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[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 11,
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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.,
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si g ge?slcelldgzg that are mediated by members of the mitogen-activated protein (MAP)
kinase family, which include the extracellular signal regulated kinases (ERKs), the
p38 MAP kinases and the c-Jun N-terminal kinases (JNKs). MAP kinases (MAPKs)
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. MAPKs 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.
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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. ERK1 and/or ERK?2) 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.
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or a pharmaceutically acceptable 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.3 haloalkyl;

each R is independently hydrogen or C,4 aliphatic;

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

mis 0, 1, or2; and

R’is hydrogen, C,.; 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 Chémistry and Physics, 75% Ed.



1. Ceneral Description of Conmpounds of the Invention:
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RL i sddipeiadnadengrabuiysiples of edanic chemipryt ave Besgribedis “Organic

cachCRnt InaReREEh, oo SRRl bt sl iR, (908! and
eac h“I‘FPQrchsAldmd&p@@@ntcl @heﬁ;stﬂyl LSOYEL,, SllnitbrMB emd ®afkh, J.,

or CLOIhg W)l?ey%z E%bsnga\j?}}g%k gf‘d& ﬁg? Frﬁ 't F%ﬁhat 5 @]l are hereby
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The [0017]  As described herein, compounds of the invention may optionally be

substituted with one or more substituents, such as are illustrated generally above, or as
exemplified by particular classes, subclasses, and species of the invention. It will be
appreciated that the phrase “optionally substituted” is used interchangeably with the
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.
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f eagidpd €nikQIRRAURESion The term "stable”, as used herein,
refers to conpounds that are not substantially altered

whet0®Bdbj etlhetgrmso halonlylli ‘Bavalikeonyd! dmdWhiloalkoryEineans alkyl,

ro | j Ly, their recqvery
SIS, SEBL O 0% RLSLE AP s Ll oms.
di sdhoted “hdegnimemsdb b Rendnddi nents, a stable

COTRRHBE, o ST L TPl TR g0 M

t enpenladyeordbryd@YaIk g, tefessSto nidhodyRlc, 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]  Anaryl (including aralkyl, aralkoxy, aryloxyalkyl and the like) or
heteroaryl (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’ -



absence of noisture or other chemcally reactive
conditions, for at |east a meek. [0019] The term

wO adosphassi c* or "aliphatic group”, as used herBPCTUS2005/016902
nmeans a straightchain (i.e., unbranched) or branched,
subs®{R) peiipnally substitbisd |thﬁhtPed(Qﬂzblrzﬁibétrobtlnnatﬂha111vst1td’u®1tW1ﬂsR°
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I hatic ca and in yet other enbodi nents,
o i Bt R seetCiom B0 SRty whrboa G oishatic, an

| n SOBEseHRAGL @ﬁl@fnﬁered E&ba dRatdcSel; c(ﬁ{gcgﬁe%&pgﬁiﬁ &

cl oal |l cy refers to a nDnocyc
hyd r@%zél?lao% ’flfﬁ‘é(tt standingrihy defiaitipn shever Bitosiddependenfivccurrences of

contgai fisy@ Q?m@ Eubgﬁ“ﬁ&tt ldﬂﬁlﬁ“f%regtf siuHa%uen R %%r? {S])get ?rtvgﬁ\ﬂh%ﬂpm(s)

is nof aronat
t 0 ttbl whroh&hclﬂi" grbep Bobaciufoeem a3=I8 h@ﬁl%@re&hymyl Cheﬂ:'i&:';*&*?l aryl,

E not limted to, |inear or branched
su bé’f ??tﬁftoé’a{ he aadst heterosiams Pidgpendantlvessippted Aomyniyegen,

? E;?Pg%eiﬁﬂgnsslfii ' @ﬁl&]g?m(%gi,“gﬁ% gﬁ' lt(l%sahgﬁaﬁl% ﬁ?@p#& %tﬁ@é#ﬁted from
t er Ay NE&E e 1@@6),, Né@,malsxéu@tlﬁa thelogen, I@eaadmh:lttcaOHaO(Cl

noi e [

The 161025, 008 . CORHECHIE RuPhat KNG A pasP e o

meanaipahticy Iwherainlmciyd)f the foad g\ 4Aphhitepro@ses n{ﬁys WRubstituted.

Tk e LR S ke i
" ar yay cuseid oak Gﬂﬁo@rsu@s‘i?mﬁﬂt@t S@iﬁab@ sJuﬁé’tﬂLﬁ‘e‘htsrBi’ﬂ 8 Yandted Farbon of
"aral ral kox or yl oxyal kyl ", refers to

mon8t %haﬁc 0 eaygq 1|p atig EouPy ‘i’rc%f @Inpe-arqpdic dyistosyslichmgiarey

a t edledtedofrorh kn6Se Lifled HVd R theuh BRI RPELSh ofv’c@eam ophcﬂéroaryl

| east one_ring in the s &sten1|s aromati ¢ an er el

eac BroMP Agf "flq‘ihttqii‘él%y@lu ellonings =@, £, =NNHRg =NN(R )2,
=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 NH;, NH(C4
aliphatic), N(Ci.4 aliphatic),, halogen, C;.4 aliphatic, OH, O(C;4 aliphatic), NO,, CN,
COzH, COy(C,.4 aliphatic), O(halo C,.4 aliphatic), or halo(C;.4 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(O)C(O)RY, C(O)CH,C(O)R,
SO2R", SON(RY),, C(=S)N(R"), C(=NH)-N(R*),, or NR*SO,R*: wherein R* is
hydrogen, an optionally substituted C . aliphatic, optionally substituted phenyl,
optionally substituted O(Ph), optionally substituted CH,(Ph), optionally substituted
(CHz)12(Ph); optionally substituted CH=CH(Ph); or an unsubstituted 5-6 membered



menbers. The term "aryl" may be used interchangeably

wth the term"aryl ring". [0023] An aryl (including
wa@e@bkyissl ar al koxy, aryl oxyal kyl and the |i ke)POF/US2005/016902

het eroaryl_ (i ncluding heteroaral kyl and
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heteroaryl or heterocyclic ring, pheny
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aryl or heteroary

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:



group and additionally include the follow ng: =0, =S,

=NNHR *, =NN(R*) 2, =NNHC(O0)R *, =NNHCO2( al kyl ),
WoEbINSISCBERI Kyl ), or =NR*, where each R* is PCT/US2005/016902

i ndependent |y sel ected fron1hydrogen or an optionally

substituted G -6 aliphatic.(Rbtional substituents o)

t he allphqild?group of R¥S4re seleﬁpéﬂ from NH2 (Ci
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N(R+)2, C(OR+, CRR+, C(OC(OQR+, C(OCHCO)
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O NR:GERREpyherein R+ is hydrogen, an optionally
substituted G - aliphatic, optlonall¥ substituted

pherl{928] opricemding yo eulgitentbotimebnG( Bl R rr@pdty ofalylof formulae T, Ia,

2ot €6 DR B B R o, o
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at orfgep] t OAMUI"@IB% R2HOthEr SN, tRORNEoiefy IR of formulae T, Ia,
3- 8- nenber.ed cycl oal kyl heterocycl |, aryl, or
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f or [@82p| B, otlichemBodiments; thORT meidfyalfa@nss h@kulae I, Ia, and Ib is
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OH

[0033] Representative compounds of formula I are set forth in Table 1 below.



each asymretric center, (2Z) and (E) double bond

i soners, and (Z) and (E) conformational isoners.
wab@saisie, single stereochem cal isonmers as wedCT/USH05/016902

enanti onmeric, diastereoneric, and geonetric (or

conf babimt.i Bxeaiplesiof Compeunds bf Fdmulylesent conpounds are
mﬁth;g\the scope of the invention. Unless otherw se
st ateth,,all tautoneric fornsjshithe conpounds of the
i nventjlon are within the scopelof the invgntion.
Addi t}onal |y, funless otherw S 3Jtated? sfructures
depi ct e |P1av %o nean e ounds
that di'ffer~Nonly i he presence &fnoné o re
i sotopically Zgriched atons. For _exanpl e, conpounds
havi ng the present structures ex&@pt for the
repl ment of hydrogen by fﬁ;teriun1or tritium or

t he L epl acenent of a carbon a 13C- or 14C-enriched
e within the scope’ofthis invention. Such

car bon 1
compou ysef 1, for exa aso a ?Wtical tool s

or pro i |-0¢1 68 cassayt L'p Qn of
Exenpl arly/ prpo'Und[ 0027] [ngHt o
enbodi nent, the presént invention relates t0 a

conmpound of fbBnula | wherein sai-dl compound is of
formula la or Ib:or a phar eutically acceptable salt
the?égf, wherein each m Rl, R2, and R3 group is as

def i'nefl’ above. [0028] Accordngito certain
enmbodinents, §he R noiety of of fgrmuoae | , Ia,
and 1o, Jis~C k4 Jgl iphatic optl opal uggiitugﬁd Wi th
-OR or| - '3 ﬁall. In ceiftaijn /endodifments, the
RL noiety ol any offornulae |, la, “and | b~ G -4

al i phatic opti-gnally substitutedgith -OH -CH2F, -CHF
, OK_ - 3. In other enbodinents, the Rl noiety of any
of ?ﬁgﬁﬁlae I , la, and Ib ins G- aliphatic optionally
substiguted with -OH In ye her enbodi nents, Rl is
unsu [tuted, [0629] Accordk to anot hess enbodi nent,
t he i etyl of] any of formulag | QaJéand hb IS
i sopr opy - bpty ycl opr opyf, QF~et@yW erein
i etyi s optNegnal |y substittted wit OH, - CHF2,
-CH2F, or -CR_3. In certain enbgdi nents, the Rl noiety
of any of fornulae I , la, and I'b is optionally
subgﬂltuted with -OH or -CF
NH

NH



[ 0030] Anot her aspect of the present invention rel ates

to a conmpound of any of fornulae I, la, and Ib wherein
wWR2008/13pdr ogen, Ci -3 al i phatic, or chloro. AccPeTURZPOS/®16902

yet apother aspect, the presgnt invention relates to a

conmpound of any of fopnul ae la, and Ib wherein R2

is C @ [0031] In certai di ments, mis 1.

[ 0032] ot her enbgdi nents, thg R3 noiety of any of
f or nul nd 1b is hydiog hyT, or

chl or o. fo 'ati ve mul a |
are set dorthHin" Ta 1 bel ow. Babllexd. 'Exa es of

Compounds of Ilzirrrulal : 1-31-4.1-51-6 1-7 1 - 1-9
1-101-17 1-18 General Met hodsIdf Providing the
Presilt Conmpounds: [0034] The conpounds of this

i nve L,on nay be prepared or isol at ¢ d ,n general by
synt het]l ¢ and/ or % eudo- synt h?tl hh\st| ods known to
t hosel’s |IIed0| e art for a onpgun nd

as il ~- gener ab—Schiemes
bel ow gnd \ | ve exanpl es thathf A
| Reagents and con|t| ons: (a) i 14, CcHaCL2, HNaOw,
MeCH. (b) PG ELS DVAP, triethyl abe: (c) Pd(dppf):

(d) R - N 2,a(e) PA(PPh3)4, 4; (f) .«

depr.ot e i §n/ saponi figation; (g) toupling conditions.
[ 003 etyaty Sc@sg@habove neral  hod
for pr epari ads y N NN,

At step (a), the pyyole compound 1 |sﬁ| 0 |nted and
esterified to form2. At step (b), the pyrrol8 noi ety
is optionallyl-pfotected at the N8 with a suitable
am no protecting group to form3. Am no protecting
groups are well known in the art and are described in
det di [Gengrabiletiedt df Fyov@iog (ks Freve@ Gampiosnds:

[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.



Synt hesi s, Theodora W G eene and Peter GM Wits,

1991, published by John Wley and Sons, the entirety
wo@Roodhizsh i s hereby i ncorporated by reference. PANES1008/016902

noi ety of conpound 3 is displaced by an appropriate

bor oPdhemadi d or ester. As depicted above,

bi s( pi nacol at 0) di borane is used to form conpound 4

however other bofonic esters or acids arg,ang ab

t hi sl_peersei o andﬂ?bukgmpe ppay o) é
skillHin théQ%TT. N0036] Bé@auggﬁyﬁgﬁﬁ? onpoun CO:CHa
relate to a multi-substituted pyrfi®ine noiety, the PG
order of reaction is considered and net hods of

activaging positiong on thepyridine are utilized to ,
direct the reglochen1stry In step (d) above, the

first Iteaving gr Llmay be’ﬁwsplaced by an ald&ngl

am ney h|oI eS|red Ong~af ordlnary skill

the ar{~- o s L1 | ups

are angna Ie to th s reactlon <@§mof such groupsH—coH

i ncl ude, but are not limted to hﬁL@gen and act|§ate H
et hers. gﬁereactlon nay be follomed at step (e),

the repl ac nt of a sdcond | eavi ng "group L2 throdbh
either a nmetal catal yzed coupling reaction or a

nucl eophilic di splacement to form conpound,y. e of
ordinary skill in the art would recognig€ that 9yious
L2 |l eaving groups are anenable to this r an.
Exanpl es of such groups include, but are not ﬁ% i ted

to, hal ogen, activated ethers, boronic /cid, or

boronic ester. [0037] At step (f), the pldtecting

group on the pyrrole noiety is renoved Noyymet hods ,—©H
sui table for renoving the am no protect ed.
Dependi ng on whi ch am no protecting groug i

conditions suitable for renmoving it nay S|nu”Waneo Y Ry
saponify or otherw se provide the carboxylate joiety

as depicted above for conmpound 8. If the conditions

Sui tRﬁi‘ﬂe@tSfaB‘il cqnditons:iy) iRk hi-ho ¥ aS1e Vel gibbBE-Glr BMAP,
not tiamng ($)did(¢pév (DiRngVHzh ) Ed@BbayHatfe conpound 8,

t he Aeraplettivafsapanéfraiery (DeoepipligeyedtionrSonpounds of

for I

FosneThy SRRl A Lor IR lfengng e g

at 8eeppungs of tigrpressht ippefitinar ¥t 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 positioné on the



skill in the art would recognize that a variety of
conditions are useful for said coupling reaction and
weansiimshude the step of activating the car boxpCHUS2005/016902
noi ety of conmpound 8 prior to or sinultaneously with
t r eal>isHRe A FiHizetio diest therssipnhandstnSunlstep Gd)cibbveptis first leaving
i ncl |, .1 ho escr.i hed in .
dot o & e Spaiba bl B bEthol iR el R3] g Bporcinary
11 1gxilbin\therarpwp@d 38 giietibateyatidusdl deceirgepoupk Sreaenable to this
al t t repare.intermed at e .conpound 6
st ol P oy ot @ BB il R e B e, Riogen and
i nvesstivased ethirs. sTlepregejon ndyebeNoltoviedeatGlep CONBOMB GephckBent of a

. it h ide. T _ ,
R R R T Moo B L B el intyd ppupiine reastion are

f or mutkeplilid displaempaito Gorilcompbend A OROMRr@hard il1$n the art would
disqlaced esired amine RI-NH2 to form 12 an

ith th . .
t hen e‘f%glzﬁgag‘(%ﬁﬂs Fsleaving gatrsser Hpengble o {bépreactiont Exameples of
| nt esncregoadstndudeConpRLv 1i6:i8®6, hAI8Rn bR Yk LiEgd bg?orl]léc acid, or

prepare.conpounds of the present invention accor
to tREYeiBFal Schene | above and the Exanpl es

provbstel bek aup (ReRaTBrele Loubdnnd MR mBERATRAdLa by

above shows an alternate net or”“preparing comnp
7 f refiRagls syifableHprsrempying the antieo protegiinggoupf ustdeDepending on which

