WD 03/ 066629 PCT/ US03/ 03655 HETEROARYL COVPOUNDS USEFUL AS | NHI BI TORS OF
GSK- 3 TECHNI CAL FI ELD OF | NVENTI ON The present invention relates to

i nhi bi t orwoaB/opseet ei N ki nases, especially glycogen synt hasa/lSosemes 3
(GSK-3), a serine/threonine protein kinase and Lck, a menber of the Src
famly of protein kinases. Kinases are inplicated in cancer, inmune

di sorders and bone diseases. The invention also provides pharnmaceutically
accept abl e conpositions conprising the inhibitors of the invention and

met hods of utilizing those conpositions in the treatnent and prevention of
various disorders, such as autoi nmune di seases, diabetes, Al zheiner's

di sease, Huntington's D sease, Parkinson's D sease, nultiple sclerosis
(Ms), schizophrenia, rheumatoid arthritis and ] eukem a, KGROUND OF THE
| NVENTI ON [ 008E QAR QMEQUINDY Wplahabdly INHIBIL QRS QEOWNS=n greatly
aided in recent years by a better understanding of the structure of
enzynes and ot her bionol ecul es associated with target diseases. One

i nportant cl ass of enzyndECGHNICAIaFTHIdR O MNEVENRI@dt of extensive study is
protein kinases. [0002] Protein kipases nediate jntracellular .signal

t ransduct i on. IDERESsCRGINYFRUONGGlates {9 E’gfstilWQS BREELRERASFS ?P%Cﬁgg'egly?‘?g?& a

nucl eosi i @;kﬁj A i @ec]fﬁg ; i ! edring a
signali I’Sl B%S{ehm\jva%? e%tggragsegﬁérﬁh?r%%rl 0 %ﬁ%&‘%ﬁp@ﬁd&gﬁ %Bsé t hr ough

whi ch e¥re fanely of moteamkinateh.e Kimsis¢sark imphestesl ia canedr einymigfe disdrilers apd r esponses

to occur ingide t cell.. anpl es, of, such stinuli include environnmental
and chePBa ISEQSF%SEE%}DQ{ﬁ%tF@%S(OB Vi,%e%g%ﬁaﬁeuzlﬁﬁl ?Ccﬁgtgﬁlescﬁg}? SIAPE r avi ol et
radi ati QBmpﬁ@i%%Qﬁé AhitHosOs K Rwedish 48808dthod CoftRHizRRShéR @mpokifioas lreuki n- 1
(I'L-1) and tunor necrosis factor a (TNF-a)), and growh factors (e.qg.,

gr anul odlye eearmentamdayeventipn af vasiousdisardeny stehcasputquomuosiseases gdiabgtes obl ast
grow h factor (,F . : a Ll US; et [ ORVISPr e

Qei 1 ul ar s S Gt BRSPS Bhoets byt SR B o PRI POATE

secr et i @ehigdphrbah MBB@BatoRCArilyitik and laakeimizanscri ption factors, nuscle
contraction, glucose netabolism control of protein synthesis and

regul ation of cell cycle. WO 03/066629 PCT/ US03/ 03655 [0003] Many di seases

are associated with abno$@K@%bb§q]§bgqgﬁgmﬂrdwgered by protein
se dr seases

ki nase- nedi at ed events. nclude autoirnnmune di seases,
i nfl ammfo@0ly dikessash foreteabheiapewticsaaste has bemr grbalyi dddd iarrgeent years by

neur odegener ati ve di seases, . cancer., cardi ovascul ar di seases, .all ergi es and
et o AR e Sk SRR OF Fevaes 0t artis aradba e ERueidrd K1l o
there hagsbiefifeadesS Uhsd @ipokiaht @4sk OF bndyindtREUt Biad BéenCthe B Edt Yf extensive

study is protein kinases.

[0002] Protein kinases mediate intracellular signal transduction. They do this by
effecting a phosphoryl transfer from a nucleoside triphosphate to a protein acceptor that is
involved in a signaling pathway. There are a number of kinases and pathways through
which extracellular and other stimuli cause a variety of cellular responses to occur inside
the cell. Examples of such stimuli include environmental and chemical stress signals
(e.g., osmotic shock, heat shock, uliraviolet radiation, bacterial endotoxin, and H>05),
cytokines (e.g., interleukin-1 (IL-1) and tumor necrosis factor o. (TNF-0)), and growth
factors (e.g., granulocyte macrophage-colony-stimulating factor (GM-CSF), and
fibroblast growth factor (FGF)). An extracellular stimulus may affect one or more
cellular responses related to cell growth, migration, differentiation, secretion of
hormones, activation of transcription factors, muscle contraction, glucose metabolism,

control of protein synthesis and regulation of cell cycle.



to find protein kinase inhibitors that are effective as therapeutic agents.
[ 0004] d ycogen synthase kinase-3 (GSK-3) is a serine/threonine protein
ki nase cwopsicemd of a and (3 isofornms that are each enco®ed/usy3/aicsi i nct
genes [Coghlan et al., Chemstry & Biology, 7, 793-803 (2000); Kimand

Ki nmel , rr. i ni gn Cenetics ., V.. 0, 508-514 (2000)].. GSK-3_has been
i npl i ca{@?’ﬁ n &%ﬂy %eaéqssaé%%gmf‘tggl‘”d@i ai’é‘“%&ﬁﬁ@‘#@%, S e llgﬁ?mg%ﬁi sease,
CNS di 5gfﬁ&hﬁdlﬁééjﬁleﬂ%téﬂi&ieﬁtsd%@%Eéﬁ@eﬁh&%@%toﬁﬁﬂun@&b‘éa@é&?gener ative

di sease and cardionyocyte hypertrophy [see, e.g., WO 99/65897;, WO
00/ 3867 flaayatory dinchs@n meGlolic didpisas, nkietolegicadland ngwrodegrpgergtiyodigenses,Haq et

., J. Cell Bjol., .151, 117-30 (2000):, El dar: Ei nkel.nan, | . Med.,
5 126 SIEbGOTTvI b HIRe® R e R S BRRe SU BRI, 1 MThe
abnor make 198 HALLRE. Abc&Blsd, thepShds besh dRabdtAAiaPafbAY Sedibinahét@isiBK- 3 pl ays

a role. [0005] GSK-3 has been found to phosphorylate and nodul ate the
act i vi t yo Hnd proteinikénase phihitoguthat ase pifpetoiedis feerapriiie @g¢nit| ude gl ycogen

synt has ichgiis the rate-.|imtjiRe ~eNZyne i I ogen

synt hesf%qowg]herq]ﬁ'%qg(?{l %‘Hﬁ Spé%‘%%‘%’éb@% 7 lgtzdeslerr%n%[gﬁ%ntl %gpré%;lnelgh?s%anscri ption
factor compatRIdfy atd® idoferamltRdtiafiedchicht dleld @ diambogenes FE@Blanas abpl | as ATP
citrate | yase, axin, heat shock factor-1, c-Jun, c-nyc, c-nyb, CREB, and

CEPBa. Themestrynf\Riokgy: Ari§at393i(2490)caine agbKimmeh Gramdpinipe Seaetiss cel | ul ar

covc 3 vt B P OB o5 B B BepERe RS RBE byt ES) 11 ©

di abet egjabksUAizReinedCaRasd, ONG! difgdére 86ch Aomgt epragsivg! diswde anfdt ake and
gl ycogen synthesis. GSK-3 is a negative regulator of the insulin-induced

si gnal nauoHegengretinodipeasenanfaridomyYqeytefivpSEIRPAY dcei HiguW @ 920388 E

i nhi bi ti f R ' r ' C &P fygl ycogen
synt has 'é’? 5{@(/338??51 gﬁﬁgﬁ(ﬁg&&??}@ gagéﬁ‘%ogfb?'h%?’e%;]g gg%g?)y?g% (%agy:r[]t hesi s
and gl uCeHaiubh} HKe 11 KBei(2008); Eliar-FiRkédman IBren8AS]. MEA. R ERH-32r(@6682)t  al .,

Bi .ochem J.. 303, 21-26 (1(%84); Cohen, Bi g}ghgm S?c. Trans., 21, 555-567
(1993) ; IhatelinRses Prbhe g1used by, oBmAYHEHIGR he@bnarsal pperatiomelAertaliiflh and
Frane, : . LD 69-76 (2001)]. However, where the

i nsul i n egl;%‘g%aeth‘?’%si1ﬁp‘§§%ﬂegs|ﬁn9gla-yszg\r/%zosl 066629 PCT/ US03/ 03655 di abeti c
pat i ent [0015) c o §¥K-Syhas besi uahtd pHosplryglatgpandkeodidate thepctinidy eba auabshi t e t he

presence. of | ativel igh .bl.ood | evels of insulin .This l. to

abnor maPf Vgﬁiag‘?f?/&f%%ﬂlg- It}bg%‘?llgdg © gV ERERSYRibRYS: g@b 45 e a%hllgﬁt?%g effects
that mayniyhd ARLBEY for@Sytoben SyntieRisgihe naisfithialle-gisseiane proeindiauf dielgene and
blindness. In such patients, the normal insulin- induced inhibition of
GSK- 3 f #iahseription £xatier B-rateniasthe frauslyiqarintiagion facgored Kt2Beak welljag ATP

citrate lyase, axin, heat shock factor-1, c-Jun, c-myc, c-myb, CREB, and CEPBa.. These

diverse targets implicate GSK-3 in many aspects of cellular metabolism, proliferation,
differentiation and development.

[0006] In a GSK-3 mediated pathway that is relevant for the treatment of type II
diabetes, insulin-induced signaling leads to cellular glucose uptake and glycogen
synthesis. GSK-3 is a negative regulator of the insulin-induced signal in this pathway.
Normally, the presence of insulin causes inhibition of GSK-3-mediated phosphorylation
and deactivation of glycogen synthase. The inhibition of GSK-3 leads to increased
glycogen synthesis and glucose uptake [Klein et al., PNAS, 93, 8455-9 (1996); Cross et
al., Biochem. J., 303, 21-26 (1994); Cohen, Biochem. Soc. Trans., 21, 555-567 (1993);
and Massillon et al., Biochem J. 299, 123-128 (1994); Cohen and Frame, Nat. Rev. Mol.

Cell. Biol., 2, 769-76 (2001)]. However, where the insulin response is impaired in a
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overexpressed in patients with type Il diabetes [WO 00/38675]. Therapeutic
inhibitors of GSK-3 are therefore useful for treating diabetic patients
suf f er i ngwDross@2o i npai red response to insulin. [0007] GBKTAISapbicsity has
al so been associated with Al zheiner's disease. This disease is
charactefi.zed b h resen of the well -known 0-anyl gi.d i de and the
Format i GHABHC PRAGnL Y oEE o Bes A TY G PRSP Ao R e el b 1 ar y
tangl es [QRHA &F relAUPAY REASHIOS el @€ inkatin PTRk @dads té Bbndainally kit Hlsod
phosphoryl ated on abnormal sites. GSK-3 has been shown to phosphoryl ate

t hese abexsined gledose withracuteland ghepniméffiests thetdapysultinRigly kestHdne, i nhi biti on of

GSK- 3 has been sho to preyent h r phosphor vl at i.Qn. o, i.n.eells
[Lovest onEayngat ot rbigf fffite PGRASSETR hu i@l bg notitaleliy 3,
Neur or epRdiced inh¥Edn 8PGEKIP fils th@yéR! Iafad aldd beéAifdporteditat GSEUB @i ol ., 12,
275-8 (2000)]. In transgenic mce overexpressing GSK3, significant

i ncr eas exemrapressedie patietpvth yynstll diabetas WOHNY 3807 Sho L BeraPatiy 1ibl@s 06ns wer e
b t al. J,. s 21039 . i . | at
0 oyt oS s rihesPisr il instnng B lic e AR R b o' fpfed P T 20 oS

t angl es redpoasationssudih. patients with AD [Pei et al., JNeuropathol Exp
Neurol, 5 1010-19 (1999)]. Therefore, _inhibition,of ,GE,K-3 may. be wused to
sl ow or [ABYT + KeSKSrastinity Bes aJso bremrastacintsd Wik heheiges diseaser A1 treat or

reduce tf I L ' ' ' 1 0 ém}f Sl SMPELr at e of
GSK- 3 isd?%f%g;ég%aént%n%% nghtﬁ??}%g%%eaéghdé ‘S?i? Z(?O‘L]g%og%ﬂor egt I %n by GSK- 3.
Reduced fhengion Ffintta@elabeiduiofitaitard el eTae hadofibrillayhirdevoaic patients
and have al so been associ ated wi th ot her diseases relat %d to. jncrease in

neur onalhygeiphosphariated i aw graseingin whish d g is phosphorygigd pyabpagepd sitesT gk ashi ma

t l ., - o Pel | e 3 56,
70-78 (fé%aéngen %é%tgg’thg%‘?%%?’h%ﬁeéﬁé@? 35“%?31 Slgcﬁqselﬁqlwg%@%gg{aleglga 20011 .
[ 0009] GaHthdrmat;ivhibytidras GSKS thedeemsivoa atpeevent hypesphoskkorylting okt al . ,
Brain Res, . 859, 381-5 (2000); S Ki | 23 88-92
(2851); HiCﬁli%Erog?St%lre.(e,t ﬂgz z‘B’f’”o iol, &iﬁ?ﬁgﬁﬁﬁ,?rﬁ?‘ﬂ @8@9?% %"’gz)]. 23 WD
03/ 066629, r&ly{:bﬁ%%@%%glfgg g@ifyt&zrh%@rf, QUPLGpM. KepydsLl #9id7s-of

particular rnterest is tf am |y of kinases. These kinases are
i npl i cat(@00)h netrenegeni¢ micemyessrprassng YK signdficaphiacisesed Fanodel i ng

di seases. Fo neral reviews, see Thqmas and Bruy Il Dev.

Bior - ( 8e7proEoRaen P o ROE ek P Pl e 3 '

Tat osyarEMB® V2ae7i318(200B.0aken 6SKB dcdhacaws it 2A0phsiif pAdangbakchel | i et

al ., Drugs of the Future 2000, ,2_5%7), . . . . .
neurons, which can lead to neurofibrillary tangles in brains of patients with AD [Pei et al.,
J Neuropathol Exp Neurol, 58, 1010-19 (1999)].Therefore, inhibition of GSK-3 may be

used to slow or halt the generation of neurofibrillary tangles and thus treat or reduce the

severity of Alzheimer’s disease.

[0008] Another substrate of GSK-3 is B-catenin, which is degraded after
phosphorylation by GSK-3. Reduced levels of B-catenin have been reported in
schizophrenic patients and have also been associated with other diseases related to
increase in neuronal cell death [Zhong et al., Nature, 395, 698-702 (1998); Takashima et
al., PNAS, 90, 7789-93 (1993); Pei et al., J. Neuropathol. Exp, 56, 70-78 (1997); and
Smith et al., Bio-org. Med. Chem. 11, 635-639 (2001)].

[0009] GSK-3 activity has also been associated with stroke [Wang et al., Brain Res,
859, 381-5 (2000); Sasaki et al., Neurol Res, 23, 588-92 (2001); Hashimoto et al., J. Biol.
Chem, July 2, In Press (2002)].



717, (2000). [0011] Menbers of the Src famly include the foll ow ng eight
ki nases in mammals: Src, Fyn, Yes, Fgr, Lyn, Hck, Lck, and Bl k. These are
nonr eceptwo opoatsed n ki nases that range in nol ecul ar nmass PCTArsy®6sH 62 kD.
Al'l are characterized by a common structural organization that is

conpris Si i stinct functional domains: Src. | ogy..dommi.n 4 (SH4),
a uni quiﬁj@gﬁai rfif‘“g#% Pﬁ?fﬁ&ilﬁﬁ‘,m% ﬂ%?ar‘ilfmﬁarcl&fieéffi{Sﬂggglgrf@#ﬁg’(og%ﬂ%sesand a G
ter m nalrpeeoh a8 aYe nflicABd in'Ghesy &mBhe &stenBdPSFREdHR Y boMDREENLAS, 49- 58
(2000). [0012] Based on published studie€s, Src kinases are considered as

pot ent i diseasesr &peperecal revaewe see ThomasandBmgpe demudRee &gB8Dev Bioldl39D a rol e

in T-cell, sjgnaling. Mce that |ack.. th bility t
devel op Iong b gpatite it N deunedh Tha oo S BSTAPYan Jol Moo BPhor ' 1. el
si gnal i o HgRaR Q1bdeat) t—ﬂ)bthGSIiéth BescheNBt ahz,epm%bhefmmet 2099} 259),

aut oi mune di sease such as rheumatoid arthritis. lina et al., Nature,
357, 16¥17(®090). Hck, Fgr and Lyn have been identified as inportant

nedi at or, i Rtegrin i ghaking in | oi d | eukocyt.es. .al ., J.
Coakoc_ Tt ' Nredbe or HeSBS Y 1t P o h Bt SO et B i lse s ey
t her ef orsgc, nl,JY@&LFfE,fI)QJn, HcRALIK) gnd Bilk. aTWERE e honrddepioh ptotd¢in &inagés thatDr ugs  of

t he Future 2000, 25(7 717, (2000%1.H [ 0013] Accordingly, there is a_high
unmet nédigean malecplargnass fiorply v klRe Adlysechaactagizedthy & pmmgp strycfeRl| i n

treatin [ i i d i i i khases,
cspoct arfaiiaapoR T LniRl CENS e ABoRARRAR Bkl DnBRBIEY NoniBE 08,

I nadequ&SH4J, namiqeerdongydd, SEBsddnedint $2 degnain, & yatalytit desainc@iiti)t dndrsC- SUMVARY
OF THE | NVENTI ON [0014]. 1t has now been found at ¢ (o] 0 hi s

i nvent i SHMIBHACHHAPRBICEON dalosyan %%@i-e%?%(m" STER) %P_W%gsiﬁpﬂéﬁ?&bp? are

ef fecti ‘[@(%% | YD bR hb1RhedSeltaids, 2 IdifakesObGisiterdd d@%ﬁ?e?rtialﬂ%?a%eﬁﬁﬁmounds
have the fornmula [: -4 WO 03/ 066629 PCT/ US03/ 03655 A xXx R 3 0or a

phar mac ¢argets o1 yarmuos bphab Hiseasas. t Lekhplapod roleviieT-eelh si@nalingd, MiRiertgatBackyy X, and

R3 are _as defined herein..[001 hese conpounds. and rmaceutically
accept afiel %’Sg}a‘t"? BR9O% "Wé]Ltgg? ,ﬁl’%lel%p ﬁﬂgjé’fsg'}%s“f @_ge ng‘?‘? ﬁgﬁ‘é}i' % %ssening the
severit Yositive aMfat&lof Toéel ki SRIiEe koo ihA I cRUAIIHK Aty bé BERS &5
inflammatory di seases, netabolic, neurol ogical and neurodegenerative
di seasedreating autoimmune disease such as rheumatoid arthritis. Molina et al., Nazure, 357, 161
(1992). Hck, Fgr and Lyn have been identified as important mediators of integrin
signaling in myeloid leukocytes. Lowell et al., J. Leukoc. Biol., 65, 313 (1999).
Inhibition of these kinase mediators may therefore be useful for treating inflammation.
Boschelli et al., Drugs of the Future 2000, 25(7), 717, (2000).
[0013]  Accordingly, there is a high unmet medical need to develop new therapeutic
agents that are useful in treating the aforementioned conditions associated with protein

kinases, especially GSK-3 and Lck, considering the currently available, relatively

inadequate treatment options for the majority of these conditions.

SUMMARY OF THE INVENTION

[0014] It has now been found that compounds of this invention, and pharmaceutically

acceptable compositions thereof, are effective as inhibitors of GSK-3 and Lck protein

kinases. These compounds have the formula I:



cardi ovascul ar di seases, allergy, asthma, diabetes, Al zheiner's disease,
Huntington's Disease, Parkinson's D sease, AlIDS-associated denenti a,
anyot r ophwo Bat@eal sclerosis (AM., Lou Gehrig's D seasepPCTmshs/dpbe
sclerosis (M5), schizophrenia, cardionyocyte hypertrophy,
reperfusion/ischem a, rheumatoid arthritis, baldness and | eukem a. [0016]
The conpounds of the preseny i nve y a. useful in nmethods for
enhanci ng gl ycogen synt hesi/s apd/ Ner i d levels of glucose and
therefore are especially i ients. The present
conpounds are al so usefu
hyper phosphoryl ated Tau pr ot e~ ﬁbis useful in halting or slowing the
progression of Al zheinmer's disease. Anpther enbodi nent of this invention
relates to a nmethod for inhibiting theRphosphoryIation of (3-catenin, which
is wuseful for treating schizophrenial DETAI LED DESCRI PTI ON OF THE

I NVENTI ON [ 0017] The present invention relates to a co qgnd s formula |:
A1 B »rmehymagewiralaecntabieasalyhaeelephaisiRing 4, ]%lﬁérEeg? s X RiHe Ring A
is an og%h ¢ Ih%nﬁybstituted 5-7 nmenbered, partially unsaturated or fully
unsaturated ri1ng having 0-3 heteroatons independently selected from

ni t rogem(015]5 WeeXdafimands, REd phisadcO’Baly accepgble compsitions theegod, anber ei n
Ring Ais optionally fused to an optiqnally suybstituted, saturated

par ti al M§elwhion frgatingRy lgisemge the s5y aw? étvé’é}g@-og %ﬂﬁé’ﬁ%&l Sych, 4§ BHQUPIYRS- 3

het er oalQift N ﬁBﬁHQEH? liYseSek SRLEEbI! AEBiobIcABAY nedXotREEn R4tV Widedses, Rl ng B
is an optionally substituted 5-6 nenbered ring having to 4 heteroatons,

i ndependadidvassddraiiseaskss altargyiasthogediabasy gdrheimer’s distase, Hubigtoms sai d ri ng

has a fig.st uhstituyent, -N 2, in th osi tion. adjagen he point of
¢ achmblizesse, Mirasongeishisg: MDY aber R Ea TR RS PR Rt ekl

subst i t URMIS L oWdhried E%E%),fmﬂﬁPﬁi s'E:IeﬁQ;ﬂsf\I/\V@S), cdMzophebnta, icardsghpetyed from
nitrogen or CH wherein at |east one of and X is nitrogen; Rl is

sel ect edypartsaplRy, aeperfusionfis¢hemia rhayagoifl ghyitisbgldness gpd luigmia. - oN, - (O R,

- CO2R, - 2. RS, or an
opt i onaﬂ({}@:uggléﬁ‘tﬁ% tcapgau%drsooggﬁéggﬁgge%?Eadggnt?(rﬁloﬁg(%%E_léf Séaﬁalmp atg?lggse%r& 6 nmenbered
sat ur at efhanRitigt d19d¢dg¥n UisBésis aideek lowerimyg Ylood lavgls of glucose and therefore are

especially useful for diabetic patients. The present compounds are also useful in methods
for inhibiting the production of hyperphosphorylated Tau protein, which is useful in
halting or slowing the progression of Alzheimer’s disease. Another embodiment of this
invention relates to a method for inhibiting the phosphorylation of B—catenin, which is

useful for treating schizophrenia.

DETAILED DESCRIPTION OF THE INVENTION

[0017] The present invention relates to a compound of formula I:
S
X
\,

I

or a pharmaceutically acceptable salt thereof, wherein:

Ring A is an optionally substituted 5-7 membered, partially unsaturated or fully

unsaturated ring having 0-3 heteroatoms independently selected from nitrogen,

_5.-



havi ng 0-4 heteroatons independently selected fromnitrogen, oxygen, or

sulfur, or: two R groups on the sane nitrogen are taken together with the
ni t rogen wouwadesssehereto to forma 3-7 nenbered het erocycl PCTArSodex663 oar yl
ring having 1-4 heteroatons independently selected fromnitrogen, oxygen,

or sulfur; R3 is sel]ecte rom I- or L-R._T.is val ence,bond..or an
opt i onal | y O&%&&SHR, aéy%lergpk}g}q% %OPEWQW fuseq @) @4 ?Pgllo es@gﬂﬁxt%f a Cl 4
al kyl i dene sedyairdy, px&%nf hﬂsagﬁafee ok mlﬁgsbwgﬁégm%&ﬁb&fﬂdg kg @Rt i onal |y,

and i ndependently, replaced by -0-, \ , RC(O) -, -NRC(O NR-,
- OC( O NR-, hetet@joms indgyrendentiyrebted frap@jimen, oxy@emR sulftkRSC2- , or -

NRSC2NR-,. apd R4 i | ected f L-R._ -halo, T- - 18] As d

her ei n, rhiﬁfl%?rf @k}soﬁgﬁ%g? Sﬁﬁﬁ({)ﬁ'? Igef@i)qre(gﬁgggavdp‘g'\@&‘%{i %’g‘@ra\}érgg } ndi cal;tS :d.

The phrase jn@ptadenay kéﬂe@:ﬂ@ﬁbiﬂﬁﬁr%gcﬁn, bgygeneer sulfugreiivasigsaid ihoissha firlee phrase
n

“substituted or unsubstituted.” Unless otherw se indicated, an optionally
subst i t ut edubsgitenp -RER nadndhepasifing adjasent todke paiptoistisehmpentt Kl i8 position of

t he group, ﬁ%ﬁ?%ﬁ%%?lbﬁ ﬁ@%ﬁg{u“fﬁ»%&‘oBc?dih&&’a%?&ﬁﬁﬁgts‘)f the other. [0019] The

term™"alip group™ as use rein means a straight-chain

or br anwherkelkte@iromyilrdpeaob OR’ ah@Xnis sbiatted srofomipbgdredryCHawherained or 't hat
contains one or nore units of unsaturation, or a nonocyclic C3-C8
hydr ocar bdgass engpeYWeandeX aguiggegetiydr ocar bon that is conpletely saturated or
t hat copta] wﬁr .units of -6 WD 03/066629 PCT/ US03/ 03655
unsat ura ?éo%?ecgut r%l C Ltiflé not aromatic (also referred to herein as

" (r:] ar bocré lifé‘el@r?]uted ff(lﬁm ch l@gR,KﬁU'ZN_(Rlzh&IN héIsOd)ng@gllieorp@ON Ro; fa'é t g_c hne lnjt to
the rest of the ecul e wherein any individyal ri i.n_sai yclic ring
system }ga'é “?ie_?e_ EFGECIp o Igegen %&PPHB?@TIWPE’%E&F? @“ﬁ‘rpogﬁlﬁg{el%ncl ude,

but are ng&%ﬂn'@staﬁghit& a Blgvgamhp&ed Qﬁtﬁﬂ@é@ﬁaﬁ%ﬂ?‘hﬁéﬂmraﬁhk&rﬁﬂl, ringa! kKynyl

groups an ybrids thereof such as (cycloal kyl)al kyl, (cycloal kenyl) al kyl
or (cycl daiving 0-4lhktengatom§ DOZPIndThidy sedeaterd fremlpjtrogen; exsigeryor sulfur, or:

"hydroxyal kyl ", _"al kox Kyl " nd "al koxycarbonyl," .. U I or as part
of a |arger %P&%O?Wé}aj%ggmﬂgpﬁm@??ﬁ{e&ﬁ% AREC lﬁ%hh§§§t§‘%%a?1r?§%§%nt ai ni ng
one to twelve caeR@odbaAR 3-T H@rﬂ&fdﬂﬂie'i@b(?&ﬁy bf héedaryl ainlg\hayins luéed al one
or as part of a larger noiety shall include both straight apd branched

chai ns cont ai ni krjeresierms andapendeatly selseisd Aoshaitrogan 2xyeemer $8iUs " hal oal kyl ",
"hal oal kenyl . 000N e/l kFxg: means al kyl, al kenyl

T is a valence bond or an optionally substituted C;.¢ alkylidene chain;

L is a valence bond or a Cy.4 alkylidene chain, wherein up to two methylene units of L are
optionally, and independently, replaced by —O-, -S-, -NR-, -NRC(O)-, -NRC(O)NR-,
—OC(O)NR;, -C(0)-, -CO,-, -NRCO5,-, -C(O)NR-, -SO,NR-, -NRSO;-, or —
NRSO;NR-; and

R* is selected from L-R, -halo, T-NO,, T-CN.

[0018]  As used herein, the following definitions shall apply unless otherwise

indicated. The phrase “optionally substituted” is used interchangeably with the phrase

“substituted or unsubstituted.” Unless otherwise indicated, an optionally substituted

group may have a substituent at each substitutable position of the group, and each

substitution is independent of the other.

[0019] The term “aliphatic” or “aliphatic group” as used herein means a straight-chain

or branched C;-C;, hydrocarbon chain that is completely saturated or that contains one or

more units of unsaturation, or a monocyclic C3-Cg hydrocarbon or bicyclic Cg-Ci2
hydrocarbon that is completely saturated or that contains one or more units of
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or al koxy, as the case may be, substituted with one or nore hal ogen atons.
The term "hal ogen" neans F, C, Br, or |I. [0022] The term "heteroaton
means ni twogemneseexygen, or sul fur and includes any oxi di P€a/USo3/mm663
nitrogen and sulfur, and the quaternized formof any basic nitrogen. Also

the t "nitr " incl.ud bstitutable nit! f ah i
ring.  Alpsira R R whithit 5 Sndtndt Blrourefsn fo Borbh 8RB BIEE i g havi ng
0- 4 het egadM0F )5 ﬁ@ﬁ&@ﬂsilﬁglgﬁbinﬂéﬂﬁ%hnéﬂﬂ fbUhe Rkt dTithé AGRIRuletWigreint r ogen may

be N (as in 3,/4-di hydro-2Hpyrrolyl), NH (as in pyrrolidinyl) or NR+ (as
in N subsy indixidenl pingriosaid bivytlic rif@ewsim ire3-anembest.yFor exgaploabeidlor as

t of al i et i Lkyl".. "aral koxy" " aryl | kyl ",
et ers eiphifccrneciogy Bt po et io. jorardr Proffidieeelit HhPny s Vor
of five p&logibimﬁldrﬂybﬁdmeﬁ@f suchwh €@l sulieyl)dlieAscyclogikenyi@lliyd of he system

is aromatic an erein each ring in the systemcontains 3 to 7 ring
menber s (cyfhalkydlatkenyhryl " may be used interchangeably with the term "aryl

ring". ] e.term 1 hete lg" " 0C @l het erocyclic” as
used hei%ﬁlméﬁg ter?'nnosn-all gm{lgog)&hﬁlﬁ(%%gﬁ@ ,blé{l%%;}alllgddrangri cyclic ring
syst ens “fiaykyt@rifonye’, isedfDeHetcd @ phit 0fja 1agerReisty inclulidsdotiosteaigitt andr e ri ng
menbers_is a heteroatom, wherein each ring in the system g,ontai ns 3to 7
ring mehiacked shagpsiontRing enciotiebecathop aloms, s Bhe tgrpn ey rt of a

| ar ger %kﬁﬁ%?’ ﬁ?eq dlone %?%%Eapﬁ%ér"mwet; fiBl1§hQadYh K@i¥ht anb B &ched O
nmonocycl i1 c icyclic an ricycli€ ring” systens having a total of five to
f our t eephdaihnigomaEnierts/o tokveeles carbdn bteast one ring in the systemis

ti | east ing j.n_t , i het.er oat oms,
o (828, 058 setRCrmlontal b S SR i RS aSeet Rl SpdREL, O™
cont ai ng; Fkby, as &ﬁ@%&s@%ﬂf?%?subyﬁﬁteﬁ%im oteb&h8RMilogen BRdYsD ErHeIEieh

i nt erchangeabl’y with the'term "heteroaryl ring" or the term
"het er odhaogen”aticans GOLH]BrAer Jar yl (i ncl udi ng aral kyl, aral koxy, aryl oxyal kyl

and no0PRE) dhemmra ko hRanESPled S Eba bt AT bNERFRF o1 1

subst i t uedlifedForrh BE nitFsEak hh{cﬁélﬂﬂﬁr,%ﬁbﬁm?ﬁtﬁﬁiz@ﬁ f@ Gfranly basib efitesgear y!
aral kyl, or heteroaral kyl group are selected from hal ogen, .oxo,

N3, -R
-OR - #so thegerppimiirpesre tenledey a subgitaahlgndtregen ot ¢ hefsrenyelit 8BBSOS @8uch as

| v BN i R ituted
%ﬁyhc’é,y)ﬁ%i’a?@?%é Sag%? Bﬁpﬁglﬁéﬁaﬁdﬁﬁwﬁﬁﬁaﬁg quﬁ%l@%%(ﬁ)s’@e_c %%lz%;—lfi( lFJ>h)e
subst i t okggenwsiulRurRr nithé2n, th€hitrogemfdaybe N MRGL GM4R]ihyMRHCpMTrAyD), NENRSO2R,

- NRN R g
R % pyrrolidinyl) or NR" (as in N-substituted pyrrolidinyl).

[0023] The term “aryl” used alone or as part of a larger moiety as in “aralkyl”,
“aralkoxy”, or “aryloxyalkyl”, refers to monocyclic, bicyclic and tricyclic ring systems
having a total of five to fourteen ring members, wherein at least one ring in the system is
aromatic and wherein each ring in the system contains 3 to 7 ring members. The term
“aryl” may be used interchangeably with the term “aryl ring”.

[0024] The term “heterocycle”, “heterocyclyl”, or “heterocyclic” as used herein means
non-aromatic, monocyclic, bicyclic or tricyclic ring systems having five to fourteen ring
members in which one or more ring members is a heteroatom, wherein each ring in the
system contains 3 to 7 ring members.

[0025] The term “heteroaryl”, used alone or as part of a larger moiety as in
“heteroaralkyl” or “heteroarylalkoxy”, refers to monocyclic, bicyclic and tricyclic ring
systems having a total of five to fourteen ring members, wherein at least one ring in the
system is aromatic, at least one ring in the system contains one or more heteroatoms, and
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-NRNRC(O N(R) 2, -NRNRCO2R, -C(OC(OR, -C(OCH2C(OR, -002R, -C(OR
-C(ONR2, -OC(ONR2, -S(0)2R, -S02N(R) 2, -S(OR, -NRSO02N(R)2, -NRS2R,
- C(=S) N(R¥D,0306162NH) - N(R) 2, or -(CH2)yNHC(O R, wherein y iP€TO:S43/03668ch R i s
i ndependent|y selected from hydrogen, optionally substituted C1_6

al i phat i Gher8ft cabl#1D$ ﬂfe%&ﬁ&n@o@taﬂﬁm@%egzﬁgﬁﬁg e @ rmh%e?errgaﬁ‘if’l Ic ring

havi ng 0-4 heteroatons i hdependently se rom n| rogen ygen, or
sul fur, paebylisedEhiercha@gdably, wmh the-t€HP (Hlngro &P (iR or tBellgini t uents on the
al i phatl roup of ,R are selected fromNH2, NH(Cl1_4 aliphatic), N( Cl 4
aliphatig]f roeﬁgﬁnﬁﬁ ClL 4 aliphatic, OH O (ClL 4 aliphatic),

CO2H, CJB02e)_4 &h b@ﬁ(’i’&lbfﬁhmg Hieal %aﬁi%xﬁﬂ&#foﬂﬂﬂk&lce)ndt { 1P h&%m%ryﬂl ' phat | C.

