WD 2005/ 113541 PCT[ US2005/ 016902 1 PYRROLE COVPOUNDS AS | NI BI TORS OF ERK
PROTEI N KI NASE, SYNTHESI S THEREOF AND | NTERVEDI ATES THERETO CROSS REFERENCE
TO RELATERoMgb416AT! ONS [ 0001] This application cl ai nBCHER995/@1¢%020 Uni t ed
St ates Provisional Patent Applicatiqp 60/ 571,309 filed May 14, 2004, the
entire contents of which are hereby 1 ncorporated herein by reference.

TECHNI CAL FI ELD OF | NVENTI ON 100021 The present invention relates to
conpounds useful as inhibitors of protein Kkinases. The invention also

provi des pharmaceutically acceptable conmpositions conprisi t he conpounds
of the i rvrROLE CroMEOUIDSTRShDNISITORS RH ARK (PRETEGHHIYASE | SHETHERIS F&FEQEP? &8P nent of
vari ous GNBERMERFATES BREBECROUND OF THE | NVENTI ON 10003] The search for new

t herapeutic agents has been greatly aided in recent years by a better

under standi ng of the structure of enzynmes and ot her bionol ecul es associated

wi th target diseases. Ogﬁd%mcﬁlﬁﬁg&rgﬂ?ggg% g%%gﬂas been the
subj ect of extensive st ei n ki nases
constitute a | a5oag) T affid %pgﬁéaﬁ%ﬁélh‘nﬁfs?ﬁ@zllt&l/oﬁﬁ eats@.@eswmmma& are

responsi bl e for the cont a variety of signal transduction processes

within the ceprht(as,@eGO/mr&@Péled@tlaydﬁoﬂoﬂé,ﬁk%enns coptey 9f wipskarehere n Ki nase
Fact s Book, r.ess, San Diego, CA). Protein kinases are
t hought to have g?h#wdgé% qﬁﬁ%ﬁmgonnnn ancestral gene due to the
conservation of their structure and catalytic function. Al nost all kinases
contain a simlar 250-300 am no aC|d catal tlc donaln The ki nases may be
categorized into fanilies by EE¢SNGALEELL F ? N g phorylate (e.q.
protei n-tyrosine, protein- serlne[threonlne et.c. %ﬁm‘ uence motifs

have been i defi00?i edlhemsrsen)dvertionys) atESdPF‘érgE%‘H ‘{SBF“E%fdPP‘ §‘Eel‘k| nase

fam |l ies (See, iingdes. mmﬁm m?f@mdes Kermaddufidally acc %tablé: sifions 9: 576- 596
(1995); Knighton et al., 113531 z PCTI US2005/.016902 Sci ence,

253: 407- 414 (19@}&9mlq&|ﬂlt‘e@"@9m§f5 of thexgvgntion gdmehogs 9f psirgths compgpisionstin g

Cel |, 73: 585- 59@w@%ag§gmﬁgﬁﬁ&kamggégos et al., EMBO J., 13:2352-2361 (1994)).
[0005] In general, protein kinases nedi ate |ntracellular si gnal i ng by
effecting a phosphoryl transfer froma nucl eoside triphosphate to a protein

acceptor that is BACKGROUND OF THE INVENTION

[0003)  The search for new therapeutic agents has been greatly aided in recent

years by a better understanding of the structure of enzymes and other biomolecules
associated with target diseases. One important class of enzymes that has been the
subject of extensive study is protein kinases.

[0004]  Protein kinases constitute a large family of structurally related enzymes that
are responsible for the control of a variety of signal transduction processes within the
cell. (See, Hardie, G. and Hanks, S. (1995) The Protein Kinase Facts Book, I and II,
Academic Press, San Diego, CA). Protein kinases are thought to have evolved from a
common ancestral gene due to the conservation of their structure and catalytic
function. Almost all kinases contain a similar 250-300 amino acid catalytic domain.
The kinases may be categorized into families by the substrates they phosphorylate
(e.g., protein-tyrosine, protein-serine/threonine, lipids, etc.). Sequence motifs have
been identified that generally correspond to each of these kinase families (See, for
example, Hanks, S.K., Hunter, T., FASEB J., 9:576-596 (1995); Knighton et al.,



involved in a signaling pathway. These phosphoryl ation events act as

nol ecul ar on/off switches that can nodul ate or regulate the target protein
bi ol ogi cakyd wogileyi. These phosphor;ﬂr ation events arePOlUB2ta%/@6902t ri gger ed
in response to a variety of extracel4ular and other stinmuli. Exanples of
such stimuli i riciencks28m07r0ATEM aHilesd al.,lebind0cklP-429 (992); Kugaetlel, (e. g.

osnoti ¢ shock, .Sh I IAkQR, (036,644 dot oxi n, and
H202), cyt oki ne(geﬁ?éisggfg&é(ﬂ?%gr)l %%El:a%u%&({t%pf; aﬁgtl%%grze%ggklgsg?) factor a
(TNF-a)), and dpedM h Inggehaalsprpteingkinasgymzediatedntyacellular signaling by effecting a

macr ophage- col qQny-stimul at i f . ‘@1’5 i I .growt h factor
(FGF)). An ext rpz}alééséjﬁ{)rﬁ aarng%sef ?‘?}mu ag&%o%?ea esgﬁ m %)nagﬂgtF {nr?géegg(r:%?{lﬁl ar responses
rel at ed_ to cel Iin@ﬂ\a\dnif_na, si_gtia@napa'tMy. dhéséehcsphdrjdaﬁommyeqtsa:camblmlanf hor nones,
met abol | om _corPRg ger ot el ARl ARk Blodat 8y,
[0006] Many di sBasqhogpheryhtsneicats ect u\l(t,inualtélﬁﬂnilggaremih respbiise s varietypbnses
it o mmune i s Gageeei e hd B AR B Sk s T e LaSERRS S Bl T
di seases, neur ahagicsiatresasignalnely, oslegerskock] heaishodks eltraeislet @diati@y, bacterial

cardi ovascul ar di,seases ergies and.ast hma, zheiner's di.sease and

hor mone-r el at ec?“iﬁ%’%‘éré"&% %ccgg&nﬁsg@ﬁ’ "?ﬂ%{ﬁgnﬂ zggﬁ\be@@ﬁ tugrior élﬁ%%sfsa{ﬁ‘??rﬁl effort

i n medici nal cHENFa) shdtgeovth fedtops @16 igfanklbdyestacrsphbdei-dotong-stifhalatisy factoref f ect i ve
as therapeutic . r, Copsi deri the | ac f currentl vai | abl e
reatment opt | AYCEED: e pEYBar ROy A xRS SRRl el pr ot e n
Ki nases, ther ent &r mbrelctllviar gdspéiisesteladd foakll BRWH, htgragsy tiffereag@fiohs t hat
inhibit these protein Ear ets. '%Oooggr I\/am‘ral%an cells respand to

extracel | ul ar SESTRHARiof BES: FAVFH0R O FRIPHPR Ao s AR OP RO BCR di at ed by
menbers of the étiREaR caftdl YEie@inRyRh&isend MilatiokbmBselfcgete] Y, whi ch incl ude
the extracel lul ar signal regul ated ki nases (ERKs), the p38 NAP ki nases and

the c-Jun N-terlA908h) ~Mepndissases siqessociatpppith pbnoupal célwwonsﬁsr%g$&dib&yat ed by a

variety of si gnadtsinikihedetaldd@edvoms. NTHeRCdiRhdss inbMiOKitdREund Msdadd] ati on, and
stress-induci ng agents. MAPKs are serine/threonine kinases and their

activation ocdBierEyatery diseaseio B disgaseh meRbUic disprseb AFHRIOERY 28/ 0si ne at the

Thr-X-Tyr segnmgglrolidgendrdife 8fsbds¥éan6d, dafifiascAFdSsea Rl O3 Fpfs ¥hddsthmsar | OUS
substrates including transcription factors, which in turn regulate the

expressi on of JHEAREIMTS dissass apgt hogmpregrelaisd diseases: Aveeriingly, theg faieer & r esponse
to the stiml usybWaiARESsH Inldedidina? clkmidny'Ss ARPABLEGhse IRRSK ekt i1s a widely

di stributed protein kinase that achievés maxinmum activity when both Thr 183

and Tyr185 ar e sfReprbigpaute ageptst Hawenss consideringpe lack of currently available

treatment options for the majority of the conditions associated with protein kinases,

cycl e.

there is still a great need for new therapeutic agents that inhibit these protein targets.
[0007] Mammalian cells respond to extracellular stimuli by activating signaling
cascades that are mediated by members of the mitogen-activated protein (MAP)
kinase family, which include the extracellular signal regulated kinases (ERK5), the
p38 MAP kinases and the c-Jun N-terminal kinases (JNKs). MAP kinases (MAPKSs)
are activated by a variety of signals including growth factors, cytokines, UV radiation,
and stress-inducing agents. MAPKSs are serine/threonine kinases and their activation
occur by dual phosphorylation of threonine and tyrosine at the Thr-X-Tyr segment in
the activation loop. MAPKSs phosphorylate various substrates including transcription
factors, which in turn regulate the expression of specific sets of genes and thus

mediate a specific response to the stimulus.



ki nase ki nase, MEKI (Anderson et al., 1990, Nature 343, 651; Crews et al.,
1992, Science 258, 478). Upon activation, ERK2 phosphoryl ates nmany

regul at orév&F&g@?gﬁ i ncluding the protein kinases Rsk@@usBiosntsank et al .,
1995, J. em 270, 18848) and BAPKAP2 (Rouse et al., 1994, Cell 78,

1027), and tr anmedg) pt Em{zfi@d:ma drsmbhteaprotﬂlﬁaaséﬁmm&mdnﬁmm., 1996, Mol .
Cell Biol. 16, 1247),. El k- Raln l’i et al 31994(\5%},th I(Fﬁgf{}lé n et al.,
1993 Proc. Natlacuﬂéya‘ﬁhenéekhmdé&a ophospliorylate P t al., 1995,
Proc. Soc. Exp. klﬂs@kmadvaclmimndeﬂs@a}tal 598, Nasura B4 681 @ka;vmalr ae9p,t ar get of

the Ras/Raf depgnden hways Vbodi t, 1993, Science 260,. 1658) and
relays the sig eé“’?é@ 18helee PW?%TR%@WB@%WGE“’BPHCEF%@WW has been

shown to play ana@chlﬁgthep{olf&lm&eémgwo g@udkeaanwgzlmﬁolbcmtm;amy cells
(Frey and Ml der 1997, Cancer & and hyper expressi on of ERK2 in
human breast caifg %P%@é’ﬁser"éblerl?%dcﬁlémé Hwehd Spnsgription fagtops sugh gy 1y

I nvest. 99, 1448y (R éa\aateeﬂ ﬁBKZMlma@elanep 1680487)| Emzlu (Raingshua etan he
prollferatlono en Ot - Stl | ated ai rwa nmuscl e _ce

D obst T g o clogsT Gof (ahen Rishelon Proc SRt ALAd SIvIES A RGIIOB Duard s Ms0 7. Am 3.

Respir. Cell Myoliv&ieph., 1@9% PRB Noc. é&&OﬁﬁﬂM%@Xm?mlscﬂs&aecept or tyrosine
ki nases such as EGFR and EfrbB2 _ (Arteaga CL, 2002, Sem n Oncol. 29, 3-9;

Eccl es SA, 2001downstxagmaiest ofbths Ras/Belglerendens prthwsays (Boodsetabel 9RuSsisass ohn J &

Basel ga J, 200060 Q¥3804a%e18y? theiamdis Goh he%é WRially &% d ptekin O RR at i ons i n
t he Ras GTPase pr ot elgfsf1 (?\Io;}?ta e Ms& ‘ EOt 0y 0%‘ IM-Phlarm Des 8,

2231-42; Adj ei mbeembqwn@piqatalrolemé%mgﬁﬁh@tgr%h cargbotugasisiengar callaf nut ant s
(Davies H et ey 158 NRideNbIH, @a&yRCSQWG%anﬁ{ﬁ%xﬁéssﬁh of ERR®H Cancer Res

62, 6997-7000) aré mmjor contfibutors to human cancer. These genetic
alterations arlem@obreeua@r@qrwbwnmﬁedc@ivmamn etal.ofdsh Qi byestSul t i n

activaion of thepalaihé s WEh Soen iERIR nmhOpRlicteARSAUBbAAR, cascade In

a broad panel uman tunors. Activat ERK2) is a
central signal istiguiatddagwrysmivgh mpsgle cs%wgg%sgmrm@dﬂmlﬁmsqm@stbmmrol of

proliferation, (%]‘Ie cﬁg%pgll q@g-;ogm [} rr%ﬁlr églfMof‘@?&el%d%EP haceI | survival, and

angi ogenesi s, contri butiiig a nu processés t are |rrportant for
the formation alﬂﬂp%ro@W@S@r@ﬁomﬁmegmmeMmsSuchFhEgéRdad BErbBdggest t hat

R 2 1 P Mk Bheair, bocBXhdin BB Ol 951 e Sk, reREk g g ganaPtof |
a effe

anti- prolifer ant -fetastati ¢ and anti -ahgi ogeni ¢ and offer
a therapeutic I@@pbslaﬁﬂ%-ﬁoﬁig@nd@whalf @a}elmbaQDOp@n@Igem19hﬁﬁﬁﬁf65),asmrs )

2005/ 113541 9 POI{ 4SR005L010902. ] OANIHIST Solels st oM SRR o8, o dence

that inplicates cons
Curr Pharm Des 8, 2231-42; Adjei AA, 2001, J Natl Cancer Inst 93, 1062-74) or B-

Raf mutants (Davies H. et al., 2002, Nature 417, 949-54; Brose et al., 2002, Cancer
Res 62, 6997-7000) are major contributors to human cancer. These genetic alterations
are correlated with poor clinical prognosis and result in activation of the Raf-1/2/3 -
MEK1/2 - ERK1/2 signal transduction cascade in a broad panel of human tumors.
Activated ERK (i.e. ERK] and/or ERK2) is a central signaling molecule that has been
associated with the control of proliferation, differentiation, anchorage-independent
cell survival, and angiogenesis, contributing to a number of processes that are
important for the formation and progression of malignant tumors. These data suggest
that an ERK1/2 inhibitor will exert pleiotropic activity, including proapoptotic, anti-
proliferative, anti-metastatic and anti-angiogenic effects, and offer a therapeutic

opportunity against a very broad panel of human tumors.



of the ERK MAPK pat hway in the oncogenic behavior of select cancers.
Activating nutations of Ras are found in -30% of all cancers, with sone,

such as pagghdtiisssr (90% and col on (50% cancer, harbecngsniceul arly
high nutation rates (ref). Ras nutati8ns have also been identified in 9-15%

of nel anomas, bd1@- RThers iwhdrowing BddYHE BE Gendeithad inplicated @odstitutivegticaaidst i t uti ve
activation are t and .fqund in. 60-66%_malignant nel apomas.
Activating mut aﬁ%@%%@?aéﬁy ‘%ﬁ’ﬂ ORACRETAT lée?‘é'ﬂ?re‘)frsr?alﬁag%gé'eﬁf%vﬁﬁ?gy

t ransf orm fi br olahtaséms of Rasvré foond iaRr80%RaBalDdandsad, wit iserhé, @ich as Pancezatly unct i on
with the loss o t uno resso ene (e.g. 161 NK4AA) ca ayse

spont aneous tu n{? p%b %‘{L;leﬁ(’kﬁ‘%% GRReEY M?ﬂﬂgmé%&é‘é‘zmﬁwm&@# Vlgets g’eﬁa 2heen
denonst r at edhi Nmuthese hﬂ%dﬁo%eéiﬂdkl*nlﬂﬂsd ia,|951g‘VJ1ﬁerglewbilie§,}5utrE‘rR@I dopdtid N I
appropriate human tunors. | n _nelanonn,. hi asal ERK activity resulting
om o t her B FEIPSH® RASADS CHRITTARS GHE I ACHBESR Atemire wanet MM i vat b on
i's well docunmengeskoandligiast Mefdmas SERivAtRg @thtabiohd o /RAP, KAf bt MEK GFeiblen,

i ncreased cell survival and resitst%nce,to, aaggﬁtsosi s.. Additi.onal ly, ERK
activation is cBREsageneally Fapsfpray fibgenlasis g vifrg, LRl muaHansiR ghl v met ast ati ¢

behavi or of el eapAEiASEBChAloSbf Wiintdr bippfeds Bshe 2L PSBIKAA) @dn cabset h _
extracel lular matri x degradi ng proteases_and invasion-pronoting integrins as

wel | as the dowRPEARACHE WA Wg@‘ﬁ%f’fé’ﬁonh&lﬁﬁ%@gi% rHvibekpsdeen; hat nornal Iy

nedi ate ker at i Rafoystfitddih Be@GhddeR Snd Kis 6RO bdeR widdd) RPAEMiLaPrYhi hukkiese data
taken together, indicate ERK as prom_ sing therapeutic tar&et for the

treat nent of nelPBAGN melanqimps high basal BRA: aca¥itngssudting frameither Rey THE

| NVENTI ON' 1001 Ighuthfiond 8Saud@And 88 R MGt dctivanbn © VN AU Rn Rl aldHag bipvent i on, and
pharmaceutical |y acceptabl e conpositions thereof, are effective as

i nhi bitors of EReeciatadtily ppig fumes etowthy, ssased apbiyRd! padiesistnee fener al f or nul a
11 (R 2),  HN-ReliOrh adtiofhlly, Bri\AEvaQ0pi ddnimtbd @ nRjotabval Grddkag@2 or a
pharmaceutical |l y acceptable salt thereof, wherein in, R, R2, and R3 are as
defi ned bel ow,the highly metastatic behavior of melanoma associated with increased expression of

both extracellular matrix degrading proteases and invasion-promoting integrins as

well as the downregulation of E-cadherin adhesion molecules that normally mediate

keratinocyte interactions to control melanocyte growth. These data taken together,

indicate ERK as promising therapeutic target for the treatment of melanoma, a

currently untreatable disease.

SUMMARY OF THE INVENTION

[0011] It has now been found that compounds of this invention, and
pharmaceutically acceptable compositions thereof, are effective as inhibitors of ERK
protein kinase. These compounds have the general formula I:

R)m

R1 (
HN”
v 0
OH
R3 NH
I



[ 0012] These conpounds, and pharmaceutically acceptabl e conpositions
thereof, are useful for treating or |l essening the severity of a variety of
di sorder swenpeeisedl y proliferative disorders such asPCHUS#05016IB131 The
conmpounds provided by this invention Bre also useful for the study of

ki nases in bi oloogpbainaceuticaipttveptal)e salfl thantedrvdiersimmaRd RY fead Bf argys deffined

i ntracel | ul ar ie gal transduction pathways nedi ated by such kinases, and

t he conparative evaluation of new kinase inhibitors. DETAI LED DESCRI PTI ON
OF CERTAI N ENVBQEIRENT She@FcomifoundsNvig N rorseuticallagreptable Errapositions thereadf

Compounds of ¢ ik BNPRE biile bORKHndHEsRLAT Yy @&mﬁisgme{seésg&sﬁyt 0 a

phar maceut i cal Ipyoldua@ptdaﬁot@r@aﬂtaswh@meof wher ei n: is a Cl aliphatic

group, wherein S k t
i ndependent | y E{fﬁtt ed T &09%%#&?%%%%}%&{%3%8%% %Jgsé)al%ﬁi%]?g? {s?lg?%%yependent |y
hydr ogen or Cl karlasqs limbiologicalead hatkdogic! phwd@p@nded]thb ytufly ofihtmgellargignadhl oro; in

is 0, 1, or 2; fhaty | oro. 2.
Conpounds and [%FI ni On(?%g] %rdg%f{eedégs oung: b%’ tﬁeicgix!p%@énﬁvglﬁat?oﬁc ude those
descri bed genemawlkjnasdiokibitorand are further illustrated by the cl asses,
subcl asses, and speci es disclosed herein. As used herein, the follow ng
definitions shall apply unl ess ot hervvl se | ndl cat ed. For purposes of this

i nvention, the chenDEBAILE ’ g HROE&HE t h t he
Periodic Table of the E errents CAS RBENTHON Handbook of Chem stry and
Physics, 75th Ed. WD 2005/ 113541 6 PCT/ US2005/ 016902 Additionally, general
princi pl es of oF qZenerg! Béveriptionrof Campouddssyf theldogniian. " Or gani ¢

[0014)  The present invention relates to a compound of formula I:
(R®)m

R1
HN”
' i
\ H

or a pharmaceutically acceptable salt thereof, wherein:

R'is a Cy.¢ aliphatic group, wherein R' is optionally substituted with up to 2 groups
independently selected from —OR or —C,.3 haloalkyl;

each R is independently hydrogen or C, aliphatic;

each R? is independently R, fluoro, or chloro;

mis 0, 1, or 2; and

R? is hydrogen, C1.3 aliphatic, fluoro, or chloro.

2. Compounds and Definitions:

[0015] Compounds of this invention include those described generally above, and
are further illustrated by the classes, subclasses, and species disclosed herein. As used
herein, the following definitions shall apply unless otherwise indicated. For purposes
of this invention, the chemical elements are identified in accordance with the Periodic

Table of the Elements, CAS version, Handbook of Cheémistry and Physics, 75™ Ed.



Chem stry", Thomas Sorrell, University Science Books, Sausalito: 1999, and
"March's Advanced Organic Chem stry", 5 h Ed., Ed.: Smith, MB. and March,
J., John wébmgnfeséfons, New York: 2001,,the entire contPERUS2W50KAICh are
hereby i ncorporated by reference. [001%] As used herein, the term "prodrug"
refers to a derAdditionaBy,gtnezal prinaipies of oregnic plsiriginyl ace deseribed ay(Hrganie

transformati on mfthin.t } agG b drug, and
that has inpr ov(gﬁcfgg%@s’l’i(::hg)rrggﬁ%%&@éﬁ?@e%ﬁﬁ%gg’ﬁa{é%ﬁgvg?wt’/ﬁ%d parent drug

mol ecul e. Prodr(Maclds sdvasidddrehic Shesnsteice §oh Edneimeith, MoB ang Manels br
phar macoki neti cg LWif%?%%n NRRET brk £ 80A SO Gl %te‘ﬁ%stoﬁw‘hﬂﬁ aRAeRBy drug -

nol ecul e. The advantage of a prodrug [Tes In its physical properties, such
as enhanced watisgorpasatbdiby teferepcé.or parent eral administration at physi ol ogi cal

pH conpared to ﬂobgﬁll p?%@ Med hgxfeﬁgthe?Jngir“grgﬁﬂgf‘%gel‘?fto%%%a?it«% gf;:a ar U

e
di gestive tract, may enhance d Ity -termgtorage. In
recent years semeleaile thytpegiired trdnsformafion withinhe tady invaader verslehsethe dstien expl oi t ed
for utilizationgj L.ani I G type for
drugs. cont ai ni n B AEEREL BRI BEHARY arkl R E5 RFrBorkr (BRGNS ) 0
descri bed, for malasmid. Erodiugs 4¢ldesigded) torenbanGhpheisaceyticelly xding Desi gn and Dr ug
Interaction" Ri |3 j . 1. G R . [0017]
Ao descri bed horarifoRHEh Ttk sttt AR ARE Ml e Ryl
substituted w tdivanegeof a ppdagdiedistits physivtlpropsuieh sash aaeshantddeterat ed general |y
above, or as ex Lifled parti.cul.ar Sses | and .speci es of
the i nvention. Ofu%t’( for B%relgéf)lpar%%ng}l%[[%é% att ﬁfgf&mﬁ%c’ab;ﬁ?ﬁoﬁrgp@?%ﬁ? f:hg gr??ty
substituted" i sdrugeditientaeces hesogptialnfrymthetdigestive trapthordsmay enhinse idtugt ed or
unsubstituted.” m "substitu et her. . preceded by the

lLn.general . the t t ed” ‘f@ .
term "optional Iiga‘brﬁgg ?oﬁgcfn,g't?r{anfséof%gete%‘ B ylgaerf)feé’gr«gﬁ%%éts SPORYEF S en radicals in
a given struct udesivativehhdvi Beenagplgizdd fafutitizasipe i designing proSitugs. Wsing esttdn hees S
otherwi se indicated, an_optionally sufstitute up. may, have substi t uent
t each: Csubst (rtrbPEC B Brer SR g st b ot ARl Wt e B B S
position in anydegiribed) forekample, i ETHea)gdne: Chehsdtrytofl Degy Ddsigh andDeugt han one
substituent selgected fro eci fied.. u t he substituent may be either
the same or di fﬁ‘gfaé i ﬁlmégiﬁﬁ'e%gﬁ“lggﬁl?% F’b‘g?gfm'&?ﬁﬁf ﬁgw)ms of substituents
envi si oned by t0s7]i nvedéschieddein t@fppimdsloy the itvesttontnugtoptieally be i n t he
formation of staBI e or chem cal | {@{a}lsi bl e conpa &gs. The term"stable", as
used herei n, r cREHEREV RS G RIS RGN UG SRS BT BTBEE  vihen
subj ected to cog@mplifisadyportiadlhr@Mséeo subdhrics, and eboiet bfhe indl&tief.t It 841l beand
r ef er abl their recovery, purificatjion, .an se for gne or of the

BU r poses )qu scl Oaéag{fciﬁtg? g}aht?{le pl?rase “optlconaliy substituted” L1Js usecI interchangeably V%Dt{l ﬁle

phrase “substituted or unsubstituted.” In general, the term “substituted”, whether

preceded by the term “optionally” or not, refers to the replacement of hydrogen

radicals in a given structure with the radical of a specified substituent. Unless

otherwise indicated, an optionally substituted group may have a substituent at each

substitutable position of the group, and when more than one position in any given

structure may be substituted with more than one substituent selected from a specified

group, the substituent may be either the same or different at every position.

[0018] Combinations of substituents envisioned by this invention are preferably

those that result in the formation of stable or chemically feasible compounds. The

term “stable”, as used herein, refers to compounds that are not substantially altered

when subjected to conditions to allow for their production, detection, and preferably

their recovery, purification, and use for one or more of the purposes disclosed herein.



