperazin—1 -
yl)-1H-benzimidazol-2-yl]- 1H-pyridin-2-one;

($H-4-(1 -Hydroxymethyl-2-phcnyl-cthylanﬁno)-3-[4-methyl-6—(4-n-butyl—piperazin- 1-yl)-
1H-benzimidazol-2-yl]-1H-pyridin-2-one; '
(S)-3-{6-[4-(2-Hydroxy-ethyl)-piperazin-1-yl]-4-methyl-1 H-benzimidazol-2-yl}-4-(1-
hydroxymethyl-2-phenyl-ethylamino)-1H-pyridin-2-one;
(S)-4-{2-[4-(1-Hydroxymethyl-2-phenyl-ethylamino)-2-oxo-1 ,2-dihydro-pyridin-3-
yl]-7-methyl-3H-benzimidazol-5-yl} -piperazine-1-carboxylic acid amide;
(-_0-)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-(4-methy1-6-piperazin- 1-yl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one;
(i)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[6-(4-ethyl—piperazin- 1-yl)-4-
methyl-1H-benzimidazol-2-yl}-1H-pyridin-2-one;
(£)-4-[2-(3-Chloro-phenyl)-2-hydroxy-eth ylamin_o] -3-{6-[4-(2-hydroxy-
ethyl)piperazin-1-yl}-4-methyl-1H-benzimidazol-2-yl } -1 Hpyridin-2-one;
(-_*-)-4-[2-(3-Chloro—phenyl)-2-hydroxy-ethylamino]-3-(4—methyl—6-morpholin-4-yl-
1H-benzimidazol-2-yl)-1H-pyridin-2-one;
(i)-4-[2—(3-Bromo-phenyl)-2-hydroxy-ethylamjno]-3—(4—methyl-6-morpholin-
4-yl-1H-benzimidazol-2-yl)-1H-;
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(1)-4-[2-(3-Bromo-4-methox y-phenyl)-2-hydroxy-ethylamino]-3-(4-methyl-6-
morpholin-4-yl-1H-benzimidazol-2-yl)-1H-pyridin-2-one;

(+)-4-[2-(3-Bromo-phenyl)-2-hydroxy-ethylamino}-3- { 6-[4-(2-hydroxy-ethyl)- piperazin-

1-yl]-4-methyl-1H-benzimidazol-2-yl}-1H-pyridin-2-one;
(+)-4-[2-(3-Bromo-phenyl)-2-hydroxy-ethylamino]-3-(4-methyl-6-piperazin-
1-yl-1H-benzimidazol-2-yl}-1-pyridin-2-one;
(£)-4-[2-(3-Bromo-phenyl)-2-hydroxy-ethylamino]-3-(4-methyl-6-piperazin-
1-yl-1H-benzimidazol-2-yl}-1H-pyridin-2-one;

(£)-3-[6-(4- Acetyl-piperazin- 1-yl)-4-methyl- 1 H-benzimidazol-2-yl]-4-[2-(3-bromo-
phenyl)-2-hydroxy-ethylamino]-1H-pyridin-2-one;
(5)-4-(1-hydroxymethyl-2-phenyl-ethylamino)-3-[4-methyl-6-(2-morpholin-4-yl-
ethylamino)- 1 H-benzimidazol-2-yl]-1H-pyridin-2-one;
(+)-6-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-5-(6-imidazol-1-yl-4-methyl-1H-
benzimidazol-2-yl)-3H-pyrimidin-4-one;
(+)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[6-(1-hydroxy-1-methyl-ethyl)-
4-methyl-1H-benzimidazol-2-yl]-1H-pyridin-2-one;
(+)-3-(6-Aminomethyl-4-methyl- 1H-benzimidazol-2-yl)-4-[2-(3-chloro-phenyl)-2-
hydroxy-ethylamino}- 1H-pyridin-2-one;
(£)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-(6-hydroxymethyl-4-methyl-
1H-benzimidazol-2-yl)- 1H-pyridin-2-one;
(S)-4-(1-Benzyl-2-hydroxy-ethylamino)-3-(4-methyl-6-morpholin-4-yl-1H-
benzimidazol-2-yl)-1H-pyridin-2-one; and
(S)-4-(1-Benzyl-2-hydroxy-ethylamino)-3-(4-methyl-6-piperidin-1-yl-1H-
benzimidazol-2-yl)- 1H-pyridin-2-one;