PYT iodi; 6. ] ' b apprapriate

I B L N e T

Rx atehliRgeonsly eapony meethérniss pasidbahé cuelobxdtate ﬁ&al@@ld délsicted

of f [ ekhi s r onat iety is then, )

LA R —.

depigttup dreatvo metabletferedvidihg e carbsmj'lﬁtﬁ bblﬁpdu@lg\& hen SddPhP step

to form. conpou 7. Co nd | s then used to prepare

compaUmEE B e e ] ShPisy b BB S BEP g the

f or tdsulibgvaboxylabeREINR Gesire@Aflink las dEMcit SR 4SS e k3?91'd'irﬁlry

t he angles section and by methods known to one of _

ord Flﬁgﬂl 1e art would recognize that 4 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
|._1 L1 L1 RLNH RLNH
N7 oN Oy O N
| . N G N HONNES
f 7 7 No, 7 No, L2
R? R3 R3 RrR3 R3
9 10 11 12 6

Reagents and conditions: (a) AcyO/H,0,; (b) HNO3/HSO4; () R:-NHy; (d 1%
[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



skill in the art. [0040] One of skill in the art would
recogni ze that a variety of conpounds of the present

w0 pwsniisen nay be prepared according to the geP€r/ab2005/016902
met hod of Schenes I, Il and Il1l, and the synthetic
Exangsimpousei0 isdhentirebietl with toc)amql torfoon ﬂd:lmigo ¢ampood hier The L

Companiog i EERASGR g AR LB RENITS 1R Bapd mepape

i s agrewp is aditodlueeian eteyp () teaftdrd ntamedipte 8z Oo’iinpauﬁdldi aptien be

carb rotectin up; and Rx.and .are

" naaieE e g arsar T bt arey i Ssstting et e
al i pvatine I alwve afkthamstadyleapBvidekeslow.0oget her to form an
optionally substituted 5-7 nenbered ring. [0042]

Sui tabl e am no protecting groups are well known in the
art sReméNtl ude those described in detail in

Protecti ng.,G oups in Organic S\épt hesis, Theodora W
Greene apd Peter G M \WK's, ,\publlsheg By John
Wl ey an Sons I'n cert{fin enbod(\%@z**zt he PG group
of A isNam)al kyl or amyT™ysul fonyl Yroi ety. | es of

such gr include” Jamsyl—ﬁ%syf b nd
2,4, 6-trilget lhyI benzenes]) f%nyl ("Ms"). Qhe COzR?

groups include Bn, PMBRMsTs, SiR3, MOM EBOM T,
Ac, CO2R, CH2OCH2 CHR Si (CHs) 3. [0043] Sui t abl e PG
car boxyl &t e prot ecti ng 1groups are well known in the

art ar de n_det ctln .G oups
c@@h. cg@fﬁfé %Ve SFHV&%%%W st B bis b cgppound 7
G Mfrowm SIn tBis dnelﬂdjdt fhem? gﬂaaﬁ 9f the Pﬁhdlﬁﬁ edmpaunama dM&Sﬂa&M by an
Son certain enbodi.ments,
an &BWOBW&? P‘EFO% BEOF EYE dle’d?é“’%ﬁq fﬁH’éﬂ?@“&F%B 61?61 %yrhave the

opt in@Adi yassiéhﬁéd fotit @fhAhLY of G5 A H%‘sde?&‘) § th
sui t abl elng 9 st |(§§? ude met hyl , E?ﬁdw naem01ety1s en
? | i€

i sorBgTd b ayigp Bigesy Pt th%)EYfiC}}? derigien @@éﬁwhemk eisn

eac Ry igHbRUBai @Q&ﬂ %"ﬁ)ﬂﬁéoﬁb‘&%ﬁ'ﬁ '@oﬁﬁ{)oulgé)p g‘%ﬂlenllﬂed to prepare

certain enbo rrents one or

hy d cegaennds 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 II1, and the synthetic Examples set forth below.
[0041]  According to another embodiment, the present invention relates to a

compound of formula A:

or a salt thereof, wherein:

PG is a suitable amino protecting group;



[0045] In other enbodi nents, Rx and Ry are taken

together to forman optionally substituted 5-6
woreosbarasdl ri ng. I n yet ot her enbodi nents, Rx aPdI/R§2085/@16902

taken together to forma

4, 4, & i5 2 pitablerpatbeyyldi oxeiesoing kwip; andi ety. Ot her

sui t}@@ln@,f@%e‘%ﬂ %n&%ﬁ* }&gdéri)%e%%r 8?%&1??%}1%&%?68%1% Flgphatic, or:

pr esent 1 nvention I nc oron
al i phali' e)R’ e thkB( Ogetherlt) Brm[BOHEInally cairseivtgl I-Dm¢eibered ring.

anot e l.hent. th resent invention provides a

co rrp@ﬁ%zd 2‘1% gg%)blrrf?rrﬂ?%lo @:roqﬁggg EQURLETY VP ﬂ EP%"E'? n tﬁfﬁ%ﬁt #idnclude
R1 bi tBosa dSScribedaini detadltin Braecaup Grivipe rz;gbfgaagc Syazl/zam, iilqa&ﬂiolra)éw.
substituted. wt roups. i pdependently sel ected .
P onreci g ey st at G Tofh PR e ibyaadins yo ceai
hy dreag@tin@ntsCihe #GadrbRGHA &ianRkyl & MYALRESM mofty. Examples of

aliphatic, fluoro, or chloro; and L2 is a suitable
| ea\FPﬂbgravlﬁdBQ uc{ecm { tqsyl, Besyh Rrasyle st frbtmethybprgenesulfony]

pr egemts”). NBet dui RV ih68E Bn, PRI M) qu,C§1R¥, VIOM, BARL, BSAC,
defi ned &ener al I% and in classes and subcl’asse$

de_scq(?zlge HaPeteC Zr%(%hei n, wherein L is not i odo when
R i 50643 or Quigdk Briok l'af%%%t@cﬁ%? gr&li}pﬁfglweﬁkﬁ%ﬁ g'lpt:hg art and are

| eaving group is a chemcal group that is rea

di sprgeibed Byietilde Srateating freoms iyOrdeeiri yathesinThegdoraTWuSreene
t he i PEGLf | [ eavi RQ..9r o IS

br ed e Rr S0 0u WA, TPERbA 950 B bER Bl ARl gy

t he cirtrdo e beylimbresyitioal” groipedfiA sfanfoptionalla substiGudtGyl kBphatic

| eav] r ouns e Ll kno in the art, e . g , ,See, | |
» na g BT i P ol gl sl egtous nclude
pp. nB8id,387], platyh idsbtopyl, angl], Sobstyl, Ben¥yl, Surpheh@amieRgn each
groups . nclt.ud% bgt : arcg not limted to, hal ogen,
al k&P SRISRE Ry s@}}te ptional |y substituted
a: tyﬂostlu] plhmrbyl"t?in @ﬁﬂab@ﬁﬁh‘x}s,?/on% ubg&h bﬂR’eﬂaéi R are hydrogen. |
a ul fonyl, optionally substituted aryl sul fonyl,
and?@?‘igﬁ orinLPﬁ%‘rﬁﬁng?‘%”@%m_S’@éﬁ%lReéfeé?k% tRectst © fpemen erjlonally
gr ogRstituialsusiRe bRl Ang. | 1RAR: ot @M oditdeHR! % 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.;o
aliphatic);, and B(O-Aryl),.
[0046]  According to yet another embodiment, the present invention provides a

compound of formula B:

R{
NH

N~ X

o

L2
RS
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.3 haloalkyl;



nmet hanesul fonyl (mesyl), tosyl, triflate,
ni tro-phenyl sul fonyl (nosyl), and bromophenyl sul fonyl

W@ Rrs4ydsy1 | n certain enbodi ments, the L2 noi ergT/o82085/016902
is iodo. [0049] According to an alternate embodi ment ,

t he 6hRdbindepeadeithidydioserponay abEhagle,nerat ed in situ
Wi t MRMisthgop&aet | @g)hg@cd fHe, SUExapp! e, L 1n 2

conpound” of formu be generat ed in situ froma
precIur1§6|SUI@blet1bﬁa’ungcg§ﬂmund of fornula B wherein said

pr eC[l@b§ﬁf §R @ér%l?e?n%dg eonllJ thret%?edslﬁlll%?vegﬁﬁﬁg%dgya compio{llnd of

In a specific
r epI facewe Bt a5 definet] grmennily smi inefasges @ﬁﬁmbﬂﬁﬁ;e@&eséﬂfemdb@/e%nd

t far £ I‘Q group or
pyar e BeRE b o APk s e iy, such
as df048pdo Agsruﬁhllpie leIhlﬁg gpr ea CHemidABorb @S Dabi %ﬁﬂ?ﬁﬁéplg&d by a
in situ generation of

su |g tdgglfe% 1f1cogv 1% 165}10&1'I 1610}6@/ \?ag]ufs the ehapreioh theyrecifig su1teblg leaving

, areate gt sab B tetrbadily di reee hé hemical
Zgg gi%mvm e Q?Ohsn %jlﬁey arndi§0 Bla H\//Btl FlB%rgngc emica

Acc SPUPH Q?%Oémg\éﬁ ar e B RS alleﬁ@llﬁ@owo irethy avfe.g., see,
f or MalddarBed Dﬁgagc'(ﬂqeﬁﬁllén@h@E fl\/f%[:hth' 9‘“}% | %5‘?%5’} thﬁne%ﬂey and

with -ORor -G -3 hal oalk Incertan
t he SR yuey leqfvemwmasanl@edmmremorc pited ©, bgddgennakoxy,

su b%ﬁl‘pﬁéﬁyﬁﬁcy%ﬂﬂ%nal%ubst%@f alk){lsuq:@'@%}/l gptl :éql:yBsubgtl’cEed

ot her “enbodi ment s
al i phanyleuliopyl entionly sibgieid &ulyksdlfwyﬂ hmd @lezorium yifieties.

pccor RGP e e ERATRARGE St Sl Rt g

for mtwltl@n@ulfgnyl stnqmybpty)l;yl tﬂﬂbuamtro-pmlsom@pmosylp fand bromo-

h noi ety i.s opti onal ysubstltuted
w ﬁle“éﬁﬁ@ Iy [6‘6%%&1 $ntod teﬂ‘ﬁégm?é%{% Bisiedes

m)l Eaod9pf Aélrof’d:ih@toanlaﬁelha‘té l'eﬁhg@cﬂmeﬁeﬂlg )ﬁlllltablérleeﬁlliﬂ rﬁ may be
[ 005 oun of formula B ma prepared f

conﬁ%ﬂ?ﬁ%e frs %YV ndhegreactign mgdiug. antnﬁé? dofna mmoelndwf

formula B may be generated in situ from a precursor of that compound of formula B
wherein said precursor contains a group readily replaced by L2 in situ. Ina 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 sifu 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;4
aliphatic optionally substituted with -OR or —C;.3 haloalkyl. In certain embodiments,
the R' moiety of formula B is C4 aliphatic optionally substituted with —OH, -CH,F, -
CHF,, or —CFs. In other embodiments, the R! moiety of formula B is C|.4 aliphatic
optionally substituted with ~OH. In yet other embodiments, R! is unsubstituted.



R3 is hydrogen, G - aliphatic, fluoro, or chloro; and

L and L are each independently a suitable |eaving
wW@e@afn135p0054] I n certain enbodi ments, the preBENUS2005/016902

i nvention provides a conpound of forml a B, as

def i #68l]genfeacatding taaubthar emlbacbsest the R sudier) abfenula B is isopropyl,

bor GRE ST o s s e AEH Blole rnorell pfigted with -OF
[ 005&]-AFg. certain enbodlnents a conmpound of B is

o O] 5Bk i, B BT 155 g e, o

oth&mkﬁﬁbodlnents Rx and Ry are taken together to
form optionally substituted 5-6 nenbered ring.

yet PESI A ERER ormgyla Bripeye pagRarad fresna @@@@h@pfﬁounula
formg:a 4,4,5, 5- tetranethyldloxaborolane noi ety. [0056]
As descri bed above, a suitable1leaving group is a
chenical group that is readily displaced by a desired
i ncom ng chem cal noiety. S%s bl e | eaving groups are
wel | known in the art, e.g.,;se¢, "Advanced Organic
Chemi stry," Jerry Nhrch 5th S LPp. 351-357, John
Wl ey and Sons, N.Y. Such | eay¥png groups include, but
are not limted to, hal ogen, al koxy, sul phonyl oxy,
optionally substituted al kyl suBphonyl, optionally
subQth%{§>e@§§%%¥ sul fonyl, optionally substituted
aryl ony di azoni um noi et es. Exanpl es of

sui tRabf’r ey dragsi (Eng a@}phampsﬂuonmloudlﬂomhhrmlr o, iodo, brono,

fluen fon tosyl, triflate,
ni t %og% gﬁ%/rp e;‘/)fnd(%ntg‘ t)‘{%%%e&v‘gg §H¥Ppheny! sul f onyl
( br d&05H) . Imectmmtembndmmsbt@pthﬂﬁﬂateﬁt 1ntv€t&10hilardi‘zﬁ)de€b)é01‘ﬁf)01ﬁd of

ther e noi ety  of
G CATI T D { AR R TR (MU A S
su bﬂibﬂetﬂ,l tvieke il IK@nydt 8 bofonmy Imoid®y waet RoRahloYo Sdletid hvdsd
I.n other enbodi nents, the L1

v oyl aceu In sther erbosments, Hhe LT
a| t B‘(@Rf)ﬁ)l@f)bﬁﬁétfﬁ*@bbo&ﬁl%nﬁ LHnte 3bb&n ! O?RVQM%EQI#H @X In

be generated in situ MAt in the reaction
ex aﬁ%’%emILOﬂHB‘?ntﬂLﬁ Al Rt qre takpmtogethesrip SumanebtipolngttstiBted 5-6

My nRebeRn %ﬁ?t ﬁije't Bth&d &ﬁboﬁﬁ&%saR}pgrgl S G 50018 toé&ﬁet to form a

conpound of fornul a wher ei n” sal d precursor-cont al ns
a gﬁ&ébsW@@@medﬁgﬁkadﬁwfbv€W1 or L2 in

[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, 5t 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-phenylsulfonyl (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



situ. Such an in situ generation of a suitable |eaving

group is well known in the art, e.g., see, "Advanced
w@e@aniys4Chemistry, " JelTy March, pp. 430- 431, PEL/0SHd5/016902

John Wley and Sons, £0058 Accordi ng to anot her

enbo@lkﬂ@ﬁmhonvlheptm@bewbstmw ﬁlﬂcmfsu;;fpwd; @twlmaﬂymﬁdwsd

for pLeRsy: CRARR al t

t he rgg ) H&H%Pﬁ%lng t Qﬁb?éﬁggé reac mﬁﬁ g cSHPSthd of

f or nigP371 B’ :AcBbrding ta as alltdmettdmnlmdfmenm thdsudtaksle maomg @rodb may be

for n%% aéd u@itu\'%ﬁ{u? e 23 on me Ct I Qraéx%n %r ]tal or d Ln a

sui t i"Um and wheref h' ARqigties in a
g ro memtur&ha’ ifornila BSmapbé genadatey zﬁb&bﬁﬂrcbrh ufpf&lul\éblt dF thHR cbBpound

ndent.lLy sel ected, from-OR O-C
pat oS B P G e T cortins A YR o8y reordby L' or L

hydrsage luch@n—zﬁ sigh gdﬂbﬁhbﬁi of d sJuH%l@leaﬂﬁg gﬁluﬁ iQvel B whndn the art,
and L2 are égach i ndependently a suita | eavi ng

gr olP FHOSEYANCR! Prsenisi Ghewiay il prsnbiarchspn. &3@-éébt5| didl.,iJehn
opt iwn&l 4y Peg heryred in the presence of a suitable

base, One of ordlnary skill woul d recognize that the

di s ﬂp%ﬁ% neACcBting tq wigthenembpddngntishe puscatinmentivoipetvdes 8 method
achifgaeha@hl Debmpbdal Piih!l the presence of a

sui tabl e base. h suitab e bases are well known in
the art and |nclude organi c Rdnd i norgani ¢ bases.