WD 2005/ 113541 7 PCTNS2005/ 016902 In sone enbodi ments, a stable conpound or
chem cally feasible conmpound is one that is not substantially altered when
kept at aw®ipgidsyre of 40C or less,,in the absence BETHB1083I6YW20r ot her
chem cally reactive conditions, for al | east a week. [0019] The term

"al i phatic" or hapeémbadineptsousidble compgunspr ighemeipally fensibleompayndas ¢t - chai n
(i.e., unbranc NG fwg bt Mt Eed dd th&d ihygdr ocar bon
chain that is%%%r%@é?@%y sgyglgeé e %glrk I!tdhgt e@éﬁ?@%ﬁgag%&or ore units of
unsat ur ati on, cibseace ofomogyre loi athérehennically besativervanditionsclongsllesstd weekat ur at ed or
that contains r anits. of Jdmnsat »0[, [ .S _aromatic
(also referr edo[p @9ﬁerg?ér’1t%ré% al]p%aglf b%)rcyfcl}ﬁlgﬁéjér gﬁfcl %éllsé)dt)%ée}tﬂ?’gfe Q%sjra W?:%%ﬁ oal kyl "),
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"hal oal kyl ", " hajcbeaitsdnydfers rmordeycliaClkoxydrévamos that is yompletalyksttedor  al koxy,
as the case may a]e bstituted w

S 1t h_.one or, nore hal ogen at ons The term
"hal ogen” meand Fat ?ﬂ“,g‘"ErOPe oymqre uT%@Eﬁaﬁ*ﬁgoﬁPwh@}’ﬁﬂm MBS or as
pa][t of a lar g&rsiﬂlm Iﬁmg oﬁz&tailzlﬁnéhafoalhdﬁyét'bf thT hﬁreaﬁlkowfébleaﬁpﬁhﬁi poapsyal kyl ", o
refers to nonocg jc, bicyclic and tricyclic rin yst ens havi atotal o
fve to fourt edtdertyt s miciralead near i tinchah o el I 5 FHRRERET s st am
'?’L omatic and V\/rmfl eﬁ}lﬂ%ﬁ)ﬁ;ﬁ]ﬁgrbﬁﬁa@nd lﬁybﬁbﬁh&ycglts@éﬁa@@gbmhmﬁl)ﬁk}n,o 7 r: ng nenbers.

e term"aryl" y. be used inter e y with the term™"aryl ring".

100231 An aryl (ﬁr‘r:ﬁ’@}kﬁ’&i’fl)r?g‘yfgqré‘?}i?&ﬁqh@ggan xy, aryloxyal kyl and the |ike) or
het eroaryl (i nqbepd) NgTheked QREaalrkyd", anded Rt arinsl it K eoyetld ohdier | i ke) group

may contain one or nore substituents. Suitable substituents on the
unsat ur at ed carm¥SHUNISOEHIBR At ar vyl or heteroaryl group are sel ected from

hal ogen; R OR[06R] 1THeterms “haloalkyl”, “haloalkenyl” and “haloalkoxy” means alkyl,
alkenyl or alkoxy, as the case may be, substituted with one or more halogen atoms.
The term “halogen” means F, Cl, Br, or L.
[0022]  The term “aryl” used alone or as part of a larger moiety as in “aralkyl”,
“aralkoxy”, or “aryloxyalkyl”, refers to monocyclic, bicyclic and tricyclic ring
systems having a total of five to fourteen ring members, wherein at least one ring in
the system is aromatic and wherein each ring in the system contains 3 to 7 ring
members. The term “aryl” may be used interchangeably with the term “aryl ring”.
[0023]  An aryl (including aralkyl, aralkoxy, aryloxyalkyl and the like) or
heteroary! (including heteroaralkyl and heteroarylalkoxy and the like) group may
contain one or more substituents. Suitable substituents on the unsaturated carbon

atom of an aryl or heteroaryl group are selected from halogen; R°; OR®; SR?; 1,2~
methylene-dioxy; 1,2-ethylenedioxy; phenyl (Ph) optionally substituted with R’ -



met hyl ene-di oxy; 1, 2-ethyl enedi oxy; phenyl (Ph) optionally substituted with
R, WD 2005/113541 8 PCT/ US20051016902 Q(Ph) optionally substituted with R;
(CH2) 1. 2( ¥y 2009@iskanal |y substituted wyth R CH=CH( PhpcTastuodomsplzy
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or heteroaryl ygmporsnduraptionabswhbtityenisioolthecdiphatio gfaup lobRT arg selec@d fro®, =NNHR*,
—NN( RO) 2 =NN Hg:(cjfzrg K = wher e each
R i ndepengﬁr&%g’é‘fl@lﬁa YR @d‘l’f%{lﬁﬂd&g)é’glelgﬁ)‘g% ﬁalf%il% bna1(F@Rsubst| t ut ed

cl |-6 ?I Id p]t’]atl C. |<,Iahpﬂ?@tua),dﬁ@d CNJG?&HI tGﬁi((Ilsalmhézﬁcglé)df(hdlf(bxhﬁllphatlg} outploagfi. R* az: e .
sel ecte rom [ iC al i phati¢ :

al i phatic, g{%in%g"%mlﬂﬁﬁ‘?ﬁ Oé?“e N@ﬁ?mg(éd i ‘%@2&: szim%ﬂ%at g ic),

Q(hal o Cl14 al i [[b@z4i C) Ana@lipHaad &(}@Ebro@mﬂiancpfraﬁp (S‘r)a nowagseitio hea@ifycﬁé rifighe

f oregoi ng C1. 4al |yphat| C groug %é IS u;@u%tltut ed. [0025 CE’[I 0
substituents orPAYHENAME GLROTE FULSHHAYE: SuHzRlt Jubstiwmis o rseiugatyd;

sel ected from Bt,ahﬁl(aﬁ?tbaaete%aﬁ%ﬁhc g@ﬁg&*of ﬁo@aﬁng)hehete@éﬁllgﬂﬂgl@ R, SOQ R+,

SO2N( R+) 2 =S) N or NR+SO2R+; erein R+ is _hydrogen,
an oétl 2)nal IC§/ sg)ﬁlﬁét‘F‘i %‘Rﬁ‘gﬂ’ %{_Dt%lag?\'eﬁﬂ’é{‘? ‘E‘Sﬁtb‘ﬁfeflﬁﬁé?’} ?/faé‘GB’éP‘i}teEPE‘e’E’lpKeny?

group and additionally include the following: =0, =S, =NNHR', =NN(R "),
=NNHC(O)R’, =NNHCO;(alkyl), =NNHSO,(alkyl), or =NR", where each R" is
independently selected from hydrogen or an optionally substituted C,.¢ aliphatic.
Optional substituents on the aliphatic group of R" are selected from NHa, NH(Ci4
aliphatic), N(C,.4 aliphatic),, halogen, C,. aliphatic, OH, O(C, 4 aliphatic), NO,, CN,
CO;H, COy(C,4 aliphatic), O(halo C; aliphatic), or halo(C,. aliphatic), wherein
each of the foregoing C,.4aliphatic groups of R’ is unsubstituted.

(0025]  Optional substituents on the nitrogen of a non-aromatic heterocyclic ring
are selected from R*, N(R"),, C(O)R", CO;R”, C(0)C(O)R*, C(O)CH:C(O)R",
SO.RY, SON(R™),, CES)NR Y, C(=NH)-N(RM,, or NRYSO,R*; wherein R” is
hydrogen, an optionally substituted C, aliphatic, optionally substituted phenyl,
optionally substituted O(Ph), optionally substituted CH,(Ph), optionally substituted
(CHj3)1-2(Ph); optionally substituted CH=CH(Ph); or an unsubstituted 5-6 membered



optionally substituted Q(Ph), optionally substituted CH2(Ph), optionally
substituted (CH2)1-2(Ph); optionally substituted CH=CH(Ph); or an

unsubsti t uyedoosn fasaenber ed WO 2005111ﬁ£41 9 PCT/ USZOOSP@IG@@‘BW“W@‘Q%roaryI or
het erocyclic ri ng havi ng one to four teroat ons i ndependent|y sel ect ed
from oxygen, nihetesepsy] or batereychie ming heving s (Rifeus Betgiqefoms mdprendently slectedn above,

two independe GHy4ER, SfERen, @f sulthtr, of) RotWitBstARIR tRRSihitbH 8btve, Ao di fferent
substituents, n&?(IH %t og;e%\o%er vv?utbrto eoat oS gﬁgto which e cﬁ R'o gqrou

bound, form a 3néperdepleacesirenessof Balor the sarpes F%W&owferaﬁ“ﬂbs“@?mﬁ ke oar yI
ring having 0- 4o iR AR HRMBom(b) n@%ﬁﬂémw@oﬁsh@&hﬁ& £50Mm-BintndeRH, OXxygen,

or sul fur. Optional substltuents on e aliphatic roup or the phenyl ring
of e are sel ect@aloplkygnhatgpcychuhiaelor bqtﬁ‘f%)éltﬂné?lavmg\ﬂ'é etgrogiomshat i c) 2, hal ogen,
Cl. 4 aliphatic, al atic),
Q(hal o C14 ali p‘ﬁ‘?’taf r(l:o)qng éleﬁ!glh él!)x@ %tldltfl&ggnl an,?é'sulﬁng?%?n%p%g%%uen Oh%

f or egoi ng ClAal 4119h%t10|g€0“gr00ﬂlp$?h@5’1 ng QfRunlsf}Gblsthﬁm@HHz{T@ﬂ@B-laW@@s ot herwi se
stated, StructuRs, daahedl aaﬁf)ﬁdu@'cﬁ@ ngf‘félg%?lc),'l\f@z,é oo, 1soneric

(e.g., enantione tere rrbr con ormatlonal))
forns of the stGQu€urabiphdtio); O@w&r@i@hplnam@ Rhﬁh)ﬂcls atipketich whereingadh ofthe  each

asymetric centﬁ; gmg%b]ﬁgﬁ]aggférore K nﬁ@gﬂ,sﬁétggrers and (Z) and (E)

conf or mat i onal ere e stereochenical isoners as well as
enantioneric, dﬁ&lﬁ er Qoh@ﬂrqth,erwamﬁatgb@ww«?scdepleﬁcdb@ﬁlfl@rer?éﬁtollmaam m xt ures of

the present c d J3Y Unl ess

ot herw se stat ggaﬁ)&é %0?1{6%0!)%1%“ C r?g]r%?réggﬁ teﬁé'ee%cg%po% ﬁ ?&t he i nvention
are within the m@peatwhall)ifmswﬁﬂ!eﬁmcam, foxaaamplesd R ynd Siednfigeratiank farwi se
stated, struct i e e conpounds t hat
differ only inu{aﬁgas glsegltrﬁggm%f&?aﬁh@?80@1630%?% %Ela%lg )%hk?ril ched atons. For
exanpl e, corrpoumdbnhammigsotrms ﬂihexsbrﬁt sisgle stct'cwhelslcalexmasfwnll ashe repl acenent
of hydrogen by d er| rit r t.h C t rbon by a
13CG or 14C enrfe LHOB’ ecatr {ereomené gﬁﬁe mf%e?osrggﬁlgl%o %mﬁ;uﬁegg)ﬁ ron. Such
conmpounds are L;sexkntlcpmpmndea«amuhm thmommﬁﬂryhm&eaﬁont Gimlless oIhermsebte&dian

bi ol ogi cal ass ption nm r 271 According
to one enbodi rrg%fs[omff'rﬁ fom}seogéhr?tcom N %ﬁelflg f’i%asre%r%g%go oe{f% of fornula I
wherei n sai d cadnyeatiord Ald&tlorialh_i/pmmsd; athdreise stated) strvfir2Odepiclell Zbréih atdalso

PCT/ US2005/ 016 grgcezant t() li?nzclu@e (:(Br%]gorl?ngs t111'at differ only in the presence of one or more

isotopically enriched atoms. For example, compounds having the present structures
except for the replacement of hydrogen by deuterium or tritium, or the replacement of
a carbon by a >C- or "*C-enriched carbon are within the scope of this invention. Such

compounds are useful, for example, as analytical tools or probes in biological assays.

3. Description of Exemplary Compounds:
[0027]  According to one embodiment, the present invention relates to a compound

of formula I wherein said compound is of formula Ia or Ib:



HN-R HN NONOOH RENHR3INI lalb or a pharmaceutically acceptable
salt thereof, wherein each in, R, R2, and R3 group is as defined above.
100281 AcoRp3bgadidser certai n enbodi mant? the RL noi ety REfT/EM905016990r nmul ae |,
In, and Ib, is C -4 aliphatic optiona?y substituted with -OR or -C, _3

hal oal kyl . In certain enbodiments, tM&R noi ety of any of mul ae |, In,
and b is C 14 aliphatj®'optionall bstit & W th - OH_~HF, -CHF2, or
-CF3. In other enbodifgents, the iety off any of for @ I, In, and Ib
is C . qallphatlc 08\} al ly supst ed w . Inoye 6t her

enbodi nent s, psu i [6029!3 Agcor di not Rer enbodi nent,
the R noiety of any R~ an P4 RE o butyl ,

cycl opropyl, or ethyl, eaegh noiety i pthonal | yH substituted with
-OH, -CHF2, -CH2F, or R*cF3.— V! certain enbolerrents Nhe R noi ety of any of
formulae I, In, and Ib is optigonally substituted W|th O or - CF3. [00301

Anot her aspect of he present inv t|o re es to,a cQ ;0f _an
formulae I, In, a'l"ﬁ‘c%‘éaﬁ@iaﬁceﬁ? egalf ‘EfF?)thgherelﬁeac’g “ét% %?‘? PP or 0.
Accor di gg ]Eo yﬁtdeﬂ?BHtalﬂ&Fe aspect, the present invention rel ?t es t0083
conpound of any or mu eln oro 11 In
certain enbodi n@ﬁ Aﬁc?rgnito TWQ?T%&“’W%%%WE)W ?rféar??'é’?p }*}ml ety of
any of fornul aeaddIb) I C 241phatle dpGonally Elibeteed witk Ol bx; -Qh h@llahmylo In de@ifigd31
Represent ati ve conpounds

formula | are o] |nTaIe1beIow WO
2005/ 113541 11 WW&O@P&l@Q@?Of?%?fZOT“?@a{% fids of Formul a
I " 1~NH JNH OSoﬁaNnallylsulSMthe@vblﬂx OHLCHF, -aHF, N7 -SH,, thsthler émblod#nentsdhe@ NH H

). \H R! moiety of any of formulae I, Ia, and Ib is C; 4 aliphatic optionally substituted with
—OH. In yet other embodiments, R' is unsubstituted.
[0029]  According to another embodiment, the R moiety of any of formulae I, Ia,
and Ib is isopropyl, 2-butyl, cyclopropyl, or ethyl, wherein each moiety is optionally
substituted with -OH, -CHF,, -CH,F, or —CF3. In certain embodiments, the R! moiety
of any of formulae I, Ia, and Ib is optionally substituted with —OH or ~CF3.
[0030]  Another aspect of the present invention relates to a compound of any of
formulae I, Ia, and Xb wherein R? is hydrogen, C,.3 aliphatic, or chloro. According to
yet another aspect, the present invention relates to a compound of any of formulae I,
Ia, and Ib wherein R? is chloro.
[0031] In certain embodiments, mis 1.
[0032] In other embodiments, the R} moiety of any of formulae I, Ia, and Ib is
hydrogen, methyl, or chloro.

[0033] Representative compounds of formula I are set forth in Table 1 below.
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~aCl HO4? HAO Cd 1 NHHO 11-OH 1-15 1-16 ¢l NNcl N~H\ I I \ C
HO-H N/ C SOH O OH 1-17 1-18 4. General Methods of Providing the Present
Conmpounds: wioOeesAlizske conpounds of thigyinventi on may bRCHYIHYIAEP0Dr
isolated in general by synthetic and/ % pseudo-synt heti ¢ nmet hods known to
those skilled idhe art for anal ogous wonpounds and as illustrated by the
general Schenes 4 and 11l below a e preparative exanpl es that

foll ow. WD 2005/113%41 PCTI U82&05/016902 Schene loyB N COCGa (a) \
COaCHa (b) \ C2 (c) N [PGPG1 234 LI R NH
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4. General Methods of Providing the Present Compounds:

[0034] The compounds of this invention may be prepared or isolated in general by
synthetic and/or pseudo-synthetic methods known to those skilled in the art for
analogous compounds and as illustrated by the general Schemes I, II and III below

and the preparative examples that follow.



N", OH HNRO NH (Fe)m | Reagents and conditions: (a) i ICl, CH2CL2, i
NaOwve, MeOH, (b) PG O, DVAP, triethylamne; (c) Pd(dppf); (d) R -NH2; (e)
Pd( PPh3) 4 wd 2006/ 93541d€pr ot ecti on/ saponi fication; (g) coREILIUSZEBIeN2 | ons.
[0035] General Scheme | above shows d3general method for preparing the
conpounds of th&hgnekent invention. At step (a), the pyrrole conpound 1 is
iodinated and esterified to form2. At step (b), the pyrr noi ety iIs
optionally protected at the_ -NH wth a suitabl e)ai g preyexting group to
form 3. Anmino dfdteewi ng gr OfIPScaHe Melrjﬁpqmﬁmiéﬁgﬁgﬁ%rt anthrar e, descri bed
in detail in Prd%ectiﬁg‘GTbup% in Oganitc NSynt heSig, Theodora G eene and
Peter G M Wits, 1991, published by John V?Iey and Sons, the éftirety of
whi ch is hereby incorporated by reference. The iodo noiety of conmpound 3 is
di spl aced by an appropriate bagronic acid or eter. As depictedt above,

bi s(pi nacol at o) di borane is ysed to form,conpound 4 homeve&,other bor oni c
esters or acids afb amenabl ento this rea#ti on and woul d béMpparent to one

of ordinary skihfyin the agty, [ 0036] use the prgsentN ounds rel ate
to a multi-substH @di%VTi i U‘%%féry, ol reacty (S _consi dered

orde
and met hods of ackivating pogitions on thke é%6%7113541 14 \;{CQH
PCTI US2005/ 016902 pyridine are utilized to degect the regiochemstry. In
step (d) above, the figst I|eavinggs group L' may be displaceg by an al cohol,
amne or thiol as desired. One of ordinary skill in the art would recognize
that various L' |eaving groups are anenable to this reaction. Exanples of
such groups include, but are not limted to, halo Hand | activated ethers.
This reaction may be followed, at step (e), by tﬁ'%géglac ment of a second
| eaving group L2 through either a nmetal catal yzed c [RAHwg reaction or a
nucl eophi lic di splacenment to form conpound 7. quvof ordihary skill in the
art would recognize that various L2 | eaving groupssare anenable to this
reaction. Exanples of such groups include, but not Iimtegd to, hal ogen,
activated ethers, boronic acid, or boronic esterj ]00371 step (f), the
protecting group on the pyrrole noiety is renoved VA 0 uitable for
renovi ng the am no protecting group used. Dependi n§ omNw#hi@ R,

1

Reagents and conditions: (a) 7 IC1, CH,CL,, ii NaOMe, MeOH,; (b) PG-Cl, DMAP,
triethylamine; (c) Pd(dppf); (d) R'-NHy; (¢) Pd(PPhs), 4; (f)
deprotection/saponification; (g) coupling conditions.

[0035]  General Scheme I above shows a general method for preparing the
compounds of the present invention. At step (a), the pyrrole compound 1 is iodinated
and esterified to form 2. At step (b), the pyrrole moiety is optionally protected at the
—NH- with a suitable amino protecting group to form 3. Amino protecting groups are
well known in the art and are described in detail in Protecting Groups in Organic
Synthesis, Theodora W. Greene and Peter G. M. Wuts, 1991, published by John Wiley
and Sons, the entirety of which is hereby incorporated by reference. The iodo moiety
of compound 3 is displaced by an appropriate boronic acid or ester. As depicted
above, bis(pinacolato)diborane is used to form compound 4 however other boronic
esters or acids are amenable to this reaction and would be apparent to one of ordinary
skill in the art.

[0036]  Because the present compounds relate to a multi-substituted pyridine

moiety, the order of reaction is considered and methods of activating positions on the



am no protecting group is used, the conditions suitable for renoving it may
si mul t aneousl y saponify or otherw se provide the carboxylate noiety as
depicted above for conmpound 8. If the conditions suit S¢poVvi ng the
am no pr otV 2OKEI35Yr oup are not suitéble for providi ng%?lﬁng%@?/ {)xyl ate

conmpound 8, then ...St . . .Qy e la | are
prepared from g yﬁéﬂ‘ggﬁgﬂr“?‘%eg‘%?%‘ée‘: r%gegfot [ né%&%g%@z?&em%ﬁ%ﬁﬁ%ﬁ%s red am ne
as depicted at gowyl (mpy.be@mplacdd by Risetro), amdteidr thidlias tésiedar@nevatdiharyecogni ze
that a variety : Lt [ e. . rn ' | i.on and can
I ncl ude the st es%hlo1 Ql%gdtnlt‘%/(gl?qstﬁ%gg ﬁgﬁ"g{a\;ré 8§<Sy é%gfngréfogﬁiir%gﬁg %nc?{r)r%gﬁ%g 8 prior
to or sinultanesatiby. Bianiples obatiemtpsiindidet bue ard @sf limittddovibalegenSmdh condi ti ons

i nclude, but are.pot. i m to,. t rihed ik.d |11 Exanpl es
section bel ow. a%gg%edr%he?%‘ tlﬁlgs rEalcmf_n, Q%?b%l\tlﬁﬁq%ﬁ’ ’Rﬂfg’? h:? b,y%%wﬁl.ﬂfé%,eﬁ%?m "d) NN
(b) (c) NO NO,setand I@viRg giR8p R3thougheifitr 4 Retsl cabagberuplimpdactiomaia i ons: ( a)
Ac20 H2Q2; (b) HNOB/.H2 i (c -NH2: (d 00381 e || _above
depicts an al tenru%%hl %c(%%% %acg%gnﬁgefﬁg?% n?p%fl %dréééoﬁea%ggrglggniﬁlgﬁgﬁ e6artu“§°e“?ul for
preparing conpoaecgsizethat vacowrIddeming igroupsvré omenakie tsthispeaction. Exhmpledbfoxi de of

conpound 9 is prepared.b r.eat ment,. W t.h roxi de. The N- xide\/.\é)
2005/ 113541 15 PETROBORRIb B0 RO e ATaR SR el et e B i i
acid to form t hmrenid ¢ser.conpound 11. The L' group of 11 is displaced with
t he desired am #]? -NH2 to form 1%&%nd thepn the LZ . group is . ntroduced at
Step (d) o ar B neermRa HEEmeteEARm MbsPHE Tel SERoi Y zed to
prepar e conpoundé&heads siitile@saesing thy ftiinb prdtedtpogrotipnged. Mdpesdigpesiestadh  Schene
| above and the Exanples provi.ded, hel ow, .Scheng IJl R R.L3 /R HN HNC
CO2R2 HN PC L2W otecting group is used, the conditions suitable for removing it may

simultaneously saponify or otherwise provide the carboxylate moiety as depicted

above for compound 8. If the conditions suitable for removing the amino protecting

group are not suitable for providing the carboxylate compound 8, then another step

may be employed. Compounds of formula I are prepared from 8 by coupling the

resulting carboxylate with a desired amine as depicted at step (g). One of ordinary

skill in the art would recognize that a variety of conditions are useful for said coupling

reaction and can include the step of activating the carboxylate moiety of compound 8

prior to or simultaneously with treatment with the desired amine. Such conditions

include, but are not limited to, those described in detail in the Examples section

below.
Scheme II
L]
L L L! R“NH RNH
= oN SN O. N
\ ) @ Ny e ) e, T O
> = 2
NO, NO, L
R3 R’ RJ R: R:l
9 10 11 12 6

Reagents and conditions: (a) Ac;0/H;0,; (b) HNOs/H,SOq; () R'-NHy; (d) L2
[0038]  Scheme II above depicts an alternate route to prepare intermediate
compound 6 useful for preparing compounds of the present invention. At step (a), the

N-oxide of compound 9 is prepared by treatment with peroxide. The N-oxide



C2R4 R3 Ra OR" Rg PG 6 13 7 [0039] Schene IIl above shows an alternate
nmet hod for preparing conpound 7 from®6. In this nmethod, the L2 group of the
pyri di nyl \Qﬁ%@iqg4 is displaced by gn appropri ate bog@nHoGE@dboPr ester
derivative to rorm 13, wherein R and®RY have the rmeani ngs as defined for

conpounds of f ogdioand'1d R fted redtbd Wittt AGH €0 foth BelhittSconpeiind i IRE BCed by the
L3 leaving group of the pyrrol e depicted above, wherein L3 is a suitable

| eavi ng group, E9UR of ¥hisdispans itk thedssiss amime R MNaip fym J2 apd then B8 Lpar e
conpounds of thg B R$RRdudeduENY @ toA¥fordBitBRlgiaR% doipbihdaMehénbeSChemes |
and 11, by those described in the Exanpl es section and by nmethods known to
one of ordi nar yutilirg fo pr¢pgretaempaynds ofthepresenidpventien acgeriing tine gaerst t woul d
recogni ze that Zuakh 8hoke Fd HORRAMMSRHdel BAowPr €SENt i NVvention may be
prepared according to the general nmethod of Schemes I, Il and Ill, and the
synt heti c Exanples set forth bel ow. 100411 Accordi ng to another enbodi nent,
the present invegkiemnirel ates to a conpound of formula A* RYO RXOB ORZ N
PG A or a salt thereof, wherein: PGis a suitable am no protecting group;
WD 2005/ 113541 | b PEFFUS2005/ 0169928 R= imi t abl e, @&rboxyl ate protecting
drlo

group; and Rx and RY| are independgntly hy C¥¥ opt) onal |y substituted
Cl.6 aliphatic, or! and RY ar ¢ t™aken together to an optionally
substituted 5-7 ne Ng. ) oBui tatfeani n tacting groups are
vel | known in the arl, and include | tHose described in det i D~i°R~Prot ecti ng
Groups in Organic Synthesis, Theodord®W G eene and Pet er N> M Wits, 1991,
publ i shed by John Wley and Sons. In certain enbodinments, t"Re PG group of A
is an al kyl or aryl &Gul fonyl noiefl§. Exanpl es of 7

[0039]  Scheme III above shows an alternate method for preparing compound 7

from 6. In this method, the L? group of the pyridiny] compound 6 is displaced by an
appropriate boronic acid or ester derivative to form 13, wherein R* and R” have the
meanings as defined for compounds of formula A infra. This boronate moiety is then
displaced by the L* leaving group of the pyrrole depicted above, wherein L* is a
suitable leaving group, to form compound 7. Compound 7 is then used to prepare
compounds of the present invention by methods set forth above in Schemes I and II,
by those described in the Examples section and by methods known to one of ordinary
skill in the art.