[0027] An aliphatic group Or a nhon-aro teroc rrn cont ain
one or (nstusdisgibeseiopradiesl and Beferoatyll @k exsbartd thuhhe)sgromp tiag csmtamrcate&d car bon of

I h I d
71 om t hagoter Bt bl B O g e e roncom a?%fylé? e

het er oargt U e 2Ro =
=NNHC( O)ng*er@[-r%Nar(%% al ky Itér@ér ‘Xfl—%gzi() 2 Seﬁgfedgwgﬁl?’?ger\l/\ﬁgé erﬁ 3) each i's

i ndepend&R{) ythbsdmmﬂdmm Iryﬂhnylmgeahomy, paoteopd O’Hledubly aSayséyh WitedyICl_6
the aliphatic group of R* are sel ected from NH2,

al i phati It ue

NH( 21 4 dg%\) ?ﬁﬁ& %t’é)‘te‘q NEbR - %ﬁP#lbr%{Pl@)Sﬂbstﬁaqeég@Fh RG1CH2@h).pRER(Rh) OH,

o (C 4 Phad ke lo C1_4

al |(phat |Sgbdt or ﬁg?hong%Ij %(Pﬁ)gt(?%zc%%%% sétcﬁa?ﬁﬁent )sN € nitrogen of
a non-ar @T)u,chPé’CéﬂbR&cNR&C(O)NgRé)ﬁ emRéﬂ-NR?mC(B}w - N( R+)2, -C(O R+,

R AR R g R R R b A s B2
Cubsti Loc RO CRPNRNE ot @bﬁﬁidp SC s rPoRaEs &@a&gp&{&‘*ﬂﬁﬁ&m&
subst i t UNRASOSE (E(RS)NOR), OE%LNM) Néh% csrul(eﬁz ﬁ'ﬂ@%b%ﬁphx)herelﬁ

unsubstituted 5-6 nenbered heteroaryl hete ocyclic ring. gu stltuents on
the al epHaRi b lgdwpd@ﬁlﬁﬁkcwﬂélrwn hydrqgsmbpﬁanadalwesubﬂitmecﬂ €4l BliptmtidHzn
NH(C14aI| 1 4 a ti , halogen, Cl1 4 aliphatic, OH,

O (Cl_4 3?4‘3%@#@3- “P\?é}g’ﬂ%‘}@e @@%34? fckgé%feFYCAIC g haing &4 hetergaboms C1_4

al i phat ﬁﬁkpeﬁenﬂ?'s&e&édﬁoﬁi hiBH&A! Sxy% gxg%lﬁpﬁ)htﬁﬁilr@ﬁgl &S?H) dgne chai n”

refers to a straight or branched car ain fully saturated
or have-©HePb)-Ghin(Bh) ffubstituents o thealiphatimgranp oA RS aramlqomdrftcﬁn ®fH,, connect i on

| e P BGRGU RN G oEie Bab9gets Cag ABPE SR Cohe AIPHEIRS orc. &

conbi naNMNCH, CO4PE 00 W] SipRhtic) VOBRAL LS afiphdiR), or halo C;4 aliphatic.
[0027]  An aliphatic group or a non-aromatic heterocyclic ring may contain one or
more substituents. Suitable substituents on the saturated carbon of an aliphatic group or
of a non-aromatic heterocyclic ring are selected from those listed above for the
unsaturated carbon of an aryl or heteroaryl group and the following: =O, =S, =NNHR",
=NN(R ")z, =N-, =NNHC(O)R", =NNHCO;(alkyl), =NNHSO(alkyl), or =NR®, where
each R" is independently selected from hydrogen or an optionally substituted C;_¢
aliphatic. Substituents on the aliphatic group of R” are selected from NH,, NH(Ci4
aliphatic), N(Cy.4 aliphatic),, halogen, C1.4 aliphatic, OH, O-(Cy.4 aliphatic), NO,, CN,
CO2H, CO4(Cy4 aliphatic), -O(halo C;4 aliphatic), or halo Cy4 aliphatic.
[0028]  Substituents on the nitrogen of a non-aromatic heterocyclic ring are selected
from —R*, -N(R"),, -C(O)R", -COR*, -C(O)C(O)R*, -C(O)CH,C(O)R™, -SO,R”,
-SO2N(R ), -C(=S)N(R "), -C(=NH)-N(R*),, or -NR*SO,R*; wherein R is hydrogen, an
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conpounds described above is permssible only if such a conbination results
in a stable or chemcally feasible compound. A stable conpound or

cheni cal |yofiamsdck¢ e conpound is one in which the chen calPCItUsOgvasse i s not
substantially altered when kept at a tenperature of 40 C or less, in the

P neok. opwaly Supngeel Grediee Wsfulys-bRRGl e i B} bPAARAY o 1\ %5 ot so
meant tglﬂfsaﬁ}téad@)(ﬁﬁi ?éérf‘aln‘}%&%ﬁm&ﬂcﬁgpms opfionidlly sabétiteied -€H,CHS(Ph),t he R

and S confrgurations Tor each asymetric center. Therefore, single
st er eocheni eshbitdune 55 memhelel batsreangri hetveadyeliariag. 8?%&&“&%3@% m xt ures

of the present co t

ot her wi SERG gatiP EOMUUTEY R c P Rer T beal B T B NG ge°
Comounm%pha%jzgmégehf €l ﬂi}iﬁéub rot1he- (), § SRpleicR NOJ) €NICOH, élcbz‘sﬁwpl cal ly
enriched atons. For exanple npounds haV|ng the present structures

except a]mphattlh)a -@éplaCendinhate), ar halg Ghogbphalig. a deuteriumor tritium or the

repl ace ar ho . r in the
scope oﬁﬁi}m ’rrﬁ?/geﬁ S‘H(y?ﬁﬁﬁéﬁantbr eéstj}ﬁb rg{ghltt ﬁ?ggp%%g%&ooﬁ C?rlaaiy t}el% st in
al t er natjay®etraly Sirhicd o GaSond bt 186:% unbit buWateationdinddtae tho phiats of
representation of either tautomer is neant to include the other. [0033]
]IcDr ef e{ré@llﬁph@}lwth‘breét@@@rmd?%ﬂ%ul a | include an optionally substituted
lve to I i ng 0-2

heteroa %O'rar?j(l ﬁgfgg@ﬁgn‘ﬁﬂ Ofﬂn ectg%g ro%ﬁlﬁtrétgﬁtg{glg)ﬁggic?}(%eedge%%&gzl fgr Mor e
pref er r ehsiBlaghdAtabid. erhasfoeef afoom’nmﬂaaoh of substitndatsam vepiblemialthy substit ut ed

phenyl ring or,an o t|o al Iy subst. d 6- nenb d . .hete
het er oc§empeunds ﬁ@scﬁl 64 A lg Pﬁ‘ini”g%@@ Eﬁ'é"lr% “quﬁlgf‘atéq.’jﬁrﬁs'ﬂ\% érSta%cF Ring A

groups. Locldidgly R6S1R dbhBIaR. kAQ@Jb%omp%uM@oiQ%&ﬁ@ﬁ%feﬁ?ﬁﬂe%ﬁﬁ!oﬁﬁ@55 N a

ri%0034] Mor e
pr ef er aid gne 1R|Mgch0theshaeicab$twtﬁrc csmqt Sln’ﬁq@naaﬂbalt@?d Whe’ajhélpt 8t preferably

temperature of 40 °C or less, in the absence of moisture or other chemically reactive

conditions, for at least a week.

[0031] Unless otherwise stated, structures depicted herein are also meant to include all
stereochemical forms of the structure; i.e., the R and S configurations for each
asymmetric center. Therefore, single stereochemical isomers as well as enantiomeric and
diastereomeric mixtures of the present compounds are within the scope of the invention.
Unless otherwise stated, structures depicted herein are also meant to include compounds
which differ only in the presence of one or more isotopically enriched atoms. For
example, compounds having the present structures except for the replacement of a
hydrogen by a deuterium or tritium, or the replacement of a carbon by a Be- or MC-
enriched carbon are within the scope of this invention.

[0032] Compounds of this invention may exist in alternative tautomeric forms. Unless
otherwise indicated, the representation of either tautomer is meant to include the other.

. [0033]  Preferred Ring A moieties of formula I include an optionally substituted five to
six membered aryl, heteroaryl or heterocyclic ring having 0-2 heteroatoms independently
selected from nitrogen, oxygen or sulfur. More preferred Ring A moieties of formula I
include an optionally substituted phenyl ring or an optionally substituted 6-membered
heteroaryl or heterocyclic ring having 1-2 nitrogens. Examples of such preferred Ring A
groups include rings a though k below:

-9-



Ring Ais an optionally substituted benzo ring (a). [0035] Preferred Ring B

noi eties of fornmula | include an optionally substituted 5-6 nenbered

aronmat i ¢ wong/obm2¢ ng 0- 3 het er oat ons, i ndependently sel ectred/dsodmesul f ur,

oxygen and nitrogen. More preferred Ring B noieties of formula | are

optionally subpstituted pyrazine, pyridine, pyrazole, phenyl, furazanyl, or
) f

t hi enyl ‘ ou mula | include R SO2R, or
-C(O R, i i s infflependlent | y| sel ett ed from hydrogen or an

opti ona i or Cii 4 alJphallic group. Accordingly,
preferreo nckude - 3, -C(OCH3, -C(O CH2CH3,

-S2Me, and nethyl. Preferred RL groups of Fornula | also include those
shown in Tabhe 1 bel owb [0037] Preferred sdbstituents on Ring A of fornula
I, when present, are halqggen, -NX®, -R -OR -Q02R or -N(R 2. Mre

i Iiare chloro, brono, nethyl,
droxy, amino, - NH(Me), or

A of fornmula |, when present,
i ncl ude i % ered carbocyclo, or a 5-6
menber ed heterbdcyclo'ring having 1- 2 het el oat'ons i ndependently sel ected
from ni trogep, oxygen, gor sulfurg such as mget hyl enedi oxy, or pyrido ring.
10 WD 03/ 066629 PCT/ US03/ 03655 "[0039] Preferred R3 groups of formula

i ncl ude al 4 alkylidene chain, L is selected
froma Vyal enfte bon Cl_4ral kyffi dene chain wherein a nmnethylene unit of
L is oppionall -C(ONR-, -C(O-, -NNR)-, or -0-, and
wherein ) d C1 4 aliphatic, 3-6 nmenbered

het erocyclyl ring having 1-2 heteroatons i ndependently selected from
ni trogen, oxygen, or s§lfur, optkonally substituted phenyl or an

optional ly substituted 5-6_nenpered heteroaryl r|n vin er oat ons
i ndepen_[f&%f‘] y g@rﬁé’f“g‘aal?lﬁ’ j F%ﬁgei‘fte%ofi‘{f@éwé Oglfﬁf& %P%efélliagg’[ of such
gr oups H‘i?arf aﬁ%%ﬂ%tltdie&rﬁéizﬁ rljﬂgllﬁ j.ow, CHZCN -CH2C( O NH2

- CH2CO2H, pr opy , Isopropyl, -(CH2)3CN, -CH2OEt, -CH2CF3,

i sobuty [0035]: yc Pmﬁq:rmepylkmt]}]mmetws:p@ aq\blpglude @QM@yfgbﬂ@@tg@ p-6
s, et OB PR ep G e
hal ogen oxfen@rd nfdbgeRN ML prefarded ROSEB slodsutes ob &dromia har @ptiendly [ 0040]
Accordin t 0 one ergoodl ment, the present invention.r eh ates to a conpound of

substituted pyrazine, pyridine, pyrazole, phenyl, furazanyl, or thienyl rings.

[0036] Preferred R! groups of formula I include R, SOsR, or -C(O)R, wherein each R

is independently selected from hydrogen or an optionally substituted phenyl or C;.4

aliphatic group. Accordingly, preferred R! groups of formula I include -C(O)CF3,

-C(O)CH3, -C(O)CH,CH3, -SO,Me, and methyl. Preferred R! groups of Formula I also

include those shown in Table 1 below.

[0037] Preferred substituents on Ring A of formula I, when present, are halogen,

-NO,, -R®, -OR®, -CO,R?, or -N(R°),. More preferred substituents on Ring A of formula

I are chloro, bromo, methyl, -CFs, nitro, z-butyl, methoxy, -CO,Me, hydroxy, amino, -

NH(Me), or -OCH,CN.

[0038] Preferred rings fused to Ring A of formula I, when present, include optionally

substituted benzo, 5-6 membered carbocyclo, or a 5-6 membered heterocyclo ring having

1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur, such as

methylenedioxy, or pyrido ring.
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formula la: NHRL IINN\ i0O R3 la or a pharmaceutically acceptable salt
thereof, wherein RL and R3 are as defined above and the benzo ring of
formul a |woiog/0eEe onal |y substituted. [0041] Preferred sulpsritSoyodsss on t he
benzo ring of formula la, when present, incl ude t hose set forth as

preferr bsyi uet on th f ] Preferred
Rl and @3@? %@ %fﬁrgfﬁ\l%??ém’é{?‘g ff‘fgi%f td?\I Y%&ﬁ%ﬁég&?ggﬁ Rl and R3
groups gy ﬁ&:&lwhanl 1 iS4scted FQA43IeNeSBoH (blﬁh (Cp4 Argideac chaibedicrsmt, t he

pr esent |nvent|on relates to a conpound of rmula Ib: NHRL \ N R -11 WO

03/ 066628thRIETE usﬂzyfmasBatlonadﬂya@plapeérbézr-ﬁaébeuﬂ(@mly G@epMB) ek&t t her eof

e T Bl S B E A DRl = 11 1

for mul apdding YhaRiRbA8R inddpBidertl selééi@isﬁoﬁﬂhtrf)gﬂrt, bx pgenporeduifor, ed
substltuents on the Ring A noiety of fornula I Q[em@g Preferr R1 and R3
groups optidngHyratitstifed pkenyhes en §E‘ﬂ0ftaﬂb’tsﬁbsé1§utﬁﬁl ertempahond S'ieifi)ar n@r oups of

T i
St r uct uERampiRNoHRNh ghbulps\indlude thosk shotn ilNThble 1 below, -CH2CN, -CH,C(O)NH?,
-CH,CO,H, propyl, -CH,CH,=CHy, isopropyl, -(CH3)sCN, -CH,OEt, -CH,CF3, isobutyl,
cyclopropylmethyl, -CH,CH,N(Me),, -CH,CH(OEL),, ethyl, -CH,C(O)NHr-butyl, or an
optionally substituted benzyl or -CH,C(O)NHphenyl group. Examples of substituents on
said benzyl or phenyl group include halogen, R°, OR®, CN, phenyl, and those shown
below in Table 1.

[0040]  According to one embodiment, the present invention relates to a compound of

formula Ia:
NHR'
N/
\ |
N —0
\Rs
Ia

or a pharmaceutically acceptable salt thereof, wherein R! and R are as defined above and
the benzo ring of formula Ia is optionally substituted.

[0041] Preferred substituents on the benzo ring of formula Ia, when present, include
those set forth as preferred substituents on the Ring A moiety of formula I.

[0042] Preferred R! and R® groups of formula Ia are those set forth as preferred R! and
R? groups of formula I, supra.

[0043]  According to another embodiment, the present invention relates to a compound

of formula Ib:
NHR'



O NNCOA HN N- N\ H2 4 3 HC/ NNNN \\ C1\ NNCO HF H2N H2N
56 rN~NaZZ~-NNN N~ N N\ No -0ON HO O O NH2 -12 WO 03/066629

PCT/ USO3/WBad5m666bd. |- Structure No. |- Structure N H2N IFeNUSE/0®SE N o N N
a o\ d HZN H2N/ NN-NT 9\ |1 \ NCO10\ NNO

Ib
or a pharmaceutically acceptable salt thereof, wherein R! and R? are as defined above and
the benzo ring of formula Ib is optionally substituted.
[0044] Preferred substituents on the benzo ring of formula Ib, when present, include
those set forth as preferred substituents on the Ring A moiety of formula L.
[0045] Preferred R! and R® groups of formula Ib are those set forth as preferred R! and
R? groups of formula I, supra.

[0046] Representative compounds of formula I are shown below in Table 1.

Table 1: Compounds of formula I

No. I- Structure No. I- Structure
H,N '
N H,N
\>—£§1}T N =N
N N0
J/
N
c1
H,N
N
H,N N =N
3 2 4 <j[ >—£\|
HyC N\ ~ X N0
\ | Cl
X )
H
F
H,N H,N
N N
5 vt e | QO
N n-© N  n-©
HO\( o=8
0 NH,
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NHN H2ZN 11/ N12 \ \ o
NN HN1NNNN H2N H2N
ad d d won3osee3/ 066629 PCT/ US03/ 03655 No. |-

14 N

%-- -

N N

\'\ NNOCd

J:N) Ncc \~N\>:~

H2ZN H2ZN N 13 cE>-<N
15 NNO16 NN O C

St r uct UPETNES03/03655

Structure H2ZN N N / V' \ 17 NOH2N N O 18 aNN o NHH/
No. I- Structure No. 1- Structure
N
7 “@ s | Q0 H\
N,o
da
H,N
H,N N <
o N >_2§N 10 <I\>_§\hf
@:\ Y e W
N N~ )
\
H,N
H,N N
N it
1 y oy | e | 0
Y | N  NT
cl
N H,N
N N =N
N @[»—&. 14 =
N N0 N N
/ H'N"e
74 N
N \\N,N
H,N H,N
< Q<
15 N N0 16 N \—©
cl
cl
cl cl
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HZN OCN NaN NN N O w

21 022\ -o

NN ONH Br

19 0-~ 20 N\H F \
FFHN NNHNN\ I

--N F HN OC N N H2N |

0 N 23\

24 al l

N N
N N

N ON O NMOoBl@sdeard F -14 WO 03/ 066629 PCT/ US03/ 03655 NoPCIrAUS8:/03663 ur e No.
| - Structure H2N H2N

No. I- Structure No. I- Structure
H,N
N —
e
N n° HN
17 N -
0 18 @ < |
N N~
NH N
P
~o0
) H,N HN
=N
\ | N <N
©:N P @: by
N N©
19 o 20
NH
F\Q =N
F
H,N
N /=y H,N
Qo< e
21 N0 22 @E Dan W
N N~
O¥
NE Br\d
%
F
H,N
H,N N\>_2§1;1
N =N =
23 @[ ban ! 24
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WD 03/ 066629 PCT/ US03/ 03655 No. |- Structure No. |- Structure g NN N _N
Nl. NH 133 Ncl 134 H\N\ / Qle HC C 0 | 135 NW 136 NI NaN\ s
F HZN F@0l0B86dd29 O N S 138 C CN N 137 \ [0047] Accordi ngcrasanaisher
enbodi ment, the present invention relates to a conpound of forrmula I,
wher ei nsatd—egnpounds—other—thanoneof Tthe group consisting of :

4-[ 1- (41 Nbl br o-jbenzyl )Stihketbenzoi m da¥ell-2- yl | - f ur Shaetdeyl am ne (I-1);
4-(1-Prop-2-ynyl -1 H benzoi m dazol -{2-yl)-furazan-3-ylanine (1-2);

4- (5- MethyT -TH[benzoil m dazol - 2-yl') -[f urazan{ 3-yl am ne,(,1- 3) ;

4-[1-(21Chl oro-{6-fl uoro-be | ) - 1H-|benzoi mjdazol - 2- -furazan{3-yl am ne (I
-4); [2-(4-Am|no-fur N3- y r;lbenzoim'da::ol- ) ]\E/a l?'c acid (11-5);
2-[ 2- (41 Am no- fluraza yI\ —engoi m dazol - 1-yl|] - gce 'Ng@ (r -16); -26 WO
03/ 066629 PCT/ UYsS03/ 0 N N’ N

4- (1- Propyjzd H-|benzoi m da?ol -2-yl)-[f uri@gan 3-yl am (r -7);

4-[1-(2)6-D chl|oro- ben - 1H benzaoi m dazol{- 2-yl ] -f urazan-3-yl am ne (I -
8); 4-(1-Alylj-1 H benzagjm dazol -2-yl)-fufazan-3-ylamne (I -9);

4-11- (41 Met hyl -lbenzyl ) - 1H- Benzoi m dazol - 2-yl ] -furazan-3-ylam ne (1 -10);
4- (1-1sopropyl -|l H benzoi m dazol -2-y|l )-furazan-3-ylamne (I -11);

4-[1- (21 Met hyl -lbenzyl ) - 1H benzoi m dazol - 2-yl ] -furazan-3-ylamne (I -12);

[ 2- (4- Amino-furlazan-3-yl)-bhenzoim dazol -1-yl ] -acetonitrile 13);

HJ\I O/
N =N
S—4 ‘o
127 128 N
¢
NH N \ /N
/

H NO

129 L7// 130 N
Y,

131 L\\ 132 y
\

-25 -



4-[1-(1H Tetrazol -5-yl net hyl ) - 1H benzoi m dazol - 2-yl ] - furazan- 3-yl am ne (I
-14); 4-[1-(2,4-D chl orobenzyl)-1H benzoi m dazol - 2-yl ] -furazan- 3-yl am ne
(I -15); Wo0BAeds39 4- Di chl or o-benzyl)- 1 H benzoi m dazol - 2Pyirjuses/essas an- 3

-ylam ne (I -16);

Fal Hr a Nn-"2 1\ han=at A

== | 1
2 [2 ( /—\\m RO tHaZah—s yl}'UCIILUI T aazor—=

acetai NN I{! t17); A4StrdttuBenzoi m ddool- 2-ly
)
1

=3, 4=-dimethoxy- phenyl ) -

f urStpagtu@e yl anine (1 -18); 2-
[ 2- (4- Am no-fufazan-3 -yl)-benzoi m dazol -
-N- (3, 4~arfruoro- pnenyl)-acetam de| (I -19

2-[2- (4- Am no-furazan- 3- - benzoi m dazol -|1- yl netffayl ] - benzonitrile (I -20);
2- [2-(4- Am notfur N- benzoi m dazaol AL-wl ] )=N H

-N-(2-tlri fluor )net@g)\e acef am de (Il)\, w

4- 1- ( 3- B188D- benzy}HF~ oi m dazol3®-y| ¥ jira %’9@?-‘% (1 -22);
4-[2-(4- Am no-furazan-3iyl) zoi m dazol -| -yl ]-butyronittile (I -23); 4-(
1- Et hyl{- 1H benzoi m dazol - 2-yl")-fufazan-3-lylam ne (I -55);

2-[2-(4- Am no-turazan- 3-yl)-benzoi m dazol -|{1-yl ] - N- (2-fl uor o- phenyl ) - acet am
de (I - 61); 44(1-Methyl-IH benzoim dazol -2-yl) - furazan-3-y| amne (1 -62);
2- [ 2- (4=Ammo={urazan- 3=yl )-benzol i dazol -[I- yI T- N- bl phenyT - 2-y] - acet am de
(I - 63); 2- [2-(4-Am no-furazan-3|-yl)-benzoim dazol/-l yl] -Nt (2,

6- di metlhyl - phenyl) - acetam de (I-64);

2-[2-(4-Am no-fmzan-B-yl ) - benzoi m dazol -[1-yl ] -N-t butyl - agetam de (I -
65) ; HA

2-[2-(4- Am no-f [‘.ga_n%ENrri dazol -{1-yl]- N-(3- | uor o- phenyl ) - acet am
de (I -| 66); \ 5

2-[ 2- (4- Aa3so- fiur azan- 3- y¥) - enZ5i i da36l - -yl ] Luor o- phenyl ) - acet am
de (I - 70); -27 WD 03/06662 / US03/ 03655 ﬁ& \

2- (1H Benzoi m dazol - 2-yl) - 4-chl or o{phenyl am ne

N-[ 4- (1- Et hyl - 1H benzoi m dazol - 2-yl|) - furazpn- 3-yl ] /&, 2, 2-trifllioro-acetanid
e (I -172); N[ 2-(1H Benzoi m dazol -|2-yl)-phenyl ] -ac tarri de (I 173);

N[ 2- (1H Benzoijm dazol - 2-yl ) - phenyl{] - propi pnam de (I -74);

N-[ 2- (1H Benzoi|m dazol - 2-yl ) - phenyl|] -i sobutfyram de (I - 75); and

F

HN
?;Sto O:[\i>—<f‘s
137 O::{;:@S 138 NS/

[0047]  According to another embodiment, the present invention relates 'to a compound

of formula I, wherein said compound is other than one of the group consisting of:
4-[1-(4-Chloro-benzyl)-1H-benzoimidazol-2-yl]-furazan-3-ylamine (I-1);
4-(1-Prop-2-ynyl-1H-benzoimidazol-2-yl)-furazan-3-ylamine (I-2);
4-(5-Methyl-1H-benzoimidazol-2-yl)-furazan-3-ylamine (I-3);
4-[1-(2-Chloro-6-fluoro-benzyl)-1H-benzoimidazol-2-yl]-furazan-3-ylamine (T -4);
[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-yl]-acetic acid (T-5);
2-[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-yl]-acetamide (I -6);

-926 -



N-[ 4- (1- Cyanonet hyl -1 H benzoi m dazol - 2-yl ) -furazan-3-yl ] -acetam de (I -76),
wher ei n each conpound nunber corresponds to the conpound nunbers of Table
1. [0048yomhmsmenpounds of this invention generally nay PeTArsepexsssl from
known starting materials, follow ng nethods known to those skilled in the

art for anal.ogous ound ustrated b foIIovm ng Schenes |
t hr ough 11 '&%ﬁ’ﬁpﬁblﬁ%‘géi’/‘ﬁ@?@?ﬁzyﬁﬁg g i r}/ef(;[ % bel ow. Schenes |
through I'l4 15{2%%}9«%%@& 1§L9Ht19aﬁbnﬁlaazdmkylmm 3-plagRRN(I -Fpounds.
[0049] The ac Tvit a conmpound utilized 1n this invention as an

| nh| bi t or 4o€1- SBKBlebenZ@KnT!ﬂZOl &iyh-furarané- Yiﬁlymflﬁe(la%oayed invitro, in vivo

in a ce ord| 0 neth oxn vitro assays
|ncI ude as‘étlly@ pﬁg{ﬁ SP@WIFT‘ efl?‘ﬂ‘}%(? ]0% yglf itaﬁ ﬂ?‘ﬁﬂ{ %hla)[ihoryl ation
activity ofy IAEB?%%@@HLBGnEMnﬁ(ﬂaz@PQJyY)aﬁI@&a@Kﬁa@ﬁnd-@K11)‘\| ternate in vitro
assays quantitate the ability of the inhibitor to bind to GSK3 or LCK.

| nhi bi t or 4- b1| %M@Mnmé) W@Hﬁ@@@ﬁ}%&ﬂ’ﬂbﬁ“ﬁ@@ﬂﬁ Hamined T-dBibi tor prior to
bi ndi ng, L | d
01110 SOk A0yt RLLALLEEI, O a0 DAL i coml et

bi ndi ng WW[lb(31Hi%&ﬁiﬂlISQﬁHﬁﬂiyﬂ)UﬂmbﬂgzcanﬂdﬁzpBMyl}mmzae—ﬁpﬂammer(tl: ~UHEr e
corrpounds are incubated with GSK3 or LCK bound to g (1 radl |gands
Det ai | ed cbhid24-SHehlpwbenaydaliilbgnzormimpebtalliirazas s rminedits 1P hvent i on as

an i nhi big Eldlsojr ]ﬁﬁgrooﬁe#z%elgjo ; Birfiiagzi Ol yll-PiraPar- ﬁ‘gﬁaﬂﬁng(ﬁm)es bel ow.

[ 0050] Acco ng to anot ment , the inventio rovides a

conposi ti ar[2- @Mnn&fmgzm-ﬁqbﬁmnndmdamhﬂsd]ﬂv(ém dmmtlmxya?h@hﬁlr)ﬂaceut ically
accept abl e deri vai ve thereof and a pharmaceutically acceptable carrier,

adj uvantcet@pidgdhrtde. The anount of conpound in the conpositions of this

i nvention 4%1}%%%Hzélhﬁaazoﬁz%ﬁ)tﬁ%aﬂ% yi8miRAgUNeRl y inhibit a protein

ki nase, particularly GSK3 or LCK kinase, in a )i ol ogi cal sanple or in a
patient. P--6f Ahhyomzmhwbsbem@nn@ﬁzol hi¥d]- Nn(@e‘hﬂiﬂ(ﬂﬁfq -ehenghragetapude f or

adm ni s aﬁ on to a patient in need of such conposition. Mst preferably,
t he con%% )lon of this inventionis fornulated for oral admnistration to

a patient.2{28.- mg&f&@@ﬁ?&yﬁ%k@&ﬁﬂﬁﬁ%Eylm[eﬂ@ﬂll}eni'dﬁﬁtrﬂe(mZ(Dat| ent", as

used herein, means an ani nal, preferabl nost ferably a
human. [OO%E% (#ﬁ@ﬂﬂ@{ﬂﬁazﬁhéﬂﬁé@@&@lﬁééﬂo}; a)é]:@p@a‘b‘lﬂé“’{f’é‘i‘erﬂil@rph g}ffsuvant or

vehi cl e’ f{ﬁ%ﬁﬁz C)a non-toxic carrier, adjuvant, or vehicle that does not
destroy % rmacol ogi cal activity of t he corrpound wth which it is
f or mul at edd- [P@Bm&%‘eﬁg&] I §- ‘t&nmpmwzbbzwlﬁfuirmaa -3-gdnined[#-82br vehi cl es

that may b4e [2u ?4—Arr|urnlo tfl?ﬁazgnqgr%?)sbe}nlzgl?rﬁdgol tl 1]S bllltr}ll}.‘loenqttrllleo& -iZ%;;l ude, but
4-(1-Ethyl-1H-benzoimidazol-2-yl)-furazan-3-ylamine (I -55);
2-[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-yl]-N-(2-fluoro-phenyl)-acetamide (I -
61);
4-(1-Methyl-1H-benzoimidazol-2-yl)-furazan-3-ylamine (I -62);
2-[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-yl]-N-biphenyl-2-yl-acetamide (I -
63);
2-[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-y1]-N-(2,6-dimethyl-phenyl)-
acetamide (I -64);
2-[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-yl]-N-tert-butyl-acetamide (I -65);
2-[2~(4-Amino-furazan-3-yl)-benzoimidazol-1-yl]-N-(3-fluoro-phenyl)-acetamide (I -
66);
2-[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-yl]-N-(2-fluoro-phenyl)-acetamide (T -
70);
-27 -



are not limted to, ion exchangers, alum na, alum numstearate, |ecithin,
serum proteins, such as human serum al bum n, buffer substances such as
phosphat e®0 oglogesene, sorbic acid, potassium sorbate, par®Calusgs/gsesi de

m xtures of saturated vegetable fatty acids, water, salts or electrolytes,

such as pr.o ne sulfa dro phate pot assi um hydrogen
phosphate EWO&‘P?FC{?? ﬁ%ygfﬁ@ Ph%lyfagg QPZ?% silica, nagnesium
trisilicatgyg. (PE'tl’MJIWBer%hﬁﬂbk&%ﬁ) fe@kdnib 9562, Daseidlustibadetinsids (I -

pol yet hyl ene gl ycol, sodium carboxynet hyl cel |l ul ose, pol yacryl ates, waxes,

pol yet hy2ene- pol yoxypr opyl ene- bl ock poI yners, pol yet hyl ene gl ycol and wool

fat. [005 as i d herein neans a

neasur abl ﬂé%?ﬁééfnaom@@@'f {é@ @t a%md%g u%g’n a sanpl e conprising said
conposi ti gq @@ﬁ{%éﬁ%&%u@ézol@@f) bha@rﬂepraptdn@tmd‘eqm-vaj ent sanpl e conpri sing
GSK3 or LCK kinase in the absence of id conposition. [0054] A

" phar maceU¥i[2-41HyBeaecispidadsil-¢- ﬁkphenyﬂela@@t&rﬁyn%@ﬂé%.a@ salt or salt of an
ester of aN(i% ?ﬁ?gtg?rgfethgriﬁ Beﬂ¥§ 4281 E%-fur%'%ﬁ@ 'ﬂ:é’cbﬁd L§g),to a

reci pi ent provi |ng, Itectty or in |rectly, a
conpounevhefeirt &lch cofpethd aumber c@mrespﬂi\dbtdahenbmpom iwaberevfBaile le or resi due
t hereof. As used herein, the term"inhi bl%‘a’ ngt» active_, .metabolite or

r esi due [Q048} eofThe gempaundsof this fventiRn ganer HRASPATRE fLOB} KjoWI, | 5o an
I nhi bi t gllrartﬂ"%arﬁ?t g Bfio %ﬁpoungykxwa%%ost@ﬁﬁéh lfh@rme WhilS@dsY

accepta s of this invention include hose derived
f r om phasmpeeids] asdlligtraatiepthatiokowing Sghemes lhtbugh §Hraind badhqjg’nmc bases.

Exanpl es of suitable acid Its' clu etate a i
asparta@éamlﬂéfh%g gg}gnféﬁ geﬁ] gWIaf%?Psrajjﬂ?ﬂr &fa r ajzljt%fgget\ltle
carrphor? nt(‘C@HBBQﬁ&Sm fonat e, cycl opent anepr opi onat e, di gl uconat e,
dodecyl at e, ethanesul fonate, formate, fumarate, gl ucoheptanoate,

gl ycero Wﬂ) hafle aqﬁvwm eomymunil sitilizest ia this épveationpean maiiesaf K3 or

hydr och drobro [o d de
I )act at ei?{tél?@aet‘ naﬁ%t“&ﬁ é‘ssa%fﬁl ‘}rﬁ é‘é’:}fl B8 a(frqxg 81)%%%1? ﬁ%ﬁgh{%gﬁﬁ?%%g% e,
ni cot i Ngh&wn M ﬂhé%l’te In ¥R ads8ys inPlabiemabg thprdhdrnaeinhibiiauof dther the

3- phenyl i onate, phosphate, picrat e pi val at e 2 03/ 066629
PCT/ USO E@wgssrlatmn@stwﬁapéATé’atq aejiviy ef a %we@ﬁ%‘i@ O’éﬁd%)t‘%lter’t‘%t? #t at e,

t hi ocyar oass{t chll er&]t%teatﬂg Qﬁ‘fh?mtor% Bﬁ{d t@@ﬁ@v oSIUCR. 3shiB&! | ¢, While
not in t em;e ar mace y acceptab be enployed in the
pr epar atimiingihap bé hfbau&ecﬂ by rzaholabﬁlhmg'rthd iitibigor pncmtmz hindingg isolating hepounds  of

[ 0s6]  SBbionsaTR 3 BRSOk cpplet o e BER D amarece Tt g, o

sodi um agfhg. Alternatively, inhibitor binding may be determined by running a competition
experiment where compounds are incubated with GSK3 or LCK bound to known
radioligands. Detailed conditions for assaying a compound utilized in this invention as an
inhibitor of GSK3 or LCK kinase are set forth in the Examples below.
[0050] According to another embodiment, the invention provides a composition
comprising a compound of this invention or a pharmaceutically acceptable derivative
thereof and a pharmaceutically acceptable carrier, adjuvant, or vehicle. The amount of
compound in the compositions of this invention is such that is effective to measurably
inhibit a protein kinase, particularly GSK3 or LCK kinase, in a biological sample or in a
patient. Preferably the composition of this invention is formulated for administration to a
patient in need of such composition. Most preferably, the composition of this invention is

formulated for oral administration to a patient.

