4 AUG 2008 WD 03/ 066629 PCT/ US03/ 03655 *166166* HETEROARYL COVPOUNDS
USEFUL AS | NHI Bl TORS OF GSK-3 TECHNI CAL FI ELD OF | NVENTI ON The present
invention relates to inhibitors of protein kinases, especially glycogen
synt hase ki nase-3 (GSK-3), a serine/threonine protein ki ngskAgod2006ck, a
menber of th mly of protein kinases. Kinases are_inplicated in
cancer, |mmﬁvé’0§:3/§682rzgers and bone di seases. The inventi o 538035?50vi des
pharnaceutlcally accept abl e conpositions conprising the inhibitors of the

i nvention and net hods of utilizing those conpositions in tejmm m and
prevention of various disorders, such as autoi nmune diseas m@m@@”
Al zhei mer' s di sease, Huntington's D sease, Parkinson's D sease,%gnsl tiple
sclerosis (MsS), schizophrenia, rheunatoid arthritis and | eukem a.
BACKGROUND OF THE | NVENTI ON [0001] The search for new therapeutic agents
has been greatly 'JTBﬁIO- SF &kgngdi ng of the
structure of enzy i f g T W LT ar get

di seases. (One |nportant cl ass of enzynes that has been t he subj ect of

extensive study is protei NTkiaRFE Fﬁ%ﬂ;mﬁﬁ ki nases nedi ate
intracel lular signal transduction py effecti ng a phosphoryl
transfer from a ROePEssst uentipy 19}#@3 pm\@élt@re ofprpteistkenapes cespesiglln elyeegar i s

i nvol ved in @ntﬁ&ﬁwaéenQ?m E')“@-%rméﬂﬁ%ﬁm@??ot&n RiraRehd Kk, KXhBAsedr Bd pat hways
t hrough whi ¢h extracel lular” and other stinuli cause a variety of cellular

responses t ooroéEly of ateipkingspre Kieass argipplisptedsin gpncgt, spmuneidipgrdpisiapd | ude

envi r onment alon@BideacdAe MhE Rlvertioh ﬁ§§ réhGé},a;Jh%:ma(c&mQauy a@éeBEBlb Corptftions heat
shock, ultraviolet radiation, %erl al”_endot oxi n H202 cyt oki nes

(e.qg., int er@é{ﬁ&?kﬁg%’GPLthJESOISa%PeWﬁWnﬁ@éF@%P@S qfalekevg*amempp%wns Bnd growth
factors (e. Ote tr&tménd hﬂtﬁ%&&ﬁnﬁ&ﬁf@&fhﬁg Bis61akr8 WictSdsialalnahind disk A6, BabdideM CSF) |

and fi brobl tor . An extracel lular, stinmnulus y affect

one or nore ‘%Eéﬁ“% S\QQ‘S% B’?‘F?éé’ Gg%%?sédp qrignion|s %I&PWHI“P%SQ%%? @H&

di f f er ent i atichiBophsed, SeimditoidfarthitRan®Relemiact i vati on of transcription

factors, mnuscle contraction, glucose netabolism control of protein

synthesis and regul ation of cell cycle. -1 1 *@0002* 11 AUG 2006
BACKGROUND QF THE INVENTION

[0001] The search for new therapeutic agents has been greatly aided in recent years by

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

[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, ultraviolet radiation, bacterial endotoxin, and H205),
cytokines (e.g., interleukin-1 (IL-1) and tumor necrosis factor o (TNF-cx)), 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.
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WO 03/ 066629 PCT/ US03/ 03655 [ 00031 Many di seases are associated with
abnormal cellular responses triggered by protein kinase-nedi ated events.
These di seases include autoi nmune di seases, inflammtory di seases,

met abol i ¢ di seases, neurol ogi cal and neur odegener ative dlgim cancer,
cardi ovascul ar di seases, allergies and asthma, Al zhei ner egg% and

hor mone- rel aV@d@¥6&8ases. Accor di ngly, there has been a PSHRISe3Messal ef fort
in nedicinal chemstry to find protein kinase inhibitors that are
effective as[oadapr aipienst dlsea@gaatagsom&tm{m aﬂaow@gsﬂmaﬁmﬁoh@smgg&e@w 3 (GSK-3)
is a serinel/thr, nlne rotein ki ] ed of xand0|soformsthat
are each endbi&d %ﬁt‘?‘il(?f’e”éser?g‘gs "P’g %ta“%?r “eéﬁsé?ﬁ’%t ry & Biol ogy,
EO o 7 25;48 ((3 g 0 SMO atorikidize e miipone Hx.sea@l;( ﬁeurdilig_ldfiu o n@&%"gtrﬁ&ﬂv&ﬁ&bases 10,

as,. been | i cated i ariqus, di seases including
di abet es, PO B Sisges ke g ims NaiEmens dpsees B BOBHBES | ve
di sorder andelauadaﬂ:sadeg Qlaej’rahgly,&heﬁié 158 BSRS, subshiiltigl 36kt DifyediecytabeHaypakt r ophy

[ see, e.g., 9/ 65 3867 Kayt and Or, Curr. Opin.
Neur obi ol . t‘\il\g“glé‘?‘ae“’g“?aé‘b’ﬂgﬁt°r gt aé‘fgf cuveyaﬁ(‘)’f‘eraEféqu s ) 151, 117-30
(2000); E dE[OO(ﬂ] nkGlyﬁGg%n siﬁﬂﬁmjﬁndﬁbB (GSEG) is a8¢nn$ﬂﬁeoﬁ&e@%ﬁﬁk1}1ase These

di seases may, . be . ca nor tion of
certain cel 2% flsﬁna g?ﬁv%{}g;{ e@ﬁo@kyg a%? esgﬁ?%h?agl 00051 GSK-3
has been fo@tdmisn-yﬁhbﬁmgnyv%tsmamd)onmwaﬂd Kiniohe®, Gier Opinioy Gehetigs nunber  of

imiting eSO DT EROpY Uy Buchek BHPELT LRpR oot Sbuuaing' "¢ 17
m cr ot ubul e-dabses iAdthetngp’s disexse) CNSLﬂ,lSOt‘d’@& sgeina mahicdpgessivp tlisarderfaadt or
st n, el AL AL B LA (8 EORGIATE
CEPBa. Thes eVOI0386 T Keptorpat O, ﬁ?pirlQmm Ne@DkioB, thZMVO(K)S pH@th abfl. cel | ul ar

nmet abol i sm f t f $0061 In a
GSK- 3 nedi at&y%blt ﬁé\g IIIPEO 206('55) ]fﬂg evan?{' ?tﬁ%(ﬁr ea‘i %WQ{) e H
di abetes, i riﬂmeuddﬁcmam&ebpwwév,uongnayw@lswtthedmpmall aweragllomemmapﬂhke and

gl ycogen  synBes nthw@Ra %hlcﬁ@l@?ﬁ@% s2Viglel €gul ator of the insulin-induced
signal in th| S@at hway.  Nor mal | e presence of insulin causes

i nhi bition dPO8SEK- SSkekhanbeea fome spPpHigtemd medyate thseetiviti of aueler gl ycogen

synt hase. The rdgiiatdy proRihs.OfhesSificiddd erl ninile [ RAcHAl the G/ Gy Synt hesi s
and gl ucose u tggké);irlgon et al P%&%g 9§n 8455-9 (1996) Cross et al.,
Bi ochem J. og for elygepen synthssishe micriyhulerassgpiated profeipsTau, e gengos_ 567
(1993); anctrawaﬁ@uéd faktoef-catnin, tHBitr@kEBh thitiatiO9factdrel FDBSas Wl )aTPCohen and
Frame, Nat. Rev. Cell. BiolL, 2, 769-76 (2001)]. However, where the
insulin res pfbtffé"elyii%e iy B5at shock factgr-1,3-Jom, SNEXS: 219 CREB, and CEPBo.. ‘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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WO 03/ 066629 PCT/ US03/ 03655 diabetic patient, glycogen synthesis and

gl ucose uptake fail to increase despite the presence of relatively high

bl ood levels of insulin. This |leads to abnormally high blood |evels of

gl ucose with acute and chronic effects that may ulti rrateluy, Mg UIoNe i n

car di ovascul 094(0%3 se, renal failure and blindness. In such patients, the
normal i nsul i'h- ced inhibition of GSK-3 fails to occlGFTUPPNHEL al so
been reported that GSK-3 is overexpressed in patients with type H diabetes
[ WO 00/ 3867 iabetiFipaticap glycogen synitichis st gluavse up@RKiad ta ingrepdealesgiitothe usef ul f or
treating di i ! | ol i r o insulin.
[0007] k. 5 SaeEofaut B maodableds WAl e e P RINEed 0 oe.
This di seadevelsof gltngpeavitivaouteand ghyonitreffasis thaemerulimatelygestilis - known 0- amyl oi d
pepti de and cmvasﬁlﬁﬁrmkésgﬂeﬁi fﬁlﬁ%%ﬁ&gydfésérlﬁgﬁlﬂrﬁﬁé@{ e Bl h@lﬁﬂl- es. The

neurofibrillary tangles contaln yp Nosp yl'ated Tau protein, in which
Tau i s phospiiyesd ishidonod Gi¥ndfaato osfuredf has abgibeen Ieperted s GSKaVim t o

phosphor yl atogerbRi&d ADFHREARYitS 'tyg@ﬁ didBete WO B80V98618]. "BlerafRRE lishibitols ' t her mor e,
i nhi bition of K-3 has been shown to prevent héper phosphoryl ation of Tau
(5}

in cells (L&MNS? yntherforgpseful fogtreatingidigbetic patientsgyifergg floravimpaiggdd Br ownl ees
et al., NewsaéRPRidsula, 3251-55 (1997); Kaytor and Or, Curr. Opin.
Neurobiol ., 1 275-8_ (2000)]. In transgenic mce overexpressing GSK3,

si gni fi cant 90z} ea@%%r?»?%wﬂyh%%wmw&ﬁ&ﬂt#oﬁ%zhgwréﬁﬁe%ﬁamm phol ogy of
Neur ons Wer gisekis RlcHBaktdribCBBthe bresnes of theVRR-Ihowr B adh103®pdph@Dalikhe ACtive GSK3

accunul ates in cytopl asm of pretangled neurons, which can lead to

neur of i bri | feFaptien dteeeliutar pragetiveilley sgles. chegeypiibrillary tppades centalp| .

Neur opat hol hip¥dpHisshbRAatedBn protld) il FhicH PR ﬁ&?%ﬁ&@d&; abnPdlabiifet, On of GSK-3
may be used tleég%g’w or halt the generation of neurofibrillary tangles and

thus treat &° gen shewn ophappenylafsrthesp shnagmal sites ingell and animplsadgls- Anot her
E ubats [< ag e %fFumﬁnd&le,i iﬁhillﬁtiﬁﬁ?mﬂl(lii hﬂl@e@&ﬁioﬁn %ﬂé@dﬂ@p@ﬁpﬁ(%ghqrﬂmmﬁpr yl ﬁt ion

y - 3. uce vel s of P-gatenin hay reported in schizophrenic
patients and®} éﬂ/‘i?usa[ﬁ%esﬁé‘é?f agsé‘géi%g‘fleé’ 3975 T?lggﬁ%él}’ ag‘?é@é{’??gs f8ated to
i ncrease i n Neewirégpoal8, 3251155 (o) Khiboang O, Calr. OpiblaVesbebiol 395 276988- 702 (11998) ;
Takashi ma et

l.. « PNAS. . 90, 7789-93. ). Pei et al...J. Neuropathol.
EepeB6 70000 gt e dbRpireiliph GRRE) it Sherdiea maly (07 OPRL RO
(2001)]. [ OGypdrpHesiiolation and dbyorhiabmarplaogyed newaes oeradbectvend [Lhcas tirabke [ WAng
et al., Brai - ; I . ol Res, 23,
588-92 (2001 §’52}(1)i2r§r§? 620;6?)}51396‘%%&1@ %%ﬁ.;ﬁi‘%e“?nay@ﬁs? ‘g‘?’&%t%g Fess (2002)].
-3 07 AUG 2@@wons, 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)].



WD 03/ 066629 PCT/ US03/ 03655 [ 00101 Anot her protein kinase famly of
particular interest is the Src famly of kinases. These kinases are
inplicated in cancer, immune system dysfunction and bone renodeling

di seases. For general reviews, see Thomas and Brugge, Angly. Cel | Dev.
Biol. (1997) 13, 513; Lawence and N u, Pharmacol. Ther. (& 77, 8 1;
Tat osyan and Y@P¥%628 na. Bi ochemi stty (Mbscow) (2000) 6BCTAMOESSchel h et
al ., Drugs of the Future 2000, 25(7), 717,(2000). [0011] Menbers of the
Src famly i[ambpdEAmdnlﬁeéﬁmteikxﬂmaﬁ@faﬁﬁlg bf pdttiduds @fterbshis iy BT fagily l((wslruﬁasefyn,h Yes,
Fgr, Lyn, an These are nonreceptor protein kinases that
range in rml_‘cllééﬁﬁlké{'raé B)rl%‘f?‘fl%“faf“&?r GITRES SYAeR ‘&ff@“"(‘?ﬁ 5103?56?8&1&% a conmon
structural due@asnlfmymm tebiaws, s Thonipy ardlRtugie, Aink. RbvSCdldy. Bioh ciobpnal

domai ns: Sr nai n, domai n, SH2
donai n, a c;l ’gﬁg?ﬂrac& l(JSPI-fI‘157$‘a gﬁ%‘h‘?{ Q’ngt)gyfﬁln ”}msP'%'beﬁlﬁggﬁw % egi on.

Tat osyan et Mcherﬂ’my:@%mﬁ)r(%%]\ﬁis@\n)oscﬁﬁm el 8, TR ugds PP Fururd 2000,25(Hased on
publ i shed sty )SSrc ki nases are considered as potential therapeutic

targets for vdrl ouS human di seases. Lck plays a role in T-cell signaling.
Nfice that I[[@0I%] tMemhcrkofgberﬁfcfmulsmhmewe falhciwmg g&gﬁthndevmhmmhﬂyrmcyt es.