49.  The compound according to claim 1 selected from the group consisting of:
(S)-4-(1-Benzyl-2-hydroxy-ethylamino)-3-(4-methyl-6-piperidin-1-yl- 1H-
benzimidazol-2-yl)-1H-pyridin-2-one;
4-[2-(3-Chloro-4-methylsulfanyl-phenyl)-2-hydroxy-ethylamino]-3-(4-methyl-6-
piperazin-1-yl-1H-benzoimidazol-2-yl)-1H-pyridin-2-one;
4-[2-(3-Chloro-4-fluoro-phenyl)-2-hydroxy-ethylamino]-3-(4-methyl-6-piperazin-1-
yl-1H-benzoimidazol-2-yl)-1H-pyridin-2-one;
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3-[4-(2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-
3-yl}-7-methyl-3H-benzoimidazol-5-yl)-piperazin-1-yl] -propionitrile;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{ 6-[4-(2-methanesulfonyl-ethyl)-
piperazin-1-yl}-4-methyl- 1H-benzoimidazol-2-yl }- |H-pyridin-2-one;
3-[4-(2-{4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-
dihydro-pyridin-3-yl}-3H-benzoimidazol-5-yl)-7-methyl-piperazin-1-yl]-
propionitrile;
4-(2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino}-2-oxo-1,2-dihydro-pyridin-3-
yl}-7-methyl-3H-benzoimidazol-5-yl)-piperazine-1-carboxylic acid 2-fluoro-ethyl
ester;
4-(2-{4-[2~(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-0xo-1,2-dihydro-pyridin-3-
yl}-7-methyl-3H-benzoimidazol-5-yl)-piperazine-1-carboxylic acid 2-methoxy-ethyl
ester;
4-(2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-3-
yl}-7-methyl-3H-benzoimidazol-5-y!)-piperazine-1-carboxylic acid tert-butyl ester;
4-(2-{4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-3-
yl}-7-methyl-3H-benzoimidazol-5-yl)-piperazine-1-carboxylic acid prop-2-ynyl ester;,
4-(2-{4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-
pyridin-3-yl}-7-methyl-3H-benzoimidazol-5-yl)-piperazine-1-carboxylic acid tert-
butyl ester;

($)-4-(2-{ 4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino}-2-oxo-1 ,2-
dihydro-pyridin-3-yl}-7-methyl-3H-benzimidazol-5-yl)-piperazine-1 -carboxylic acid
ethyl ester;,