[0040]  One of skill in the art would recognize that a variety of compounds of the
present invention may be prepared according to the general method of Schemes I, II
and III, and the synthetic Examples set forth below.

[0041]  According to another embodiment, the present invention relates to a
compound of formula A:

Ry(l)

or a salt thereof, wherein:

PG is a suitable amino protecting group;



such groups include nmesyl, tosyl, nosyl, brosyl, and

2,4,6-trimethyl benzenesul fonyl ("Ms"). Qher such groups include Bn, PMB,
Ms, Ts, Siviig200dMs4BOM Tr, Ac, COZI? CH2OCH2CH2Si ( CHPCIUSp@848902Sui t abl e
carboxyl ate protecting groups are vvelf’ known in the art and are described
in detail in Pritieesuiiable crrbenydatd proteptinasioup;dpat hesi s, Theodora W G eene and

Peter G M Vel g 356 o hdeh iench 99 BouHR obRS) MeelDICW dighoenish Sons. 1

certain enbodi nents, group-o IS an tionally substituted Cl1.6
aliphatic group BfamiR'@p: tekemdpgethestatform atnwpb@ag.v §ubstifriod §-7 iiweberdaing of
sui table Wgr °U|IB§4iA”C‘sHiﬁa%1e z{i’iﬁ%&eetﬁ&%gﬂs e QIQHlmov&xﬁﬁla{eF’aPtyahfl PBHI‘&X X

i sobutyl, benzy nd phenyl wherein group 1s optionally substituted.

[ 00441 I n cert athesedpdsobedindetei] indtretecsing§oups of ORRunigdphtiReisaTeeofgraMbgen. [ 0045]
I n ot her enbodi r . .Jonally
substituted 5- Gérl%rréﬁﬁ%gcrl %&exﬁ?ﬁé.@rxﬁ, @g%%ﬁ@ﬁg%%g&gﬁ%ﬂé&o&a@ﬁ are taken
t oget her to foremtmdidnedts5thdPEgtquawéAhsdndilkyk edeoy] shlfony] moietyt \Exaplessaf sui t abl e

e e s
anot her enbodi niEMits”). tOtherpnasgaips intlsde Bn, MBIy iTdcERa M@dnpOMndr, dk, f or nul a B:

RI\ NH N1 , r t, thereof, wherein: RL is a CL. aliphatic
group, wherei nﬁzﬁ}l&?ﬁﬁcr%?ﬁéhgﬁbsti tuted wWith up to 2 groups

i ndependent |y s@043¢t eBuifablsrrarbORylae prokcthgtpadupairi el in®RDORey 384k 11

T L2005 01600 nBe el el MIREQNGR L b GBS Sl PIGRRE | 9, 12 1
group. [00471 |and@®etet@iM. Witspill Bditidns ] 999 heiblished byrJohh WiksytahdBorpr bvi des a
conpound of certain embodiments, the R* group of A is an optionally substituted C;.¢ aliphatic
group or an optionally substituted aryl group. Examples of suitable R* groups include
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, benzyl, and phenyl wherein each
group is optionally substituted.

[0044]  In certain embodiments, one or both of R* and R” are hydrogen.

[0045]  In other embodiments, R* and R” are taken together to form an optionally
substituted 5-6 membered ring. In yet other embodiments, R* and RY are taken
together to form a 4,4,5,5-tetramethyldioxaborolane moiety. Other suitable boronate
derivatives contemplated by the present invention include boronic acid, B(O-Cy.1o
aliphatic),, and B{(O-Aryl),.

[0046]  According to yet another embodiment, the present invention provides a

compound of formula B:

or a salt thereof, wherein:
R! is a C\ aliphatic group, wherein R' is optionally substituted with up to 2 groups
independently selected from ~OR or —~C,.; haloalkyl;



formula B, as defined generally and in classes and subcl asses descri bed
above and herein, wherein L2 is not iodo when R3 is chloro and R is

i sopropyl %}, ﬁh ‘@ sui tabl e | eavi ng gr oup is a chem catTysmoposat i s
readily d| spl'aced by a desired incor’i ng chem cal noiety. Thus, the choice
of the specifi OeasruRﬁsabcle@eﬂdeﬂﬂMhygroggrmﬁm'alsphpmedi cated upon its ability to be
readily displ ac‘gd%{i%é%%ggléi \%ﬁprﬂaﬁg cor%ngr% oro; m%J ety of forrrul a A Suitable

| eavi ng groups e art, ., see, "Advanced Organic
Chemi stry," Jerlrys Muitalle Icatihg grdup. pp. 351- 357 John Wley and Sons, N.Y.

Such | eavi ng gr include, but are _not limted to oxy
sul phonyl oxy, o@{ﬂﬁinaﬂ'l Vﬁglﬂﬁgg?‘{lrﬂf%sd ‘f&l’k“g??’%m"ﬁfﬁwyfd“‘%%& aﬂ’“{’@ fls(ubstl t ut ed
al kenyl sul f onylformapd Bmsabﬂmedgubsdllytanﬂ @ laadey hirilsibadasyds desritledibazecinid um
noi eties. Exanpl es L}_(ztabl e | eavi 9tEIOUpS ncl.ude chloro, iodo, brono,

fluoro, netha Eetﬂf”Ffﬁn AR fofto WhgL s SRIProapd R 1S 159PYOPY: phenyl sul f onyl
(nosyl), and briogus; phemydbwbafvewo@bsmhﬂcal ngpqﬁxtﬁsaﬂemlgmubm?tas the L2

nmoiety of Bis jad 049] Ac ordln n.altegna t he
T o o | vt s bt hge JurtioTes e ctiee §F B bier e Sz ddPE o medi um

For exanple, LZyéup i@pedicedipdn Q£ abﬁfnszltdmlraadﬁy dByladed bgmaﬁ@hﬁﬂ; dnBmighlt U from a
precursor of that, cogg)ggéld of f rrrul B V\:hel’elﬂ sal d ecursor contains a

group readily rBYft%e o Spite é‘?lfﬂ“nglgﬁo%sgﬁé"(‘? #‘P?:W“’inl &b P80 $8n of such a

repl acenent, saiadviiceCOiRaRE <:faénuatr>c'0161619usvmelmojth Ifid)fﬁﬁubﬂ -7, rhnWiepand group
(for exanple, a chloro_group, or hydrox é [ ch | gwr eplaced in situ
by L2, such as 3985No8oSEidenying BrUPSHE b ‘eﬂ‘? limyed AE9%be, e.g.

sodi um i odi de. suﬁu&mﬁp dpfoslll Hu‘tgﬁ‘tﬂﬁéﬂ ancympmylaopmmmh&nhﬁ@n ng group is
wel | known in the ar Advanced Organic Chemi stry," Jerry

March, pp. 430 aﬂ@myls‘éf?nylmp%on%ﬂd iSebstiteped @y lsuHenyGend diasgnivg mpigesn1 Accor di ng to
certai n enbodi riBAnSies biitdble 1@9&@@@%& uiccﬁﬁmﬁl@ro I3odd Srofmbiluddb, Phati c

optional Iy substituted with - 3 haloalkyl. In certajn enbodiments,
the R noiety drethaseswifpryl Gnesyl) tasyl, sifiash aitowhenyisnbionyl (npsydybrd fremeed wit h - OH,

- G2F, - CHR2, Phbnyl glrylhﬂ Bhﬁ{ceﬂﬁmggbgﬁr&&ﬁs ﬂ{el'f,englet}pﬂ]?ﬁ%d?)f formula B is

Cl4 aliphatic opt| on stitute In yet other enbodinents, Rl
i s unsubstit ut d6049O é@@BﬁmgL@Blliltel@tmﬂomuglemlﬁbwzeﬂ[r@mp mayderding to

anot her enbodi rg%ﬂérﬁte# RS V/\ﬁvltﬂﬂ'ﬂ%tré’ac n iR RorBxdripld i“HPMLPB dorout vl

cycl opropyl, or erel neac nmoi ety 1s optldna stltuted W|th

_OH or -CF3. [fomﬁQa]B may b¢ beseratsdivodiurfont %prequrﬁer mhMOIepqnndbf foonwtuBa B i s

hydrogen, net hy\Jvhere% said precursor contains a group readily replaced by L2 i situ. In a specific
illustration of such a replacement, said precursor of a compound of formula B
contains a group (for example, a chloro group or hydroxyl group) which is replaced in
situ by L%, such as an iodo group. The source of the iodo group may be, e.g., sodium
iodide. Such an in situ generation of a suitable leaving group is well known in the art,
e.g., see, "Advanced Organic Chemistry," Jerry March, pp. 430-431, 5% Ed., John
Wiley and Sons, N. Y.
[0050]  According to certain embodiments, the R! moiety of formula B, is C 14
aliphatic optionally substituted with -OR or —C;.; haloalkyl. In certain embodiments,
the R' moiety of formula B is C,4 aliphatic optionally substituted with —OH, -CH,F, -
CHF,, or ~CF3. In other embodiments, the R’ moiety of formula B is C4 aliphatic

optionally substituted with ~OH. In yet other embodiments, R! is unsubstituted.



chl oro. [0053] A conpound of fornula B may be prepared froma conpound of
formula B': Li N4 | , LZ R3 B or asalt thereof, wherein: R3is
hydrogen, Cl.3 aliphatic, fluoro, or chloro; and L' and L2 are each

i ndependenybyess/isaset abl e | eavi ng group,, [ 0054] | n cert AGTERNEEIPENt s, t he
present invention provides a conpound 2)? for rrul a B, as defined generally
and in classes H081]subiricaingdo ehodr smhodimebt ths Rimebieth of formanla Bticisapropy2 i s not

2 poronate i eﬁ%n%%ﬂcﬁ%?ﬂva PBAP il B ay LERTSLA 38 21

ot her enbodi nentssCRane or both of R' and RY are hydrogen. In other

enbodi nent s, R e I stituted
5-6 menbered rpﬂgﬂ a%ﬁ&egfé%g%?ﬁé%%tg OE f%(rmulaz; %B’Hrg R A’%@l l?oget her
to forma 4,4, bhlbrot etrarret hyl di oxabor ol ane rml ety [0056] As descri bed

above, a sui t ab eav ro I S hem that is

di spl aced by a L@é# edg‘ W‘ﬁgffje'ﬂﬁ‘fﬁ@fw r&‘faye O%E’i‘?&%’i‘pé’up%%{f?%agroups are
well known in tge art, e.g., see, "Advanced Organic Chem stry," Jerry March,
5th Ed., pp. 351-357, John Wley and Sons, N.Y. Such |eaving groups

i nclude, but are not I|imted to, hal ogep, al koxy, sul phonyl oxy, optionally
substituted al kyl sul phonyl, optionally stituted al kenyl sul fonyl,
optionally substituted arylsulfonyl ad _di azoni um noi eti es. Exanples of

sui tabl e | eaving groups include chloro 2 brono, fluoro,

met hanesul fonyl (mesyl), tosyl, triflategsnitro-phenylsulfonyl (nosyl), and
br ono- phenyl sul fonyl (brosyl). In certain enbodinents, the L' noiety of B

is halogen. In other enbodi nent, the L"%Dlet of B is an optionally
substituted WO &QQQ&Q%%%&Lﬂé&HPCTIU82005/016902 al kyl sul phonyl , optionally

substituted al kepyl sul foné or optional th substl tuted arylsul fonyl gr oup.
In other enbodi RelitwdrogeeCys ahﬁBﬁ“@t@}”&f’ oxphiqre; apd oy o.

L' and L? are each independently a suitable leaving group.

[0054] In certain embodiments, the present invention provides a compound of
formula B’, as defined generally and in classes and subclasses described above and
herein, wherein L? is not a boronate moiety when R is chloro and R' is fluoro.

[0055]  In certain embodiments, a compound of B’ is provided wherein L* is —
B(OR™)(ORY). In other embodiments, one or both of R* and R” are hydrogen. In
other embodiments, R* and R” are taken together to form an optionally substituted 5-6
membered ring. In yet other embodiments, R* and RY are taken together to form a
4.4.5,5-tetramethyldioxaborolane moiety.

[0056]  As described above, a suitable leaving group is a chemical group that is
readily displaced by a desired incomiﬁg chemical moiety. Suitable leaving groups are
well known in the art, e.g., see, "Advanced Organic Chemistry," Jerry March, st Ed,,
pp. 351-357, John Wiley and Sons, N.Y. Such leaving groups include, but are not
limited to, halogen, alkoxy, sulphonyloxy, optionally substituted alkylsulphonyl,
optionally substituted alkenylsulfonyl, optionally substituted arylsulfonyl, and
diazonium moieties. Examples of suitable leaving groups include chloro, iodo,
bromo, fluoro, methanesulfonyl (mesyl), tosyl, triflate, nitro-phenylsulfony! (nosyl),
and bromo-phenylsulfonyl (brosyl). In certain embodiments, the L' moiety of B’ is
halogen. In other embodiment, the L' moiety of B’ is an optionally substituted



[ 00571 According to an alternate enbodi ment, the suitable |eaving group may
be generated in situ within the reaction nedium For exanple, LI or L2

noi eties i und of formula B naybe generated ipgTRiSReIsHIcOm a
precur sor ‘QPE}?%ﬁgﬁggrrpound of fornmul 49B° wherein said precursor contains a

group readily rﬂl@}lﬁﬁ;ﬂﬁnﬁyoﬂaonmy shbétifuted aﬁcbﬁyllsulf&m lor @ptidnallBdubstitgener at i on of a
sui tabl e | eavi ng 1grou known in th see, "Advanced

Organi ¢ Cheni st #yk ulfoj’éé}&T?uHV&Peqli‘ereﬁ}?Od’H‘%tSmL IBOIWYEEIH is flaem- W ey and Sons,
N. Y. [0058] Acpesf]i NQ\tQdRBe diilte@Rb eplbsmidnt, tﬁé‘ﬁltﬁﬁl@&@ﬂﬁ%\?&yﬁ%}l @n provi des

a method for preparing a conpound of formla B: , L2 R3 B
or a salt ther egmeraiegimsinsyitip thpsaciopmedinm, Fareemglesl 5t BWItieTR 2f or nul a B' :

LI 4~ L2 R3 B confifou &fffbﬁmﬁmrrﬂ@fbe ghhekdledBin Qmaﬂagmeﬁrsém Pt &rdaaud}iHZ ,
wherein said reaction is perforrmed in a suitable di um and ergint R is

a CL.6 aliphati ef fgmsigpb’ vmxesmdwecq@reﬁﬁwmrwr@adsxtqpiamdéulworh Mp to 2
groups 'ndepenﬁﬁﬁgfs ﬁﬁ ?%%qeé&&mfagﬁ Qlﬁleagngérok]ﬁ!is%lllﬁ%lownﬁth§arpydrOgen or

C, _4 aliphatic; J(ﬁrog atic oro or o;

and L2 are eachegn@eﬁ'éddmﬂﬂ?rgams@@rmm Jetharf@ g?é@l@r%][ éﬁEQlJOIhn certain
enbodi nent s, sa@ s optionally perforned in the presence of a
sui tabl e base ordl nary skill woul d recognize that the displacenent
of a | eaving gr[ﬂﬂ@ﬁlby Agpordimg troanatheedmpbodisents tie preegit aivertion pwivides ometig

2005/113541 20 Bgﬂe&%%%%%@x%?fomulaB:

R
NH

or a salt thereof, comprising the step of reacting a compound of formula B’:
L1

N™ X

B’

or a salt thereof, with a compound of formula R'-NH; wherein said reaction is

performed in a suitable medium and wherein:

R'is a Cy.¢ aliphatic group, wherein R' is optionally substituted with up to 2 groups
independently selected from —OR or —C,.; haloalkyl;

R is hydrogen or C,.4 aliphatic;

R? is hydrogen, C,.; aliphatic, fluoro, or chloro; and

L' and L? are each independently a suitable leaving group.

[0059] In certain embodiments, said reaction is optionally performed in the

presence of a suitable base. One of ordinary skill would recognize that the

displacement of a leaving group by an amino moiety is achieved either with or



wi thout the presence of a suitable base. Such suitable bases are well known
inthe art and include organic and inorgani c bases. [0060] A suitable

medi um i s \BoSEYsMEIRE O a solvent m xhure that, in conbipgatusesvsoviseh the
conbi ned conmpounds, may facilitate t e progress of the reaction

t her ebet ween. TREhoatihe ﬁlblsdihcé&ﬂ a\.s&iﬁdblermye SathudwithtlZ Basedde @ell kinwen inthetabte
reaction corrponent? alternati. vg %sr the suitable solvent may facilitate
the agitation of® é“c‘édﬁé’f%ﬁ%la NYELRSE nore of the reaction conponents.
Exanpl es of sui foaéuje s@uumﬁedlm@‘a.dolvbmotheolmeﬁ;ﬁme ‘thm;erﬁohmmaaasxe a protic
sol vent, a hal o‘g drocarb et her, an argd]’ra . hydrocarbon, a

nated h
pol ar or a non- 'glFC%{b‘?l "8“’?8‘?“8%%”?%??1“%{?1 e progtest ofdie FpsliPRof . such

m xt ures i ncl ud@erebedhecBX THPSURabIEEONeM! 88y RfubREObeCor Mtk SfARe REBLAC SOl vents
such as benzene/ net hanol / wat er; benzegaalle\mﬁghg%t' DNVE/ water, and the I|ike.

[0061] These antPTHORS: S alfpmatiyqlyiesu maydacilipte e pgiRion At he art,

e.g., see, " Ads\ﬁlﬁ\fbﬁﬁsln §¥ £18 B moredeikk %aéﬁbn,coﬁlﬁdﬂeﬁ{ts “@i&’ﬂﬂes@f BuigBle ko 1dhts John
W | ey and Sons 0062]. Accordi ng Yet anat her enbodi nent, one or

nore reagents Ny ub@rthed?r?ﬁemagveph@ g} Prgig,q whveph 3 balpgenisd hl@k%ﬁi?% anan or gani ¢

base such as trimdhyl.mame hwmcaebohsaqma@ayd RnlPolad bk so‘l\fenm)i dnly 28 guied sai d
reaction, may serve as the solvent in addition tg its role as a basifying

reagent . [0063]thergofe Shehanirtuassirsdndsefat @amplamisugasof protin sdomgotisr ovi des a

compound of  f ofppdhid siBh aM@&&&ieHnﬁanﬁMté?Soeﬁieﬁe/%%teﬂ@‘M%qteﬂ%ﬂ&ﬁx@hlké’ and in
cl asses and subcl asses descri bed above and herein. g}]1 According to

anot her aspect, [00¢id prbeseand ?thﬁfémhlsmtﬁbbrsewa@@rea/e&mln et eg@ml aC R
NH NO y ORs "AF&%ar;lcea\bfggu @h%lsﬁ‘y'sfblng MA&T, SOEditid) frRiviley 26 BSnsAu Sl t abl e

am no protecti n% 6gr ou IS a sui | e carboxyl ate pr ot ect1 ng group;
062 Accordmg to yet another embodiment, one or more reagents may perform

as the suitable solvent. For example, an organic base such as triethylamine or
diisopropylethylamine, if utilized in said reaction, may serve as the solvent in addition
to its role as a basifying reagent.
[0063] In certain embodiments, the present invention provides a compound of
formula B’ wherein R' and R? are as defined generally and in classes and subclasses
described above and herein.
[0064] According to another aspect, the present invention provides a compound of
formula C:

RY

N
|

\ 7
Y

R3 N

or a salt thereof, wherein:

PG is a suitable amino protecting group;

R*is a suitable carboxylate protecting group;

R' is a Cy aliphatic group, wherein R' is optionally substituted with up to 2 groups
independently selected from ~OR or —C;.3 haloalkyl;



R is a Cl4 aliphatic group, wherein R is optionally substituted with up to
2 groups independently selected from-OR or -Cl _3 hal oal kyl; WO 2005/ 113541
2- 1 PCTI Uyd39551932P02 each R is independently hydrogqrcmszﬁas/mgail phati c;
and R3 is hydrogen, ¢ _3 aliphatic, fldloro, or chloro. [0065] As noted
above, suit abl eeﬁm@nﬂém@@ﬂﬂyﬂgir@’eﬁupts.@mghaueldndknown in the art and

i ncl ude those d CI’I% E q 4n Prothictl ng Goups in Organic Synthesis,
Theodora W Gre EPetErd at‘l?ﬂ YR &£ °M¥Y1, publ i shed by John Wiey and
Sons. In Certa[(lOGﬁrerﬂd;IrmEﬂtab‘ovetd&&aﬂKi@h@ptpte@tﬁng@m@sanev&]lllkylbwmm ther art

sul fonyl noi et of .such, gr.au i ncl nosyl ,
brosyl?/ and 2, Zarél 1%?&&&%9?%8%@%@3%?’?%5 @fTCtTg Oé‘pﬁ n %’56’86$y’é)lﬁnfabl e

car boxyl at e pr oTk&domn (V. dbe¢tiesndPler® M. RutgWweo 1, publiskedaytiolanwiley nd Sdascr i bed
Poter G Mt DheeR8B EROGBPHS RS LRI BT S e e PO ol 1
enbodi nment s, thEde‘rpl@ro@Bl&h@fouﬁ‘s inSlu@d‘m&m‘; toeylaldsyl, Brodsland pagd Ci-a aliphatic
group or an optj IX subst E 'Itl\,(é aryl group. Exanples of suitable Rz
groups incl ude FFE‘E"HVI’C ZSBEYP yg B , i sopropyl, butyl, isobutyl, benzyl,

and phenyl wher ﬁlOBG]eaCQihtﬂﬂ@é«hPodxﬂate@ﬂitécﬁ bwpsamn&auwﬁehmmeé?dlm%cor di ng
to certain enbodi nents noi et ormula C, is ClL 4 aliphatic

optional l'y subsfl‘?SP‘EheédP @ﬁtac‘)dn P YeHrE O“BS B &raaigpintheris Thgedoss W- €HBR5di ment s,

the R noiety ofdmidd. M@utﬁls@L bﬁLHe@EgydhﬁV@xléty'aﬁéi‘%rls)’lﬁéb?tﬁﬁ' tuted with
-OH, -CH2F, - CHF2, or -CF3, her enbodj nents he R noiety of fornula
Cis Cl4 ali phaﬁmhodub%,gﬁéﬂ ggpuee%gﬁwpwaw sustiteteq Cy.qplipbatic groyg or an

enbodi nent s, oﬁt%n&lﬂrssﬂps%rtﬂté&htrﬂ%roup[ ﬁ%ﬁﬁes/z&?%ﬁb @gg,roeﬁ)saﬂaadz%etﬂirbodl ment,
the R noiety of forrmula Cis_1soprop , cycl opropyl, ‘or ethyl,
wher ei n each noptéylyprpsvldgﬁprqyﬁhbmtyl eib@tlmewéénwlmyb@qrenmwgwup 0069] I n
ot her enbodi meng, jond1lYe ﬁgmﬂgg ety of formula Cis hydrogen, nethyl, or

chl oro. [0070] t anot her aspect of the preser] invention relates to a

met hod for pre[4fTIng Ascerding tusetaia pmpestiments the:R muoiggof fiyrnmyla C, is Ciy

aliphatic optionally substituted with -OR or —C;_; haloalkyl. In certain embodiments,
the R' moiety of formula C is C, aliphatic optionally substituted with —OH, -CH,F, -
CHF,, or —CF3. In other embodiments, the R moiety of formula C is C,.4 aliphatic

optionally substituted with —OH. In yet other embodiments, R is unsubstituted.
[0068]  According to another embodiment, the R! moiety of formula C is isopropyl,
2-butyl, cyclopropyl, or ethyl, wherein each moiety is optionally substituted with -OH
or —CF;.

[0069]  In other embodiments, the R® moiety of formula C is hydrogen, methyl, or
chloro.