The functio Y ¢ suggests
that Lck |nkr$| %Eyﬁéﬂés%% &?ci ];ékls’fi %mecué:t rpﬁ?"r:ﬁlﬁe a?eé BLe such as
rheunmat oi d asughin molsculavmassrfapneiz tal62 wmmmha&stznzemﬁiacoémgﬂguucﬂaw Fgr and
Lyn have be i H‘Pfsr r gl ling in
nmyel oi d | eu%ggcah?gtgyn tilfl_dé\%\g ° née l}&g&n Cﬂﬁ%t ﬁdg SF&G@QIOEO%%d(%%gg

| nhi bition 6FH )h%%qqaqfvm m@ta@% §Hﬁﬂ9mmh@f@fabﬁledmmm§éﬂmand ef-treating

i nflanmati o Sp; ), 717,
(2000). [00?%?%200@?%# refibn %atoﬁyaqeggaBgéheh‘%@%&%‘ghéga 58 égg&t 0 devel op

new t her apel®q1g] oBwsed en E‘%h%he‘éﬁt@ﬁﬁs&clhnaﬁ% aercoptidernd as hetensitiheramenti¢ oned

condi tions gagfoavﬁﬁuwhﬁﬁnmseéss‘d Nck blasl@é%mm&%lg@dhh fRKwe BB Lck,
consi dering .t he currently avai |l abl e, "rel ati vel)s/r |nade juat e treat ment

options for Reekganediave § Pepr abikigy de.develap thymgpges BRMF@PHQEL%E a3 NVENTI ON
[00141 It hassiieictiefdt of TLBIlsifdathy SRFRAUAE 5.cOnhibiiés mhyVeRthPfR: and

ot b tor s Gtk Rty SOl a1 oot s Tier Rt € hyioSSase ¢ he
formula 1: (19RNY deHCFQQﬁdS Lyﬂ/leé)Bdeﬂ 6t dRCThpITER rhbd fds of Mtdyrid
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:



x \' 3 R or a pharnmaceutically acceptable salt thereof, wherein R ng A
Ring BB W Y, and R3 are as defined herein. [0015] These conpounds, and
phar maceutical |y acceptabl e conpositions thereof, are us@®wUG 206t reating
or | essening {rspeyarity of a variety of di sorders such ?égﬁﬂ%ﬂkﬁﬁ“”e

di seases, inflammtory di seases, netabolic, neurol ogical

neurodegeneratlve di seases, carolovascular di seases, allergy, asthm,

di abetes, Al zheiner's dlsease ' | sease, Parkinson's Disease,
AlDS—aSSOCIated denenti a, anyotr erosis (AM., Lou Gehrig's
Di sease), multiple sclerosis [ cardi onyocyte
hypertrophy, reperfusionlisch atoid arthritis, bal dness and

| eukem a. [0016] The conpounds of the pnesent invention are also useful in
nmet hods for enhancing gl ycogen synthesig® and/ or | owering bl ood | evel s of
glucose and therefore are especially ugeffil for diabetic patients. The
present conpounds are also useful in nethods for inhibiting the production
of hyper phosgh@hwrac@dciﬁaucq@mblesait thexpafcwhersin BingfAuRingB, Wial.thdl’ e sl owi ng
t he progress¥qgﬁﬁg Alfhei mer' s di sease. Another embodi ment of this

i nvention refates to a method for i nhi biting the phosphorylation of

P-cat eni n, w01 | Thesggsemppundspand phemacevgcallyiccepiahle comppsitiphetheseafsasat

i nvention pr
compounds: N%Xfuf'ﬁz ggaetigng HHQ&%QH@&KL ﬁ&%ﬁt&ef 4 Qa{HeE;lH% dfs&‘dl:@\é%dﬂils I@Qh&u&e

R2N 1 26 7. d,lsca@s,];nﬂagr,un?t@fy m@ses, gxe;qb;@cg@g@log&@l @ﬂ.netpqpci_egpneraﬂve dxseases,

cardiovascular diseases, allergy, asthma, diabetes, Alzheimer’s disease, Huntington’s

0_~

Disease, Parkinson’s Disease, AIDS-associated dementia, amyotrophic lateral sclerosis
(AML, Lou Gehrig’s Disease), multiple sclerosis (MS), schizophrenia, cardiomyocyte
hypertrophy, reperfusion/ischemia, rheumatoid arthritis,baldness and leukemia.

[0016] The compounds of the present invention are also useful in methods for
enhancing glycogen synthesis and/or lowering blood levels 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.

The present invention provides a compound selected from the following Table 1

compounds:

No. I- No. I- Structure
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The present
anmount of

5h 0-7 AUG 2Ws No.

pharmaceutically acceptable carrier.

t he conposition according to any aspect of the invention,
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[ 0017] The present
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to two additiqgnal supstituentsy Wis |selecteéd fromnitrogen ¢r CR~ and X is
sel ected from|nitrogen or erein at |e¢ast one of,,Wand|X is nitrogen;
Rl is selected from|R or Ps sel ected|fromsS 2I5‘,N -SA2N(R) 2, -CN,
-C(OR, -Q02R, 0{ -dON(R) Z; % | ndejpendent | y 0 Rron} hydrogen or an
optionally subst Butled group sel ect ed 1 N NO
N,
HN HN
N A
=
(I:‘%e\ ) GO
120 e N-O 121 N-
o 7 Vak
HN Wy
Oy O
]
\ *0
N NO
122 123
{ 4”‘
/ W
HA HN
O Ny
\ ! N\ O
124 8" N0 128 N
N [&s

- 5g-



fromCl.6 aliphatic,

aryl ring

oxygen, or sulfur, or: two R groups on the sanme nitrogen are t gl
thereto to forma 3-7 nenbered heterocyc
ring having 1-4 heteroatons independently selected from
R 3 is selected fromT-CN or

with the nitrogen bound

het er oar yl
ni trogen,

oxygen,
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a 3-6 nenbered saturated, partially unsaturated,
~havi ng 0-4 heteroatons independently selected from nitrogen,

sul fur;
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[ 0021] The terns "hal oal kyl ",
or al koxy,

al kenyl
hal ogen at ons
"het er oat ont

formof nitrogen and sul fur,
Al'so the term"nitrogen"

ni trogen.
het er ocyclic

ring having O-

nitrogen may

or NR (as in
alone or as p
"aryl oxyal kyl
having a tota
in the systen
to 7 ring nmen
term"aryl ri
"het erocyclic
tricyclic rin
or nore ring

contains 3 to

"hal oal kenyl "

ring. As an exanple,
4 heteroatons selected from

and "hal oal koxy"

xvaen,._ sul fur or

means al kyl,

as the case may be, substituted with one or nore
. The term "hal ogen" nmeans F, C, Br, or 1. [0022&7TRs 2806 M
means nitrogen, oxygen, or sulfur and includes any oxidized

and the quaternized formof any basic
i ncludes a substitutable nitrogen of a
in a saturated or partially unsaturated

nitrogen, the
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DETAILED DESCRIPTION OF THE INVENTION

[0017]

The present invention relates to a compound of formula I:

@
\

R3

I

or a pharmaceutically acceptable salt thereof, wherein:

xo0, N3, -R,

- CH2CH2( Ph)

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

unsaturated ring having 0-3 heteroatoms independently selected from nitrogen
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0 -NR)2, - C(O)R' -NR-C(ON(R )2, -NROCO2RO, -NRONROCC(O R ,
-NRNROC(O ( ) 2, -NRNRCOZR, -C(OC(OR, -C(OCHRC(OR, -C02RQ
-QORO -(ONRO2 -OC(ONR)2 -50)2RO -SEN(R)2, -S(OR,

-NR S2N(R )2, -NROSO2R, -CO(=S)N(R )2, -C(=NH)-N(R')2,-00r 5y
-(CH2)yNHC(O RO _wherein y is 0-4, each ROis mdependeH' ezlmsct ed from
hydr ogen, optYSMU%* substituted C1.6 aliphatic, an unsd’ﬁg ?? #8%8% 5-6
menber ed heteroaryl or heterocyclic ring having 0-4 heteroatons

i ndependent |y smjgemmredlflﬁrmm“{ﬁemhdgagnA iDopyigerily fised wudnfogtignalihamstitutédh) |,

sel oot ed 1 rom REDHES ey syl 804y ket e ek PR BEIEECE, 7 0,71
al i phatic, OH, h&ex@ﬁbmsﬂmédpaqrd@atﬂy sc)epted RO, nitcigen, COPRER omlif(lﬂ 4 aliphatic),
-O(halo CI - 1{1 I!! RQﬁ%LFo)nal Jﬂﬁlt?d Scém%m%rkcp&?gtﬂagm%[)Qoogllz&ex’g’ﬂoﬁxl; i phatic group

or a non- aro nmor e 'substituents.
Sui t abl e substmdumdQHDWIQCWQMaIWQaBa@XEwaﬁulﬁm weherean sapdeingibes gfisup or  of

3, non- ar oMt | ¢ g BEPCXPAY2 il hOhuof BELAEL Bl pLEPRGdREL Litlied above for

the unsaturateéd carbon of” a eteroaryl group and the follow ng:
=0, =S, =NNHR* opumﬂmwwmtemupt&mm@pwsubﬁmwz(al kyl), =NNHS02(al kyl),
or =NR*, whegy e I QChy or -an

opti onal | y sugsstl tute CI -%én%gie:?\p at i is.dleégdst?ﬁﬁgﬁ%% on tﬁg&glﬁ?tphatl C group
of R* are sel deastenefof BranfPPis nigageds - 4  al i phatic), N(Cl _4 aliphati Q) 2,

hal ogen, Clﬁlsagcgegtg@ﬁérﬁlgogw 0-(Cl-4 aliphatic), NO&Z CN, Q02H, CI)Z(CI -4
ali phatic), halo Cl _4 ali hatlc) or halo C 4 ali atlc [ 0028]

Subst i t uent & ésnseleﬁtéd f‘i‘?‘tlr%gn 5(92N§1 noRN elCER rQ92ﬁe?réF:9 Pic ring are

Sg)gfqt ed f;g(z:i&"m snden Eé‘l’ésc?elc\ilfrog HRenon@%Eﬁ‘onaﬂ Qﬁt@%ﬁu sggg@) Clv_\!ﬁqO)R-l-R
- + -s or - NR+ +; erein R+
i s hydrogen, °m 1%@%9\@3 é’/\B %‘?ﬁ’&%%’?@e g‘@é)dlﬁ?%ﬁ% or ¥¥tiinal |y

SUES“ t ut eg Cahaglﬁg|0¢4F1i6%fdatbms@:iﬁep@ﬂaiﬂ|y}éels¢l&ﬁﬁdni hitregen DIXS AL, or(sﬁlﬁr omp'l[) i onal | yOI
substitute tion substituted - i substitute
T CroCHo(Phy . Cor MR BRURHGE e shee BRees 1t e Retrer i wERoBbomA or ooyl | c
ring. Substi tuentSthbrbtdtbéomﬁdff—bhambaredyh@upcyolﬁcdrfhetemlaqrhigihghalvmg len‘ R~ are

i phatic, O oo ( PeRnt pkaePihy i s ROBR A SRS PON o)
-Q(halo C -4{3a¢setehadfrm)1T-@ﬁohh4R) Cl-4 aliphatic. [0029] The term

“al kyli-dene chgi B %S@ro%&g%r?on&ﬁrjs%&ﬁhed% gl?&un(gla arbon chain that may

be fully saturate uration and has two
poi nts of dewWneeleicohondprilfs+ plsylidens cftaimeWhmenmtOéwo methylene units of L are

optionally, and independently, replaced by ~O-, -S-, -NR~, -NRC(0)-, -NRC(O)NR-,
—OC(O)NR;, -C(0)-, -CO;-, -NRCO;-, -C(O)NR-, -SO;NR-~, -NRSO;-, or —
NRSO;NR-; and

R* is selected from L-R, -halo, T-NO,, T-CN.
[0018]  Asused 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;-Cy, 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

-6-



[ 0030) The conpounds of this invention are limted to those that are
chemcally feasible and stable. Therefore, a conbination of substituents
or variables in the conpounds described above is perm ssible only if such
a conbination results in a stable or chem cally feasibl e!{?me . A

stabl e compound or chem cally feasible conpound is one i I'cC he

cheni cal stru¥P8¥¥2% not substantially altered when kep®CEHUS®O3&ENper at ur e
of 40 "C or less, in the absence of npisture or other chemcally reactive
condi t i ons, uhsaruradon) mashich iswetdtomdtio Qash| referbdoderinke raattoeyckt at ed, structures
depi ct ed her.gj r I meant to incl ude al stereochem cal forns of the
struct are: eyl Bt B3Rk ohf iiachngndd e Al SRUAEerce” 12 D
Ther ef ore, sanptividedleingde kudthicyckd ringsysrem basets7 weinbera Foe examiplepsuitable and

di ast er eonerj; [q Xt ure h [.ese C ounds_ar.e wi t-hin the scope of
the inventi c%hnffha P Sslﬁccl)‘? eégru\gmgggms méeét,’ﬁg%)afgrc r%“F@eéi%éné lt%uge&g' erein are

al so neant tabkynylgtaudeamcidrypridstiebssof suoh ed(cylildallet)albyll (gydlenlkehg)afiyeence of one
or nore iso | i ched atons. For exanple, conpounds having the

pr esent strB@?ﬁ’%@kﬂ)‘g{(@ {'ot for the replacenent of a hydrogen by a deuterium
or tritium [0020} heTheggrimad'aindht allsfxys, ‘bpdrbomnlidly, ‘@lkogyalkyl’, adC_ enri ched
carbon are wifhi 'S LS Wole of this

i nvention m\;\l‘?/]kg51 i %r%’é._l-lsf%l’gﬁ%?glfg%?r%gé%g%%%r@gﬂ%gﬁéfgbfﬁg%@g%?hervvi se

i ndi cat ed, toraschedshainaontainingenoto telvhearbonatamsndhe femnselienyl'tasdi ncl ude t he
other. = [ 0033k Ri6fsed 5168k dRadfhreds TR &h bidfrydhail AR Boti] subf3fl 4l Graithe@Pt i ONal Iy
substituted five to six nenbered aryl, Heteroaryl or heterocyclic ring
havi ng 0-2 [§BaiEyoatAg VA deiyelve earbondtomse| ect ed from nitrogen, oxygen or

sul fur. Mor goeief erfeasnizi“Asloalky™ FiRidafkeny®f aniOfHaIshIRoRy” ez alkgie alRéhyPPL | ONal |y
substituted phenyl ring or an optionally substituted 6-nmenbered heteroaryl
or het er ocy©f PkO%Y: pthecA? Mgy be ubstitited ih ene qrmopshalogergtonay, cike f#8f er r ed Ri ng
A groups i redlbga” mea@¥, al,BReupgh k below. 9 0 7 AUG 2006 WO 03/066629

PCT/ US03/ 03?3032] ! 'Hlel\tlerlx\zln ‘%ei%rog:togl” mgglnsl}llilrogexll\,l o;lélyglgn, o? SI.}c.lful.9 anbi incl}llldle\zlsoa;l;rNJ Nk

[¢)

oxidized form of nitrogen and sulfur, and the quaternized form of any basic nitrogen.
Also the term “nitrogen” includes a substitutable nitrogen of a heterocyclic ring. As an
example, in a saturated or partially unsaturated ring having 0-4 heteroatoms selected from
oxygen, sulfur or nitrogen, the nitrogen may be N (as in 3,4-dihydro-2H-pyrrolyl), NH (as
in 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
-7-



[0034] More preferably, Ring Ais selected fromrings a, b, or f, and nost
preferably Ring Ais an optionally substituted benzo ring (a). [0035]
Preferred Ring B noieties of formula | include an optionally substituted
5-6 nmenbered aromatic ring having 0-3 heteroatons, indepgl d@{é bygsel ect ed
fromsulfur, oxygen and nitrogen. Mre preferred Ring B 1 es of
formula | ar é"‘bb’(‘lﬁiﬁﬁs‘al ly substituted pyrazine, pyridinePCp¥stapese, phenyl,
furazanyl, or thi eng/ rings. [0036] Preferred R1L groups of fornmula I
include R SUERIn ¢pc HGX@)thSyvtbremntamsé%aoﬁrﬁgmmbemd@madeniedeybaqel ected from

hydrogen or HeRkdapalh t en al i phatic group.
Accordi ngly, Iﬁdp}'r ef errg%}cR%lg plg]to t ormu élmflni“ﬁc‘i’rﬂilbe‘etem’C( O CF3, -C(O) CH3,
- C( O) CH2CH3, “hetggammatihd net hyl . Preferred Rl groups of Formula | al so

i ncl ude thoqmﬁyomgnlag,la@@d(ﬁl 'araﬁlééjl gyxfkgkgggﬁ;xy fa%&ee%kg)&ﬁététue ts on Ring

A of fornula when present, R, or
-N(R) 2- Mor émﬁﬂ“é’lﬂé F‘P%%ﬂls%ﬂﬂbﬁ@wﬂ%ﬂxﬂnd@emkﬂ grblqrmayl cantain oae 6r chl or o,

brono, net hythore subkiduedd. (Sufabld subdhith %XE rox ani no,
NH(Me), or - OCHZCN I OOBBL;Prng err etéoglﬁ{ﬁmgggﬁuzg% og ’f ormula 1,

when pr esentieteraseil Reakobor peserasliyl sxup ere spla@tedjfr@e hzlogen,':'x}xG NﬁFBfeFQRP
car bocycl o, .ggre 3 zﬁnéhﬁm dy b%’%’%‘%ﬁi@“{‘&%dﬁ %}%ﬁlﬂ yl%xaf ﬁ’ er?atorns

i ndependent | selected f rom ni't rogen
met hyl enedi dk8, Plosubgtimtediwitih Rf gQ(Ph)1 O-(Bh)AubstiGit@D0ih R‘v\@m@/h%eﬁg@h)