[0060] A suitable nediumis aNEol vent or a sol vent

m xture that, in conmbinatio &t h the conbi ned
conmpounds, may facilitate the progress of the reaction

t herebetween. The suitable s t2 may sol ubilize one
or nore of the reaction conpopgents, or, alternatively,
the suitable solvent may facilitate the agitation of a
suspensi on of one or nore of tRBe reaction conponents.
Exagpd &t tRd: resent,

i nvention a?§“§%§?%?¥§&§gﬁﬂgﬁﬂ%§§g#ﬁqé?ﬁg %ggnmﬁa%'
hydr ocar bon, an

N7

o

1.2
R3
B’
or a salt thereof, with a compound of formula R!-NH, wherein said reaction is
performed in a suitable medium and wherein;
R'isa Cig 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



et her, an aromatic hydrocarbon, a polar or a non-polar
aprotic solvent, or any m xtures thereof. Such

worRoosatasgl i ncl ude, for exanple, mxtures of preCT/TSENH016902
non-protic solvents such as benzene/ et hanol / wat er;
benzeiequivie reserohef aaitieble based Sublesuitable bas[eﬁ)%lﬂell'ﬂdme@& in the art
and [ nts are well knovvn in the

ﬂl‘ﬁrﬁ%ﬁu(ﬁ%‘f%n?c%)&g%r angg%éggam e st erry

|\/ar C[DOG(Bt h Aediithble medihahis a Wlveyt oan bl e fiixtiNe Yhat 10 08Rbination

Accop 4 anot h iment, one o[ nore

r eagént s19 rcroanﬁb%%i O RS Pﬁgp@g]itact%@fs BTZHSY %%tpe rqagfion

ex arfbdarebet\aébno H@aﬁulﬁbbasl&elﬁliﬂab s8Bibilizé 6 VHnXFE BEE Feaction
dii so I et hﬁlléam ne, if utilized in said reaction,

nmay §’ sort’ eIVl e F“HtaB]c?&P]tVPlé?r‘inatytfaqll@tertb? agitgiomof a
basi sﬁMﬂeﬁgoﬁ eRGe Rt mofeQﬁﬁl?e] reddfiof @&Bﬁdn@nt@ ”ﬁ?é%ﬁ[@#"cff%méqlbﬁkesolvents

pr esenft i nvent i on provides a conPoun
vvher”é? H! iR{hepigseRanEon are 4R tireg!vgetne halpgopatad Hydrpcarbon, an
cl asaRs 8RB By ASSLEoIE HGIhS
[ 0064] chor1 di ngglt 0 an(;t hér a%%?g?l})%}’aﬁaﬁﬂgc Sb%e%lt o any mixtures
i nvébfredn Sprhovixgiees inclednnfig gramé, vhistums|od potic @ubnorapmuc
sal tofBg
protect i %g&g r %E%%I%/Iﬂetg??/{ggte bgli&&e?‘g?t%dw )(3Veater and the like.
pr otl@di ngTipse apd otidr sih suitdhle 6olednityxhatvilt kgcrvaum the art, e.g., see,

A R T e TN

hal ¢ea6Ry! ; Aa@mﬁg tosyet mdﬂmeaﬂﬁmmynthc)iﬂro@gﬁme Rhgdotshay perform
al i phati ¢, fluoro,

l'i phat d
or G B o0ER A RGTGF Sbivsenic e ehul & aesetine o

pr oﬁﬁﬁiprdwle@fymmﬁﬁe amailived i skid QuMatio) nlag‘@e@é bs @B9olvent in addition
i ncl ude ’hos %SC” bed in detail in Protecting G oups

in A &PAYHEY €28 Theodora W Greene and Peter G
M WU63} 199%5taiR 'éﬁhlbb(ﬁﬁ%ﬁ’ts e Probint M(/J:rﬁ%n ﬁfb@ld@?géﬁm#)&nd of

certain enbodi nents, the ‘PG group of Cis an al
ary foraylas Ry ﬁg}}er%]{e{u}ﬂ 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
NH
P
=
Y Core
R? N
PG
C

or a salt thereof, wherein:

PG is a suitable amino protecting group;

R” is a suitable carboxylate protecting group;

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



Exanpl es of such groups include nesyl, tosyl, nosyl,
brosyl, and 2,4, 6- trinethyl benzenesul fonyl ("Ms").

wQ 0@681358Ui t abl e car boxyl ate protecting gr oupsPEr/ES2085/016902
known in the art and are described in detail in
Pr ot e&xch RriginGeprnpentlyhy@ogeamir€C1 Sphphagsiand Theodora W

Geeﬁ gc%%g%t 12%phatlcf}ﬁ\ﬂ5r% or]cgp% publ i shed by John

2W500) trent s, the Rz group
of C[OD@an Pcsptome«imab*vey smtab]stanﬁnﬁmdte&mg ﬁd)dpp hatwedl lgroempn the art

t.ut ed | .gr . Ex | es, of .
g[” ?glg Eclléncg?ss P?]dt llplﬁlgt S}&?}{%ﬁc{zg%&ﬁz}pf zibéiggémc’%yntheszs,
i sopTiepydra WDLGIyéne an8 @lbrlelt @ Mbmem yﬁgldms%ﬂggﬁwkhmm? lafid Sons.
ro tlona Su | tute ccordl ng
eaC g’agﬁﬁﬁﬂﬁ 6@%@ F%ﬁle%l’é( efoup @%Cﬁﬁ%%lk'fyl@f ayh M@P&l @w%
o 42k pRRF kikch QRSup® BRludY mesShivl, UoSH, M/bg;lﬂ an PR 4% -

-3 haloalkyl. In certain enbodi rent s, ele)lety of
for ﬁﬂpﬁthﬁlhegzeeesulfo%)ﬂl(dﬂﬁt i ¢ optional |y substituted

W t t'{OO(Q]'L 'Sg'f%e carb&lﬂ: fo pr@t@c‘un Tgrgirps ) V%tllirlgx()vc\sn in the art and are

errbodl ment s, froi et or nul
al i plesgribed @p@qt@haﬁm}te@ug fpmtue@fmwarﬁwcaelsis | Thegdara W. Greene

gégga:ng ?E%p ?}IOMSI W&tﬁ 159‘1 %Heﬁﬂﬂﬁtoh Wl%%fn& QQI%S]IH ce%rtaln

f or ranhtwd@dngs, ths@ﬁgcqup IOf Cls bu@ryionaltyywbsjmtcxbgz lbg ahplhatlc group or an
t hyl nDi et subst.i t.u

o ¢ ToPripfiEs B GATRLS! teih RpRBLE GG Ko BRER AR,

noi etilyyl.gfrofybrisopkapyCbiyl, h‘spﬁutgag emzyhrefidyenylorhegdih edch .group is

[ 0070]. Yet anot her aspect of the present invention
rel & 8mﬁlélsgbﬁ%itﬂ%d for preparing a conpound of

f or moéer) C: arccardimghd cdraple@todineatphe R' Aidyef HiEa €, is C 4
N RN R o,
whertgd R' $8ie6) dfea@tulo0 id S, RELAAL BB Hodaly BusHivteallit —OH, -CH,F, -
med ClDJI-rlrllz?cr)]rd—CE 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 —CFs.
[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
PP
/
\\ OR?
R3 N
PG



wherein: PGis a suitable am no protecting group; L2

is a suitable leaving group. Rz is a suitable
w@a00box3shat e protecting group; Rx and Ry are PCT/US2005/016902

i ndependent|y hydrogen or optionally substituted G -

al i piratsalt thegaof, cRwpasidg Ry sip ef teakiaug atcogpbinelr oftfanfubr An an

optionally substituted 5-7 nenbered ring; Ris a C-6

al i phatic group, wherein RRW§ optionally substituted

with up to 2 groups indeﬁggdkﬂizéezgkgcted from-OR or
-G -3 haloal kyl; each Ris inge ently hydrogen or
C -4 aliphatic; and R3 is hydr n, & -3 aliphatic,
fluoro, or chloro. [0071] In cerpgin enbodi nents, said
reaction is perforned in the presence of N (11), Pd
(0), or Pd(Il) where each cataV§st may be associ at ed
Wi t hora shi gRRGL, S @spbetld gemaloB: phosphi ne based
ligands. In other enbodinents, said reaction is
performed in the presence ofR\Pd( PPh )4. A suitable
mediumis a solvent or a solv m xture that, in
conbi nation with the conbin npounds, nay
facilitate the progress of tlhe jeaction therebetween.
The suitable solvent may sol ulsi'l ree one or nore of the
reacti on conponents, or, altegmatively, the suitable
solvent may facilitate the agi&gtion of a suspensi on
of one or nore of the reaction*tonponents. Exanples of
sui toablsslt thetey§ Mihsreitt@idtbadtion ishRrPmasent kiE® M heRuRhLd a
protic solvent, a hal ogenated hydrocarbon, an ether,
an A6 ¢ hydrocarbon, a polar or a non-pol ar
aPr@dﬁa%&k%ﬂmin@?ro@é&ﬁnﬂ%ﬁﬂr es thereof. Such

m xtyres include, for exanple, mxtures o f protic and
nondpitt fuétaklplepsie graigch a s benzene/ net hanol / wat er ;
benzene/ Weh B calbhEINa I%Eecth?%jgoﬁﬂ']e l'ike. [0072] These

and ot her such sui'tabl e solVeént's are well known in the

art R'eng R} argdedepertignthniodbeon guentiondiyenbsitutyd C1-Jadiphatic, or:
March, Sgh al%jk’t dr0 Pker? %E&héy t!) ?c%m%ﬁ%pt?g&ﬁy SIIJ\llostitYltéd 5-7 membered

ring;

R'isaCig 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

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

[0071]  In certain embodiments, said reaction is performed in the presence of Ni

(I), 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(PPh;)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



[0073] In certain enbodi ments, the reaction between

conpounds A and Bto formCis perforned in a m xture
w@2G05DME4aNd water. [0074] In certain enbodi mTEPCEHUS1008£016902

reacti on between conmpounds A and Bto formCis

per fBrentian e apreténiebicnt ahelogeanigil hyrrbeadmnatroetherararo@atic

to 1 r t. e

commaunde R B o 6 ooy Cirots sateb o R s MRk hcn

m criowdves inglpdel fatekonplatmiaturesmmb rettcamé noapgitio gofversnsuch as

abo%gn%e%@/n%%aﬁmﬁl/\g%gra o¢ %Z(e)l}] ‘%aq %W?%ttﬁ% l{}’b‘htg‘g EIE\ ‘and B to

f or ni0@32ls fFéedeandethentuch sEnbkewbiatntbas vaiéllﬂchlowﬁ QOR6 hrt, e.g., see,

Accqr anot nh he i.nvent i on

pr ovi gi I%ga %rr%aél}c 68“?%'3' ’%gg%%gt&dl P’a Wilexaphgh Som, N-Y
sai doer3pdr ligcdr@intenibodmsmt, the kdactidn BetWden@ompounds A and B to form
pha raec uII l.l'y accept e salt thereof, wherein: R1

is a &GP Gméq%llﬁﬁéﬁ”?‘@reg‘?fm Eaphwptein R 1 is optionally

su bS[t)ﬂ)'Ml]lt eth Wrialh dmﬂbdfnﬁbn% e %&%d %@%ﬁ%gﬁBMrbﬂs A and B to form
selected from-0OR, or - - hal oal kyl ; "each R

is |(ﬁb‘fé’ﬁéfﬂ’a%?ﬁtait§'t€ﬁ1%%‘§éfﬁnémgéroﬁ1 3beht0 °E;to 35@ %6 - Hnjother

i nd%ﬂﬂ)@gﬁﬁﬁﬂs}’thgreactflém&\g’eenQBmﬁg{!n@g RanB 8 S erwe?forr%ed with
; R 3 is hydrogen, Ci- aliphatic, Inuoro or c

eac HIIFRPWRES irjsdie fehefarienpersyropsns frmm@lse)ut 2O R 162507C.R

t haﬁﬁ@\sg gggle %ﬂaééléeg%ﬁh%&gﬁ%nm&x% otBh bRwEePE QR uhds RLIEE to
i nﬁd@e@p@mﬁm@dﬂa@mbmleww basi QI ( 00) ) RR6,

(B ot GRS R G e aehpR bner

7) 2rodnky @a(ORp6Inyfdantul Rbwhaein Be peaegnt byoias egen,
an optionally substituted G- aliphatig¢ group or an
optionally substituted 5g8 nmenbered é'? i at ed,
partially unsaturatedHNor fully u rated ring

havi ng 0-4 heteroatons 'ndependen el ected from

ni trogen, oxygen, orN

OR4

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, -OR4, or —Ci.3 haloalkyl;

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

each R% s independently R, fluoro, or chloro;

mis0, 1,0r2;

R%is 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)OR?, -C(0)-Q-R®, -C(0)-(CH,),-C(O)OR,
-C(0)-(CH2)aC(O)N(R )2, -C(O)-(CH2)- CHRIN(R )z, -P(O)(OR")z;



each R7 is independently hydrogen, -C(OR6, -C(O OR6,
-S(O) 2R6, -OR6, an optionally substituted G -
wabkioshaiskt group or an optionally substituted BEBUS2005/016902

menbered saturated, partially unsaturated, or fully
uns agagh B sdndeperyleniyiden gon.anteptienda serstitutaddpetideic Ig;oup or
select

e%ga t[oﬂ?]i}l}{gruggg%gg {5 g?n%%ﬁgl%? stg%léﬁéahé%lall}{ %ns?tﬁr“a{?ed or fully
n| t r ogersarased iinding et kdtoodtomsmindepbndemiy rblectedfrom nitrogen,
saturaf )g%ﬁ par@% ally unsaturated, or fully unsaturated
ring ha Yret er oat ons i n addltlontothe
ni t raagieR’ ahlmmpendaﬂgﬁmddgaﬁl §Z(C$)@I6 e-c:ge)d)KG[ FONRE, r.@gérh,n
oxygen an_optiona
subst i i’li}{"élal?yéu%&éﬁ“ﬁg ﬁi} a%‘wéat&%%wp RBoatipnay F@#%‘@o#
mst hyl gegbered tsurefed, Padialy nhddeRAB P filly uﬁ&@dr@t@@ ﬁn?}iavllqn 0-4

02-, or - C(O-;
i's hyd{l\%ﬁ‘)@ﬂ(’@ lnéfﬁ?}lg?@fyﬁ?}e“f‘g@?“?]m%@br%ﬁf‘@ PiubBE: PRI n
enbodi memtsR® bl@e RimBiBEh Am ﬁa‘k@ﬁ%ltgé’thélj w1't}§tht.on1trogen atom
al i phatic optionally substituted

hal oal kyl . BoHnd@etetq farre atfomambrrad satqﬁ@techpawmhewysa@xfrated or

fotr EUl ?}I Il ﬂ%%m@dté&h@ﬁa@mg@té I%E@J)zltymss Elpg‘&d'ltgolﬁttg the nitrogen
W

embodi ment sione.edepandenihesejectstl flfommb@nl ¢Xy|gsn, ©F swlfur;

al i tionally substituted with -CH In yet

ot h(%?&}e#gggdgnent s, Rl is unsubstituted. [0078]

Acc 6l diangptigabin ebistimted hadillgdtne dhhia vRlibraimieed Yo fofir methylene

et hyl insr B H R ber PR o ondedy SEo @ or -

W|th -@9)-; aﬁ.‘d—IFZ - or -CF 3. ACCOI‘dI ng to yet
another nbodl t eermiety of formula Il is
i sogﬂ mgﬁn Bﬁt(&&{ko cl opropyl, or ethyl, wherein

eac lpocrm] et Xcdosdinptol cengh Iemb&ub@ﬁﬂs thd Rdmwemffgﬁlmar I,
Anot her aspect of the present invention
r eI %8‘22‘?’“% 8PP ith 0P Bapr aCra hajgslipvdi T ceriein embodigents,

i ndﬂ{é&ddﬁ&i&t&)ﬁfﬂ)\fﬂﬁ@qm CFlatiphat bpALILE subfitu®B WHQOH, -CH,F, -

According t
CHF,, or —CF3 In other embodiments, the R! moiety of formula II is C;.4 aliphatic

optionally substituted with ~OH. In yet other embodiments, R' is unsubstituted.
[0078]  According to another embodiment, the R' moiety of formula IT 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 IT is isopropyl, 2-butyl, cyclopropyl, or ethyl,
wherein each moiety is optionally substituted with -OH or —CFs.