[0070]  Yet another aspect of the present invention relates to a method for

preparing a compound of formula C:

R1
“NH
O3
o
(Y oRe
R3 N
PG



~ ORz R3 N PG C W 20051113541 22 PCT1US20051016902 or a salt thereof,
conprising the step of reacting a conpound of fornula A°. RYO i RXOBRz IN
O PG A ojo3odsahissf hereof, with a conpound of fornul a ggT/usidsoidbt N 4 | L2
R3 B or a salt thereof, wherein sai %eaction is performed in a suitable
medi um and  whegrei st tHefsof, Soprisitigttddted ofl actingprcompaindng fgmelag: LZ is a
suitable leaving group. R~ is a suitable carboxylate protecting group; RX
and RY are independently hydrogen or Réptionally substituted Cl.6 aliphatic,
or: R' and R are taken together tgxyeBQ an oppzonal Iy substituted 5-7
menbered ring; R is a C-6 aliphatic grogp,{wherein R is optionally
substituted with up to 2 groups i ndepentsg tI selected fromOR or-C, _3
hal oal kyl ; each R is independently hydrogepgor Cl4 aliphatic; and R3 is
hydrogen, Cl1.3 aliphatic, fluoro, or chlofo. [00711 In certain enbodi nments,
said reaction is perfornmed in the presen of Ni

or a salt thereof, with a compound of formula B:

R1
NH

N7

or a salt thereof, wherein said reaction is performed in a suitable medium and
wherein:
PG is a suitable amino profecting group;
12 is a suitable leaving group.
R*is a suitable carboxylate protecting group;
R* and R” are independently hydrogen or optionally substituted C,.¢ aliphatic, or:

R" and R” are taken together to form an optionally substituted 5-7 membered

ring;
R is a C, aliphatic group, wherein R' is optionally substituted with up to 2 groups
independently selected from ~OR or —C; 3 haloalkyl;

each R is independently hydrogen or C, 4 aliphatic; and
Ris hydrogen, C,.3 aliphatic, fluoro, or chloro.
[0071]  In certain embodiments, said reaction is performed in the presence of Ni
(ID, Pd (0), or Pd(II) where each catalyst may be associated with a ligand such as
ferrocene or phosphine based ligands. In other embodiments, said reaction is
performed in the presence of Pd(PPh3)s.
A suitable medium is a solvent or a solvent mixture that, in combination with the
combined compounds, may facilitate the progress of the reaction therebetween. The
suitable solvent may solubilize one or more of the reaction components, or,
alternatively, the suitable solvent may facilitate the agitation of a suspension of one or

more of the reaction components. Examples of suitable solvents useful in the present



(rr), Pd (0), or Pd(1l) where each catal yst may be associated with a |igand
such as ferrocene or phosphine based |igands. In other enbodi nents, said
reaction is performed in the presence of Pd(PPh3)4. A sui tsabd ﬁﬁ‘{gﬁdi umis a
sol vent orW@28WIN®At ni xture that, imIonbination with FHESER d
conpounds, may facilitate the progress o he reactio r aeen. The
suitabl e sol veni"VFH n%rglatﬂr)?ticiS(z)gelg%ehazotgenr?%rd té]y%f) ‘e érne%%e%ﬁmgﬁ?og%hpx\ﬁnent s, or,
alternatively, hyieocathiot,alhotar s0d meFiolamayroticesolveit) @taey mibduragjthemofl. Snclof a

Sorvents. uset ul "repaTRIE ek SR SR RISk B do0 2 7 °

i nvention are abgaieinetimablivestdr;, beazdnevage DMK datay dndibatibon, an et her, an

aromatic hydro on,.a polar or .a n-pol ar aprqtic solvent, or_any
m xtures ther eoﬁ’%guc HBSS2R¢ ﬁtﬁ’%rss“fhnsgﬂ%&eesggfgtﬁ A WPV iyt ?%'Lgsg" & protic
and non-protic %dvisded OrgmiiClemisty's Geraridirais 5h adidbn, WetineW{lesomd SemeNiat er ;

DVE/ wat er, and like. JDO7 .These, and .ot her such sui.t abl olLvents are
wo 1 enonn T I, ¢ 1 eyt ehha R Spdi Bt e oo tigh A2p T pASTORE | 5
March, 5th edit Cagperfbahed i\ neytueod DSMHmd wiiteY. [ 0073] In certain

enmbodi nents, th acti on between conpounds and B to form i erforned
inamxture ofﬁ)ﬁﬁfﬁ ahﬂc‘?ﬂé’tneer“}bo ‘ﬁﬁ?tﬁ’]qgelrﬁac@@‘? %W?FnéﬁB’B?ﬂnﬁﬁﬁtag‘,i%tt%go eaction
]EJet vveelrol COngugdﬁsﬁrﬁgﬁled&th&rﬁpﬁfamre@nérirgg%@ﬁﬁlﬁhﬂmeﬁtbIGO‘TCBfIﬁﬁthaflioure rangi ng
rom about to 150 T, In other enbodi ts,, .t reactio et ween
conpounds A and*BPqdEnentsy the Eeaplonpepyegh mwﬁ%aﬂﬁ%ﬁﬂgﬁm 1§ RergEed B at a

t enper at ure r angidi@vave aradakionit ak&beatirOradfidg fom[a06uf 200 I0t02604d, ot her
enbodi ments, the r actioq betvveg\n,co ounds Aand Bto formCis perforned

at a sonewhat bHSYY pip stldhes pobedimensy. g rsagtonRsE¥RER compRIatTR AR Bihe present

invention provi ges (Gis pAfefedis .abmawk@bRRWH] of fornula | wherein said

prodrug is of formula R (RRY)Ym HNRNOOM HR3 N R8 1]
[0076]  According to another embodiment, the present invention provides a

prodrug of a compound of formula I wherein said prodrug is of formula II:

- (R?)p,
HN”
' i
OR*
Z N N
R3 \ N "
\R8

11

or a pharmaceutically acceptable salt thereof, wherein:

R is a Cy. aliphatic group, wherein R' is optionally substituted with up to 2 groups
independently selected from -OR, -OR* or-Ci. haloalkyl;

each R is independently hydrogen or a C,.¢ aliphatic;

each R? is independently R, fluoro, or chloro;

mis0, 1, or2;

RYis hydrogen, C,.; aliphatic, fluoro, or chloro;

each R* is independently hydrogen, -C(R),0-R’, or R?, provided that at least one R*
or R® group is other than hydrogen;

each R’ is independently -C(O)R, -C(O)ORS, -C(0)-Q-R®, -C(0)-(CH,)»-C(O)OR’,
-C(0)-(CH2)w-C(O)NR ")z, -C(O)-(CH2)-CHRONR )z, -P(O)(OR):;



or a pharmaceutically acceptable salt thereof, wherein: RLis a Cl.6

al i phatic group, wherein RL is optionally substituted with up to 2 groups
i ndependenfyoyrossahegi ed from-OR -OR4, or-Cl-3 hal oal KyRCT/@s2005/08590%

i ndependently hydrogen or a CL.6 ali p?fﬁti c; each R2 is independently R,
fluoro, or chl oesh RifisiisdePendéntlydryd@genan ¢ptiohallsehgtmted Ch.s Bliptatipgravd @, f 1 uor o,
or chloro; each R4 _is.inde - 20~ rovi ded
that at |east one®R &08? %@ﬁ%ﬁ%ﬂ?g@%ﬂ %{g&rgﬁ %{%&&%égb@%w@%g’ﬁ? &g@l S

i ndependent | y - C( @hdR6yratedGir@)h@r6g 0-4GeE)oa@mRindepeBily c€tb2d fr@@i OHORE,
-C(O-(CH2), C(O)Nf‘%évz 260) - (CH2) . - CH(R6) N(R7) 2, - P(O) (OR6) 2; WO

2005/ 113541 24 PCf (5’651} 6902 each R6 is independently hydrogen, an
optional |y subsedch&f &dndepdndénthyltiygiogen, C(@IRIHC(OJORM-SGPLROR@RS, yn subst i t ut ed
5-8 nenbered saturated rfi.a turated or. full .U turated ring
having 0-4 het er o8P o™ %@%%‘étﬁ‘ijé%ﬁ%gﬁ a?&%é’&? gradnf(}p é‘r’ﬁla‘}\iyf‘; Q%Stété’%?%'égxygen, or
sul fur; each R7 i snenibekeeanttatnd, |pyrtinyumsgented.-ocfullyRbsaturaeQinimying 8(40) 2R6,

-OR6, an optionally substituted . Cl.6 al.iphatic group or an optionally
substi tuted s 8 - BeVERPER AL AT e, el 87 (U1 Ty
unsat urated ring hawwo®®0n the siied sitrorh otom thled eqpetherewitt the sidogatatsn f r om

ni trogen, oxygen, or sulfur, or: t R6 _on the sape nitrogen_atomtaken
Logether it hthe ni t royet beedims R Rara o G me el SRR vy
saturated, partially ufiigtunsa@tasd, ringhavifig!l-8 Yetesostains imbdditionito the hatogey 1- 3

heteroatons in addition ta the nitrogen, . .ato i ndependen selected from
ni trogen, oxygen, or sﬂ?’f‘d?é,epgrggﬁ&yﬁe geyfrom 0 °g%’”8’f?%8’bt°ff)‘1t’\é‘¥’l y substituted
Cl. 10 al kyl i deneacehai ;g;wherein zero to four nethylene wunits of Q are

i ndependently replaced by -0-, -N(R) -, -S, -S(Q-,. -S(0)2-, or - C(O-; and
R8 i s hydrogen §r’s Qﬂpﬁ?@éyﬂg’.smt‘tﬁégj?waﬂ‘é’k‘%“ﬂFW‘%ﬂ%?‘i’é?%&%ﬁﬁﬂ%nts, t he
RL noi ety of for myhigs dfiQ dréinddpéndedtly RPREIIDYODL,-N(AL,|-§-, BOPS IO Ler wi th - OR
or--Cl.3 haloal kyl, In certain enbodi nments, the R noiety of fornmula 11 is
Cl4 aliphatic opt p&%ﬂﬁ“g substituted with -OH, -CH2F, - CHF2, or-CF3. In

ot her enbodi menkSis nidiegeRor DORGIYRYf fornula Il is CL.4 aliphatic

[0077])  According to certain embodiments, the R! moiety of formula II is Ci4
aliphatic optionally substituted with -OR or —C,.3 haloalkyl. In certain embodiments,
the R' moiety of formula I is C;.4 aliphatic optionally substituted with ~OH, -CH,F, -
CHF3, or —CF;. In other embodiments, the R! moiety of formula I is Cy4 aliphatic
optionally substituted with ~OH. In yet other embodiments, R' is unsubstituted.
[0078]  According to another embodiment, the R' moiety of formula 1 is
isopropyl, 2-butyl, cyclopropyl, or ethyl, wherein each moiety is optionally
substituted with —OH, -CHF,, -CH,F, or ~CF;. According to yet another
embodiment, the R' moiety of formula II is isopropyl, 2-butyl, cyclopropyl, or ethyl,
wherein each moiety is optionally substituted with ~OH or —~CF3j.

[0079)  Another aspect of the present invention relates to a compound of formula XI
wherein each R? is independently hydrogen, C,.3 aliphatic, or chloro. According to
yet another aspect, the present invention relates to a compound of formula II wherein
R? is chloro and m is 1.

[0080]  In other embodiments, the R moiety of formula II is hydrogen, methyl, or

chloro.



optionally substituted with -OH In yet other enbodinents, R is
unsubstituted. [00781 According to another enbodi nent, the R noiety of
formula Il is isopropyl, 2-butyl, cyclopropyl, or ethyl wherei n each

noi ety is wotdoasasdsy substituted with 9@H, - CHF2, CI—IZﬂfT’BWOQS(ﬁi@”zAccor di ng

to yet another _enbodi nent noJ et romy i 0
2- bﬁt yl, cycl opf¥8 | Feréaﬂm?}?bOdl%ﬁﬂ@r%ﬁﬁX@ R?}'D’F'@l ‘?rse’%ﬁé fe%ed
substituted wit B g &k find Gl 00V BbroiAROLITO) ZEREAH Pl ah bpticalgsent | nvent i on

relates to a conmpoun f ormu wherei n each IS |ndeE§ndentl
hydrogen, C1_3 é.‘qub‘ﬁféf‘pd:s al@SYth’Pﬂ ‘@F‘BWhﬂ&?Wﬂ’tﬂ&“EB‘ethy@Pe‘é‘Hﬁf’ %spect, the

present inventi giepeah@iesepiRehyCQNMMRY -8f ef,(@g23 (@, brmgy-eahmwﬁasl s chloro

and mis 1. [0080] In other enbodi nents nolety of formula Il is
hydrogen, et hyfefing 11m&eﬁ%lraédlm%esqsykém&s%nbmb%%@#tmgoz [00811 In

certai n embodi NRBLEInEY andthécHbodnBR; Q R dnl tl&Iah?EubQﬁmeﬂ CrpAksides) higd to a
conpound of forrmula IT wherein R4 is, g‘a(&) is an optionally
EH'C

substituted C i Woeramgyp fofepamethdens up) E‘é?R?n@eé‘ﬂY BakcsmH-e i ts of Q
are i ndependentioypd igRbRCEI, B H; €,0- - N CH,CIBOCH, (-, and iR Rez-, or - O -
and R6 is as défined in general and in classes and subcl asses descrlbed
above and her ei H082]ac ¥t anailer aped abthp piescahisyMtiaR provides 4 wmpquasiafi onal | y
substituted Cl gkt wﬁ&aﬁww(@) (am t@mﬁww); OtncChtfin SRAdAhSRC WL L S of Q

are independently repl aced roups i ncl ude - CH2OCH2CH

- mzmzmzmz@wheramodlmww,Méanmwziy wbwustﬁb‘timhpb@p@compof t he pr esent
G RE) NCRT) 2. 1 e S R B AL don U5, Mol S ERL o 1
an optional ly slikstThed® SwUQ}Oth%@(D&h@Hz)cCijPoBﬁR )2 Bidarmpulell indludeuch R6 groups

aroups of t ne. P ey rens & vl RERGABY ) piphitroup O Bl o ek Bl
an optionally suigblﬁemuthEUb@Zyl&thﬂhlmmpvbt-yﬁﬂumdtwldﬂml es of such groups
according to, onlVOEEr Lo Sl o ple S M badt Biallon Rl Lbmbliftatl "0F
formula I \/\herémmuﬂalwherbny&fuggdrogébOOSM According to one enbodl ment, R4 is
he Ré or oup' of NPBdatychilef S BpPabl ) REDL Nafle B P rerr uention,

i ndependent | y hjid#Bsjgerin ogrtaitrnembodiments of the present mvenhon the R* group of formula I

is -P(O)(OR®),. In other embodiments, each R® is independently hydrogen or an
optionally substituted C).s aliphatic group. Examples of such R® groups include
methyl, benzyl, ethyl, isopropyl, t-butyl, and the like. In still other embodiments, the
R? group of formula II is -P(O)(OH),.

[0086] In certain embodiments, a compound of formula XI provides improvement
with regard to one or more physical or physiological characteristics. In other
embodiments, a compound of formula IT imparts improvement with regard to one or
more physical and physiological characteristics.

[0087]  Representative compounds of formula II are set forth in Table 2 below.



optionally substituted Cl1.6 aliphatic group. Exanples of such R6 groups
I ncl ude nethyl, benzyl, ethyl, isopropyl, t-butyl, and the like. In stil

ot her enbodi nents, the R4 group of fornmula Il is _P(C%&ﬁ%$3' &8%861 In
certai n erwodessariss, a conpound of forgula Il provides AGHISEYEMRE with
regard to one or nore physical or physiological characteristics. |In other
enbodi nent s, a.E%ﬁ%%und of fornmula Il inparts inprovenent with regard to one

or nore physi cal anquhysiologicalN@haracteris ics. [0087] Representative

conpounds of formula +tware set ffeth in Tabl e”2Nbel ow. WORED51113541 26
PCT/ US20051016902  Tabysy2. 0 Nj2d/ INH ap- O wﬁo HN HN- O |
k ONHNI HO
H S-nk -

NHO aCl Cl | NHO C 142~ Y'NH O JNH f-O )
Il 1 NHOC 01 0 C C NH T 3o ag"~NH 0, / D N HN1, HNJ. .
CC NHOI G G I NHOO 11-5 16 o "~-NHO? NNHO Nf ~I\ rO HN HNJ.
C NHOC C 0/ C -1 I1-2
/LNH O»/ /LNH FO‘POO
0 24
Nl: \H’-/.: N(: \HN_[OHOOH
Cl \ NH O O’GI Ci ‘ NH O @-»CI
1I-3 11-4
o
/LNH ow /LNH 24
0 N o
Nl: \ HNI '1/ \ -
G lNH 0 ®”C' ¢l ‘NH o @"C'
II-5 1I-6

-7 II-8
[0088]  Methods of preparing such prodrugs include those set forth in detail in the

Examples section infra and methods known to one or ordinary skill in the art.

5. Uses, Formulation and Administration
Pharmaceutically acceptable compositions

[0001] As discussed above, the present invention provides compounds that are
inhibitors of protein kinases, and thus the present compounds are useful for the
treatment of diseases, disorders, and conditions including, but not limited to cancer,
autoimmune disorders, neurodegenerative and neurological disorders, schizophrenia,
bone-related disorders, liver disease, and cardiac disorders. Accordingly, in another
aspect of the present invention, pharmaceutically acceptable compositions are

provided, wherein these compositions comprise any of the compounds as described



[1-7 11-8 [0088] Methods of preparing such prodrugs include those set forth
in detail in the Exanples section infra and nmethods known to one or
ordinary skill in the art. 5. Uses, Fornmulation and Adm nistration

Phar maceutwoabdsy1zsetept abl e conposi tiops [0001] As di sRIETEEIEEWE t he
present invention provides co%ounds that are _inhibi f)ors of protein

ki nases, and t hieseiphadpenticpally OBRE M gRermpceutically arcepiple amer, JABNeNERt of

di seases, di sor ¢aficle. IaRert4R BElbdiaaEs, R déﬂipﬂ@ﬁonb@f;tidiﬁﬂy hirtiet Rehpti cancer ,
aut oi nmune di sorders, cgeur odegener ati ve and neurol ogi cal disorders,
schi zophr eni a, °YBHe2qUGoeLYeARUEGEME | i ver disease, and cardiac

di sorders. Acco[ogp2]g! Yit will ABObLEeppredHEE @at @brdil &Ff Hhe $eMpounaY @ tredéht

pharmaceutically acceptabl e conpositions are provided, wherein these
conposi ti ons cofPFIterR iy cHft f%é‘eﬁoi?ﬁBuf?HsméE“%seFr iVHSEP \ABPTOREES) 1263841 27

PCT[ US2005! 01690 mitehtRhally acdBslatdp tdriRitale | therdo® Mdch @hgdo PRI BRAENehE, b Y
acceptable carrier, adjuvant or _vehicle. In certain enbodi nents, these

conposi ti ons opPhagRagerdraly r pereptalle mepieliveonieludss, nbkle Wddiot| &mted ¢ Fer apeut i ¢

agents. 100021 }farhdehtically SocBiRalAP Rl Cs@iseehits BAduch @8R & R ofeadagsmpunds of
present invention can exist in free formfor treatnent, or where

appropri ate, asdaivaigieayhish 8pan dminigiragion &he Rpticat opsedds icarablerrd meyidingaccor di ng

to the present hi%éﬁ?%i RRirecdly, PBARFREEH bifdllsY 8RR LS Harhioli@r
includes, but is not limted to, pharnaceutically acceptable salts, esters,

salts of such ewmsidpathergef. any ot her adduct or derd vative which upon

adm ni stration fggof Pahi &k hbRinRE thrih SpiaARRBLR D addE RO refertol sl | Y OF
indirectly, a conpound as ot herw se described herein, or a netabolite or
resi due t her eof saltp 03] arpswitlge dhehéoops af squne medisal juggraenineidiable derl ysp in

acceptabl e sal t oo f0f Ghf 18 tisgl%?eof Rahs a}{\é‘il&i?erae[n?mehl!"it ifHof Bﬁﬁ:e%ﬂ?& of sound

medi cal judgnent, suitabl use in contact wt e tissues of "humans
and | ower ani mairstatign, ABergic umebgurset asdithd tike, and prej coanmpensuratg | Wil gireasenellponse and

the like, and a AIRensUnat | . = f j sk. i0. A
"phar maceuti cal eglegccep?%glAe @gﬂamﬁgaéﬁ?geﬁ%@%gﬁ{tt %E?{;‘s dgg}n? h ?)Jéucr%glo? of an
ester of a conpsuinef of estéri of 2 rvompound rpftthiatinvenpiom thati nipeh sidmértistetont t» a

Compound of & i CCPRRE (60 X Sl inetbbiaP it SF kel S MRRBER 960, i aue

t hereof . As usetivérgiorionan inhibitorilg metiveinretebblitt or residuatheieot Aetst) bbwingthor

residue thereof {ermm?"%ﬂﬁ)it&t@l@tacﬁvenr%gtgpo%ej (t>rere§)1£1ue thereof” means that a metabolite or
residue thereof is also an inhibitor of ERK2 protein kinase.
[0004]  Pharmaceutically acceptable salts are well known in the art. For example,
S. M. Berge et al, describe pharmaceutically acceptable salts in detail in J.
Pharmaceutical Sciences, 1977, 66, 1-19, incorporated herein by reference.
Pharmaceutically acceptable salts of the compounds of this invention include those
derived from suitable inorganic and organic acids and bases. Examples of
pharmaceutically acceptable, nontoxic acid addition salts are salts of an amino group
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric
acid, sulfuric acid and perchloric acid or with organic acids such as acetic acid, oxalic
acid, maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by using
other methods used in the art such as ion exchange. Other pharmaceutically
acceptable salts include adipate, alginate, ascorbate, aspartate, benzenesulfonate,
benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate,

cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate,



residue thereof is also an inhibitor of ERK2 protein kinase. 10004]

Phar maceutically acceptable salts are well known in the art. For exanple,

S. M Berge et al., describe pharmaceutically acceptable salts in detail in
J.  Phar meweubisaadssSci ences, 1977, 66,4, 1-19, i ncor por atRI/HRPIS{0K69p3,
reference. Pharnmaceutically acceptabfé salts of the corrp unds of this

i nvention i ncl ufiemaggiyselucalientprptes FYETAPERIPRaiG| @uqoﬁéfﬁgéﬁ?ﬂ@“gﬂﬁﬁ braeate aci ds

and bases. Exanpl&go.®f hyRR@HRCOULRA)-biaREARALEDR0bARE, Olﬁbﬁteanuf?at@ddl tion
salts are salts of an amno group  formed with inorganic acids such as

hydr ochl ori c acletmy! w&feoma@m aalgatedmalgpate; redhanesulfonsie 2-naphthalinesulignalyy and
perchloric aci dm@éhn‘é&et hutfh'fé;aﬁba@e a&x‘aﬁ& ?dﬁx*ﬂtaﬁ:s ;ﬁﬁx%&tbcpééﬂngte, 9éﬁﬁhfa€é ncid,
maleic acid, tartaric acid, citric acid, succinic acid or | onic acid or by
using ot her rrephwulﬁroa@e@reunhoqph@ie,awatglm‘ﬁl%pﬁoewn@%@mw&esucam‘@rsul ate,

phar naceuti cal | %rtxa@&%‘x%ﬁi?it@ Eﬁ‘)ﬁdeﬁeshl@&la{éd‘?xn&%;%% Cyal&h@ afd end ARE Bkdat e,

aspartate, benzenesul fonate, ~benzoate, bisulfate, borate, butyrate,

canphorat e, canf#r dauived feme apreonriatet bases ke sl anetk effalimesth megl.uconat e,
dodecyl sul fate, Qi?ﬁ‘lﬁsaﬂcll f\]e@fﬁ ﬁkyﬂ&ﬁ@tﬁus 1%@&%513%3%%% e quatemlzatxon

PCT/ US2005I 016902 umar at e, gl ucoheptonate ycer ophosphat'e, gl uconate,
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discloses various carriers used in formulating pharmaceutically acceptable

compositions and known techniques for the preparation thereof. Except insofar as any
conventional carrier medium is incompatible with the compounds of the invention,
such as by producing any undesirable biological effect or otherwise interacting in a
deleterious manner with any other component(s) of the pharmaceutically acceptable
composition, its use is contemplated to be within the scope of this invention. Some
examples of materials which can serve as pharmaceutically acceptable carriers
include, but are not limited to, ion exchangers, alumina, aluminum stearate, lecithin,
serum proteins, such as human serum albumin, buffer substances such as phosphates,
glycine, sorbic acid, or potassium sorbate, partial glyceride mixtures of saturated
vegetable fatty acids, water, salts or electrolytes, such as protamine sulfate, disodium

hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts,



other liquid vehicle, dispersion or suspension aids, surface active agents,
isotonic agents, thickening or emulsifying agents, preservatives, solid
bi nders, lubricants and the |like, as suited to the particul ar dosage form
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present in the conpositio at or .
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compound or pharmaceutically acceptable composition is that amount effective for
treating or lessening the severity of a disease, condition, or disorder selected from
cancer, an autoimmune disorder, a neurodegenerative or neurological disorder,
schizophrenia, a bone-related disorder, liver disease, or a cardiac disorder. The
compounds and compositions, according to the method of the present invention, may
be administered using any amount and any route of administration effective for
treating or lessening the severity of cancer, an autoimmune disorder, a
neurodegenerative or neurological disorder, schizophrenia, a bone-related disorder,
liver disease, or a cardiac disorder. The exact amount required will vary from subject
to subject, depending on the species, age, and general condition of the subject, the
severity of the infection, the particular agent, its mode of administration, and the like.

The compounds of the invention are preferably formulated in dosage unit form for



of cancer, an autoi mune di sorder, a neurodegenerative or neurol ogi cal
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[0008] Liquid dosage forms for oral administration include, but are not limited to,
pharmmaceutically acceptable emulsions, microemulsions, solutions, suspensions,
syrups and elixirs. In addition to the active compounds, the liquid dosage forms may
contain inert diluents commonly used in the art such as, for example, water or other
solvents, solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl alcohol,
ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-
butylene glycol, dimethylformamide, oils (in particular, cottonseed, groundnut, corn,
germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol,
polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof. Besides
inert diluents, the oral compositions can also include adjuvants such as wetting agents,

emulsifying and suspending agents, sweetening, flavoring, and perfuming agents.



adm ni stered to humans and other animals orally, rectally, parenterally,
intracisternally, intravaginally, intraperitoneally, topically (as by
powder s, g%ﬂgmﬁn or drops), bucall i as an oral or peagaEcpLay;, or the
| i ke, depending on the severity of infection being treated. In certain
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aci ds such as elI'c acid are used In e ‘preparation’o I njectables. [00101
The injectable ¢fdhqrmnaxommﬁlexed¢pemb @P@rﬂi taiez@(ﬂlssﬂmlonetkatrrm @m may fiedend at i on
through a bact I 1 b or, g agents
in the form of Tef o LA At cricblhe B, MuRARER PRLABEEL (o

di spersed in stpardntezallyaadmingtered compound form 1s accompllshed by dlssolvmg or
suspending the compound in an oil vehicle. Injectable depot forms are made by
forming microencapsule matrices of the compound in biodegradable polymers such as
polylactide-polyglycolide. Depending upon the ratio of compound to polymer and the
nature of the particular polymer employed, the rate of compound release can be
controlled. Examples of other biodegradable polymers include poly(orthoesters) and
poly(anhydrides). Depot injectable formulations are also prepared by entrapping the
compound in liposomes or microemulsions that are compatible with body tissues.
[0012] Compositions for rectal or vaginal administration are preferably
suppositories which can be prepared by mixing the compounds of this invention with
suitable non-irritating excipients or carriers such as cocoa butter, polyethylene glycol

or a suppository wax which are solid at ambient temperature but liquid at body



other sterile injectable mediumprior to use. [00111 In order to prolong the
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g) wetting agen%s g?flctﬁﬁ?% dragges, EaPSHRS 8318’ a(’:‘glg?i“ & @B%Ipr%’ﬁffmm tReartes
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pharmaceutical formulating art. They may optionally contain opacifying agents and

can also be of a composition that they release the active ingredient(s) only, or
preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.
Examples of embedding compositions that can be used include polymeric substances
and waxes. Solid compositions of a similar type may also be employed as fillers in
soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar as
well as high molecular weight polethylene glycols and the like.