PCTf US03/ 03@5@1{“%%%]11 1fér @Pﬁgf{etgh)R%}Qéﬁ &) S%S 519%15%‘1@1211 %%cwe T-CN or L-R

wherein T is aOCI - ene ‘charn 'S se al ence bond or
a Cl-4 al kyl'Ntewe %°&(Q)WC@)H(R°MHWC@@K HNRINRSC(@)RPS opt i onal |y

opt 1 onal 1y SaBstR P RYRrR A ChR LU BloRe B ORTHAGRLE SO g

havi ng 1-2 hE(ORBaCEMIRI cPBIOIERE),y-SEBLET tSﬂiN’(R“)inSGO)H"OWSOMQ)%n or
sul fur, opti_ oS e |onaIIy substituted 5-6
menber ed hetlg?igé%’él’ H?%N&ﬁgv%ﬁ%%h)ét%r g(g[? GRRREpEhaARin S04l ect ed
f rom ni t r ogeach Rfxyméependentl stlldctad fromlﬁymgénesptﬁﬁ%ﬁﬁhtﬁ'ééa@% ahﬂﬁh& dg those

shown in Table.l.be O NH2 2C02H, propyl
- CH2CH2- - cH2® “b%%t?‘i)%memg*@%t%‘wl or peigregyclic rigg having 0-4 hetsratops,
cycl opr opy 1iretebeplently GHRGNTMerdgen, dbiaH QR 2phe E#-l 1), -or 15;1512&:( O NHt - but yI ,

o o5 ol B sl b el ST B, S 2 o

phenyl, and NH{Gsealiphaith) N(OR] ddighatic),, halehéh, &,., aliphatic, OH, O-(Ci.4 aliphatic),
NOz, CN, CO,H, CO4(C,4 aliphatic), -O(halo C;.4 aliphatic), 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: =0, =S, =NNHR",
=NN(R"),, =N-, =NNHC(O)R", =NNHCO,(alkyl), =NNHSO,(alkyl), or =NR”", where
eachR" is independently selected from hydrogen or an optionally substituted C;.¢
aliphatic. Substituents on the aliphatic group of R* are selected from NH,, NH(C;.4
aliphatic), N(Ci.4 aliphatic),, halogen, C;4 aliphatic, OH, O-(C;. aliphatic), NO,, CN,
CO,H, CO2(Cy-4 aliphatic), -O(halo C,_4 aliphatic), or halo C;.4 aliphatic.
[0028]  Substituents on the nitrogen of a non-aromatic heterocyclic ring are selected
from -R", -N(R"),, -C(O)R", -CO,R*, -C(O)C(O)R", -C(O)CH,C(O)R*, -SO,R*,
-SONR™)z, -C(=S)N(RH),, -C(=NH)-N(R"),, or -NR*SO,R*; wherein R* 1s hydrogen, an

-8-



[ 0040] According to one enbodi nent, the present invention relates to a
conpound of formula la: NHR N\ R 3 Ila or a pharnmaceutically
acceptabl e salt thereof, wherein RL and R3 are as defined above and the
benzo ring of fornmula la is optionally substituted. [0041], Preferred
substituents on the benzo ring of formula |a, when prese t, AV 2Mde t hose
set forth as WP &¥$2td substituents on the Ring A noi etyPST/UF‘HW?ﬁé#a | .
[0042] Preferred R and R3 groups of fornula la are those set forth as
preferred Roptagiy stbsBugd @4p aliphhtid, optivailly sibstiatrdrphenyl (R} Iptidalipr di ng to

anot her enbo I e esen rel.a o) of formul a
Toe MR aRs g s A e P PR St TR

pBar rracegt | 618dn|uybis1ﬁﬁﬁﬂai &b henbeakd hétdsrezrrﬂafr hetaroeychit ringRISubstitudisroe ties  def i ned
above an th enzo r of . f.or S 0044
Preferred sBEPIGHRRO §th8%h?[1%mf:?e aJl’e Sﬁﬁ"t%dfi%%%’l a qéﬂ) 2 eélct) :ﬁ@é‘éng ]

:c ncl u?e 1t h eisghaisd, hdieyeh, FCia alighatd, @H@(@mhﬁﬁmﬁo}é‘i@ﬁcﬁnCOM 694 A noi ety of
ormul a 1. re usof formula Ib are those set
forth as pr fg‘? ’dgﬁ‘fI eéidaﬂ?@é?)o?fglgcf“‘g{ép ful'a |, supra. [0046]

Repr esent at {00291 orihe tenm $alkflidbwer aimiinAreferatoa stighvor brehabed catbohsbbintint  Tabl e 1:

ﬁ_ogp&u &gs Ol g&ﬁﬂl "s?‘attluatlc\ﬁ) or Have otielof Gl it unbaturattdn 464 Ha[s%wt@&lnﬂs"gf\l NN N

connectlon to the rest of the molecule.

[0030] The compounds of this invention are limited to those that are chemically
feasible and stable. Therefore, 2 combination of substituents or variables in the
compounds described above is permissible only if such a combination results in a stable
or chemically feasible compound. A stable compound or chemically feasible compound
is one in which the chemical structure is not substantially altered when kept at a
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 ritium, or the replacement of a carbon by a *C- or *“C-
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-
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HO4 0 O NH2 -12 0.7 AUG 2006 WD 03/066629 PCT/US03/ 03655 No. |-
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WO 03/066629 PCT/US03/03655

@@CECE
ﬁqu
Cca@

i i
[0034] More preferably, Ring A is selected from rings a, b, or f, and most preferably
Ring A is an optionally substituted benzo ring (a).
[0035] Preferred Ring B moieties of formula I include an optionally substituted 5-6
membered aromatic ring having 0-3 heteroatoms, independently selected from sulfur, -
oxygen and nitrogen. More preferred Ring B moieties of formula I are optionally
substituted pyrazine, pyridine, pyrazole, phenyl, furazanyl, or thienyl rings.
[0036] Preferred R groups of formula I include R, SO3R, or -C(O)R, wherein each R
is independently selected from hydrogen or an optionally substituted phenyl or Ci4
aliphatic group. Accordingly, preferred R! groups of formula I include ~-C(O)CF;,
-C(O)CHj3, -C(0Q)CH,CHj3, -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, -CF3, 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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NNO O'~-NNCAd HZNHN N> NN 13 ~N14 U O!":NN N NXN N,N

H2N 2N > Nr~JrNig 151g~0 16 aNN CI d d d - 13 0-7 AUG 20 WD
03/ 066629 PCTI US03/ 03655 No. |- Structure No. |- Structure 142N N NN N
H2 17 Op, MX_:~~- 0 18 , | N-I aNNO H /"0 H2N H2N, g 7Ngd 200

WO 03/066629 PCT/US03/03655

[0039] Preferred R groups of formula I include T-CN or L-R, wherein T is a Cy.4
alkylidene chain, L is selected from a valence bond or a C14 alkylidene chain wherein a
methylene unit of L is optionally replaced by -COs-, -C(O)NR-, -C(O)-, -N(R)-, or -O-,
and wherein R is an optionally substituted C;4 aliphatic, 3-6 membered heterocyclyl ring
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur,
optionally substituted phenyl, or an optionally substituted 5-6 membered heteroaryl ring
having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur.
Examples of such groups include those shown in Table 1 below, -CHyCN, -CH2C(O)NHo,
-CH;CO,H, propyl, -CH,CHy=CH,, isopropyl, -(CH2)3CN, -CH,OEt, -CH,CF;, isobutyl,
cyclopropylmethyl, -CH,CHN(Me),, -CH,CH(OEL),, ethyl, -CHoC(O)NHz-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'
\ ~
@[ \_
\R3
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 L

[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'

gonl

3
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H2N 28 O H2N > ~ 1 ZPl ~P: :N\> N
WO 03/066629 PCT/US03/03655
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 I.

[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

cl
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=N N N~
N\ I cl
N -0
H
¥
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4- Met hyl - benzyl ) -1 H benzoi m dazol - 2-yl ] -furazan-3-ylam ne (:1- 10);
sopropyl -1 H benzoi m dazol - 2-yl )-furazan-3-ylanline (I - 11);
2- Met hyl - benzyl ) - | H benzoi rni dazol - 2-yl | -furazan-3-yl an- Ane (I -

A_b/-\ N N
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[0047]

of formula I, wherein said compound is other than one of the group consisting of:

4-[1-(4-Chloro-benzyl)- 1 H-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 (I -4);
[2-(4- Amino-furazan-3-yl)-benzoimidazol-1-yl]-acetic acid (I:-5);
2-[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-yl]-acetamide (I -6);
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According to another embodiment, the present invention relates to a compound



[ 0052] The term "pharmaceutically acceptable carrier, adjuvant, or vehicle"
refers to a non-toxic carrier, adjuvant, or vehicle that does not destroy
t he pharnacol ogi cal activity of the conpound with which it is formulated.
Phar maceutical |y acceptable carriers, adjuvants or vehi cl0ds AU6M¥ay be
used in the conpositions of this invention include, but are not limted
to, ion exchaMg&V¥662%| uni na, al umi num stearate, |ecithinPCEEFERIST ot ei ns,
such as human serum al bum n, buffer substances such as phosphates, glycine,
sorbic acid, 4potregsi-URbemdohsitacl-Pol)-firadan-Glyaeing @de7)n xt ures of saturated
vegetable fatty i wat er |ts.or. electrolytes ., protam ne
sulfate, disodr Q%ﬁﬁﬁ}?b&(ﬁghewgs} hﬁP@fmlﬁlﬁﬁoﬁ”é’i]ﬁdﬁgﬁd’p%%g%&ﬁ%Zsphat e, sodium
chl oride, zi nal-Q@aAlly$-]1Hebehioihidadol-2-yl)fwrazans3edaaise (R¥O%ri sil i cate, pol yvi nyl
pyrrolidone, cellulose-base bst ances l.yet hyl en yGAl., sodium

A boxy et nyl coinERE SBEF AR SRR RS a2/ 56)

pol yet hyl ene- plellyieopyqpyb pif{benreintidaacliQ-ylpbirazawB ylanped (et Dyl ene gl ycol and wool
fat. [0053] The.,term. ' measu L.y inhibit-: S N .peans a

measur abl e chaﬁﬁésihaémygﬂgygﬁﬁ L oé%ltd?z\?li"% ?l]gafgrta%\/\hé%%ﬂa}%ég{rf; 1g}?corrpri sing said
conposi ti on are-(¢AGHKSfucazan-3-@i-benznmsdazalnyliacetmitiiledt €13); sanpl e conpri si ng

CSKS or LOK KINaserfladf sIRREHE PhensSich S UPLRLLLOy1alHIREL 14

"phar maceut i cal 'y accep nmeans any toxic salt "or Salt of an
ester of a corpdu@d-Rithletebsnzyllidheizoimiddzal2-yilnborraadmamizg @alPon to a

reci pient, T's £AnablSah RESYIS Mo BldNRn M ARSE B RCt 1, 2

conpound of thi nvention an inhibitorily active netabolite or residue
t hereof . As usiR-Heimainerfurezse-3tydrhenzoimidniol-1 oHiN-{3. 4dimethexy-phepdbol i t e or

residue thengofnigiEang),that a metabolite or residue thereof is also an
inhibitor of a GSK3 or’ LCK fam |y kinase. [0055] Pharnaceutically
accept abl e sal4-€HoBenzpigidagehoylhisazes 3-plamine Ryt i on i ncl ude those derived

from phar miCe%tﬁ%%ﬁm@{f&%h@Wl)eqehi&hﬂﬁi&-@-yﬂQd-(@l—ﬂi@lﬂbrﬁ-pﬁ&iygsao@&didbaS es.
Exanpl es of suitable acid salts include acetate, adipate, alginate,
aspartate, KEnP¥ate, benzenesulfonate, bisulfate, butyrate, citrate,

canphorat e, canpPh@rSiinbenaiag-3-yl heardpRaicshhapPitaidinii(gi2050nat e,
dodecyl sul fat e

et hanesul f ongte,, formpte, f r.at | ucoheptanoat e,
gl ycer ophosphat” [?,‘E“’gﬁ’é‘S#%ft"‘@?% F@r’ﬁ °8%f 1-1 ﬁ'@ﬁ 'é%ﬁ@?%f?gﬁ%@épﬁlgﬁl €,
hydr ochl or i deetathidel(i21pm de, hydroi odi de, 2-hydroxyet hanesul f onat e,
| actate, mal eaf g, | onat e t hanesul f gnat -Naphi bal egesul fonat e,
ni coti nat e, ni4’ﬁé@é,m%l)?%l?F%ztyg',lﬁgbﬁgforln%% eofl'a'ﬁl ét?ﬁaﬁ%‘tdgg ue??u?? gt e,
3- phenyl pr opi of#{-@;ApinoswhzanS; ylphenzamiziazqhil wilHaueonitiRIT423)AUG 2M6 WO
031066629 PCT/ P30 365. opt onat & «sal | . e, -S&cCi nate, sul fate,
tartrate, thi o%?ﬁé%ﬁ?%@é%%agag@) ﬁ#ﬁ%ré‘%:gﬁga e.(I 35
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-yl]-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 (I -

70);

J
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O her acids, such as oxalic, while not in thensel ves pharmaceutically
acceptable, may be enployed in the preparation of salts useful as

i nternedi ates in obtaining the conpounds of the invention and their

phar maceutical |y acceptable acid addition salts. [00561 SafftauGd@léved from
appropriate bases include alkali nmetal (e.g., sodium and 1|got assi unm,

al kal i ne ear tYP 9% (e. g., magnesiun), amoni um and N+( BET/HSO30IH )4 Sal t s-

This invention al so envisions the quaternization: of any basic
ni t r ogen- cont ai(tH-Begn2gimidEsl-2-gl)-4tdhivrephigpplamobs (TH'HE| osed herein. Water or

oi | -sol ubl e or, di rsiRlhe produc v_be O 1N [ aciliG e (1 -
quat er ni zat i oh{' [q[(g%g"?'f'&ﬁﬁjg 8omrlr1po§|}'?'iy ns 0 "3f@2i’%rbg§@1r? cy?c%ventei on may be

adm ni stere®)prally, parenterally, by inhalation spray, topically,
rectally, nas | vagi I.a- 2y, | nMplanted reservoir. The
term " parent e?fédzg'l(llé[t?éﬁgoﬁ eorléi%% Il’%%'ajlnyuaﬁgt;m}éﬁg%ﬁ;?%{neous, i ntravenous,

i nt ranuscul ar N-2rl H@Beazdinilatod2-y)iphenydl-mopionamide (LY ast er nal , i ntrat hecal ,
i ntrahepatic, \Jntralgsi 9@: PN} CL AR milid 1255 or infusion

t echni ques. PrNé éé%bﬁ)ﬁ/%oq eo(iig rl‘r)p@g}ﬂc%ﬁ@ ar ehé;g?n'g?l)il’ gt{aer ed orally,

i ntraper i t oned-[4y(1-Glyanametiyl-éHdesdojmidgok?yl)durajanidedt-apotamidedE rid).of t he
COMpOSI | ONGQhin bith S0Pl nh 3k Ufeo BB AMEA o BindABBLH: BPHRI 1SUSPENST ON.
These suspensions may be fornul at ed according'to techni ques known in the
art using sif048ibl ghelrarpponadsref thiv inyntied epgeraliomesbemieparedSi9eViaPWY agents. The
sterile 'Pk&%&%ﬁ?ﬁg@ﬂﬁé,?&%ﬂg:Hahcsmn&lnsteu{seesqdn%a%rﬂhé&tro?h@@dgeﬁﬁ e sol ution

or suspension | non- toxic parenterally-acceptable diluent or solvent,
for exanpl ecempoyndsoasitlysgated by the folloing Sekegies [ throngh Hf2qdhy theyeiBetiehl e vehi cl es

and sol vent gy infpids selBotHIRIRNTEAMRA 1 HreughAll Slow a RnOgEippPachiGbithil@y thad
i sotonic sodiumchloride solution. In addition, sterile, fixed oils are

convent i onaPIS§EREFATPSYRM: as a sol vent or suspending medium [00581 For this
pur pose, anyogadpncrhk aetBsty of 4 comiouiPutiEg i0 MEHinvdnabhiski ah gnbstitoi 6FEkSK3 ornONO-  Or
di -glycerides, Patt éimgd ds, such as oleic, acid algg its @I!ceri d