4-[2-(3-Chloro-4-methoxy-phenyl)-2-hydroxy-ethylamino]-3-{ 6-[4-(3-fluoro-propyl)-
piperazin-1-yl]-4-methyl-1H-benzoimidazol-2-yl}- 1 H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{ 6-[4-(2-fluoro-ethyl )-piperazin-1-
yl]-4-methyl-1H-benzoimidazol-2-yl }-1H-pyridin-2-one;
4-[2-(3-Chloro-4-fluoro-phenyl)-2-hydroxy-ethylamino]-3-{ 6-[4-(3-fluoro-propyl)-
piperazin-1-yl]-4-methyl- 1 H-benzoimidazol-2-yl }- 1 H-pyridin-2-one;
4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino]-3-{ 6-[4-(3-fluoro-propyl)-
piperazin-1-yl]-4-methyl-1H-benzoimidazol-2-yl }- 1H-pyridin-2-one;
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4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3- {4-methyl-6-[4-(3,3,3-trifluoro-
propyl)-piperazin-1-yl}-1H-benzoimidazol-2-yl} - 1H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino}-3- { 6-[4-(3-fluoro-propyl)-piperazin-
1-yl1]-4-methyl-1H-benzoimidazol-2-yl }- H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3- {4-methyl-6-[4-(3,4,4-trifluoro-but-
3-enyl)-piperazin-1-yl]-1H-benzoimidazol-2-yl} - 1H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3- { 6-[4-(3-fluoro-2-hydroxy-propyl)-
piperazin-1-yl]-4-methyl-1H-benzoimidazol-2-yl }-1H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{6-[4-(2-hydroxy-2-methyl-
propyl)-piperazin-1-yl]-4-methyl-1H-benzoimidazol-2-yl} - 1H-pyridin-2-one;
(S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3- { 6-[4-(2-hydroxy-ethyl)-
piperazin-1-yl]-4-methyl-1H-benzimidazol-2-yl }-1H-pyridin-2-one;
(8)-4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino]-3-{6-[4-(2-hydroxy-
ethyl)-piperazin-1-yl]-4-methyl-1H-benzimidazol-2-yl}-1H-pyridin-2-one;
[4-(2-{4-[2-(3-Chloro-pheny})-2-hydroxy-ethylamino]-2-oxo-1,2-dihydro-pyridin-3-
yl }-7-methyl-3H-benzoimidazol-5-yl)-piperazin-1-yl]-acetonitrile;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3- { 6-[4-(4-fluoro-butyryl)-piperazin-
1-yi]-4-methyl-1 H-benioimidazol-2-yl }-1H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{ 6-[4-(2,2-difluoro-acetyl)-
piperazin-1-yl]-4-methyl-1H-benzoimidazol-2-yl }-1H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{ 6-[4-(2-methanesulfonyl-acetyl)-
piperazin-1-yl]-4-methyl-1H-benzoimidazol-2-yl } - 1H-pyridin-2-one;
3-[6-(4-Acetyl-piperazin- 1-yl)-4-methyl- 1 H-benzoimidazol-2-yl]-4-[2-(3-chloro-
phenyl)-2-hydroxy-ethylamino]-1H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-(4-methyl-6-{4-[2-(1-0x0-114-
thiomorpholin-4-yl)-acetyl]-piperazin-1-yl }- 1H-benzoimidazol-2-yl)- 1H-pyridin-2-
one;

4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino}-3-(6-{4-[2-(1,1-dioxo-116-
thiomorpholin-4-yl)-acetyl]-piperazin-1-yl}-4-methyl- 1 H-benzoimidazol-2-yl)-1H-
pyridin-2-one;

4.1—[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3- {4-methyl-6-[4-(2-thiomorpholin-
4-yl-acetyl)-piperazin-1-yl]-1H-benzoimidazol-2-yl } -1H-pyridin-2-one;
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4-[2—(3—Chloro-phenyl)-2-hydroxy—ethylamino]-3-{ 6-[4-(2-methanesulfinyl-acetyl)-
piperazin-1-yl]-4-methyl- 1H-benzoimidazol-2-yl }-1H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-eth ylamino]-3-{ 6-[4-(2-methoxy-acetyl)-
piperazin-1-yl]-4-methyl-1 H-benzoimidazol-2-yl}-1H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{ 4-methyl-6-[4-(2-methylsulfanyl-
acetyl)-piperazin-1-yl]-1H-benzoimidazol-2- y1}-1H-pyridin-2-one;
3-{6-[4-(2-Chloro-acetyl)-piperazin-1 -yl}-4-methyl-1H-benzoimidazol-2-yl} -4-[2-(3-
chloro-phenyl)-2-hydroxy-ethylamino]- 1H-pyridin-2-one;