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

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

chloro.



yet another aspect, the present invention relates to a
conpound of formula Il wherein R2 is chloro and mis

wQ@Q2005008@] | n ot her enbodi nents, the R3 noi et yPOF/US2005/016902

formula Il is hydrogen, nethyl, or chloro.[0081] In
cer ti4P$llentld ﬁ?rFﬁéthlébOdmem% RESGODARB’. il ¢ther@m1vedlments related

enbag |arZE€ﬁE3§urfdQJf % h 1? “ﬁ‘lez“egﬁ%% E‘éO)Q{Q- g‘(ﬂa ar)} optlonally

wherein R4 is I's an optl
substb¢titedCa alk}d lyd ihdimrveherdiaiaro Whinemethylenourie of Quire

ErlE;IE gﬂ&%@ﬁdeﬂ{ﬂl fepia %d 19 EE%? 8;(8 e@ng?(@t(-l(;gé)ggba%gg ﬁggﬁ is as

def I%éded in ggmna.iraad iranabsésand bdshess dewdribadadbass—d%erein.

R N e .

aI kwheohem@vocﬂoafour iRyl @ie Ainitner Q @reﬁmpermeiédwﬂﬁﬁra@edlrﬂgﬂ u—tg Such Q
rep ...Suc

e B ey S CER OEh S BT BEH S ettt

t he [0082¢. B{@Q&B}he?f ﬁipecﬂ BOthb Bfcs@s ﬂﬁi%ﬁtld?lfpréxh@es%rc%ﬁﬁgﬁnd
|nv nt| OVIde§ ound of. formil a ern

I6)“ eff"“ﬁgl( P&é%@ll 2 CHIR IR ki A @qmutﬁmmdtnsentmn is 0-
| S Q- 112othbﬂbrﬂioﬁﬁﬁenmbg'aH%Bﬁérallﬁng’s&u%ﬁ C?Qtakﬁﬁﬁl: ﬁ%ﬁg

substituted Cue aliphatic group. | es of suc
gr oliyamplsE PLsyeh Regqqyws m@@szryq:thylewml eth:dolpmmmwl t-butyl, and the

t - bty 7
ke, C’ﬂlzﬁ Ll(ifﬁ%)k R%%_;S)g@z% gg&lgﬁﬁﬁ} ?2 aof tfﬂ%xu II include
hy d?hbéézﬁnawd ap QPWIImemtyteé @msd.thrﬂlamuegto@ -Esahipphaf ieh groups

thyI benzyl ,
O iR EXRARL SR, S BRI M B TR 0

Acc &0@3]’19 Ac;:ooheg @pe edpect] the pprsas ﬁfvbntidih}»tﬁ}dikhddé!’a compound of
pr %“%%ﬁf@%%ﬁ%g%%{l formula Il wherein R8 is

hydrogen %My to one enbodiment, R4 is an
L- vEloBle esterding Q085 bmbstigedt) & i8 ag Dbagdhd @ S Of t he

o ek a3 e abRe B RsHEL T BHOR, oI g of formula I

i ndape@enr i)y Ihwﬂfeﬂ@ﬁﬁbdﬂﬁenl'@d'] e&:ﬂ%ﬁR@@fi‘x’déﬁém@éﬁlﬁﬁlyﬁﬂdé&%r an
es of such

i nc?re}w@%ﬂéuﬁwute@énﬁhphaf&%w Hxampics swcgﬂ Burps incladd

t hembinkB bedz91, Sthil, isoﬂ%ﬂﬁ! t-lﬁ@%?&dmﬁ&. 1h 881 other embodiments, the
R? group of formula II is -P(O)(OH),.
[0086]  In certain embodiments, a compound of formula II 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.



R4 group of formula Il is -P(O(OH) 2. [0086] In
certain enbodi nents, a conpound of forrmula Il provides
WO psavsaent with regard to one or nore physi cCBCT/U82005/016902
physi ol ogi cal characteristics. In other enbodinents, a
conﬁgﬁﬁﬁgof fornula Il inparts inprovenent with regard
to one or gﬁfe physi cal and physi ol ogica
characteristigs. [0087% bresentativéwqonpoundng%H
formula |1 set B;}b Tabl e 2 bghqw. Tabl e 25 oH
[1-5 p-6 p- -\[Q 8] t hods of pr I Ng vy h
prodrugs i ncludg Sg g forth in detlail t 1 a
Exanpl es secti onNi nPra=4nd met hods known t6‘“or?e
ordinary skill in fjhe art. 5. Uses, Formulation and
Adm ni stration Pharnmaceutically acceptable
conpositionﬁﬁL0001] As odi scussed aljove, the present
i nvention prayvides conp%ﬁhds t hat aﬂ%’inhibitoqu§ﬂ
protein kin sE _¥hUs the pres conpounds \r&

useful for t : %f di seas ers, and
condi tions i rfEl UrehHn? not Iimted tiq] CI
aut oi nmune di sorders, neurodegenerative and
neur ol ogi cal di sorldiér s, schi zophreni a, bodk4rel at ed
di sorders, |jver disease, and cardijac di sorders.

. . 5 ‘);o
Accor di ngl yy"hm anot her pect of pr esent d
i nvention, p maceuti cal |y accept gkl e conposidions

are provided! ereHm—1 hese conposilt Lons GRBRPri se any
of the conpou,ds\; egchi-bedher ei n,l apd t%g}qcly
conprise a pharnac%uti Iy acceptable AHr 19 e

adj uvant or vehiclies In certain enbodi nenygg these
conposi tions,optionally further conprise one or nore
addi ti onal apeutic ents. [OQDQ%{It will @lso be
appreci at ed t hat certain/of the conmppunds of pﬁééent

i nvention ca ‘gxistkkn[?ree formf
wher e approprijatg\ z;ﬁﬂarnaceuti
derivative théreoft Accarding to thepr
invention, a pharmaceutically acceptabl e/derivative
i ncl udes, but is not limted to, ):o

II-7 11-8
[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.

3. 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



pharmaceutical |y acceptable salts, esters, salts of

such esters, or any other adduct or derivative which
WoIp@s/183$mi ni stration to a patient in need i s CRERDE®OD16902

providing, directly or indirectly, a conpound as

ot helaf§iBeardeditiontbidctrentest i, plarmecentiailp akcapebler carési ddjevant or

t her gfcie. [Igggﬁ%lpy bYSELnD ecFu%e Lo %)Qs?tlo op’am}ally further comprise one

"pharmaceut i ca accept abl € sa
sal t& mp editiore! thesapditio agdngs. scope of sound medi cal

ud syi 1 ab f.ar [ the ti ssue
J g[gﬁ&ﬂs aﬁd&ﬂo%\g? bgnap ﬁmate% &ﬁou? aﬂﬁ]d)lge t SRMEPYRF 3"t prosent
| r r i itvedniiom, caal Ie:estgmm ﬁes;ﬁmnse“oﬁntéaﬁﬂb@tl blkewheadlchppfo@nate as a
nsurat.e eflt/[‘ISk ratio

! phd%lﬁ%%aé’e el ’r“i?@%‘%}sg?fé‘@?ée ﬁ’fﬂ P Afgaien b RFEEbpieation, a
sal tphaﬁnafsallttcakbj aébeﬁﬁbler &fivaiveonpaddd, obut hisS not limited to,
nistratjon to a reCIplent IS

cap Bt BB RS, PRAFRGPIE Gfnenert el §10b otmap Serahe ogduct o

conpieHdlivefwhiki Spdi¥E@Mitis@RtoAl todNpdtiRA B LRI YaR$ld ¥Corovidin \
mstaléoollte or regl due t her eof. AI; used erelnﬁt] tepm g

t er MErthhPoindisrlyya sempased 3eolisBtisg éesemqué@rmeor a metabolite or
t herggpduenRassy that a netabolite or residue thereof is

al so an inhibitor of ERK2 pr otei n ki nase. [0004]

Pharlf¥Beut i 4sauseq hereine e dyime pbmseuapzélymbetptabﬂmm" rafers to those

the sakd which rarfxﬁﬂﬁh Qhe §: F/lof %SlFrgiemgélcang%grggn sujtable for use in

pharmaceut | cal'ly acceptable sa
Pharcaeieguwite ghe Sthusn cxﬁ"shurﬂﬁﬂ 7a,nd6ﬁoweﬂ. -ahBpald dthopo aduwedtoxicity,

her ference. ally acceptable salts

of ?‘#ﬁgat{;&é’rr%g U%IC resglpnsteh S | \‘i;lg?ft %ng noTf r?8FIB}T8E‘Fﬁ85"€"h a reasonable
der iboditfislo mtouidt ‘Ghhendcacicginicceiide @zflg’alﬁbdhg l&ﬁy @ASn-8dXk salt or
base s .of har ceutical l ept abl e

nont f)lg(loc agg%) ter St € IGHOLEIEI ‘?f ﬁ’}ir ’élvg‘é’lofl %@f upen AHmistration to a
gr oumzlpflm nig ctapdbld) of ﬁl@ﬁzglﬂrfg | Gitlae | S ctBUsNindfe dﬁ%ﬂl&)%ﬂdcof this
aci d, dr obr anm phosphoric acid, sulfuric acid

and HBIS? Qiralncmlggﬁt(a'ﬁ}s Iac%eﬂz]et%}oggrﬂrgesa@edgergqfc HAsesed herein, the

acetdr@ 'agliibitorPxattve REthEblitdTH Fe'si‘au@@ﬂegeoft ﬁr 16t Q%G%bohte or
citric aC|d succinic acid or nalonic aC| Yy usin

ot h&sidie theesas spdsoaniihibiios oBERKS proteimlsingssn ex c hange.
Q hegoophar PReRiEL SRkl yac@%ﬁeﬁ)ﬁg ahl Qres\%lf l§nolv&91 hY8€art. For example,

adi pate, al ginate, ascorbate, aspartat
ben eﬁ\és Befesnett 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,



benzoate, bisulfate, borate, butyrate, canphorate,

canphorsul fonate, citrate, cycl opentanepropionate,
walr@sacsant e, dodecyl sul fate, ethanesul f onat e, PCT/US2005/016902

formate, fumarate, gl ucoheptonate, glycerophosphate,
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mal dAwybsulfrst ninis whdl et nelorBten amﬂtah@hlfmeﬁd,l Izﬁrmphﬂ]elcnesulfonate

nic a ol pal m t at

pang{alét:deﬁ%gtgecma"t » (élgat%eogau t? apacél a%ta ﬁﬁ@ﬁixtF’pPS% n&iﬁatpgrsulfate 3-

phosyikatleropionate, ajhesphp)ﬂeylablateepwﬁiﬁ@p;breﬁaﬁeﬁe sEh 8, 8lcRinate, sulfate,
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o ke niP it - et B cin Geahaa weraie it the like

t he Jaltk eleriGal fismd elbprmﬁdaté fb@ié\s aﬁcﬂﬁ&p Bikah En&AS @Balins | HHE metal,
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groups of the conpounds cﬁrscl osed herein. Water
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SUCIReHBRIIE 2Rk]; BP alkﬁ%regﬁﬁ Hlte?a'i lsa\ftl‘:s‘ 11‘?},1'11 sbdlglrn hlu%x Ofassium,
earth petal salts include sodium pot ass rﬁ
cal éﬁlﬁ?ﬁm » REGRBEINY gd ghedikeh Eutthek @harﬁ@pcﬂtmeally acceptable salts include,
h I al ude
PR Al b A ARGEPLAROALAE WhAcllly Mol Rad pine cations
and f@rmedelsmatcpmnglq‘n@ rsmcéﬁasuaihdfg hydrorides ¢adusyates Bulfse, phosphate,

hal i sul fate, phosphate,

nitra W\R?e%égg‘y‘i a]nggﬁrhugﬁg?‘ta aryl sul fonate.