derivat i ves LaFKeProteiR kingte pay Repssaynddp ¥prg. i i 812 SpLtqeA5rudng Qmetiods o ur al
phar maceut i gadwn/in &eGap ralihe adhysincluds dshysakat Géterenedhlibidion efefthertheoi | |
especially ip their. polyoxyethyl ated.vefsi.ons. ) il,..solutions or
suspensi ons Ppﬁﬁ?m&( lgtb°%c?8%f1§i%ﬁ Ag¥ rSATh 8f K l‘éﬁt%do%%—x?f%fﬁ‘[d&{e’ n‘%‘ltcg%a'tccf I'spersant,
such as canhbmeysapst qughtitate eubidisyeofdlre istiibiior orbint] to Gi9KSion §CEg dahiibdtor hat ar e
commonly used . n th f HEH' [ . ARG i Ve AC {-“%bc!géa dosage
fornms inclu fnrclhélgéna |%glmgél)s ar‘?gﬂdg&uasb%engﬁlgﬁq%@?%c%%ﬁﬁsguse

sur f act ant s inhshitotGEK3 Irisbibitor/IEHaemupiardnd ddierminiegthe ameupt eigadiejahel s or

bi oavai | abi Lj ﬁ@ - i ’?‘{‘Sﬁ Jolgiu; HSES rufhid et AUG 2006
WO 03/ 0666255)|° ?%%%%%55 ntg{]bu -ac Igljre _o?!egg;gr meceut iggﬁclolmégé%cz:ept abl e
sol i d, |iquietperigentovhisesrcompaunge am droRatedetyithdFye3 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.
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be used for the purposes of fornulation. [0059] The pharmaceutically
accept abl e conpositions of this invention may be orally admnistered in
any orally acceptabl e dosage formincluding, but not limted to, capsules,
tabl ets, aqueous suspensions or solutions. In the case ofg ‘fﬁb for oral
use, carriers connDnIy used include | actose and corn starc ubri cating
agents, such ¥eOW¥HALsi um stearate, are also typically XEBE3OSEF or al
adm nistration in a capsule form useful diluents include |actose and
dried cornspasnh. THéem septien't)as ssad heels, means ar i, queferely h oramnel, ahd use, the
active ingredi entf ?1@(9 Eﬂbl ned with enul sifying and suspendi ng agents. |f
desired, cePPHPFIERE MM ¥y, flavoring or coloring agents may al so be
added. [OOGB)I)SAI talha&tmVﬁia;macedmealpmepmblemaﬂnexahdjyvaacomhiab? efgotoposi ti ons

of this inventjon ter in.th es for
rectal adni ﬁ?nsfto?“ﬁf?rgﬂy #‘ng{ cvglhlslﬁg’a{eg R 0%%6% Xl ﬁgotf%cgﬂ&lﬂ with a
sui t abl e noofthe carﬁpatmdwﬂsxlmmt mrﬁd:mmhaﬂ Pkmmadeunbaay acrcqmthle tagieper at ur e but
liquid at f i mto
rel'ease t he i g CETRHSIHL B huld G cBlBosiond pf i lveslih HRLESLE

pol yet hyl enaegbtylumted to, iqn@@GageTh gupivaralmgiswh stearhte yecatbmemabmretew&rrpom tions
of this inv Iy S . when t he
target of t%%gt é)rrllrl;"’n l%411%%3Eﬁnéllr)eas %%é%c%%%lsltaé) eg@%{ey g&%@ﬁ?éﬁb & y topical
appl i cati onpotasammﬁdrhatg pitinkglyeesidemixtuies of yadurated vegstable ) fatWr’dCIEihé’ateF,ower
intestinal {hact elecﬁlaiyteg%& Js%ﬂit&lﬂhe Juﬁjrxtg‘-&s%ﬁiuﬁ{}@dt%"g& pidahd YooRE&RAT ed for

each of these areas’ or Topi cal “application for the |ower

i ntestinal hydiegenpbesphste, eqdp@@;glé@ldpmr& splisg eqioidaksificamagpesiym wigiligtieat i on (see

above) or i BoigviaHliphRBldens BERTbsd- %%@uﬁ&éﬂé@b pai?&hﬁﬁilclg}vywlt doangder mal pat ches
may al so be uSe 0063l For topical applications, the pharmaceutically

accept abl e euherysrbylseiilose polyarrylptes, Wﬂ’F“étRé’(’fVeﬂWle&e'E?}YQWBy leferPlostnt

cont ai ni Ng bhgmas!okRthsRAPAV@NndSkeP@iNded or di ssolved in one or nore
carriers. Carriers for topical adm.ni stratlon of the conF unds of this

i nvention i msﬁ]de,“'ﬁmmé?‘éasﬁ@?lyll‘?qﬁ“f’ead uges hefpinfacans a gegsuraple ghange o 1 o) at um
white petr olGEKS B LCKI’aGWﬂy(b&G/eﬁi yhatile cp@prisngsaidRyinpeition and g/oxm)mo pyl ene

conmpound, e i f | rmaceptically
accept abl e i r?ge%"& ésafnc?ier?ﬁfnﬁ?sé?? {}ﬂﬁ g‘sﬁ#’f‘&ﬁfémgo?bs%% 8? cream
cont ai ni ng Tshecm;to'siﬁencorrponents suspended or di ssolved in one or nore

phar maceut I f@ﬂ]y g?%[:t aa%le %ca(ifir 4 e{atS)le sa?tl’“ ?’a?'{ {okl%r ?lt bﬁ&hb'{jaﬁ but are

not limted an mohos ysorbate 60, cetyl
esters wax, egtetofarcypouad afah]s invemmodtay hpmwmnmapommngdlpmt,cm#bland wat er .

-31 07 AUG %QS’r%vim*ﬁQ cQtﬁér%gcQ%%r B@I&Hﬁ%%&%@éﬁ 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, glycerophosphate, 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-



[ 0064] For ophthal mc use, the pharnaceutically acceptable conpositions may
be fornulated as m cronized suspensions in isotonic, pH adjusted sterile
saline, or, preferably, as solutions in isotonic, pH adjusted sterile
saline, either with or without a preservative such as begpyyugl 2006 um
chloride. Alternatively, for ophthal mc uses, the pharmaceutically

accept abl e cHHPB¥I¢R2Yns nay be fornulated in an oi nt nent PEGEM3KHIESS

petrol atum [0065] The pharnaceutically acceptabl e conpositions of this

i nventi on npipishse shi&:ylatedm'caha:é sulfack, mmﬁmcymtwmlammdiundeﬁeon Such

It r.d t h t of
phar maceut | DU P DRRE e B bEeP B e et AR i Y e,
enpl oyi ng bemglpyeddh dmlpodpa.uanormflsﬂts umﬁjltaahit@mpdm&enwbmmungme cafopompd i on
pronoters tQg. nhan eofllgn&)t vg ag 'ceuchI cep?ab%at%{d%(a?%%%{p/ or ot her

conventlonaI° egllve sper I ' ng - agen Most preferably,
t he phar nac €956k al Salts dnrwecpfrah lagprapointe daset inoluge akalt hetal (e.g.nspdinmiand ar e

the prosent PoRySD) 4RSS Bl 0 et lHRED, Mo AR 0 EORAIETI TS o

produce a cOhjasientianralsornsignsiiy @atdmizagen df@anyrbasic|nitrogen-gontaghingegnelipng upon t he
host treate e ' t he
conpositi ong g&lg&?ﬁ&é&s ‘?%#cﬁéﬂq ﬁld Vg%er?ﬁg%l%ﬁ%%glta% bFJng%c&gtgﬂia b%l - 100
ng/ kg body Ohmngmb)/@alyql@mmh%lonnhl bitor can be adninistered to a patient
recerving ¢ RS COMROSbbANS of hRGE i enslitilfhetinistfipdigr ot 00d {hat 2
speci fi c dosage an tre tment regi nen parti cul aiqgﬁatl ent will
depend upon Pareigrallp by lléﬁlafl@Et%PEﬂYsmPlP%l rG%FPng nﬁsﬁ’é’ Reqcplly, ¥aginglly eda aspeci fi ¢

conpound enphoyRed reldMoid dhe té?ﬂdﬁ(aré%rﬂ'higus&ﬁﬁb?éi@incﬂﬂ@e%'sﬁﬂ&utaﬁ&ﬁs diet, tinme of
adm ni stration, rate of excretion, nmbi_nat i on, agnd t he Judgrrent of
’|“Egt§i‘ ¢ i

the treati ndoirayeRpus. datepuseylar.dpfE-astisylap Vil gintsasternal intathedlh sease bei ng
treated. ThenaRBY4NE, iktfaleRionsl QDA AREhn mtjéaeorpcsraﬁfamn fefhiRadsl @Refdribly,he

conposi tion will al'so dep nduon t{] artic ar co Fdlnthe

conposi tion. ﬁcﬁﬁﬁg%“@éﬁ’@ﬁgﬁnﬁb‘ yhigtr F‘f‘ﬁn QF“’EBYH?B YoMl di sease, to
bS treated gﬁjed@arbwﬁﬁﬁsetﬂme o%diﬂbditloﬁﬂé‘ﬂthx& méﬁnﬁuﬁay®ea@ﬁms$rowmhs are normally
adm nistered to tre

or preyent th resent in
t he conposi tTMBRYIBY Fﬁe§uﬁ%ﬁ‘§f§’r‘}f RS atlﬁgmﬁ ‘gacﬁ‘g ‘8F i teé"&'&l‘ﬁsgm 10 %her apeuti c
g_gent s that aﬁruangtantxalbldispasigg m\&ttmgegentscanﬂlsmﬁéndnrgfagemam stanlepart i cul ar
i sease, or .con ion, .are . r.oQr i
condi ti on, eFaﬂ’é prepiieigh mal A0b el atle s‘%ﬁ?"d‘é’? b "%"mﬁ%?‘%sos/ 03655

toxic parenterally-acceptable diluent or solvent, for example as a solution in 1,3-

butanediol. 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-



[ 0070] For exanple, chenotherapeutic agents or other anti-proliferative
agents nmay be conbined with the conpounds of this invention to treat
proliferative di seases and cancer. Exanples of known chenot her apeutic
agents include, but are not limted to, deevecTM adri ginyaiG,

dexanet hasone, vincristine, cyclophospham de, fluorouracil, topotecan,
taxol, intereQEHES2%nq b atinum derivatives, [0071] O hé’FT’élﬁ‘gf?ﬁqS%s of
agents the inhibitors of this invention nmay al so be conbined wth include,
wi t hout | i ninteaufpeiure of phemmageuticallyfageepiable selidybiquid opptheralosage fachs mey Agd cept (r)
and Excelo ki nson' s Di sease such as

L- DOPA/ car bpég%gf&li ?%%%%gfc’%?lg%{nmol e, pram pexol e, bronocriptine,
pergol i de, {WSbeélihhehﬁdylhceumﬂy mta@mqmosié@énf@is ipventiqrrayttierpgpllvul t i pl e
Scl erosis ( (r)), _
Copaxone(r), an m tugélﬁ%lg ab&5§?1%g§£ nt chC)r agt %11%1 asag%?%%t erol and
Si ngul ai r(r}abletsa@%im% SflS@@nStOp%@HSPWQOI@cEn@@%‘F efitptdets fos ArabuseGapicesx a,

ri sperdal, %@&ﬂgﬁa@sedﬁ{eﬂldbﬁm&qnhqeﬂn starcN £ hibricBHd s HERS, YK a@gﬁﬁ:eﬁmﬁUCh as
corti coster0| ds ockers -1 RA, azathioprine, cyclophospham de,

and su|fasa|8f§2rﬁﬁqearealwm%éé¢e&t EPSPfﬂﬁémWﬁmB%ﬁ)ﬁPé@%fO&@v‘& hts such as

cycl ospori ngjihéatsiid@WRiose ARAUAYE EdPnstdAC WA Q&\le@ﬁs%ufjﬂéﬁﬁ&ﬂs'are redHir8d fger ons,
corticosteroids, cyclophopham de, azathioprine f asal azi ne;

neur ot r ophi O™ Biet B active li’éT‘Fd‘ﬁét iseqmBined FptbemalsEngad snepsnding agents. Jno

i nhi bitors, dedie® cbi@fiPfeetein, ftaGOHNLDr SANE agér maycdldHaabddal ockers, riluzol e,
and anti - Par Ki nsonj an agent S; agents for treating cardiovascul ar di sease

such as bet A0490]  alfesnatiyigly: the phammaceyficall YdF‘i?P@'PlF E%mPWt‘PF%ﬂféE‘S ingentipn |, m
channel bl ogigms adxﬁmﬂteﬁhadtheﬁormaig&rﬁpmbﬁés for €4l iath@inkskri@on. d.'lhés‘éaﬁﬂaeSUCh as
corticosteroids, .. chol eshé/r am ne, | ferons, and.anti-vir ents;

in
agents for PrEAET REOBLEIAC HeR o wt n"’é’éa“%fe’fql%%fl@?’ﬁis at?f _l eukeni ¢
agents, and tgnpmluhe b titjaid at recaideragpednirs addaheréforatill ngltmuhmacmdﬂbl ci ency

di d obul i n. Qr2] v t

Cher apeut i o agieh e SRR Suet teldecitoR Sen piF SBIRAT b P B0lehs B0BIe, || e o
nore than t ﬁ@ﬂﬁa]mume phivetacengedllgt acreptalelé tympositiarif Hiisiemtion may #so teonposi ti on
conpri si ng tgﬁ{msﬁe?e rtgﬁﬁag}r,;e%%%&ﬁgﬁnhé\?m% Q:Pgﬁ{%%}'tééatﬁa%ﬁt‘ 1Xcefuc1%9§rg£s'or5 LGierably the

amount of additiona _ agen _ resent I scl'dgsed

conposi t i ongeadily hccesaihlydy tépicahanphication. 3@ading di@@% fothEEWe, therskimor thor nal | y
present in R ]&&dq&l i frefapeutical ly
active agen?ovg rgg%gﬁlélkcco? gﬁ%t&%&gﬁgﬂ ﬂﬂonéﬁg%%g t he |(r31vent| on rel ates
to a method a&Rs oioR#BI ting GSK3 or LCK kinase activity in a biological

sanpl e conpribgg2N9 tdpieabippReadbn fof BRUGH: id?éim?aﬁtr&t an%%ﬁb&é’d ingdhe with a
conpound of this invention, or a conposition nprising _said conpound.

Pref erabl y, SEPROsitAsy fogmulatimesee 2bave) prdn & uitgble, FneEBrf?‘HE‘H“ﬁb Lopally-33 0 7 AUG
2006 transdermal patches may also be used.

. e

[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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WO 03/ 066629 PCT/ US03/ 03655 bi ol ogi cal sanple with a preferred conpound of
the present invention, as described herein supra. [0074) The term

"bi ol ogi cal sanple", as used herein, includes, without limtation, cell
cultures or extracts thereof, biopsied material obtained .f.-f Ak nmral or
extracts thereof- _and blood, saliva, urine, feces, senen, tea or ot her
body fluids OFOM%22ts thereof. [0075] Inhibition of GEREUYBOIEK ki nase
activity in a biological sanple is useful for a variety of purposes that
are known t06#e &br ephibhlmi¢ e thepharmaceicaliiricesptable compositipns Bagkes i ncl ude,
but are not ¢) i - LOR, ation,

bi ol ogi cal f@@%ﬁ%n‘*“@?%%ﬁ%?”&%ﬂﬂﬁ %ﬁ%ﬁ?’cpéf &g.ggg?éﬁ@%g%%%} " Anot her aspect
of this invpunferably, assolutions in isotgniperthasiiisted stexile saling ifhes wisBleswghout ¢ CK - nedi at ed
di sease in L: i I w18 laglal i patient in
need t her eo?{e&g‘ya{uﬁﬁug%ﬂel }'ﬂi@%ﬁgj?c ec?? V‘?ﬁ%“ﬁﬂ?%?%@?%ﬁﬁéﬁof t he
present i nvekArnansutically acaepidblercpmpesitidng miay Ye foredpedisiag olnEAHSCh fon conpri si ng
sai d conpoupd,ggording to another embodinent, the invention relates to
adm ni stering a conpound of formula |la, or _a pharnmaceutically acceptable
CONposi t i on[‘g’éﬁ}pr i Top plprsedenticelbyaseeniable cppposiiinns REthis invemipaitAx Al Pe| ates to

adm ni st er i Rémidisieted b9 nksarhefoRslRP HRGa®h, SacHBohPodiffons &€ pftpaed ddagdinglier ei n
supra, or a pharnmaceuticall é]Faccept abl e _co%om tion conprising, said

conpound.  feolreues welk-bratinig the 3t ghpharraice 0 apdRay ReERAFd v ent i on

relates to gola@ink Ahafifel emgléydat ehg)1 AldoHoBirdbtiRr siitMe plENativ@dabdbrptiamse i n a
patient, which method co risﬁg_, agn‘i nisterin tct)ha aati.egﬁtl in need
thereof, a PREREEIQFRIanse Rioagqiahility, {Horacamons. apyor.pthep eamgeftiad®l of  f or nul a 1b,

or a phar maegulilifag drvispasiepigehke conposition conprising said conpound.