($)-4-(2-{ 4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino] -2-0x0-1,2-
dihydro-pyridin-3-yl }-7-methyl-3H-benzimidazol-5—y1)-piperazine— 1-carbaldehyde;
(S)-4-(2- {4—[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-2-oxo—1 ,2-dihydro-pyridin-
3-yl1}-7 _methyl-3H-benzimidazol-5-yl)-piperazine-1 -carbaldehyde;
(S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-(4-methyl-6-morpholin-4-yl-
1H-benzoimidazol-2-yl)-1 H-pyridin-2-one; |

4-[2-(3-B romo-4-methoxy-phenyl)-2-hydroxy-ethylamino]-3-(4-methyl-6—morpholin-
4-yl-1H-benzoimidazol-2-yl)- 1H-pyridin-2-one;
4-[2—(3-Chloro-4-ﬂuoro-phenyl)-2-hydroxy-ethy] amino]-3-(4-methyl-6-morpholin-4-
yl-1H-benzoimidazol-2-yl)-1 H-pyridin-2-one;
4-[2-(3-Chloro-4-meth_oxy-phenyl)-Z-hydroxy-ethylamino]-3-(4—methyl-6-morpholin-
4-yl-1H-benzoimidazol-2-yl)- 1H-pyridin-2-one;
4-[2-(7-Bromo-2,3-dihydro-benzofuran-5-yl)—2-hydrox y-ethylamino}-3-(4-methyl-6-
morpholin-4-yl-1H-benzoimidazol-2-yl)-1 H-pyridin-2-one;
4-[2_-(3-Chloro-pheny1)-2(S)-hydroxy-ethylamino]-3-[4—methyl-6-[2(S),6(R)-
dimethyl-morpholine-4-yl]-1H-benzoirnidazol-2-yl]— 1H-pyridine-2-one;
4-[2—(3-Bromo-4-mcthoxy—phenyl)-2(S)-hydroxy-ethylamino]-3-[4-methyl-6-
[2(S),6(R)-dimethyl-morpholine-4-yl]-1 H-benzoimidazol-2-yl]-1H-pyridine-2-one;
4-[2-(3—Chloro-phenyl)-(S)-2-hydroxy-ethylamino]-3- {6-[(R)-2-fluoromethyl-
morpholin-4-y1]-4-methyl-1 H-benzimidazol-2-yl}- | H-pyridin-2-one and 4-[2-(3-
chloro-phenyl)-(S)-2-hydroxy-ethylamino]-3-{ 6-[(S)-2-fluoromethyl-morpholin-4-yl]-
4-methyl-1H-benzimidazol-2-yl }-1H-pyridin-2-one;
4-[2-(3—Bromo—4-methoxy-phenyl)—(S)-2-hydroxy—ethylamin0]-3- {6-[(R)-2-
fluoromethyl-morpholin-4-yl]-4-methyl-1 H-benzimidazol-2-yl}-1H-pyridin-2-one
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and 4-[2-(3-bromo-4-methoxy-phenyl)-(S)-2-hydroxy-ethylamino]-3-{6-[(S)-2-
fluoromethyl-morpholin-4-yl]-4-methyl-1H-benzimidazol-2-yl } -1H-pyridin-2-one;
4-[2-(3-Chloro-4-methoxy-phenyl)-(S)-2-hydroxy-ethylamino]-3-{6-[(R)-2-
fluoromethyl-morpholin-4-yl}-4-methyl- 1H-benzimidazol-2-yl } -1H-pyridin-2-one
and 4-[2-(3-chloro-4-methoxy-phenyl)-(S)-2-hydroxy-ethylamino]-3-{6-[(S)-2-
fluoromethyl-morpholin-4-yl]-4-methyl-1H-benzimidazol-2-yl } - 1H-pyridin-2-one;
4-[2-(7-Bromo-2,3-dihydro-benzofuran-4-yl)-(S)-2-hydroxy-ethylamino]-3-{ 6-[(R)-2-
fluoromethyl-morpholin-4-yl]-4-methyl- 1H-benzimidazol-2-yl }- 1H-pyridin-2-one
and 4-[2-(7-bromo-2,3-dihydro-benzofuran-4-yl)-(S)-2-hydroxy-ethylamino]-3-{ 6-
((S)-2-fluoromethyl-morpholin-4-yl]-4-methy!- |H-benzimidazol-2-yl } - 1H-pyridin-2-
one;