[ OO(I)(B]OSAS d’fssctesarﬁnedi a‘ﬁd&@yﬂ}e ;ﬂthmpharcm@cmbpt@lﬁé leympositions of the
accept abl e co Long of the Tent I nvention

addPt e nIVV1 (#qt”é%la p‘i’?&"rﬂli]ﬁ?: eaut gpaceiticalle meggtable  carrier,
car Iadjefrant aﬁiJVbIMalBtwthlli a¥ @kddG]e®uin, WM wdes aﬂsaﬂsﬁﬁsomﬁﬁ' &Bluents, or
|ncI de P sol vents, diluents, or other

i q8 g 38‘???0‘16@ 1| BSB@F]QPd’ﬁ S&}?Pe%%rbé%%l Bhif2gg defivesagentacisotonic
act a8 efing iof ORI fFin@ USEH:S ’pretsgyv&tmg] ng @gﬁers lubricants and
enul si fying agents, presérvatives, sol d

| ubfhedikt as syiterl forbe pakigulardosagg fomel desired Rermington's Bhamacetical
dosgg r NEL.0

Soi oaguceBI AR Effton T WOREAD AERBIRARY GECpason, Pa. 1950
Pubflisglpteng vaious Eamsiersn, used. in 1198@91atd1gs qﬂmsmewtmallyjumceptable
car i ceut

Can ELBSRHASH o ALIMALS, ROBLIRER SR Keccor ot ny
pr epawveittioon ¢aprer enddiunxe gpompatibtf |ith dlse @mypounds of the invention,

2

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,



conventional carrier mediumis inconpatible with the
compounds of the invention, such as by producing any
warsaiysabl e bi ol ogi cal effect or otherw se i NPET/EBL00FYL6902

in a deleterious manner with anY ot her conponent (s) of

t he GoaidakheiEen ineagnesjuna ddelinai Ipelyimrbogirelidone, nofygcrydates, waxes,
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i venton. p%g’O&@aﬁﬁ'lé% meQn}gt erétgl gfge\llhf' il §rs such A3 lactose,
as pgime@dmcmt | sjarchee @wﬁlaﬂblcenwarrch ardspotzrto Istadué cdjlmiose and its
are d l.um n

ot oaay e skipt oailed R NIRRT B BT ce b £ Rentose
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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
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RIS LY SR SRSFLIL, oS OTRRTLLL T FBhe! Spesons
t he syaps sdtelixirhdn addidorofo 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.
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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
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i nchandelspdey¢ior cchwpedtiitans fhat ity 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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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.
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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



buffers as may be required. Ophthalmc fornul ation,

ear drops, and eye drops are al so contenpl ated as
wheinsg13sit hin the scope of this invention. PCT/US2005/016902

Additionally, the present invention contenplates the

use G¥ciReEAdliaY Paseresh &idneypireihomaveycldiddiseiderd, lymphoid

adv ' e BLLS 1)3ip, t

Corasader dREaY, BeEoN Lo HELINER Tl g ppe movs,

di s skifaginggsnedl ldﬁesple;mlqmgrecthm, ewepuesitle) mcttunebpinapé central

medi ncers can al so be used to

|ncrlléé§soeég§%%ﬂdggﬁo§é}lmﬁe conpound across the skin. The

r at e[0@%2d beAwnimgH/Jaedthbxyendjoﬂimmnt Qﬂ’tﬁ&’bl@heﬁhglnaeﬂtﬁ)heealat_es to

cont nenbr di spersi the ca n

ottt O TERE 87 S By o SRS il ot HER B sy to
abovsay 4 toge. mamﬁcm@sthebreem ivematreleRs & Lmetsed b'ﬁtrééﬁng or
i nhibitors.of ERK (groteln ki nases. In one enbodi

t he [CORPRRNESEHY aﬁﬁagﬁetors TF seged HoweRigh stk disbetes

i nhIHépitOﬂtha%f cQaRvaculaPdikeadd inbiNthg 84dioEHR y,pAl%&th‘r s disease,
ki nases fﬂ{;d thus, wthout w shing to be bound by any

par tP8HA Lrogs, é’é‘f’lyﬂlsei‘sﬁea%%tb‘ﬂﬁ discaserel atheraprdespsis, aertenasis

par tysehtsar A1rdis 8k dthers Merddty %%tsﬂhﬂﬁ ﬂflallmgl gaﬂofb %al dlsorders
severity of a disease, condition I sor

act iapdhpenerelgad disvastsowherein sERIetizddomRASS prlmtmammg toa
Kin

i} o 2AG e Pyl Enbdbcol e BRE B g SONAL IOl |

ki nd8®31i s Aqyptdingett etother eanbpdintent ﬂie@l‘esﬁht&ﬁ&ﬂ’&on relates to a
gloggllrl%}lno%rbf trgzgtn %lascg{)e Feé céelr'areféo r%gs edvm%%%%&bggstate testis,
ERngmmlirlaatre cttad; &ea]sagﬁs, lapmgl gh@lﬂmtonm; nélirsteas@n Yol 6H)skin,

Acc anot h ect e i nventjon

pr O\(il)l lteosagaéf¥ Hrrg a %lag’feB}‘ i??rﬁlﬁb?}? q?fé@%*‘zﬁ‘iarfgn%% small cell
sev ennctnySmGI lug xﬂeﬁ@aﬁﬁnon&oﬂdiet Eddh, adHnoﬁﬁlaSRpéh&%& M&B@arcmoma
activat.ion of one or bot h_of ERKI and ERK2 protein

ki nd5ELd; gllicylay qaxcinqups. ppciffgre twa?dsv@gé@maca% 1Y GHCIGNA,

di se&dibmb klSlombherdeta Yihbder @a{rmﬁmﬁ@ TReMOC itnhd e{n%l%qjhalr?
this invention as an inhibitor of ERKI and/or ERK?2

pr oP&ISPERI S8 SRRy MB e ydaid diserders, lwnph@d disprdgisyBodgkiri’ s hairy
a cebils, hichg- M bh lipNEhHE! g 11 intesti
det ejrﬂr?l neC [ r?ﬁxllil{gll at1| %n%gl?ggﬁ%iﬁ IFW é]éﬁ erﬁospﬁ% Vﬁgas&na ntestine,
act FolPp-yechm, M%@@Sm regtuny brsfin znskdentee] edrvERiy stem, &RK@ukemia.
pro Ki uantit te
ProlER, K, Daae afh R B S T R AP

pr op@cnr, COIOD cancer or panoreatlc cancer 11’1 a patlent 11’1 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



ki nases. | nhibitor binding may be measured by
radi ol abelling the inhibitor prior to binding,

w0 s@batismg t he i nhibitor/ERK or inhibitor/ERKRCTOR®OEH16902
and determ ning the anount of radi ol abel bound.
Al t eifFEkive éPlg’/lpot‘indhnw bo pdingsthirery corgyrréely deitte pmitherchgbyt used to

run e i bitors

e R IR PR ey B R e AT B B of any
to katgowe reddéte)l iAgamds. he@e@@l&]dltiblnel therapreutiveaguis afhhty are normally
i nhi sed. herei n ne asur abl e change [

e iz K BERR Rk Pl Rol B ot5er e corc B Browm as
corrpirapp;ppr@tesﬁx daeahmmsd)rtcloﬁdmandiemg ERbdor ERgﬁl protein
ERAIBR e R PR B, Gt ot am-profferative agents
Corrrmegfl lid mnbuﬁu@htmasoth@mmé Sf this ie@ti®l 1 thaPRASBferative diseases

activi,t kno one of qrdinary skill in the art
and PhEfnde B gnr?% KpoHsChemO TP HIcIAgPRs olep.dwt are not imited

[ OOZQ]FOA@%M}Q(E Rhet thefh ?iys B?Entﬁmgb%ﬁﬁtﬂaatm bk 'ﬁg&ﬂh'cgﬁblna’mn

rel at, stoamsthodo inhibitin RKI' or ERKZ2 prote
ki ndgl fhe ety antigarest jagaits cfnibei Ricrrgt tibnentiore pncdrﬁde surgery,

admipitiisth&hhNen et 3 v e%ﬁﬂl@sﬂ arﬁmg oRayag nglfltrotnhgeam rédlotherapy,

present | nvention, or a co SItlon Conf)rl S ng
Comﬂf’ﬁﬁﬁp bTa@D@ﬂ]OthPﬁa@YI mpmn"tgmwmbmchxtwam Aok Bystﬂl’dlc eadioactive

" di $83Rs, to ASmd!S ?éév) GlaBhhe tﬁ@%hﬁm{glcdﬁggp%%gee%lg i Frggm‘taerferons,

del eteri ous conditi’on In whic (
r ol enterfdsingean YUERK neehia tfedore NNt foomimeos féwl), I8P&EHermia and
al sQ

0se sor ondi ti.ons, that are
al | e{}gﬁ]t%ﬂﬁy’bggep Fest als[rrgen th @ g%erﬁR?gch fergit Piemefigsh and other
OndpmromdSchenmlthﬂ:t@)eutw thhgs;tml:luﬁlihg abtgoﬁbt lﬁﬁhﬂiléefo; Cajllkylatlng drugs
str bet es, g car.di gvascul ar di seas
i ncl%ﬁadhllwd ot %?I&F’orfég"ég? ucﬁ ﬁé‘iylﬁ%}}wl%ha&}l%a%e Iphalagy | tfosfamide),
f i bamah&abolites aiMHhHRRARE), path® |aﬂiﬁgﬁiﬁﬁstﬁ |a§d3%?ﬁ§udme antagonists (6-
at heroscl erosi s, restenosis, psoriasis,

di sOTERPLPIRS udriiyoRerie, C}’Tﬁlfaplé“rma@?léﬂtabﬁléhr olpigiec apoisons
dl sov ﬂBlraéitm@n dviheisam) eviRkatigd @hé’fﬁz@{%§s poa—(%bﬁlgflﬁgflps V&Eto&omde

"cancer" incl udes, but is not limted to
can&@joiecany gEaotecgiqr yntiieliogi x(Dogpwdicit e, Bleersydis, Mitomycin),

genhin@urddar YCdhaGine, GL%%Q%[)',S ’m(lrg'c{ny(p ansgl(b?sB afR! ViBsoplatin),

enzymes (Asparaginase), and hormones (Tamoxifen, Leuprolide, Flutamide, and
Megestrol), Gleevec™, adriamycin, dexamethasone, and cyclophosphamide. For a
more  comprehensive  discussion of wupdated cancer therapies  see,
http://www.ncinih.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



neur obl ast oma, stomach, skin, keratoacanthoma, |ung,
epi dernoi d carcinoma, |arge cell carcinoma, small cell
W@ 2008i1n33e, | ung adenocar Ci norra bone, col on, BOPN/GAS/016902
pancr eas, adenocar Ci nop®, roid, fol I®| cul ar
car dietroirferondp 85 dvermx’ anéae &0 cCoramene” pai mitwa;rtrone treatments

car ci OBy, FL%H‘aQ Qﬂﬁterﬁﬁcﬁgﬂg\ga rsﬁglgyﬁ?fr tr%atm oS cﬁlz%phaeﬁlé%/such as

car Cl noma, lvercarcCli noma a assa
car CiynGra, rlsgeeiathl serotiushr ahdr halolbeylﬁp]h oand 1dﬂ8ﬁrﬁﬁi6fy8 agents such as

gk e S Y 2R PR o, an

COI onifiebbing inah@®nicdt@tky nend r &ﬁhﬂfﬁsubﬁr@ésfvea%ents such as
centrg]]O nervous system and | eukem a. [0Q022]

AccSPEPIRNTY:  dABPHBYS: e n3BUTYEht B’fyc?ﬂ%lémﬁ?tés efofetil,  interferons,

i nv Qﬁftic@ﬁelfoﬁis atc?&oﬁ}%slﬁ}faﬁﬁ’del NGa@iopkias S &Y rkglfislaﬁzme neurotrophic
sevgy ne or_nore di seases in which i s known

aS“Fleé acgylepplimegtgiase, nhilitorsy rl\éé@ntnh}hﬁwntmt@rrﬁerons anti-

r el abfuldaftsqionRhhed] elboctdre AR, hd Lﬁﬁﬁzﬁﬁfnﬁ‘(gnatnh ents; agents for
severity of a disease or condi tion sel ected

cand@plings cagiogascyipnidiseess, sugh pat b??@a@@ld_ﬁrs,céﬂ@l plhdg‘foul aliuretics,
di S@ASKes! Eb@élbjrg'cﬂ&ngﬁflﬁdkggeﬂﬂls%tmﬁlaggﬁé {TE Er'eaﬁigglsl’iggrgié%ase such as

cystic fibrosis, viral disease ol mmune _ .
at hepoisedtepids; ®Oleﬁ1@mmsmtgferpi§o nmch&itsylrﬂlag@n@agents for treating

di S @y ﬁrd%OHé? g]'l Q@co@é&o 'dsi 5}{ i l%lrﬁlcﬂre?mc age‘ A 0 f: gtlors; and
a4 niter] o8 §

di sorders and ‘hor none-Tt el at ed” di seases,
net heehtchbnpeidtagsmadnodeiisitanyidigrdes saclpad gaamha globuiped

t her, npasi cor to the presen

| nvdiErbn, B35 AT AR ERR) hebaiiB: e B0 e pomepigons of
pr eglén invemicantilldr moahat elfanttbe amomit Hiod wobild fe@@bllyBe Mministered
cancer sel ected frombrezl%’att ovar cervix, prostate,

testh & CHBRIYIGE CHEPYSE At | therapsyhs apent pgrthayonly active agent.

gl | ehifastionie aﬁﬁ)‘dﬁ@bf @&dlﬁ‘éﬂ%l B AIBEN agSili iR the presenﬂy disclosed
ker at oacant honm, ernoi d carci noma, l|arge

cel FORBGSHIORS Wéll ra§geafrpm @gcpqt SQ"ért@ il Afet the @ﬁ)@unt normally present in a
ade B&ﬁﬁfsﬁioﬂ%ﬁﬁprlgx@@@lat %@ﬁt‘%@ the%qﬁntﬁéﬁpeuﬂéﬂfé/ra%ﬁ% agent.

adenocar ci nomm, yr oi ['i cul ar ‘carci
undi402&F end® &t @Eﬁﬂ@éﬁ enhodivesnt, sagrnéthedsyf §s mverdion that utilize

Sen’b&ﬁﬁ@%ltlog?{h@ cidifr %@ddlt@dﬂ@ﬁtﬂ? %e(ﬁ% ée@f?,% ngnée it

car cli nona and |I|ary passages, I dney carci'no

my e hdsliigord] stenr efesearately n@hwu&ﬂeruhg £{0) Saﬂ@péeti,enﬂ-&mckgﬂitinhai therapeutic

ha' g%enf: e\kllhg’l} HQS% %@ﬂtlogaq\(heg%al]% g%?t x%é ﬁlél msterea éepara%ly 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



colon-rectum l|arge intestine, rectum brain and

central nervous system and | eukem a. [0024] Anot her
wertwsdiisent relates to a nethod of treating nmePENURBNS/016902

breast cancer, colon cancer, or pancreatic cancer in a
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cryot herapy, agents to attenuate any adverse effects
(e.g., antienetics), and other approved
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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.
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conpaosi tions do not contaln an a
t hervapan ﬁOc,affagbfﬂw fitle ormmous® (488 dis vicolodbsssole thot was used

sep o said patient an additional
ther%gééetﬁ{%éﬁog é‘ﬁl@iggﬁlhg%oﬁese addi ti onal therapeutic

agents are adm ni stered separately they may be
ad m'4nI0§pér(étduQr@-ft-mfomk)iléhpyqnolie@rcatrboxyﬁe quishmiedhlyl yster: 4-Iodo-

W' t Hﬁ@r{oﬁ%é—%%ﬁbgﬁdﬁwbﬁhﬁzﬁé&t% %rh% %9 O‘T’IOt éq%?vsélent) was
i nvelrs‘solwd or diphiaromethent (166 nhIy) z@ddﬂﬁhﬁhnhmecm@mﬂs i215.6nBmol, 2.2
T T AT

pr osélh@sadfongichlofide (26 yal 0768 mmAST. ul e@ﬁw@lﬁeﬁ%}t @ereS4ddBd @nd the
and cat.heters. Accordin t he gtr esent invention, in

anotr‘F?ﬁPOI‘a%’ét&’Ee washEfrtrg ¥ é%‘??ﬁffo PBnterprTain fifgreagtion was
| nplgasicadd &itdeV M eICT QRBIthe bidgnid 1SRRI NehsBEd (M8 aqueous sodium
Pr e%lecg;bonate and brine. After drying over magnesium sulfate, the solvent was removed
under reduced pressure and the residue was crystallized from feri-butylmethyl ether,
ylelding 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)-1H-

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 (II) dichloromethane adduct (3.6 g, 4.9



i nvention as described generally above, and in classes
and subcl asses herein, and a carrier suitable for
weoasiing4sai d i npl ant abl e device. In still anoP¢EUS2005/016902

aspect, the present invention includes an inplantable

devi Ba0ob dal edhivelank). é”hcmarptnm IhIXID.I‘Ie casenstingd ac 8N PO WA 8 hours.
of t Q0. a scrlbe ener.al | y above,

and gﬁm@£§§§gg %?s%? WEF%Fﬁqh%ﬁﬁmgn%gﬁﬂ residue was
sui tsabiteadédom Ch@mllaﬂgr $5§]0dnL)‘qmlda1n¢oab |pﬁeciiﬁt‘dteﬁemn{e@1@‘§ﬂyl This solid