[0015] The active compounds can also be in micro-encapsulated form with one or
more excipients as noted above. The solid dosage forms of tablets, dragees, capsules,
pills, and granules can be prepared with coatings and shells such as enteric coatings,
release controlling coatings and other coatings well known in the pharmaceutical
formulating art. In such solid dosage forms the active compound may be admixed

with at least one inert diluent such as sucrose, lactose or starch. Such dosage forms
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known in the DhaGRREAULIEAbnark el hathdbid carddd aRt6) rB0lch redORYE diOT 5 the

active conpound may be adnt xec [ 1 east one | uent such as
sucrose, | act osbuffars astreaydie reqgirech Opbtbalec fooryafionap 3B, 21864 1r@g are also

PCT/ US2005/ 0169 . e, ' . pr i i.tLanal
subst ances ot he?%tt?'u n ?cﬁés?%l&g%{é%&%cg% %fs‘h@?%b é%r{)régﬁfnggaﬁlycgﬁ gésgﬁr?]d ot her
tabl eti ng ai ds swettioa ratpmpkiesnths tuseradt teansderdalnpatehes, r yhich | Havendhec eddedl ose. | n

t he case of cap . I4l f conprise
buf feri ng agent gwa%a%ey‘;%éﬁ&o%% IE’JC})%% %dydeié%eﬁ# gﬁ\g%%gog?? §/°| tﬁgg %dagg% h?%‘%& can

al so be of a cofgmoscdn termidedly diskadying of dispessingtbe awtpouad imife popemtedaim. onl vy,

or preferentiall i ertai rt o he | St hna ct. optionally, in
a del ayed nman né‘?gs_or%{%él?repnﬁaengérgf i}’eﬁ%ebcfd‘?%%]goclgcr%ﬁ%é i%?el %‘Rxs&tth%? o é’ng%cr?Jsged

i ncl ude pol ymer the skisulist mteces banchtiebeddsy. eith@Oi6lidiDg 8 age cérarolimg nmmbtampi cal or

transder nal adm r’g this 11 nvention incl ude

! Ny it heQbr? u%gri%’”'?d Hinark e !

ol ntnents, past 83, (ﬁpgé%, | 8PP%I’1 ) g%qysl? powaer §, sol uti ons, Sprays,

i nhal ants or paf0dis. Ak desashedpenadlypboentheicompolmdx efithe hlettichtagy vdefal
as inhibitors of ERK protein kinases. In one embodiment, the compounds and
compositions of the invention are inhibitors of one or both of ERK1 and ERK2
protein kinases and thus, without wishing to be bound by any particular theory, the
compounds and compositions are particularly useful for treating or lessening the
severity of a disease, condition, or disorder where activation of one or both of ERK1
and ERK2 protein kinases is implicated in the disease, condition, or disorder. When
activation of ERK1 and/or ERK2 protein kinases is implicated in a particular disease,
condition, or disorder, the disease, condition, or disorder may also be referred to as
“ERK1- or ERK2-mediated disease”, condition, or disease symptom. Accordingly, in
another aspect, the present invention provides a method for treating or lessening the
severity of a disease, condition, or disorder where activation of one or both of ERK1

and ERK2 protein kinases is implicated in said disease, condition, or disorder.



conditions wth a pharmaceutically acceptable carrier and any needed
preservatives or buffers as may be required. Ophthal mc formulation, ear

dr ops, 6¥®5H5%§§ are also contenpl ated as bei ng wipchius2ds@16960pe of
this i nvent| on tionally, the presdht invention contenplates the use of
transdernal pat poes, VﬂHeCd’étlbl@/Gfib@nﬁﬂﬁ’&dﬂlm@d\iﬁﬂhﬁgﬁerﬁfmp&Qﬂllﬂmﬂ@rGﬁntr0||6d

delivery of a co Such dosage, . forns can e

di ssol ving or df mﬁ%gﬁq%‘{?epfefa & ey bfﬁésag"rddﬁé(ft""n@d"”ffrﬁr m %ﬁn@jlf 15t i on
enhancers can alS@rdgssaisastiide aksaszsrm&etehﬂee fnlhib&oafofiéhlﬁar@}ferm@whdryaﬁmoss t he
skin. The rate can_be ¢ ntroIIed e|t ing a rate ntrollln
nenbrane or byacﬂv@b‘err‘% 8 ‘fqtfel%@l% Mﬂg&m’?ﬂ?? terpatp i [0017]
As described gengsalshys qamiteae ﬂimlmyaamaimmtef totmd {o WKL bOPRKZ proweief ul  as
i nhi bitors of ERK pr fqg n ki.n ses | n one ﬁg)b msnt1 "B x‘E}J%[Tgounds and
conposi tions of KPHE i ’@H?‘ila ng Way Rt meistes OY gedielakellineg thoi f© and ERK2
protein ki nasespiadifl, listamsng ’eh'eHrbﬁBitbr/ERﬁhbﬂlﬂhlb@)rm%ﬂﬂleménmerﬂﬁﬁﬂgltEdJ| ar

t heory, the conpounds and conpositions are particularly useful fo&treatl ng

or | essening thdouakelgpiiplpbdpoundy; Alieznatively, dntabiior Spding may; befletsgpingg

activation of ORgnifga Q&ﬁﬁbtﬁﬁn ER& imed Whelo RER iRHiBIEcR fte KilcNBRQBWIISERRDLE cated in
t he di sease, condition, di sorder. Wen _activation of ERKJ and/or ERK2
protein Ki nasesENéZP’ﬁf?Fqlﬁ&%Sé?PWﬁf&kﬁ%ﬂ”%iaé‘ml@l“d%l sease, condition, or

di sorder, the djgpgse, Tieqqd ‘trﬁéaébralﬁymﬂibﬁowﬁ‘s'éd H@fh’m%éﬁﬁ’s PhRedsGHRE E&ﬂgé 0 as
"ERKI - or ERK2-nedi ated di sease", condition, or disease synptom

Accordi ngly, inin BRE{ ha&r EE—S%eRf?temt kieaspras§uit bEORN i SMPIT 6UPRIBISasafkt hod f or
treating or | es&)%{b'oﬂgoﬁ RRd = ex BIYERRZ r@ieﬁze*i%ﬁﬁse Gﬁf‘%tédﬁﬂale&r sdippor der
where activation of one or both of ERKI "~and ERK2 protein kinases is

i nplicated in sempriging ERKS or EBKZirroteip kingse ig thesbgpape ofiagdxomppsitions Suciz4

PCT/ U5200510169 SARUAB D Big 1 i d

i nvention as anﬁ%n%&@%géfJ;P&n%ﬁdsygégglt}p &e%ﬁ{KZ p?%llt elfn f(dlair?;%gs nn%yﬁt)
assayed in vi t rand ingiudgithose methpds sot fordh hergi bedow. | n vitro assays include assays
that determ ne jypdyibit or ATPase
activity of act‘ vat]ed ‘E‘&Krd%c% tg%l; erhot eﬁ%@;&ﬁgﬁ%ﬁ@& Xﬁ%&?‘ﬂ%ﬁ’é‘“{’&n& vitro
assays quant i t ainbibiting ERKil lor ERK3 ﬂ)roﬁdmekmash adtivityyin a metierit nomprisingrkd steprof ERK2

i bi tor  pr or A O b i RS} A3nbanf o BASHE il FLcBRBROh; 10, | Eraco

conpl ex and detmnmﬂngl@achMpoambunt of radi ol abel bound. Alternatively,

wher o new i ni bTRS obg (R heck BAup sonfl of Rufba bl R e, PR 0" Douna

t o known radi ol anydisdase or other deleterious condition in which ERK is known to play arole. The

term "ERK-mediated condition" or "disease" also means those diseases or conditions
that are alleviated by treatment with an ERK inhibitor. Such conditions include,
without limitation, cancer, stroke, diabetes, hepatomegaly, cardiovascular disease
including cardiomegaly, Alzheimer’s disease, cystic fibrosis, viral disease,
autoimmune diseases, atherosclerosis, restenosis, psoriasis, allergic disorders
including asthma, inflammation, neurological disorders and hormone-related diseases.
The term “cancer” includes, but is not limited to the following cancers: breast, ovary,
cervix, prostate, testis, genitourinary tract, esophagus, larynx, glioblastoma,
neuroblastoma, stomach, skin, keratoacanthoma, lung, epidermoid carcinoma, large
cell carcinoma, small cell carcinoma, lung adenocarcinoma, bone, colon, adenoma,
pancreas, adenocarcinoma, thyroid, follicular carcinoma, undifferentiated carcinoma,

papillary carcinoma, seminoma, melanoma, sarcoma, bladder carcinoma, liver



100191 The term "measurably inhibit", as used herein neans a neasurable

change in ERKI or ERK2 protein kinase activity between a sanple conprising

said conpggihisAmssand a ERKI or ERK2 pr ot ei n ki nase andccmsepsioveddent sanpl e

conprising ERKL or ERK2 protein kinase3%n the absence of said conposition.

Such neasur enepdrsinofa qmdd»ﬁlmr;rpaksag@s’edmtcammm}aa,amwldm@mdqrb hywphoidf  or di nary

skill in the ar u Rl gl [ 00201
t

According to ano’tscl’ﬁrgers’ ﬂrﬂ%‘a %e}]awgﬁﬁﬁe@%@gan %ﬁ&prhe% K:b rﬂ? 1, Brﬁ@ ’hrg%ﬁh

i nhi bi ti ng ERK1ploarynERigllintedting, wolon-meetun, dargd iviestinej mctampghrtinend cepaipr i si ng t he

step of adm ni ient a conpound of the present invention,

or a conpositi oﬁéﬁ&usg%te% aﬁﬂegk&gﬁat conpound. [0021] The term "ERK-nedi at ed

condition" or " wosklaseA¢coahngh5cadot}1ﬁe|embcvdimclEaﬁ$e pam]lt hivertias eelaies tot her

del eteri ous con i n_whi nown g . . erm

" ERK- nedi at ed c% ém K lﬁssenmg %Isesv 8%1 OfonaI°§ Bnorr?easr?gsef o"gtélgh |I§%e§s§%§w%¥o

conditions thaplaga ﬁ)lalSpemﬁaﬂllgdhbyreseneavemmrtrehmha amethdAofi trchliixtgidror Such

condi tions incl tatlon anc troke S

hepat onegal v ceurs eetiely o5 Qb8 SRl RE e B i Ren S0 ke rer - o

di sease, cysti chépatmmagalﬁ car‘dlolvaslculdn &RmélacludmgtcmdmmtgﬂyMIsmﬁS disease,

at her oscl erosi s enosi s, ;. psor orders |nclud|ng

asthime i nf | amBETBIS e RGBT e R eI Penifed i ssases.

The teen " cancepsonasirg bltlwlgs disbrdérs hﬁluﬂmg adthrid, irfldmimatib) @aedrologioaidisgrde@ncer s:

breast, ovary, ¢ i X, gbate st.i s, $§iﬁ“§our|nar tract, esophagus,

larynx, gliobl a8t mmﬁ Fﬁ@@ preig faidyetiod cpprises sdpiisieE f homa, | ung,

egi dernoi d car szﬁﬁﬂiﬁnnéeﬂlfﬂ@@eofﬁgérhp&ﬁlb@hd&&ﬂ&g t@ﬂ@bfeéﬁﬁidvexﬁmm nonw, hI ungcI

adenocar ci nons, e, colop, adenoma ancreas, adenogarcjnona, thyroi

follicular car c{(ﬁgﬂa %?ﬂf?? 1edP @Rtthes cho ‘F’E’ltﬁ“cﬁfﬁ“m BYEHRPT BIAPS 94 i nonm,

sem noma, Mel angidthod sRiteaMiipEa cabée@ﬁki&fed%hﬂréh@%aﬁ M@, M&&@Q&h&l%ﬂ

PCTI US2005/ 016902 .35, carci nona_ and_bi | i ary. passages I dne carC|nona

nyel oi d di sor deBSHOYTMFHEF Y cOPRGHY &TE™: $49) BR‘PW“@“%@P?‘?}“%@ opach, gkikcal cavity

and pharynx (or RértoachhtRomd, ARG UideFRdd BarcinddlaYgd%ell 8418hdmd, Bh@Stdne,
colon-rectum large int est i ne, rectum brain and central nervaQus system

and | eukeni a. [ BATSIDYMZ IS ARRTAGFS 0NN BRI 40108 rASSRATHe RANCESRS, PARDOGATGIROTHY

i nvention rel at os@folﬁau%karagorgi uhﬁﬁ&&ma&a chibBoRe \Wapillhry c@EinBfg Or nore

di seases in whic known t o gl [?/ arole. Sp emﬂcaﬁéiy t’he pr esent

i nvention rel at éfsnmqsnaamﬁhﬂmsqsw% addepgprepoma, ek s3rpingme prd biliayer i ty of a
di sease or condpidpes mh&_;&faﬁc%oﬁ{a%&a@eg&de@tl}l;r@g&ﬁxd HoAReS €84 Ggmﬂﬁ@mﬁ}megal Y,

cardi ovascul ar di séase 1 ncl udi ng car |onegaly, Al zhei nmer”s di sease
cells, buccal cavity and pharynx (oral), lip, tongue, mouth, pharynx, small intestine,

colon-rectum, large intestine, rectum, brain and central nervous system, and leukemia.
[0024] Another embodiment relates to a method of treating melanoma, breast
cancer, colon cancer, or pancreatic cancer in a patient in need thereof.

[0025] It will also be appreciated that the compounds and pharmaceutically
acceptable compositions of the present invention can be employed in combination
therapies, that is, the compounds and pharmaceutically acceptable compositions can
be administered concurrently with, prior to, or subsequent to, one or more other
desired therapeutics or medical procedures. The particular combination of therapies
(therapeutics or procedures) to employ in a combination regimen will take into
account compatibility of the desired therapeutics and/or procedures and the desired
therapeutic effect to be achieved. It will also be appreciated that the therapies

employed may achieve a desired effect for the same disorder (for example, an



cystic fibrosis, viral disease, autoimune di seases, atherosclerosis,
restenosis, psoriasis, allergic disorders including asthma, inflanmmtion,
neurol ogi cal disorders and hornone- related di seases, wherein said nethod
conpri ses WOMMSI1EISEring to a patient need t her eof JCJGW%O {9
according to the resent i nyention CL Acco ?“g! V% not heF enhodi nent ,
the present invEH¥ ‘118?1"?18?%'{1 ?ayd’eaf‘d"’gﬂﬂtﬁ CoreuE ﬂ‘g g 35%63 U¥E1Rct ed
f romhbr east , I OVinday 1heCsa1‘nE:cD{mrdaf)06ﬁ ity may @ctiéve dlff@em iefredty (er‘ga,rQOntrdslaﬁ‘tany
esophagus, |aryn a neur o ast stoma
ker at oacant hona ‘&F‘iﬁgﬁho Ui zér‘ﬁfﬁ geregy éﬁ?‘id ’é’i‘Pﬁﬁ‘ c"&lﬂ’iﬂs égallcai%&ﬂ@’aug mal |
cell carci norraadnhms@readermeﬁmcpﬂam,a ﬂihﬁtbﬁlar Ak£8, orac@anian, arpdMoweas,
adenocar ci noma,,, t r0|g glllcular carci nome, undifferentiated carcinomg,
papi | lary carci rf8Hat riate or fhe G156ase. B PORINR, PR EYRA: bl adder carcinomm, | ver
?:ar C|h no(rjradand 3[obz@r y Fdiib&&xﬂgeS%helﬁbﬂi&@yeuﬁ?ﬁz@etnf)boﬂiﬁotlhé‘fyﬂﬂnqirdlféihg@r f]geﬁts,
ynphoi i sorders i.n airy cells uccal cavity an nx
(oral), lip, tomguRe ofl W‘%ﬁ’é °“%drsrﬁh}“'°‘| iRYenten i9dveat Rrpfifgratiye et | ar ge

intestine, rect éﬂdlcaﬁlfeﬁl Fxadiplks @emomlchaﬂdwaapiut&ya%teﬁmncﬁa@l bufak Btilignited [ 0024]
Anot her enbodlnent relates to_a nethod of treatipng nel anoms, breast cancer,
col on cancer, o FRISERRIE other therapips oranticanesr parmts el mexdg upeddR &R binatign 5] | t

will also be apwrﬂecthatlmnﬁdaaamfcmexcegeaeuaﬂ%eap@sdahaﬁmﬁ&ummhIaugegccept abl e
conposi tions of the oresent i nvention can be | oyed i n conbination

therapi es, t hatfigthefape (ig beﬁﬁﬁ‘ﬂ%xaﬁﬁlfs’pﬂ?%@é@ ?fbalrswnaf&e’eﬁe%beaw,

conmposi ti ons Cadlectdf b@ﬂxﬂd&lo‘ﬁie%? Cor618A @lefab$, %&cﬁymergﬁy afd kﬂfenﬁ@nadi@ﬁctﬁél bsequent
to, one or nore other desired therapeutlcs Qr procedures. The

particul ar conbis#aReoR ngPe ¢ fryefRiedine termpy.dyidlogls EC§P°c5‘Fe epeéeaéweéym% enpl oy
in a conbinati oftef1gikir¥E AndMumor (rdkBsié Mcfor (@Nﬁﬁw?haxﬁé) A0EY), Hybérdtémalh ahde
desired therapeutics and/ or procedures and the desired t herapeutic effect
to be achi eved. cryqthegpny} aggnisotopsicnysin ami adverge effeats (g antismatisshend Ot oyed nay
achi eve a desir g &td ShdmdiRapbil SABE iftRfHdSht Q&Oﬁmﬁeaafsplaﬁcyxa WRgs
20051113541 3 6 PCT/ US2005I 0f6902 Fnventi ve conpound bé adm ni ster ed
concurrent |y wi tmechlpsthamineggeerambust, t @yclephesphamide sbéf«‘iehﬁiﬁnsoi[fd@#f)ude)or they
may achi eve dif N Y, C

used herein, %ﬁ%? f)&%%lﬁ@s ﬁ‘g%tgjpt%g%tigc ‘é‘g‘%né st&%) Rg{s a%?ep nggd{ﬁ‘{ ?&a&)‘né{% ﬁl st er ed
to treat or pr eMemptepupaﬂ i Thlugnourtis e fS@aralile, ¢ Gauictdbing), aapeldbnopmsoas
"appropriate fo S r [ o Oor

exanpl e, chenotweégg%telﬂ% i g&glg%lﬁ‘?s V‘ggfb‘iﬂl{% Oﬂglﬁt?zl‘?é_l)” ?% B@I%ﬂr}se (gg)é%t}ds may be
conmbi ned wi t h thaoteermp o Tapkdecat), thn@awtmer@pwhl@n,t r Bepmpein) | Mitomydine

di seases

nitrosoureas (Carmustine, Lomustine), inorganic ions (Cisplatin, Carboplatin),
enzymes (Asparaginase), and hormones (Tamoxifen, Leuprolide, Flutamide, and
Megestrol), Gleevec™, adriamycin, dexamethasone, and cyclophosphamide. For a
more comprehensive  discussion of updated cancer therapies see,
http://www.nci.nih.gov/, a list of the FDA approved oncology drugs at
http://www.fda.gov/cder/cancer/druglistframe.htm, and The Merck Manual,
Seventeenth Ed. 1999, the entire contents of which are hereby incorporated by
reference.

[0027] Other examples of agents the inhibitors of this invention may also be
combined with include, without limitation: treatments for Alzheimer's Disease such as
Aricept® and Excelon®, treatments for Parkinson's Disease such as L-
DOPA/carbidopa, entacapone, ropinrole, pramipexole, bromocriptine, pergolide,

trihexephendyl, and amantadine; agents for treating Multiple Sclerosis (MS) such as



and cancer. Exanples of known chenot herapeutic agents include, but are not
limted to, For exanple, other therapies or anticancer agents that nay be
used in cogBlp@hiAm W th the inventive anticancer agerscI/gsoushessm esent

i nvention include surgery, radiother a%—f/ (in but a few exanples,

gama. -radi at i Olﬁl:ta neerferon fe. geAmnem‘?jandtRebrt%)pglgapaxeie@camdamtdaqu,anstmmenter apy,

pr ot on therapy chyt hera a mC L 0 0 nane a
few), endocrine® Sgl?né V,cgﬁf %?5188‘ QanF§'¥ Bﬁse’ rgg#l gr(ré%stln %C}fﬂo ﬁ}eﬁ’gi"&ha

i nterl eukins, a@@rebcurrﬁﬁpeﬁm;rmsdqself and dwuloperdpl; 4nti- mﬁamnaor&ewg)ents hsppteras her m a

and cryothera ent enuat adverse.eff eg

ant i eme%ll cs), p%cﬁ“i‘??'ﬁ &, ;@ﬁ?gﬂtﬁé’g&r&h&%%@r ﬁﬁﬁfﬁ‘f) ey Osho(sﬁla % 3% but not
limted to, al kyﬂﬁiddﬂ@edriﬂQﬁunoﬁﬁMhb@r einbarﬁnnmnosahbressazebwgedts such as

Cycl ophosphami de, hal an,.. | fosfam de), anti mst1 bol i tfg trexate),
purine ant agoni %?’i“? » py RIS e TR EBni SPSORIETOIRK  cHBfe 1pur‘ln crons,

5- Fl uor our aci I co@x’do@tér’btﬂsl @yclégioEihbiaide,n @JathiGpinadked polfsalsine; (Muﬁh:loplstl ne,

Vi ncri stine, or el bi Pac hyl I ot o S (Eto osi de,
| rinotecan, Top QB! aérﬁcf’tﬁéc%%l’inﬁsgﬂ%sﬁd@?ig% 8 }ﬂﬁg’b} tl“ﬁer emnf’o?ﬂ?m n),
ni trosoureas (CegniusdntsNidn dhaxindbblbdkess, rilugudé, pad hﬁll-Pﬁhﬁlsc(rﬁnngbrﬁi iagents for

Frutan de. And SHEHBPHISNEnE At A" AFPATYERIS ACKAMPPHRoRE g

cycl ophosphani dﬂtratEQEalﬁumﬁiﬁirﬂelmnérehﬁ@a&ﬁtﬁ; Qbﬁ@ﬂﬁ&ieﬁﬁhg(m‘vertﬂm%@ﬁthQanCer

t herapi es see, hitp://wwy. {; ni, h. g}ﬁ\é‘% a list,of the FDA asgﬁr oved oncol ogy
drugs at http: 9%%%\935"613 BT, Ton 2 PRt gl 289015 PRTISQE THANBE Mer ck
Manual ,  Seventggsd disdebrs shgﬁas colrtitRsteraidk, a8t CRRERI0 tafer®, 2 r6WthadERork &R DY

i ncorporated by reference. 10027%0& her exa | es of agnt S the inhibitors

of this inventi?sniniEs T4 imRuNQds ?"r%é‘swd?fﬁ °H@P eEme PPBut | i nitation:
treatnments for rlgbid)el MEHfe énﬁﬁﬁﬁa&iu&idpmeﬂﬁeuméﬁ%%%ﬂ%ﬂﬁ mamcoﬁap@ﬁh&ﬁ(of)

treatments for ar ki nson' s. Di sease such Al car b ent acapone

ropi nrol e, pranfaxEpaon BHRFROMsE thea theanaypl thefavould ?qrwébe iptered, g

amant adi ne; agefgt § doHpolifiGaichi | tHaPltRerapheRr @SdnE o6 M cHUF R
20051113541 37 PCT1US 86510169%1Mébetaa |rr1e§erfer%ér? R oo )ro{gnand

Rebi f(r)), Copahesfseably) theamepusi pﬁﬁ%&lqneln@erapw@at%wt@ gxmres bh#ﬁ:l@e@h as
al buterol and SipgakighdsGFin ran@gﬁ&hébéu%o%Ecﬁﬁio%'&tﬁeci?ﬁo%ﬁ%ﬁmyapr&%% as

zyprexa, risperdal, seroquel, and hal operidol; anti-inflammtory agents such
as corticost eresmpssitiamgomprisiag Setagentias the paly theapewtioali dofiee agepic| ophosphani de,

and sul f asal azjogy) | TUAANDHL BHREHAN he DRROSHRREE S HEAGARLS SUCh as

compositions that do not contain an additional therapeutic agent, comprise the

additional step of separately administering to said patient an additional therapeutic
agent. When these additional therapeutic agents are administered separately they may
be administered to the patient prior to, sequentially with or following administration
of the compositions of this invention.