4-[2-(3-Chloro-phenyl)-(S)-2-hydroxy-ethylamino}-3-{ 6-[(R)-2-hydroxymethyl-
morpholin-4-yl]-4-methyl-1H-benzimidazol-2-yl }-1H-pyridin-2-one and 4-[2-(3-
chloro -phenyl)-(S)-2-hydroxy-ethylamino]-3- { 6-[(S)-2-hydroxy-methyl-morpholin-4-
yl]-4-methyl-1H-benzimidazol-2-yl } -1H-pyridin-2-one;
4-[2-(3-Bromo-4-methoxy-phenyl)-(S)-2-hydroxy-ethylamino]-3-{6-[(R)-2-
hydroxymethyl-morpholin-4-yl]-4-methyl-1H-benzimidazol-2-yl } -1H-pyridin-2-one
and 4-[2-(3-bromo-4-methoxy-phenyl)-(S )-2-hydroxy-ethylaﬁino]-3- {6-[(S)-2-
hydroxy-methyl-morpholin-4-yl]-4-methyl-1H-benzimidazol-2-yl } - 1H-pyridin-2-one;
4-[2-(3-Chloro-4-methoxy-phenyl)-(S)-2-hydroxy-ethylamino]-3-{6-[(R)-2-
hydroxymethyl-morpholin-4-yl]-4-methyl- 1 H-benzimidazol-2-yl } - H-pyridin-2-one
and 4-[2-(3-chloro-4-methoxy-phenyl)-(S)-2-hydroxy-ethylamino]-3-{ 6-[(S)-2-
hydroxy-methyl-morpholin-4-yl]-4-methyi-1H-benzimidazol-2-y! }-1H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-(S)-2-hydroxy-ethylamino]-3- { 6-[(R)-2-methyl-morpholin-4-
yl]-4-methyl- 1H-benzimidazol-2-yl} - 1H-pyridin-2-one and 4-[2-(3-chloro-phenyl)-
(5)-2-hydroxy-ethylamino]-3-{ 6-[(S)-2-methyl-morpholin-4-yl]-4-methyl-1H-
benzimidazol-2-yl}-1H-pyridin-2-one;
4-[2-(3-Bromo-4-methoxy-phenyl)-(S)-2-hydroxy-ethylamino]-3-{6-[(R)-2-methyl-
morpholin-4-yl]-4-methyl- 1H-benzimidazol-2-yl } - 1H-pyridin-2-one and 4-[2-(3-
bromo-4-methoxy-phenyl)-(5)-2-hydroxy-ethylamino]-3-{ 6-[(S)-2-methyl-morpholin-
4-yl]-4-methyl- 1H-benzimidazol-2-yl } - 1H-pyridin-2-one;
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4-[2-(3-Chloro-4-methox y-phenyl)-(S)-2-hydroxy-ethylamino]-3-{6-[(R)-2-methyl-
morpholin-4-yl]-4-methyl-1H-benzimidazol-2-yl }-1H-pyridin-2-one and 4-[2-(3-
chloro-4-methox y-phenyl)-(§)-2-hydroxy-ethylamino]-3-{6-[(S)-2-methyl-morpholin-
4-yl]-4-methyl-1H-benzimidazol-2-yl }- 1H-pyridin-2-one;

5 4-[2-(3-Chloro-phenyl)-(S)-2-hydroxy-ethylamino]-3-{6-[(R)-2-methoxymethyl-
morpholin-4-yl]-4-methyl- 1 H-benzimidazol-2-yl }-1H-pyridin-2-one and 4-[2-(3-
chloro -phenyl)-(S)-2-hydroxy-ethylamino]-3-{6-[(S )-2-meth0xy-methyl-morpholin—-
4-yl]-4-methyl-1H-benzimidazol-2-yl }- 1H-pyridin-2-one;
4-[2-(3-Bromo-4-methoxy-phenyl)-(S)-2-hydroxy-ethylamino]-3-{6-[(R )-2-