- 28 -



potassium, alkaline earth netal (e.g., nmagnesium, anmmonium and N+(Cl_4
alkyl )4 salts. This invention also envisions the quaternization of any
basi ¢ ni twogame@ent ai ni ng groups of the conpounds di scl oped/uses/edons Wat er
or oil-soluble or dispersible products nmay be obtained by such

guat er nj j 0057 i ti.ons of t Le be
admi ni slltoé? OTBH[’ feym ‘Lﬁt magﬁgq%ﬁwmwﬁ:%ﬁgp it g%%%/ﬂly%(opl ca fé/!m/

rectal |1¥lost:}ﬁ.§@h{by yaliagal Iy, vaginally or via an inplanted reservoir. The
term"parenteral ™ as used herein includes subcutaneous, _intravenous,

intr arruEEﬁZ]ar Therterm-“phatipgéwically ﬁtqeatablﬁrmﬁlﬁﬁl a JW?{HF 25 vehislel referstp & hecal |
| nCranopat | Coc LAGEALES| ROk R B FEL A Ay bPLESHLARAloil 45T

teChan ns are ere ora

i ntrapegf t‘h@ RER! Pbﬁ(ncptinth RihicRMeRFYEhlatedt Phhﬂn@cettﬁaﬂyhedﬂpmbtmmemf t he
COﬁpOSItIOﬂS 0 his invention may be agueous or oleaglnous ensi on.

These sadjpeants onechindss that m@tbﬂ}tsﬁﬂ@@iﬂ?&wmﬁlﬁ@ni’t %ft?@dm‘ﬁ“&‘tﬁ‘éé“q{ u‘i n the
art usi 7 ey 30l dlSReSSI NG, OB LG ARPRL S BN SUSRERA] pRuadEnt <. The

sterile i'on ma e & ster elnject l'e sol ution

or sus pﬁftﬁ'a@'ﬁuhﬁn%eﬂ%ﬁﬂalbﬁtﬁiﬁ buffar Sﬁbét&ﬁ@b |syelﬁz(sqﬂ]pktﬂiatee gliytmesorlic asidl vent ,
for exanple as a solution in 1, 3- butanedi ol tge accept bI e vehi cl es
and sol peissium sexbaieapartial glygsridy Suxares qisewrated mgﬁ@g}e ¥8F £ 6He

convent FRAT FECEEMNE; WEF s BORG sultle MG by eh b“‘%’Phﬁﬂetx%%a@m F

as“a solvent or suspending nedi um 58] For this
pur posehydoyerbptasghdte, sedivai ¢hlomde, bmcealt, oybmidalrsdiaadmagl@wm msiliqgte, mono-  or

di -glycerjides, Fatty aci ch.as oleic a ceride
deri vat P%,@mé( gyrr@gé)pmceﬁﬂf%%gasﬁflé %HCF%rPOBFaW SXI ds are natural
phar mac ﬁ&lﬁﬁ@éeag&?a& Tafes, wEHE hpﬁ§et9&1b1v@ &ybxﬁfro@déﬂe%loaﬂ

especi a y |n t e|r pol yoxyet hyl at ed ver si ons. ese oil solutlons or
suspenspdlymemapobileﬁxylemorgb@phaml wovldaichai n al cohol diluent or dispersant,

comon PME3LG THETEY Pyt RS i Rlrel PR e AR Rt 220

forms i GS'K%I*IQCK%ﬁﬁt wadtla sasp enapasiag s&ltl bempodtivmmd/a GSES or
surfactants, such as Tweens, Spans and .ot her errulsﬁrizllﬁ%gltg ents or

bi oavai L&K lutnagp adiraraBalophsastple FRmBTRG MK d 4 K ki RERERP 66629
PCT/ Usogglg gomﬂgﬁ'm acture of pharnmaceuti cal |y acceptable solid, liquid,
or ot herdosa fms may al so be used for the purposes of fornulation.

[ 0059] Hm)s4ﬂ)hamﬁuhadeahctaﬂlyamcqmtﬂdahaét”amqmeahy nomtoxad salhorsait wfemt i on nay

not 1 | nP¥eRhcorapaoaus e Got TeE o e deieh S Re i b ks % o

the casgyepfovidiht @ided @fecy 8t 1ﬂd§%ct1ﬁ Alcolposind of this invention or an inhibitorily
active metabolite or residue thereof. As used herein, the term "inhibitorily active
metabolite or residue thereof" means that a metabolite or residue thereof is also an
inhibitor of a GSK3 or LCK family kinase.
[0055] Pharmaceutically acceptable salts of the compounds of this invention include
those derived from pharmaceutically acceptable inorganic and organic acids and bases.
Examples of suitable acid salts include acetate, adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, citrate, camphorate, camphorsulfonate,
cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate, fumarate,
glucoheptanoate, glyceropbosphate, glycolate, hemisulfate, heptanoate, hexanoate,
hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oxalate,
palmoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate,

-29 -



commonl y used include | actose and corn starch. Lubricating agents, such as
magnesi um stearate, are also typically added. For oral admnistration in a
capsul e fwormp/oesed ul diluents include |actose and dried ®crrsvaexmss Wien
aqueous suspensions are required for oral use, the active ingredient is

mbi ned wi t h | si fying.and ' f i i
weot onPIg oS iR, SPEG PR IRARE vREE e, eyl R flcaifi ™! "
Al t er napigyela¥ids [ $u8h R BXATRS Gulle &Y ih YhedeseBib phirenacontagy kt@pabll ntayite

invention may be admi nistered in the formof suppositories for rectal
admi ni semaldyed in the@sepacaiionisd salpsrusphiul asiingsrmeriafesdn oheingehe CRPPRURISs Ui t abl e

non-irritati.n XcipLent that |is,. i ure but liquid at
rectal Pé@ﬁé’?‘%ﬂﬁ% agﬁg"e‘fr@rare?%cre gtl‘gmﬁlblag@t[%&?%@ﬁg&rﬁgg% %{r% to rel ease the
drug. Spgyseat Shitddisivied Ghondepaostae bases Bicludeadislonetan@. qcogiahyiene
glycols. [0061] The pharmaceutical |y acceptabl e conpositions . of this

i nvent i petapraymy|adieline earthimeil & & r BASHCSPIDaIINonEYD and B 4(5-4%9415?11&81 ar get

of trea nt_incl S . L hY . ace [ i.qal
ool | catPEnvdlon i enRlsfas R aRlgRPRio] SRl s BARRARh Roftafiind OGS
i nt est i gathetdoaglounduditcbded Hereii. CWatel or piHsatublns: dispersielagiddpcismegyabeed f or

each of these areas or organs. [0062] Topical application for the | ower
i nt est i Ahiaineddxytsuel guaser I88ted in a rectal suppository fornulation (see

above) gd%sg i} u Sgglg icf)glg%%ﬁﬁkemhé 8aAk &lveRfion KA ILE AiYmistbreadedRy, mal pat ches

may al s For topical applications, the pharnmaceutically
accept aphenteraipyo b intahsionmsprayetopicellynurbctaléy) nasally, budcalp| egimialy aewia an

cont ai ni,ng, the active gonmponent suspended, pr di.ssol.ved, | or nore
carri e_rémg]_é& irgsfequubrﬁf%‘gf‘ﬁal’ar% 'aﬁi@tursgﬂ ﬁ?fﬁmdwnaflﬁ%s Sgg%grbeﬁgg’ of this
i nvent i gfrdveduidtralitscdhe iftRtartiéulhd Bral §noWial) @itedstehdl, intrithedal, pet rol at um
white petrolatum propyl ene glycol, polyoxyethylene, pol yoxyproglyl ene
conpoundhtrabepatisi, inpiategionakahigiracxenialinjestien piiafysien pehnignes RegferabWut i cal |y

| yia : _ _ _
Cont i nirprRBoan o BsRRRR ST E SRR fo RO R O T PO

phar mac gyedtaiik Fyrmacsrané edhpositenk o€ s inSenti@bhey banqicensoi sledgineis but are
not limted to, mneral oll, sorbitan_nonostearate, pol s%erate 0, cetyl
esters waspengieReAhege sugneasings may be EruiriebecsBiing MeigoRAaUes SBRBP 1y wat er .
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phar maceutti ¢ y acce e conp Ions ma  formul ated as mcronized
suspensiigastabls prepataivnanaypiisail aiserkt isjeetablesobiion s suspensiopmef ’iabl y, as

ERGUe EENECTENE F e IE EATO N T SRR AT

uses, tRGianediol. Among the acceptable vehicles and solvents that may be employed are water,
Ringer’s solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium.
[0058]  For this purpose, any bland fixed oil may be employed including synthetic
mono- or di-glycerides. Fatty acids, such as oleic acid and its glyceride derivatives are
useful in the preparation of injectables, as are natural pharmaceutically-acceptable oils,
such as olive oil or castor oil, especially in their polyoxyethylated versions. These oil
solutions or suspensions may also contain a long-chain alcohol diluent or dispersant, such
as carboxymethyl cellulose or similar dispersing agents that are commonly used in the
formulation of pharmaceutically acceptable dosage forms including emulsions and
suspensions. Other commonly used surfactants, such as Tweens, Spans and other

emulsifying agents or bioavailability enhancers which are commonly used in the

-30 -



pharmaceutically acceptabl e conpositions may be fornulated in an oi nt nent
such as petrolatum [0065] The pharmaceutically acceptabl e conpositions of
this i nvewoDiosnéedsey al so be adm nistered by nasal aerosol per/tusn$iedess i on.
Such conpositions are prepared according to techniques well-known in the

2l i ne, TEprEyTy ansyrlbuBHsRo R s Hfi REPRERRRE (R iyl 11

absor pt ib@ﬁse@ﬂopfﬂét@f@s&pomhﬁﬂﬁgo@i oavailability, fluorocarbons, and/or
ot her conventional” solubilizing or dispersin ents. [0066], Most

! g a
pr ef er ali®8p9] t h&hp pharmeceuficalln peceptablecgomiesisiops Abidds yeOngpast g @ally nyent i on

of "t ho. ArmBufret R Rl fahf feplapl pafiprh it i i SPRHRLe s, LR TP (S

t o produgifetd agaEtRe ShipeasiohdomsoRitivgh.eInths age of eabietyidrl oralarsy, cadigrendi ng upon
the host treated, the particular node of adm njstration. Preferably, the
conposi CPERIbHEGH éflobéieflé‘ﬁtﬁﬁﬂ adec@r gaich o LuBreARwg FECHE: ek aRBRSHESEHY - 100

ng/ kg b j ) S (a] oY s € ne i nist a patient
receivi %%X{aﬁ%?gga@%dnggéﬁﬁ %@]sza P%B%%%@rhn ﬁﬁggﬁf gFAsﬂ(;éh efgﬁlﬁ%leskfs?ltlood that a
speci f i dildagageludsthctsseanddrnied cagstarh. Wiien apygoywauspangioas apatdwred foi | |
depend upgn a variety of factors,. including.the activity.of the pecific
conpoun@al wss: ARecRFtive tngredjent 15 eeRbiRgd ¥ ,erf&gwgéﬁ‘%ﬁ aﬂ@é%’lsl’ dingagenty; éf , tinme of
adm ni si3egtdqo 18X $aGbii R or HidiEhoCRERIs Rty A béalielthe j udgnment of

t he tregl%?%\ég’ &;%ai}g%vg?eg‘%uggr(id atehél?%gﬁleri ty of tShe ypar; i cul §r di sease bei ng
treat ed [000d ardientativélyathe phapoacedticly abeeppabésseampadsitioss of gns inyentm

conposition wl. .al so .depend upon the . ticular co und-in t

conposi tn?aé’&?e R re%éﬁzﬁedfoﬁﬁl ﬁBPPO[Sﬁ%H%g[h € 3?%%9 P’ogl,h Qsoerc gibgease, to
be treatyadharid I BKEY B agedGrlil 4 aniAbletdoaliARetid ExcigiemttBat ivsdlhatasemnor nal |y
adm ni stered to treat or prevent that condition, may also be present in

t he compessparituresbusliquidi as réatal demperaturerand ibergfare el melt ig dlef 1er@ABYC t her apeuti c

|l i.ni Leul
i soase Lo HTuRE] Scn BTl Ihabac el Ruder Bl Ry BRAYARPIenBRLOES!

condi t i ¢e061] beimhg phirg@icedtically 32cpbls3dDgRsRDnPOT fHiSHSLAIRMIDay IOOBO] For
exanpl e, chenot herapeutic agents or other anti-prali f&rati ve a?ent s may be

conbi neddwinifiereA doRiertiye RFSIANY hep $he tAteshed ErrtmENtIPElAeS S SF&F ve

o, RO A TRl TR R R pomeniaere o,

cycl ophdspéraniestinal fractoSmitableitdpicdl dprotudatmns are readily prepared for each of these
areas Or Organs.
[0062] Topical application for the lower intestinal tract can be effected in a rectal
suppository formulation (see above) or in a suitable enema formulation. Topically-
transdermal patches may also be used.
[0063] For topical applications, the pharmaceutically acceptable compositions may be
formulated in a suitable ointment containing the active component suspended or dissolved
in one or more carriers. Carriers for topical administration of the compounds of this
invention include, but are not limited to, mineral oil, liquid petrolatum, white petrolatum,
propylene glycol, polyoxyethylene, polyoxypropylene compound, emulsifying wax and
water. Alternatively, the pharmaceutically acceptable compositions can be formulated in
a suitable lotion or cream containing the active components suspended or dissolved in one
or more pharmaceutically acceptable carriers. Suitable carriers include, but are not
limited to, mineral oil, sorbitan monostearate, polysorbate 60, cetyl esters wax, cetearyl

alcohol, 2-octyldodecanol, benzyl alcohol and water.
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taxol, interferons, and platinumderivatives. [0071] O her exanples of
agents the inhibitors of this invention nmay al so be conbined wth include,
wi t hout |woiosasdeon: treatnments for Al zheiner's Di sease su®RTASR0IcSEPt ()
and ExcelonR treatnments for Parkinson's D sease such as L- DOPA/ car bi dopa,

ent acap rapi nrol e, . pramni pexol e I LRIk Ne e L

tri hexe@ﬁgﬂ]dyl l?gra cﬁ’ tuga’ir{hg?éagabaﬁ?@cgﬁgg&ltep{eag{él cr?g% %l?lﬂflép gygg | erosi s
(MB)  sugfimdfatdiBisanichiidianspentiBndin isAwnio el @jijusied seils da)ine, dEppaxone , and
m toxantrone; treatnents for asthma such as al buterol and Si ?lgul ai ro;

agent s pusferablpaasisolptionninzspsnnienpi adiveied sters saliag.ceithes WHB OHRIHOUA oquel , and

hal operidol ;. .anti-inflam i - 0L ds | TNF

bl oc kergfesefrﬁgtiveﬁﬂ?h ﬁszéﬁrﬁ?ho ) roﬁﬁ%r} gﬂ?@é‘?o%ﬁ%@% aerw 3%} bgggélg{lf?%ég}%zi ne;

I MunonpkidhAtafKaid scdepiable @dHiPPsiassd Meay b torhtilatedimtanasininynt eshasi n,
tacrolinus, rapamycin, nycophenolate nofetil, interferons,

corti coBeterlgas, cycl ophophani de, azathioprine, and sul fasal azi ne;

neur ot r ke f : ' Tl oI T! O

i nhi bi t@?’g?f i Phtmateiiigalyacte vﬁ#eggﬁl g?ﬁﬁﬁ%ﬁ&?@ﬁéiﬁne lmﬁltngi et | uzol e,
and ant hdiRafidtérs bninasal agestl or irkgkitiva. Soch tompdsitings acaprdpavdscording & sease
such as beta-blockers, ACE inhibjtors, di ijfeti fs., niﬁtirat S, calegc{ um
channel tashigres eell-kpopvs indhe get-of pharsraceytigal {qramation apd ey O§iPAE Fuch as
cortico oy i g?d@h ald italB PredBiivhii vds! soRGRAL S;
agents ?cgrﬁﬁﬁsggﬁlh%h%ngg)gwl so?ﬁérldgﬁgﬁ%i&h%s}%gg@t ?cost er oi ds, 1:'jtlﬂti -1 eukem c
agent s, pamsbtes omkthahee biorezilabilidy, {pemcartfons, andéaoitey conventippdef i ci ency

di sordersl @lllch as ganma gdl obulin. [0072] The anount of additional

t her apetft MAG8 X d%PE@% 85t he conpositions of this invention will be no
nor e t hagpgehe M&Hﬁfeférﬁlﬁ?,_ the PhatnideéurRkilY a F@dm dvingloettieds bfithés composi tion
conprising that therapeutic agent as the only active agent. Preferably the
anmount ofveatiel are doaulathd fapedadginigesion n t he presently di scl osed

conposi {4 L range o fr 9 9% 0of n?:iryq% Iy

pr esent h?"ﬁ\ \(l:worh%g%’iofll oogt%eo%’plﬂrlﬁ?ogl?‘ﬁ%OP%(;%&gétgg%@nglgntl%g onl yrHto ergép@;uti cally

?ct ive ?ﬂmghe ?M@R%htgﬁ?]!s@cﬁ ﬁgsd%%é mc@rtljpcbdilf_m mndoini 'I?ﬁagafeiqurm Wﬂl/garlyi on rfal at es
o a nethod of inhjibiting or . i nas CtJ vi [ i.ol pgi ca

sanpl e Eeppding wignithrhest Bppted: hepmmt %’gglifﬁﬁfl%%’ie@an{‘ipﬁ%t@%’ a‘? re%&??ﬁ}"éﬁ% th a

COWPOU”E?@LO%@& shBYAbec!zBnu1ed 3o BATE85Lsk R beGREPVIO -NOOSAY: Soapound.

Prefera e net conprises the step of contacting said -33,
03/ 0666 22idh@EAYSDBEGREBEor don b edincastesd tp b patignt ecgivprethese ednpBHIPENd of

"Bt of ogH B! s afsibeu e T oiRRlaeaThe Ykt Ba sl Mo bRty REehEIT cer

any particular patient will depend upon a variety of factors, including the activity of the

specific compound employed, the age, body weight, general health, sex, diet, time of
administration, rate of excretion, drug combination, and the judgment of the treating
physician and the severity of the particular disease being treated. The amount of a
compound of the present invention in the composition will also depend upon the
particular compound in the composition.

[0069] Depending upon the particular condition, or disease, to be treated or prevented,
additional therapeutic agents, which are normally administered to treat or prevent that
condition, may also be present in the compositions of this invention. As used herein,
additional therapeutic agents that are normally administered to treat or prevent a
particular disease, or condition, are known as "appropriate for the disease, or condition,

being treated".
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cultures or extracts thereof; biopsied material obtained froma mamal or
extracts thereof; and blood, saliva, urine, feces, senen, tears, or other
body fluiwe odwe@zeracts thereof. [0075] Inhibition of GSRBTArS0@ski nase
activity in a biological sanple is useful for a variety of purposes that

are kno ope of skil] in.the t. a jqcl ude,
ut ar ol BbF | hie Sl chrbdrafirisers i CuFnaR o Ry TR RS S g B8

bi ol 0gi £@hbinSPith MRICHRAS of AAnPiRiondd G8ht (r6SRYAive(dRFR} afhodrter. aspect
of this invention relates to a method for treating a GSK3 or. LCK -nedi ated

di seaseEkamplepaf krervn cheiratherapeutio gansmiveiudesbus gra rat dmdiedig @lee¥eciati ent in
need thereof, .a thergpeutically. .effectiye t of the
pr esent AFHPEHT: &ﬁ’,‘am%Basgnﬁ’hvé??éggﬁtcyglgp?%Spg%g%H&tgl (If’rgﬁrcagﬁbmgg?{? ?ag A conpri sing

sai d copReURderfA6R Ml PitinGm RAGLIRRE. enbodi nent, the invention relates to
adm nistering a conpound of formula |la, or _a pharmaceut ilcgl Icy cceptabl e

conposi {00GH] coPghr skamgpleapfiageatsibrintibitgss obthistiREsntion MAYH BE%s to
adm ni steri.n referred co f l.3%: i ei n
conr o b dnd, SRR fEHaRGTREMDRAE L Aldldert DisdiRe SRGK! MR hil]
conpoungxcelhi tréhtnimesofod Pagitson’a Didcher suehtas il DORA/carbidopw, estecaponayvent i on

relates to a nethod for_ treating an GSK3 or LCK -nediated disease . in a
pat i ent FOPMHPIShPIFEHRIPI® SRATRPGBEINCRIFFHIIS %ﬁ?ﬁ@’%ﬁdg?%‘tﬁfwa%ﬂ?’ AR

t her eof godrebfid RRAIL S8k i SORLEN G BER tbribn e.o ¢ ATBRUMArAR DAL 2 1D,
or a pharnaceutically accept e conposition conpri si n? sai d cogpound.
Accor di ngpinaPcindeniteaiodnererbiments for aghine ducoasplbwers! anthbingeledri ng to a

patient in need thereof, t hergpeutically effective anp .a.preferred
compoun@sdHs Lof GFRgsC Pp%n&egg_ PR S éﬂ?’?ﬁi@g’pﬁﬁéﬁ’qu(?ﬁ 4 &lgﬂgﬁé&’é‘g"é’ut ically
accept a%tﬁ%@%ﬁﬁﬂﬁbﬁ’ ntsGABR A SriichstRbids, CRNP BLeRers] WOV &JA, Agabiogting t 0

anot her Iment,” tthe invention provi des a net hod for treating or
| esseni nycloptespleareide tapdohlfasalzgice3inmunemedileoBeansld MTRUNOSTRITESS B 38R0

pati ent onprising.the step of admnj [ 0, i - i a conposition
accor di ﬁ‘b‘:%ta& YHgsP ’r"eg%ﬁ?sh ﬁ%éar?flfngﬁl.n’ fn%%qeggl@éeorrngfért\lg lﬁgi%ﬁg%’her

enmbodi Meakicodth8idR! &rEshobhMaidk] Dathirakemd wifasai@iifg defiotroplic éatomg or

| essening the severity of a disease, disorder,, tor condi t.ion, selected from

al | er gy suchsastnetylchp ipestasase inbibiis A I oss dnterighonprighigiva S i e st
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mul ti pl eardidvascdirsliseMs) such abbatabhokeisaA CEaintlibitoyso dipresichymigates, eplejum
channel blockers, and statins; agents for treating liver disease such as corticosteroids,
cholestyramine, interferons, and anti-viral agents; agents for treating blood disorders such
as corticosteroids, anti-leukemic agents, and growth factors; and agents for treating
immunodeficiency disorders such as gamma globulin.
[0072] The amount of additional therapeutic agent present in the compositions of this
invention will be no more than the amount that would normally be administered in a
composition comprising that therapeutic agent as the only active agent. Preferably the
amount of additional therapeutic agent in the presently disclosed compositions will range
from about 50% to 100% of the amount normally present in a composition comprising
that agent as the only therapeutically active agent.
[0073]  According to another embodiment, the invention relates to a method of
inhibiting GSK3 or LCK kinase activity in a biological sample comprising the step of
contacting said biological sample with a compound of this invention, or a composition

comprising said compound. Preferably, the method comprises the step of contacting said
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reperfusion/ischem a, stroke, or bal dness, conprising the step of
admnistering to a patient in need thereof a conposition according to the
present iwoeabe@ne . [ 0080] According to a preferred enboaicrarsni/oishe net hod
of the present invention relates to treating or |essening the severity of

stroke conpr.ising the step.of admnistering to. tientqdn.s -hereof a
conposi f)}o 1%?3 é@gﬂie Fgth %plt%ﬁeé-re&rcggg)ﬁpng& ﬂf/@ﬁ?’f %ﬁr.cl)t 1ﬁv{)rg16>§ 1% %8%6@?’%%?1{; 0
anot her spreferred enmbodi nent, the method of the present invention relates

to treating or |essening the severity of a neurodegenerative or
neur ol off0074] diThe teterbiclogipaliseimply”t arcused bprett, incdwden; without Aignitabion, 68t i ent i n

need t hereof a 0 sition according,to. fh r el i . [0082]
Accor di FHYIEs %ﬁgﬂﬁg@?%%%gﬁ’ﬁﬂﬂﬁgn}aﬁ% P@t&glﬁ& ﬁ{%rrllg%n | onﬁroglr%g{tr%ds%s to a nethod
for treRlddfdabld&E SAN ) Brihd) FedesVRirichyte@s, @& dlhadade fluidssretracts or

condition, selected from autoi mune di seases, allergies, rheumatoid
arthritilereddr | eukemia, conprising the step of administering to a patient

in need eo .CO Ik [ : et Ve L L0083]
nccor di R0 BB B B R TR R b LR GBE el BBl o b
for treatiéth@f plirpoesIBitiangkidven feotRrdftskillih the ansBkanples ef @chiporposesonpri si ng
the step of admni sterin&g‘ito a_patient in need t{lere.of a @% sition

accor di mylids, berpneidimited tonblopd rgpsfutiopgusanKange ag{atigp P odi nent, the
met hodsS %ci Eﬁ&ofaggea{htd'b‘?&o%{&%asg%l ize conpositions that do not contain an

addi tion erapéuti c age C rise the additional step of separately
adnmi ni s{@0761g tAmotirk dspeat ofathis iavensiddir¢latentd a tethodfeutréatingge@$K3 vhen t hese

2 ni AL EIedigo seis it et Bhe SR BHHETISRT Ry P R Lol R
adm ni st,caf {hgf'ég?’,fa tha%gaﬁm L QRS anflunt & ScdoipRmtioPthe §r8QBBInveRiar, der t hat

the invention described herein nmay be nore fully understood, the follow ng
exanp! esr apbasetcedtmatly acteaptabiroedmpdsgionndamsisvgdaidrompoyed e ASKARHIZES are for

illustratiye rppses gnl.y and ar.e not to be strue .mtipgd.this

 nvent | GRODRT %ﬂu‘ifpd?’??ﬁ%tnﬁ’re.l&%‘%‘o{}\f%@f B R Bl iE bt Fehd o [ 0086]

1H NVR spdaihaeasBly 066ptalsae cathpddii-tonisising @idtatgesunBPX ef @othémst r ument .

13C NWR spectra werée recorded at 100MHz using the sane iInStrunE&[efi LC M5
c

dat a wereabolimgny edatas foasinainistesing pepseferreyl Fompounderiioriila IasasslepH

PreSSUN Qerein supra, or a pharmaceutically acceptable composition comprising said compound .

[0077] According to another embodiment, the present invention relates to a method for
treating an GSK3 or LCK -mediated disease in a patient, which method comprises
administering to a patient in need thereof, a therapeutically effective amount of a
compound of formula Ib, or a pharmaceutically acceptable composition comprising said
compound. According to another embodiment, said method comprises administering to a
patient in need thereof, a therapeutically effective amount of a preferred compound of
formula Ib, as described herein supra, or a pharmaceutically acceptable composition
comprising said compound.

[0078] According to another embodiment, the invention provides a method for treating
or lessening the severity of a GSK-3-mediated disease or condition in a patient
comprising the step of administering to said patient a composition according to the
present invention.

[0079] According to another embodiment, the present invention relates to a method for
treating or lessening the severity of a disease, disorder, or condition, selected from
allergy, asthma, diabetes, Alzheimer’s disease, Huntington’s disease, Parkinson’s disease,
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chem cal ionisation. HPLC anal ysis were perforned on a Phenonenex Cl18(2)
Luna colum (30 x 4.6 mm) nai ntai ned at 40C. Sanpl es were prepared as
sol uti onswpn3/oeses onitrile wi th approxi mate concentrati onPefi/usegdasss Each
sanple of 1-5 L was injected into the system The conpound was el uted

using th ol | owin radient at a.flow. r . Of hIY ] 0%
H20- 209 ,assof!%ecﬂﬁl%?e"g‘% %W?Wg%}é%\fl SC%%@IS%A#L%%@%%W[ 0087]
The el uailtipglé 531eKosis\WIS) L BB oplabhiaNGadibybbge Siypertroptgy, condi ti ons and t he
colum re-equilibrated for m nute. Detection was via, a diode array

det ect oreperfhaion/eschemia slerkener haddness, compesing Ahguemef sdmipstr@g oy al |~ cases

the elution tine s_ddenti f . [0088] All

r eagent ga%}g%egfi\iﬁqg%f com o%@flogla?éorgﬁg t%\é%ogyg?e?te@?%t. VF was dried over
4A ol epg8e]  Sirev@dirgftoshesfeded embodinht, tiomeitnd ofithermtsegr apéntioanpl oyed
Silica Gel 60 (FlI ukag&$ TLC anal ysis was_carried out usin r.e- coat ed

pl ast i crelafestodrqaying §F ssenmg thesayepibymof Wioks SPEHLINAG e)s.te%éf?f”é‘%ﬁmlm.en@gner al

pr oceduy e s e pr i 2= i - < i azol - 3-yl]
bensi i Habhienh Ut BRAEE s SRR ERE SR et PR W1 12

1, 2- Di af0084] ( 2 Aécomdirg) towasthadistefbried eabodinmdrit ahe afetttiodenfdind prascat

(4-am no-furazan-3- carhoximdic, acjd nethyl_ est %% éT. | chi kawa, T. Kat o,
T. Takeninysntiomrejgiesdodeepng ordResening theeyerity of PRCUBIICSCRFIIVE N | anoy

A V. Ere o GRIE, ; iht In nded\hdiset 4 nski i,
S F. Nel Peiblo EA? %E%M%f?%%?é%% ae %ﬁ%@?ﬁfsfﬁﬁﬁgggﬁn Og Chem 1999, 35,
296- 300} orhBositiomadcprding toethé presént(iBvamtipn. G aci al acetic acid (4 nL) -36 WO

ety sl oA L PR g2
pr oduct &egtﬁﬁg;éﬁééskﬁiﬁ tihe QAR f A didediee d@aﬂiewftrreoﬁ(ﬁﬁaﬁ,abe_dted onfi | tration,
washed with Et20 or Et2Q0 petiol eum ether (40-60C) and dried. The vyields

autoimmune diseases, allergies, theumatoid arthritis, or leukemia, comprising the step of

administering to a patient in need thereof a composition according to the present

invention.

[0083] According to another embodiment, the present invention relates to a method for

treating or lessening the severity of transplant rejection, comprising the step of

administering to a patient in need thereof a composition according to the present

invention.

[0084] In an alternate embodiment, the methods of this invention that utilize

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

step of separately administering to said patient an additional thérapeutic agent. When

these additional therapeutic agents are administered separately they may be administered

to the patient prior to, sequentially with or following administration of the compositions

of this invention.

[0085] In order that the invention described herein may be more fully understood, the

following examples are set forth. It should be understood that these examples are for

illustrative purposes only and are not to be construed as limiting this invention in any

manner.
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are given in Table 2, bel ow

2-[(4- Am no) -1, 2, 5- oxadi azol - 3-y1] benzi m dazole (1-18): Isolated as a pale
yel | ow soWDd3/06d6 MS: 202 (M++1), retention tine: 1.46 m mRCTANZONED) : 6. 79
(2H, s, NH2), 7.31 (211, m ArH, 7.53 (1H, d, ArH, 7.77 (11-1, d, ArH

and 13.65 (111, s, NH). 2-[(4- Amm\i- oxadi azol - 3-yl ] - 5- net hoxy
benzi m dazole (1-44): Isolated a solid. LOMs: 232 (M++1),

retenti @pgél Mty AR sPadira vttt (4N ‘at J00MHE 3kingS, Brue@PPX6I002 (211, s,
NH2) , 6[027 ](111 d, iﬁaH)a 7.02 (1H, abs AF). and 7. 51 (111, bd( ArH).  The

N-H si gimatrumers. A6t NOBR epectra weze FE(CﬂIdAdwahH)Ol\i 2 USINg FhRIs RIS 4_ i tr o

Cot enti b At ictg boigid BinEC Rl Re ARyl fjop pbhdPhef sl
8. 09 (2dtkbmifal id¥iArioan (FIPTL‘C &(hlﬁsld‘lvel’@ rfbidhed on a Phenomenex Cigp) Luna

2-[(4-Am no)-1, 2, 5- oxadi azol ydr oxy benzi m dazo 1-52 Co d
1-52 muméﬁbxé& @@)d@%@@@é@%&@v&%é%ﬁmm@ SHJé‘& lﬂﬂer) i

(e\l\lxﬁg(i; 4 t(ﬁ){“? Wﬂﬁtas%yﬂe‘??g%ﬁomeﬁ%gh ?E@%’@’y GHE? QW%’I&H }ﬁ - 2%818 7.41

(41-1, inj”&%ed i8toth&& {2 The EdmPOurldihs ddgted Gking aecfolldwii grédlérﬂt at BglowNH) .
Table 2: Yields for” selected conmpounds 1 R HzN 2R ~ N3R/ NNO aR SR #

entry RaR f RoR/Riyvield (%9 1-18 a HHHHHT76 1-44 b HO®B HHH 72
e L R LA S
HH > CH2 90 CH22.5 min, 0% H,0-100%MeCN,
3.5 min, 0% H,0-100%MeCN

[0087] The eluant mixture was then returned to the starting conditions and the column

re-equilibrated for 1 minute. Detection was via a diode array detector, the

chromatograms for 214 and 254 being extracted. In all cases the elution time was

identical for the two wavelengths.

[0088]  All reagents were obtained commercially and used directly. DMF was dried

over 4A molecular sieves (Fisher Scientific). Column chromatography employed Silica

Gel 60 (Fluka). TLC analysis was carried out using pre-coated plastic sheets Polygram

SIL G/UV,s4 (Macherey-Nagel).