Vas NS QL € ave been used t

ove ?‘g%%m?%e? t é’n%lg pLon éﬁ@%ﬁ%ﬂeﬁ@s&asﬁ%\v% éMeﬁIvaﬁ’latef brine and
af t edriedl mjver M)gSOh-kaDﬁMemtranpﬂtaff&ﬂE@ tHeStitRGc oM RRhS a9k v@ﬁl@ &blid and
i mpl formati on or platele

s
act W%é Wbthout%e %%eé PUH %&%&f Wews LFPél\ﬂstt(@rné\ﬂeﬁnt‘lé@‘l gis+. MS
mi t iFgAt &05 DFSPreNngR i 1M9(st ) 0Lys t
pharnaceutlcally accepta %1e gonpog %ﬁ%%nggznﬁf7zﬁnl3H)78(d
ki nedl § tor. Suitable coatings and the genera
preparatlon of coated i npl antabl e devices are

des gv, Ve qsiahi1$#9-PRlaeHyPiaPy-IR8Bropffamine 886, 026; and
5,304,121. The coatlﬁgs g?e §p|cé? y bi oconpati bl e

pol such as a hydrogel polyner

pol Xlﬂ@ﬁ@ﬂL%t%MM@%e 3391 181%@9{&19&9%18@%})"}&18 8%¥1 (ﬁ hyﬁ s L pgpol, 1.0

glycol, polylactic acid ene vin
i X editiEalenthersedfsolvh i PMEO (ﬂ@mﬂn)myxd mlﬁbhmqm@i}ﬂaymbe(o 99 mL, 11.7

fur coat

£} ool POYalERed s Sl e SRR e s g pyep microvave

phogptipitiop fat00 Semrﬂ'»@ ?(Eltﬂh&l’i&chh@ﬁr@@xfepéa@ed dPadnbs. The reactlon
rlSlCSlntGCOlTpOS

C OOl el e ST ARAih Bl e ey Sreseag fgvater. Afir

i nhittyirtg cn/gr EEBKim QﬂfaERiﬁB sEIR &t Kk ed\‘;\aﬁﬂ@&% t@Qitf(')rWtﬁeYtltlerboﬂl ound as
i ch met hod rlsg

bi o t,
acit ARG BPIRGTELS enie”bADhias bred Qomtact #ing: Sitbor puriBeston
bi oR@gig al6186MBIF¢AV\Q9T6V9 185-C OIROHAG QL 54M8, @ %@ﬁ%’%ﬁ (m, 10, 7.15

i nvention or a conposition comprising $a

The(st B 7Bi(BI18gi cal sanpl e”, as used herein,
includes, without limtation, cell cultures or

ext Mathod B HEhermpl) biopsied naterial obt ai ned from a

d
MRTER, 16282 §ih RS 'io?loﬁﬁg{l &4?} gbo dg I%%o qu}vag}zb P8 fei§solved

f eces, senen, tears
t hemeedfanol[(@@ml;lr) anel Iﬂl%uiapmpylaﬁmERKJ% @i, FRKEmpP, Gm%qfﬂlvalents)

X PRREE f B  98L B AR S i 5k

t hemmittre wex tuep Hidsted 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—is0propylaminopyridin-4—yl)-1-(toluene-4-sulfonyl)-lH—pyrrole-Z—
carboxylic acid methyl ester: To a solution of NN *-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)~lH—pyrrole—Z-carboxylic acid methyl



of such purposes include, but are not limted to,
bl ood transfusion, organtransplantation, biol ogical
W@ p@siinsmt st or age, and bi ol ogi cal assays. SYNTHETT/CS2005/016902
EXAMPLES [ 0034] As used herein, the term"Rt" refers
t o taster (P(8 et mmol, 39 adifyelent) i RMEFU# d3nLasasadilet esblution of

HpL e 2RO cot PR F PLOFRIL RS0 bPENPRAT0 20 A 948 mmol
t i me0.1 squagaldng)l Thawmicr@odve mébg :;vghg |séa§'a1tan;ﬂ t%@%&gnwﬁfgxl%gva/s
& nareite R pg ity s B Roa P S a0t Agpictions were

ML/ rdorribired Bed @idttédin ctl 1 doctird AdtvadiAl with {403 ﬁlﬁelumy $he organic
ot helrvm se. | n(gl catlgd eac H NVR was obt ai ned at

PYFT AERSOg g SB G%W?WB%@IQYHEW@QQ B%s*«ﬁasuﬂtalgtthl@ls eﬂ was

Cc On&@bﬁiﬂed’ﬁﬂ'ﬂﬂ&fa%d Q’ﬁé Ex@de Whs tﬁ@fb%nﬁlﬁlzd bﬁﬂam&orﬁatgé}gﬁ%] on silica,
nmpound 1-9 was Par ed

2 2 ‘tf}*ﬁl“eilaﬂ’&?i%ler/efm oglats mlxwemﬁﬁ?rm%é ty |79 Bfranswt thatitle
a Stdoﬁﬂb@@hdsa‘%la%ll&ﬁ sai‘d A@Q 396(%%5er'{%'sue (() ﬁh%.‘ﬁsé 1\% FIA:

-trich|loro-1| - rrol-2-y han

d| ciﬂ4&r1&~$é1 R(&D@S @ﬁHMﬂée@ 3H)t3|? &g(sn;él-zlh 6580(Is ultfll)oﬁ3ﬁ>§s 1H),
d (e, 240 mmo 1 equi val ent s
:(r)1 Z‘w@nﬁﬂfg% ?ﬁg 8(33(?’2%8 nm.) was added dropw se. The

resulting mxture was stirred at roomterrperaturg for
2 hdt(ﬁsCthPeZ-ésopmlﬁmimrmrs-Hedi) -1n(2,H6- Iﬂ%epmﬂlasmnmlfonyl)-

hj osul fate
codiirenpsrRgEboxyhe Aol S ARt S B G A o
and iwﬂcfeidylb-éaoed)pwadme (9@ cigc@Bl pned,dur @uivhhat)sal 1q4wss-
o B ISP N AR AL s
( 86%&arHVByIEI adld rﬁ&ﬁyl&steﬁ@EZ &gEﬁiSS mfhndl Oldpedulvalents) in DME (2 mL),
Hr- Q&’ é(?cLeg Iaﬁ? g Q#a)éllglecgls %%\/I SO 1unt1 Igglrlborgl%et (%rZ mL) followed by

Sti r
- Pd(PPhs)4 (37 mg, 0.032 mmol, 0.1 equivalent). The reaction mixture was stirred at

80 °C for 16 hours. The crude was diluted in ethyl acetate and washed with water.
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%). Ry(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-y1)-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



trichloro-1-(4-iodo-I Hpyrrol-2-yl)ethanone (68g, 201
mol, 1.0 equivalent) in dry nmethanol (400 nli) under
waordsogsm was added a sol ution of sodi um net hB&T/U820051016902
nmet hanol (4.37 M 54 ni, 235 nmmol, 1.2 equival ents)
over cohfpomcwhes .wafheed disaily witgowti Hutther @urifisation.i Rfreit):a 574. FIA
roo e 1 hour. The vol atiles were
rengygdgﬁﬁ%géy Z%%géh pressure and the crude was then
partitioned between water and tertbutyl nethyl ether.

The MethadBe (Bheamel) was separ at ed, mashed two times with
mate& sath t ed SOd%Uﬁ]CQ| ch% dried over so

sul fate, fri'tered and concentraf 1%RHQ¥MG%%Q P%ﬁd)l(246'
af f otichetytbehichtslfonpolinsr(ég;arGlic asidamedlyo l‘ei;taSQO 69 g, 14

SO Snobe s S 5 e 18Rk NS of i i
H- pyrhbliﬂhgidrateﬂ 1 .oy b enrdal] 20. m%t[lh}/zileﬂi@tlﬁ rwateq' B Qdﬁt}"‘l‘he mixture
yrrol e-2-c¢ rbo lic aC|g nmet hyl ester 4.6

mmol VYasthen it fe%?‘aur e Grde YERP 145 aaﬂ@m%w%wmél\l HCI
( 15Quneit-kloadyd e érf&ﬂy sABnnQad By regl%\r?ecﬁarﬂrm& pro%ugt g)rempltated

eqU|vaIents) net hy Ian1no%p yri |neS£ %
mol Theotitle edpuiayag evee yisoker py fileaionernd svasherhyiidhvaen e diethyl

(20-diu ik VAR oo B gObtoyal ent s) vere added and

the reaction mixture was stirred for 16 hours at room
tenperature. The reaction was quenched with 1 M HC

and 4 @eChlogufiipreptaminaryridis o) -Wltnyrederdsasbosplic wasid [1-(3-
bi cahRRopt Ethybfrbf’ﬁth}/ﬁf t Shicdr Yirsg ovs%gpquigﬁ‘e%&‘um (5-chloro-2-

sul f at e, the sol'vent” was renpved under reduced
pr egsprepyiminepEdinesy Il E- narsleck-gesbayliv et {r¥me, 6.9 mmol, 1.0

Lt SHEMSIATE D I i S 1475 BRROH s,
m nd{@Bt (0.94 g, 6.9 mmol 1.0 equivalent) and (S)-3-chlorophenylglycynol (1.58 g, 7.6
l“'u(eﬁﬁmgf 1%1 Te&l\F %;T?ﬁt) h 11‘serrdéalyle%}]ygarr(E:)u)é(lé;jl E?i%@g@é%}ﬁ%;{%@%@ |?1nd the

est eesult'lﬁg mlxdﬁg &8s etirr&bh wbdn merﬁﬁeraftune a@ermight. The mlxture was then
uen

su fon rol.e-2-ca ox l.ic acid
net H))?I.ll‘eg dpig W eé@né eg%teg \ﬁﬁb thyl fogiate n$ ))Veéﬁadlum sulfate,
bi s (thd facdt ab)dtidred allitflth(e Lﬁlc@,wzﬁ&dﬁﬂi@éd, onlsﬂ:fca gel. Purification was
eqU| Ien i.n_ DMF 20% under nitrogen, was added
di ¢ ﬁ: ?ts? y ash chromatography on sﬂlca 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) 6 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:



bi s(di phenyl phosphi no) ferrocene] pal | adium (11)
di chl or onet hane adduct (3.6 g, 4.9mvol, 0.1

weouwsasdsent). The reaction m xture was then stPCT/E82085/016902
80 OC for 18 hours. After renoving the DVF under

reducgd pressure, the resulting thick oil resigm%Hmas

susp ded in gi hyI etger (500 my and a sol
prec|p|ta%ed |ﬁ§2dkﬂf€&y |s—3ﬁ+|ﬁzips—feﬁﬁve y
filtr t|on and e f||tra vas wash&d®with | M

water® brine and dried ové? MySO . Cdncentration ¢

afforded the title conpound as a white solid an gd
wi t hout further purification (10 g, 50%. LELNB oB
Rt (nin) 4.6, 406.4 ES+. M5 Fl NH406 2 ES+. d_1Lg coc
(s, 12H), Z2.35 (s, g$ 3.8 (s 3H), 7.2 (ra , 7.8Ms
(d, 2H), B. (SiHN -~ -
AV -2-(5- @,pyrldy -1 p%@pylan1 e Y—C0uCHs
Met hod A. ?NICWbW% I'n a 10 m'tronave tube, ™

5-chl oro-2-fl &@®ro-4-i odopyridine (1.0 g, 3.9 mol, 1.0
equi val ent) was dissolved in DMSO (4.0 ni) and then

i's przoﬁlbll@ﬂﬂlﬂﬁl fibro g?rlmne Alaxﬂe "’%Da! susﬁéngoﬁ 1) \fﬁt)ﬁ)ng §ﬂloropyr1dme
was added. The tube was seal ed and pl aced under

m criéhanve0§7 melimadetnathydriduBs sdo V@s ad&@ hydrogampegoxide 30% (25
r ea%]'_c,)oiﬁ sH@f 85&82@"@% rﬁfxﬁlré {Nggeﬁmeglafrooﬁlat%{n ngtu{g df&* Y% §Surs and
nbi ne then di

wer e uted I'n et aceta
was Hbgh iatdd atefOS'C. ToARO droutr yxlfualgremweymgstbdlemmss uf hatie,acid under
nt was ated t ffor

I:gﬁﬁ%ﬁ“ﬁ Cf? Dressure, tﬁe\:/ ae%%ru & ras o adde g %magl pcggg/ns) tov\%)lngeip%g sulfuric
usechci (ﬂéﬂ:ﬁﬂ)yﬂm teblﬂtllﬂig §oﬂutiohe>1’as raddiddf tb @ahixaie oﬂc(nm:rfm)ated sulfuric
4.614; 9 ES+. ' H

3 6§C](1|T<Y§ I \p‘;,ﬁ 17% %gmleg nﬂ‘inﬁ)am ?g an$ I_b\en]]mg{eﬂ ]@% C for 90
(Th Qlﬁhﬂabé ”ﬁre@bdcﬁbl@ nﬁxtﬁﬂeWstﬁrekiQiﬂq@e/ MieGlrdliged 488 sBBd ammonium
1. 55 mmol ui val ent) was dlssolved i n_et hanol

(5. @amyat%ﬁad Prd b BRYHYT ARmABE (BiieE bATIC PH gaseriined and. A

5. 0 pequiivel fhed. TS pRegesde Whecdiesitd tyNGinafblitd QfFfoM@Ehe title
stirred at 80 OC for 48 hours. The reaction m xture

was cPRepr dsud dalei yellaw Hpiid a(% et B«(aid Was 8 Kiit shows no peak.
WateﬁNhﬁilﬁﬁsgf%%QQ7§Yﬁ qﬁﬁ§§lfate t he solvent
ro

was evapo ate was obt ai ned,

whi ch
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%). Ry(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 I1-9): 4-Bromo-2-chloro-5-N-



was then purified by flash chromatography on silica
gel eluting wwth m xtures of hexanes/ethyl acetate
w@toosm B 1 to 80:20) to afford the title conppUNUSHS5/616902
pal e yellow solid (96 ng, 219
4- ( SSTAPRERYriFlin- %@m@p%wﬁen FigiOf94- gimjol,| 10t eduiedrat)dand 4-

S ul {4‘21”5)’5 Jetdand ETI By 193] ﬁ}o;\ﬁlfohﬂgxp 9%%' il & 4§ ltrﬂn&ﬁyglﬁé/nzensulfonyl) 1H-

este To a s
- 2-1{yBrotsl-oarbogdic ca;tr;l— pythiydydtgr- (3P sogr @A amadel.0eqbi¥algnt) were

s P RS A . 15

H- pymg,dl. em#ol,al. Deguytalant)acirel adiet Ayd & tresult{ng.sd$heBsionlwss heated at

o} nt) in DMVE (4..0 nL s added a
T NI C RN
f ol |voide dvdoar B@H Bﬂbd 9ver (dhydkou¥d sodurk SsuliAR to Qtffl)rd 4-(5-chloro-2-

tube was seal ed t he

I
Cach R AP e A Lt ey b ek R o Pt 2

sec.catoxylliac@Gnethiiser Woidef(Rintn) 6&30! M@'TSIAV‘@QGO ES+) Wthh was
conbj ned and diluted in ethyl acetate and wash

wat ¢fen it vaby g Mrﬁélua@@éﬁ. RCly ayei&chA@rme%@ﬁ mnmL) at room
sul fighgorathiRe A$Q! YO Hinh@s t}feesgpz\éﬁdw%%m'eb 51&1%9%%&% of nitrogen

thick oil was adsorbed on silica ﬁ% cru
t hering thej Tpdscpibyas digselyed iy wathensd € laplhy athagiepisclaM NaOH (1 mL).

el utg geéMt;ng 1&?{%{@ §/§£ Eeal?éﬁ at 36LALE lgnhgﬁrg rtl?e% tgé r{ula’e Wlirdon was

to 70: 30 e title conpoun
sol |ad1d(f®dllsglg ag18oue Vel H@bﬂlﬁtthpsc)lverﬁlv\(amrmlo@dﬂﬁﬁe reMBting 4-(5-

FI A fh]zggfosz %q)g\%p%la apw@rg%h _i}{; @gpy(r%o@ ?mrbo)%ﬁl& a(cbc{_l%%f_rﬂln) 3.527.