10  methoxymethyl-morpholin-4-yl]-4-methyl-1 H-benzimidazol-2-yl}-1H-pyridin-2-one
and 4-[2-(3-bromo-4-methoxy-phenyl)-(S)-2-hydroxy-ethylamino]-3-{ 6-[(S)-2-
methoxymethyl-morpholin-4-yl}-4-methyl-1H-benzimidazol-2-yl}-1 H-pyridin-2-one;
4-[2-(3-Chloro-4-methoxy-phenyl)-(S)-2-hydroxy-ethylamino]-3-{ 6-[(R)-2-
methoxymethyl-morpholin-4-yl}-4-methyl-1H-benzimidazol-2-yl} - 1H-pyridin-2-one

15 and 4-[2-(3-chloro-4-methoxy-phenyl)-(S)-2-hydroxy-ethylamino]-3-{ 6-[(S)-2-
methoxymethyl-morpholin-4-yl]-4-methyl- 1H-benzimidazol-2-yl }-1H-pyridin-2-one;
4-[2-(3—Chlor0-phenyl)-2(S)—hydroxy-ethylamino]-3-[4—mcthyl-6-(4-methyl-
piperazin-1-yl)-1H-benzoimidazol-2-yl]-1H-pyridine-2-one;
4-[2-(3-Bromo-4-methoxy-phenyl)-2(S)-hydroxy-ethylamino]-3-[4-methyl-6-(4-

20 methyl-piperazin-1-yl)-1H-benzoimidazol-2-yl]-1H-pyridine-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{6-[4-(acetamido)- piperidin-1-yl]-
4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{ 6-{4-(2-hydroxyacetamido)-
piperidin-1-yl]-4-methyl-1H-benzoimidazol-2-yl } - IH-pyridin-2-one;

25 4-[2-(3-Chloro-phenyl)—2—hydroxy—ethylamino]-3-{6—[4-(2-ﬂuoroacetamjdo)-
piperidin- 1-yl]-4-methyl-1H-benzoimidazol-2-yl }-1H-pyridin-2-one;
4-[2-(3-Bromo-4-methox y-phenyl)-2-hydroxy-ethylamino}-3-{ 6-[4-(acetamido)-
piperidin-1-yl]-4-methyl-1H-benzoimidazol-2-yl}-1 H-pyridin-2-one;

‘4-[2-(3-Bromo -phenyl)-2-hydroxy-ethylamino]-3-{ 6-[4-(2-hydroxyacetamido)-

30  piperidin-1-yl]-4-methyl- 1 H-benzoimidazol-2-yl}- 1H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino)-3-{ 6-[4-(2-tfluoroacetamido)-
piperidin-1-yl]-4-methyl-1H-benzoimidazol-2-yl}-1 H-pyridin-2-one;
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4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino}-3-{ 6-[4-(2-
methoxyethoxycarbamoyl)- piperidin -1-yl]-4-methyl-1H-benzoimidazol-2-yl }-1H-
pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{ 6-[4-(methox ycarbamoy!)-
piperidin -1-yl}-4-methyl-1H-benzoimidazol-2-yl}-1H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-{ 6-[4-(2-fluoroethoxy carbamoyl)-
piperidin -1-yl]-4-methyl-1H-benzoimidazol-2-yl }-1H-pyridin-2-one;
(S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(2-morpholin-4-yl