[0030] The compounds of this invention or pharmaceutically acceptable
compositions thereof may also be incorporated into compositions for coating
implantable medical devices, such as prostheses, artificial valves, vascular grafts,
stents and catheters. Accordingly, the present invention, in another aspect, includes a
composition for coating an implantable device comprising a compound of the present
invention as described generally above, and in classes and subclasses herein, and a
carrier suitable for coating said implantable device. In still another aspect, the present

invention includes an implantable device coated with a composition comprising a



cycl osporin, tacrolimus, rapamycin, nycophenol ate nofetil, interferons,
corticosteroids, cyclophospham de, azathioprine, and sul fasal azi ne;
neurotrophic factors such as acetyl cholinesterase inhibitors, QQAC%Z

i nhi bi t or s WO ¥IB#Ions, anti- convul sgg s, ion channel PP | 70 ¢,
and anti - Par ki nsoni an .agents; agents for aﬁtl'%effti nlgc1 cay di ovascul ar di sease
such as bet a- bl GeREWd chdhe RIRERiRYIRN asfegiribeq generallyapave, and m classes aad channel
bl ockers, and stsgbdidases e afcafriet fufiatilé fog cdatiM@éaidinfpRatblesddibe. as
corticosteroids, cholestyramne, jnterferons, and anti-viral agents; agents
for treating bIBWBA i S Sterty r%?%amé’gr g"f"ﬁég‘f”e‘r‘s{% s OVEEPIC TPEEREME agent s,

and growth fact ghfowiap@f dRgRReS whidhftéliaty).N Holveveleutiehts Gigg sintsliob othetler s such
as ganmma gl obulin. 100281 ,The amount of additional therapeutic agent present

in the conposi t ii@AEnahle dgviges rigkcletformstiongnnlatge apvaien e hepatnvaRted Ststint ¢ hat
woul d nornal |y hgaghp@ientear &tnitigftePbF BRRO&IM:! A deREPHItE IaNghatnRéutcIgT apeut i ¢
agent as the only active agent. "Preferably the anmount of additional

t her apeuti c agerfecepiblerromppetieneqmpriginga bistse inibitgso sPuitablacopines ardifise from
about 50% to 10Q20&f1 $BGATRUG cAREMRIPIMtaBleRSREs bRt BescERAPASTUE! Bifknts
conprising that agent as the og&g t herapeutically active agent. 10029] In an

al ternate enbodi%REASE2;t hEGA20h ers SS044 i s Thaeentinzs irq fmically jbiqepmpatible
conposi tions t gk ARrD0MERREAI AN A Hi@BR LBFERRE WolymeRffliloxaa@MPr | S€
the additional step of separately adm nisStering to said patirent an

addi tional t her agveanrdactorge nelyethyiens glyrel erolvéatic reidasthylensr vipd rctteteatiént s are
adm ni st er ed Se%&ﬁk@#tﬁ&rf&?ﬁﬁ@%aﬁ&%,xﬂé{lﬁbﬁﬂoﬁ&lﬁf & ffred Eﬁve%tﬁy%tsui%leor to,

sequentially with or owi ng admni stration” of the nposi‘tions of this

i nvention. 10030drcT3ieotc Gngrotitiese,opolysacaaridesy poly¢tbylensr glypelr whesehaliidal ory
accept abl e CP”QQ&I:M@% th%ﬁégft%%fap nfoIRE rdiisd AGRERALRAL ﬁad:hé &%oﬁﬁcﬂ?os' tions
['ant abl e nedi ca ev as p , arti

for coating inplanta I ces, suc rost heses i cial
val ves, vascul al0@32hf t dnothet espest efntie datehtareredatesAociohibitimg| ERK 1 loe BRKZsent

i nventi on, inap k,: . 1 e i L . i
| mpl ant abi e deviii iy suBBnEhby L EbURERGan GRTP A Ballb b mEBR) LGB0,
descri bed gener atlininistdsing ¢9 tha patienh oc¢cagstig saiddidogiwl sswpdswitler edmpoundiel a
carrier suitablegf [ said | A I il er
aspect, the pr egheeni3 {eseﬁlﬁ\%\;ﬁ ig%nn%% %c%%@ggérﬁ%'ﬁ%%gnr% gag? e o@gﬁng.e ggg? ée with a
conposi ti on conpbiobigitg smpMe”’269 béel lidtedd, iB8GudeETWithbSP Niohkids 2612 culboespaund of
the present inventi as Jdescr.ibe ner al above nd | | asses_and
subcl asses her eieﬁt,racasn &0 tglro %leedrm% ﬁ‘?‘?é’g?léleéf %?m(?org?rfuﬁeg car gacgsn’%?r ﬁf?@l e
device. 100311 Vamdisabva, sfirenfeses, feanen,doasi ather badyefluidsen extsetd tiepeofiver conme
restenosis (re- yog33)  Inhibition of ERK1 or ERK2 protein kinase activity in a biological sample

is useful for a variety of purposes that are known to one of skill in the art. Examples

of such purposes include, but are not limited to, blood transfusion, organ-

transplantation, biological specimen storage, and biological assays.



narrowi ng of the vessel wall after injury). However, patients using stents
or other inplantable devices risk clot for mation or platelet activation.
These unweyy ads/phiAacts may be prevent gg mtigated bgTPSWORWAW2NG t he
device with a pharmaceutically acceptdBdl e conposition conprising a kinase

i nhi bitor. Suitable coatings and SYRTHEJEQEXAMRLESpar ati on of coat ed
i npl ant abl e devj ar,e d crib S n 3,886, 026; and
[Q(%gfl n éigsu efel yrbﬁx%t Hb rg)f’élrs?o t&l Hgﬁ(e}(?c%%gﬁg%me

5,304, 121. The Ica i 0CO meric materials
such as a hydr mgﬁdteqpadsgﬁmesdwxﬁﬂhycmmmyhdjl@uléssmhﬂwse iplidatedabe BPECt one,

pol yet hyl ene gI aC| h ne .vi getate, and m xtures
t hereof. The c rqd‘g ¥°§3§T’P oge%r%%efl%n n%els%sg%g?‘gd by a suitable

t opcoat of fluorosili cor(axlulﬂﬁlA@laﬁtc/aZ(DRiB.sX Byl ylers.0gk 60mm / PN
phosphol i pi ds or conbi nat reof ' rt controlled rel ease
characteristics in the con%gggﬁ @d.sm{%@%@q&ﬁot her aspect of the invention
relates to inhibiting El:déldlart RN MRCNIoeér'8 hiniiese activity in a biol ogical
sanple or a patient, h nmet hg}j .conprises admnistering to the patient,
or contacting said bi ol J‘?"&aﬁo@ AP wi th a conpound of the present

invention or a conmpositimdecEOiRI4 fithRfd ZRAimh compound. The ter m " bi ol ogi cal
sanpl e", as used here| n, includes, wthout, limtation, & %cul tures or
ﬁ&ﬁ‘l

extracts thered?035hj o;’ryé‘#eéﬁmh%{f"@?f“glcatﬁ?ateé‘ihngd‘mp‘dﬁs&bﬁ%’d MR act s

t hereof ; and tdmsiandscahbm(i nithbd€corfesol® to tRRBBAMpuB@hismbe reflted®f body
fluids or extracts thereof. 100331 Inhibition of ERKl or ERK2 protein kinase
activity in a tﬁaB]ngl cal sanple is useful for a variety of purposes that
are known to one of skill in the art. géanlpl es of such purposes include,

but are not limted to, blood transfu rgan- transpl antati on,

bi ol ogi cal spe st.or age d bi ol o assays. WD 2005/113541 39
PCT/ US2005/ 016 @@BP Y{?ﬁ‘ﬂﬁ% Wﬁﬁé":“?ﬁdg‘g{ﬂ’ As used herein, the term"R"

refers to the HPLC retention tine, m nut es, associ at\gd with the
conmpound. Unl ess ot herw se indi cat ed, t e\HPLC th iXlized to obtain
the reported reteqgtion tinmenis as fol |l ond: ?”ué ﬁllentm@&%x SB- C18
15 pm/ 3.0 x 18/ —-PN— 8Bo78#302—+~ Shi-SB G adi §gb:  10- 90% MeCN
over 8 minutées Flow 1.0 nUnfnute Detectism: 214 run and 254 nut [ 00351
Unl ess otherw se indicated, each 'H NWR obt ai ned at 500 in
N N
@\ '1 l\ CO,CH, %cozl-i
NH
o”S’
)\NH Q /
CI
\\ CO,CH;
,,\¢0 B OH
o Nl/ . HN_/"
a L o @"C‘

2,2,2-Trichloro-1-(4-iodo-1H-pyrrol-2-yl)ethanone: To a stirred solution of 50 g
(235 mmol, 1.0 equiv.) of 2,2,2-trichloro-1~(1H-pyrrol-2-yl)-ethanone in dry
dichloromethane (400 mL) under nitrogen, a solution of iodine monochloride (39 g,

240 mmol, 1.02 equivalents) in of dichloromethane (200 mL) was added dropwise.



CDC13 and conpound nunbers correspond to those conpound nunbers recited in
Tabl e 1. Exarrpl e 1 100891 Conpound 1-9 was prepared as foI lows: | 4 QOO
CQgCH, CO, CH NCOCq, I\ COCH N-O0c b NAHHO ‘' JINH NH ' JI NH COgH
a1 N 002&192065/119,?410 ONH\ ~y { ~f@H NHHN NC P?T"’Swz Cl NO NH
upl ~ 4\ HN C

2,2,2-Trichl oro- fe‘S)néﬁﬂilell—ﬁwfrspgiadfr%n}teﬁgerﬁtgﬁe forzl'hour’S ?Sforluetl nE& ution of
50 g (235 nmol waghed wittjuD%. p)ota@a‘imﬁca’u’b@alerwaténIOMsddfu@iﬁop;lfaltaakat@atyd) et hanone
n d di chl orongt h der e

Irmnocr:KI or: de (E%@qﬁm ag%&n‘g‘lﬁdo %Lrs u%(ﬁﬁl?a\t/aﬁ & ‘P)a“@%“és?“?‘&. CEPC%II: Beﬁ‘r‘é(ieﬁane (200
m.) was added dprpsares&he A@d%ﬁ)ﬁéﬂ;ﬂt&ﬁﬂeﬂMWﬂeklﬁﬁﬂ@Bdceﬁﬁgﬁ)’a’ffora'kl&tnﬂesul ting
m xture was stirred a t on was
washed wi t h 10ty°?f8?°éf§é G pelonkss: 013(862{")2%@6&53% ?ﬁr%ﬁ%l fate,

saturated sodiumchloride, dried over sodiumsulfate, filtered, and
concent r at ed unddpde-bdwpyesle-prabexplie acid metlgbpstet: Tas strirmdrsykttiai ofi 2z2e2:+ from

hexanes/ met hyl %?c%o%[ ?(& %dgfl prygrof P?l)etllla{[nlor?e (68g, 201 mmol, 1.0 equivalent) in dry
methanol (400 mL) under nitrogen, was added a solution of sodium methoxide in
methanol (4.37 M, 54 mL, 235 mmol, 1.2 equivalents) over 10 minutes. The resulting
mixture was stirred at room temperature for 1 hour. The volatiles were removed under
reduced pressure and the crude was then partitioned between water and fert-
butylmethyl ether. The organic phase was separated, washed two times with water,
saturated sodium chloride, dried over sodium sulfate, filtered and concentrated under
vacuum to afford the title compound (48g, 96%) as a colorless solid, that was used

directly without further purification.

4-Iodo-1-(toluene-4-sulfonyl)-1H-pyrrole-2-carboxylic acid methyl ester: 4-Iodo-
1H-pyrrole-2-carboxylic acid methyl ester (24.6 g, 98 mmol, 1.0 equivalent) was
dissolved in dichloromethane (150 mL) and triethylamine (30 mL, 215.6 mmol, 2.2
equivalents). 4-(Dimethylamino)pyridine (1.2 g, 9.8 mmol, 0.1 equivalent) and p-
toluenesulfonylchloride (20.6 g, 107.8 mmol, 1.1 equivalents) were added and the
reaction mixture was stirred for 16 hours at room temperature. The reaction was
quenched with 1 M HCI and the organic layer was washed with aqueous sodium
bicarbonate and brine. After drying over magnesium sulfate, the solvent was removed
under reduced pressure and the residue was crystallized from ferz-butylmethy! ether,
yielding the title compound as a pale yellow solid (30 g, 75%) Ry(min) 8.259

minutes.

4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-1-(toluene-4-sulfonyl)-1 H-

pyrrole-2-carboxylic acid methyl ester: To a degassed solution of 4-iodo-1-
(toluene-4-sulfonyl)-1H-pyrrole-2-carboxylic acid methyl ester (20 g, 49.4 mmol, 1.0
equivalent) and bis(pinacolato)diborane (15 g, 65 mmol, 1.3 equivalents) in DMF
(200 mL) under nitrogen, was added dichloro[1,1°-
bis(diphenylphosphino)ferrocene]palladium (I) dichloromethane adduct (3.6 g, 4.9



conpound (68.5g, 86% as a colorless solid (86%. M5 FIA: 335.8, 337.8 ES-.
4-1 odo- 1H pyrrol e-2-carboxylic acid nmethyl ester: To a stirred sol ution of
2,2,2- tryphb@nessir (4-iodo- I H pyrrol 2’? yl ) et hanone (6RET/VRIWSHREIN2 1. 0
eqU|vaIent) in dry nethanol (400 nL) "under nitrogen, was added a sol ution
of sodi um nmet howdotjed. I equivaent)afid refclioB hixvhre 5¢s tien sEBE&d andl °C for 28 bouss.val ent s)
over 10 m nute t t ture for
1 hour. The vo?‘(gt “iel%o{llv\gme f)]{?@ ung@éééddéf% ﬁ{’@sz?ur? thé %@ﬂn@é%&cebqﬁ‘a% g[{gﬁ’yeagcr ude was
then partiti onmspémded/\mehethwteéwr €0 mlypnd a snhxiplrmuaged irgmpdiately THds slidani ¢

hase was sepay %ﬁgnﬂ t
(F:)hl oride, drPegg%\%gvaso i u%aﬁsou P& h@‘ﬁ?a‘ﬁ% t er‘x\%ﬂeg{]"élﬂéglﬁc%?}lﬁgtgrégg ag vacuum
to afford the ddidl qyecMgﬁ@urﬁbn(cﬁt&gtlomﬁﬁv&dedsheamd:&wmﬂoas@aS@I\Mhdef sqlideandvvas used
directly w thout 0
4-1 odo- y 1-(tol u%sed ﬁl%mleli"on I ﬁﬁﬁﬁ&ﬂ @Iacﬁ’ 8042) g‘é:r/%[oxy I|mé1)§1106| 064? i M%ster
4-1o0do- | H pyrFi: eeewmﬂmmmao(sdzﬁpmw(s oH),68 ((3231-1)67g(m93i-1)n‘h®[d, 1.0
equi val ent) maf gISS ed in dichloronethane (150 nL) and triethylamne (30
mL, 215.6 mmol 2Hp89( gki‘iu val ents). 4-(Dinethylamino)pyridine (1.2 g, 9.8
mmol, 0.1 eqU|vaIent) and p- toluenesul fonylchloride (20.6 g, 107.8 mmol,
1.1 equi val ent 3NVve(SeCldocbetticangytidg)-isopapylamineni xt ure was stirred for 16
hour s at roon1é§EB§ﬁa2¥$e. Thf reaction was quenched with I MHC and the
organi c | ayer oY aqueous sodi um bicarbonate and brine. After
drying over nalek)mbmsdabkaieeybef frehlaoR2vioto- momeidmeeuo g,Lmsdmrnor éduced
pressure and the.r due .wa I r tert h her
yi el ding the tF%“FVé%Bh 5 i e rﬁg@béhég&p a1 Ot ’iféf°?>§ ‘é EB?%’%{I t7(m‘ n)

8. 259 m nut esmmét, (4, eﬁuﬁal&x@eﬁa@ addet biHe t1jbd w3s sthled and pIaced under microwave

di oxabor ol an- 2- uene S rrole-2-carboxylic acid
met hyl ester: *F%dgénﬁb%ég eg° %t&s%t¢13{qls %{“%P“l "6"66‘? eated six times. The reaction
(tol uene-4-sul ﬁmmtlas)w&&lc@mﬁdal e diludd oY iacetat€ bl wahdiywitiewdtel Afet0 g, 49.4

mmol, 1.0 eqU|vaIent) bi_s(pi nacol at o) di borane (1 65 mol,, 1.3

equi val ent s) Ver(sﬁ‘gbmﬁ‘l‘_lfa Hﬁéav‘?ﬁtf"’% appra ?aéfﬁjaéag tilecqompPEdes 1 -

bi s(di phenyl phi)ﬁ)wklbﬂﬁx)rfﬁr(lS@Cge&@%pWhicﬁ%uﬁﬁbd Hikdetiglivithb 0 FigtHet fimificatddduct (3. 6
g, 4.9 W 2005/113541 4 1 PCT/US20054016902 nmol, 0.1 levalent The
reaction m xt uREMARSOIH P By PPGHEST: W@S&SWS%Z%&P@. 3.08f ety 2hbvi ng t he
DVF under redugeﬁ{gy%@w}g the resulting thick oil residue was suspended
in diethyl ether m.) ‘and a solid precipitated i mediately. This solid
was remnoved byMgihbaBayﬂgﬁnﬂpd the filtrate was washed with IM HC, water,
brine and

5-Chloro-2-fluoro-4-iodopyridine (400 mg, 1.55 mmol, 1.0 equivalent) was dissolved
in ethanol (5.0 mL) and then iéopropylamine (0.66 mL, 7.8 mmol, 5.0 equivalents)
was added. The resulting solution was stirred at 80 °C for 48 hours. The reaction
mixture was then diluted in ethyl acetate and washed with water. After drying over
sodium sulfate, the solvent was evaporated and a thick brown oil was obtained, which
was then purified by flash chromatography on silica gel eluting with mixtures of
hexanes/ethyl acetate (from 99:1 to 80:20) to afford the title compound as a pale
yellow solid (96 mg, 21%).

4-(5-Chloro-2-isopropylaminopyridin-4-yl)-1-(toluene-4-sulfonyl)-1H-pyrrole-2-
carboxylic acid methyl ester: To a solution of N,N’-2-(5-chloro-4-iodo-pyridyl)-
isopropylamine (0.53 g, 1.8 mmol, 1.0 equivalent) and 4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-1-(toluene-4-sulfonyl)-1H-pyrrole-2-carboxylic acid methyl



dried over MJSH. Concentration afforded the title conmpound as a white solid
and used wi thout further purification (10 g, 50%. L Ms: R(mn) 4.6;
406. 4 ES+wgMeos/iib#&1 406. 2 ES+. ' HNWR 2 (s, 12H), 2rGEHUS®P5/@BE%0L), 3.8 (s,
3H), 7.2 (m 3H), 7.8 (d, 2H), 8.0(s21H)

N, N - 2- (5- Chl orester40.78 gal-prypmiotiyi 10 eqhivgprrtpip NI 4bmL) West dddet ssolutivh of ovave) |

n a
10 nmL t I, 1.0
cqui val ent) vad Rl s o A RIRTHIERhDE oo ok Bas sy 00
11.7 ol , 3. (0quuwadmit}aﬂhsjnlamvawed/asﬁhledandb_hem@ose;aktadwamd pl aced under
m crowave Irragig aEéd% i ow§9e ko 500 e n%é% g: @Egrﬁd%cﬁtfsﬁé{ﬂe%’%mm r%epeat ed six

times. The real?io wer e conbi ned; 'n e acet ate
and washed wit Ioom)ah@randﬂﬂmted in etiry) acegteaueé washodiwithnwsiet. féefwedrymhdlesmgauwnt was

evaporated to affor. nd as i | . 6 g, 80%)
whi ch was used?ﬁl r%@} ﬁogmm StuLfl & tﬁ? Strjr?‘ieﬁt was;r)eﬁr%olv (li%:nraattpe repum k g’% 614; MS

FI A: 296. 9 ES+addditieRes mh&s@l Shé cidbe (mhtheﬁdﬁ)mﬁai lﬁ&la(s]n’rphrdﬁlat))graﬁhyibﬁ silics, 1H),
155 tmrol 1. 0 “BtE VAR Brrees R e aroa (i o bR bR B hen
i soplr opyl am Ine cépdnad 8d 3 yello® solidh(B3,1 gH6 1% evp twadteps). R)(mmr)ﬁ§5&dvlsmA The

was then di | ut &1 FOE FOPEERZETh ol et R r i B 1 70 Kol ng “over

sodi um sul fate;;4t(bez}§cdol@m3m@53 @veporated and a thick brown oil was
obt ai ned, which was then purified by flash chromatography on silica gel

el uting Wit h hex nes/eth t fro 1 to 80 20) to
afford the tit r@g %8%&"1’531’ a%‘&?@"“@‘éf‘ﬁ@%‘@éﬁ gy Br@"’e%ef B (5-chio
ro-2-isopropyl amp’wmw-l-daﬂboﬂyljcla)ld]m(th}ﬂlekteﬂﬁ'otﬁ-ssluﬁélfWN)—2-15=EW6-MO| e- 2-
carboxylic acid net h%’cp ester:

NN ~5- U5 chi o SR BYEO- Boevanne B6 5 Gt Rk hQ capvesmand G4 1.0
(equi Vai Snt ) gn@buﬂmétﬂqua F;Z@d]b)&bﬁxfémkwﬂ-}-(z 4, ?c mmeltliylbenzenesulfoTyl) lH-pyrrole- I
1, 3, 2] di oxabor 1 olu on -1 H pyrra ar hoxylic
aci d net hyl V\Ozfeng’fyi‘i 394 f‘eﬁ‘& Eﬁ%ﬁ@@é% i 1 eguy \Fg nfF)gn %’ﬂ:g %8 mol ,
1. Obeqw val( ent jvat iﬂd@l\/iflscﬂlﬁlog o eeé\?sz rﬁdgiﬁd? aarmhtut(@ Qﬂumffollo%&lspus 2 M sodi um
carbonate (1.0 owe Pd( PPh3).4
equi val ent).. ﬁg}%&gmeo ?1%’%’“9361@1 §%‘f"@6}8 ﬁtﬁ r?ﬁ‘i@‘"? @5‘@’(’? Uﬁs sr?i"f ﬁfr e was
irradi ated by gper Ay BoukThd &8 wAGIuBd inlefi] Soetaldd abtida wath waikex, I €act i ons
nere After drying the organic layer with sodium sulfate, the solvent was removed and the
resulting thick oil was adsorbed on silica gel. The crude was then purified by flash
chromatography on silica, eluting with hexanes/ethyl acetate mixtures (from 99:1 to
80:20) to afford the title compound as a yellow solid (65 mg, 43%). Ri(min) 7.290.

MS FIA:476.1 ES+.

4-(5-Chloro-2-isopropylaminopyridin-4-yl)-1H-pyrrole-2-carboxylic acid:
Method A. (Microwave)

A solution of 4-(5-chloro-2-isopropylaminopyridin-4-yl)-1-(toluene-4-sulfonyl)-1H-
pyrrole-2-carboxylic acid methyl ester (3.1 g, 6.9 mmol, 1.0 equivalent) in THF (2.0
mL) was added to a solution of lithium hydroxide monohydrated (710 mg, 17.3 mmol,
2.5 equivalents) in water (3.0 mL). The microwave tube was sealed and the reaction
mixture was irradiated by microwave for 1200 sec. at 150 °C. The crude solution was

acidified with aqueous 6N HCI. The solvent was evaporated off to afford the title



conbi ned and diluted in ethyl acetate and washed with water. After drying
the organic layer with sodiumsul fate, the solvent was renoved and the
resul ti ngwhimkiesds was adsorbed on sjlica gel. The ceoumswasotshen purified
by flash chromatography on silica, ell®ing with hexanes/ethyl acetate

m xt ures (f r om&&pauﬁdmlﬁ& W) ustddiadctly withdun durthet preificatompBifmoh):a574. TR | ow

solid (3.1 %§%¥§3E8+v%832t§081 (Rt(n‘i n) 6.556. M5 FIA: 448.1 ES+. ' HNWR

S 1.45 (d, 6H) s, 3H), 6.8 (s, 1H), 7.35 (s, 1H, 7.4
(d, 2H), 8.0 (m3H), 83 (s, IH. 4-(5-Chlo ro-2-iso p ropyl am nopyri di
n-4-yl)-1-(2, 4M_tlm__inﬂt_meaﬁ enzenesulfonyl) 1H pyrrol e- 2-carboxylic acid

nmethyl ester: Tp a sg ‘lllﬁl on of 42(8&@?%@ 8F8°I§Y‘15“1n%fg“d1“'4’yl%'§'(2

i odo- pyrl dyl ) -isopropylam ne ( val en
4-(4,4,5,5- tettnmfmylhgdzer[es@f@yl}]lﬂrpgxalbdm@tbawlz 3dig methyl ester (0.69 g, 14

-(2, 4, 6 trimet %@epﬁlﬁ%ﬁ%&h )éﬂ-%Tl (i’:/ g:;n!'eLﬁ a%%&d b%tgoq%&)o?i# lll'tlﬁurx?ﬁi'&iio ! h;l

ester (152 ny

sol ution of aqumhydiated Gddngm)manddoma@ equiGiledtsjrin) whtet (3c0vmdl). b’ghe rﬁd@ﬁPhS) 4 (37
ng, 0.032 mol, e . [ .on X t'”??ldﬂ

for 16 hours. ag ﬂ?:ep it uxeaa%or gﬁlbudf'gggfrﬁlﬁégﬁ%ﬂ%ngg% &?hg%vr‘{l 5?1“5 @h wat er
After drying thmtlbaslgtﬂy; the Iot:gymc suﬁv&dﬂmsﬂdruaﬂysruhtb\&ﬂend theepradnbtvieedipitaed. r enoved

and the resulti hICk 0i d on s e The crude was then
Ui {160 by 11 R beofia v R ReR B Arest o efiRg Hii poRE RS S8R
acet at e m xt ur eshef, fyremm%yﬂnetsohd@(mgo%%)o afford the title conpound as a
yel low solid (65 ng, "43%. Ri(mn) 7.290. M FIA476.1 ES+.

4 (5-Cnl or o- 2- ,s@RAARYL AL NGB Btk Ly H A RYHERL 2aAb6REPORIY | - RC1 O

Met hod A. (Mcr
4- (5-chl or o- 2- |cbbpﬂﬂpwlhmhm¢wwtwlh dmige) - To (& olsuspemsio- sofl f4o(@ydhloratH-

pyrrol e-2-carb i i lent) in
THE (2.0 ni) 3/%%{?818‘2@%9’6@ %1) Haailt zg‘f#ti"%?'lm aﬁd?m %k%or%gﬁyg?)at ed (710
ng, 17.3 mol, eq@ivﬁerﬂniniDMFQ&OSI)L)IWRSWGGI‘EH@ (m4§dg)76Ttholni .t equisalent),ube was
seal ed and t he r wav 00 sec.
at 150 C. The cé(?%gb Ig’lﬁl on o\llljvalgo quﬁraf nt g%ﬁtm??wg%auggfé@cgm?ﬂéyg’%ﬁe sol vent
was evapor at ed nofidl, 1.0 auiveleots) IﬁR1s¢pr¢ﬂyEﬂWnﬁ1&06/7lﬂr354ﬁaquerP€dﬂwaﬁd)ﬂﬁl 016902

conmpound whi ch vva . used direc Wi § ho further cation mn):
NN SRS L TR S L R A T R SN
4- (5-chl or 0- 2- ippapd iy vated ardEytractidrvith ethyl adetdie? MteHdrying over sodium sulfate,

the solvent was removed and the crude was adsorbed on silica gel. Purification was
effected by flash chromatography on silica, eluting with mixtures of hexanes/acetone
(from 80:20 to 60:40) to afford the title compound as white solid (1.9 g, 64%).
Ry(min) 4.981s. FIA MS: 433.1 ES+; 431.2 ES-. 'HNMR (CD;0D) & 1.31 (d, 6H),
3.85 (m, 3H), 5.15 (t, 1H), 7.01 (s, 1H), 7.25 (m, 3H), 7.4 (s, 1H), 7.45 (s, 1H), 7.7 (s,
1H), 7.95 (s, 1H).