According t t her enpodj nent, said.net hod rises admnistering to a
patient in mpgg]ot H@?%B‘F,eragiy?ﬁgPgaﬁ'é‘ﬁ‘iefltécg‘ﬁ?' 9°°8?t$°2% P Int  of a preferred
conmpound of investiomatesforhin]ata@iforesl @dministhatier ei N supra, or a pharmaceutically
accept abl e si.t.ian Qpprisin ai.d._conmpound... C Lhg to

anot her emgﬁ%%nt, etaﬁlgunﬁﬁv ‘F\fcl’I’%Pr?g[pl)drssc?\f/|H1 ge%g?@?ﬁg%gggﬁl%@ggﬁﬁgll or

| esseni ng t lwdthsleecarriet patefialsto GHIdu@-avedipediténh il siogls dosege foumdiltvagn in a
patient co = gml{g' { id_pat. conposition
accordi ng tgp ;Eeh%hg' gqogelrsﬁge n@gt%%?g%tﬂ?e n. Pl%%@éﬂe%g%@ﬁ%féut g}egegdg%yhglre

enbodi nent , cemposjsioastanld bfeemulatohsa tbitatdesage of etwrer AOH- Irme/kgodyi ng or

| essening t %@Qaﬁ{oggxé ifbibitdr &h%@gﬁﬁm'sgl'eg% 864tientQbce R Hhest YhposifbRCt €d from

allergy, asth [ i sease, Huntington's disease,

tes, Al zheiner’ 5 $
Par ki nson' s [68% 5 Jeshonld glso be understood that a specific dosage and treatment regimen for

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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0 7 AUG 2006 WD 03/066629 PCT/ US03/ 03655 Al DS-associ ated denenti a,
anmyotrophic lateral sclerosis (AM.,, Lou Gehrig's disease), nmnultiple
sclerosis (MS), schizophrenia, cardiornyocyte hypertrophy,
reperfusion/ischem a, stroke, or bal dness, conprising theTsAge 206

adm ni steri n%{to a 9patient in need thereof a conposition according to the
present i nverfqBif6%2° [ 0080] According to a preferred enbPEVHEHP365% he net hod
of the present invention relates to treating or |essening the severity of
st roke conpi00H)] ngFdresarsple wherhothedapeuticagents orcpther antiaprpliferatvetagents MBERE t her eof a
conposition C i t L | ool LNg toO

anot her pr e(fog{r%%ng((li:lg’étﬁ%lg&gﬁéﬂﬁip §fﬁ%§ﬁg n}lt%g%%ﬁéaﬁﬁghfgﬁag%gﬁ%lseﬁggﬁﬁzgn rel ates
t 0 treat i ngExamplee sfigwivn ghenhesapowsiciagsntsincladen but arsdhetjémicad Aa, iGles ves?™,
neur ol ogi cal . .di I S1.00: : Lo Il a patient in
need t her eo%dngﬁgcg%%g%ag}eﬁl f‘)‘%g%&a@‘?@%?% %801? % t %Llﬁ(rég@eﬁ&%c%\}g%cg% . [0082]
Accor di ng t exayintetiernseasaditimamderivalieespr esent i nvention relates to a nethod
for treati r %&lﬁu.{ﬁ j fof thiGh AR ASEmar IS DE 6 hibin&d

condi tion, @gpgct ?gé?r om ggg?ggle?tﬁ%@ ti°§e°§g’é§,h§°§‘| I erg}?dés??’ _rﬁxﬁeémat oi d
arthritis, withingluges mithout dimitptions resgmentsdfoshlabeiner's Diseaserspdyae ATiREPt t da pat i ent
in need theggafy® (COMRAS FriPaRiRGADi R0ubiPas INBOPARSSHopa, Eftd@pdneon. [ 0083]
According to another enbodi nent, the present invention relates to a method
for treati rgingnle, praipesplagPremecripinpepergalide iripexephendyh 4pd srapdinei 3880t onpr i si ng
the step of g aehEhpMulitid STerbds M Aich 8Mbetd MtenteRd (. HLARMAEane REFTS) ti On
according to the present invention. [0084] In an al t‘ﬁm.e ?n‘apdi ment, the
met hods of €ARasonenARA MilRantions: teatnents for asthsbasweh 35 aljeer ot contain an

addi ti onal hhgi aRedhting saedphrenia @iTR b SypréxBispetdal] defgadl, ans hatgpedbolsepar at el y

admnistering, to said patient an additiqn era i.c, agent .. When these
addi ti onal ?‘%’eﬁ“ﬁﬁ%‘ﬂi‘tf”é’ agefLs,fuch 25, cQriigoRiAr 8%%20%%'83#';%% ey be
admi ni st er edycldpRospheenifd anddtilfagalaziae; hmpnssafuiny aldipmwadshpposssifodgentsi ng
adm nistratio itions oOf '

f the . t hi i on. [ 5] | d t hat
the inventi 6%Ha§?6f°ﬁﬁ?€§9fﬁg‘8§???’ ey ?O:?% n:,l ﬁ\{fgr%fﬁ glrn%e‘ffgrg%’] t hg 01[ olelrowi ﬁg

exanpl es ar eortigistefoidst dyclophophivoidé, dzateopuing cnd sdiasalazingt neutoirophiciecintsl es are for

nventi on | Ry SR ERn e gyl B0 bR G TR Sy el B 4B

channel blockers, riluzole, and anti-Parkinsonian agents; agents for treating

cardiovascular disease such as beta-blockers, ACE inhibitors, diuretics, nitrates, calcium
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
-33-



EXAMPLES [ 0086] 1H NWVR spectra were recorded at 400MEz using a Bruker DPX
400 instrunent. 13 C NWR spectra were recorded at 1001~fflz using the sane
instrument. LOMS data were obtained using a Mcromass ZQ instrunent with
atmospheric pressure chenical ionisation. BPLC anal ysis gverapgPgpg or ned on
a Phenonenex. C18( Luna colum (30 x 4.6 nm) maintained at 4 C. Sanpl es
were prepar edV8UHRYtions in acetonitrile with approxi RETESEEREENt rati on
of Img/ L. Each sanple of 1-5 pL was injected into the system The
conpound wabiotlgitaEsdmplieiwitl) atpreferfed cbmpaung ofthaplieeent inwdntien, b4 describedhaeinf 2

mMJrin: O min, 80% H20-20%veCN, 2.5 mn, 0% H20- 100%ECN, 3.5 Mn, 0%
H20- 100%/90{{“1’ '087] The eluant m xture was then returned to the starting
cogdl Ei i ons §#0741 heTheadrmrthiologiealasauiple?, by used tertiorindudes, nmitheut lipgtationt, cddh was vi a
a diode arr det ect.or ng extracted,
In all case?ﬁtmﬁes oéfxqm%ﬁhe%%f bﬁ)&agﬂ&%%rl\t | ca{' on%}f}%%& [ WO wavg e%gt hs.

[0088] All tieagéringbled, ealivhiusing éetes sommpy taralor ythentodyifeids efiexeaty y. DUT was
dried over %fm)l ecul ar sieves (Fisher Scientific). Colum chromat ography
enpl oyed Si Il ca Gel 60 (Fluka). TLC analysis was carried out using
pre-coat ed {00451 i cingihitien of GBI 3/qplAIK kisise achivitk/inSubi¢lngiedh sampje iugpdul for aSchene |
Ceneral pro ﬁﬁﬁﬁﬁ a azol - 3-yl
benzi m dazoﬁgg%grgﬁé/ugéois%g%t% bR ﬁ%l(l)l-%nb@%n EM%QIGSJO*EQUCQP%QH& H2N H 1?/1]8
1, 2- Di ami ne ichudp, wierk notiiamited iy bigod igansfusien. rgasrirapsplapition hiokpgical

(4-am no- furmqen%mgg@rgﬁgﬁom%@d%d met hyl ester) (T.lchikawa, T.Kato,

T. Takeni shi ; Het er ocycl . Che 1965, 2, 253-255. V.G Andrianov,

A V. Er eneev [0 @%m Amt@réwy@@f@&ﬁb\@nmnfgl@t&s togguethagfer trppting 4 GRK3@e| i nski | |

S. F. Mel ' ni kqyeg r&d}éteﬁ'dis@&glh a pﬁuéﬁt SBL@ BBl dompﬁ@&& 8drdinfelefing to@paiind 299, 35,

296-300) (2.7 mmol ) in methano mL). Gacial acetic acid (4 nL
) need there())f a therapeutically efféctwe amo)unt of a compound o?the present mve(mtmn, )

or a pharmaceutically acceptable composition comprising said compound. According to
another embodiment, the invention relates to administering a compound of formula Ia, or
a pharmaceutically acceptable composition comprising said compound. Yet another
embodiment relates to administering a preferred compound of formula Ia, as described
herein 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,
-34-



-36 -7 AUG 2006 WD 03/066629 PCT/ US03/ 03655 was then added to this
solution and the reaction m xture heated at 65-70'C (an oil bath
tenperature) for 18 hours. The products crystallized fromthe m xture and
were separated by filtration, washed with Et20 or Et2Q p qzzvﬁjsemet her
(40-60'C) and dried. The yields are given in Table 2, be

2-[ (4- Ani i no) Y@ 03065029 x adi azol - 3-yl ] benzi ni dazol e (1- 18) nCFAIsesi0eqds as a pal e
yell ow solid. LCIMS: 202 (M++l), retention tine: 1.46 mn. 8H (DVMSO: 6.79
(2H, s, NH2WAIDS-assbciftedtemeia, Anidtropific Taterfl btlerosls (AME)Lou Gelirdg'§ tistase), ArH and

13. 65 (1H, 2, 5- d | 5-neth

benzi m'(dazoS lttpligsﬁmm{s@éfm no}"%fgﬁl%r carﬂ'l%xa ‘I’Sg‘?z)li?ypﬁ‘% ?\:@ VS: m23202(¥vf1)

g e'é snz |l an Ei reperfusionfisthemnia, stBke, o bdbmpss, hmpoisiaBtie sop ofdﬂhﬁxd ste;\ﬁ)ﬁ)‘t&a(_?_ﬁ il— HNHZ) :
r e

i gnal s REtEnboetRGedes ShrniRien aishrdtido e descat ityeton 11 4 i 1o

benzi m dazol[QﬂSO]l 485cordingad apxeﬁrrecsemlﬁbdnnange meglaidiofithe Iptdvat inRetifiof M-+ ) ,

'rbf}t_')e nt I8089t | es tf)ntre%.\lﬁg')or %??8“1&%'5‘5 6“811)1% o? f)u‘so%e mljnsing %Iélzs}ep of Zdnnmst r:1|'11|_gI in,

éo [ (4- Agt ilnax) aﬂatiznt‘jn neeadleaegbdt eoﬁapphlpemacbgrdmgmhbmmmmoﬂ.e ( t1 52) d o
npoun s ar.e e c ained after

evaporat i on?‘(g)‘}ml’\ﬁeA%S nén? greéﬁf‘ae eded& n%’ﬁ] Ingwogg’% thg?&ﬁe MS: 218

(M +1), retimehiamrelbtesio tredtin@Br h:ssenmg the sé@@@f a neugod8@enerhtive arn, Ar H)

7.18-7.41 , n eof @ 1H: b

NH) . Tabl e(lé"t{“@ag%dlsﬁmér elect 8 °JS§° &.hl{is %%4 oo e%ﬂl\l——;%tg‘%l?fg "1
4R SR # ent FymPOSNOEaWOB’lRMtHQP&SﬂtWV@h@n(% 1-18 a HHHHHT76 1 44 b H
Ov HHH 7%0082?7 Q&Ofbdﬁt@ 16 Hdbher m&ﬁﬁ%@@%ﬁes&gﬂdéﬁ%/ﬂ%éé a method for

treating or lessening the severity of a disease, disorder, or condition, selected from

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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# entry '"R2 R3R4 RsRYield (%9 1-48 CNO2 HHHH56 1-52 d OHHHHH
95 1-38 e HHHHP?--CH 400 1-32 f HHHH>-O~90 CH 1-33 9 HHHH
~y 70 1-37 hHHHHCR3CH 18 1-54 i HHHH""Ir cli~ 95 150HHHH
Ph 73 NC, 1-51 K HHHHYV 17" 1-561N02HHHNCCHZ]¢{-’{]é HH
NCC H2 951, HHOm®e HHOm HHCE~ 95a 1-86 n HH One f8 NCCHZOH
H H NCCH2 28bWO P45 NCCH20 The product was isol ated as &CT/US3M3IGH xt ure of
t he 5-net hoxy and 6-nmethoxy derivatives. b The product was isolated as a
2: Imxture of the 4-cyanonethoxy @XAMPI@BLanornethoxy derivatives. " The

Product ves iR 2VER0RR e eSR TS s I b FpRERE, PLocetur e for
derivatives mH?zhshdnlt NPC NMR dpedtca Wrd\redorde@-2V\(00BNE uskg3he s@me Matrhnfedt. 22 ol , 60%
e o p Nl U oSSR R PRaP i LT BhSBal Spdodt 0 Y |,
DUT Q nml). chidhiical 1omhmloﬁdHPLC elm,lystsh&rmexﬁ)med mﬂ’hsrtomenec[h@d) Luom t enper at ur e
0o o B g0 L L IR 0 o By 00 01) v
t enper at ur e hcetnitrils with lapiﬂo:fmateamcantthhbn ofiialg/iBh Easheample of 1-5 pL was
injected into the system. The compound was eluted using the following gradient at a flow
rate of 2 mL/min;
0 min, 80% H,0-20%MeCN,
2.5 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/UV3s4 (Macherey-Nagel).

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

benzimidazole derivatives

i HeN
NH, MeOr N
O 0 — OO
NH, HgN SN N ~°

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. 1.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)
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chl oroacetonitrile was used as the al kyl ati ng agent) or 18h (when ot her

al kyl ati ng agents -38 07 AUG 2006 WO 03/066629 PCT/ US03/ 03655 were used).
The reaction mxture was allowed to cool to roomtenperature, diluted with
Et 20 (30-40 nL) and washed with water (3x5 nlL). The et hepgapyd pgr was
dried NOW the solvent evaporated under reduced pressure and the residue
purified eitHEP03§862%rystal lization or by flash chromat o§FEEMY0368S af f or d
the product. The yields are given in Table 3. The follow ng al kyl ati ng
agents (4) wetinused 16 diszoRper adilkaeptiasaitureapd arffs70°C@neil bathy Br NC, , (C

,.Br ~~C CFS-'~i b C M . .

| - Cycl opr op§PRBEHL) Eb?ig[é"ll-‘-safnﬁgggéo%c,mfé—?%l%g%Frgnzlé e-‘%‘f“yfe] P Ferepeniaed o (1-32):
| sol at ed asbyefileaions wahal vt BtgD ol KiBpetdbefim ekt j40-60%1)and drigd. Thevieldp 14 i n.
8H (DMSO): 0.39 (4 2CH2),1.28 (111, m, , 4.51 (2H, d,

NCH(2) 6. 298 ?ﬁﬁ,"e‘(é’f‘lrlﬁi?,bfgg’s ()lH, t, (ArH), 7. 37Gj)|v1 t, Arl(-i) and 7.78 (d,
2H, ArH).

ol at e kT At be @R o SR G0 Ikt LEERIOTEe®, |50

8H (DVBO) : DCABLS: 205 ), reensiorCiBy:, 1.48 0. fl(DMSQh 6.CHRH, 9 NiB), [ 2M(2H, NCH2) ,

1 (2, 2, 2 oot ADr DYSff A it p il DT OE S50 L2 izl o

(1-37): Isolated as a colorless solid. LCAMS: 284 (Mt+1), retention tine:

(Z'Zal r2“ . Sﬂ};\@%ﬁ1,3,?:?%3?%%%%@-:11%% benfinfidazbR F-446; 1sddkdPdsa 7- 31- 7. 40
1-(3- Vet hy| piowhybli LOMS RIMG D irsientisn dixueelt 52 in- 8 PMIDNLTHidlazol ¢ (1-54)

| sol ated as es o} | xy 2, I I ' iAmBy. 2.41 mn.
8H (DVEO) : Meg’é%?}e?&?ﬁ’ SRES) éh%%?%éﬂ(%ﬂ%th%ﬂ 0 £5t 0Rud TR S
NCH2), 6. 99TheMH sigal Whidof obger8ed. (1H, t, ArH), 7.42 (1H, t, ArH), 7.73 (1H,
d, ArH) and 7.80 (1H, d, ArH).