ethoxy)-1H-benzimidazol-2-yl]-1H-pyridin-2-one;
(S)-4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(2-
morpholin-4-yl-ethoxy)- 1H-benzimidazol-2-yl]-1H-pyridin-2-one;
(S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(2-methox y-
ethoxy)-1H-benzimidazol-2-yl]- 1H-pyridin-2-one;
(S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(2-hydroxy-
ethoxy)-1H-benzimidazol-2-yl}- 1H-pyridin-2-one;
(8)-4-[2-(3-Bromo-4-methoxy-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(2-
morpholin-4-yl-propoxy)- 1H-benzimidazol-2-yl]-1H-pyridin-2-one;
(8)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(2-morpholin-4-yl-
propoxy)- 1H-benzimidazol-2-yl]-1H-pyridin-2-one;
(S)-3-(4-Bromo-6-morpholin-4-ylmethyi- 1 H-benzimidazol-2-yl)-4-[ 2-(3-chloro-
phenyl)-2-hydroxy-ethylamino}-1H-pyridin-2-one;
(S)-3-[4-Bromo-6-(4-methyl-piperazin- 1-ylmethyl-1 H-benzimidazol-2-yl)-4-[2-(3-
chloro-phenyl)-2-hydroxy-ethylamino]-1H-pyridin-2-one;
(S)-4-[2-(3-Chloro-phenyl)-2-hydroxy-ethylamino]-3-[4-methyl-6-(4-methyl-
piperazin-1-ylmethyl)-1H-benzimidazol-2-yl]-1H-pyridin-2-one;
4-[2-(3-Chloro-phenyl)-2(S)-hydroxy-ethylamino]-3-[4-methyl-6-(1,4,5,6-
tetrahydropyrimidine-1-yl)-1H-benzoimidazol-2-yl]-1H-pyridine-2-one; and
4-[2-(4-Methoxy-3-Chloro-phenyl)-2(S)-hydroxy-ethylamino]-3-[{4-methyl-6-
(1,4,5,6-tetrahydropyrimidine-1-yl)-1H-benzoimidazol-2-y1]- 1 H-pyridine-2-one.

50. A pharmaceutical composition comprising a compound according to claim 1

and a pharmaceutically acceptable carrier.
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51.  The pharmaceutical composition according to claim 50 further comprising at

least one other anti-cancer agent formulated as a fixed dose.

52.  The pharmaceutical composition according to claim 51, wherein said anti-
cancer agent is selected from the group consisting of: tamoxifen, toremifen,
raloxifene, droloxifene, iodoxyfene, megestrol acetate, anastrozole, letrazole,
borazole, exemestane, flutamide, nilutamide, bicalutamide, cyproterone acetate,
goserelin acetate, luprolide, finasteride, herceptin, methotrexate, 5-fluorouracil,
cytosine arabinoside, doxorubicin, daunomycin, epirubicin, idarubicin, mitomycin-C,
dactinomycin, mithramycin, cisplatin, carboplatin, melphalan, chlorambucil,
busulphan, cyclophosphamide, ifosfamide, nitrosoureas, thiotephan, vincristine, taxol,
taxotere, etoposide, teniposide, amsacrine, irinotecan, topotecan, an epothilone, Iressa,
OSI1-774, angiogenesis inhibitors, EGF inhibitors, VEGF inhibitors, CDK inhibitors,

Herl and Her?2 inhibitors and monoclonal antibodies.

53. A method of treating a condition associated with at least one tyrosine
kinase enzyme comprising administering to a mammalian species in need of such

treatment an effective amount of a compound according to claim 1.

54.  The method according to claim 53 wherein said tyrosine kinase enzyme is
Ab], CDK’s, EGF, EMT, FGF, FAK, Flk-1/KDR, HER-2, IGF-1R, IR, LCK, MET,
PDGF, Src, or VEGF.

55. The method according to claim 53 further comprising administering to said
mammalian species at least one other anti-cancer agent in combination with said

compound.

56. The method according to claim 53 wherein the condition is cancer.
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composition of claim 50 or 51.
5 58. A method for treating proliferative diseases, comprising administering to a

mammalian species in need of such treatment a therapeutically effective amount of

the composition of claim 50 or 51.
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