Scheme I: General procedure for the preparation of 2-[(4-amino)-1,2,5-oxadiazol-3-yl]

benzimidazole derivatives

N
H HoN
MeO e N\ N =N
0O — \ I
HaN H

I-18
1,2-Diamine (2.7 mmol) was added to a solution of the amidate (4-amino-furazan-3-
carboximidic acid methyl ester) (T.Ichikawa, T.Kato, T.Takenishi; J.Heterocycl. Chem.,
1965, 2, 253-255. V.G.Andrianov, A.V.Eremeev, Chem.Heterocycl.Compd., 1994, 30,
608-611. I.V. Tselinskii, S.F.Mel’nikova, S.V.Pirogov, A.V.Sergievskii, Russ.J.Org.
Chem. 1999, 35, 296-300) (2.7 mmol) in methanol (8 mL). Glacial acetic acid (4 mL)

- 36 -



1-33 g HHHH70 1-37 hHHHHCR3CH2 18 1-54 i HHHHjcH2 95 1-50 |
HHHHPh 73 1-51 k HHHHNCH17c 1-56 1 NO2 HH H NCCH2 14 H Ow H
H 1-47 MWO@Ba6®2a H H Ov H 95a 1-86 n HOwe HH'Y CHPCHUS0OMs5H 1-58
0 NCCH2ZO H H H NCCH2 28b H H H NCCH20O aThe product was isolated as a 1.5:1

m xture of . the, 5-nethoxy and 6-netho rivatl J : t was
i sol at e‘ﬁasége%a‘%{’eflﬁ? f\ht‘%?%utbqn ?ﬁéﬁggeﬁéﬁﬁgﬁtﬁ%%%h%ﬁét ?'?9? rl%g{tl oXY
der i vatt¥8sraturdf¥or P§ RSS! THE Prddaetk afyehl@gddrond dRthixturt xhd were sSphmteed | | :

General procedure for the preparation of 1-alkyl-2-[(4-am ng)-1, 2, 3-
oxadi azu filgeatipi).yeashédvivith ZedQ ol dingtroleam ¢y ( qu?a fmdiﬁ%ed\ %eyle-%dﬁu \ NN
H R3 NaH éo. 22 Tﬁl GES%in m neral oil) was added in portions at room

t enper ATPEYRAR 12082 BYIQY: 561 ution of benzi midazol e (or other hetero-fused
i mdazole) (0.2 mmol) in DV (3 nlL). After the addition, the m xture was

stirred at roomtenperature for 45mnutes. Tg this mxture the aLiIﬁylating
agent (Dl@AmiwD-lAbdioxadiazokyihengimidazole (Jﬂ%):tIﬁ‘élanlﬁts P& XpaSWMRER war ned
to 60- id.b e c at StEr r | when
chl or og(ec/tl\g% %qzl @ﬂ\}\;sfgg@{é g@@% %2@ %i’y?‘é{]ﬁﬁabzg%z? g%?s fl\%%ﬁ ?]I\}\%lgdr?ﬂét her

al kyl atizng @Y eH31H; §,81?1|\m, 03HQea69A RCIHdIBNGS 03E55NH)er e used) . The

reaction mxture was allowed to cool to roomtenperature, diluted with

2-[(4-Amino)-1,2,5-0xadiazol-3-yl]-5-methoxy benzimidazole (I-44): Isolated as a
brown solid. LC/MS: 232 (M*+1), retention time: 1.52 min. 0g (DMSO): 3.73 (3H, s,
MeO), 6.72 (2H, s, NHy), 6.87 (1H, d, ArH), 7.02 (1H, bs, ArH) and 7.51 (1H, bd, ArH).
The N-H signal was not observed.

2-[(4-Amino)-1,2,5-o0xadiazol-3-yl]-4-nitro benzimidazole (I-48): Isolated as an orange
solid. LC/MS: 247 (M*+1), retention time: 1.52 min. &z (DMSO): 6.70 (2H,s, NH,),
7.41 (1H, m, ArH), 8.09 (2H; m, ArH) and 14.20 (1H, bs, NH).

2-[(4-Amino)-1,2,5-oxadiazol-3-yl]-4-hydroxy benzimidazole (I-52): Compound I-52
was prepared as described above, except was obtained after evaporation of the solvents.
Isolated as a yellow solid. LC/MS: 218 (M*+1), retention time: 1.03 min. 6g (DMSO):
6.88 (1H, m, ArH), 7.18-7.41 (4H, t+bs, 2 x ArH+NH)y), 11.99 (1H, bs, OH) and 13.78
(1H, bs, NH).

Table 2: Yields for selected compounds

IR

HN

A\ SN

N

3R III N’O

R SR
#  entry R R R R R Yield (%)

I-18 H H H H H 76
I-44 b H OMe H H H 72




Et 20 (30-40 nL) and washed with water (3x5 nL). The ethereal |ayer was
dried (MgSO, the solvent evaporated under reduced pressure and the residue
puri fi ed wptob®66620y crystallization or by flash chromat ographysot/esesas f or d
the product. The yields are given in Table 3. The follow ng al kyl ati ng

agent s—{4)—were—used—gprepat 5 et cConpoGRds T i Y Br NC Cl
ABr 1 d "Br &0rR) (d)y®(e) (" RT> yien )

1- Cycl Ug{_‘fspyi MRty 2xbf - amgio) - 1gZ, o- oxadl azol - 3gyl [ benzjen dazol e (1-32):
Isolated as a colorless solid, LC/ NS 256 (Mr+l), retentiop tine: 2.14 mn.
8H (DVBJP32 0.49 (411%in, o) ? 1.28 (IH m cﬁo 4.517°(211, d, NCH2),

6.98 (21-1, s, NH2)07.28 (1H t, ArH), 7.37 (11 , ArHye and 7.78 (d,
2H Al H)I-3 e 0 Cﬁz

, ArH)"
1- (2- Met hyl ) propyl - 2-[ (4-am no) -1, 2, 5- oxadi azol - 3-yl ] benzi m dazol e (1-33):
| sol at edi-32as afcol or| €8s sol iKl. LCHVS: 258 (M+1)>FBtenti¥n time: 2.24
min 8H (DVBO: 0.89 (61-1, d, 2 x CH3), 2.22 (11-1, m CH), 4.48 (21-1,
d, NoH2), 7.01 (21-1, s, NH2), 7.29:7.47 (21-1, \nrc‘ier) apd 7.82 (2H t,
ArH) . - g
1-(2,2,2-Trifluoro)et le -2-[(4-amno)-1, 2, 5- oxadi azo] - 3-yl lgbenzi m dazol e
(1-37): F¥%sol atbed as &lcol orlfss s&id. LCAIMVS: 28% +1), “retention time:
2.01 nin, 8H (DVMBO): 5.52 (211, in, NCH2), 6.83 ul, S, NH2), 7.31-7.40
(12Fé f/ei(lr-\ﬂi)ﬁrrhagd[(?in (2t Tz%H)'orH | 3ﬁ§ i 9j;l le (1-54)
utyl - 2- -aminag) - 1, - oxadi azol - 3-y} ] benzi azole (1- ;
| sol at edl'%l{)s adcol orl s solﬁ%. L : 27Zﬁ( M+-+1) , retentim(])n time: 2.41
nin. 84 (DVMBO: 0.98 (6H, d, 2 x CH3), 1.$9 (31-"reum CHGHR), 4.70 (2H,
dd, NCH2¥S1 6.9 (21-1,Hs, N2, 7.34 (1H ¥, AH),£7.42 (111, t, A H),
7.73 (111, d, ArH) and 7.80 (11-1, d, ArH), _
1- (2- Cyah®) propyl - 2- [ N9: ami n_oI)I- 1, 2 5- oxadi Bzol - 3:N{SFbenzi mlddazpl e (1-51):
| solated as a colorless solode LCHVS: 255H( M++l ), retenti on tinme: 1.28
mn. 8H MBSO m2 04 .39 \/\0%3/0%% 9 PCT,Us03/ 0%6%8 (3H° d, cH), 6.78

(111, g, NOCH), 6.98 (3H, s, NH2), 750 (1R t, ArH, 7.59 (1H t, ArH
and 7.98 §2H, m ArH).H OMe ~ H H \(Cz 95°

1- QIanorrB q1y| -2 [(4-anno)- 1,2, 5- axagli azol g3-yl]-4+nitro benzi m dazol e
(1-56): Isolated as _a yellow solid, LC/ M5 M- ion not observed, retention

time: 1.pZ mn. 8H X B : 5tas (2%.1, S, RICCHZ) N2 (2Hsg*s, NH2), 7.63
(111, t, ArH), 8.18 (1H, d, ®WH &nhd 8.8CH.0H d, ArH).
®The product was isolated as a 1.5:1 mixture of the 5-methoxy and 6-methoxy derivatives.
® The product was isolated as a 2:1mixture of the 4-cyanomethoxy and 7-cyanomethoxy
derivatives. ¢ The product was isolated as a racemic mixture.

Scheme II: General procedure for the preparation of 1-alkyl-2-[(4-amino)-1,2,3-

oxadiazol-3-yl]benzimidazole derivatives
H,N H,N
N =N N RSN
(<1 — OO0
N N/o W N 0
i \
R3

NaH (0.22 mmol, 60% in mineral oil) was added in portions at room temperature to a
stirred solution of benzimidazole (or other hetero-fused imidazole) (0.2 mmol) in DMF (3
mL). After the addition, the mixture was stirred at room temperature for 45minutes. To
this mixture the alkylating agent (0.44-0.66 mmol) was added dropwise and the mixture
was then warmed to 60-65°C (oil bath temperature) and stirred for an additional 3h (when

chloroacetonitrile was used as the alkylating agent) or 18h (when other alkylating agents
-38-



1- Cyanonet hyl - 2-[ (4-am no) - 1, 2, 5- oxadi azol - 3-yl ] - 5/ 6- net hoxy benzi m dazol e
(1-47): lIsolated as a pale brown solid. LCMs: 271 (Mk+1l), retention tinmne:
1.65 m n.WBH3p&BO) : 3.84 (2 x 3H, 2 x s, MO isonmers A+BCI/BI8®662 x 2H,
2 X s, NCCH2, isoners A+B), 6.90 (2 x 211, 2 x s, NH2, isomers A+B), 7.04

(111, ArH, i sqner A r S r 9 Ar H,
i somer mf:‘?ﬁe,re"?sl ?,%Sﬁﬁ_{ ag dnwturpg&oalsrgpo%d e Olitf”?) teg)pbf&rzﬁé cllll(lé%ér;rievr‘lﬂll\) and
7.82 (1EL,0 @0-4YHL) hsPWasheBwith water (3x5 mL). The ethereal layer was dried

1- (2- Met hyl propyl-2-[(4 am no) -1, 2, 5-oxadi azol - 3-yl ] - 5/ 6- met hoxy

benzi ni @Mg&0e), thelsobE)t evaporasedsiendgs redugest pressurspanddhe rasidvs:pupfed pithery)

,&2}3;3 nti %n fry(s%‘ﬁ*z %T& or %r rﬂ&?_}'%l:}:ggn%? l‘al%lg 10 %_fé% tﬁ%gééuf @yﬁ%‘a gn;eﬁo r’rer S

|sorrersnATa)1634 49 (2 x 2H m CH2, isoners A+B), 6.96-7.09 (2 X 3H m
NH2 + ArH isomers A+B), 7.31 (2 x 1H,_m ArH, isoners A+B) and 7.73 (2
X, 1H, mThAfﬂlowlgg quygatl,qgggents (4) were used to prepare the present compounds:

1- QIanonet/I"Ql -2-[(4-am no)-1, 2, 5-oxadj azol - 3-yd] - 4/ 7- cyghomnet hoxy

benzi mi 7ol € Br ¥ ed Vel [gu sl | dw 206 (Me+1) ,
retentlon&rreq\[/g?mn (DI%O)_?VS%(Zxﬂl 2 X s, NCH2, isoners
A+B), 5.79 (2 X 2H, 2 X s, )OCHZ @soners ArB), 6.88 @2 x 2H(g)2 X s, NH2,

i soners A+B), 6.99 (111, éf ArH, isoner A), 7.12 (1H, d, ArH, isomer B),
7.29 (1H, d, ArH isonmer B), 7. 37 (111 t, ArH, isomer A) 7.46 (1H, d,
ArH, isoner B) and 7.55 (11-1, i_soner i) ..

1- OKi radﬂﬁ@@myhnfml-arﬁ%wqo)zl,?:;S&zfaé1aa2’o$-y!i onzigridazole 432 ¢ (1-38): A

t S
b o Rl FLbRR3bAg Ll 686 B B DBkl inShuovsy, o
(0.17 9,0.3b @HMHR OHOM P24 & Hra), @Hﬁ4l§&q2ﬁddaﬂCH4})6\w(QHJ @66165397 28
PCT/ US03/ 03655 70-80C for 18hours. The m xture was then cooled to room

t enper at(Uiet, Ak, (7 Q&1 it ATRsnd ok @ &H. ALY 1 trati on and washed with Et 20.
The filtrate was diluted with Et20 (-40 nlL), washed with H20 and dried
(MgS04). The sol vent was evaporated under reduced pressure and the residue

purified- @th)prﬁbylmmagfmw,l,mmmhaﬂfﬁ -l barzimidagzole (1:33):vIsoatedo af f or d
t he product col arless solid, LC N5 F+1),
r et enti Gh atCPIf?Elesslsog‘? 5? @480?)’ referjipn fipe: 2 @%M%OJQ% 28 (1H,

, ( 7 H 2 xt,
Ar ) an?ja:/l Jég xﬁg%) g%f@ﬂéﬁﬁcﬁ i4§ (34, &%H?) 7'8'1*%%1@1‘ d N19;)77.287(42
1- Pheny|2R; in( ArFyvamis).81 (2H %; Axidyi azoI 3-yl]benzi m dazole (1-50): This
conpound was prepared according to the general procedure for the
preparation of benzimdazole (1-18). N-phenyl-N(2-am no)phenyl am ne was
used as (S, PISHAHOREARAGSHhino] 12,7 bL4tHES0l-3-y1]benzimidazole (I-37):

Isolated as a colorless solid. LC/MS: 284 (M*+1), retention time: 2.01 min. 8z (DMSO):
5.52 (2H, m, NCHy), 6.83 (2H, s, NHy), 7.31-7.40 (2H, 2 x t, ArH) and 7.73 (2H, m,
ArH).

1-(3-Methyl)butyl-2-[(4-amino)-1,2,5-oxadiazol-3-ylIbenzimidazole (I-54): Isolated as
a colorless solid. LC/MS: 272 (M'+1), retention time: 2.41 min. oy (DMSO): 0.98 (6H,
d, 2 x CHs), 1.69 (3H, m, CHCH,), 4.70 (2H, dd, NCH>), 6.99 (2H, s, NH,), 7.34 (1H, ¢,
ArH), 7.42 (1H, t, ArH), 7.73 (1H, d, ArH) and 7.80 (1H, d, ArH).

1-(2-Cyano)propyl-2-[(4-amino)-1,2,5-0xadiazol-3-yl]benzimidazole (I-51): Isolated
as a colorless solid. LC/MS: 255 (M*+1), retention time: 1.28 min. &y (DMSO): 2.04
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was isolated as a grey solid. LCMs: 278 (Mr+l), retention tine: 2.14 mn.
8H (DMBO: 6.79 (2H, s, NH2), 7.08 (1H m ArH), 7.28 (2H, mArH),
7.41-7. 50W09Bto6asp9 ArH) and 7.80 (1H, m ArH). Schene ||| PCPruspaozss on of
1- cyanonet hyl - 2-[ ( 3- am no) - 2- pyrazi nyl ] benzi mi dazole o O E ZN NHZ x|l AcOH+

e o 108 & R, B2 el 8 Jhiaby MEEM T b TS et hyt i ne
(0.22 a1 ok 7. H, nyasrpdded dropwi se to a suspension of

3- ani no- pyrazi ne- 2- carboxylic acid (0.28 g, 2.0 nmol) in THE (20 nL). The
m xture was cooled to 0-5C using an ice bath and |sobutylchl oro formate

&Qkfarglﬁi’gngw ylééﬁf% '&%’efz’g @‘@%&?@-g—@t@ﬁ%ﬂ% am no%enze.ng' (-(I)-hgz g,
2.0 mModjaisasahRNlonddrd 1.0/MBe Mibichi ol obsegved e tanitich tinee: Uets sinowl y war med
to room-41 WO 03/ 066629 PCT/ US03/ 03655 _tenperature ﬁnézé ]Eﬁég for shed

18hour sdu (PAESPRT8S GHL i NEGEHR) 22 (255, Wt &d (hHi h

with wa S and the sol vent evaporated under reduced
pressur‘éﬁ&m{gl%ﬁﬁ%’&ﬁ?esi due was washed with a snmall amount of Et20 to
afford the product (0.34 g, 74% as a yeIIow solid which was used in the

next step without further purification. DVEO) : 01 (. l\y—| 6. 78
(1H, t,1-Gyepometied-2-[{4tanmino)al, 295-0)%16@@01-@1}14] 5 -mgﬂm 5_3&9166[ A1y 7.70

(2H, b Pt\l{—%)dswaﬁ)eggfvwolsd PY §l 2% ]?]lj%%nglalll_'tl 16@%ﬁ2| ne-H and

10. 01 ( ni no enzim azol e (1-80): A

sol ut i ofy @MBO§:23. M(mphgﬂxls)h&ompm,m% 2 xaHbdxaNGEHLD. 15 g, 0. 66
mml) in acetic acid (6 nl) was heated at _100-110C for 4h. The . reaction
M xt ur eisomersctB b @900 2 %o 2 % AdeHa isomeraAuBha Ot (1 AL et Med. The

preci pi J} TIS %inpr Ogruﬁtlsom T ﬁ)?ﬁ%‘ba(ﬁﬁ? d,erII[, 1L(§Iﬁél't]3)9‘7‘.’58"@?{?3,dAm,t1§bmer A),
7.74 (1H, d, ArH, isomer A) and 7.82 (1H, d, ArH, isomer B).

1-(2-Methyl)propyl-2-[(4-amino)-1,2,5-o0xadiazol-3-yl]-5/6-methoxy benzimidazole
(1-86): Isolated as a yellow solid. LC/MS: 288 (M*+1), retention time: 2.19 min.

81 (DMSO): 0.91 (2 x 6H, m, CH;CHCHj, isomers A+B), 2.22 (2 x 1H, m, CHCHy,
isomers A+B), 3.86 (2 x 3H, 2 x s, OMe, isomers A+B), 4.49 (2 x 2H, m, CH,, isomers
A+B), 6.96-7.09 (2 x 3H, m, NH; + ArH, isomers A+B), 7.31 (2 x 1H, m, ArH, isomers
A+B) and 7.73 (2 x 1H, m, ArH, isomers A+B).

1-Cyanomethyl-2-[(4-amino)-1,2,5-0xadiazol-3-yl]-4/7- cyanomethoxy benzimidazole
(I-58): Isolated as a yellow solid. LC/MS: 296 (M*+1), retention time: 1.56 min.

81 (DMSO): 5.36 (2 x 2H, 2 x s, NCHy, isomers A+B), 5.79 (2 x 2H, 2 x s, OCHp,
isomers A+B), 6.88 (2 x 2H, 2 x s, NH,, isomers A+B), 6.99 (1H, d, ArH, isomer A),
7.12 (1H, d, ArH, isomer B), 7.29 (1H, d, ArH, isomer B), 7.37 (1H, t, ArH, isomer A)
7.46 (1H, d, ArH, isomer B) and 7.55 (1H, d, ArH, isomer A).

1-Oxiranylmethyl-2-[(4-amino)-1,2,5-0xadiazol-3-yl]benzimidazole (1-38): A mixture
of benzimidazole (I-18) (0.08 g, 0.4 mmol), (R,S) epichlorohydrin (0.11 g, 1.2 mmol),
Nal (0.006 g, 0.04 mmol) and K,COs (0.17 g, 1.2 mmol) in DMF (5 mL) was heated at
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cold water and dissolved in EtOAc. The Et OAc solution was dried (MgS™) and
the solvent evaporated to afford the product (1-80) (0.12 g, 87% as a

yel | ow soWDd3/06662NE: 212 (M++1), retention tinme: 1.51 m nPCBRHSODMSSY : 7. 13
(2H, m ArH), 7.44 (1H, d, ArH, 7.63 (1H, d, ArH, 7.88 (1H, s,

pyr azi n\%ﬂ‘lg_?"ﬁgpr gFgg)g],sv glalse’ mixture %viag %ielﬁbcogfég 1 foot? terr(ﬁlekgitul%’anh@e solfd® NH2

Si gnal

1- Q/an%‘g b %rt%d%& m&PQndZNd%Hé@%/itﬁiﬂd@eﬂﬁé fntﬁeezwh@dmecawh BAIGky| ation of
conmpoun f%{ % 2 pyrazi nyl Mnm m dazol e (1-80) 86 g 0.29 mmol)
under t(héO i) awashed vaﬂriﬂx@ pohdriet Mgea. @hQ)SOl(*’gltOMaSgwaHU%e H8del yel | ow

id. . 251 t 8 (2H,
T R D e D A oA B (27,
pyr aZ| rleI WV&E%‘ gff@rd‘lﬁe productd0. omgr agy%has h‘%oloﬂiéﬁ% solNH2 LS’J/MSaRSSI\@ﬂ w0t observed.

Schene ner al rocedure or the preparation of

1- am n(raﬂehtyd)n fAme4l ér’:‘rnmor S DOESx2dl & mBzyﬁ(b(lﬁeﬁt)r F2B A3 8BS 4% cedure A

e N2 (THagnb sy bopude o s b desh 4 @ 2 M N HAST Y 0o Mliror) i

dry THIé)(anj%}Hyvas added dropwi se under nitrogen atnosphere to a stirred
solution of LiAlH4 (0.5nL 1M solution in THF, 0.5mol,) at room
tenperature and the mxture stirred for 5m nutes. The nitrile starting

mat er i vedln THE. (. ropwW se,
the m iﬁh&g@%@g ax?dd?z"i%r?i beg{lé! %%iri%%:lg\g?gg}t 0 00 gg%p‘g%at ure.
H20 ( 5rfdpates a&dkdhsitd the agakasl protdd@rdtox therrepraatidn ebentintidaglesdus)-NaOH (2M
solution) and then extracted (Et20 The ract was dri eih%ﬁoﬂi) and the
sol ventN@hapﬂrl&t(amn@@henYéW%@% a¢ @e%ﬁ@mf}oecé’iﬂtﬂﬁ’ae% Ff'ed by
flash CHLOTR RATARMNC 021 CHRCHIE M Dlei iRl i e . S (DMSOLNe

pr oduct %Sn]l OW Nng conpou ave been nmade by this procedure:
6.79 (2H, s, NHy), 7.08 (1H, m, ArH), 7.28 (2H, m ArH), 7.41-7.50 (5H, m, ArH) and

7.80 (1H, m, ArH).

Scheme ITI: Preparation of 1-cyanomethyl-2-{(3-amino)-2-pyrazinyl]benzimidazole

o O T oY - w

N
H
THF

NaH, DMF! a” >eN
BN
N —N
A\
(O~
NC)
I-81

N-(2-Aminophenyl)-3-aminopyrazine-2-carboxamide: Triethylamine (0.22 g,2.18
mmol) was added dropwise to a suspension of 3-amino-pyrazine-2-carboxylic acid (0.28
g, 2.0 mmol) in THF (20 mL). The mixture was cooled to 0-5°C using an ice bath and
isobutylchloro formate (0.29 g, 2.12 mmol) was added dropwise over a period of 10-
15min. The mixture was stirred for additional 3h at 0-5°C. 1,2-Diaminobenzene (0.22 g,

2.0 mmol) was then added in one portion and the mixture was slowly warmed to room
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HZN HZN HZN N -.N \ ~\V I V' A NV VA N "O'Ol . OCNNNNNN ~ NH
12% NHZ 18% NH2 15% 1-124 1-118 1-126 Procedure B: reduction of am de H2N
H2N C N WolBMédd29 CCN N N 31. NN AICd3 N THE O NHVe NHUE/UB03/@b5I- 127
The above pr ocedure (Procedure A) has been used for the reduction of am de

beT/ Usbismseege st puted 671t AR it Rt W e AR EHRRES e aaw

s N tO{%@H&) %Zshe&l%tﬂ\{watw diqea sd;zﬁandzhé dol et 8Opotated Gnder activazd| - 3- I
benzoi m dazol'-1yl acetam di ne (1- Me3A1 (0.42m, 2M so% él on in
or

hexanes pregsuga i Jolidéfiedausidue wa@wh@é WithcreymalbagpwE Of FkaQ to afford the
product (0.34 g, 74%) as a yellow solid which was used in the next step without further

purification. 8z (DMSO): 5.01 (2H, s, NHy), 6.78 (1H, t, ArH), 7.96 (1H, d, ArH), 7.09
(1H, t, ArH), 7.57 (1H, d, ArH) 7.70 (2H, bs, NHy), 8.07 (1H, s, pyrazine-H), 8.42 (1H, s,
pyrazine-H) and 10.01 (1H, s, NH).

2-[(3-Amino)-2-pyrazinyl]benzimidazole (I-80): A solution of N-(2-Aminophenyl)-3-
aminopyrazine-2-carboxamide (0.15 g, 0.66 mmol) in acetic acid (6 mL) was heated at
100-110°C for 4h. The reaction mixture was cooled to room temperature and water
(10mL) was added. The precipitated product was separated by filtration, washed with
cold water and dissolved in EtOAc. The EtOAc solution was dried (MgSO,) and the
solvent evaporated to afford the product (I-80) (0.12 g, 87%) as a yellow solid.

LC/MS: 212 (M*+1), retention time: 1.51 min. 35 (DMSO): 7.13 (2H, m, ArH), 7.44 (1H,
d, ArH), 7.63 (1H, d, ArH), 7.88 (1H, s, pyrazine-H), 8.06 (1H, s, pyrazine-H) and 12.99
(1H, s, NH). The NH; signal was not observed.

1-Cyanomethyl-2-[(3-amino)-2-pyrazinyl]benzimidazole (I-81): Alkylation of
compound 2-[(3-Amino)-2-pyrazinyl]benzimidazole (I-80) (0.06 g, 0.29 mmol) under the
standard conditions afforded (10) (0.04 g, 60%) as a yellow solid. LC/MS: 251 (M*+1),
retention time: 1.63 min. 8z (DMSO): 6.28 (2H, s, NCCH,), 7.59-7.70 2 x 1H, 2 x t,
ArH) 8.07 (2H, m, ArH), 8.26 (1H, d, pyrazine-H) and 8.41 (1H, d, pyrazine-H). The

NH, signal was not observed.
Scheme IV: General procedure for the preparation of 1-aminoalkyl-2-(4-amino-1,2,5-

oxadiazol-3-yl)-benzimidazoles

Procedure A: reduction of nitriles
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to a stirred suspension of NH4C (0.044g, 0.84mml) in toluene (4nl) at OC
and the mxture stirred for additional 30m nutes. Benzim dazole (1-13)

(0. 05g, OwDPbawede?9 was then added in several portions andPCRAISN3/HI6EF € was
slowly warnmed to roomtenperature and then refluxed for 18hours. The
react i onARbXkibh ) I I of Si02
(20) i1 DL O aaor 59 T QRS ok d e Bpp e tIBTTE oshea
wi th M Gimespietoto(@inted s6l%ipn of heAlH(0.5af el Masslepan TEEY 0htmbleatsol vent

evapor at nder reduc pressure. The_solid residue was, suspended in water
(2m), t gm%FWB%ﬁa[}E? %“‘g‘g‘n“'ir'a‘x Wi At @p@F aoEtesy Theniirde staringipaleddl with Et 20

?’ngg; :311?(:@ b%? of lzgﬁg?lﬁl&gigzdg?e de(ﬁlin\(/%){%gﬂe(l 1@%@?%%61?%@%%%%2 Li OH. HO
3 THF/ HZoflyxe v 18kasihen cz«b@l:tqzlropmzmpemuﬁe. H(P@ml) was car_egully ladged, A

2- (4- A pg- - 1 - acet -5):

sof ut 1 on oG gl SR W IO BRARY sprnioruges Pserasied Gl Tho o

sol ut i orexefhct was(#ed VIS0, BiEHBRoFeM! vapdiiRd ehak s¥iel TRACEL i ¢ acid
met hyl ester ( g ° ?%m& at O%Q&l'&?ﬁgp%nesi%{%rgﬁﬁas war med

. 0.2g,_ o0.73mol) in THE !
to room eVt Rirdiedhy ash ﬂ%’é@lﬁt@ﬁraﬂfaﬂéws CHp/Me@at 01 BnOME Qi Etonas t hen
di | ut ed acidified wwth citric acid (pH=3-4) and extracted
(Et 20). e Oté&]teﬂgﬁ)%%%%%ﬁsnedri ed (MJSX) and the sol vent evaporated under
r educed TredsBowingtconpbiindschavb ®eqt @a&chy this frbcd®rdi4g, 7499 . -44 WO 03/ 066629
PCT/ US03/ 03655 1-123: Acid (1-5) (0.038, 0.31mmol) was added to a
suspensi on of glycine dii\de (0.038g, 234mmol ) in dry E under N2
at nosphere (15 1TI\o By NE ONO73GN 0. 7 N\ Th&=Nr xture was
cooled to OC an 0.439, 0. 84| oadd neportion. After
being stirred at OC fr 45 m nutes, the m xture S showy warned to room
tenperature and then gtirred for an ditional 72hourg™—The solid

precipitated from the m xture was separated by filtration and washed with
a smal| anount of Me ol2%fford the/ product (1-123)"(0.08% 51%.

NH, 15%
1-124 I-118 I1-126
Procedure B: reduction of amide
H, HN
N\>—2:1\‘I LiAlH4 N =N
N 0 —> ) NS é)
N N AlCL N N~
THF
0o
NHMe NHMe
I-121 I1-127

The above procedure (Procedure A) has been used for the reduction of amide I-121).

Compound (I-127) was isolated in 11% yield.
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Schene VII: EZNHZN N--N::: 0 "ONNGCNN MOHMOOC4 N HI1-121
2- (4- Am no-1, 2, 5- oxadi azol - 3-yl ) benzi m dazol - 1-yl N net hyl acet am de
(1-121): wo oa/o6ased uti on of PCT/US03/03655

[2-(4- arri no- f ur azan-3-y| ) - benzoi m dazol -1-yl]-acetic acid nmethyl ester

(0. 3g, ImwQ/J in MOH (3m ), methylamne (1.6nL 2M sol ution in MCH,

0. 032m)1g—f’—%%%— added fol |l oned by NaCN (5.5ng, 0.11lmmol). The reaction

m xture was heated at 50C || bath terrperature) Hor 18hours The m xture
was then cooled to roomtenpenature, nudi | ut e i h (30ntl) and washed
with 1M HCL. The org!z"? ans du_ed. ()\ \he‘ sol vent evapor at ed

under reduced pressur A t heNT esi dMeAlcr yse ed N Et 20 petrol eum et her)

to afford the product (1-121) (0. 2g, toB&#e) . Sche VIT1: HZN HZN N N UALH,
NN '"CNO THE N CCN~ | NcMeOOC COH 1-120 -4521‘I 03/ 066629 PCT/ US03/ 03655
2- (4- Am no-1, 2, 5- oxadi azol - 3-yl ) benzi m dazol - et hanol (1-120): To a
sol ution of [2 (4-am no-furazan-3-yl)-benzoi m dazal -1-yl]-acetic acid

met hyl ester (O. 085g, &-Bimol) in dry THE ( SmI) 23nder N2 at nosphere, a
sol uti Og (4-A1|f1|11ﬁ) -1,2, -oxatjilazol%{lyl benzoimidazol-1yl acetamidine (I-125): MesAl

(0.42mL, 2M solution in hexanes, 0.84mmol) was added dropwise under N, atmosphere

to a stirred suspension of NH4Cl (0.044g, 0.84mmol) in toluene (4ml) at 0°C and the

mixture stirred for additional 30minutes. Benzimidazole (I-13) (0.05g, 0.21mmol) was

then added in several portions and the mixture was slowly warmed to room temperature

and then refluxed for 18hours. The reaction mixture was cooled to room temperature and

a suspension of SiO, (2g) in CHCl, (3ml) added. SiO, was separated by filtration and

washed with MeOH/CH,Cl, (20mL., 50%). The filtrate was separated and the solvent

evaporated under reduced pressure. The solid residue was suspended in water (2ml), the

insoluble solid then separated by filtration, washed with Et;O and dried to afford the
product (I-125), (0.018g, 34%).

Scheme VI: Preparation of benzimidazole derivative (I-123)

[0

N H,N
\N LnOHHO 1‘\1 I{BTU N\>_2: 1\\I
-0 NE \N’O
/ t N
THF/H,0 3
THF

N
MeOOC HOOC >\\/
HN o

I-5 1-123

~N—Z
N2

[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-yl]-acetic acid (I-5): A solution of
LiOH.H,0 (0.032g, 0.77mmol) in H,O (3ml) was added to a solution of [2-(4-amino-
furazan-3-yl)-benzoimidazol-1-yl]-acetic acid methyl ester (0.2g, 0.73mmol) in THF
(5ml) at 0°C. The mixture was warmed to room temperature and stirred for 18hours. The
reaction mixture was then diluted with H,O (10ml), acidified with citric acid (pH=3-4)
and extracted (Et,0). The extract was dried (MgSOy) and the solvent evaporated under
reduced pressure to afford the product (I-5) (0.14g, 74%).
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solution in Et20, 0.31mvol) was added dropw se and the m xture was stirred
for 18h at roomtenperature. A saturated solution of K Na-tartarate (5nl)
was addedwOD®3bpbm29i xture and the solid fornmed separated IPgTfUShY/03mE55 on. The
filtrate was diluted with Et20 (30m) and washed with H2O. The organic
phase was dried (MJSQX), the solvent evaporated under reduced pressure and
the solid residue recrystalised (CH2Cl2/ petroleumether) to afford the
product 14331264 (1-8) @)’L@% o%iﬁmolﬁwa@mdd& aGag@nsibn of gBeeamido(0.038e,
preparation of am d .. NRNHZ CNN N THE N ~N MOOC 0 NHR
To a solGtinarwlpin 4@%%@&2@@%@5@31%}) BdleredaydsBe(Q9738 | - acetic acid

;Tgf Im(;l/veggger (?Jéog %’ g Neﬁg_{tcé&r)u?%de}lm X %%ggég’%&%%é%%%ﬁed fl ask

at 50C o ﬂ;orﬁah hAtﬂ%ﬁBahgltsﬂfr@d atf03C forddwitifes, THeamixaire enk sloady tiaemed to
evaporated, the residue dissolved in CHC12 and washe? with brj tn The
or gani crmmma@ur@ranédhmnjs@)fow dditeonaby FRaNEs 19&%??%?6‘%9:' I0educed

T A S TR " 7 v
52% H2Naﬁ’@1%thépﬂd21&cﬂ(—l-'|1m) (0.8%: 503/ 066629 PCT/ USO3/ 03655 Schene X

CGeneral procedure for the ring opening of the epoxide (1-38) HZN HZN NN
RNHZ NN CO' NNROHNN

Scheme VII:
Q b Q \
©: .0 “NacN C[ o
MeOH
MeOOC Qe

N—
H

I-121

N2

2-(4-Amino-1,2,5-oxadiazol-3-yl)benzimidazol-1-yl N-methylacetamide (I-121): To a
solution of [2-(4-amino-furazan-3-yl)-benzoimidazol-1-yl]-acetic acid methyl ester (0.3g,
1.1mmol) in MeOH (3ml), methylamine (1.6mL 2M solution in MeOH, 0.032mol) was
added followed by NaCN (5.5mg, 0.11mmol). The reaction mixture was heated at 50°C
(oil bath temperature) for 18hours. The mixture was then cooled to room temperature,
diluted with ether (30ml) and washed with 1M HCl. The organic phase was dried
(MgSOy), the solvent evaporated under reduced pressure and the residue crystallized

(Et,Ofpetroleum ether) to afford the product (I-121) (0.2g, 67%).