1- (2- Cyano) propyl - 2-[ (4-am no) - 1, 2, 5- oxadi azol - 3-yl | benzi m dazol e (1-51):

| sol ated a2-[d-Awino)-L35wxadinzak3-viuttrodenzipidazely (1-A%); bpleedss an9PEe 1. 28 ni n.
8H (DVBO) : - 2006ion YR 0BL AR J398(286581,), (3H, d,
Gy 6. ve (o LS L AR e S O T T A . 7,55 (11
t, ArH) and77198, @R AtH), 509 QHAm, ArH) and 14.20 (1H, bs, NH).

O

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. 6z (OMSO):
6.88 (1H, m, ArH), 7.18-7.41 (4H, t+bs, 2 x ArH+NH>), 11.99 (1H, bs, OH) and 13.78

(1H, bs, NH).

Table 2: Yields for selected compounds

)
W2 2
54

#  entry R R R ‘R R Yield (%)
1-18 a H H H H H 76
I-44 b H OMe H H H 72




| - Cyanonet hyl - 2-[ (4-am no) -1, 2, 5- oxadi azol -3-yl]-4-nitro benzi m dazol e
(1-56): Isolated as a yellow solid. LOMS: M ion not observed, retention
time: 1.63 mn. 8HDVSO: 5.88 (211, s, NCCH2),6.92 (211, s, NH2),7.63
(1H, t, ArH), 8.18 (1H d, ArH and 8.32 (111, d, ArH). o

1- Cyanonet hyl - 2. [ (4-am no) . 1, 2, 5- oxadi azol - 3-yi ] - 5/ 6- net h‘bl(%uﬁem m dazol e
(1-47): 1solP&Ws9 3 pale brown solid. LC MS: 271 (M+-+IPCT/US@08635i on ti me:
1.65 mn. SH (DVMSO: 3.84 (2 x 3H 2 x s, MO isoners A+B), 5.88 (2 x 2H,
2 x s, NCCH2# 1 eatprs AmB), 6700 (2Rx 2H *R x s, RH2, Yidag®ys A+B), 7.04

(1H m Ar&—isomer—A)— /186 ILH,—LQA—A:-H——%BJ—%—-Z—IS_?—&LH d, ArH,

i soner B), 83 (1H, d, NQH, i Soner ), 7874 (1H,Hd, Ar ,6 i somer A) and

7.82 (1H, d,¥ArH, d sonero®)., H H H H 95

1- (2- Met hyl ) propyl - 2-[ (4-am no) -1, 2, 5- oxadi_azol - & - 5/ 6;yret hoxy

benzi m'dazollg:’8 (1-%86): £| ated as ﬁyel | o soli&lﬂ](]vs: Yas (M +1),

retention tine: 2.19 mn. 8H (DVBO: 0.91 (2 x 6K, rn, CH3CHCH3, isoners

A+B), 2.22 (¥2x 118, M EHCOH2H isdhers AMB), 3LB5™2 x ¥H, 2 x s, Ow,

isoners A+B), 4.49 (2 x 2H, m CH2, isoners A+B)ﬁ’&; 96-7.09 (2 x 3H m

N112 + ArH, ksmonmerg A+B) H 7.31H2 x H11l, mu ArR, ISonmers 70A+B) and 7.73 (2

X,1H, m ArH, isoners A+B).

| - Cyanonet hyt372- [ (k- am nad - 1, 2,55- oxalli azol -#3- y| | CAB&CH, cyattonet hoxy

benzi m dazole (1-58): Isolated as a yellow solid_~LOVS: 296 Q&+l ),

retention tit¥: 1.56 minH 5H (BMSO) :E5.36 ® x 2H] 2°x s, 9NCH2, isomers

A+B), 5.79 (2 X 2 2 X OCH ispmers A+B), 6..88 (2 x.2H, 2 x s, NH2,

i soners A+B)1,2506. 95!‘(1H, 3* ArH,QHiso%r A),AH7.12 11, d,73§\rH, i soner B),

7.29 (IH, d,pArH [somer (B), 7..37 (14, t, AfH, is"r?r A) 17.46 (1H, d, ArH,

isoner B) and 7.55 (111, d, ArH, isoner A).

| - Oxi ranyl neidgyl - 2y [ (4- ad,n0) - Iy 2, 5-@xadi azpl - 3- Wekhenzi mgdazol e (1-38): A

m xture of benzi m dazol q%( 1-18). (0.98 g, 4 mmol ), (RS) epichlorohydrin
0]

(0.11 g, 1.214mol)m Nal (0.006.g, 0.04 mm|) andNk2LO3 (%17 g, 1.2 mol)
in DUT (5 mL) was heatedtt -4 07 % 2006° WO 03/066629 PCTI US03/ 03655
70-80"' C for &hours. The Hn xt uPMe wasHt hen dbol ed % oom fenperature and
the solid i3S separated gy fil#ratome and mashed with Et20. The filtrate
was diluted with Et20 Isfccgz% M) g vvas%ed wi th H20 and dried (MyS04). The

sol vent was Bssaporat ed under reduced pressure amdctthe rezfdue purified by
fl ash chromatography (pett ol eurff et heHet he¥*“™M2 1 v/v) to afford the pr oduct
(0.04 g, 40%heasodactoak olated 8s sb5:il chixti@Bthe 58etl{dyly 4ndl§-methpxst depivatiyes.t | me:
1.67 min. SHTROWSMEIct wa igolatédlasia 2i lmixtu o6 the Gkiyhnomathoxy3and §-oyadmethoxy 4. 56
(1H, dd), 4debrafivds)® Thaprodaet8@s isclbted &5 a mpdRic Mixh@e.7. 29 (2H, 2 x t, ArH) and
7.60-7.69 (2H,

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

\>__2\N \ =N
Oi N T \ A

N N N N

" \

R3

NaH (0.22 mmol, 60% in mineral oil) was added in portions at room temperature o 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-



2 x d, ArR). 1-Phenyl-2-[(4-aniino)-1,2,5-o0xadi azol -3-yl]benzi m dazol e
(1-50): This conmpound was prepared according to the general procedure for
the preparation of benzim dazole (1-18). N-phenyl-N-(2-am no)phenyl am ne
was used as the bis-anino conponent. The product was |sqj gd ma grey
solid. LOVS: 278 %MHl) retention time: 2.14 mn. SE 79 (2H,
s, NH2),7.08 WOHO4# ArH), 7.28 (2H m ArH), 7.41-7. 501’@ 03/P3H55 ArH) and
7.80 (1H, in, ArH). Schenme I H Preparation of

1- cyanonet hy)erezls{dﬁ SFintactidn Rixpyes was atywédre naadl o emadneperdurb/RButhl @OOH 'ro A. .

AP BBl g i b i i s ol 00 1

N- ( 2- An~dno@gsQu), xkeobanteogppraseziunder Fedoced ipresams abhd theTediditetpptifigd-cithere (0. 22 g,

| ded d i X )
3 ani i no- py PLOTHALG 0 ST Grd ey BRI B, e veldsammanes, 1) e

m xture wasicBables8d to 0-5' C using an ice bath and isobutylchloro fornate

i xtur g was B0 rrea% #ﬁ?‘ﬁﬂ%ﬁﬂ?‘ﬁ%ﬂéﬂ%& s e Ao onzene (0. 22

g, 2.0 inmyrva edoln one rth.on Bt Ul e s slowy
warnmed to room - 41 0 A 7106 CT/U 03/03653" {:ﬁperature and
eat

stirred for 18Hours. he r ion maxture wgs then dil uted wbth CH2Cl 2

(-50m), washed with % ter, @ried (MySO4) and the solvent evaporated under
reduced pressure. The solidified residue was washed with a small anount of
Et20 to affqr

in the next IS(S T’g\?ptyﬁé%gy Tzulréo 34)8’315|‘\"|’/%'§T"?8r¥l]¥§‘ﬁh?’g%§3h%% Ollc?Z\Il—Ivasstjsed

NH2) , 6. 78 (idothtedtas a Aslblless Soli@OLCMNES: 286 (M), retéhtiO®time;: 2.14 min. dy (DMSO):
0.39 (4H, m, CH,CH,), 1.28 (1H, m, CH), 4.51 (2H, d, NCH,), 6.98 (2H, s, NH,), 7.28
(1H, t, ArH), 7.37 (1H, t, ArH) and 7.78 (d, 2H, ArH).

1-(2-Methyl)propyl-2-[(4-amino)-1,2,5-0xadiazol-3-yl]benzimidazole (I-33): Isolated
as a colorless solid. LC/MS: 258 (M'+1), retention time: 2.24 min. &y (DMSO): 0.89
(6H, d, 2 x CHj), 2.22 (1H, m, CH), 4.48 (2H, d, NCH,), 7.01 (2H, s, NH)), 7.29-7.47
(2H, m, ArH) and 7.82 (2H, t, ArH).

1-(2,2,2-Trifluoro)ethyl-2-[(4-amino)-1,2,5-oxadiazol-3-yl]benzimidazole (1-37):
Isolated as a colorless solid. LC/MS: 284 (M'+1), retention time: 2.01 min. 6y (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-yl]benzimidazole (I-54): Isolated as
a colorless solid. LC/MS: 272 (M'+1), retention time: 2.41 min. &y (DMSO): 0.98 (6H,
d, 2 x CHs), 1.69 (3H, m, CHCH3), 4.70 (2H, dd, NCHy), 6.99 (2H, s, NH,), 7.34 (1H, t,
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-oxadiazol-3-yl]benzimidazole (I-51): Isolated
as a colorless solid. LC/MS: 255 QM*+1), retention time: 1.28 min. &y (DMSO): 2.04
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(IH, t, ArH), 7.57 (IH d, ArH 7.70 (2H, bs, NH2), 8.07 (1H, s,
pyrazine-H), 8.42 (IH, s, pyrazine-Mand 10.01 (IH, s, NH).

2-[ (3- Andno) - 2- pyr azi nyl ] benzi mi dazole (1-80): A solution of

N ( 2- Ami nophenyl ) - 3- am nopyr azi ne- 2- car boxam de (0. 15 g, _0.66 1) in
acetic acid (6 nL) was heated at 100-1 10' C for 4h. The p‘éa&@ﬁ@%ﬁixture
was cool ed t oVP8WsRLnperature and water (10m L) was add®€d/USIBI6SS

preci pitated product was separated by filtration, washed with cold water
and di ssol v@d, 4,THz), 48.(1H kgNECHH®.98qbH! ¢, NH,WASO (iH, € AKDVI SO, and t he

sol vent ev;&(ﬁat d ffgé% the product (1-80) (0.12 g, 87% as a yellow
solid. LC M¥D#$7.0 m, Adention time: 1.51 min. 811 (DMBO): 7.13 (2H, m
ArH), 7.44 (IH, d, ArH), 7.63 (1H, d, ArH), 7.88 (IH s, pyrazine-H), 8.06

1H, s, i ne- 2.99 H, The NH2 .sSi | , not
Sboerved | FCepSmARIICSupsL 4 oraRiast N R ERaRs s (87 01 81

Al kyl ati on Rblated aygp@llod selid (8YMEI M )ierngdyhsaved) ydtyrnien dmni Iidznhe (1- 80) (0. 06
, 0.29 it .04 g, 609

2 yei | ow so BVE] 188 ot N S BR iy 81 (B E Rl (e sy
6.28 (2H, saAHyGehBB2 (if1,39A#)70 (2 x IH, 2 x t, ArH) 8.07 (2H m ArH),
8.26 (IH d, pyrazine-H and 8.41 (IH d, pyrazine-H). The NH2 signal was

not observed. Schene |V: Ceneral procedure for the preparation of
1- am noal kyi-CFafi¢méhyli2?d¢-dmihoH1,25x0xddiazod3-y8-3/6-melimny benzitaidadobsI-R7DCcedur e A:

reduction o jtriles 9N E~N - N, i \>'0 CCN N3 ONN
VNG 4o boBleairs uEowii a8t A sishEne O on of Al C13
(0.5mmol ) i &y @MSABE.84 2 I, \Bass, MéDedomero AwB} 6.88121e RH2 £ 5,062, at nosphere to
a stirred splutign_of. liAll-14 n. 1M ut | in v 0. l,) at
room t enper éf?ﬁ?rég‘i'ﬁg qgtqéf\lﬁ@%lm gq\gi?% PR g%l%) gh]‘? ﬁlﬁ &Lﬁﬁseomr?? ml e starting
mat eri al  ( 0.12BrHyml, )ArH) iseer B . 391y d/ ATIBRsdnen®), Wk (1Heah AdddededAbpwi se, t he
m xture gen f ed for, 1 th to roomtenperature. H20
(5m) was CZ&% ](ll}-f, F\lyxk.rgg ésgalf:r A) an% qSQQﬁ-I, d, gﬁ{.%)ogle?ﬂ).

1-(2-Methyl)propyl-2-[(4-amino)-1,2,5-0xadiazol-3-yl]-5/6-methoxy benzimidazole

(I-86): Isolated as a yellow solid. LC/MS: 288 (M*+1), retention time: 2.19 min.

du (DMSO): 0.91 (2 x 6H, m, CH;CHCHj, isomers A+B), 2.22 (2 x 1H, m, CHCH,,

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-y1]-4/7- cyanomethoxy benzimidazole
({-58): Isolated as a yellow solid. LC/MS: 296 (M*+1), retention time: 1.56 min.

S (DMSO): 5.36 (2 x 2H, 2 x s, NCHp, 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-o0xadiazol-3-yl]benzimidazole (I-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,CO; (0.17 g, 1.2 mmol) in DMF (5 mL) was heated at
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the m xture basified with agueous NaOH (2M sol ution) and then extracted
(Et20 . The extract was dried (MgSO4) and the sol vent evaporated under
reduced pressure . The residue was purified by flash chromatography (Si02,
CH2C 2/ MeOH or Bt 2O NH40H) to afford the product am ne. @{pergoth)vm ng
corrpounds have been made by this procedure: %\, E6N EG6N. " ~-N-NO
"0 'O CCN N WOPB6EP Noo 12% N112 jg% N ~, 15% 1-124 1- 1_1.’8T4IS¢_1_3216655Pr0cedure
B: reduction of amde H N Hpo~ N-NLLAMA N=-N :NN"0 AICI, ONN 04 ™™

l\lﬁ\é\é r g/g/ﬁ ot |17c())n18bgcf: icg }n @tgogrs-rhﬂe ADONE wi tﬁgxﬁénbgfeﬂ td BbﬁQﬁﬁb&faﬁu@“é:idhh?ﬂSsobda en us Sd for
yield - 43*/45&69@8@9@7&@%%3? ‘Bf’é lr:bucﬁﬁz%s’é‘?%%%ggss‘@éfs?g P@B@%ohg N1 . 1 f) 2N N
N, NHCl > @40 ML), GaSHNd MBAH,OMndNdked| (MRBBO ). Whe sdbfdniNhs evaporated under

reduced pressure and the residue purified by flash chromatography (petroleum ether:ether

1:1 v/v) to afford the product (0.04 g, 40%) as a colorless solid, LC/MS: 258 M*+1),

retention time: 1.67 min. 8y (DMSO): 2.41 (1H, m), 2.60 (1H, m), 3.28 (1H, m), 4.56

(1H, dd), 4.98 (1H, m), 6.80 (2H, s, NHp), 7.19-7.29 (2H, 2 x t, ArH) and 7.60-7.69 (2H,

2 xd, ArH).