8 0 MrFI8H)79. 48ESB+ (2§8 ZIH-si)) was suspended in DMF (3 mL) together W1th EDCI

et Ry Bro ety DR B o (L0 b 7 tauialeats. (9

rret hk(llordpﬁélﬁ/ﬂglyc'fﬁbl HGIodalit (59 rﬂng;fo 29, ﬂhlmoi % e@mn@) Qnd DIEA (0.12

odo- 0 yl.anm ne .
qu u |n}}g¥g:§tn§/mél é% IP (aig 14s) 5l reg tqgéﬁnig‘[ufﬁ,‘fvaq stirred at room temperature
1 3 .fcﬁr] 181 ¥R DOk &R mikthre was diluted in ethyl acetate, Washed with water and
6-trimet hyl benzenesul fonyl)- I'H-pyrrole
2 céfl%ﬁyﬁrusedlam ghifpier Myfler sagpeuing( the Zolbygnt @delsrqdmﬂd prgssgre, the
equipNat %ﬂidﬁ t Wwal FaMEed 3 'H’\)ersea\?ﬁas ‘iﬁﬁ)% % Tc’t?llll't‘ﬁlfé{gﬂtegfl“FA 1%) to

agueous h%so di'um carbonat e

Pd( Pfﬁwd)ﬂzp titBrompousl B3vhitesblid @ 8megdui%al ent) . The
reaction mxture was stirred at 80 OC for 16 hours.
The crude was diluted in ethyl acetate and washed with
wat er .



After drying the organic |layer with sodiumsulfate,

the sol vent was renoved and the resulting thick oi
woa@satser bed on silica gel. The crude was t hePCT/US2005/016902
purified by flash chromat ography on silica, eluting

wi t h hexanes/ethyl acetate nisample (from99:1 to

o B P A 3,7 2o !

(65 Ny

4- (5- Chloro 2-i sopropyl am nopyri di'tf@-yl ) - | AcO

H pyre¢ol e- 2- caeboxylic acwd Met h y (Mcro NHA
sol uicon of ON N o0y

4- (5Liehloro- 2 opropyla yridin- i g‘T‘TTDI

-sul fonyl) -1 Hpyrrole- arboxylic a |8 ’met hyl este?

(3.1 g, 6.9 mol, 1.0 eqU|vaIent) in THF (2.0 n)

added to a solution of 1'ithium hydroxide nonohydra °

(710 ng, 17.3_ gmol, 2.5 equivalents) in water (3.0 Tf%c%mﬁ
m.). The n1cr$$Eye tube was seal e d t he reactlon
m xture was iryach ated by m crowav 1200 se

150 0C. The cru SO|UtL§Hpme§THCTdN ed*mrfh-aq us
6N HO . The sol ¥ \ por at ed ford oo
titlecompound whi ch! CIdlrectl modt furthhe e

purification. RI@m n): 3. 4 FIA MS: 279.9 ES+;, 278. %m
ES-. Method B: (Thermal) A solution of
4- (5-chl oro-2-isopropylamno ryridin-4-yl)-1-(2,4,6-

tri [r car box

aci gﬁef?reﬁl%ﬂhpﬁ-qgegft?gﬁy% El%@émime {\*ﬁﬁ}ie 'Jl%eetlfl%dogla Q;Iy ‘fv%srﬁr?pared ina
in ledﬁn@@ub)stam}zllmmﬂaﬂtde]mht tlescabesidyl. iTalik, of. Hukikbj Ro¥eriki Chemii
hydr oxi

A N L B e S A
ref IStn«ﬁHylfbmdu& o 8. D78’hﬁl)0ﬁ dekeic aahydtide Uzsvm) a4 glidkdl @fdrogen
with a unti | | oudy Eﬁe organi ¢ sol vent

6
was Sﬁ gﬁ?ﬁ &%nﬁ@%dmaﬂaa H@“ﬁpﬁd pW?%ﬁ%HEd at room

The tdnhﬁehﬁur@ goPPURShras 1h6P hékeitht By °Ci ﬂoﬁ 8@h6 R0 A removing the
washed wth mater and diethyl ether, yielding a white
sol Ieace(;q)acggc 681 @q%r reduced pressure, the residue was adde 1n small portions to

4- ( 2ofBheftQt AIhSOREQRYI AT, r‘l@l@%ééuﬁin@ “stfu¥bd whs added to a mixture of
H-pyrrol e-2-carboxylic acid [|

ch! 5?@5%% 5ulf2n% qu M@Lh%@ fu@mgd@tnc Poidd25 nd pend ihen heated at

of 40d & GH & Riirfites. 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



I sopropyl am nopyridin-4-yl)-I Hpyrrol e-2-carboxylic
acid (1.93 g, 6.9 mol, 1.0 equivalent) in DWF (5.0

workjosisssndded EDCI (1.45 g, 7.6 nmol, 1.1 PCT/US2005/016902

equi valents), HOBt (0.94 g, 6.9 mol, 1.0 equival ent)
and ¢fyd ﬁlectﬁiemoewnmmqu Yreynepliq @4581133 0.67 empkrBi(min), 31787; FIA

equi ¥l ent$es. p(l)tlo%F ropyl ethylamine (2.7 nL) was then
added and the resulting nmixture was stirred a room

tenperature overni ght. The m xture was then poured

i nt PAGRc@Lidgy4- @Wa%ﬂ@ﬁlmwmne@mhmmbbmyéesw 2deS)-1-
d &Ll
o oM A Tl Ah DS ROL R NI HIRUEL 0,61
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[0093]

Example 5
Synthesis of Prodrugs

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

detail below.
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chlorophenyl)-2-hydroxyethyl)-1H-pyrrole-2-carboxamide phosphate: Compound
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Example 6

ERK? 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
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[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.



di ssolved in dioxane ( 1 nL) and treated with a

solution of 4 MHCL in dioxane. The resulting m xture
wor®satisared for 16 hours at room tenper at ur e. PANES2005/016902

sol vent _was then renoved and the 2xHC salt of the

tltlwe@@ﬁ%ound was obtained as a white solid (571 np).

HPLC R: 4.56 mnutes. FIA M5: 531.9 ES+; 529.8 ES-.

L MS: Rt: 2.07 m nut es; 532 0 ES+; 530.1 ES-. 1HNWR

(CDSCD)dOQ(dd 1.35 (d, 6H), 2.2 (m IH), 3.9

(m 2H), qumouzwfosn@aém IH), 7.1 (s, IH, 7.3

(d, IH, 735 (t, IH), 7.4 (d, IH), 7.&(s, IH, 7.6

(s, IH, 7.75 (s, IH), 7.85 (s, IH 0095] The

preparation of a phosphite prodr ug compound 1-9 is

described in detail bglow 1-9 p;2 t e”- But yl

4- (5-chl oro-2- (i sopropyl am no) pyfi dilne- 4 yl)-iV-((5)-1

-(3- chl orophenyl)-2-h N

H- pyrrol e- 2- car boxam degpho t e:" Compound1-9 ( 1 g,

2.3 mol, 1.0 equivalent) and tetrazole (241 ng, 3.45

mol, 1.5 equivalents) were dissolved in

di cth@@ﬁmﬁb@ﬁealiy&ceep}abmdwfe%o@mﬁeféull e (5 n) under
nltrqgen at roomtenperature. Di-ter -butyl

di i Sopt byt AlpHEHEENdPEE R 1S thrﬁmallnsulpsutm% With1ipgo 2 groups
equi Val'tl@éﬂeﬁaellﬂ@§elé¥9é1ﬁ¢or1‘ij£9ﬁ%s€ Abgh.iie resulting

m xture was stirred for 16 hours. The'reaction mixture
was ceHeh isdedsperfieatly bidroges opat-haliphptisat ed with a
sol yi;0R @ford oMiiskt - but yl hydr oxyper oxi de (3 ni) and
stirred for 20 mnutes. The clear solution was dil uted
|n di ¥ brosAeaddane and smal | anount of net hanol ,

' dried over sodi um
sul F{Z% wdﬁ‘%sl ’cr‘ﬁé@gﬁtl\l\aﬁuom é)aggrBed on silica gel and
was first purified by flash chrormtography el uti ng
wth mx sof he ane/.acetone (from.9 10 to 60: 40),
and thenE b er VRS acﬁﬂrg%%ﬁﬁﬁ@ é’a‘&ﬁr?}ﬁ iﬁqlé/agbﬁlﬂaélFPE&OﬂaHY
% Th#stituydedith -OR 6he, dhalballyr yl ether internedi ate as
a white solid (336 ng). HPLC Rt: 6.53 mnutes, M5 FlIA
625.0 ES+; 623. IES-. 4-(5-Chlor o-2-(isopr

opyl am n@) PO confho &t eﬂ:‘cbfﬂd)n‘g'té/clﬁ&a whereih R* &/t 19"aliphatic optionally
opheny I% - .hydr oxyet hyl % r'rol e- 2- car boxam de
phoélﬁﬁ tged Wit-$3H, -@HE,t+CHeft, pF ‘g%/vosphate

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 —
CF;.

5. The compound according to claim 1, wherein R? is hydrogen, Ci.3

aliphatic, or chloro.

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

chloro.



wa@adasd13sThe resulting mixture was stirred at

i nt epnedi ate (336 ngy, 0.54 nmmol) was suspended in
di oxane (5 nL) and a solution of4 M HCL in di oxane was

tenperature for 1 hour. The solvent was then renoved
and t he f% ekcphpephatlectedason Herpraipssodisted of:n a
solution of DMSO (15 nmi), nethanol (50 niL) and water
(25 wand treated with a gtion of 2 M Na2CO (0. 25
reduced pggssure and

f Yhe tit " n of f
HPLC Rt: | 4. 24numi Aut FI A MVS:
512.9 ES+; 510.9 ES-. LC/MS: R 2.39 nminutes: 512.9
ES+ 510.9 ESI! 1HNWR (co8aD) d ¥22 (d, 6H), 3.9 (m
IH), "1 (dm 2H), 5.1 (m j)l,a?(s IH), 7.2 (d,

IH, 2125 (t, 1H, 7.3 (m 2H), 7.45 (s, IH, 7.55 (s,
IH), 7.9"%s, IH. Exanple 6 E | nhi bition Assay :
e assayedMNr tha;igh?bition of

Y,

ERK2 b @ﬁg tric | /e assay (Fox
et al FOWGI@EIE 7, 2249)\_[n fini say, a
fixed concentratlon f activated ERK2 (10 TV was

i ncubat ed wi t R3vari ous concentrat-#ons of the conpound

in iﬁfo (2.5 9% for 10 mnutes at 3C0C in 0.1 M HEPES
oS

>

buffer, pH 7.5, containing 10/ niM Mgd 2, 2.5

oenol pyruvate, 200 DH, 150 ng/nlL pyruvate’

ki nase;50 ngénL P%ctate dehy d 200 mM
erkti -eacti onl ed by, t he
addi ti f 765N mvi. The r at ecrﬁea il

absor bance 4t 340 was nonitored. “he | C5¢ was

eval uated fropst he rate data as ggfunction of

i nhilbi tor concentration. [0037] Conpounds of the
pregaﬁi i nvention we found tQ be inhibitors of ERK2
prot e ki nase. In certain enbedi nents, conpounds were
f oung, i nhi bit _&RK2 ki nase
enbodi ngnt jﬁound§lmere f
ki nasef at TON1™

<0.1 MM _&n ot her

g/but ERK2
(&8

I-7 I-8

I POTUS2005/016902



Exanple 7 ERKlI Inhibition Assay [0096] Conpounds are
assayed for the inhibition of ERKI by a

wa@p@stitsphot onetri ¢ coupl ed-enzyne assay ( Fox RCT/@E2005/016902
(1998) Protein Sci 7, 2249). In this assay, a fixed

concenyrati on of activated (20 nM is incubated
W t JyOus concentrations he conpound in DVSO

(2.0 %9 for 10 m nuges at 30Q0C ijn 0.1 M HERES buffer,
pH 7.6 contai fi ng” 10 mM Myd 24 21 5 ni

phospho ® B mvi NADKE Py Uvat e

nL" | aktdt e dehydr égenasie, "an 0 v
erktide peptide, The reaction is_initiated by the
addi tion of 1¥03mM ATP (20 nL). T#h% rate of decrease
of abgsorbance at 340 nMis nonitored. The K is

eval yated fromthe rate data as a function of

i nhibi §'or concent %S\ti on. [0038] 1% we have
descry’bed a nenber of enbodi nex hS |
it is : basife—exanpl e
to prowi d

conpounds and methods of this invention. Therefore, it
wi Il be apprekilated that the scopé&of this invention
is to be _defdned by the appended claigs rather than by
the speqifijc enbodi ments that have been represented b
vvay)»%we WEH:;:/:/*0 1. A f fyor |
or & pharma rc ek "
wherein: Rl i's @ Cisf aliphatic group, Hwher
optionally substituted with up to 2 groups
i ndependent | yI-5&| ect ed fromnsdOR Bi8.-C -3 hal oal kyl ;
each R is independently hydrogen or Q-4 aliphatic; R2
is R fluoro, or chloro; mis O, 1, or 2; and R3 is
hydr ogen$. Gicompbumgletforoyuldluor o, or chloro. 2. The
conmpound according to claim1, wher ei(HZ)R is G-4

al i phatic optionally oL "
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or a pharmaceutically acceptable salt thereof, wherein:

R'is a C,.¢ aliphatic group, wherein R' is optionally substituted with up to 2 groups
independently selected from —OR, -OR*, or ~C 4 haloalkyl;

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

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

mis 0,1, or2;

R%is 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,;



substituted wwth -OR or -C -3 hal oal kyl. 3. The
conpound according to claim2, wherein RLis C-4
wa@bkiophatskc optionally substituted with -OH, - QGMERDS2005/016902
-CH2F, or -CF 3. 4 . The Lconp oun? accordln to claim ]
3, ek Bi s iRteperalentolH O/ -C(Q)OR yﬂSCO)cQ@I Qﬁ((a}agﬂﬂz)ra@(O)OR

i th - SO O R N BT OL KD
é \'Irdﬁgm Eim 11R23pemieign%:(§ghri}(nlgfgﬁn, a@opﬂc;r?iﬂr%y pﬁﬁmgd Gl a@.blhdﬁb @roup or
hydr og&hP %Tﬁﬂﬂﬁﬁg\’teg ﬂ]rgg?%n%f ed a@lﬁ%@@ﬂﬂﬂa e‘l“@%‘?@?ﬁ?d or fully

from t iisa@kQeHriGoRs ingtolNeet@bitorhs Rddpehddintly sdleied frdm nitrogen,
1-81-13 1-14 1-15 1-16 1-17 and 1-18. 8. A conpound o

f or mul 48PS 9BFWEThhar maceut i cal |y accept abl e sal t

t hergef R7 Whlepédienty Hydicked -ClOR® abl(cgj@iﬁl IS(@F R@ pOR , an
wherein RL is optionally substi t ut e
gr oupsor?twa@lbéwaétﬁtheércse@ BRRRTP LR an@Rtlona@mubsam@ 5-83

hal oal Mﬁber@@gﬁurﬁeﬂ Spattdle Bﬁﬁgﬁﬁgd Y)r Ryer ‘Hga@ﬂatgfl r1ﬁ% f'avmg 0-4

al i phatic; each i's i ndependently R fl uoro,
chl or ohet@qultgmgndg_pené@ntlg selpged gorny]@rqgg@n)xy@n, or sulfur, or:

al i phati o kb Ug? Fh 62_1195 nft“x}a# om BREH togé’tgle akpﬁtg%lﬁﬂgg 2%t01¥1

hydr ogen, - , provi
one R4 or R@ugd tharsta foroeHet membmed]ymraig@rppﬂ'aﬁh uRGturated, or

i ndepende ntijuﬂ \%%@?ﬁd rmgclgfavpng?% heté:gaqgms in addition to the nitrogen

- Q- (CH2)n

atom, independently selected from nitrogen, oxygen, or sulfur;

each n is 0-6;

Q is an optionally substituted Cy.19 alkylidene chain wherein zero to four methylene
units of Q are independently replaced by —O-, -N(R)-, -S-, -S(O)-, -S(0),-, or -
C(0)-; and

RYis hydrogen or —C(R)QO-RS.