Scheme VIII:
H,N HN
N —N  LiAlH, N \1\\1
13 N THF N N
MeOOC 8
OH
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HO O
sol uti
m Xt ur

NHR 1-38 To a solution of epoxide (1-38) (0.19mwol) in EtOH (3ntl),

on of amne (3.8mml of MeNH2 or -88mmpl of NH3) was added and the
e sworiseekead room tenperature for 24hours. The rea®CTAarsomcsur e was
concentrated under reduced pressure and then extracted (EtOAc). The

extract

pressu r%wgng;ll? ﬁdzdé'?’/%%gg%?}g{}gpf’ ey eg i)'ﬁ’g F@'%%?ﬁgeﬁowg(v% F’]%lﬁ@glyrrggg nds have

been pr I}ﬁ @QR@ uxj'afﬂns3 Q&Erﬁdazolﬂbjd]'%tlc Rid méth fM\df (GNO%&CO CC HO HO

NH2 |

115 1-1 95% Schene Xl: E zN Owe

HN N GD.3 hind)@n drﬂHE@HﬂMdBFNz afinasphete 14 sqhmlowfrmﬁlﬂﬂ— (923811111 1M2

2-[N-(
To a

SoMimgh FB. Bt Rt Phdc oy s B BE g oSl RRABR G (1 128):

a

. O

under N2onALRPSRREE. CASniRAeRE186Pol R NM QG arale Biilywhy added tacmbadmtmu ovved by

Cul (0.005g, “0.025mmol), phenanthrollne (0.008g 042mo
%luf%‘ﬁl%g’ép)eggg‘% %‘%OC (oi

( 0. 142 gnd0hd dotinfoymedsrparateseby Bliratipel he HliratesV

bath t

en}l)s ¢ 3 w1t|ilel)[ d thezér%%% %has'%fv%gsrdneﬁ%l\/i@@&i/ ROERGeht @%o%@@ﬁ%§55

reduced pressure and the solid residue recrystalised (CH,Cly/petroleum ether) to afford
the product (I-120) (0.018g, 24%).

Scheme IX: General procedure for the preparation of amides

HN
=N N =N
\ RNHZ \>_2\ \
_0 X _O
THF N N
MeOOC 0:2

NHR

\/Zﬁ/

To a solution of [2-(4-amino-furazan-3-yl)-benzoimidazol-1-yl]-acetic acid methyl ester
(0.18mmol) in MeOH (1ml), NaCN (0.018mmol) was added followed by the amine
(5.9mmol) and the mixture heated in a sealed flask at 50°C (oil bath temperature) for
24hours. The solvent was then evaporated, the residue dissolved in CH,Cl, and washed
with brine. The organic phase was dried (MgSO4) and the solvent evaporated under
reduced pressure to afford the product amide.

The following compounds have been prepared by this procedure:

OO O
\N/0 E:[N \N/0
0:8 0:8
HO 529 EN  40%
1-108 1-116
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being cooled to roomtenperature, the mxture was diluted with Et OAc
(10OM), filtered through short plug of silica/celite and the plug washed
(Et CAc) . wWhasmedeaent fromthe filtrate was evaporated una@er/usesiessssl
pressure and the residue purified by flash chromatography (Si02,

Et CAc/ | t / : , adreat eluti t fford
t he (p:)r E%MGE%Q%E%?%%%%%%Spégnrgt%ﬁglreaeg%?%ﬁgaf ?olrjdiagn% heobi 2ar glr ated

product (1-112) in trace quantities. Schene Xl |: General procedure for the

preparation of 2-(4-am no-13N5-o0xadi azol-3-yl)- aryl benzi m dazol es
"12ZZ N2 |, NH2 mur@M\% aN r NHZ Cni o Cs2CCB
procedure B\ Pieéx@:w\ M™AC 0 BfaNNNN 6R
Preparation of 2-(N aryTam no) i tr dBhzene¥ ToNa sol ution of nitroaniline
(5.8mml) in DVF (2.5m) der nitrogen at r%ﬁph re the iodobenzene
derivative (4.8mol) wag,7added fol | oned by | Y0.48mmol ), phenanthroline
(0.96mmol ) and Cs2CAB (10. Omvol). The m xture gaeated at 110C (oil bath
tenperature) for 24hours.1_é§ter bei ng cooled to roomtenperature the

m xture was diluted with OAc (15ml), filtered through a short plug of

cel i t e/ $LhiseirBAGE EHEid UBS) (G $hRhol i E:EHBenl), BRelusioh v Binirfer @Bnihel
filtrate was evaporated under reduced pressure and the residue purified by
flash cof MebiEbgraBBmnniciod NH:Fwaneddsdiang teqmivduigstirred plropnplempgraftirg - g
gradie n%or%'élﬂglllr(s).n )Thg 9621%{1&9 rrngxt{lr%ew src%glggnttra?éd(l.l}td@f %h@égdrb%s'sﬂfetaﬁlal?ﬁé}lz enes. -48

extracted (BtOAc). The extract was dried (MgSOy4) and the solvent evaporated under

reduced pressure to afford the product amino alcohols.

The following compounds have been prepared by this procedure:

H,N BN
N =N N =N
\
N N7 N N
HO\< HO\<

NH, NH
8% \' 059
1-115 I-114
Scheme XT:
H MeO
HN OMe e
b D S e
Suds! : N
N N Cul +
H Cs,CO, N\>__Ztl\‘l N =N
oS- RNse s
e rNI o7
IVIF‘ .
1-18 ? 1-128 1112

2-[N-(3-Methoxyphenyl)-4-amino]-1,2,5-oxadiazol-3yl benzimidazole (I-128): To a
solution of benzimidazole (I-18) (0.05g, 0.25mmol) in DMF (0.1mL) under N
atmosphere 3-iodoanisole (0.049g, 0.21mmol) was added followed by Cul (0.005g,
0.025mmol), phenanthroline (0.008g, 0.042mmol) and Cs,COj3 (0.142g, 0.44mmol). and

the reaction mixture was then heated at 110°C (oil bath temperature) for 24hours. After
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WD 03/ 066629 PCT/ US03/ 03655 Procedure A: Preparation of

N- Aryl benzene- 1, 2-di am nes To a solution of conpound

2- (N- ar ylaoioaoyeond t r obenzenes (1.0Oml) in EtOH (1Om ), PaCTUS03/4Bs) was
added. The m xture was stirred under H2 atnosphere at room tenperature for

16hours. .The r tion mxture Ny i - B N t he
celite E’F]LI}&C %8&%59?&@(@6%r.6’ éﬁl &6 %gﬁ% hﬁ%&“{lﬁeﬁ p%@t(?géﬂg f\%/%%@gvaporat ed
under rtlﬁ@ﬂ%lﬁ@ho@tr g8 uf glit@calté anditht peugowatied (EtOMy)c Theaslvesdrbm thet he next
step without further urification. Procedure B To a m xture of conpound

2- ( N- ar yiltsate v enanorgpe nndaiseduced Biesprg anthidre sevdue pyeified by thash ) | snc12. 2H20

(3.33mm S a .an I e i F%0. VA di . erature)
for 16hdU oé%%%ﬁgg&@ﬁ ;ﬁtﬁs)%%@lﬁé fe&/félseﬁ%é{r;{gg)s%%%r at ed (a%h%iéériﬁ;e@g g E:lzgp

pr essur effotdhe pesdudtid-128) (@ 0388) 50%i) et elutioh affofdeé thebisdnylaigd pooducNaCH ( 2M
sol ution and extracted (Et20). The extract was dried (MgSO4) and the

sol vent (BHbEPoRdrae quandities. reduced pressure to afford the

N ayl benzene- 1, 2-di am ne. The product was used in the next step w thout

further purification. Preparation of conpound (20) Conpound (19) was
conver t ¢ghéme KIE Gunechil ptocédiyy fasthe grephmtige n£2-@-aprine-é U f-exadiazel-318)-y

descri bed for the preparation of benzim dazol e derivatives. The foll ow ng
conmpound¥afyaben fi&¥e by this procedure: -49 WD 03/ 066629

PCT/ US03/ 03655 HZN HZN HZN HZN N -Napl N N> . NNN A> ~a NNO "0/ N
NNN-NNOw CN 531%% @% 622 £?61% 1- 102 05?1-103 1-107 HzZN
HZN : zN @[ 2 R NH procedure A NH
—_— —_—
NH, Cul Q or @
Cs,CO, procedure B
I R

e R

N

DMF

Preparation of 2-(N-arylamino)-nitrobenzenes
To a solution of nitroaniline (5.8mmol) in DMF (2.5ml) under nitrogen atmosphere the
iodobenzene derivative (4.8mmol) was added followed by CuI (0.48mmol),
phenanthroline (0.96mmol) and Cs,COj3 (10.0mmol). The mixture was heated at 110°C
(oil bath temperature) for 24hours. After being cooled to room temperature the mixture
was diluted with EtOAc (15ml), filtered through a short plug of celite/silica and the plug
washed with EtOAc. The solvent from the filtrate was evaporated under reduced pressure
and the residue purified by flash chromatography (SiO2, EtOAc/petroleum ether, v/v 1:9
to 2:8, a gradient elution) to afford the product 2-(N-arylamino)-nitrobenzenes.
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-N-NNNNNN CN49% 62% 18% CN Cl 1-111 1-117 1-104 Schenme XE |: HZN
HZN N N~NH CCNNNOC 30/ NNNEE3 NC DWw C 1-100 1-97

2- ( N-i sobwoyBpedseno- 3- chl or o- 5- (1-i sobut yl ) benzi m dazol - 2PgITAIS03/03655

2, 6-di am nopyrazine (1-97): To a solution of benzim dazole (1-100) (0.07g,

0. 21mmol) in 3mL), Et 3N_. (0 0, 27mml dded fol | owed b
i so-butyl amPD%/clzfl&eg%fiepﬂa?fm&%z’%Abﬁn%%g%dg(at"ﬁ?% \F;\l/asehea’?edmz,av'ta 90>C/3 (oil
bat h t emgersalutiodlof tempdElinaL(s-aryibRidog-aetdveAzetiex { LORoN@S Et@HEL@dl) o room

tenperature, diluted with Et20 (30m), washed with H20 and dried (MSH).
The sol Pt (Oukie) wiae addedapbe arisrasarciirred nderdiprtawspheae ghi@oMhe resi due

purified by fla r omat-Qqr y (S I =] maMhil 1 9) to
af ford ?er?éﬁler tP‘ES’(SJ‘Jé‘é f&'("fl%#%(rgg‘géﬁg@"%%“& _ﬁ%&%{é@ﬁu élégtfgﬁrlgé?y 6%40 3/ 2)3655
?fhé me 21,%111(8 l'd%Nvl 9@2\%8 shed(EMHY. N'hd sdivemNro@ithd\ilvatdsh @ dviiporitad u@ddr C DVF C
2- ( N- retastyRgdpieauyeie; attord theredust.oviieh was Bsrd in yirrext siep adthoubfugthes 6.

di am nﬁgﬁ{iﬁ@d&(ﬁ (1-98): For the preparation of conmpound (1-98) the sane
experinmenta procedure as for the preparation of conpound (1-97) was used.
The crude reaction mxture was purified by flash chromat ography (Si 02,

Et 20 petroleumether, 0:10 to 3:7, a gradient elution) to afford the
product (1- Q@OQ@B%Band smal | anount of the dinethylamno by product (2%

(Schenme b9 mixture of compound 2-(N-arylamino)-nitrobenzenes (0.6mmol) and conc. HCI
(0.7ml), SnCl,.2H,0 (3.33mmol) was added and the mixture stirred at 60°C (oil bath

temperature) for 16hours. Most of the solvent was then evaporated under reduced

pressure, the residue poured into ice/water, basified with aqueous NaOH (2M solution)
and extracted (Et,0). The extract was dried (MgSOy) and the solvent evaporated under
reduced pressure to afford the N-aylbenzene-1,2-diamine. The product was used in the

~ next step without further purification.

Preparation of compound (20)
Compound (19) was converted to the product (20) using the general procedure previously
described for the preparation of benzimidazole derivatives.

The following compounds have been made by this procedure:
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Scheme XV: Ov HZN HZN ncow ~ NN d N Pd(MODI NN d COs d Ow
DVE/ H, O 1-100 1-99
2- ( 3- et RyBpb@ay | - 3- chl or o- 5- (1-i sobut yl ) benzi m dazol - 2PEITAGHMBDPYr azi n
e (I- 99): To a solution of the boronic acid (0.026g, 0.l 7mmol) in degassed
DMVE (2ml) under = N2 at rmsphel[,ﬁ, benzi m dazh%%e derivativegf1-100) (0.07g,

7

0. 21mmol ) was Hdded fol | owed Pd( Phgg4 029, 0: 0} 0l) and K2CQ03
(0. 07297 OS2 Ndi 8d i fiYe N\ HZO 1n@j 'xg)ure was heat ed
at 90C RAT Y ehp (£) he 1 r FgN MNKTUre was

all owed to copl bmeroom tenperature and §he organic | ayer, Separated. The
wat er | ayer extracted c), the act conbin ith the organic
| ayer, drie S and t OMER, EV at ed under uceme pressure. The

residue was puarifiéd by flash chromat ography eisgl 02, Et 20 petrol eum et her,

v/iv 5:95 to 20:80, a gradient elution) to Mfford the product (1-99) (0.031
g, 449 . -5i1¢® 03/ 066629 1ACGF/ US03/ 03655 1-183hene XVI: IOV 112N HZN \ N -N
~ nro~g CCN N N N NPd(PPh3)a N Cl Ki CO3 DwvB/ 1120 () _Owe 1-96 1-95

5- ( 3- met hoxy) phenyl - 3- (1-i sobut yl ) benzi m dazol - 2-yl - 2- am nopyr azi ne

(I-95)For the preparatNon of conpo (1-95) the me experi nent al

procedure as fo N%lr;&aaqat' Bu -6 0 ﬁ%ﬂes used. The crude

reaction m xtur ' f,be fl car apRy-q Si 02, Et2Q petrol eum
=Nt

s
ether, v/iv 1:9 07 2.8, agradi | ut fon) t96 afford

CN 49%
62%
- 18% i
I-111 I-117 1-104
Scheme XIII:

HN H,N
N =N Y N =N g
U o — T )

N N NE¢ N N \—<

\e cl DMF \8 cl
1-100 1-97

2-(N-isobutyl)amino-3-chloro-5-(1-isobutyl)benzimidazol-2-yl- 2,6-diaminopyrazine
(I-97): To a solution of benzimidazole (I-100) (0.07g, 0.21mmol) in DMF (3ml) EtsN
(0.027g, 0.27mmol) was added followed by iso-butyl amine (0.015g, 0.21mmol) and the
mixture was heated at 90°C (oil bath temperature) for 16hours. The reaction mixture was
cooled to room temperature, diluted with Et;O (30ml), washed with H,O and dried
(MgSO,). The solvent was then evaporated under reduced pressure and the residue
purified by flash chromatography (SiOz, Et,O/petroleum ether, v/v1:9) to afford the
product (I-97) (0.039g, 50%).
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the product (1-95) (33%. Schene XVil Br Br Br cc. DMW NN 30 ~6 \% N S
NaH N H O DVF Pd2(dba)3 BINAP NaQ-Bu toluene CF3 H2N HN HN \ Owe cc>-k
3 3 ~b WDOBWEM® N S 1-138 1-137 1-136 Preparation of PCT/US03/03655

2- ( 3-Brono-t hi ophen-2-yl)-1H benzi m dazol e To a sol uti on of

1, 2- phewm ne (1.13g, 10.47mml) in DVF (40nml), 3- bronothi ophene
car boxa ‘29, 10.47mmol ) was added and the m xture heated at 110C
for 16hours. Thensol vent was evapor at edeynder reduced pre re and the

resi due pa 'w bet we€ntat, 2Q 0 ASHDN Et/20 | ayer
was separ‘ \z%'sﬁed ' H‘T , ; q oﬂ§ | ayers
were extratted (Ef , the xtract c W Et OINyerI\f [ied (MySH)
and the sol ve evap ' at ed Mder redyced prcéssurg.— Th{?esi due was
purified by flash chronmatography (Si02, -52 WO 03/ 066629\ PCT/ US03/ 03655

Et 20/ petrol eum ether, v/v 2:3) to afford

2- ( 3- br ono- t hi-d®hen- 2-yl ) - 1H benzi ni dazbP® (1.42g, 48%. Preparation of

2- (3- Brono- t hi ophen-2-yl.) - 1- i sobut yl - | i i d | kyl at i f
comound BomelRgsby Dy e Bua Db Gl BT ™ out
fol | owi Hgnhhs%%gaﬁ%a(k.gm:q%% Srep@htidd 16t all (98 )the bane exfetiaznts

derivatives. roduct was Tsolated in 41%yield. Preparation of
conpounprocddiid ey foF sheaprepirativonf esimpoung (@ was used. The crude reaction

2-(3-br gun)l()tﬁ%eh\;va%pﬁuerﬂie%_l}g ﬁa_sLEhr%%a%é&ﬁﬂy‘%s%q%égdybg%%ﬁ ether, 0:10to 3:7, a
gradient elution) to afford the product (1-98) (38%) and small amount of the

dimethylamino by product (2%) (Scheme 15).

Scheme XV:

OMe

1-100 1-99
2-(3-methoxy)phenyl-3-chloro-5-(1-isobutyl)benzimidazol-2-yl-6-aminopyrazine (I-
99): To a solution of the boronic acid (0.026g, 0.17mmol) in degassed DME (2ml) under
N, atmosphere, benzimidazole derivative (I-100) (0.07g, 0.21mmol) was added followed
by Pd(PPhs), (0.02¢g, 0:017mmol) and K»CO;3 (0.072g, 0.52mmol) dissolved in degassed
H,O (1ml). The mixture was heated at 90°C (oil bath temperature) for 16hours. The
reaction mixture was allowed to cool to room temperature and the organic layer
separated. The water layer was extracted (EtOAc), the extract combined with the organic
layer, dried (MgSO4) and the solvent evaporated under reduced pressure. The residue
was purified by flash chromatography (SiO, Et,O/petroleum ether, v/v 5:95 to 20:80, a
gradient elution) to afford the product (I-99) (0.031g, 44%).
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(0.404g, 1.21mmol) in toluene (16m) 4-nethoxybenzyl am ne (0.198g,
1.45mmol) was added followed by NaO:Bu (0.162g, 1.69muvol), BINAP (0. 06g,
O | 8ol )wand/oedéd® ( dba) 3 (0, 03g, 0.06mmol ) and t he m xt ur @Crasohemsed at
reflux for 36hours. The reaction mxture was cooled to roomtenperature
and thegaol veggqevapor ated under reduced pressure. The residue was
partiti en Et OAC and H20. The EtQAc | ayer was separated and the
H20 | ayer extracted (Et The exgract vvas C |ned with the EtQAc

llayer, dried (MySOQA) g sol ve@ evap r reduced pressure. The
resi due was puri f a chratmﬂ‘iig 2 Et OAc/ pet r ol eum et her,
viv 1:9) to affo uct ( PadirBf) s , 2599 . Preparation of

compound (1-137) Cong?md (1e1136) 603059, OniiSmml was di ssolved in TFA
s

(1.5ml) and the mixttufe was heat 8“8 ref| for 1¢5hpup¥e After being

cooled to roomtenperature, the mxture was diluted—w th H20 (5nil),

basi fied (aqueous NH3).9gnd then extracted (Et OAc).95 The extract was dried

(MgS™), the solvent evaporated under reduced pressure and the residue

puri fi e8-Byméthas})phbnyd{bizobptyy)beititidatal-QNd/ b amiwdpyraziat Ke935)For the: 4) to

afford the product (1-1 0.034qg, 72%. .

1- | sobuPyAPALALIES Of RYHBYUNY; Q)'p?ﬁiﬂlezs eﬁgﬁﬁi?ﬂtﬂﬂ%‘feéluﬁasf%‘)hﬁ Pipaptignglr e of
d. R ddida @i YR AN birifiédh§i8adnl - 137) (0. 02g,

0. 54mmfz§)méa&ld§d‘%zmh%iethe mxtur% was heat edg%tmrlef ﬁx for 2.5h. After

bei ng cohtoathtégraphyo$id s FpsYpetrrleym ether, véatDitoA: &ﬁ)@t&dﬂ@twhgloebm@fﬂfﬁ at ed

under reduce diluted with H2O (5nl) and then extracted (EtQAc).

The extf aﬁg(ﬁ'??)eég?%SM) and the solvent -53 WD 03/066629

PCT/ US03/ 03655 evapor ated under reduced pressure. The residue was purified

by flash chromat ography (SiOQ2), EtQAc/petroleumether, v/v 0:10 to 4:6,

gradi enfSckdme¢ XM to afford the product (I- 138) (0.01g, 68% . Schene
XVII1: Generel procedure for the preparl,;—;tl on of 2- [3(5) ang.no] i m dazol - 4-vyl
benzi ni dazol g i vat j¥es HzN q;N Lue /_NR EtO~NHHH
Preparati o 2 glﬁg%enmq_a /-3 di yI rWonitrile
N 5 NaH N 5
DMF

Pd,(dba); | BINAP
NaOt-Bu toluene

O
C
HN €
N>j2}j K,Co0, CF,COOH >_2/j o
Crb 2= O = O
N s MeOH/H,0 \8 \8
\8 1-138 1-137 I-136

Preparation of 2-(3-Bromo-thiophen-2-yl)-1H-benzimidazole
To a solution of 1,2-phenylenediamine (1.13g, 10.47mmol) in DMF (40ml), 3-
bromothiophene carboxaldehyde (2g, 10.47mmol) was added and the mixture heated at
110°C for 16hours. The solvent was evaporated under reduced pressure and the residue
partitioned between Et,O (50ml) and brine (20ml). The Et,O layer was separated and
washed with H,O. The combined brine and aqueous layers were extracted (Et;0), the
extract combined with EtzO layer, dried (MgSOs) and the solvent evaporated under
reduced pressure. The residue was purified by flash chromatography (SiO,,
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To a solution of (1H Benzoi m dazol-2-yl)-acetonitrile (0.25g, 1.6mmol) in
toluene (5m ), Bredereck's reagent (0.33g, 1.92movl) was added and the
m xt ure WO 0306deed at room tenperature for | hour. PCT/US03/03655

2- (1H Benzoi m dazol - 2-yl ) - 3-di net hyl ami no-acrylo-nitrile (0.3g, 89%

pr eci pi d.fromthe r Ll | Xt UhE : > panaiies : ation,
hasned GRPesh i pEEr B Re) R e e e S bl 6 e
1-131 Tq,mgq@%)i on of

2- (1H Benzoi m dazol - 2-yl ) - 3-di net hyl am no-acrylonitrile (0.99mol) in EtOH
(8m) a hydrazine derivative (1.2-2mmol) was added and the m xture was
heated at refd ux f T ; r reduced
pressure andIJtr e“"“‘?ge”s%’%?%ﬁ"r"?‘% P@@%&\Qﬁﬂ gé%@kﬂﬁ%ﬁ’%ﬁ%@%@l 02,

CH2C12/ Waklkylsioafof eotipbinel p(Dbitopio-thidihen-2oy1)-dH-bepzimidpala wes oaried pr epar ed

by this procedure: HzN HZN (~CN !N\ N NN NH./ N gN 9% NC 13% 1-79
1-131 - out ﬁﬂbowmesz@rﬁi@m@éﬂ@/fegﬁwlk%rf@rg kaé’éP’qi‘%ere ivatives\Ihe g ony 2

rdm N = .~
1-(t- Bﬁ%@%&’%ﬁ%@ﬁ?ﬁ’cﬁﬂgf 0- pyrazin-2-yl)-indole: To a solution of

1- (t- butoxycarbonyl)-indol e-2-boronic acid (1.85mml) in degassed DVE
(7mLl) under N2 atnosphere, gzélae{zj#ﬂe (2. 22mmol ) was added foll owed by K2C03
(5. 55mol ) dif e Gae PhcomPeYAs Y% o (3m) and Pd(PPh3)4 (0.185mml ) and

the m XtpdresaRnest claf‘np%Qﬁa ﬁ-‘?@%t&ﬁé-ﬁioﬁ}%ﬁpﬁglgl Uis6butoTH-beheunhsdazdlee reacti on

1
m xture was then allowed to cool to room nperature, the organic |ayer

separ at €@l4adg) ItHeurhpIDin whesme ¢kl dtraethertbene)l anmipe(0. E¥gbl ASHmOb Vatt and

S T S e R

Pd,(dba); (0,03g, 0.06mmol) and the mixture was heated at reflux for 36hours. The

reaction mixture was cooled to room temperature and the solvent evaporated under
reduced pressure. The residue was partitioned between EtOAc and H,O. The EtOAc
layer was separated and the H,O layer extracted (EtOAc). The extract was combined with
the EtOAc layer, dried (MgSOy) and the solvent evaporated under reduced pressure. The
residue was purified by flash chromatography (SiOz, EtOAc/petroleum ether, v/v 1:9) to
afford the product (I-136) (0.117g, 25%).

Preparation of compound (I-137)
Compound (I-136) (0.05g, 0.128mmol) was dissolved in TFA (1.5ml) and the mixture
was heated at reflux for 1.5hours. After being cooled to room temperature, the mixture
was diluted with H>O (5ml), basified (aqueous NHs) and then extracted (EtOAc). The
extract was dried (MgSO,), the solvent evaporated under reduced pressure and the residue
purified by flash chromatography (SiO,, EtOAc/petroleum ether, v/v1:4) to afford the
product (I-137) (0.034g, 72%). ‘

1-Isobutyl-2-(3-amino)thiophen-2-yl benzimidazole (I-138): To a mixture of K,CO3

(0.49g, 3.54mmol), H,0 (2ml) and MeOH (5ml), amide (I-137) (0.02g, 0.54mmol) was

added and the mixture was heated at reflux for 2.5h. After being cooled to room

temperature, the reaction mixture was concentrated under reduced pressure, diluted with

H,O (5ml) and then extracted (EtOAc). The extract was dried (MgSO,) and the solvent
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Et 20/ petrol eum ether) to afford

1- (t-butoxycarbonyl)-2-(3-chloro-pyrazin-2-yl)-indole. Schene XX2x d d
-N N J/ WbA3medee¥Cly H ~\N 0 O 2-(3-Chl oro- pyrazi n- 2- yI ) PCAAShE0363D a
solution of 1-(t-butoxycarbonyl)-2-(3-chloro- pyrazin-2-yl)-indole (0.62g,

1.9mmol) in TFA 10 The

m xt ur e“YRRer “G\%!%H%ﬁ%c%?ﬁs% (-%8 %%%‘iasgtfq&?%d bﬂ;&ﬂ@ Weﬁl%g?a :tolg? ée%él for
16hour Sgslé“geEfcﬁ@%aﬁfleﬁﬁlétﬂéf Q//W@SO% @, eehdiwint BluGbRGH 20RO produesfed wi t h
the saturafed aqueous NaHCO3 sol ution and dried (MySO4). The sol vent was
then el3e0.8lsd8Grnder reduced pressure to afford
2-(3-chloro-pyrazin-2-yl)-indole (0.41g, 95% -55 WO 03/066629

PCT/ US03/ 03655 Schenme XXI: NC HZN HYN =N -N C-N~ ~ CI/\CN\ \ N NaH H N
DM 1- 98:hbn@2X Vi c(;&re/f&x}p?&eawe&at fhe Prephjatibirof BA(5)Amihdimilarard-yk i | e
(1-92):"To a solution of 2-(3- am no-pyrazin-2-yl)-indole (0.03g, 0.19nmmol)
i n DVF bewzimidazalg e Gitige8g 60% in mineral oil, 0.21nmol) was added at room
tenperature. The mxtU(e vvas stirred for an addi tional _45min and the

chl ori de

0.028g, O. s dded d u se The read® on nixture was
stirred mterrperat,u 6h/and th fexperature) for
| hour, gn 6 Ig) ek O -., atur it h 139(30ml)

washed with HO and dri ed (l\/gSGﬂ) The so vent was eVapor ated under

reduced pressure and the residue  purjf] ash chr raphy (Si02,
ether) to af Pmparqtrféwf&rﬁéﬁémmdg%l A1 g(f@’ﬁeﬂ’y %‘%’3‘5 ttézgon t he

recover %g a SBRII‘EIE){I '39(ﬁ%tB%BhﬁlﬂidangQ%Wacé%hitrﬂé;(@%@, 1.6Mmol) in toluene (Sml),
Bredereck’s reagent (0.33g, 1.92mmol) was added and the mixture was stirred at room
temperature for 1hour. 2-(1H-Benzoimidazol-2-yl)-3-dimethylamino-acrylo-nitrile (0.3g,
89%) precipitated from the reaction mixture and was separated by filtration, washed with

petroleum ether and dried.

Preparation of compounds 1-79 and I-131
To a solution of 2-(1H-Benzoimidazol-2-yl)-3-dimethylamino-acrylonitrile (0.99mmol)
in EtOH (8ml) a hydrazine derivative (1.2-2mmol) was added and the mixture was
heated at reflux for 16hours. The solvent was evaporated under reduced pressure and the

residue purified by flash chromatography (SiO,, CH2Cl,/MeOH) to afford the product.
The following compounds were prepared by this procedure:

HN HN
Co<a O
N \ NH 1} =N
H

79%
1-79 I-131

13%
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~ N NaNO02 \~N Mea ~ NN NJ EtOH/H20 N NN ():N HHCUHaOHH OHC:NNNJ
-NHaNNI1-132 N NC 1-130 2-(3-Chloro-pyrazin-2-yl)-1H benzi m dazole: To
a sol uti owoaB/0&6¢dH benzoi m dazol - 2- yl)-pyrazin-2-yl am n@Cr0ISeHeE655
0.71lmmol) in a mxture of conc. HO (3nm) and H20O (3nL), a solution of
NaNO2 (5.1059§Eg$..85rrrml) in HO (2nm) was added dropwi se at O0C. The

m xt ur = red for I hour at OC (yellow precipitate was forned),

diluted with H20 (5nmL), basified with
The extract was dried HSO4) andvﬁdtj{g apdr at ed under reduced
pressure. The resi duem’oi{i2 tégraphy (Si02, Et20) to
afford the chloro pyraz#FnenNpr oduct P4PEE. \\ PCT/ US03/ 03655
(0.063nmg, 39% . Further \el u)=i=on af fdPded t Ne phea@zi none byproduct (1-132)
(0.042g 28%. 2-(3-Di 9l ami no-PPFH%i n2-38 ) - 11 benzi mi dazol e: To a
solution of 2-(3-chloro/ pyrazin-2-yl)-1H benzi m dazole (0.039g, 0.17nmol)
in Et . _di net hyl.am sol utio 5 6Q%.s | in H2O, 53. Omol)
was aﬁ-&é—?ﬂé}){gﬁgﬁ)&&lﬁ#@ﬁcqﬁfg&-g}ﬂ@znﬁgg’ﬁ)égl ofe* géa Sg(hiﬂ {Ohgg ¥ 200C for 45mn

under nhghRNAMRNGDNAIdIE-Qoré0 N (B88RSIIL) in ddhssed DI (7D @héet N0 room
tenperature, the m xture was extractedgé‘(l)ztmc) t he ex rac]é ,drfe . (MySO™4)
and t heatswisplene, povagisr G2ammeliwres pddeddeliopedRl KOs 0-2mpgpl) dissplyed in

di met hyl, ami_ng- 0= 2- vl bk i i . Bo°C (o
o NN R R Sadr el REMAOAOHE MGpBSReq dEMBOC ol bach )
2- (3- Dicirplefurha)ion Q6Ryira z The Raytion thittinezasithendalooted tamsolabkydrat ed accor di ng

to gener al rocedure for the al kylation_of. benzimd | erjvati ves.
Sc hgme mwra?ure thwmzmawm;&é)rﬂfééa. o ek laythfacteg TBIGAY Tt

combined extract and organic layer were dried (MgSO4) and the solvent evaporated under

K2C03 to ¢H 7 and extracted (Et OAc).

reduced pressure. The residue was purified by flash chromatography (SiOx,
Et,O/petroleum ether) to afford 1-(t-butoxycarbonyl)-2-(3-chloro-pyrazin-2-yl)-indole.

Scheme XX:
al cl
WN LY e
\ —_— N\
N N—/> CH,C, N N—/>
9\ )§o
0

2-(3-Chloro-pyrazin-2-yl)-indole: To a solution of 1-(t-butoxycarbonyl)-2-(3-chloro-
pyrazin-2-yl)-indole (0.62g, 1.9mmol) in CH;Cl, (20ml), TFA (10mi) was added
dropwise at 0°C. The mixture was allowed to warm to room temperature and then stirred
for 16hours. The reaction mixture was diluted with CH,Cl, (20ml), washed with the
saturated aqueous NaHCOj solution and dried (MgSOy). The solvent was then
evaporated under reduced pressure to afford 2-(3-chloro-pyrazin-2-yl)-indole (0.41g,
95%)
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D 1-101 3-(1-Isobutyl benzim dazol-2-yl)-pyrazin-2-ylam ne

nmet hyl sul fonam de (1-101): To a solution of

2- ( 3- chl owo-opys@29 n- 2-yl ) - 1-i sobut yl -1 H benzomm dazol e (O0PTCIFIS0D0BEANMDL)
in DM (8nL), MeSO2NH2 (0.033g, 0.346mvl) was added fol |l owed by K2C03
(0.1069%%§£§££§gnnl) and the m xture heated at 125C (oil bath tenperature)
for 16 ; joled to roomtenperature and the solid separated by
filtration. The solvent fromthe filtrate wa%Cevaporated under reduced
pressure and the residue pdﬁFfled by flash chronatdgraphy (Si02,

Et OAc/ pet rol eum et he , 2.8 N0 3iaFragr agi \Iu1-8) to afford the
product 1-101 (O. 01 D QVET € arting material).
-57 WD 03/066629 PCT/ 803%036%5 Sch&fe XXI V¥ HEN HN cc>-t: DMF NC NC 1-81
1-90 3-(1-Cyanonet hyl benzin dazol - M) - pyra2|f a met hyl am ne (1-90):
To a solution of anine 12381) (0.05g, O. 2nnDI) A2dry DVF (1.5n) under

t emper alARBARHRO PR e T EbindsF ag T aselonsieTI S o Slapad P PGECC, 3 (hat
then adggd, ailﬂ%-m%ﬁdm&((ﬁda I §.89min]) RAYME ©RA), I\&ED(U@)Sg/SO%aInUF at ed

sol ution of HAC was added and the m xture extracted. (EtOAc). The
ext r act miasalwal ﬁéli mm@lh wia @ldedrat eapng WpgOI3tuEn d: heH@lX%P wah f’tﬂé@fhf% PAt ed

under reduced essur e aphy
(51 02, " St BSEEGne EOREPET A% URBrE Waf sy dpiie ThORALEGL !
(0. 0260 iR Rl ARttt Bom %hﬁ{ﬁrmﬂarf@ﬂm &da&@%’(meL&th/ﬁ)mp&amtehémr HPLC
purification afforded the product 1-90 (O E %ge)%(}_/r 0 NH2
HZN o Hihew, and then conled g\zpompqemperp@rw@luted w1th f20 (3 ml) washed with H,O
and dried (MgSO4). The solvent was evaporated under reduced pressure and the residue
purified by flash chromatography (SiO», ether) to afford the product (1-92) (0.006g,

17%/63% based on the recovered starting material).