1-Phenyl-2-[(4-amino)-1,2,5-oxadiazol-3-ylJbenzimidazole (I-50): This compound was
prepared according to the general procedure for the preparation of benzimidazole (J-18).
N-phenyl-N-(2-amino)phenyl amine was used as the bis-amino component. The product
was isolated as a grey solid. LC/MS: 278 (M'+1), retention time: 2.14 min. O (DMSO):
6.79 (2H, s, NHy), 7.08 (1H, m, ArH), 7.28 (2H, m ArH), 7.41-7.50 (SH, m, ArH) and
7.80 (1H, m, ArH).

Scheme III: Preparation of 1-cyanomethyl-2-[(3-amino)-2-pyrazinyl]benzimidazole

NH, N,__-COOH ‘,JOL,_. '
salsaiiel e S TN pety
NH, N NH, NEt, = NH, N

HE -

I-80

NaH, DMF Cl/\ CN

sty

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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1-13 1-125 2-(4-Amno)-1, 2,5-oxadi azol -3-yl benzoi m dazol -1yl acetam di ne
(1-125): Me3AlI (0.42nmL, 2Msolution in hexanes, 0.84mml) was added

dropwi se under N2 atnosphere to a stirred suspension of NH4C (0. 044q,
0.84mmol ) in toluene (4m) at O C and the mixture stirregy f ﬁl tional
30m nutes. Benzi m dazole (1-13) (0.05g, 0.21mvol) was then ach

several porti ¥Rt he i xture was slowy warnmed to rodErfU8waesat ure and
then refluxed for 1 Shours. The reaction m xture was cooled to room

t enper at ur e teiperatude Hid SREALOOTBhEYrs. Si‘l&&ea(cﬂ@ﬁmkﬁrﬁ!%@ﬁ’en(dﬂnﬂed withl GHelCI, Si O2 was

separated b ratiqn ZCI 2 50% . The
filtrate vvag ;96%‘51 l@gwéﬁ #%%g‘gﬁ\?@rﬂ a“@(ﬁp% VR YRSl ungeéaﬂﬁlgce pressure.
The solid r efkdtee Thasoliiffep enidiacwhiwashddawith(akia)l ambine of B0 o a;ffokdathsol id then
separatedb f|| washed wi.t.h Et 20 an dledto aff product
(1-125), t((; %%94% °‘Y/F°11dW‘é°:5‘aVYa5Pfe A tbp BN o }éé]rderl vative
(1-123) H2Npuzﬁ\la‘ﬂhi -Op KBMBEOK 5% (2EEN, NH,); 678 (UEH) AT, HEBF (1H, 6 Aﬂ-I) ™9 0 NE~ N N

(2" Ca m no B BT S8R 14 Qe Moy R 1 QB emon 1D 4245550 sol uti on

of  Li OH. H2@yaandBPehd 10.01 (| ¥i).n H20 (3nil) was added to a sol ution of

[ 2- (4-am no- furazan-3-yl)-benzoi m dazol -1-yll-acetic acid nethyl ester
(0.2g, o0.73mmol) in TBF (5m) at O C The m xture was warned to room
tenperature zq(ﬁ;IAﬁﬁﬂob-aqﬂrizinyl]b&kzimiﬂazolé (480): resoddtion of Ni(XtAumisopheryl)t3en di | ut ed

with H20 (10ni aci di tr| aC| H= ted (Et20).
The extract % F“F'r‘%di {"‘?x’E Cfeg%dg \}glﬁt(a geél\‘}gmg% a?gg‘gﬂsﬁ?égetéﬁreduced
pressure to 186-11a fertid. Preaehgtion r(ﬁlm@ w(s@oolédlg room%nperatﬁtb @DEwaleG 2006 WO

03/ 066629, PCHISQ3, 0305 Sk o Bhfks D chullalii o MR s added to

a suspensi o Cl ne a
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. 8 (DMSO): 7.13 (2H, m, ArH), 7.44 (1H,
d, ArH), 7.63 (1H, 4, 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-pyrazinyljbenzimidazole (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, &y (DMSOQ): 6.28 (2H, s, NCCHy), 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

@

ﬁ

LlAlH, @:
AlCl,

\Q/Z
s
/y
3

A
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0.34mmol ) in dry TFIF under N2 at nosphere (15nL) followed by NEt3 (0.073g,
0.72mmol ). 'Me m xture was cooled to O C and HBTU (0.13g, 0.34mmol) was
added in one portion. After being stirred at OPC for 45 m nutes, the

m xture was slowy warned to roomtenperature and then k7 nggdphgr an

addi tional 72hours. The solid precipitated from the m xture was separat ed
by filtrati oVaRPR&shed with a small amount of MeCOH to POFFHP®he product

(1-123) (0.0 5199, Schenme VII: N-NMNf, NN 'O "0 Cl1- NN NaCN C:N
N MeOH  Me gghglom_ fﬁlCil (Qéjpmol) in dry THF (2mL) was added dropwise under nitrogen

2-(4- Ami no- Jauaos'éh@mdlsa&éd sofivh bOGRZHLTH SRE A sbivkion D THE BYShAGE) gudde
(1-121): To a solution

[ 2- (4- am no- ?Wmﬁaﬁ”%ﬁ“)i “E?éW%E‘F?ﬁ“H&‘E@F Jnyintes. - Eheatrile staeting materinly | est er
(0.3g, LI nmok5mintl) Mesahvel Bdry THIR i%@@ﬂﬁﬁaé&dﬁfﬂpw?&ﬂtﬁ%w Ofkxl eactlon

0. 032nmol ) was g% g f ol | owed b({
m xture was ‘HeAF §h agd then cpgle tOEWeWa@aﬂ@yﬂchmMna@edThe m xture
was then coahedlthewa@ﬁemwam@@reaiswaem zﬂlsbhhh aﬂﬂ%ﬂan@it&%d@@}‘ The@Nd Washed
with I M HCL T ni %8 e r| ed t he sol vent evapor at ed
under reducéd ?)CF@{ ‘g’,ﬂg?l\&g ’Sﬁ‘éy\ﬁ%iq @Vﬂ?%?d&lnp?rszce‘{msz‘@ﬁé@rol eum et her)
to afford t hresidme oasimirified byt Rdsh cﬁxﬁnﬁ@graﬁ]f&lozmwéﬂmldr BLOMNTL O (- N UAW N
NN O -~O NaﬁlaﬁtﬁeN l\!i E\/EOOC -120 -45 07 AUG 2006

produc

The following compounds have been made by this procedure:
N, = =
O O
©: N° N v ?\ *
N 129% N 18%

NH, 15%
I-124 I-118 I-126

Procedure B: reduction of amide

N N N
THF
i g
NHMe NHMe
I-121 1-127

The above procedure (Procedure A) has been used for the reduction of amide 1-121).
Compound (I-127) was isolated in 11% yield.
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2- (4- Am no-1, 2, 5- oxadi azol - 3-yl ) benzi m dazol .| .yl ethanol (1-120): To a

solution of [2-(4-aniino-furazan-3-yl)-benzoiraidazol-1-yl]-acetic acid

net hyl ester (0,085g, 0.3 Immol) in dry THF (5n) under N MGndhere, a

solution of LiIAIH4 (0.3 Im IM solution in Et20 0.3 Imvol) was added

dropwi se and WH®/04§62% ure was stirred for 18h at room t eREEPBAIES A

saturated solution of K Na-tartarate (5m ) was added to the m xture and

the solid fScherd Vseparated by filtration. The filtrate was diluted with

Et 20 (30m ) and washed W|th E%O The organic phai was dried (MgSH), the
he

sol vent evapor ated under gf.ire a Jh olid residue
e heri Q ‘:rLz‘exproduct (1-120)

recrystalised (CH2Cl 2/ pé

(0.018g, 24% . Schene DC: eray” proquure rp’reparatlon of am des
|V ~--,-N-NPJ93~ N-N '0/0 ~ IN Ne@yo : NN 4 NM To a solution
of [2-(4-aniino-farazan-3-y¥)-benzoi m dazol -acetic acid nmethyl ester
(0. 18mmol) in MeCH (I m ), NaCN (0.01 8mm|) wat added fol |l owed by the
amne (5.9nmmol) and the rq_iﬁ]ure heated in a segliggl flask at 50" C (oil bath
tenperature) for 24hours. e solvent was then evaporated, the residue

di ssol ved i a-(GiARGhe)- ]az;ﬂ-oxaﬁdiem-yWehibnhrdaﬁﬂ-lyil'ai&taﬁﬁcgﬁa(mz&hmgeANvas dried

10500 o M R RS MRS Ry e

procedure: [Pdstird siNpénsicn beﬂH;CIII(O 0142 N.821rdxhdl) inGotuede (drhINI0°CHRASRY E6N 40%

1-108 1-116 ;78R sfided 154800 30003, H8EER:EH I R B2 mrmol) 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 CH,Cl; (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 VT: Preparation of benzimidazole derivative (I-123)

EN N H,N, H,Nj\’""' X HN N
N — \N ——
Oy e (SO . (O3
N 7 THFmO 13 N NTE% N N
/ LA
MeOOC HooC »\/ \\e
BN )
I-5 I-123

[2-(4-Amino-furazan-3-yl)-benzoimidazol-1-yI]}-acetic acid (I-5): A solution of
LiOH.H,0 (0.032g, 0.77mmol) in H,0 (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 (Bt;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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Scheme X: Genera

9N NNN--N - RNH2 -.-0"'0 XNEOH(:"-~xNN 2 HONVM 1-38 To a
sol ution of epoxide (1-38) (0.19mml) in EtOH (3m ), a solution of

(3. 8mmol

am ne

procedure for the ring opening of the epoxide (1-38) H N

of MeNH2 or -88ntnol of NH3) was added and the gixtue @08tirred at

roomtenperature for 24hours. The reaction m xture was concentrated under
reduced presP B4 t hen extracted (Ft OAc). The extracPCHHE3@IGSEd WON and

t he sol vent evaporated under

al cohol s.
H2N, O N
Ove N -N

O N N H H o0BMmadh iSdr} THEGnder N} Ztmosphere (15mL) followed by NEt3 (0.073g,

0.72mmol). The mixture was cooled to 0°C and HBTU (0.13g, 0.34mmol) was added in
one portion. After being stirred at 0°C for 45 minutes, the mixture was slowly warmed to
room temperature and then stirred for an additional 72hours. The solid precipitated from
the mixture was separated by filtration and washed with a small amount of MeOH to
afford the product (I-123) (0.05g 51%).

Scheme VII:

N—

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

Scheme VIII:

HN EN
N =N LiAlH, N =N
OO0 22 OO
1} N~ THF N N~

Me0OOC
OH
1-120
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_ reduced pressure to afford the product am no
The foll ow ng compounds have been prepared by this procedure:

JE RN AEREER TP

HN



2- [ N- (3- Met hoxyphenyl ) - 4-am nol - 1, 2, 5- oxadi azol - 3yl benzi m dazole (1-128):
To a solution of benzim dazole (1-18) (0.05g, 0.25mmol) in DMEF (O In)
under N2 at nosphere 3-iodoanisole (0.049g, 0.2 Immol) was added fol |l owed
by Cul (0.005g, 0-025mmwl), phenanthroline (0.008g, 0.0 §)0e0d CS2CC3
(0.142g, 0.44mmol), and the reaction mxture was then heated at 1 10'C
(oi | bath tenpP46e2E) for 24hours. After -47 0,17 AUG 2BCTHE8¥FD66629
PCTI US03/ 03655 being cooled to roomtenperature, the m xture was dil uted
wi th Et OAc Z-@0AMajno-1{2,3-bxasdixdol-3-y)ieugimiddrol-1-yltherpob-180): Te asddetiontod and t he

| h t OA t ted und
Feduced pr 2B ariaie Dot P et A B2 OB ) 20D (51G)
'I[EL QAc/ pgt rgdaml%??énémsmﬁgg& szlt:xﬁ@tpw@ a:i?m%;mfm% Sgﬁlgd;lg tg aff?)r;j .
€ produc dr 3 deddl%r g.nd flle @Ld BEBEH: 18} O Saryl ate
193 15 5% PR byt

pr oduct I'es. General procedure for the
pr epar at i Oﬁ:oth tan;(ethtmnmsntlﬂratad Solutioa df EHtadrate [SmiNvasradfledse figinpistargz ol es NO

d

0 Nk Pite e oMt fuckfon Ot b RATRAREIA Godh fid ) (D 6

2- (N—ar yI anwashgd wittt Hth éfie ergesic Pbasa weodriedi(MigSQ4), the %qi\‘ya?ﬁvla]’qii@ed(lsldgmml) in DW
CGiten 1 of T ciehngth ble@HR Ind hIRAMIGH e Wiy sca U CCRICIT Broft B MR h/ k! BTTOL) s

added follo
the product (1-120) (0.018g, 24%).

Scheme IX: General procedure for the preparation of amides

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 bave been prepared by this procedure:

HN

BN
OO OO
N S
N N0 N n°
)

NH NH
HO 529 HN  40%
1-108 1-116
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phenant hroline (0.96mmol) and CS2CO3 (10. OVWO )- The m xture was heated at
1 100C (oil bath tenperature) for 24hours. After being cooled to room
tenperature the mxture was diluted with EtOQAc (15m ), filtered through a
short plug of celite/silica and the plug washed with Et Q¥ ayghmessol vent
fromthe filtrate was evaporated under reduced pressure and the residue
purified by fWa8i6eRRt omat ogr aphy (Si 02, Et QAc/ pet rol eum ®CHEBIIOIPES/ 1:9 to
2:8, a gradient elution) to afford the product

2- ( N- ar yl anBchee Xi Genarkl@rozeine or the Aifig dpering oftiSeo@ide WE3)03/ 066629 PCTI US03/ 03655
Procedure A: Preparation of N Aryl benzene-1, 2-di am nes To a sol ution of
conpound 2-(N-aryl aniino)-nitrgbenzenes (1.0Omwl) gy EtOH (10m ), Pd/C
(0.13g) was added, The m Nw stangy ed U .- nosphere at room
tenperature for 16hoursr@g ¢on‘m7t shan filtered t hr ough
celite and the celite pl S %ashe"d"‘( Et O he Solvent fromthe
filtrate was evaporated und reduced press%e to afford the product,

whi ch was used in the nextoStep without further\ purification. Procedure B
To a m xture of conpound 2-(N-arylarriino)-nitro zenes (0.6mmol) and
conc. HCl (0.7ral), SnCl2. 21380 (3.33mmol) was added and the mi xture

ti d at g0' C | bath t . t . of I t
vas 1 henovaparabets o e REARHEba Ol SRl E bhuritalo el o "
The. extr act ves, (1o (MOA) and L he. Sl vant -ovapnrated “’”“fg““"‘?gdﬁiéq |
pressure tofo\g??l& ﬁ%&gﬁhﬁ/—gﬁ?l%gﬁ?&a@ onfe'gr }c/fgan‘?eﬁée%&feﬁi;egs lcv}’rﬂct(a{evx/as used in
the next seepactwt (FtOWk). fThetekieact wasrdritd @Agsmmmdﬁhﬁqomattewmrmﬁ ugdarpound (20)
Conpound (19Q ug\é%rpr%e‘ﬁeg)rah%%hthe%wu%t&ggaggh 20) using the general procedure

previ ously esc benzi m dazol e derivatives. The
fol | owi ng cdhpilindinglcampoundeirnvebate plsparebisthisposedier e: - 49 017 AUG 2006 WO
03/ 066629 PCT/ US03/ 03655 HZN, EgN HZN. ELN N Nyn,:N--N.'0 "0

O OO
N

N N O
O:N N’o N N’

NH, 539 N
I-115 1-114

95%

Scheme XI:

H,N '
N =N C\ow Q— Q_ Me
OO0 —=
¥ CS, >—f oads
Aosds

118 R S V) 1-112
2-[N-(3-Methoxyphenyl)-4-amino}-1,2,5-0xadiazol-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,COj; (0.142g, 0.44mmol). and
the reaction mixture was then heated at 110°C (oil bath temperature) for 24hours. After

Z

2
IHZ
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\>No NNNONNNC NCOCN 60M3e% 60Ne 82% 22% one 61% 1-102 1-105
1-103 1-107 HHN H2N, ELN -N--N N N- 7 \>"'0 NO N N N N CN 62% 18% 49%
CN Cl 1-117 1-104 Scheme KM E~N, EFN \ X ~ N -Cl -N NEt, NN~ CO N> N~
Cl DMV CL 1-100 1-97 0:? AUG 2006

2- (N-isobutyl)am no-3-chl oro-5-(1-isobutyl)benzi nddazol - 2-¥I -

2, 6- di am nopﬁ%%’oﬁ@”t 1-97): To a sol ution of benzim dazoPETPIBASY (0. 079,
0.21mmol) in DNVO&D%M) Et3N (0.027g, 0.27mmol) was added fol | owed by

i so- butyl afingcqoieda Bgm temperatirel the mbttire Wes dilyied with EtQRe(1pebifdigredt 90*C (oi |
bat h tenper P | ' e to room

t enper at ur e?&%{%ﬁ)ﬂ%gﬂ#ﬁ}g%?%%ﬁ A?%gnﬂ{e)%ﬁ%v%%ﬁeg vess At(b?] E%ﬁgﬁ%%g?‘?‘g% (MgSH4) .
The sol vent fileate wisenanowedomgeraefiucrd pesssureandcbaresiduepyrified bydlash he resi due

puri 11 ed DY chioRaldeahy XSRS OBARM o difetndr! #0505 tJ B M ALEREIINO ¥ 9) 1O
afford the ¢ rodu?ﬁm 1-9 (0.@%99, 50% . -50 0-7 A \}\D 03/ 086629
PCT/ US03/ 03@Hord tiegednst (q188) (0.038g, 50%). Further elution afforded the bisarylated product

(I-112) in trace quantities.