Example 2
[0090]) Compound I-9 was also prepared according to following alternate method:



trimet hyl benzenesul fonyl )-1H pyrrol e-2-carboxylic acid nethyl ester (0.69 g,
1.4 mol, 1.0 equivalent) in THE (3.0 nL) was added to a sol ution of

| i t hi um hyds spgs/e8sq1monohydrated (1.19 g, 29 nmmol, 20. Orewywsoef/ewer) in wat er
(3.0 nmL). The mixture was then refl4fked for 8 hours. The crude sol ution was
acidified with agueous 6N HCl until cloudy, the organic lsol vent was
partially renmoved and tRQe jproduct 0prcéci pi t age . The ti tol Hconpound was

i sol ated by filY rat+en afjd washes @D water land di-ethyl N &t her, yielding a
white solid (0.38 g, 96% .Y NO, e e

4- (5- Chl or o- 2-i sOpropyl ani‘hopyri di n-4-yl ) - 1H pyrrol e- 2- carboxyl i ¢ aci d

[ 1- (3- chl orophenyl)-2-hydroxyethyl] am de: To a suspensj of

4- (5-chl oro-2- isopropyl am nopyridi n-4-yl)-1H pyrrol e42-ga |ic acid
(1.93 g, 6.9 mmwl, 4.0 equivalent) in (5.0 ) wéﬁHaddegféﬁ&%H’(lAS g,
7.6 mmol, 1.1 equivallents), t (0.94 6.9 mmol , 01AQ equiv¥fent) and
(S) - 3-chl orophenyl gliycynol n¢%. 58 g—7. 6l | T T eqiyal ents).

Di i sopropyl et hyl ani ng, ( N s then fddedt®d the [yebutrtdfg m xture was
stirred a roomterrperatur“% oveEr'ni ght. The m'Xture was then mspour ed into

wat er and extracted w th-®thyl acetate. After drying over sodiumsulfate,
the solvent was renoved and the crude was adsorbed on silica gel.

Puri ficati on wag-Dizhloesd-aiirdpyridine Noxide: Ooatsogemidnof ArhBird-5-Chlprogyridineng Wi t h

Conpound o whi T DUty SHeiis acdt baugce Ghmif ey adiedrlostepiones "Faksy ' s
?31. ZH)ES- . HNMR) (ka4 orflons. Thls dabkturdwils stirrdd &Foditendehaturd fot 34 burs dnli- 1% , 7.01
s, 1H), 7.25 95 (s,

m .3 7.4.(S, , 1.45 (s, 1H), 7.7 (s, 1H, 7.
1H). Exanple 2 %d@g'?ed @b%oéjﬁ?f é%“%éé‘%rl éﬁmiﬁ?‘%&f’r @&ﬁ“&@?&ﬁdﬁ%ﬂt‘&d Tol | owi ng
al ternat e nmet heghucddpréfdt/ &ismeI\a}asédmusgﬁﬁ%&?oﬁ%zcm&nu@{edGhlﬁiﬁijH N
(c):'ogl EIOS C|6r Haz:%%lpg ICSI mﬂ L reCsLlﬁngO ’sol?utlloln ’}Ivljs a&cied tcg\l aH nlliitll}lrzco%%::lgntralt\gdssulﬁﬁic’ HN- =~
acid (15 mL) and fuming nitric acid (25 mL) and then heated at 100 °C for 90

minutes. The reaction mixture was poured on ice, neutralized with solid ammonium

carbonate and finally with aqueous ammonia until a basic pH was obtained and. A
precipitate formed. The precipitate was collected by filtration to afford the title
compound as a pale yellow solid (3.1 g), Ry{min) 3.75. MS FIA shows no peak.
'HNMR (DMSO-dg) & 8.78 (s, 1H), 9.15 (s, 1H).

4-Bromo-2-chloro-5-N-isopropylpyridin-2-amine N-oxide: To 2,5-dichloro-4-
nitropyridine N-oxide (400 mg, 1.9 mmol) was added acetyl bromide (2 mL) very
slowly. The reaction mixture was then heated at 80 °C for 10 minutes. The solvent
was removed under a stream of nitrogen and the crude product was dried under high
vacuum. The crude material (165 mg, 0.62 mmol) was dissolved in ethanol (2 mL),
iso-propylamine (0.53 mL) added and the resulting mixture was heated at 80 °C for 2
hours. The crude solution was then purified by reversed phase HPLC
(acetonitrile/water/TFA 1%) to afford the title compound as a pale yellow solid (60
mg, 36.6%). R{(min) 5.275. MS FIA264.8, 266.9 ES+.

4-(5-chloro-2-isopropylaminopyridin-4-yl)-1H-pyrrole-2-carboxylic acid [1-(3-
chlorophenyl)-2-hydroxyethyl] amide 1-9): 4-Bromo-2-chloro-5-N-



C 1\ NHOC NHN Ms 1-9 2,5-Dichloro-4-nitropyridine N-oxide: To a
suspensi on of 2-chloro-5-chloropyridine (10 g, 0.067 nol) in acetic
anhydr i dewoZedHidsqpas added hydrogen Q,groxi de 30% (25 paizysioos/@emb |
portions. This mxture was stirred at roomtenperature for 24 hours and
then heated at i®profylpyridiBQ-amingr ¥-oxifet @6 men®Uhgmdie | Ox eqdwlent) andet-i ¢ aci d

under reduced e i led, kN . 1 K17
concentrat ed S&%@? ?%ﬁamgéh&gﬁ(%§§{ﬁg§bsr%?'ﬁggg?j’?’lb r%gﬁéﬁg*lh?ﬁ%hfﬁ?ﬁal?ﬁed to a
m xture of conegmtle-dtcedosylict agid methglcéstbr (3% mgl .09 chrhalml Acegnivelenty warsi d (25
m.) and then heated .at.10 f Q. mnu . e f i ] X was
poured on i ce, %hsiqéﬁ‘ferd a ibezl}azgne\%strﬁi)s%ﬁa “%’H%%@.S‘ﬁ%&é & %%ﬁ%rfdgpdzﬁ% p :(Ifr’%§I6l y with
aqueous ammoni ang, 04 inhmal, G2 squivaddt)weese akitdandehe @adting/susyengen padslebted dtor med.
R g T
(DVSO- d6) S 8. Wth( watet kpd cﬁi,ed50\(es.,an1.i.}}d)rous sodium sulfate to afford 4-(5-chloro-2-

i tropyr i di ne_ KOBRPUERERBS b s AT SR KR e (2 L)
very slowy. Thrboxytiaadid arthyl esten Neoxida $R (thian6.REa MSIFIAL 4800 ES+HovhidiDwax nut es.
The sol vent

d. . i trogen and e .Gryde product
was dried unde S"’Hirtgeﬁngg\?‘ﬁlghuggfrl\q'ﬁsgﬁ%{”ggg] Pﬁi’t@r?gﬁlgfofg aﬂ%kpd{'@Zﬁrﬁ?ﬁlﬁ) was
di ssol ved i n etdngemturd 2 ftek )10 milges; fhe aplyéra Wan eenjdved dndek . streahe df fitdgenhe
I ti 1 xt heat ed .at . 80.C f . Th e {on was
thon pur f1ed BY PEGRPSEL andeemepinPinety it raveits EM R ThL o af for d
thz2 té i4_t |8e gggpg‘hﬂfbsﬂﬁngimbﬁlhre wae héated 5 edfiug f¢rold houes, th&bthe Wude B61(tiBnNYas5. 275. M5
Fl . 8, .9 B9+, . .
4- (5-chl or o- 2- ia%‘ggf’%bi}%ﬁ‘i“ﬁ%‘wr MofLL apd,fhs sqiyantwps gmaved: The gesylting Gici o
20051 113541 45, POTI LR200LL DL St O YT Ll m s A ne AL ok e (25 1D
i sopro r n-2-am ne xi_de :
0.094 mol, 1. éfFSe% 3@?-‘2‘;‘#72 %?%&2%:) \(aﬁgaﬁpgr?c{sﬁgfbbﬁ@n@t together Wik 29 1
1, 3, 2] di oxabor pdeang, 2. M thmdt, & 2qdhivLiertd)] HEBHEZE h@?bﬂgsﬁh(flpﬁ}édlpﬁvaiéﬂts), (5)-3-
pyrrol e-2-carboxylic acjd nethyl ester §39 ng, 0.094 mml, 1.0 e(gw val ent)
were di ssol veahlpﬁqplffeﬁlgbfﬁléowcﬁwt ke Addannel 2 maniyglenty and DIER @dd
Pd( PPh3) 4 (115nff, 0.7 mnid1, B dqiRhlents). Pheeddita nftktine Wi k@08 RdmABdpdrdier €sul ti ng

suspensi on was heat ed at . . . ] .
for 16 hours. The reaction mixture was diluted in ethyl acetate, washed with water and

dried over sodium sulfate. After removing the solvent under reduced pressure, the
crude product was purified by reversed phase HPLC (acetonitrile/water/TFA 1%) to
afford the title compound as a white solid (4.8 mg, 8.1%).



reflux at 80 C for 16 hours. The reaction m xture was diluted in ethyl
acetate, washed wth water and dried over anhydrous sodiumsulfate to
afford 4- Wi)mbd/[lBﬂ-lZ- 46 PCT/US2005/016902

i sopropyl am no-pyridin-4-yl)-1-(2,4,6-trinethyl-benzenesul fonyl)-1 Hpyrro

| e-2- carboxylic acid nethyl ester N &XBBRIEBRt (min) 6.859. M5 FIA 492.0
ES+) whi ch was [odofen E&RthuRET-Muabiprépatedds 3otk on of PCL3 in dichl oronet hane
(1 nL) at room tenperature. After 10 minutgs, the solvent was renoved under
a stream of nitrogen and the crude oil was ssolved in nethanol (1 nL) and

aqueous 1 M NaQf (1 ). ¢ The resy | € ng m xtuar Hwas heat t reflux for 16
hours then thenthude st 581 i on_was Na |d| fi ed° ng aguegusq M HC and the

sol vent was re ed. TI Th esul ti ng NB: Z~No,

chl or o- 2-i sopr opyl am no- yr|d|n4yl) 1H-pyrro|e2carboxyllc aC|d (&(m n)

3.527. M5 FlI A 279.4 ES+; 278.2 Es-) was suspended in DW ) toget her
with EDCI (36 ng, 0.19 nmmol, 2 equivalents), HOBt (26 ng, k ngm

equi val ents), (S)-3- chlwrophenyl gl ycinol HEL salt (59 g, 28 )
equi val ents) and DIEA (Q. 32 rnL, 0.75 nmol equi val em\;) The %esul ting
m xture was stirred at roo terrperatllJ_‘re for hours. The eactlon m xture
was diluted in ethyl acetgtg, waghéd wi t h wat er] and dr|e|9 er sodi um
sulfate. After renmoving thg ntyNnger reduge @gisure,] t he—cefude
product was purified by r rstd D e HPLC (acet itrile/water”,é,s FA 1% to
afford the title conpound @s a white solid (4.8 ng, 8.1%. WO 2005/113541
4.6 PCT/US2005/016902 Exanple 3 f00911 Conpound 1-3 was prepared as
follows: HOJ AeO cl cl cl aNHWH NGO ONON(NXR NO=Sr O H

|1 -CO CH, a NerGhlero-methylHuitropyvidivel N-oxigle: TapitiNe compound gagmepdsed in a

manner substantially similar to that described by Z. Talik, A. Puszko, Roczniki Chemii

Ann. Soc. Chim. Polonorum 1976, 50, 2209, as follows. To a suspension of 2-chloro-
5-methylpyridine (10 g, 0.078 mol) in acetic anhydride (25 mL) was added hydrogen
peroxide 30% (25 mL) in small portions. This mixture was stirred at room
temperature for 24 hours and then heated at 60 °C for 30 hours. After removing the
excess acetic acid under reduced pressure, the residue was added in small portions to
concentrated sulfuric acid (15 mL). The resulting solution was added to a mixture of
concentrated sulfuric acid (15 mL) and fuming nitric acid (25 mL) and then heated at
100 °C for 90 minutes. The reaction mixture was poured onto ice, neutralized with
solid ammonium carbonate and finally with aqueos ammonia until a basic pH was
obtained and a precipitate formed. This precipitate was collected by filtration to afford
the title compound as a pale yellow solid (9.4 g, 0.050 mol, R¢(min) 3.272, FIA ES+
188.9, ES- 188.0).

2-((S)-1-Hydroxymethylpropylamino)-5-methyl-4-nitro-pyridine = N-oxide: 2-
Chloro-5-methyl-4-nitropyridine N-oxide (200 mg, 1.06 mmol, 1.0 equivalent) was
dissolved in ethanol (1.5 mL). (S)-2-Aminobutanol (284 mg, 3.2 mmol, 3.0
equivalent) was then added and the resulting mixture was refluxed for 16 hours. The

crude solution was then purified by reversed phase HPLC (acetonitrile/water/TFA) to



HNIT / G \ CZH/ I \ N1-3 NH ONHrata 2-Chloro-5-nethyl-4-nitropyridine
N-oxi de: The title conpound was prepared in a manner substantially simlar
to that demsfodedsaay Z. Talik, A Puszﬁ?, Roczni ki Chep@lUs200§9169030c. Chi ns.
Pol onorum 1976, 50, 2209, as foI | ows 0 a suspension of 2-chl oro-

5- et hyl pyr i di réforditbe ttle Gongrogndhasl 3 browm selid (146 maHd/elr meel, Reinh3) 78feElAadded

hydr ogen pero 9 smal |l portions. This m xture was stirred
at room tenpe)rﬁassgr{‘g@?/%%%gt orYJérd and then heated at 60 C for 30 hours.

After renoving the excess acetic acid under reduced ress t he residue

was added in srﬁaﬂePc A ¢i¢heomaesS-meiyéryrining - ming)rhptyl est Sﬁ:lzc(?‘s@ﬂS n). The

resul ting sol UtHydfoxymsth atnfhoR5- et L4-Qit@pyrigiae Nedxideq g Wldiur i ¢ acid (15
m.) and fum ng n}fatr?@ a?:qlg%gl ﬁ E]ty t hen geat ed at 100 C for 90 m nutes.

The reaction nimRel }EaW@§056£WéﬂefﬂﬁFQ%’lﬂ%@ 5 TRlely Themixguse  wag thep heé'ﬁfl AP0 moni um

carbonate and frragld pouid T RRYERSMREWRSNvapdHittd bff BndeAS btfeaRldf WA®gen@hl ai ned and
a precipitate formed. This precipitate was collected by filtration to afford

the title conpdiraudednaterishpes dissplvestinaselnipn s 2M RCL i dighdprompethan(3 mih) 3. 272,

FIA ES+ 188. 91Th€§sul%1§§m%re wayg stirred at room temperature for 1 hour and the reaction
2- ((S)-1-Hydroxynet hyl propyl am no) - 5- et hyl - 4-ni tro-pyri di ne N-oxide: 2-

Chl or 0- 5- met hy Imixture ROMESAAHP ot agEeqys enlitipa of %@Uatﬂ‘bNaIiC@BaWFaCteﬂ vithequi val ent )
was di ssol ved gfy @Jea@nﬁle &r%amrb 1551& was(@shé%rﬁim WABUEE 8 ent 484 mEDdried- 2 MO ,

3.0 equival ent) "was en a e resulting mxture was refluxedfor
16 hours. The om}épeS@mndmwewetnq@wmbnnesismeé@aﬂgyd the il serapoyAdiase HPLC

e/ 16902 afford th
{1 e compound 8w N owmeaBlr (136 e b 0> %@T*‘“%g&?ﬁdﬁ) 37870 FIA ES:

241.8, ES- not 4 e, & S methvlovrid _4 1 ract :
2- (4- br ono- 5- et ;f{) rlg‘)rﬁiltor)ﬁgl {h?%m@@ll?mmﬂ)t yme L i rime

Hydr oxymet hyl prtby namsn59n>$l ynrpleZ2-qarbaxglieaid @Fﬂ'é!l %k%‘d%;so(l%waofrg 0.61

mmol ) was di ss y'gn.m,%_ hen heat ed
at 9)0 C for B%%igggm ﬁg’?%%d Sen{e@lgipglﬁq]%% was &g@ﬁ%&&‘éﬂb%@O % él a stream
of nitrogen andomhwalentmw%(ﬁt%fi @kalmhyltﬂléélﬂloxe‘zbwlhn & yBd-@t4n of 2M PC13

in dichl Ororfet:m@ h%]%;ng%&ﬁgf n%QQHré%%ietzl &g)og%/(ﬁi:taldfd% reﬁéﬂ(ﬁfs‘%ﬂ Jlsor 0Om

tenperature fo tion ture po i'ito &n aqueous
sol ution of satmmelt b@lequanalean imbrazang (T @b} was adnietdraqume Nee€Daflanl)Ehé or gani c

layer was was h%gphga(l\ggég{éu? § o, %’eﬁ?ﬁal@ﬁz At aﬂﬁ%&%ﬂu‘%ﬁ&r 16%!?04 and

renoved under etoa npound as a
the mixture was poured in water and extracted with ethyl acetate. The organic exiract

was dried over Na;SO4 and the solvent removed under reduced pressure to afford the
title compound (R((min) 6.684; FIA ES+ 528.3, ES- not observed) which was carried

into the next step.

4-[2-(S)-Hydroxymethylpropylamino)-5-methylpyridin-4-yl]-1H-pyrrole-2-
carboylic acid [1-(S)-(3-chlorophenylgylcinol] amide (I-3): The crude 4-[2-(S)-(1-
acetoxymethylpropylamino)-5-methylpyridin-4-yl]-1-(2,4,6-trime-
thylbenzensulfonyl)-1H-pyrrole-2-carboxylic acid methyl ester was dissolved in
methanol (1.5 mL) and aquous 1M, NaOH (2 mL) and the mixture heated at reflux for
16 hours. After acidifying with aqueous 1M HCI (2.2 mL), the solvent was removed
under reduced pressure and the crude was then suspended in DMF (5 mL). After
adding EDCI (192 mg, 1.0 mmol), HOBt ( 135 mg, 1.0 mmol) and DIEA (0.48 mL,

3.0 mmol), the mixture was stirred for 30 minutes at room temperature before adding.



brown oil (149 ng, (R (mn) 4.146; FIA ES+ 300.9, ES- not observed).
4-12-(S)-(1-Acetoxynet hyl propyl am no) - 5-net hyl pyridin-4-yl]-1-(2,4,6-trinme-
thyIbenzenauhhan&&m-1FprrroIe-2 carbgxyl i c acid nmet hyPCBYS05/08¥2a sol uti on
of acetic acid 2-(4-bronmo-5-nmeth Ipy nin-2- ylanlno% butyl ester (149 ng,
0.5 nmmol, 1.0(8cdus p@wpylglaﬁgol HCl salf (312 mg, 1.5 mmol) and the reacfion mixture was

4-(4, 4,5, 5-t et yagrihy fo£ 16 }?bu?s]a@lfogﬁlaf e?a{té’rg ~Phio ¥dabticht rﬁ&nﬁfe @as dlssolved in

trimet hyl benzensul fonyl) - 1H-pyrrol e- 2- car boxyl i ¢ aci ester (215 nmg,
0.50 nmol, 1. @thskaseielsl weshyd Vith weterz ba ergemc jaygr W@IQ‘H@I@&Naéé@GH@thQM Na2CO3 (1
n) and P PPRGY éht (vlt;@m@vémmdg' radulfressife. zl"h@gi'ﬁ'dé’ AR Was AlikEd by eat i ng at

reflux for 16 hours, m xture was poured in water anaxﬁextracted with
et hyl acetate. rqvnréed)plgaqﬂIBL%K@Wta@tnle/ Wa@r@?lﬁb@ affordrtheNiteSompeid a8 e sol vent

removed under r 4 n) 6.684,;
I A ES: 525, 3, “Dere IREEI gt Pk Riiny "a gy HA RS RIS ep.

4-12-(9)- Wdroﬁyﬂtﬂﬂy%kﬁxpﬁNMR(fd)soD) ﬁélONyBH)&rhS@l(myldH),'ﬂF(ml—M@yZB@ e- 2-
boyl d d
carboyL o 1 ST () G RPERM LT unrbe A W U0e

t hyl benzensul f ¢wypls) 2H)LH6 |Gy 1Hbl e- 2- car boxyl ic acid nethyl est er was di ssol ved
in nmethanol (1.5 nL) and aquous 1M NaCH (2 nL) and the m xture heated at
reflux for 16 hours. After acidifying with aqueous IMHO (2.2 nL), the

sol vent was renoved under reduced Pr eSs, rl;l&land the crude was then suspended
in DVF (5 nL). After adding EDCI (192 g, 1.0 mmol), HOBt ( 135 ng, 1.0
mol ) and DIEA (0.48 nL, 3.0 mmIthratchaelzainoctnata was stirred for 30 m nutes

at room t enper i(}o b@J O(Em%%?thggfets%\??%%%%/ ?&%%%éépar%glb?meth §2005/ 016902

(5) - 3-chl orophen egC| the reaction
m xture was t héxstastuallmsmdlaf torthak® déscuilres irethe amerﬁxammw]a} ardehy nidtleds eact i on

m xture was di gsQlved in t hyl..acet at t the organic
| ayer was drie DN %féféméﬁalﬂﬁﬁ]e&w%rgl gr?ﬁar%g%nzra n&é’%&‘g tHecf r reduced
pressure. The comgbandsds subnearimadinfilable Bibeldwhayd incEdes R, Mgy amd HANKIR

(S50 {141 ) e it b b ST, R, £ 20, L

441.5; ' HNVR ( €pGfidd)ch&mitalGhifts arePphn, ChbmpOundnumbd® corfespond 8 the tdmpodnd (s, 3H),

a7 41H%£m3ngm‘g“%%4js%e'3)7ﬁ 548 £ DapSaa st b, Shlern SROAB1BE o o (m

retention time, in minutes, obtained for the designated compound using the HPLC

method described above. Where more than one analytic measurement was obtained
for any given compound, as described herein, only a single exemplary measurement is

provided.

Table 3. Characterization Data for Selected Compounds of Formula I

Cmpd # | M+l R, 'H NMR

(CD;0D) 1.3 (d, 6H), 2.3 (s, 3H), 3.7 (m, 3H), 5.1 (t, 1H), 6.9 (s,
1H), 7.2 (m, 4H), 7.4 (bs, 2H), 7.6 (s, 1H)

(CD,0D) 1.3 (d, 6H), 2.3 (s, 3H), 3.85 (m, 3H), 5.15 (t, 1H), 6.9
9s, 1H), 7.2 (t, 1H), 7.3 (m, 6H), 7.55 (s, 1H)

(CD,0D) 1.0 (t, 3H), 1.5 (m, 1H), 1.7 (m, 1H), 2.3 (5, 3H), 3.5 (m,
-3 44310 | 2.10 | 1H),3.7 (m, 2H), 3.8 (m,2H), 5.1 (t, 1H), 7.0 (s, 1H), 7.3 (m, 4H),
7.4 (two s, 2H), 7.6 (s, 1H)

(CD,0D) 1.0 (t, 3H), 1.3 (d, 3H), 1.65 (m, 2H), 2.35 (s, 3H), 3.6
-4 39330 | 210 | (m, 1H),3.8 (m 2H), 5.15 (t, 1H), 6.95 (s, 1H), 7.2 (¢, 1H), 7.3 (t,
3H), 7.4 (d, 1H), 7.45 (s, 1H), 7.6 (s, 1H)

I-1 413.00 2.10

[-2 379.20 2.00




[ 00921 Conpounds of the present

nvention were prepared by nethods

substantially simlar to those described in the above Exanples 1-3 and by

met hods

mysosaBsane of ordi nary ski

in the art.
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data for these__conpounds |s sunmmariz in Table 3 helow and includes HPLC,
M5, and IH N C@;Zje# less ﬁpECI fied otherw segiiygk 111 NVR data was
obtai ned at 5 ipn rés-d rhpmg{)‘;1I2§gh|ftLarp _ppm —Conpolind
nunbers corresp to o] und-=3 %‘6—:‘? %Eﬁb Hg apd 3. As
used herein, tjh n[terrr}zl?go' rg}aée)rs giﬂ ‘;“(Sé‘ £n e (m4 {2s
obt ai ned for t{redesrgmated—conp wgmlgr@gm Nes (hhT-T. 55@[Wd above
Where nore than ome anahyd | c 2p®agyhaARnts (Mas), o.od @i ek (s,f18), 7.2@y4Hinsen
conpound, as described hergin, orl(gukaﬂng&_ﬂx_e_uDJ_a.L%L_nﬂa.suLe_IIEﬂl_Ls
provided. Tablle 3, Characteri zat || 6PP:0RX 1d (4 6fD): ISmeldd.2d Fﬁ)éLﬁéléng 8 Fbrmul a |
Crpd # MHL Rt |1H NWVR 1‘121104;3 K l'gdﬂktﬁgdﬁﬁ”f(%“(’d73(§ 7é(53”?§ (53 , 3.7
(m 3H), 5.1 (369 ED,607058 2'15‘095T‘2 s,3ﬂ5"26 @ ¢ 1H
1-2 379,20 2.00 (GP3MY1do b bgo G ,an,a"")s IR 2 A A7as (1
11-1), 6.9 9s, IH 7.p(t, I H 7.3(ns BH)74758), 3875 6 CD, OD) 1.0 (t, 31f1), 1.5
(m 1H), 1.7 (m 49, H)[ CIBOB) 161, e 8m 2kt 3 582 1FIG 11 H),73 7| (m
2H), 3.8 (m2H ok ‘%2",3'%’ ,23"? (g UD. 124 307735 (6. i, U 65 6.3 2H) .
7.6 (s, 1H (COBODo 1. Dasbbo | 3kNo J@)Df;’ 28 .éé(S(s, 3H),
3.6 1-4 393. 3%0 203§ ot ) 11), 7.2
(t, 1H, 7.3 (t, ri3H | a91d (doo 1H)m, 15, f@(t%ﬁ);?ﬂ-(H)lH),’?Zi@Z : )5 113541
H 9 PCTI US2005 016902{ Cnpd# M+l |RH), Béd (INNR 70@DBOD) 1. 0 (t 311 1.2 d, 3H),
1.6 (m 2H), 2.3 (s, B1-1)| 3.75 (qnasmzm,zo,@mm:%mnmm,s&msa{) M, 2H),
5.15 (t, 11 ),| 6195 (49494, 2903 “ﬂﬁ-lb(t 1) 151(5(1 3@ 3D G DG4 6, 1H
(CDBAD) 0.9 (,|-3H-—L26—d-—3H1i ’EHS’II i léﬁ L 6
427.10 2.30 (m I,H) .| 3,85 (g}ZOZI- 1 m 4H),
7.5 s,1 ,7.75(s, 11) |(CD3aD) 1.1 H),i%lﬁmgél-ﬂ){) 2.35 (s, 1 3.15
(d, IH), 3.8 [=7 42710 2} 40 m (@HFD)15(t5mmssdzi1)m,1?75%(15),351(&:1)1,}[),3.73 (m
4H), 7.4 (s, UH) -14.6/4800| 200 | (m,2H),3.8(m,2H),51( 1H), 7.1, 1H), 72 (d, IH), 7.3
2H), 7.35 (m, 2H), 7.4 (s, 1H), 7.7 (s, 1H), 7.9 (s, 1H)
(CD,0D) 1.0 (t, 2H), 1.3 (d, 3H), 1.7 (m, 2H), 3.7 (m, 1H), 3.85
I-15 {44710 250 | (m,2H),5.15(t, 1H), 7.1 (s, 1H), 7.25 (m, 3H), 7.4 (s, 1H), 7.5 (s,
1H), 7.7 (s, 1H)
(CD,0D) 1.0 (t, 3H), 1.6 (m, 1H), 1.8 (m, 1H), 3.6 (m, 1H), 3.7
I-16 | 47700 | 240 | (m,2H),3.85 (m,2H), 3.9 (s, 3H), 5.1 (t, 1H), 7.1 (s, 1H), 7.25
(m, 1H), 7.3 (m, 2H), 7.4 (25, 2H), 7.7 (s, 1H), 7.95 (s, 1H)
(CD,0DY: 8.0 (s, 1H), 7.7 (s, 1H), 7.25-7.5
1743300 | 230 | o0 6 1S (. 1H), 3.8-3.95 (m, 3H), 1.3 (d, 6H)
(CD,0D) 7.96 (s, 1H); 7.7 (s, 1H); 7.48 (s, 1H); 7.42 (s, LH); 7.32
18 144900 | 236 | (s 2H); 7.24 (s, 2H); 7.2 (s, 1H); 5.15 (¢, 1 H); 3.8-4.0 (m. 5H);
3.72 (m, 1H); 3.57 (m, 1H); 1.3 (s, 3H)
Example 5
Synthesis of Prodrugs
[0093])  Prodrugs of formula IT are prepared from the hydroxyl compounds of

formula I by a variety of methods known to one of ordinary skill in the art. These

methods include, but are not limited to, acylation by a desired carboxylic acid or

phosphate formation. When the hydroxyl moiety of formula I is acylated by a desired

amino acid, the amino moiety of the amino acid may be optionally protected by a

suitable amino protecting group as described herein supra.