Scheme XXII:
©i >_2‘ NaNoO, ©:N\>_2* Mez C[N\>_2—
N — N EtOHlI-IZO N

Seos »
N —N
H —N
H\D
N
NC 1-130
2-(3-Chloro-pyrazin-2-yl)-1H-benzimidazole: To a solution of 3-(1H-benzoimidazol-2-

I-132

~2Z_ 7

yl)-pyrazin-2-ylamine (0.15g, 0.71mmol) in a mixture of conc. HCI (3mL) and H,O
(3mL), a solution of NaNO, (0.059g, 0.85mmol) in H,O (2mL) was added dropwise at
0°C. The mixture was stirred for 1hour at 0°C (yellow precipitate was formed), diluted
with H,O (5mL), basified with K,COs to pH 7 and extracted (EtOAc). The extract was
dried (MgSOy) and the solvent evaporated under reduced pressure. The residue was

purified by flash chromatography (SiOa, Et20) to afford the chloro pyrazine product
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1-81 1-83 3-(1-Cyanonethyl benzim dazol-2-yl)-pyrazin-2-yl urea (1-83): To
a solution of amne (1-81) (0.05g, 0.237mmol) in THF/ DMF (2.5nL/2nm) under
N2- at nospWwermg/osdeedcyanate (0, 136g, 0.83mml) was added dirapmisssozss 0C and
the m xture stirred for | hour. MeCOH (1.5nm) and saturated aqueous sol ution

of NaH ) e.ad and t:h ] F oom
Ferpor a0 e oR)" Tafne difeE AP SRRy Bl FIBTH OO, e
reactionggg)xture was diluted with HO (5nml) and the solid fornmed separated

by filtration, washed with EtOAc and dried to afford the product (1-83)
(0.041 g, 70%. -58 WD 03/066629 PCT/US03/ 03655 Scheme XXVI: ON HZN H2N

o~N Me . - ] . rat i of
compound- P ToABB R Bb it S Berbbagials; Fo oo O e )
in dry ghehr2 {BOrH-benithidazoNI0A3eRIPtRMACH i BLOH(bml) finBBh@ahfiel. 1M
solution in CH2Cl2, 5.0nmol) _was added at - %ggﬁ JQ}e m xture was stirred at
- 50C f osoluen fnle §0%rseIutioain Falmr 4 Omunalhwas B e PaetoRdr =t Ber i od of

| hour . ] i , the

ext ot P R B by tp 0B R B O B i e
The r esiAdue baiag cpoled to abnbienfdeasttres the onwtvogywapewtrac8id0ELO A Dl gxétactol eum
ether, v/iv._  1: to afford the produyct  1-8 . 138 6999 .

1- 1 sobutdjipd éM(géz)é)rﬁWd € i?lﬁ?@-e&&ﬁf‘tﬁgBfld%‘-r?[&cég?lf?ﬁ%ﬁ{ﬂ :ilfﬁ/%r-dl%-'@r' opoxy)

benzi m Qﬁﬁ&jh?lafn}ﬁol hzinTRyH-132b&iA- dﬁolé"é(ﬂff%{‘l'm%' m dazol e (1-129)
(0.047g, O.f7mol)"in dry DW (4-L) under NZ atnosphere, NaH (0.008g, 60%
in mneral oil, 0.2mol) was added at roomtenperature and the m xture

added” aAdrWDO e tBeE R B an adl P AR 1 yHplie Py 100, "
Al ter b@iﬁﬁtf@%hﬁs-ptypazﬁmgglymﬁmmom ks mikgldeeacveRlinglid genedl wi t h Et 20

(30ntl) and washed with H2 The Et20 | ayer was dried (MgSOX) and the
sol vent p&@é@ueefme@e@H@éﬁ%ﬂé&@@@@%@@@%@yaﬂv%order to remove the staring

hydr oxy
Scheme XXTIT:

Cl MeSO,NH
N —N_ MeSO,NH, N —N

I T
@EN }\I—/> K,CO, @EN }q_/>

? DMF \8
1-101

3-(1-Isobutyl benzimidazol-2-yl)-pyrazin-2-ylamine methylsulfonamide (I-101): To a
solution of 2-(3-chloro-pyrazin-2-yl)-1-isobutyl-1H-benzoimidazole (0.11g, 0.384mmol)
in DMF (8mL), MeSO,NH; (0.033g, 0.346mmol) was added followed by K»2COs (0.106g,
0.768mmol) and the mixture heated at 125°C (oil bath temperature) for 16 hours, cooled
to room temperature and the solid separated by filtration. The solvent from the filtrate
was evaporated under reduced pressure and the residue purified by flash chromatography
(Si0O,, EtOAc/petroleum ether, v/v 2:8 to 3:7, gradient elution) to afford the product I-101
(0.01g, 9%/18% based on the recovered starting material).
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conmpound fromthe product, the residue was dissolved in CH2C12 (im),

TBD- net hyl pol ystyrene (0.01g, 2.39mmvl/g) added and the m xture was
shaken fowoOl8/0bmwers. The resin was separated by filtrati @oI/usaybssss sever al
times with CH2C12 and the solvent from the conbined organic |ayers

evapor aggh%\%r}gggr educed pressure to afford the product (I- 135) (0.019g,
27% . - 66629 PCT/ US03/ 03655 Scheme XXVI1: H,N HZ1V O2N N N HzN
NN "O'ONNN NHHI1-34 1-57 2(4Amno) 12/50xad|azol 3-yl-5-am no
benzi m dazol e (1-57): Ben2| MNazol e (1-34) 0.0 was di ssolved in H
(3mL, 57% solution i N\an e MMt ur e v‘ 90C for 4 hours.
After being cool ed t e/atWé_’tg xture was diluted
with Et OAc (15ml), was ed it aqueoﬁ*’éI Na2 0% | ution), aqueous
NaHCCO3 (saturated sol uti o and H20.P™he organl phase was then dried

(MyS™), and the sol ven® orated to afforI&Ct product 1-57 (0.015g,
38%) . Scherre XXVI H: Gener al ﬁiocedure for the c ensation of bisarnine and

v N Sl gt U da i b AR i

DI\/FNC ion’ o es To a m xture of

bi sdaEn Bﬁalﬁ_ﬁlle;i-(M) J0. (awﬂgdonﬁim@mnscﬂﬂy@hxl@ (aﬁml) (lﬁdbﬁglk altmbspth/ NaHlr (0dXgl i ¢
aci 6. 5mMmo was added and the ture stirred at 0|I

t enper thQ&FTEI}OIf 0% dn mipgsRloil) Fras aﬂg]%‘ﬁ‘l‘t IBWnﬁ?IQP‘?IF‘té‘r‘?/\%f?ltg‘ télBeoffthth%r 50C,

di ssol vg gﬁ gﬁrﬁﬁﬁl §§ SRl and AR BXkEB Sl @fordaligidnaIMSH) , the
sol vent evapor ate % er uce pressure and the residue purified by
fl ash cBhourmt Agnaphygd 6Sii@) o He@b (40d) wh$ addtdhé thermoikier eztracted
(heter 0?151)61128 Iercl,]xggczt (\);vlag washed with H,0, dried (MgSOy) and the solvent evaporated
under reduced pressure. The residue was purified by flash chromatography (SiO,
EtOAc/petroleum ether, gradient elution) to afford the product (0.026g) contaminated by
some byproducts (20% by LC-MS). Further HPLC purification afforded the product I-90

(0.009g, 17%).

Scheme XXV:

I-81 I-83
3-(1-Cyanomethyl benzimidazol-2-yl)-pyrazin-2-yl urea (I-83): To a solution of amine
(I-81) (0.05g, 0.237mmol) in THF/DMF (2.5mL/2mlL) under Np-atmosphere, isocyanate
(0,136g, 0.83mmol) was added dropwise at 0°C and the mixture stirred for 1hour.
MeOH (1.5mL) and saturated aqueous solution of NaHCO3 (1.5mL) were added and the
mixture slowly warmed to room temperature. After being concentrated under reduced
pressure, the crude reaction mixture was diluted with HO (Sml) and the solid formed
separated by filtration, washed with EtOAc and dried to afford the product (I-83) (0.041g,
70%).
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The foll ow ng conmpounds have been prepared by this procedure: | N HZN NN
N-N CONCQ~ HHN 22%1-78 -60 WO 03/066629 PCT/ US03/ 03655
Pr epar at iwo oafoedd2al kyl - 2- (het er oaryl ) benzi f ni dazol es The &CHyiSas/dIBHS
procedure was carried out follow ng the general procedure for the
aIkyIatqu of gﬁﬂzinidazole derivatives. The foll ow ng conpounds have been
pr epar eg<ll N CN NC 32% 1-77 CHARACTERI ZATI ON DATA [0089] W have
prepared other conpounds of formula I by nethog ubstantially simlar to
those described in the schenes, general nethod ?\gnd exanpl es set forth
herein, supra. The characterizationydata.for thesg conpoundssixs summari zed
in Tabl e Law “and i gl :I PR C, XL/ NBr(ebser ved)y-° NWRdat a.
[0090] 1H |(')ﬂs stHrari .@ ! gﬁ e—3—hel ow where Jdat a was
obt ai ned i n“de t er’¥it’ed DVBO, unl e§s gthermgﬁe i ndi cated, and was found to
be consistent_/wW th structure. Gbgpound nunbers correspon o the conpound
nunbers listed\in Table 1. Table'3. Characterization Data tor Selected
Compounds of Formula | Conmpound Ml RE(min) "H NVR No |- s) dH (DVBO):
?igg (éH, ??689 (2H, s), 13 2482969 7.41 (1 H t),7.53%¢P H t), 7.90
, .95 d 1 dH (DMSO: 6.79 (2H, s, NH2), 18 202 1.4
7.31 (2?3?‘4’ mt}fﬁ—&?“?’?%"%@%d AgH), )7.77 ( : °

To a solution of benzimidazole (I-86) (0.212g, 0.738mmol) in dry CH,Cl, (20ml) under
N atmosphere a solution of BBr3 (SmL 1M solution in CH,Cl,, 5.0mmol) was added at —

> ™

50°C. The mixture was stirred at —50°C for 10minutes and then warmed to room
temperature over a period of 1hour. Ice was added and the reaction mixture extracted
(CH,Clp), the extract dried (MgSO4) and the solvent evaporated under reduced pressure.
The residue was purified by flash chromatography (SiO2, EtOAc/petroleum ether, v/v
1:1) to afford the product I-86 (0.138g, 69%).

1-Isobutyl-2-(4-amino)-1,2,5-oxadiazol-3-yl-5-(morpholino-N-propoxy)
benzimidazole (I-135): To a solution of hydroxybenzimidazole (I-129) (0.047g,
0.17mmol) in dry DMF (4mL) under N, atmosphere, NaH (0.008g, 60% in mineral oil,
0.2mmol) was added at room temperature and the mixture stirred for 30min. The chloro
alkylating agent (0.031g, 0.17mmol) was then added and the mixture heated at 90°C (oil
bath temperature) for 16 hours. After being cooled to room temperature, the mixture was
diluted with Et,O (30ml) and washed with H,O. The Et,O layer was dried (MgSO4) and
the solvent evaporated under reduced pressure. In order to remove the staring hydroxy
compound from the product, the residue was dissolved in CH,Cl, (1ml), TBD-methyl
polystyrene (0.01g, 2.39mmol/g) added and the mixture was shaken for 16 hours. The
resin was separated by filtration, washed several times with CH,Cl, and the solvent from
the combined organic layers evaporated under reduced pressure to afford the product (I-

135) (0.019g, 27%).
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1H d, ArHand 13.65 1 H s, NH) dH (DVMsSO: 2.38 (3H, s), 5.75 (2H, s),
25 258 1.64 7.00 (2H, s), 7.41 (2H, m), 7.79 (1 H d), 7.90 1 H d). dH
(DVBO): IWOB30&d29t), 3.53 (2H, q), 6.03 26 - 1.98 (2H SLIBIYBERH, s),
7.45 (2H, m), 7.85 (2H, m. -61 WD 03/ 066629 PCT/ US03/ 03655 Conpound M1
Rt(m n)%-% (obs) 27 230 1.75 dH (DVBO): 2.40 (6H, s), 6.88 (2H,
brm 13.50 1H,s. dH (DVBO): 2.40 (3H, s), 2.45 (3H s),
28 269 1.98 5.85 (2H, s) 6.88 (2H, s), 7.62 (1 H, sl) 7.70 1 H s). 29
309 1.99 dH ( DVBO)o,N RH, %kx 6.90 (2EN (3H, m. 30 309
2.07 dH (DVBO): 5. 90 s, 6. 90 (2H-s), @c (8.431H s. 31 270
1.98 dH (DMBO): 6. 80 NO5 (2H, s), 12 NH Br). 1H NMR dH
(DVBO): 0.39 (4H, m Cszi‘lz) 1.28 (1 H m CH), 4.51 (2H, d, 32 256 2.14
NCH2), 6.98 (2H, s, NH2) 13428 (1 H t, ArH), 7.3Zstl H t, ArH) and 7.78
(d, 2H, ArH). 1 HNVR dH (DMBO): 0.89 (6H, d, 2 x 33 258 2.24 CH3), 2.22
(1 H Mm@ Amidb 4@2,5-2)&&dﬁzol-3ﬂ5ﬂ‘39annﬁ0%nilﬁhﬂaﬁﬂe -52)); BénAfidazdle (1-34) m

o 3”3@0&1@&% iswolyed 5 lh (B 7 rsolutigs ToeOpsesbita i pNs s bt Sny s
7.85 ( Loghc ﬁ;r 4 hours. After being cooled to room temperature, the reaction mixture was

diluted with EtOAc (15ml), washed with aqueous Na,;S,03 (10% solution), aqueous

NaHCO; (saturated solution) and H,O. The organic phase was then dried (MgSOy), and

the solvent evaporated to afford the product I-57 (0.015g, 38%).

Scheme XXVII: General procedure for the condensation of bisamine and

nitrile/carboxylic acid
NH, N a”™en
L, e (L —® - @
NH, HOOC/NC N

Preparation of 2-(heteroaryl)benzimidazoles

\/2

To a mixture of bis-amine (6.5mmol) and polyphosphoric acid (~15g) nitrile/ carboxylic
acid (6.5mmol) was added and the mixture stirred at 170°C (oil bath tempereature) for 6
hours. The reaction mixture was then cooled to ~50°C, dissolved in H,O and extracted
(EtOAc). The extract was dried (MgSOy), the solvent evaporated under reduced pressure
and the residue purified by flash chromatography (SiO,, ether) to afford the product 2-

(heteroaryl)benzimidazoles.

The following compounds have been prepared by this procedure:

sstvlosty

N
H

22%
7

I-78
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14.41H, br. 1 H NVR dH (DMSO): 2.2 (6H, s), 2.7 (2H, 36 273 1.09 m), 4.8
(2H, ), 7.0 (2H, s), 7.3-7.9 (44 m 1 H NVR dH (DVMSO): 5.52 (2H m
NCH2),  3Wo28M6@291 6.83, (2H, s, NH2), 7.31-7.40 (2H, 2 xPCI/USAMd6sand 7. 73
gzgé ?]1 ﬁl\rH) 1H NMR dH (DMBO): 2.41 (1H, m), 2.60 38 258 1.67 (1 H, m,

. 80 (2H, s, NH2), 7.19-7.29
(2H, 2 x tnl”?ﬁ”fllf‘lshO”cm"}”i\H %’63%? g??e(ggyl)%gnzwﬁl "lﬁ$ dl(—| ( DVBO) : o) 92 (6H, t),
3.61 (Zl‘he :ﬂk 12 ﬂo%e&r&ﬁva%ﬁﬁed 3t folipwirfy A8 gkirhl syceduredpr fiekH, m), 7.78
(2H M. dH {DVBO - 5.95. 6.00 (2H 25 CH2, 40 - 1.74 isomers A+B), 6.93
(2H, s, alkxl@ﬁ@?@flz@re)mlda@md@l@l(%ﬁl—i m isoners A+B). 41 341 2.21 dH (DVBO):
5.90 (2H, s), 6.90 (2H, s), 8.5 1H-s. 42 258 2.06 dH (DVBO): 1.35 (9H,

s), 6.77 (2H, s), 7.40 1 H, n), 7.65 (2H, br), 13.4 1 H, br). dH (DVBO:
3.90 ( 3Fhe S)lowbnSEoriRinds have bédn pPaed54 7.80 (1 H, br), 7.90 (1 H, m,
8.30 (1 H br), 14.11H br. 1 H NWR dqﬂ(lows 3.73 (3H, s, MO, 44 232
1.52 6.72 (2H, s, NH), 6.87 (1 H d 7.02 (1 H bs, ArH) and 7.51 (1

H bd, ArH). The Nh dro en SI s /ot\ observed. dH (DVBO): 1.4 (9H,
2s, mixture of 45 297 2.11 isonkrs N(ZH, 2s, nixture of isoners), 7.0
2H brs,7.5-8.0 (3H m. -62 WO 03/ 069629 PCT/ US03/ 03655 Compound M1l Rt (
n) 1H NMVR 32%
1-77
CHARACTERIZATION DATA

[0089] We have prepared other compounds of formula I by methods substantially
similar to those described in the schemes, general methods, and examples set forth herein,
supra. The characterization data for these compounds is summarized in Table 3 below
and includes HPLC, LC/MS (observed) and "H NMR data.

[0090] I'H NMR data is summarized in Table 3 below wherein 'H NMR data was
obtained in deuterated DMSO, unless otherwise indicated, and was found to be consistent
with structure. Compound numbers correspond to the compound numbers listed in Table

1.

Table 3. Characterization Data for Selected Compounds of Formula 1

Compound M+l . 1
No I- (obs) R¢(min) H NMR
dH (DMSO): 5.90 (2H, s), 6.89 (2H, s),
13 241 1.69 | 7.41 (1H, 1),7.53 (1H, 1), 7.90 (1H, d), 7.95
(1H, d).
1H NMR dH (DMSO): 6.79 (2H, s, NH2),
18 202 1.46 7.31 (2H, m, ArH), 7.53 (1H, d, ArH), 7.77

(1H, d, ArH and 13.65 (1H, s, NH)
dH (DMSO): 2.38 (3H, s), 5.75 (2H, s),

25 258 1.64 | 7.00 (2H, s), 7.41 (2H, m), 7.79 (1H, d),
7.90 (1H, d).
dH (DMSO): 1.05 (3H, 1), 3.53 (2H, q), 6.03
26 - 1.98 (2H, s), 6.95 (2H, s), 7.45 (2H, m), 7.85
(2H, m).
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No |- (obs) dH (DWVSO):
5.95, 6.05 (2H, 2s,

3.90 (3H, 2s,

ni xture of isoners),

m xt ure of
6.95 (2H, s),

46 299 1.66 isoners),
7.95-8.65 (3H, m.

1H NVR dHVODMB@629 3. 84 (2 x 3H, 2 x s, MO, isomers A+B) PCRABB3(RSX 2H, 2

X s, NCCH2, isorrers A+B) 6. 90 (2 X 2H 2 Xx's, 47, 271 1.65 NH2, isoners
A+tB), 7.04 \%) H 1bLllb'l AT 7-16 (L H—_mr ArA, isoner B), 7.39 (1
H d, ArH| % 72%? lli(mi:h) Ar H, |some1'HNMR H NVR dH (bvBO): 6.70
(2H, s, NHZ) "947 i | nﬁ Ar LN\ Q noﬁgou m "“"l bnd
14. 201H, b<>,NH 4H ( DVBO)2302. € «.w, s‘j Wﬁjgﬂé Wﬁ%l(?’%&%) 60 NOCH?)
33 (bt 747 Z r,m).i350<.1 8
7.13 (1 H, 7 L H—t) 1 747 % : H NVR dH
( DVSO) : 6.179 (g?g NH2) gég 2. % ﬁg gﬁf é%ﬁ" 7 28 (2H, m
ArH), 7.41- (5H R H)| ahd 7. DVBO)
2.04 (3H, [&—€H3)y— 5125511286 mums 5%@4; 605N st NH2) |
Zbl?/gcél H, /99|-|), 93Q91 H, f.99 ,?)}7 |-% € ﬁ)i) H NVR dH
. 688 (L H M ArH, (52 21 ldHJ@Msd;&%s@o@H (3)46I90(2|=b§ 2 Ar HENH2) |
11.99 1 H, bs 300H) and 4% 78 124¥ bisgod\HM, s)dsE OMSE) : 2. 65 (3H, |s), 5.90
(2H, s), [53 255 6. (A gg, 7dr2OMS0O)H.801j2H, €), 205 (2H, B, t) |
7. 701H m DI\/%%): 0. 48°(6HI4.8I(1H2b,  CHB) . 1. 69 (3H CHCH2)
4.70 (2H, [dd, 54 272 .41 NCHR), 6. 991k NMR d5 (DNISD);0.30 @, t| ArH),
7.42 (1 H, ArH, 7[73 (1Hd, ArpRRecH) 128 (1H, m, CH) 45 forl
32 256 214 CH2), 6.98 (2H, s, NH2), 7.28 (1H, t,
ArH), 7.37 (1H, t, ArH) and 7.78 (d, 2H,
ArH).
1H NMR dH (DMSO): 0.89 (6H, d, 2 x
CH3), 2.22 (1H, m, CH), 4.48 (2H, d,
33 258 224 | NCH2), 7.01 (2H, s, NH2), 7.29-7.47 (2H,
m, ArH) and 7.82 (2H, t, ArH).
dH (DMSO);: 6.85 (2H, s), 7.87 (1H, m),
34 241 1.58 | 555 (1H, d), 8.60 (1H, s), 14.4 (1H, br).
dH (DMSO): 6.80 (2H, s), 7.85 (1H, s),
35 306 209 1 44.4 (1H, br).
1H NMR dH (DMSO): 2.2 (6H, s), 2.7 (2H,
36 273 1.09 | m), 4.8 (2H, m), 7.0 (2H, s), 7.3-7.9 (4H,
m).
1H NMR dH (DMSO): 5.52 (2H, m, NCH2),
37 284 2.01 | 6.83(2H, s, NH2), 7.31-7.40 (2H, 2 x 1,
ArH) and 7.73 (2H, m, ArH).
1H NMR dH (DMSO): 2.41 (1H, m), 2.60
(1H, m), 3.28 (1H, m), 4.56 (1H, dd), 4.98
38 258 187 | (1H, m), 6.80 (2H, s, NH2), 7.19-7.29 (2H,
2 x t, ArH) and 7.60-7.69 (2H, 2 x d, ArH).
dH (DMSO): 0.92 (6H, 1), 3.61 (2H, m),
39 318 215 | 4.80 (3H, m), 6.98 (2H, s), 7.37 (2H, m),
7.78 (2H, m).
dH (DMSO): 5.95, 6.00 (2H, 2s, CH2,
40 - 1.74 isomers A+B), 6.93 (2H, s, isomers A+B),
8.0-9.1 (3H, m, isomers A+B).
41 341 251 <(11HH(E;I)\{ISO): 5.90 (2H, s), 6.90 (2H, s), 8.5
dH (DMSO): 1.35 (9H, s), 6.77 (2H, 5),
42 258 2.06 | 7 40 (1H, m), 7.65 (2H, br), 13.4 (1H, br).
dH (DMSO): 3.90 (3H, s), 6.80 (2H, s),
43 260 1.54 | 7.80 (1H, br), 7.90 (1H, m), 8.30 (1H, br),
14.1 (1H, br).
1H NMR dH (DMSO): 3.73 (3H, s, MeO),
6.72 (2H, s, NH2), 6.87 (1H, d, ArH), 7.02
a4 232 152 | {H bs, ArH) and 7.51 (1H, bd, ArH). The
N-hydrogen signal was not observed.
dH (DMSO): 1.4 (9H, 2s, mixture of
45 297 2.11 isomers), 5.9 (2H, 2s, mixture of isomers),

7.0 (2H, br s), 7.5-8.0 (3H, m).
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and 7.80 (1 H, d, ArH). 1H NMR dH (DMBO): 5.88 (2H, s, 56 - 1.63 NCCH2),
6.92 (2H, s, NH2), 7.63 (1H t, ArH), 8.18 (1 H d, ArH and 8.32 (1 H d,
ArH) . 57 WOD306@2 dH (DVBO): 5.34 (2H, s), 6.67 (2H, br), PCEABO3/@IEsHr , 7. 45
m;,lg.(?) 1H br. 1 HNWR dH (DVBO): 5.36 (2 x 2H 2 x s, NCH2, isomers

X OCH2,—spners A¥B),_ 6. 88 (2 X 2ZH, 2 s, 58 296
1.56 NH2, |§(3‘}§§; '16?+B ng% (Ry(irin)d, Ar H, isohHrNM)R 7.12 (1 H d, ArH,
i somrer B), rl—, j ~ L1 somer... 59
262 1.22 1H NMR dH ( vso 13.4 1H, br.

1H NMR dH|(DVBdE 6.08 (ZH, s 1 H br s),

7.28 (1 H}bry—13-611H br 7.38 (1
H m, 815 (1 H m,|8.52 (1 §.R o i ¢ 3/ 066629
PCT/ US03/ 03655 Conpolind M+l [Rt (min)| jy Nerd A+H)0b80 (266242 s1 |38 dH

(DVSO): 580 (244, ). | 6.9 (2H 1%b, mHﬁasoHarm&w%omHnmam TH|s. 69 204

0.54 1 H NVR dH (DVBO): 6.82 |(2H, s)|is8mé&y) Hes(18, AgAttissmark), 147 1H, brs.

dH (DVBO):| 5.48 (2H, $), 6.55 (2H, s)7.39 {iF, @50H lisdrbert®) 755 AHH), ), 7.33

(2H, m, 7.70 (3H, M| and 8./12 1 H, | AH, isbmet.NVMR dH (DVSQ): 7. 13|(2H, m

ArH), 7.44 (1 H d, ArH), 7.63 (1 H| 1dNVEdH (DMEQSE.70 (2H.s, NH2),
48 247 152 | 7.41 (1H, m, ArH), 8.09 (2H, m, ArH) and

14.20 (1H, bs, NH).

dH (DMSO): 2.63 (3H, s), 6.88 (2H, s,

49 216 1.69 | NCCH2), 7.138 (1H, m), 7.33 (1H, t), 7.47

(1H, br) and 13.6 (1H, br).

1H NMR dH (DMSO): 6.79 (2H, s, NH2),

50 278 2.14 7.08 (1H, m, ArH), 7.28 (2H, m ArH), 7.41-

7.50 (5H, m, ArH) and 7.80 (1H, m, ArH).

1H NMR dH (DMSO): 2.04 (3H, d, CH3),

6.78 (1H, g, NCCH), 6.98 (2H, s, NH2),

7.50 (1H, t, ArH), 7.59 (1H, t, ArH) and

7.98 (2H, m, ArH).

1H NMR dH (DMSO): 6.88 (1H, m, ArH),

52 218 1.03 7.18-7.41 (4H, t+bs, 2 x ArH+NH2), 11.99

(1H, bs, OH) and 13.78 (1H, bs, NH).

dH (DMSO): 2.65 (3H, s), 5.90 (2H, s),

53 255 1.82 | 6.95(2H, s), 7.25 (1H, m), 7.40 (1H, 1),

7.70 (1H, m).

1H NMR dH (DMSO): 0.98 (6H, d, 2 x

CH3), 1.69 (38H, m, CHCH2), 4.70 (2H, dd,

54 272 2.41 NCH2), 6.99 (2H, s, NH2), 7.34 (1H, 1,

ArH), 7.42 (1H, t, ArH), 7.73 (1H, d, ArH)

and 7.80 (1H, d, ArH).

1H NMR dH (DMSO): 5.88 (2H, s,

NCCH2), 6.92 (2H, s, NH2), 7.63 (1H, 1,

51 255 1.28

56 - 1.63

ArH), 8.18 (1H, d, ArH) and 8.32 (1H, d,
ArH).
57 217 0.95 dH (DMSO): 5.34 (2H, s), 6.67 (2H, br),

6.80 (2H, br), 7.45 (1H, d), 13.0 (1H, br).
1H NMR dH (DMSO0): 5.36 (2 x 2H, 2 X s,
NCH2, isomers A+B), 5.79 (2 x 2H, 2 X s,
OCH2, isomers A+B), 6.88 (2 x2H, 2 x s,
58 296 1.56 NH2, isomers A+B), 6.99 (1H, d, ArH,
isomer A), 7.12 (1H, d, ArH, isomer B),
7.29 (1H, d, ArH, isomer B), 7.37 (1H, 1,
ArH, isomer...