9. The compound according to claim 8, wherein R* is C(0)-Q-RS.

10. The compound according to claim 9, wherein Q is an optionally
substituted C,.3 alkylidene chain wherein zero to four methylene units of Q are
independently replaced by —O-, -N(R)-, -S-, -S(O)-, -S(0),-, or -C(O)-.

11. The compound according to claim 10, wherein Q is an optionally
substituted C,.g alkylidene chain wherein two to four methylene units of Q are

independently replaced by —O-.

12. The compound according to claim 8, wherein R* is C(0)-(CHy),-
CHROHNR;.

13. The compound according to claim 12, wherein:



-QO-(CH2) n- (O N(R7) 2, -C(O) - (CH2) n- CH(R6) N(R7) 2,

-P(O(OR )2; each R is independently hydrogen, an
wopisonshl y substituted G - aliphatic group orP@NUS2005/016902

optionally substituted 5-8 nenbered saturat ed,

partn&l0-3; unsaturated, or fully unsaturated ring

havi ng. 0- 4 het er oat o independent|y selected from

ni t rfggléﬁl,l Ogti%}lﬁg ,Su%S?tﬁ%SIC;‘]ﬁPﬁp%ég%ﬁm%ap i ndependent | y

hy dr Rbie My drog&rYrRE opti&saly RGeS ARhatic GBGp. an

optionally substituted C aliphatic group or an

optionally substituted 5-8 nenbered saturated,

parti al | yiqunsiatehpdid ac@difighol o¥aitBs ¥heretFEéds £4 DSaline ester.

havi ng 0-4 het er oat ons independentfy sel ected from

ni trogen, oxygen, or sulfur, or: two R on the sane

ni trogen 13t gk bk Q8L ] gt intR“q .

bound t hereto forlrgn(;ha 4- 7?%&8\(’5&?& gég,?%@igt ed?%g??&ﬂ y

unsaturated, or fully unsaturated ring having 1-3

het er oat i sy j :

independgﬁlAy&élgﬁg}é% éeeg%epgrr%wn@% ?*S%‘Eg&%%?@ gfr;n or

sulfur; each nis 0-6;,Qus an opti orﬁa\lly substi tut ed

Cl- 1Cal kyl {'dé&te chai n in zero to fBur methyl &¢@¥

units of Q indeﬁe ntly replacedi -0, j(l((h)-,

-S, -9(O-, ya - (O -; and dregen

or -C(R) 20 B5. Apound accor dichg “tna 8!

wherein R4 is C(O-QR6. 10. The conpound according to

claim9, wherein Qkk an optionally substilt#ed G -

al kyli denenggai n wherein zero to fglg); net hyl ene units
H

= -
K

of Qare i ndent |y | aced by -N(R -, -§p
-S(O -, - <, Or - )-. 11. The_Konpound &orf%i‘ ng
to claim10, whereim—Q is an optionally substjtut®

C - alkylidene dh
units of Q are i nde

2 tu
giln two to four ymat hyTeng
p%y repl aced byMi OQ.@

I1-3 I1-4
o
/LNH o§// )\NH //\g;
N 0 N7 o
L N HN-—'/,: P \ HN_-./:
Cl \ NH ©O @ICl Ci \NH Q QCI
II-5 II-6

/LNH OVO/ )\NH R

N7 IO NTS Io
I = HN—", I = HN—,
B / cl B / cl
Cl NH ©O cl N 0

II-7 and II-8.



12. The conmpound according to claim8, wherein R4 is
C(O-(CEb)n- CH(R6) N(R7)2. 13. The conpound accordi ng
wo oooshigdsm 12, wherein:n is 0-2; R6 is an opti oP&l/U§2005/016902
substituted C - aliphatic group; and R7 is hydrogen or
an opti ontl.| 4 ceupemndpbifeedui@a: al i phatic group. 14. The
conmpound according to clai m, 8, wherein Ris an
L-valine ester. 15. The coerBund according to claim 8,
wherein R4 is -P(O (OR6) RXo18: conprAund sel ect ed
fromthe group consisting of: [p- d p-8.17. A
conpound of formula A: A or a s&t thereof, wherein:
PGis a suitable am no protectingGgroup; Rz is a
sui tabl e carboxyl ate protecting,group; Rx and Ry are
i ndependent |y hydrogen or opti ofal | y substituted G .6
al i pbad datt,thedect, Wereind Ry are taken together to forman
optiggall§1=l bsti.tuted 5-7 nenbered ring. 18. A
conpodit? Pfﬂh‘?oam%wcg’gﬂoué? salt thereof, wherein:

Rl i B” B aGuitdbledarxglateCorete Qg grotper ei n RL is optional |y
substjtuted with up to 2 groups independently selected

fr onik- &R Brare méipegd%llyéwqu or@aewaﬂy Seostinrsifernaliphatiy, or:

hydr ogen 294 RCire4ai@h ItC%@@lEII 6 fortoan oé)tleﬂﬂfy%gﬁéﬁtutéa 53 membered ring.
al i phatic, fluoro, or chloro; I's a suitab

| eaving group. 19. A conpound of formula B : B
18. A compound of formula B:

R1
NH

or a 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;.; haloalkyl;

each R is independently hydrogen or C,.4 aliphatic;

R®is hydrogen, C,.3 aliphatic, fluoro, or chloro; and

L* is a suitable leaving group.

19. A compound of formula B’:
L1
N™ ™

-

L2
R3
B’
or a salt thereof, wherein:

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



or a salt thereof, wherein: R3 is hydrogen, G -

al i phatic, fluoro, or chloro; andL1 andA TL are each
w0 paspessdent |y a suitable | eaving group. 20. APCDIRIOFCL6902

of formula C Cor a salt thereof, wherein: PGis a

sui t hbird I&mieacip imdbemtiénily agnivabis leiReing sroap.sui t abl e

carboxyl ate protecting group; RL is a G -6 aliphatic

group, wherein RL is optionally substituted with up to

2 groups imdepanstand byfosellec:ed from-OR or -G -3

hal oal kyl ; each Ris i ndgpendent l'y hydrogen or G -

aliphatic; and R3 is hyd n, G-3 aliphatic, fluoro,

or chloro. 2 1. A nethod f r preparing a conpound of

formula C. or a salt theyg conprgsing the step of

reacting a conpound of f A or a salt thereof,

wi th a conpound of fornul : @kt thereof,

wherein said reaction is gerfo din a suitable

medi um and wherein: PGis a suitapke ami no protecting

group; L2 is a suitable |eavi ng.-group. Rz is a

sui tabl e carboxylate protecting group; Rx and Ry are

i ndewydﬂmﬁdrabfhwa@gen or optionally substituted G -

alip é‘ltlc or: RX are taken together to forman
opt i’ éqa[i}utglg}gglpmomr%tact@ggrohlgnbered ring; RLis a C-6

al i prag b@u@bwrbom@fe%&edﬁ%glg@upptl onal Iy substituted
with up to 2 groups independent selected from-OR or
-G Riaspdhe g]l};%vpc group, wherem R’ is opfionally substituted with up to 2 groups

independently selected from —OR or —Cj.3 haloalkyl;

each R is independently hydrogen or C,4 aliphatic; and

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

21. A method for preparing a compound of formula C:

RY
NH
O
=
Y ore
R3 N,
PG
C

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



each R is independently hydrogen or Cl.4 aliphatic;

and R3 is hydrogen, G - aliphatic, fluoro, or chloro.
WQ2005A135etTposi ti on conpri sing a compound accorPCTyS1005/016902

either of clainms 1 or 8 and a phar maceutical |y

acceptable carrier, adjuvantR\or vehi cle. 23. The

conposition according to clai M2, wherein said

conmposition further conprise addi ti ona
t herapeutic agent selected fyjomja chenot herapeutic or
anti proliferative agent, an ~enfl anmat ory agent,

an i nmunonodul atory or i nmmuno pressi ve agent, an
agent for treating a neurological disorder, an agent
for treating cardiovascul ar di sease, an agent for

treagingy ‘?l?e?éorf dﬁe‘ré{x? sé?&’fé%ctf@n%??& 91'% RIS mE@lim and

treating liver disease, an ant V|ra agent, an agent
for wheaini ng bl ood di sorders, an agent for treating

o 2050y R0 AL g gl | 19,1 et cLency
prothﬁmakumakﬁeanm;gDMy in a biological sanple, which

sai d bi ol ogi cal sanple
5 P R ARl ARG Co el i m 22 b) s
co n'pE’ialrmEll H@e@mddaﬁ&gddnﬂy aldb g’enib;r option@)ly alb@ﬁlm&ﬂ l(Ungi aliphatic, or:
according to claimg8. 25 thod of i itin RKI
or ERK2 8‘? Gdikn kg tﬂ%—%é"g&&e’f ‘i? Py rrhop&maaalf “m%%?'g frembered
met hod conprihges administering to said patlent a) a
conposi tion accordlng toclaim?22; b) a

accoR disAg 1 alitiakie Biowp, veredy RalS@@H?}@é}ﬁ au‘%iEE‘Eﬁdleﬂ’guPtte 2 groups
cl ai m & qeg&rdeiyRlched roh —UI@@&Ud?QhQBalkﬁssem ng the

severltﬁlof a 3n§ease condition or disorder, in a
pat | @b Riipindersaderia hadrpeensa|Ge phighafie:gmia prol i ferative

dlso§ﬂ§%ymg abd'gﬁhﬂhﬁﬁga@”“ floRgur odegener ative

di sorder: i sor a condition
associ at ed mnth organ transplant, an i nflammuatory

di sorder 1298\ omné) 1?109 g&ﬁﬁ%sgn\é a compound according to either of claims 1 or

8 and a pharmaceutically acceptable carrier, adjuvant, or vehicle.

23. The composition according to claim 22, wherein said composition further
~ comprises an additional therapeutic agent selected from a chemotherapeutic or anti-
proliferative agent, an anti-inflammatory agent, an immunomodulatory or
immunosuppressive agent, an agent for treating a neurological disorder, an agent for
treating cardiovascular disease, an agent for treating destructive bone disorders, an
agent for treating liver disease, an anti-viral agent, an agent for treating blood
disorders, an agent for treating diabetes, or an agent for treating immunodeficiency

disorders.

24, A method of inhibiting ERK1 or ERK2 protein kinase activity in a
biological sample, which method comprises contacting said biological sample with:

a) a composition according to claim 22;



medi at ed di sorder, or a bone disorder, conprising the
step of admnistering to said patient: a) a

w@oivs0sisei on according to claim22; b) a conporemUS2005/016902

according to claim1; or c) a conpound according to
clai m 8. W2 .coMpheundercénpdingtrodaioi hgrt o cl ai m 26, wherein
sai d dise r? tion is a cancer
selected($§§%P @%@ “Hmn%&)ﬁ %@%VIX prostate, testis,
genitourinary tract, esophagus Iarynx gl i obl ast oma,

e e S G A i L AR

car cvinolmethod ngnﬂ@bemmmtenﬁgrm samm@ntcol on, adenons,
pancreas,  adenocar ci nons, r.oi g, folllcular

car ci nond) 2 GHEPIFUNERTE 1%8’ dPcdiZoma, papillary

car ci none) a$6MpARTRAccoi@h @R 1$8F coma, bl adder
carci noma, |liver carcinpoma and b|||ary passages,

ki dney c& &PeiBRind ggrerdingiiogiai®Sder s, 1 ynphoi d

di sorders, Hodgkin's, hairy cells, buccal cavity and

phar ynx & oral), lip, tongue, nnuth pharynx, snal

i nt esti ned: e%mwﬁwd@éﬁr@mngmﬂ@eemmﬁ télgtspwélty plex tigense, condition or
br ai

et Ha e ey e Gt AR Rl b SRR Blbydeh Poardia
di soligpeder, or newndigehasttivies dnelldalnoma amtouarrmamccbsorder a condition
sel r S pancr

cormatSidl 8 iR b BRE N, MRS Aoeer P, Gy losicaty
or Zndslirtgd dlscﬂda‘g e A bRie dsondplt icompdiding g bsdpi dﬂﬁdﬁﬂmﬂbﬂuﬁg to said
one F@h R2is Hor d; mis 1, and R3is O or

netH§ 30. The conpound according to cl aim 18,

wher ei n Ria tampossiion agyptdied to2taiaaly! , wherein Rl is

opt i onal ¥ subst i ted Wi t h one “OH. 31. The conpound

accor di nbi ?BOIEH’%P cgrdiggiaclig IR i s A or net hyl . 32.

The Cdorrpraymeomﬁwdceﬁhﬁgqoelaﬁhm 18, wherein L2 is I,
Br, or

27. The method according to claim 26, wherein said disease, disorder, or
condition is a cancer selected from 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, undiffereﬁtiated carcinoma, papillary carcinoma,
seminoma, melanoma, sarcoma, bladder carcinoma, liver carcinoma and biliary
passages, kidney carcinoma, myeloid disorders, lymphoid disorders, Hodgkin’s, hairy
cells, buccal cavity and pharynx (oral), lip, tongue, mouth, pharynx, small intestine,

colon-rectum, large intestine, rectum, brain and central nervous system, or leukemia.

28. The method according to claim 27, wherein said disease, disorder, or

condition is melanoma or a cancer selected from breast, colon, or pancreatic.

29.  The compound according to claim 1, wherein:



boronic acid. 33. The conmpound according to claim 18,
wherein Ris isopropyl or 2- butyl, wherein Rl is
wopiosonshl y substituted with one -OH, R3 i s C POF/US2005/016902

methyl and L2 is I, Br, C or boronic acid.
R' is isopropyl or 2-butyl, wherein R’ is optionally substituted with one -OH;
R*is H or Cl;
mis 1; and

R’ is Clor methyl.

30.  The compound according to claim 18, wherein R' is isopropyl or 2-

butyl, wherein R' is optionally substituted with one -OH.
31.  The compound according to claim 18, wherein R? is Cl or methyl.

32. The compound according to claim 18, wherein L2is I, Br, Clor

boronic acid.

33.  The compound according to claim 18, wherein R! is isopropyl or 2-
butyl, wherein R' is optionally substituted with one -OH; R® is Cl or methyl and L? is

I, Br, Cl or boronic acid.