1H (CD30D) 0.65 (m 2H), 0.95 (m 2H), 2.4(5, 311), 2.65 (m 11), 1-8
411.10 2.20 3.8 (m 2H), 5.15 (t, 1H), 7.0 (s, IH, 7.2 (t, 1H), 7.3 (m
3H), 7.4 webbd13Hhi45 Cs, 11- 1) 7 75 élos 1 1-9 1 433. FOI/ESBE/EHZ0D) 1. 2
(d, 6H), 3.8 (m 211, 3.85 (m t, 11), 7.0 s, IH, 7.2 (m 3H),
7.35 (s, 1H), T0084) 7. ’Bﬁp('eawarati‘bi@qfﬂ%@Vﬂmepﬁongbocmum)l QISIES@@&&OD) 1.2 (d,
61-1), 3.8 (d, 14—1%1 9 (m 111, 5.1 (t, 11), 6.6 (s, IH,7.2(t,1 7.3 (m
(s, 111). 7.9 (S P§°Ycosom) 1.25 (d, 3H), 3.5 (m 1H), 3.7 (m 1H), 3.8 (m
2H), 3.9 1-11 415.10 1.90 (m IH), 5.2 (t, 114 7,2 (t, 1H), 7.3 (t, 214),
7.35 (m 2H), 7M45 (s, 1H), 7.65Js, | H), s 1 (CQIQD) 1.2 dw 311), 3.5
(m 1H), 3.7 (mXH), 3.8:«(m 2H 8.9 1.17%49.00 2.20 (m C§1Y§»51(t
1H, 7.1 (s, 1H Az 3uem 3H), 7.4 s, WY, 7.45 (s, | ,an7slH79
s, |H (CD30D) LO &t L % (m 11, { «lF), 3.5 8.7 1-13
462.90 2.20 (m 2H),, 3.8 (m 2H), 5 157(t, 11, 7.1 (s, 7.7 (m 3H),
7.4 0s, 1H), 7.5%Cs, IH), 7.7 s,1H),7.9(s,] (CD30D) 1.0 (¥l 3H), 1.55 (m |

H, 1.75 (m 1H), 3.5 (m | H), 3.7 1-14 429.00 2.00 (m 2H), 3.8 (m 2H),
5.1 1 7 i . 74 ne- :

> 4E L |;)7(S 2%-@5)2{4'—'(3 célf)re?— Cgﬂoprl)ngaml og)lzfé'i'&h f@ﬂlﬂlH li_'i)?die -£m N
(m 1H), 3.85 cabwlwﬂ?) Ly @lgepl(wl)fgfq; '2'%“125-2(19“1111?)“3“?“2 @]sl) ﬂﬁb a 725 (m
3H), 7.4 (s, 1|§51ut1071 o?cdrﬁpound—ﬂb(l g20 lﬁmolll‘!)) g@mga)mlilcglo('dmetﬁhg %50%11.@ (m 1H),
1.8 (m 1H), 1H) 216 477, &g) .9
(s, 3H), 5.1 (f”erem)iedl?%(lsl m|1H)59 mmolg3. Or?fl‘qulmt) arﬁﬁ @CTLA/(abge(ﬁz&q)
s,1H,7.95 s 1%%2er&81 ﬁ3%q@0al&nt§oP)(@3%@ 58750m£n%1 2'5“& uw%leﬁts()swas%
7.25-7.5 (m ekg 157( 3H), q( 61) (CD3CD) 7.96
(s, 111; 7.7 (8¢ deiFbowlyrandshe(@sultpr;e;mvfwzpzwa(%snrr&dm room ?zlpe{arumfoaﬁ heyss 2. 36 (s,
2H); 7.24 (s, %ﬁg ml)durg vx(a§ ,theililaaashé vllﬁl &ater a%hbdne@o&r%o@u&@ulf?t@’lhe cadé2 (M
1H); 3.57 (m nt hesis of Pro

SOlld was adsorbed on sxhca and then punf}/ed by flash chromatography (lgutmg with
mixtures of hexane/ethyl acetate (from 90:10 to 50:50), yielding the Boc-protected
compound as a white solid (786 mg). This intermediate (761 mg, 1.2 mmol) was
dissolved in dioxane (1 mL) and treated with a solution of 4 M HCL in dioxane. The
resulting mixture was stirred for 16 hours at room temperature. The solvent was then
removed and the 2xHCI salt of the title compound was obtained as a white solid (571
mg). HPLC R:: 4.56 minutes. FIA MS: 531.9 ES+; 529.8 ES-. LC/MS: Ry 2.07
minutes; 532.0 ES+; 530.1 ES-. 'HNMR (CD;OD) & 0.9 (dd, 6H), 1.35 (d, 6H), 2.2
(m, 1H), 3.9 (m, 2H), 4.7 (m, 2H), 5.6 (m, 1H), 7.1 (s, 1H), 7.3 (d, 1H), 7.35 (t, 1H),
7.4 (d, 1H), 7.5 (s, 1H), 7.6 (s, 1H), 7.75 (s, 1H), 7.95 (s, 1H).

[0095] The preparation of a phosphate prodrug of compound I-9 is described in

detail below.

)\ NH Qk /L NH o‘i /L NH p\ ;{H
MI o )\)‘f\c’k | > N HNI <% N > \ NI °
Cl ‘ NH © Q—CI \ NH ©O @——CI \ NH ©O QCI
1-9 II-2

di-tert-Butyl 4-(5-chloro-2-(isopropylamino)pyridine-4-ylI)-V-((8)-1-(3-
chlorophenyl)-2-hydroxyethyl)-1H-pyrrole-2-carboxamide phosphate: Compound



[ 0093] Prodrugs of fornula 11 are prepared fromthe hydroxyl conpounds of
formula | by a variety of nethods known to one of ordinary skill in the art.
These newonss/imshiude, but are not liggted to, acyl at PEWUBPOHIGWS| r ed
carboxylic acid or dghosphate formati oh. When the hydrox¥l noi ety of fornula

| is acyl ated By (& gdedmmol 1.Qeavivelentyond tetragele £l me, 365 empl.dsS aHalspino aci d

may be optional i ) I i as
descri bed her eiVJney esdgf)srgg’@&W%%%r%ﬂagg£§1ﬁgoﬁ%%§'e/t%%ég}%§gg%%nﬁl[bg%lgi The
preparation of redetemperatura Pi-peridanivl dlisspropyppophermidite (1 d nfadedinmael, I-h  det ai |
EEL)O{N: JI G/ O N:_le ﬁv%d&%)l@f _%1%? Pr])%‘zﬂe andht Ditng mixtufeAsidiredfol 1 houfs! NH 2l a
(2S) - (S) - 2- ( 4- (e esatinnanirture vas thep g9dledhane)igpyheibdirpatedavith 8 soltiop 95 ¢ M) e- 2-

car boxam do) - 2-(,.3 1) gt Il = 2 <8 074 - Wk1): To a
sol ution of cortrggglﬁgh%rgﬁ?%%@ @@Mﬁﬁgftﬁ{%q% %cﬁ?‘&g%(gﬁ%l@#g&}gﬁgrﬁr onet hane
(50 nL) were sdduedjinBlichior¢methangpnd wnaf amewit of Mmethansdaghadayith)Naapls,

N- BOC- L- Val i ne vfaﬁeé gncﬂdx&ed\%;%%ﬁm 'sulfg. d‘gh 1 S&P{?ﬁ‘gtﬁﬁ%{bﬁmmﬁc %1 #hdGvas - 70

mol, 2.5 equivalents. nen slowl y e resulting mxture was
stirred at roodirttpwpleaddy dlash choymatigrapbyieluting Withemixtuges\of bexapgfacetoan(fivms hed wi t h

wat er and dri e [ ' bed on silica

and then puri f?ggHE{/@@éﬁﬁﬂiﬁg{%&?gﬁiﬁg#gﬁcﬁg&vh\}l?/ﬁvmm%ﬁﬁg ’'s of

hexane/ et hyl ageldngth¢ firtehutyd 6thdrGnttne8dtes0} whité silidi(37§ mg)eHBIC RpbSB ect ed

conpound as a ywhi ke Ifﬁlg §2%%6Ed§19g23 Hiis intermediate (761 ng, 1.2 mmol) was
ﬁ% nL)"and freé

di ssol ved i n di oxané reated with a solution of 4 MHCL in

di oxane. The resulting mxture was stirred for 16 hours at room
t enper at ure. THdS<dlarert(isppropylamino) pyridinesttyBrd (e (RsdhdiopbenyD-20f the title

conpound was o i S 1 AL OGSy | : iF g pautes. FIA
VB T ean o Bor BigREA R Aol Bbb{ankad dhosiRbke OHE2K EY bﬁéﬁ@%@é@l ES- .
' HNVR (CD3CD) 8éntgmgdigigd3366ml, 0.3 Bol) dvas gidpended in dipxane (Hml) 3nda golytion11) , 4. 7
(m 211), 5.6 : 3 - : (d,
11-1), 7.5 (s, (’?wal @F.Les?? ii f°§‘§'|9|) ‘?Vk%?dféd'( g},(edieﬁéi ,m)‘gi .%ﬁtﬁ?“sf”gslﬁ?’@ I ?)toré The
preparation of tempstoue et lehqur.othewsglvert was rirnumdoviedaind shedfrexc pliosehdtei was

then dissolved in a solution of DMSO (15 mL), methanol (50 mL) and water (25 mL)

and treated with a solution of 2 M Na,COj3 (0.25 mL). Methanol was removed under

reduced pressure and the aqueous/DMSO mixture was remove using a liophilizer to
afford the title compound as an off white solid (187 mg). HPLC Ry: 4.24 minutes. FIA
MS: 512.9 ES+; 510.9 ES-. LC/MS: R; 2.39 minutes; 512.9 ES+; 510.9 ES-. 'HNMR
(CD30OD) 6 1.2 (d, 6H), 3.9 (m, 1H), 4.1 (dm, 2H), 5.1 (m, 1H), 6.7 (s, 1H), 7.2 (d,
1H), 7.25 (t, 1H), 7.3 (m, 2H), 7.45 (s, 1H), 7.55 (s, 1H), 7.9 (s, 1H).

Example 6
ERK?2 Inhibition Assay:
[0036] Compounds were assayed for the inhibition of ERK2 by a
spectrophotometric coupled-enzyme assay (Fox et al (1998) Protein Sci 7, 2249). In
this assay, a fixed concentration of activated ERK2 (10 nM) was incubated with
various concentrations of the compound in DMSO (2.5 %) for 10 minutes at 30°C in
0.1 M HEPES buffer, pH 7.5, containing 10 mM MgCly, 2.5 mM



detail below 13/ / "NHr &k ~NH q{ O -J~ NH 4p'-OH N HNJ OH ~N,p-O ~ ~O
O~pOH G HO/ G A I NHHO/ \ C cl NH HO cl 1-9 11-2 di-tert-Butyl

ohi or ophom Ty e bxyet vl ) 10 by %F“ez“ 2 boxat de phosphat e Compound
chl or ophenyl ) - ydr oxyet hyl ) - e- 2- car boxam de phosphat e: npoun
WO 2005/ 113541 phaspheEnpipgreus 200 IirléO(ug/ng‘ pyrugtadipgse, 5 ug/mlglarttal ent) and

tetrazole (241 dgig,gr%@e qg@boo EM@rkﬁgé’;? gan%ee RS }eacmrveas%ﬁaéﬁ Bafe i N

di chl or onet hane acetonit under nitrodgen at room

t enper at ure. Diaddifien ofifijtM AP M@Mﬂecmﬂmﬁb@mamq?é 3¢0nM wes, 3. 45 mol
1.5 equival e”t;%lt&@& H0ed, WsQPAa ﬁ%ﬂﬂh%}ﬁ?e Ja?as#leg%&gomf(lhl'ﬂ&?orwas stirred

for 16 hours. e reaction mxture was then coo on an 1 ce bath, treated
with a sol uti ogomskntgativh. t ert - but yl hydr oxyperoxide (3 nL) and sti rred for 20

m nutes. The C'&ﬁ%hso'ddh.‘pﬁgﬁi\é%?gﬂele%ﬁ%nh&Qé ﬁhh@{o%@mggfﬁmm" amount

of net hanol , and dried over sodi um sul fate. The
crude oil was pdsen bimeseoin sirthinembeodinenis domppynds were foupdta ithibIHERK2f | ash

chrorratography el utli | (from. 210 to

60: 40) and thenmlr?)ls‘e i ggéwg %}gééén%af%g?a%e oﬁéd?%}eqn‘\%gttzérr?@%aﬁ%l,

yi el ding the dlkniasebiﬂkybl givher intermediate as a white solid (336 ng). HPLC
Rt: 6.53 mnutes, M5 FIA 625.0 ES+; 623. 1ES-.

4- (5-Chl oro-2- (i sopropyl am no) pyridine-4-yl)-N((S)-1-(3-chl orophenyl)-2-
hydr oxyet hyl ) - 1H pyrrol e- 2- car boxam de gxagggltate (11-2): The t-butyl

phosphate int 35 ﬁil !ai.e 3336 ng, 0.54 mol) was suspended in dioxane (5 nL)
and a sol ution di oxane was added. The resulting m xture was
stirred at roone09sEnpesmadunds akdssaledfotithe inhitdtichalf BRKI byas t hen renopved and
the free phosphate en oI ved in_a so nmL
rothanol (50 nejcRmRIoTaebE pae R HF %ﬁtémmﬂ’r%e@ P g
Na2CO8 (0.25 mis ashdst i éikeal comauatﬁﬁemﬁvml e(ﬁmeﬁmﬂﬂﬁ@&%tﬁvﬂﬁdst he
aqueous/ DMSO m xture was renpve usin afordthetltle

i zer
conmpound as an COfcEntRtipRsePf hs oppeupg n O (FiﬁL/@ fpr 10 ‘Eme&S A BO I M A M

512.9 ES+; 510, N : HNMR
(CD30D) S 1.2 }%P‘E%ﬁf&q%@f h&ﬂﬁoﬂ,%qgﬂml(ﬁﬁﬁ 2’%?0%@@%“3@%“%‘%’%90( s, 1H),

7,2 (d, 1H), AMZSADH, 3 pfy/mLpydivatakin2dd) 10 vg/Mb ldctate debfydrogenése, 4nd 15AH), 7.9 (s,
1H) ' Exarrpl e6 pM erktide peptide. The reaction is initiated by the addition of 140 uM ATP (20 pL).
The rate of decrease of absorbance at 340 nM is monitored. The K is evaluated from

the rate data as a function of inhibitor concentration.

[0038] While we have described a number of embodiments of this invention, it is
apparent that our basic examples may be altered to provide other embodiments that
utilize the compounds and methods of this invention. Therefore, it will be appreciated
that the scope of this invention is to be defined by the appended claims rather than by

the specific embodiments that have been represented by way of example.



ERK2 I nhibition Assay: [00361 Conpounds were assayed for the inhibition of
ERK2 by a spectrophotonetric coupl ed®nzyne assay (Fox et al (1998) Protein
Sci 7, 2249). In this assay, a fixed concentration of activated ERK2 (10
nM wasciApMgated with various concentrations of the conpound in DMSO (2.5
% for 10 mnutes at 30Cin 0.1 MHEPES buffer, pH 7.5, containing 10 nM
MyCl2, 2.5 mM WD 2005/ 113541 52. PCT/ US2005/ 016902 phosphoenol pyruvate, 200
M NADH, 150 lg/Acoppoundatfefoknulade, 50 g/ nl | actate dehydrogenase, and 200 pM
erktide peptide. The reaction was initiated by the addition of 65 M ATP.
The rate of decrease of absorbance at 340 nM was’™ nonitored. The | CSO was
eval uated fromthe rate dat q_"@sRa functio ' nhi bitor concentration.

[ 0037] Conpounds of the present invention ound to be inhibitors of ERK2
protein kinase. In certain di nent s, *--;m were found to inhibit ERK2
ki nase at <0.1 4M In ot hery enbpdi nent sy conpounds were found to inhibit
ERK2 kinase at <0.01 M

NI tPdn Assay [ 0096] Conpounds
are assayed for the inhibitio

by spectrophotonetric
coupl ed-enzyne assay (Fox et gdl Protein Sci 7, 2249). In this assay,
a fixed concentration of activated E (20 nM is incubated with various
concentrations of the conpound in DVBO (2.0 %9 for 10 mnutes at 30Cin 0.1
M HEP%?@:&Bﬁﬁéoeu@édu;-a@ceﬁmé 1@ of (HEMiMC 2, 2.5 M phosphoenol pyruvat e,
200 pM NADH, 30 pg/nL pyruvate kinase, 10 pg/nL | actate dehydrogenase, and

150 MRYikaiGig abiphaticdzouiveheraa®t iinoptionailynsubistitutad with tpéo Agdiups on of 140 M
ATP (20 L)., The rat f, decregse sarbance at 340 nMis nonitored. The
K, is eva%@ﬁ?‘“e‘glef“ll%?ﬁ?ecg%gP%@%%' ‘éga gli%fnicti on of inhibitor

concentdygt RQ indePARRBhtIYRI A gY@y LalpRafd; | bed a nunmber of enbodi ments of
this invention, It Is ™ apparent that our basic exanples nay be altered to

provi deR’s Refluerdhodehters, s that utilize the compounds and net hods of this
i nvention. Ther _forde, it wll be appreciated that the scope of this
i nvent iBA s> Pb24#4ef i ned by the appended clai ms rather than by the

speci f i1 grb@dLER M S AiBRiidIAUSIDELENISRPT esented by way of exanple. 53

2. The compound according to claim 1, wherein R' is C,.4 aliphatic optionally

substituted with -OR or -C,_; haloalkyl.

3. The compound according to claim 2, wherein R! is C 4 aliphatic optionally

substituted with -OH, -CHF,, -CH,F, or -CF3.

4. The compound according to claim 3, wherein R'is isopropyl, 2-butyl, cyclopropyl,

or ethyl, wherein each moiety is optionally substituted with -OH or -CFj;.

5. The compound according to claim 1, wherein R is hydrogen, C,_3 aliphatic, or

chloro.
6. The compound according to claim 1, wherein R}is hydrogen, methyl, or chloro.

7. A compound selected from the group consisting of:



CLAIM5 1. A conpound of forrmula |: (R2)m HNC NOOH HR3INH | or a
phar maceutical |y acceptable salt t her eof ,S®herein: RL is a C -6 aliphatic
group, wherein R is optionally substituted with up to 2 groups
indepegﬂsntly selected from} OR or -Cl-3 hal odPkyl; each R is independently
hydr og Q¢ Cl4 aliphatic; wis R fluoro, qr ﬂloro; mis O, 1, or 2; and
R3 is hydyogen, Cl.3 &liphati fluoro, osw chlorog. 2. The cqppound according
N , . :
l'i ph hgpoptlon
Tt cla

to clai 1] wher iqjﬁl is C1} su stitpted with -OR or
al i phaticlopti-anal I'y stitute th'- CHF2! -

is Cl 4

, 2F," or 3. 4. The
conpound according to claim3, wherein R is isopropyl, 2-butyl,
cycl opropyl, or Iekhyl, wherein eachIdiety is optionaIIyL%ubstituted W th
-OH or -CF3. 5. The conpound according to claim11l, wherein R2 i s hydrogen,
Cl.3 aliphatic, or chloro. 6. The conmpound according to claim1, wherein R3
i s hydrogen, nethyl, or loro. 7. A conpou sel ected fromthe group
consi stijng of. 54 HO J@EE%HH IJNH /OHi /O4Nl ~oH N Jr Jr O

NH

NH

OH

OH
oL s T O L 8L
| Va N N~ A N N “uy ct A N N~ cl
\ H O \ H \ H
NH NH NH

14 I-5 1-6

he

NH

“NH /LNH
OH
L i DUV U RO S
/ N a I s ol AN A cl
\ H \ H \ H
NH NH cl NH
7 8

I- I-

Hol Hol
)\NH NH NH

OH OH

N ) J/OH NI N o J/ NS 0 /,/
. “ Cl
l Z N N e \ N H ““y, A \ AN u ”,
Cl \ NH H Cl NH C! NH

I-10 I-11 I-12



/| HOHH/ \ HCO 1 NH1 NH NHI-1 %52 1-3 ),NH),NH~INH OHOH O M NN
JO~\ f VNNCOA NJ O f", HHI/ 1 NHHI1INHI/ 1 NH1-4 1-51-6 ~NH
NHINH OHI( OHN IDAG A/ N~ 1 NHHNHHC NHHZ1-71-8 1-9 HO
HO ', ~ JINH)INH OH N *--0( NONO.,~-OHAa HI\ HHI / A NH/ C
NH u 1-10)1-11 1-12 55 HO HO 1J h]]HNH N\ OOHNOOH VCa I / V' N O 1

NHN\VYT YNH H 1-13 1-14 cl NH N

N7 X fo) OH N [s] OH
I # N N/El/ c I A N N/El/
oMy 2220
ci NH cl NH
I-13 I-14
Cl
)\ NZ
NH |
oL 1 ey
I Va AN N “yy cl HO— N [¢]]
a L H ©/ oo oh
I-15 I-16

NN NP~
| |
> L >
N H N H
>_H [ N\ N H cl HO)—H / N\ N\(O\Cl
oo _\OH oo OH
1-17 and I-18.

8. The compound according to claim 1, wherein:
R! is isopropyl or 2-butyl, wherein R! is optionally substituted with one -OH;
R%*isHor Cl,
mis 1; and

R*is Clor methyl

9. A composition comprising a compound according to claim 1 and a

pharmaceutically acceptable carrier, adjuvant, or vehicle.

10. A method of inhibiting ERK1 or ERK2 protein kinase activity in a biological
sample in vitro, wherein said biological sample is selected from a cell culture, biopsied
material obtained from a mammal, saliva, urine, feces, semen, tears, or extracts thereof,

which method comprises contacting said biological sample with:



OH\V 1 1\ ONC H_HNHCO HCOCs5§0HOH1-15 1-16 cl cI HNI cl HO-H
M NI/ 0 HOHOOHOH 1-17 and |1-18. 8. The conpound according to claim
1, wherein: R is isopropyl or 2-butyl, wherein R is optionally substituted
W th one - Oudljacdipdsitidn skcofding tdictaich;9;@pd R3 is G or nethyl 9. A conposition
conprising a conmpound according to claiml and a pharnmaceutically

accept abl e bh# pempoundgicardiitg togtaimidhi cl e. 10. A nethod of inhibiting ERK1 or
ERK2 protein kinase activity in a biological sanple in vitro, wherein said
bi ol ogi cal sanple is selected froma cell culture, biopsied material

obt ai ned from aJsewfmEdomoahtl \aacortingne cldimcles: a&@ﬂgﬁsitiéﬁa&@rdiﬁg te¥lain@ ot S

t hereof, which nethod conprises contacting said biological sanple with: 56
a) a cHmpddreatingmorlesssniaigribe sayerty0fn dsease, copditign endisondad ime Patiet iyneed cl ai m
1. 11. e cof Q cgordi ng t | ai. m [ sitian rding to
ci ai m SR R FIRRIRESE YA ool s Clela Sof ROAT A SR GRS 17,
or di s@afteéaticicancrgadhedardifogatng EdheéS 6V arianah@irlorgbdlatdicarase, di sorder,
or condition is selected from nel anona, col on cancer, pancreatic cancer,

ki dney carcinoma, |ung cancer, ovarian cancer, or prostate cancer.