1H NMR dH (DMSO): 3.85 (6H, s), 6.79

59 262 122 | o) 7.18 (2H, brs), 13.4 (1H, br).
1H NMR dH (DMSOY): 6.08 (2H, 5), 6.79
60 246 147 | @H,s), 7.05 (1H, brs), 7.28 (1H, br), 13.6
(1H, bn).
o 203 a1 | dH (DMSO): 6.88 (2, ), 7.38 (1H, m),

8.15 (1H, m), 8.52 (1H, s), 14.2 (1H, br s).
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80 212 1.51 (1 H, s, pyrazine-H), 8.06 (1 H s, pyrazine H and 12.99 (1 H,
s, NH). The &HZ signal was not observed. 1 HNWR dH (DVMBO): 6.28 (2H, s,
NCCH2) , AVBI3/M666@9 (2 x 1 H 2 x t, ArH) 81 251 1,63 8. 07 PCTHS03H365 H) ,
8.26 (1 H, d, pyrazine hydrogen) and 8.41 (1 H d;3 pyrazi ne- hydrggenéz ;28
NH2 si gnal mjfdundodse T H NVR dH{(DWBO 543 (2H )5
1.45 (gH, mmﬁhﬁﬁgngl Flggif alhﬁmmﬁ H m, 7 Z-fIﬂNm@RIn17 75 (2H, m. 83
294 1. 36 dH (DS s r—F45 ’°“ 7 0” n18=45=3g,n111.6
1H, br. dH ( DVSOp8 7. 35 (242 b ),1.3784 (3 2H, br),
7.85 (1 H ™, 7.95 (I H—)18-SS5=1 24 1HNNRdH
(DMBO): 5.8 (2FP s), 6. 904 2H, 9.3 1 _ (DVBO) :
0.91 (2 x pH, m ~CH3THCHI, T FOMETS AFR)pMI0% A_, o EH2, isoners
A+B), 3.86| (2 x78H, 2 [862888 D. 19 FEDR, MY 0 (dh, x_2H - m
CH2, isoners A+B), 6.96-7.09 (2 x 3H,amyg1gﬁﬁ ArH, isoners A+B)|, 7.31 (2
Xx 1 H m [ArH isoners A .. B7 211 -1ﬁ4mu¢HNTEM$® 718 @H ot ABH, M, 7.6 (1
H m, 7.7 1H m8.0(1H m 1R.9 1H, $7.42 (HH, NWI—()I,H&{HQHB, ,Ar, 9843H, s), 4.0
(3H, 88 301 1.88 s), [5.8122H )51 6/ 91N, BHhyragine-HJ, 3106 (I HHS, pgrhzing”. §  1H,s. 1
H NVR dH (/CDCI 3): 3 20 (3H, s), 6.0 962851219991 2INH} The RH25igh@H,| m) 7. 85
(2H, m), 8203 H ¢} and 9l 45 (1 Hwappotgbserved.
’ : 1H NMR dH (DMSO): 6.28 (2H, s,
NCCH2), 7.59-7.70 (2 x 1H, 2 x t, ArH)
8.07 (2H, m, ArH), 8.26 (1H, d, pyrazine-
81 251 1.63 hydrogen) and 8.41 (1H, d, pyrazine-
hydrogen). The NH2 signal was not
observed.
1H NMR dH (DMSO): 5.43 (2H, s), 5.75
82 249 1.45 (2H, s), 6.83 (1H, m), 6.90 (1H, m),7.2-7.4
(4H, m), 7.75 (2H, m).
dH (DMSO): 6.0 (2H, s), 7.45 (3H, m), 7.90
83 294 188 | (2H. m), 8.45 (3H, m), 11.6 (1H, by).
dH (DMSO): 7.35 (2H, br), 7.4 (2H, s), 7.75
84 211 1.37 (2H, br), 7.85 (1H, m), 7.95 (1H, m), 8.35
(1H, s), 13.2 (1H, br s).
1H NMR dH (DMSO): 5.78 (2H, s), 6.90
85 243 997 | (2H,s), 9.18 (1H, s), 9.40 (1H. 5).
1H NMR dH (DMSO): 0.91 (2 x 6H, m,
CH3CHCHS, isomers A+B), 2.22 (2 x 1H,
m, CHCH2, isomers A+B), 3.86 (2 x 3H, 2
86 288 2.19 x s, OMe, isomers A+B), 4.49 (2 x 2H, m,
CH2, isomers A+B), 6.96-7.09 (2 x 3H, m,
NH2 + ArH, isomers A+B), 7.31 (2 x 1H, m,
ArH, isomers A...
dH (DMSO): 7.2-7.4 (6H, m), 7.6 (1H, m),
87 211 164 |77 (1H, m), 8.0 (1H, m), 12.9 (1H, 5)
1H NMR dH (DMSO): 3.9 (3H, s), 4.0 (3H,
88 301 1.48 s), 5.9 (2H, s), 6.9 (2H, s), 7.4 (1H, s), 7.6
(1H, s).
1H NMR dH (CDCI3): 3.20 (3H, s), 6.0
90 265 1.9 (2H, s), 7.45 (3H, m) 7.85 (2H, m), 8.20
(1H, s) and 9.45 (1H, br s).
dH (DMSO): 3.60 (3H, s), 6.45 (2H, s), 7.1
91 214 1.05 (2H, m), 7.4 (2H, br m), 7.75 (1H, s), 12.3
(1H, s).
dH (DMSO): 4.1 (2H, s), 6.35 (2H, m), 7.15
(1H, m), 7.25 (1H, m), 7.5 (1H, d), 7.75
92 250 128 | (1H, d), 8.0 (1H, 5), 8.1 (1H, s), 11.6 (1H,
s).
dH (DMSO): 6.45 (2H, s), 7.0 (1H, m), 7.15
93 211 1.49 | (2H, m), 7.5 (1H, d), 7.95 (2H, 2s), 11.5
(1H, s).
dH (DMSO): 6.85 (2H, s), 7.6-8.2 (3H, m),
94 270 1.88 142 (1H, 5).
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dH (DMBO): 3.60 (3H, s), 6.45 (2H, s), 7.1 91 214 1.05 (2H, m), 7.4 (2H,
br ), 7.75 (1 H, s), 12.3 1H,s. dH (DMBO: 4.1 (2H, s), 6.35 (2H m,
7.15 92 2@001/0@@25(1 H m, 7.25 (L H n), 7.5 (1 H d), 7PeF/usfdoddssd), 8.0
(1H s), 81 (1 H s), 11.6 (1 H dH (DVSO: 6.45 (2H s), 7.0 (1 H,

]
2L =7 L

S.
m, 7.15 93211 1 49 {24 —m—F5(tH B —F95(2H—2s), 1t 5 1H s. 94
270 1.88 th@BNB’@P.d 6| 8@1*(12H I§Omin7 6-8.2 (3H, WNMR4.2 1 H s)|. -64 WO
03/ 066629 R@bs}“nmmmd A1 l:)ry(@m;\d\4 11 I\Il\/D I\In | gcbs) dH
(DMBO): 0[9 (6H, m), PR.3 (1 gl (D 039 )39 2H, d
6.9 (1 Hm, ?52-7.5 éﬂ,gm'z 82@14-! m<§* ﬂé’% 50(6l(-| m, )’2.2
(1 H m, 4 96 302[ 2 65 (2H 461, m) 53%: zn b & H s
dH (DVBO) (12H M 40,1 90 dggwﬁ% gg@ ﬂ,’a”é’i ) 3.3
g)zH,da),(Dﬁni\(gﬁn 5.9 #Et) & THE 3 Ci M rT)77(1 H,
- BO=—0-95(btt—m- 1273 (1 'anMsoM@ HE‘HCHDMO wwH s), 3.6
(2H m, 8.7 (2H m, |45 (24 d)) i L0 4 7 (81 bizbiom | 7.3 (1 H
m, 7.7 1 H d&. dH [DMZ®): |1.90% 6H.(1m)y), 72 @H(m), FI3 (19, m)37.B(1HD9 K08 2. 96
(3H, s), #.6 (2H, d),|7.0 (1|H m, |#3-7.5 (6H m7.81H. m dH ( DVSO):
0.99 (6H M, 223 (I H mM, 4.6 dH (DMSO): 0.95 (6H, m), 2.3 (1H, m), 3.4
(3H, 5), 3.6 (2H, m), 3.7 (2H, m), 4.5 (2H,
98 875 269 | ) 55 (1H, brt), 7.2 (2H, m), 7.3 (1H, m),
7.7 (1H, d).
dH (DMSO): 1.0 (6H, m), 2.4 (1H, m), 3.9
99 408 296 | (3H,s), 4.6 (2H, d), 7.0 (1H, m), 7.3-7.5
(6H, m), 7.8 (1H, m).
| dH (DMSO): 0.99 (6H, m), 2.3 (1H, m), 4.6
100 336 087 | (2H, d), 7.2-7.5 (3H, m), 7.8 (1H, m), 8.2
(1H, s).
dH (DMSO): 0.90 (6H, m), 1.50 (3H, 5), 4.7
101 346 021 | (2H, d), 7.3-7.5 (3H, m), 7.85 (1H, m), 8.25
(2H. d). 13.7 (1H, br).
TH NMR dH (CDCI3): 3.68 (3H, 5), 5.88
102 308 1.98 | o4, s), 7.10-7.60 (7H, m), 7.90 (1H, m).
TH NMR dH (CDCI3): 3.92 (3H, 5), 5.88
103 808 315 | oy s), 7.02-7.45 (7H, m), 7.88 (1H, m).
1H NMR dH (CDCI3): 5.83 (2H, 5), 7.20
104 312 331 | (1H, d), 7.38 (4H, m), 7.67 (2H, m), 7.88
(1H, m).
1H NMR dH (CDCI3): 3.86 (3H, 5), 5.87
105 308 211 | oH, s), 6.90-7.55 (7H, m), 7.88 (1H, m).
dH (DMSO): 1.0 (6H, m), 2.3 (1H, m), 3.2
106 345 293 | (6H,s), 4.6 (2H, d), 7.2 (2H, m), 7.4 (1H,
m), 7.7 (1H, d).
dH (DMSO): 3.15 (2H, m), 3.5 (2H, m),
4.75 (1H, br), 5.4 (2H, s), 7.0 (2H, 5), 7.4
108 303 0.93 | oH, m), 7.7 (1H, d), 7.8 (1H, d) 8.4 (1H,
br).
dH (DMSO): 1.7 @H, d), 6.0 (1H, g), 7.0
109 273 131 | (2H, s), 7.3 (3H, ), 7.6 (2H, m) and 7.8
(1H, m).
dH (CDCI3): 1.78 (3H, d), 2.11 (3H, 9),
110 272 1.84 | 5.96 (2H, brs), 6.35 (1H, m), 7.20-7.45
(8H, m) and 7.85 (1H, m).
dH (CDCI3): 5.80 (2H, broad s), 7.10 (1H,
111 303 197 | m), 7.42 (2H, m), 7.55 (1H, m), 7.75 (1H,
m) 7.88 (1H, m) and 7.97 (2H, m).
dH (CDCI3): 3.69 (6H, s), 6.6-6.75 (6H, m),
12 414 2.09 | 74.7.4 (5H, m, ArH) and 7.65 (1H, d).
dH (CDCI3): 1,17 (3H, 1), 2.63 (2H, q), 5.50
113 272 18 | (2H, s), 5.88 (2H, br 5), 7.2-7.4 (3H, m)
and 7.87 (1H, m).
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100 336 2.87 (2H, d),

0.90 (6H, m,
(1 H 1), W8.0286662H, d, 13. 71H, br .
5882Hs710760(7H m 7.90 1H m

S).,
(CDCl 3) :
(CDCl 3) :
m, 7.88
S), 6.90-

m, 3.2

39
5|

1

m 7. 71H, d.

br),
(1 H,
s), 7.3
(3H s),
and 7. 85
1.97 ),
m. 112
m ArH)
272 1.8

5.4
br
(

4
a
(

1
7
1
n
2

1.50 (3H,

7.2-7.5 (3H, m,
4.7 101 346 2.21 (2H, d),
102 308 1.98 1 H NMR dH @CD@SBY/03635 68 (3H,
103 308 3.15 1 H NVR dH

s),

7.8 (1 H m, 8.2 1Hs.

7.3-7.5 (3H m,

dH (DVSO) :
7.85

7|

(
)|
3

go PH, S, 7. Z-/4b(/Hm/66J.Hm 7 H NWR dH
8 @%‘ ]\%% JRt(mm) . dHNMRS (4H m, |7.67 (2H
. *05 N S emvred . 5 87 (2H,
55 ( 1 ‘ ‘ .3 (1 H,
06 3412 03 (6I?|,;55) 4&%” ﬁ) ), & ]
dHA(DVMSO—— 315 (2H—) W = 175 (1 H,
PH, sy15 7.0 |(2HggS) | %.4k bl 4.7 (i o¥1Hddn, 700 @ H d) 8.4
dH (DVMBO):| 1.7 (3H, d), 6g07 gm,m)q)g(j,.,qn),i 273 1.131 (2H,
M, 7.6 (2 ™M and /. 8| diiomeoiH.d @HGhEEA @M, 79, §4H,| d), 2.11
110 27 1. 84 5.306 (RH1.dwr 3$)2H,6),39 (A, 9 7.40H, @), 20-(THA5 | (3H, m)
H r n). dH (CDCl 3): 5.80 (dBHB(H)H,(IB@& H,b66.10 (1 H, 111 303
42 (2H, m),| 7.55 (L H, m) | dA.(GBCIRL 585 (2H, bmg dE).[,18r(2M) |7. 97 (2H,
4 2. OBI7dH (QDCIR8Y:  B. 6P 6Hm)s7)40(6H6mB7'ﬁ§% k) ang 7.887. 1- 7. 4 (5H,
7.65 1 H |d) dH (CDCL3): d (M(?H 21 2 67?147'_)'23)’ 5.50 113
DL , m
H 5)11 > 88 (2|_2|’73br )1 337 T |7| %fured) (2H, m), 7.0 (2H, s), 7.3
(2H m) and78(2H m)
dH (CDCI3): 5.82 (2H, br s), 7.48 (2H, m),
119 252 202 | 786 (2H, m), 8.47 (1H, 1).
dH (DMSO): 3.80 (1H, m), 4.74 (1H, m),
120 246 1.28 | 4.94 (1H, 1), 5.77 (2H, s), 6.98 (2H, s), 7.39
(2H, m), 7.80 (2H, dd).
dH (DMSO): 2.36 (3H, s), 5.20 (2H, s),
121 273 116 | 6.88 (2H, s, NH2), 7.28 (2H, m), 7.56 (1H,
d), 7.73 (1H, d), 8.11 (1H, m).
dH (DMSO): 2.85 (3H, s), 3.18 (3H, s),
122 287 14 | 5.12(2H, s), 6.98 (2H, s), 7.38 (2H, m),
7.75 (1H, d), 7.82 (1H, d).
dH (DMSO): 3.6 (2H, m), 5.4 (2H, s), 7.0
123 316 117 | (2H, s), 7.2 (1H, s), 7.5 (3H, m), 7.7 (1H,
d), 7.8 (1H, d), 8.6 (1H, 1).
1H NMR dH (DMSO): 3.2 (2H, m), 4.8 (2H,
124 245 1.34 | br), 7.0 (4 H, s and br), 5.92 (2H, br), 7.4
(2H, m), 7.9 (2H, m).
1H NMR dH (DMSO): 5.65 (2H, s), 7.0
125 258 0.88 | (2H, s), 7.45 (2H, m), 7.9 (2H, 2d), 9.1 (3H,
br).
dH (CDCI3): 1.70 (3H, d), 3.2 (1H, m), 3.5
126 259 1.56 | (1H, m), 5.75 (1H, br), 5.95 (2H, br), 7.4
(2H, m), 7.7 (1H, m), 7.85 (1H, m).
1H NMR dH (CDCI3): 2.48 (3H, s), 3.08
127 259 155 | (2H, m), 4.82 (2H, 1), 5.92 (2H, br), 7.37
(2H, m), 7.55 (1H, d), 7.82 (1H, d).
dH (DMSO): 3.90 (3H, s), 5.70 (1H, br),
128 308 2.37 | 6.65 (2H, d), 7.15-7.95 (6H, m), 9.47 (1H,
br s) and 10.03 (1H, br s).
1H NMR dH (DMSOY: 0.89 (6H, d, 2 x
CHB3), 2.20 (1H, m, CH), 4.45 (2H, d,
129 274 1.79 | NCH2), 6.8-7.2 (4H, m), 7.63 (1H, m, ArH)
9.40 and 9.72 (1H, 2s isomers (2:1 ratio)).
1H NMR dH (CDCI3): 2.95 (6H, s), 5.18
130 279 1.35 | (2H, s), 5.60 (2H, s), 7.35-7.50 (3H, m)
7.87 (1H, d), 8.06 (1H, s) and 8.20 (1H, s).
1H NMR dH (CDCI3): 3.78 (3H, s), 5.50
131 253 062 | (oH, s), 7.35 (2H, m) 7.75 (2H, m).
1H NMR dH (DMSOY: 7.3 (2H, d), 7.7 (2H,
132 213 141 | ), 8.1 (2H, m), 13.4 (1H, b).
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and 7.87 1 H -N. -65 WO 03/066629 PCT/US03/03655 Conpound M1 Rt(nin) iH
NVMR No |- (obs) dH (DVMBO): 2.6 (2H, m), 3.8 (1L H, br), 4.6 114 275 1.05
(2H, n), WOI30Aadd9 br), 6.9 (2H, s), 7.3 (2H, m 7.8 2H ®CTANIFDNED) : 2.3
(3H s), 2.6 (2H m, 4.0 115289 1.36 (L H br), 4.7 (2H m, 5.0 (1 H,
br), 7.0 2'23 3) 7.4""ri|; 78 2H—m un\L}lVDU} 276 (27 —m7] 3.1 (2H,
M, 54 11 undyg (%&T )|, RGminX RH, s), 7.4"HNMRn), 7.7 (1 H d), 7.8
1H,d 8.3 14 heNolhy ¢ )8) 3 g5 (2 hrn:\rl c\ 2 D3 1.95 1,
7.40 (2H, |m, 7.55 (2H, arjd 7.88 Mio) g%alxﬁ ) g‘g‘ % m, 1.7
(2H, m, 2.5 138 273/ 1.%9 (m 6d8cuy %f’( % (! H $), 7.3
2H m and 1-8—2H—m—119-252-2.02-aH °° 2 ( 59748 (2H m,
7.86 2H,m8.471¥|,t. iH (DVBQ) : 3380 m% 1H1_0 246 1.28
4.94 (1 H| 1), 8177 (pH ), |6 88°(2HY Shid {241()1,4 0|(2H, dd).
dH (DVBO) :F2-36—(3H—5), 520 (2H S 1HNM%H4@9043)@959(6n3mM38 5] NH2),
7.28 (2H, |m, 7.56 (1|H,_ d).| 7,73 1Hig, @) brotsh,® 4bd GBNEQS57 2. 85 (3H, s),
3.18 (3H, |s), 13%2 287 13% 5.[122(8H, | @N, d)669§1(—[2|:i‘), 68B (2H r337.(2H, [m,
7.751H,d, 7. 821H,d. dH (DVBO)|: 3.6 (RH35 ®H, my.747((PH,m)sd.96 @HOLrIR3 316 1. 17
(2H, s), 7.2 (1 H, s)| 7.5 (30, m, 721ZNMB394;O(020£:13;;) §q3_32{(62?4 % g%&gt
m m
187 368 273 1 (oH, m; 7.40 E1H m), 7.50 (1H, d), 7.75
(1H, d), 8.30 (1H, d), 14.40 (1H, br s).
1H NMR dH (CDCI3): 1.05 (6H, m), 2.35
138 272 115 | (1H, m), 4.2 (2H, d), 6.1 (2H, br), 6.7 (1H,
s), 7.2-7.4 (4H, m), 7.8 (1H, m).
BIOLOGICAL ASSAYS
K; Determination for the Inhibition of GSK-3
[0091] Compounds were screened for their ability to inhibit GSK-3[3 (AA 1-420)

activity using a standard coupled enzyme system (Fox et al. (1998) Protein Sci. 7, 2249).
Reactions were carried out in a solution containing 100 mM HEPES (pH 7.5), 10 mM
MgCl,, 25 mM NaCl, 300 uM NADH, 1 mM DTT and 1.5% DMSO. Final substrate
concentrations in the assay were 20 uM ATP (Sigma Chemicals, St Louis, MO) and 300
uM peptide (HSSPHQS(PO3H,)EDEEE, American Peptide, Sunnyvale, CA). Reactions

were carried out at 30 °C and 20 nM GSK-30. Final concentrations of the components of

the coupled enzyme system were 2.5 mM phosphoenolpyruvate, 300 uM NADH, 30

wg/ml pyruvate kinase and 10 pg/ml lactate dehydrogenase.

[0092]

An assay stock buffer solution was prepared containing all of the reagents

listed above with the exception of ATP and the test Compound of interest. The assay

stock buffer solution (175 ul) was incubated in a 96 well plate with 5 pl of the test

compound of interest at final concentrations spanning 0.002 pM to 30 uM at 30 °C for

10 minutes. Typically, a 12 point titration was conducted by preparing serial dilutions

(from 10 mM compound stocks) with DMSO of the test compounds in daughter plates.

The reaction was initiated by the addition of 20 ul of ATP (final concentration 20 pM).

Rates of reaction were obtained using a Molecular Devices Spectramax plate reader
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1 HNWR dH (DVMBO): 3.2 (2H, m), 4.8 (2H, 124 245 1.34 br), 7.0 (4 H, s and
br), 5.92 (2H, br), 7.4 2HmM7.9 2H m 1H NVR dH (DMSO): 5.65 (2H, s),
7.0 125 \Wb83068 (2H, s), 7.45 (2H, m), 7.9 (2H 2d), 9.PCrAMY30dess. dH
(CDCI3) 1.70 (3H, d), 3.2 (1 H m, 3.5 126259156(1H m, 5.75 (1 H,

?EL 3 Byl D ks 10 @Wt%okﬁv g g Bore @%W,&@)ﬂa;g 372 48

2H, m 7. Sutal & HiuhcBen dHnBibitdFtdleMaEdtion3. 90 (3H S) 5.70 (1 H br), 128 308
2.37 6.65 éZH, d), 7.15-7.95 (6H, m, 9.47 (1 H_br s and 10.03 1 H, br
s) 1 H ldH If[ﬂ\fstbpwmz ®911(0@mds werezshﬁwniqba@MKaofﬂgsscd%m 1 uM fy GSKH, m

, H, , and
9 72 1 ﬁ’r’«(ﬁnﬁ%ﬂw CfffF%ané)t? 5 the' cpmyp Wa %%Meé)nrpfé%? 2 é% fgi) 5.18
130 279 1193151 3H2, $h3 151¢‘>Q iz2trL33SL377I ?)25'17475@ 5631ﬂ51r1154 1-$156H-59), 8.06 1
H s) and 8.20 1 H s). 3°0.62 1 HN H (cEoai 3): 3.78°(3H, s),
5.50 (2H- 815)1 8671:88 (9«»1-96 53109214128 anyl I-1292 213 1.41 1 H NMR dH (DVBO): 7.3
(2H, d), 7.7 (2H, d,8.1 2H m13.4 1H br. -66 WD 03/066629 PCT/ US03/ 03655
Conpound M+1 Rt(nin) iHNVR No |- (obs) dH (DVMBO): 7.2 (2H, br s), 7.5 (1
H, br s)i0094133 B cofn Ands wefelevilual¥f a8 InhiBitcks oA hitaPL 3k kida® dsingd bitheF )

13. 11H,brs.  dH (DMSO): 3.7 (3H, s), 4.5 (2H, d), 6.9
a rad10act1v1ty-based assay or spectrophotometnc assay.

Lck Inhibition Assay A: Radioactivity-based Assay

[0095] The compounds were assayed as inhibitors of full-length bovine thymus Lck
kinase (from Upstate Biotechnology, cat. no. 14-106) expressed and purified from baculo
viral cells. Lck kinase activity was monitored by following the incorporation of **P from
ATP into the tyrosine of a random poly Glu-Tyr polymer substrate of composition,
Glu:Tyr =4:1 (Sigma, cat. no. P-0275). The following were the final concentrations of
the assay components: 0.025 M HEPES, pH 7.6, 10 mM MgCl,, 2 mM DTT, 0.25 mg/ml
BSA, 10 uM ATP (1-2 uCi **P-ATP per reaction), 5 mg/ml poly Glu-Tyr, and 1-2 units
of recombinant human Lck kinase. In a typical assay, all the reaction components with
the exception of ATP were pre-mixed and aliquoted into assay plate wells. Inhibitors
dissolved in DMSO were added to the wells to give a final DMSO concentration of 2.5%.
The assay plate was incubated at 30 C for 10 min before initiating the reaction with 3p.
ATP. After 20 min of reaction, the reactions were quenched with 150 ul of 10%
trichloroacetic acid (TCA) containing 20 mM Na3POy4. The quenched samples were then
transferred to a 96-well filter plate (Whatman, UNI-Filter GF/F Glass Fiber Filter, cat no.
7700-3310) installed on a filter plate vacuum manifold. Filter plates were washed four
times with 10% TCA containing 20 mM NasPO, and then 4 times with methanol. 200ul
of scintillation fluid was then added to each well. The plates were sealed and the amount
of radioactivity associated with the filters was quantified on a TopCount scintillation
counter. The radioactivity incorporated was plotted as a function of the inhibitor
concentration. The data was fitted to a competitive inhibition kinetics model to get the K;

for the compound.
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134 381 2.33 (2H, m), 7.1 (2H m, 7.3 (2H, m, 7.45 (1 H m, 7.6

1H,d, 7.8 1Ht,12.4 1Hs. 1 HNWR dH (CDCI 3): 0.98 (6H, m, 2.38 136 392
2.78 (1 HyOrop/06@299 (3H, s), 4.28 (2H, d), 4.57 (2H d), PETABOYW6Ss d),
6.88 (2H, n), 7.15- 7.35 (6H, m), 7.67 1 H n) 8.96 1 H br t). 1 H NMWR dH
(CDCI 3): 1.03 (6H, . : 0 (2H, n), 4.32 (2H,
d), 7.32 (2H m, 7S {jgn Aagsay B: opecUORROLGIICLIC . 1H,d, 8. 30 1H, d, 14. 40
1H, br S'[O(;SM‘J]1 NW&&%P%@&E& fronORTP @?,themlum& 22ombi8ntAik Kindsb-cathlydedm) , 4. 2
(2H, d), 6.1 (2H° bry, 6.7 (1 H s), 7.2-7.4 4H m7.8 1H m Bl OLOG CAL
ASSAYS ppspidetdatiomat pap GlofTyr hubstratkivtsistquanitified esre 3 cpwrlod PAEBFRTEHAs wer e

screened for .thej bi ity t9,iRhibjt -3(3 - ?QQQD L Mi using a
st andar(go’éﬁiﬁ;l(gééﬁ%w &%]/gt 2%49?1:!&&’&% 3{3’4(3@&13’?\11%9 ﬁ el nH%g%lHi?S%dIZMQ) .
React i QN AB16; &%%ﬁl%%cﬁlgofiﬁﬂ)la foalitdd ianhe Rk readipnl Qe didapfERESICEpH 7. 5)
10 MM MCl2, 25 NaCl , 300 I\/FNADH, 1 mM DTT and 1.5% DVBO. Fi nal

subst r aiff NADBhwertercanivement]yfollpwedals¥) ngere 20 M ATP (Si gma Chenical s, St

Loui s, 300 . ti H : e,
Sunnyv AUBTICA) et GRS fl e RO Bl B R g AR RN TER S,

Fi nal gRee@Rtd aid SRfioedd hteassgrmenerells. dfhibitdre disselpédi RMSPheewyst em wer e
2.5 mMphosphoenol pyruvate, 300 t M NADH, 30 tgég%} p%{?uvate %i nase and 10
tg/nl |adéedtethdareflaite giisadinal DHEY) rongeniiation olsd 3@k AP PIF ¥ on was
prepar ed contai npng. @l h o of; haiRtvARPYE M AlTpt hige except i on of
ATP andnflﬁ)ea&fdga%?bcgnfggg(r)\g&gﬁ)gﬁﬁ%%?gdgi@.%%hr%%h%issay sto%k buffer solution
(175 1)aps8bahdtcatiabest 340 @n Y6thwehd, tiRd @teeofithé teabtion, ofas mivaitoesiton 2 onpound  of
interest at final concentrations spanning 0, 002 t ];llo. .Mat 30 C for 10
M nut esmolEgwiatdgvises phatg peade. rﬁhqdaf%%ftm@r?smégn%waﬁ& SN br epari ng seri al
dilutions (from . Stocks) Wit @b deh@etie$br teOMPOUNdS i n
daught e?onﬁ?létfaélg?.rl dﬁ%ﬁgwrd ggg? I?l é&ﬂﬁéﬂ@élﬁ%@‘gﬁ%@cgﬁ ﬁe éggdi te itm(;n rof 20 t1 of
ATP (fiduhpamacentration 20 M. Rates of reaction were obtained using a

Mol .eC ul [%r()98%ew '%‘I?es fO? OgV(iltlgr g(;rIgI))(OllelldSaEN%rer s%%%%rto _hgxze E\J.I\Ei QE{CQSG'[%QHZ ? Mm&rli‘%%?)/ 03655

(Compound numbers correspond to the compound numbers listed in Table 1.): I-56, I-57,
I-58, 1-59, 1-70, 1-71, 1-80, I-81, I-86, I-87, 1-89, I-90, I-96, I-104, I-109, I-110, I-117,
I-128, and I-129.

[0099] 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 which
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 which have been represented by way of example.
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(Sunnyvale, CA) over 10 mnutes at 30 C. The Ki values were determ ned from
the rate data as a function of inhibitor concentration. [0093] The

f ol | ow ngwooapeseds were shown to have a Ki of |ess than PCWIUS03/036SK- 3
(Conpound nunbers correspond to the conpound nunbers listed in Table 1.):
1-2,1-7}gz i-gt l[-11, 1-12, 1-13, 1-19, 1-32, 1-33,1-37, 1-38,1-47, 1-50,
1-51, 1-H£93BE 1.56 1-58, 1-81, 1-86,1-87,1-90, 1-96, 1-109, 1-128, and
1-129. [0094] The conpounds were evaluated as inhibitors of human Lck

ki nase using either a radioactivity-based assay or spectrophotonetric
assay. Lck Inhibition Assay A: Radi oactivity-based Assay [0095] The

conpounds wer e ,ass L:nhi bj : : i: hyfus Lck

ki nase (f roniués?sﬁégg?% e@%ﬁggf%eé%?ﬁ@g[@ getlugbf}}l%%agg’x\ﬂéﬁg%’ed and purified
f r om bagad@ionvdelertedfedih alledgy kaskhima seabatet | Alzhyimea’s disease, Blvatngignol | owi ng
the incorporation of 33P from ATP jnto the tyrosine of a random poly

G u- Tyr diseaspriarkigsesss ﬁ’é@@%&%%ﬁaﬁd&??ne@lﬂ:Wu—ophlfciatfé aﬂgfmﬁat . no.

P-0275) ,,Jhe f ol ' - - Jil ; i i2f cardibByssgay
corrponefw‘%lgf:f“ ’ 6‘ Oggﬁ%ﬁﬁﬁgébﬁn@lpgé @60%3%@%“‘%%&8@55 mg/ M BSA,
10 M ATRyfeltr@pli, répaffudioRigphemiae sitdkicoon baldnesy coinppising t@ sfemof , and 1-2 units
of reconbi nant human Lck kinase. In a typical,. ass ~all the reaction
conponeABINFITE tpﬁd’aé‘iﬁtéﬁtn??fﬁﬁ’@@o ?@Wé&én (ffefgW@éS- and aliquoted into
assay plate wells. Inhibitors—di{ssolyed in DVSO were added to the wells to
give a final DWVSO concentratd on of %o assay plate was incubated at
30 Cfor 10 min before initiatifg - ith 33P- ATP. After 20 mn
of reaction, the reactions W i 50 | of 10% trichloroacetic
acid (TCA) containing 20 nM Na3PO4. The quenched sanpl es were then
transferred to a 96-well filter plate MWhatman, UNI-Filter G-/ F d ass Fi ber
Filter, cat no. 7700-3310) installed on a filter plate vacuum manifol d.
Filter plates were washed four timesIwith 10% TCA contai ni ng 20 niM Na3PO4
and then 4 hi nmes vmﬁtaﬂ rreteagggel. iEOI £ 9 scintillation fluid was then added
to eachOh@Ppampgeantigaly acc RUIPLELNECEHE anount  of radioactivity
assocl ak@%w it Bn bPforfailly s86HNBE 5 MiRBhbére@ padiiully ubepGaRiat osfolipt i | | ation
counter. e radioactivity incorporated was plotted as a function of the

i nhi bi t or voestererediring leyingithd heterepterms indppandantihselecteshis @M NFREED; nhi bi ti on

Kinetics nodel to the Ki_.fgk
BT Uso3/ 098580 B iprang st %éf%@‘?ss?ﬁ@%é@{” ﬁ"éﬁ% &7 %‘}r/&t??{:aﬁgsg‘g%@m[t Boo6] The
ADP pr oducegtufeinpAERIYinbdteratedras full proatirated 5-8 membkéminshaving0-§ z ed

heteroatoms independently selected from nitrogen, oxygen or sulfur;

Ring B is an optionally substituted 5-6 membered ring having O to 4 heteroatoms,
independently selected from nitrogen, oxygen, or sulfur, wherein said ring has a first
substituent, -N(R'),, in the position adjacent to the point of attachment, and is
optionally substituted by up to two additional substituents;

W is selected from nitrogen or CR* and X is selected from nitrogen or CH, wherein at

least one of W and X is nitrogen;

R! is selected from R or Rz;

R? is selected from -SO3R, -SO,N(R),, -CN, -C(O)R, -CO3R, or -CON(R)z;

R is independently selected from hydrogen or an optionally substituted group selected

from Cy.¢ aliphatic, a 3-6 membered saturated, partially unsaturated, or aryl ring

having 0-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or:
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phosphoryl ation of poly G u-Tyr substrate was quanitified using a coupled
enzyne assay (Fox et al (1998) Protein Sci 7, 2249). In this assay one
nol ecul e Wb oBIB&AA29 s oxi di sed to NAD for every nol ecul e ofPCADRopoBEUCed in
t he ki nase reaction. The di sappearance of NADH can be conveni ently

fol |l oned at 0 I I i onponents
with the excg‘ggﬁ;ﬁb%és Oill%LSérﬂeﬂﬂ h?uae a}%’?ﬁ@ ﬂzli |Vlé|llt}§)?§ In obggsgy pl at e
wel | s. | nhi bi t othsreth oFoi ad-7 meﬁﬂﬁﬁwmaocwﬁdedhéterow‘;é ringlhlagingd-4i ve a
final DMSO concentration of 2.5% The assay plate was inc ﬁ’gted at 30 C
for 10 min bef oherPHPER Adengndandy selgeierd Hmvﬁl REeL OXKEARTHE S absor bance
change he rate of the reaction, was nonitored on a
nmol ecul ?rslgéelé\??dgéas%rfjgg%a]aie{f The data of rate as a function of the

i nhi bi t @ris amatune@basraitormn optiendliyt ubstitieddappiyliténcechanhi bi tion kinetics

nodel for he coppound. 0098 The foIIo cO unds were
shown tg' g&\}’é CRCK| OIESlforI 15t Alkyjfleng e %P cin %‘B%H&F gjr“étsg’g rB%pond to
t he conpou )-0-1-HP6NR S5 8, ;
A %g@ﬂ%lﬁgéﬁd nid fﬁ%eﬂét é}g%&ii%g 0-; 55 NR-5INRCIORS.NRC(O)NR-,

1- 96, 1- 104,-OCIONR-, *CO1--CLF-, -NRQQB, -Q(ﬁ)dNR- lSQzNBeGQQSQAmqre we have
descri bed })@m of .enbodi nents of this invention, it is apparent that
our basic ﬁ’é‘} be altered to provide other embodi ment s whi ch

utili ze Rthesaenmmrends -RNGaIetihRds, picN.hi s invention. Therefore, it will be
appreci ated that the scope of this invention is to be defined by the
appended clains rather than by the specific enbodi nents which have been
represent ed R . claim

1. A nethod %r er%é%{lofgl%%npdﬁ%tos(g%mxg @ﬁ%&g%\/@gA g{l H EQ&{C?QI ggggseu,tmg?sor der,
or congingiseRcee el &€ gteppoabistngyf thasslluvEing fingi)&tl&sugtﬁkz hei mer' s di sease,
Huntington's disease, Parkinson's disease, Al D -associ aj ed denenti a,
anyot r ophi_c_| ease), multiple

scl erosi

) ~scher os] g

¢ c t r ophy,

@ 1 i $i he step of
adm ni st &xi At ) { ogforrmlal:WAI

reper f ug
B X\ 3

b c d e f
CL XL O
N\ é N§N N\ JJ" A g ond \N é .

g h i J

3. The method according to claim 2, wherein Ring A is an optionally substituted

benzo ring.

4. The method according to claim 3, wherein said compound is of formula Ia or
Ib:
NHR’ NHR'

<3 OO
(A ( /

R® or
Ia Ib
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or a pharmaceutically acceptable salt thereof, wherein: Ring Ais an

optionally substituted 5-7 nenbered, partially unsaturated or fully

unsat ur atwo osioeg2havi ng 0-3 heteroat ons i ndependentl|y sel @Crabo$/o3sas

ni trogen, oxygen or sulfur, and wherein Ring Ais optionally fused to an

optional |l y .substi t.ut.ed rtiaIIy unsaturated or fully

unsat ur 3t %I&h W\i‘ﬁ%}gymf?ﬁéﬂ g%‘/l?ﬁigr -3 heteroatons independently sel ected

fromnitrogen, oxygen or sulfur; Ring Bis an optionally substituted 5-6
menbered ring havi n 0O to 4 heteroatons, _independently selected from

ni trogen gg$h6 oglmcmdmg\m.ﬁlra@pﬁ $HPWIYing has a first substituent,
N(RI)2 to the point of attachnent, and is

opti ona eﬁ‘%fi%f%ltl C%b%jloﬁlto t&b addi ti onal substituents; Wis sel ected

from nlk?fsgserectwffammldoi(u& sel ected fromnitrogen or CH, wher ein at

| east one of Wand X is nitrogen;, Rl is se|ecte romR

sel ect ek 1f 7 galencsgrrd or g&anERyideneghain whespr am@%ﬁ'kneblfut og:éﬁf Q;)téonafgyl s

i ndepende Y y ENNRR)-2B thl onal Iy substituted group

sel ected r}%é%cme%@fg(? i I@mﬁ dé@ 6Nr$e e]f ed’saturated, partially

unsat ur Rt1eﬂydmgeramydn dptmgall;tmxbsﬂﬂgtdﬂ -grouetedgotat fooms Gmdhpbmbeﬁtﬂ y sel ected

fromnitrogen, g%g sulf or: -70 \é\gﬁoy 06 %I’,%USOC% 036%55 t wo
R groups JRe® o,quly]ol&é( hPE?R%"ﬁOPP% PEBEE bound

thereto tQq érfno‘f'ls@lflzr ?Werﬁ??'b?g St@ﬁl%ﬁf%ﬁéﬁmefér@irylh%geﬁ@%{g’i 4rﬂef@0£ﬂams ng 1-4
het er oat ons “i nde enden Sel ected fromnitrogen, oxygen, or sulfur; R3is

sel ect ed fmdnpeifdc(ﬁﬂycsalel:te&;from nitrogen axpgrye ob a1 rondan optionally substi t ut ed

Cl 6 al yI i gene C L.is a val ence bond or a Cl_4 al kylidene chain,
wher ei n etﬁ;‘la@ne units of L are optionally, and i ndependent ly,
repl aced by -0-, -S-, -NR, -NRC(O-, -NRC(ONR-, -OC(ONR-, -C(O-

-C02-, -NRCO2-, - O NR-, -SO2NR-, - NRSOZ- or - NRSO2NR-; ?nd R4 i S,
sel ected frofn Themetins ascorflingdp clafmdywhereinpaid disersds sleSeHIAR to clai m 1,

wherein || uted ring selected fromthe group
consustfiﬁéeo?é}lﬁﬁe‘ @%agé%rrusﬁlag‘%ﬁ%%ough ki /N NNV LT NI IT

7. The method according to claim 1, wherein said disease is selected from

transplant rejection, allergies, theumatoid arthritis, or leukemia.

8. The method according to claim 7, wherein said disease is selected from

transplant rejection or rheumatoid arthritis.

9. The method according to claim 1, further comprising administering an

additional therapeutic agent either as a single dosage form or as a multple dosage form.

10. A method of inhibiting GSK-3 or Lck kinase in:
(a) a patient; or
(b) a biological sample;
which method comprises administering to said patient, or contacting said biological

sample with, a compound of formula I:
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NabCdef NNand N g hi j k 3. The nethod according to claim 2,
wherein Ring Ais an optionally substituted benzo ring. 4. The nethod
accor di ngwom3ob@em 3, wherein said conpound is of fornul a°PCa/usn3/odehs NHRL
NHRL N a NCl10 a N)-t RB3or Re lalb -71 WO 03/066629 PCT/ US03/ 03655
or a pharmaceutically acceptab saltv\;hereof. 5. The method according to
claim4, wherein: Rl is sel¢ f+0 R, SII or -C(OR R3is selected

fromT-CNor L-R, L is a valencA b ov—a—&1 Bt jal kyl i dene chain wherein a
met hyl ene unit of L is optioRally epl/aced B C02-, -C(ONR-, -C(O-,
-N(R)-, or -0-; R is hydrogen ﬁii onal |y substituted group sel ected
fromCl_4 aliphatic, 3-6 nenbered hetearoocyclyl having 1-2 heteroatons

i ndependent|y sel ected from nitrogen, I3)xygen, or sulfur, phenyl, or a 5-6
menbered heteroaryl ring having 1-4 heteroatons independently selected
from nitrogen, oxygen, or sulfur; and T is a Cl_4 alkylidene chain. 6. The
net hod @RI callyzacaeptablopalt theisob avhereinsease i s sel ected from

ch abet espin ERGH TRt off] 8888eadl ARMIRARNEGRLAY hsorHigg FPRIGY according to

claim1l, erein sal sease 1S S rom- transpla ection,
al | ergi es, usetwnmtdriog aatihg D3 leterogtohs ukdxpeadently sdleetedfiohonitragagr di ng to

claim?7, wherein said disease is _selected fro transpl ant rejection or
r heumat oi d HPEAR P %@g‘r@nﬁ*ﬁ%ﬁwt B& e es?am%rﬁl%?dépépﬁp@?ﬂ%ﬁpﬁ%}w@g

conpri si ng @ikl SfefidIRBurRBturated or fully unsaturated 5-8 member ring having 0-3
heteroatoms independently selected from nitrogen, oxygen or sulfur;

Ring B is an optionally substituted 5-6 membered ring having O to 4 heteroatoms,
independently selected from nitrogen, oxygen, or sulfur, wherein said ring has a first
substituent, —N(Rl)z, in the position adjacent to the point of attachment, and is
optionally substituted by up to two additional substituents;

W is selected from nitrogen or CR* and X is selected from nitrogen or CH, wherein at

least one of W and X is nitrogen;

R! is selected from R or R2;

R? is selected from -SO2R, -SO,N(R),, -CN, -C(O)R, -CO3R, or -CON(R),;

R is independently selected from hydrogen or an optionally substituted group selected
from C;.¢ aliphatic, a 3-6 membered saturated, partially unsaturated, or aryl ring
having 0-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or:

two R groups on the same nitrogen are taken together with the nitrogen bound
thereto to form a 3-7 membered heterocyclic or heteroaryl ring having 1-4
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

R? is selected from T-CN or L-R;

T is a valence bond or an optionally substituted C;.¢ alkylidene chain;

L is a valence bond or a Cy4 alkylidene chain, wherein up to two methylene units of L are
optionally, and independently, replaced by —O-, -S-, -NR-, -NRC(O)-, -NRC(O)NR-,
-OC(O)NR-, -C(O)-, -CO,-, -NRCO3-, -C(O)NR-, -SO,NR-~, -NRSO,-, or —
NRSO,NR-; and

R* is selected from L-R, -halo, T-NO,, T-CN.
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addi tional therapeutic agent either as a single dosage formor as a nultple
dosage form 10. A nethod of inhibiting GSK-3 or Lck kinase in: (a) a

pati ent; WO 03036629 bi ol ogi cal sanple; which nmethod conpri s@€TaANI/OE653 er i ng
to said patient, or contacting said biological sanple with, a conpound of
formula I: -72 03/06@2 gr/USO 03655 WDA\N B (:CX\ 3 or a

phar maceut i c 14 CoRpaptdg farmyp da ‘eof, wherein: Ring Ais an optionally
substituted 5-7 nmenbered, pammrally unsat urat ed or fylgky unsaturated ring
havi ng 0-3 het er oat ons |ndepe dently selected from ni tro en, oxygen or

sul fur, and wher ermR1I jionally f ed naI |y substituted
saturat ed, parti @ ) ted or full y tu
havi ng 0-3 het ervatons J:Ldent ly sele ol

menber ring
gen, oxygen or
sulfur; Ring Bis an opulonal y substltuted 5-6 yenbered ring having 0 to 4
het er oat ons, independer®’ly sel ected fromnitrogé&h, oxygen, or sulfur,

wher ei n said ring has first substituent, -N(})2, in the position

adj acent to the point of attachment, and is optionally substituted by up
to two @ﬁﬂ@ﬁhﬁﬂﬁhﬁsﬂh&&kqmdMBsﬂiWkkwﬂsdkedned fromnitrogen or CR4 and X is

selected, fromnitroge t on Xis mtrogen

RL is sRINgch Befnsg P%Tﬁb?»“b@étu"eﬁg] 7 o 883@&’%{153%63{5‘1 N(R)2, -CN,
-(OR - CQ%% 0- ﬂlétéroht%ﬁféﬂﬁ Aldnvlyseleert €ebri mmmsghydr ogen or an

optionally su usrét‘)tléct1 altggﬂgg?l%up sel ected ?&g%m Cly al i phatic rrber ed

sat ur at ed, opygenioa Blhlﬁurumghwhﬂamé&mg dx lsalpypnirlb’n@se%@\ﬁnr@tl@n@lwgﬂ Y

i ndependent | ec fro o R groups
on the sanﬁa%‘ifﬁo%helisfgnstagi{% %%yuggﬁém&?%%ﬁénm Jrr(ll)lizg h%m nd thereto to
forma 3- 7hé@féﬁ%&qnbﬁi&ﬂgﬁwwﬁté&rﬁdﬁﬂhﬁfo(gan,ydxygemgr mﬁurng 1 4 heteroat ons
i ndepend ntlf/ sel ected fromnitrogen, oxygen, or sulfur; R3 is selected

eL

from T- tefrom ReorRval ence bond or an optional ly substi t ut ed Cl 6
al kyl'i dgne Al from -SOR, -SO;N(R)2, -CN, -C(O)R, -CO2R, or -CON(R);

R is independently selected from hydrogen or an optionally substituted group selected
from Cj.¢ aliphatic, a 3-6 membered saturated, partially unsaturated, or aryl ring
having 0-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or:

two R groups on the same nitrogen are taken together with the nitrogen bound
thereto to form a 3-7 membered heterocyclic or heteroaryl ring having 1-4
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

R? is selected from T-CN or L-R;

T is a valence bond or an optionally substituted Cy.¢ alkylidene chain; and

L is a valence bond or a Cy.4 alkylidene chain, wherein up to two methylene units of L are

optionally, and independently, replaced by —O-, -S-, -NR-, -NRC(O)-, -NRC(O)NR-,
-OC(O)NR-, -C(0O)-, -CO;-, -NRCO»-, -C(O)NR-, -SO2NR-, -NRSO,-, or
-NRSO,NR-;

provided that said compound is other than one of the group consisting of:
4-[1-(4-Chloro-benzyl)-1H-benzoimidazol-2-yl]-furazan-3-ylamine d-1);
4—(1-Prop-2—yny1—1H—benzoimidazol—Z-yl)—furazan-B—ylamine (I1-2);
4-(5-Methyl-1H-benzoimidazol-2-yl)-furazan-3-ylamine 1-3);
4—[1-(2—Chloro—6-ﬂuoro-benzyl)—1H-benzoirnidazol-2—yl]—furazan-3-ylamine I-4);
[2—(4—Amino-furazan—3-yl)—benzoimidazol—1-y1]-acetic acid (I-5);
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L is a valence bond or a C1_4 alkylidene chain, wherein up to two nethylene
units of L are optionally, and independently, replaced by -0-, -S-, -NR-,
-NRC( O - ,WONBRG(@OINR-, -OC(ONR-, -C(O-, -QC02-, -NRCO2-, PCT(USHIB3655
-S2NR-, -NRS2-, or - NRSO2NR-; and R4 is selected fromL-R -halo, T-NO2,

T-CN. -7 03/ 066629 PCT/ 3 compoygnd. of formula la or I'N
NHR NHR % ﬁ\éoﬁ g’@ﬂm rﬁzagghﬁgggﬁéo%%ﬁ%%ﬂaﬂ&g dé%tr a B(Ea%s maceutically

accept abl Q-@aﬂ’ﬁop?lhﬁﬁ%@ﬁzoiﬁﬁtﬁk&i—myl)%Maﬁ?aiyﬂarﬁiﬂe(lébﬂ);onaI |y substituted 5-7
menbered, partially unsaturated or fully unsaturated ring ving 0-3

het er oat ods[l-@fePidniantbeyzyd kil Hcheagoimigaroh i bgawan-3o ) gane gpss ul fur, and

wherein R ng A.is optional fAISAC 3 j 1bl.y substituted t t ed,
parti al l y4 ﬁ_s‘gllﬁf]aﬁg)anzé)rn%fdﬁ?lyf3@?&#&?@?6@%@@%%& risnlg Ea\?i ngsg- gra ©
het er oat ons[1ideRERUBAIAY))- H&beideidazoR2-§l]tiungen3-ydayger-d0);sul fur; Rl is
selected fromR or R2; R2 is_selected from-,?OZR, -S02N(R) 2, -CN, -C(OR,

- CItJZR Flr 4—-@dﬂQR})2y1‘ﬂqi@nﬁ%@éb‘éﬁ]d%ﬂl)r@‘ragéﬁl‘é@t %‘HmF’r(B'i?)riydr ogen or an
optional |y, subs K O el 3ahihhatdap).a 3-6 menbered
sat ur at ed,4 @a&f&g}q%g%h@ﬁﬁgﬁgﬁﬁ%@qglr%IWPPiung ﬁ?\}i ng élgz ’2t er oa?gmsere
|ndteﬁendeqnl(yfﬁfxmrﬁcﬁlﬁiaﬁ-BQﬂ)l;béxtzbhgidazoldxylg‘amtommls(11-1131);, or: two R groups
on e same nitrogen are take ether wtht ni t b th t
forma 3- ﬂ'%%?@@@@éﬂ%@é’ﬁrM‘anmlgﬁﬁ%l%Vﬁ'&P%m%g%ﬁ%&n%ﬁl}%)ﬁet :; gat(:) oErg
I ndepende'11?-t1¥£2_?z§hﬁ§_ﬁ&%bé1{z9f)1m—w@ﬂ%ida%m?n,fuﬁ_&axsglyﬁﬁmne@1'5)§ sel ect ed

fromT-CN o T'is a valence bond or an optionally substituted C1_6
al kyl i denet-phé,fDicra otbensyly 1Habemoinidarad2a¢1]-furerpns-Hlapying delfd; chain, —

e B YL b 3 I 975 o
-002-, A MRGRRe 119, O NR, - SC2NR-, -NRSCR-, or - NRSO2NR-; ’

4-(1H-Benzoimidazol-2-yl)-furazan-3-ylamine (I-18);

2-[2-(4- Amino-furazan-3-yl)-benzoimidazol-1-yl]-N-(3 A-difluoro-phenyl)-acetamide
d-19);

2-[2-(4-Amino-furazan-3 —yl)-benzo%nﬁdazol—1-y1methy1]—benzonitrile 1-20);

2-[2~(4-Amino-furazan-3-yl)-benzoimidazol-1-yl]-N-(2-trifluoromethyl-phenyl)-
acetamide (I-21);

4-[1-(3-Bromo-benzyl)-1H-benzoimidazol-2-yl]-furazan-3-ylamine (I-22);

4-[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-yl]-butyronitrile (I-23);

4-(1-Ethyl-1H-benzoimidazol-2-yl)-furazan-3-ylamine (I-55);

2- [2-(4-Amino-furazan—3-yl)—benzoimidazol—1-yl]-N-(2—ﬂuoro—phenyl)—acetamide d-
61);

4-(1-Methyl-1H-benzoimidazol-2-yl)-furazan-3-ylamine (I-62);

2-[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-yl]-N-biphenyl-2-yl-acetamide I-63);

2-[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-y1]-N-(2,6-dimethyl-phenyl)-
acetamide (I-64);

2- [2-(4-Amino-furazan—3—yl)—benzoimidazol—1—yl]-N-tert—butyl—acetamide (I-65);

2- [2—(4-Amino-furazan-3-yl)—benzoimidazol-l—yl]—N—(3—ﬂuoro-phenyl)-acetamide {d-
66);

2-[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-yl]-N -(2-fluoro-phenyl)-acetamide (I-
70);
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vided that said compound is other than one of the group consisting of:
1- (4- Chl oro- benzyl ) - 1H benzoi m dazol - 2-yl ] -furazan-3-ylamne (1-1);
| - Pr opwD-0gt09d624 H- benzoi m dazol - 2-yl ) - f urazan- 3- yl am ne PCTARP3I/03655
5- I\/bt hyl -1 H benzoi m dazol - 2-yl ) -furazan- 3-yl am ne (1-3);
4

6f|uo I 2-yl]-furazan- 3-yl am ne
C? @ﬁgﬁf’?‘%mﬁ %XBYL{ ztﬂ%‘%@ﬁ %%r‘lm&%goﬂ 1-yl]-acetic acid (1-5);
03/ 19666 ?—@tlﬁ@ﬂ-@&&bﬁﬁﬁ%l& ~yl)-furazan- 3 -y11-2,2,2-trifluoro-acetamide (I-72);
- Am no- furazan- 3-yl)-benzoi m dazol - &1 acetam de (1-6);
y

op -2+l BebengpimidezpbR-yh-phonytlracaamdsUyl R i ne (1-7);

6 3-yl am 1-8);
o B SR AL A PER OB e pa T g Syt am ne (1-8)

I\/Htrl[yll(iFﬁ%ﬁbﬁm&&big@%ﬂ{spm@ﬂa%b&ymhﬁda; (@78xamd3- yl ami ne (1-10);

opr.opyl - enzoi m dazo urazan-

2 E/éﬁﬂ%(lﬁ‘éﬁa?m? IHI%&%%ﬁlml%a&%? Yh-Rprgzany é?/ a?Pt@*iﬂF in%’e (1-12):

Am no-furazan- 3-yl)-benzoi m dazol -1-yl]-acetonitrile (1-13);

1H Tetrazol - 5-yl net hyl ) - 1H benzoi m dazol - 2-yl ] -furazan- 3-yl am ne
4), 4- [ 12( Thé ctmpbindracbending tp-cldinbldnwberimdazol - 2-yl ] - f ur azan- 3-yl am ne

1 %3R41ﬁeé?ﬂt%féorﬁ§ﬁz§/@9Rm9%| m dazol -2-yl ] -furazan-3-yl anine (I|-16);

- [2 (ﬁMgwg téd&"r@rﬁqncﬁlorl—k benzoi m dazol - 1-yl ]
N ( -d| OoXy- yl)- acetam de (1- 17);

H- BErig alvaledaebdmdz;r)ﬂl Orfalidiiene ghath swiiereen § mettgjenemjint 4is aptioralur azan- 3
- benzoi mj dazol -1 | ) - acet am de 1-19
- (4- AERIBE "r‘ﬁ'?% %@en?gﬁn ﬁ@gr%ie@?/nét hyl ] - benzonl(trl I)e (1-20);
2- (- AMyBRgEM bﬁirﬁ@ptﬁ)naﬂ'ﬂf Bubsﬂtlﬁéﬁlglbg’p sagnbd ﬂro1y1|(]11 .4 aliphatic, 3-6
2-trifl Goronet hyl - % - acetamde (1-2

3- Brmnmbbr@dbyﬂe;ocmy 5t h%oatm lu]dep%ndﬁgtém@@%ﬁ?%ﬁpwemt@g%)

- (
4- A fur Z i 4-(

h§| TRt AR B, oA pELRER el il WA 4 gferbdord)
4- Ami nigdépehde@hy stlecidd)frdie nizmigon daxgen, Zbryllll]fur and
2-fluoro-phenyl)-acetam de (1- 61);

- MetlHy R-Gi4- $§t#ly ol - 2-yl ) - f ur azan- 3-yl ani ne (1-62);

- (4- Ami no-furazan-3-yl)-benzoi m dazol -1 -yl ]-N-bi phenyl - 2-yl -acet am de
3);

—~~
A

P

Nﬂ

HHHAHH}—H—\»—\HN
a1
U)-h

"<
——~

Ve 7

’“l\)-h"_‘H-h-b' NN ! -b-' I\J-b’“"-h';‘-b-h-h-bbhl\)"‘bh-bb'o
DN RS TN R Y

HI
1 1~

13. The compound according to claim 12, wherein:
R! is selected from R, -SO,R, or -C(O)R;
R is hydrogen or an optionally substituted Cy.4 aliphatic group;
R? is selected from hydrogen, -CH,CN, -CH,C(O)NH,, -CH,CO,H, propyl, -
CH,CH,=CHy, isopropyl, -(CH;);CN, -CH,OEt, -CH,CF3, isobutyl, cyclopropylmethyl,
-CH,CH,N(Me),, -CH,CH(OE),, ethyl, -CH,C(O)NH?-butyl, or an optionally substituted
benzyl or -CH,C(O)NHphenyl group; and
any substitutable carbon on the benzo ring is independently and optionally substituted
with chloro, bromo, methyl, -CF3, nitro, #-butyl, methoxy, -CO,Me, hydroxy, amino, or
-OCH,CN.

14. The compound according to claim 11, wherein said compound is selected

from the following Table 1 compounds:
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2- [2-(4- Am no-furazan-3 -yl )-benzoi m dazol-1-yl] -N (2,

6-di met hyl - phenyl ) - acetam de (1-64);

2- [ 2- (4- AxDrgbaseazan- 3-yl ) - benzoi m dazol -1 -yl ]-N-tert - burgrAmoz0zmss i | de
(1-65);

2- [ 2- (4Amno=furazan-3=yt)=benzormi dazol -[L-yI' [ - N- (3-fTuor o- phenyl ) - acet am
de (1- |6%9.]I- Structure J:No. I- Structure

2-[2-(4- Ami no-furazan-3-yl)-benzoi i dazol -1-yl ] -N-(2-f| uoro- phenyl ) - acet am
de (1-[70); -7 WO 03/ 0666%%1 PCT/ US03/ 03655

2- (1H Benzoi m dazol - hl or o{phenyl am ne (1-71) ;X

N-[ 4- (1- Et hyl - | H bgfz oy Triyda N2 yl) -furazan-3_3KN -2 2, 2L i fl uoro-acetamd
e (1-72); IN-[2-(1 mMazol - 2-yl3- phenyl j eil-??));

N-[ 2- (1H Benzoi m dazol - 24yl ) - phenyl|] - pr opi pnai Rhete~1- 74y

N-[ 2- ( §H Benzoilm dazo yl)-phenyli]-i sobutyram de (X-75); and

N-[ 4- ( 4- Cyanonet hyl - enzoi m dazol -2-yl ) furazanygB-yl]-acetam de (I-76).
12. Theg compound acc ng to claim 11, wherein: NRl is selected fromR,

-S02R, |or -C(OJR, M8 is selected fromT-CNor L-R, L is a valepce bond or a
Cl 4 allkylideng chain wherein a netthylene bnit—oftLi+s—-optioenally replaced
, ~C(ONR-, -C(O-, -N(R-,} or -0-{ Ris hydrog#¥n or ap optionally
substitjuted group selected fromCl |4 aliphatic,~8<6n nenkered heterocyclyl
havi ng (1- 23het ¢r oatcoms i ndeg&fdent Ily sgl ect ed @ ni ep, oxygen, or
sul fur,| phenyl | or het eroaryl rI{ |ngNI 4 het er oat ons

i ndependent |y sel ect nN rbgen, oxygen, o suI bur; and T|is a Cl_ 4

al kyl i dene chaifn. 13. heHcorrp%und according to ga(m 12, wherein: R is
selected fromR -S2R, or -C(OR |R is hydroge @ optionally
substitiuted Cl1|4 aliphatic group; R3 is selected om hydr ogen] - CH2CN,
-CH2C( Q) NH2, - CH2COR2H, propyl, - CHPCH?=CHP,  isopropyl -(CH2)3CN, -CH2OCEt,
- CH2CF3, i sobutyl, cycloprg%tﬁ/l met hyl , - CHRCH2N( Me) 2, u,8H2CH( OFt) 2, et hyl,

@y
<

1
-8
L2

- CH2C( Q) NHt - but|yl onal Iy substituted ~henzyl x - CHRC( O NHphenyl
group; land sany subj@ THrbor on6t he beni nY—4 I ndepeéndent |y and
optional ly substit 1 t hyeRl orq, bronmo| nethy N CF3y-Ri tro, t-butyl,
met hoxy|, - CO2Meg, hydroxy,\) am no, or
HO %
e} NH,
H,N
N A\
NG S b
N w0 R N
cl
H,N
H,N N s
N i N i
O |
N N0
\
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-OCH2CN. 14. The conpound according to claim 11, wherein said conmpound is

sel ect ed

PCT/ USO3/WB®3/6666MD. | -
N NN d H2N 3 H2N 4 oc:

fromthe follow ng Table 1 conpounds:

Structure No. |-

-76 WO 03/ 066629

Structure H2N H2NPCT/US0903853
CNCON VI O

a\ \/ N—N-N-—N—6—HO4—0o~0—NH2—H2N h{:i\il\ll-l\l Y R
N N N Nod- C1 H2N IStMchire 10 NCO Nb.N- ~0 Structure
H,N
H2N N S
’ @E%—(&N e | O
4 N N7
-0
cl
N H,N
N N\ =N
oy e | o
N\ _o N N~
N N
/ H’N—e
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N \N/N
H,N H,N
N —
Q<7 Segs
15 N N0 16 X N—C
c1
cl
cl cl
H,N
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N N—O H,N
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o~ s <
N N~
NH N
A~
~0
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-77 WO 03/ 066629 PCT/ US03/03655 No. |- Structure No. |- Structure H2N 11
H2 NN12 1 , NN aNNCOd H2N/ NH2N 13/ I N14\ I op NN NN
HN N NwWON3/066B2N HZN N NON NN \>\ 15 N N O 16 NOPCI/US03/@bhsCl C

H2ZN OCN N 17 NOHN o 18 aNNHN H /p 'O -78 WO 03/066629

PCT/ USO8/ 03655 T No—t=Structure Nop—t=—Stmucture HZN
No. I- Structure No. I- Structure
H,N HN
N ~x N
L S ga sy
-0 |
N N \ o
N N~

19 0¥ 20
NH
F \Q =N

21 22
O¥
NH
Br
%% 8

H,N
H,N N\>_2§1;1
23 N\ 24
N -

V H,N
N
25 \>_£§1f 26 N\>_8§N
N N’O \N
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>4- N NONNO 190 20NH F\ N FHN NNHN NN 21 NNOa 22
Ck FFHN HNOCN NNNO 23 NNo 24 0NH NCO\ F
-79 WD 03/ 066629 PCT/ UB03/13858I55 No.

O O NH Br

HZN HZN NvP93abéckh 26 N N O N NO O
Structure 27 H2ZN 28 d N H2ZN N/ N

Structure No.

No. I- Structure No. I- Structure
H,N
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No. |- Structure No. |- Structure HZN / N N H2N 39 40 02N <): NN\N Np
'\ N p NNNC od HN41 CL1 N42 H2ZN / I V' A\~ N\ - N d NNNNO
HNC O HENoB@6é62943 / | \ i 44\ \ NNNNO HHHN o HPRNTABOMN3M%SS\0 / |
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No. I- Structure No. I- Structure
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p NN N\ NOHI -81 W 03/066629 PCT/US03/ 03655 No. |- Structure No.
|- Structure HZN HZN 51 / NN 52 9,-N4 N \ NN~ NNCO HCN OH H2N 53 \
N N 54 \ wo\3odb29/ N WO N N -0 N H2N NO2 H2N 55 / N N 5&C/ushs/osebs \ N
NNCO NCJ" N H2N 58 57 2N NiOIl \ \~ N NNNNo H~N 59 O/ N H2N N

60 O/ NHZN—ITNNCOONNECO—HHT-82"WOT03/ 066629 PCT/US03/ 03655 No. |-
Struct uf NoNb- |} St r ucStimeture No. I- Structure
H,N

N
l: I V—(KN
N\ /[ H,N
61 N n° 62 2

63 NOF 64

65 N N’O 66
(@]
0:8 NH
A<NH
F
H,N 2N
67 2 68 XN =N
XN, <N | \ A\ |
N/ N N’O N >
H NC
H,N H,N
69 2 70 N
O o
I\N/ N \N’O N
H Cl

-83-



HZN N \>--] ~V- | NNCOH2N 61 62 N O\ NNCO NHOF HZN H2ZN N --~\ \
\AN.O\V VI 63 NN64 NNCO OONHNHHN HNNN aNIl N\ N\ NCO 65

N\ N O 68003/0606MH NH F H2N 67 H2ZN 68 NN CXN N N N N NPNTXUSBB/NG5F 69 H2N
70 HZN IN N N O

No. I- Structure No. I- Structure

F
HN H
71 72 ;}\

cl

73 m}: ° 74 ©:2\>—Q
) H

N L
s | OO | -
N
H
N

H,N
N v R RENe sy
v 0x
N N \ N/
) H
NC
H,N
79 o " Ny
=N
A\ A\
©:N N\t @EN }\T_/)
u H
H,N H,N
N
Hles2vlRNNes2v
N N
NC) NC)

-84 -



NNNHOG -83 W 03/066629 PCT/US03/ 03655 No. |- Structure No. |-
Structure OFF H2ZN 71 N72 HNF N-NNNO d N \ N 73 HN74/ \ /
\' \ HHNwNoBlog@e® | / \ >\- 75 76 HN . NN N H HN\ N N ~@CHNUSoMN55-H2N 77 N

78 cLN>t N HNC 79 HZN 80 HZN N CNNONNHN HH H2N H2N 81 cc N -
82 N

No. I- Structure No. I- Structure

=0

H,N
83 HN 84 N /N
N A\
N N= H
e

H,N

HN o
\ N \N e} 2
| W' - NS
85 /\[,l N © 86 N\ \_ N
\ \ﬁ

N

H\ | H,N
87 '\{ — 88 0 N -
¥ ess
H 0
| Loy
/
HN
) N
H,N \ /N
: . | OOHY
Co-Cr f
N =N
H 4
N/
i 92

91 _
COCi
N =N
H

-85 -



\' / N\ / NCNC

-84 WO 03/ 066629 PCT/ US03/ 03655

Structure No.

| -
N/ 2N NN

H / N NEOr/useh3esiN N N

No. |-
Structure x2 C84 HZN 83 HN! aN\ / I V' / \N N- H NCH)
C /N 85 iwpd3meds®d |1 \ "H\ Nx NNH2ZN 87 N 88 N H
89 NOO CCN | H~/ NHH2N 91 Nx2/ 92/ I \ N

No. I- Structure No. I- Structure
H,N H N
—N FyC N -
93 \ 94 \©:\>—<\ |
H H
N, HN
N
@i\ N N>_2=N
N
N _ K N;%
95 w/ 96
\e cl
N LT v
$8sy, OOy
N
NT¢LNH 08 N NfékNH
97
CI«& \H cl S
Q
N\
NH, N,
N N
@[%N @[\H{g”
N N
) e
99 Ci 100 cl
0

- 86 -



\

| -
O
N
No

\' N Ni

N H NC

-85 WO 03/ 066629 PCT/ US03/ 03655 No.

Structure

N/ NN-N \

(

98 NECTTIS03/3658 - | |

No.
~N N
N 2

Structure HZN H2ZN F C 93 JI 94 3 1 NN NNHH I-
N 95 9oowdalo3/oenehd N-t Nt \ | N/ I \ N NNO97 C
aN NI NI /N N/ d 99 Cl 100 d /0 -86 WO 03/066629 PCT/ US03/ 03655
. |- Structure—t—No—t=—Structurge O FIriN-T=N-KK
No. I- Structure No. I- Structure
o)
i HN
AN
N™R N
N b \ \\,N
O
N
101 Y NS 102 a
HN HN
b & O
\ | (N
N NO N nNO
103 104 ©
P Cl
HN NH,
N N
O gia9,
Y |
N
105 " 106 N “KKLM
e
g
N HN
N N X
CE% Oy
N’O N N’o
107 Z 108 4
NH
b

- 87 -



NON / I\ N(:~NNu 101 a Ntv~ 102/ I FINHLNN CNN()~NNN Nu
W 103 i | 104 1/ ci Fl N NFb NN 105 NNCO 106 N \ NN NI / \ \
N-O N 10wojoBlodds29 N-o / | NI HO -87 WD 03/066629 PCT/ UBC3/1388&#55 No. | -
Structure No. |- Structure ZNFi N N NN / N Nu O 109 110 (:~N N M

~ O NNNUO/ I\
No. I- Structure No. I- Structure

(X

z
3

ZZ
%/%
O—=
~Z
%/%
o~z

109 %8\ 110 %g\ N
N,
N, ~0
N>—8§ ~o
3
N N-O
111 112 )
Ol
\-0
A N N

N

L2
%/%
O_
—Z
Rl
l
%/Z
Oo—=

N N- N N~
113 ) 114 ’D\<
NH,
HN H
N N N
O3y Sey
) ok
115 116

Ki/z
—2X
RN
z

- 88 -



111/ 1 112 NN NNNO FIZNgNI NNONNN \ ONCO NN 113 114 RN
FN NNN / Nr-0O 115 116 Ni N N -88 WD 03/ 066629 PCT/ US03/ 03655 No. |-
St ruct ur ewB®3/0666286t ructure N1 N FIN / N o\ NNO 117prtT8shs/6d68s FIN N
NN ONNp 119 F 120 FFF CH FSNHEN D:NN\'I Np (:~NNO 121 4 122
4 | N /N

"No. I- Structure No. I- Structure

O y
N N
&S Oy
N n©
117 118
!
NH,
AN HN
NN N
[::]::\ S P [:::[:\ \\\P
N O N N0
119 F)\F 120
CH

121 122

123 %2 124 8
N

-89 -



FINF NN\-N\ NN aN/ NNO 123 124 Nl o NI FN -89 WO 03/ 066629
PCT/ US03/ 03655 No. |- Structure No. |- Structure HVHN NNI \ \' -N N
\~O/ N \wWOo030&82926 z z O- aN NN O 127 128 N N1 (): NPNT/USHB/685 g N \
N-NN-N-N129 130 I-V-// N O\V \V '"~\V NN / 131 N132/ H \N -90 W

03/ 066679 PCT/ USO37 03655
No. I- Structure No. I- Structure
HN HN
o || oo
\
A N
N NN
125 126
NH, N,
N o
OB
\Y
NN
127 8 128 O:l\\;\(k
\
NH PN
/ N N-O
HN /
N ~ —N
N N© O:\ \N_/>
129 S/ 130 /N
y
N/
. HN
0
N H
O QU
ZN
131 N\ 132 N \N_/>
N\
N

-90 -



No. |- Structure No. |- Structure FIN N-NN-NH t -- 133 a N 134 H |
aye HCLcl O HNI135 NNo 136 aS NF FINao S (rll~ Na N137/ NS
138 15. Avoompeseei on conprising an effective anmount of aPCBs0308855
according to claim1ll, and a pharnaceutically acceptable carrier. 16. The
conposi tiion_accprding o clai m15; further [conprising an additi pnal
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di sease,| Hunti ngt on’ e . Parkinson's [di seas8) Al DS-associ at ed
denentia, anyotropg %t_ezﬁr" scl erosis (A ou hp,l g's d| sepase),
mul tiple i&fr%i S ’ )., se\k’i%ﬁghr@m gysca phy, :
r eper f ugi on?? schem st ok I |

i a) or bald tep of

adm ni stlering tp a patient in geed thereof [a conp05|tQOn accordjng to
claim13. 18. The nethod according to claim 17, wherein said dipgease is
sel ected froma] neurol ogi cal disor¢ger. 19. The net hod according to claim
17, whenein saifd disease is stroke.
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15. A composition comprising an effective amount of a compound according to

claim 11, and a pharmaceutically acceptable carrier.

16. The composition according to claim 15, further comprising an additional

therapeutic agent.

17. A method for treating or lessening the severity of a disease, disorder, or

condition selected from a neurological disorder, allergy, asthma, diabetes, Alzheimer’s
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20. The nethod according to claim17, wherein said disease is selected from
transplant rejection, allergies, rheumatoid arthritis, or |eukema. 21. The
met hod acworodiosgg24 0 cl ai m 20, wherein said di sease i s sel ecrdbo$/o3sss
transpl ant rejection or rheumatoid arthritis. -92

disease, Huntington’s disease, Parkinson’s disease, AIDS-associated dementia,

amyotrophic lateral sclerosis (AML, Lou Gehrig’s disease), multiple sclerosis (MS),
schizophrenia, cardiomyocyte hypertrophy, reperfusion/ischemia, stroke, or baldness,
comprising the step of administering to a patient in need thereof a composition according

to claim 15.

18. The method according to claim 17, wherein said disease is selected from a

neurological disorder.
19. The method according to claim 17, wherein said disease is stroke.

20. The method according to claim 17, wherein said disease is selected from

transplant rejection, allergies, rheumatoid arthritis, or leukemia.

21. The method according to claim 20, wherein said disease is selected from

transplant rejection or theumatoid arthritis.
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