Scheme XII: General procedure for the preparation of 2-(4-amino-1,2,5-oxadiazol-3-yl)-
N-aryl benzimidazoles

i NoO, NH,
o 8 O e X
] rocedure A
NH, Cul or
Cs,CO, procedure B
[

5 R R

DMF

MeOH ‘"“'ﬁt("'

AcOH Mg
BN
N =N
Seds!
N N
R
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,COs (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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FEN EGN H2 -N N NNN¢cl H-N -N+ CCNNNE~-r~ N ONN Cl1 DVE C1 O-
cl 1-100 1-98
2- ( N- net hoxyet hyl ) am no- 3-chl oro-5- (I -i sobutyl)benzi m dazol - 2-yl -2, 6-

di am nopyrazine (1-98): For the preparation of conpound §3- e sane
experi nment al é%‘?rocedure as for the preparation of conpound (1- was used.
The crude red¥q @2 xture was purified by flash chromaPOHPHIMFY Si 02,

Et 20 petroleumether, 0: 10 to 3:7, a gradient elution) to afford the
product (1-98) (B8éd4iuraddPeperdatioraafdNiAtylbehzendrb2-ddwres hyl ami no by product (2%
(Schene 15) e , N T RA( RP - ON N+l cl
KCO a ore &E&Wﬁuoﬁo%pﬁw aryM}nmo) mul}}b&er@s (1 (ﬁ’t(oBLHE}OH H’OEEI),

2- ( 3- met hoxPy/EHenss) s alded Toe Bixpire wgpisimey hdseHzitmesplierg el roomy | - 6- ami nopyr azi

ne (1- 99): . J¢ : i ' ' #BGghQerhd FIHLY 11
degassed Uvgﬁéﬁaﬂeoéﬁﬁgg&gs'ﬁéh%%%sgﬁ%pjégw%g%%fgﬁfegazolge gleri vative (1-100)
(0.07g, 0. 2tehitoplng wassvaakbdBIOTD| Thewotventfyonpie AitaR)wes errpoRied upde17mol ) and
K2Q03 (0. 07 ] ' i 69835LH the R0 stebWithout Highef Xt Ur e was
heated at 9 &ce?g?egﬁ%{)%ﬁ%gﬁn% raall(l?%?ggic?or 16hours. 1§helg 1r glécti gn m xture
was al | owedperificeéesl to roomtenperature and the organic |ayer separated.
The water |ayer was extracted (EtOAc), the extract conbined with the
organic layer, dried (MyS04) and the sol vent evaporated under reduced
pressure. The reBlogdarefas purified by flash chromatography (Si02,
Et 20 pet r ol eyFgkiiRof copbpbumt 2 BRrobéhzerdt @HnaRd]) Aldebhomarito afford
f e B8 i ool i,

t he product (1-99 gO. 03 1 g, . 7 AUG 2006 WO 03/ 066629
PCT/ US03/ 036%%nD), 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;O). The extract was dried (MgSO,) 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 XVI: E6N, EEN N~ N ~-N N~ Pd(PPh,), C-N N K2COB3 CGINN'" «cl ¢
DVE/ E6O -Om  1-96 1-95

5- (3- et hoxy) phenyl - 3. (14sobut yl ) benzi m dazol - 2-yl - 2- am nopyr azi ne
(1-95) For the preparation of conpound (1-95) the sane exppry @e%
procedure as for the preparation of conpound (1-99) was useg e crude
reaction m xtWQ &AL purified by flash chromatography (3FHYS3/03655

Et 20 petrol eumether, v/iv 1:9 to 2:8, a gradient elution) to afford t he

product (1-95) ( Scheme XEAH Br Dr Br ~ N DAff -~N CCNH2.
Cs\ C N> Na ﬁ\ PRBOMN B *NUSYCF CFCOH
N BN', NCOL! 08 r‘136 Pr epar ati on
of 2- (3 Brom)th bﬂ.n 2y|)-| en2|mdaole Toaso ut j®n of

1, 2- phenyl enedi e- (1. 1 10. 47nmol m DNT (40@ 3- brornot hi ophene
car boxal dehyde 43, 47mmo e@siged \apd t he mi xt he#tdted at 1 10'C

for 16hours. The sol vent was evaporated undgr eieduced pressure and the
residue partitioned bet Ween gZO (50mM) E& bri ne (ﬁlgm ). The Et20 | ayer
was separated a2 washed wilt¥3H20. The ¢G5 ned briMé™nd aqueous |ayers

were extracted (Et 20) the
:: N,
>—Z‘ \>——Z\

N

Q 49%
62% >:( 18% ;

I-111 I-117 1-104

ol T ey
; 3

1-100 1-97
2-(N-isobutyl)amine-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) Et;N
(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
(MgSOy). The solvent was then evaporated under reduced pressure and the residue
purified by flash chromatography (SiO,, EtzO/petroleum ether, v/v1:9) to afford the
product (I-97) (0.039g, 50%).
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extract conbined with Et20 | ayer, dried (MgJSO4) and the sol vent evaporated

under reduced pressure. The residue was purified by flash chromatography

(Si02, -52 0,7 AUG 20 WD 03/066629 PCTf US03/ 03655 Et 2Q) petrol eum et her,

viv 2:3) to afford 2-(3-Dbrono-thiophen-2-yl)-IH benzim dagql gyc @06429,
48% . Preparation of

2- (3- Bro?no- tYPst¢h- 2-y1 ) - | - i sobut yl - | H-benzi nzi dazol e PPRESBORGF ati on of

conmpound 2-( 3-brono-thi ophen-2-yl)-1H benzi m dazole was carried out

foll owi ng tBehemeREV:al procedure for the al kylation of benzi m dazol e

derivati ves. The poduct was isolated ig,41%yield. Pr t| on of

conpound (1- 1 J ol uti oR~qf |_§J_tr;2=
2-(3- brom)t ?ﬁfﬂl- @ zmkr \ 1. 21l )
in toluene (16 4 e oxyben?yl g, Nadded
fol |l oned by Nad (0. 129, T, 9rrrm|) BINAP(OOg, 18rrrm) and
Pd2(dba)3 (O, 03g 0. 06mol ) and the m Xture was heated reflux for
36hours. The gﬁ) pon mxture was cool eggd 0 roomtenperature and the

sol vent evaporate under reduced pressure. The residue was partitioned

bet ween Et CAqNaiiuﬂhdﬂ&&hyﬁhﬁmEBQﬁlbro-Be(y-isbbmbbaﬂbmﬂaiobd-yaﬁ,d the H20 | ayer
extracted ( ctpnas co ed wt dried

( MgSO™4) andEl“ﬁ’é“@éf%ﬁt(%@ago’r‘%"t%%? ° PRROS I'Bé)teégesur gaﬁlf‘hﬁ Xlﬁgrlem due was
purified bypfobalshasfmmheeprqgraapﬂwfc(oﬁpﬂmd(EQmelr Fheandegedetion v/v 1:9) to

Compound ( 10455 "popbich B i chbblosda) 51 ROk, Hr IRTHTS L 10

m xture vvasrahleattebuioa):tom&@rldmbcﬁrmuctlﬂ%b@B%)aﬁml apebm@f ol ed to room
tenperature ith H20 (5m ), basified (aqueous
NH3) and the'dlr?rle tractgoﬁ?%\e@()?@(k#@glgktract was dried (MyS04), the

sol vent evaporated under reduced pressure and the residue purified by
flash chro 38Ry (Si @2, EtCOAc/petroleumether, v/vl:4) to afford the
product (1- 0349, 729 . |-1sobutyl-2-(3-am no)thiophen-2-yl

benzi m dazol e (1-138): To m mi xture Qf K2C03 (@x49g, 3.54mmol), H20 (2m)
and MeOH (5nm ), am >1_§?7=N(0 02§7-@. 5 ed and the nmixture
was heated at reflu Nf tmel @E ‘@@m tenperature, the
reaction m xture was cgdéentr ed uRger reduc pregsur epomedi | uted with H20

(5m) and then extract (Et CAc). THY&™Bxtract{was dried (MyS04) and the
sol vent -53

<]

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), (0.02g, 0:017mmol) and K,COs (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 (SiOa, EtaO/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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07 AUG 2006 WD 03/066629 PCT/ US03/ 03655 evaporated under reduced pressure,
The residue was purified by flash chromatography (SiQ2), EtOAc/petroleum
ether, v/iv 0: 10 to 4:6, gradient elution) to afford the product (1- 138)
(0.01g, 68%. Schene XVI\/I Generel procedure for the prep@ladle 20t

2-[3(5)-amn -4-yl  benzini dazol e derivatives | C~'
tcNR N CN tﬂdu(glﬁ)g& CN EtOH NH H Prepar ation of ELNF/UHM“Q\I

2- (I HBenzim dazol -2-yl)-3-dinetliylam no-acrylonitrile To a sol ution of

(| H Benzoi n?<bgmeXVi yi ) -acetonitrile (0 25g, 1.6mml) in toluene (5n),
Bredereck' s reagent (O. 33 1. 92rrrm| was addedH] and the mxture was stirred
at room tenperature fQor

np¢ ﬁ -.N
2-(IH-Ben20|mdazoI- )\ di) ‘F‘” ”; rile (0.3g, 89%
i pi ct |N mxt “and i

precipitated fromthe rated by filtration,

e
washed with petroleu her afid dr,ng,d‘0 Pr epay at| o] gwgerrpounds 1-79 and
1-131 To a solution of

2- (I H Benzoi n-1idazol - 2- - 3-di ni et hyl am no- ac\rl% onltrlle (0.99nmmol ) in
Et OH (8n-d) a hydrazi ne érlvatlve (1.2-2mmol) ® added and the mxture

was heat eds. rﬂeﬁfdx?ﬁherfy{lﬁ-(ﬂ-ﬁbﬂ%&ﬁbenﬁhﬂd&@i-ﬂﬂ%—aﬁﬁ%pﬁﬁﬁﬁ@ﬂ%ﬁw tieder

reduced pressure. an resi_d purified b %ﬁbg’ﬁ g@é}f (Si o2

CH2Cl 2/ Me C]—?ICP%até’F‘f"S Feporoned (98 Hhe same experinegial prgge Efe & RE8 pr epar ed

by Us pr ocegitipgdund @=99) WahsedN THe chidefeaddion nlikiudy whis Plrifidd BYHadNC 13% 1-79 1-131
chromatography (SiO,, Et,O/petroleum ether, v/v 1:9 to 2:8, a gradient elution) to afford

the product (I-95) (33%).

Scheme XVII

Y fg; oo @E;m @323

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

Ve,

N OMe
N»_}j K.,CO, N&j CF,COOH Nm
\2 § MeOH/H,0O \2 5 \? S

I-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 DME (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 (Et20), the
extract combined with Et,O layer, dried (MgSOy) and the solvent evaporated under
reduced pressure. The residue was purified by flash chromatography (SiO,,
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-54 V AUG M6 WD 03/066629 PCTI US03/ 03655 Schene M Cl BkVrL)2 Pd(PPh 3%
CCN=N-J/ >=0 K'C%-~' >Z:zo -0 DMEMRO / O

1- (t-Butoxycarbonyl)-2-(3-chloro-pyrazin-2-yl)-indole: To a sol ution of

1- (t- but oxycarbonyl)-indol e-2-boronic acid (1.85mol) i ATdAYaLM06d DVE
(7m) under N2 atnosphere, pyrazine (2.22mmol) was added fol |l owed by K2C03
(5.55mml ) dieW%%® in degassed H20 (3nm) and Pd(PPh3) RCPE3¥8¥ ol ) and
the m xture heated at 90'C (oil bath tenperature) for 16hours. The

reacti on ni RuQipetrelemn ¢thesrv/ul:Binatford 3-8 dema-biophemnd-yi-dbenzmidawle t he or gani ¢
| ayer separﬁ]t@g the H20 | ayer extracted (EtOQAc). The conbi ned extract
and organic layer Were dried (MyS04) and the sol vent evaporated under
reduced pressure. The residue was purified by flash chromatography (Si02,

Et 20 petrol eum eIBr}Q z{r}tiotncbf 9—%-@Fo%ojthiophe_n—z-yl)-I-isobu_tyl-IH-benzimidazole _
- (t - but oxycar bonyl”) - 2- (3-chl or o- pyrazi n- Z_é:a( -indol e, (ﬁcherre XX: Cl ci
TFA-0. N NTbg aliclption-of eomponpd % (3chromeythjophen-gph)d Hobeggipidazole yagfajried ol e: To a

sol ution of o&t‘f&ﬂdvhﬁ%ﬁﬁg&@{ai#e&h o Zor (1R B BOR of tRYFAIdaFl2dvitiveiidat e (0. 629,
1.9mol ) in CH202 (20nT), A (10m ) was added dropw se at OOC. The

m xt ure was Pexnewasiselatehir4t’ ¥eld-oom t enperature and then stirred for
16hours. The reaction mxture was diluted with CH2CI 2 (20m ), washed with
the saturated agueous NaHCO3 solution and dried (MySO4). The sol vent was
then evapor at edPERHBREO A GG ’gé@ure to afford

2- ( 3- chl or 0-TRWIsaklidkr ot cpouind 903-Brofnd-tKidhen-298P4-isolftyl AH-HenksimdazoD 03/ 066629
PCT/US03/ 03?&5’04&8 f:glemqnecl)\{)l in toluene (16ml) 4-methoxybenzyl amine (0.198g, 1.45mmol) was

added followed by NaO'Bu (0.162g, 1.69mmol), BINAP (0.06g, 0.18mmol) and

Pdy(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,0. The EtOAc

layer was separated and the H,O layer extracted (EtOAc). The extract was combined with

the EtOAc layer, dried (MgSO;) 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 (1-137)
Compound (I-136) (0.05g, 0.128mmo}) 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 (MgSOy), the solvent evaporated under reduced pressure and the residue
purified by flash chromatography (SiOz, 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,COj3

(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,0 (5ml) and then extracted (EtOAc). The extract was dried (MgSOy) and the solvent
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NC N -N ONNNNaH DWW H 1-93 1-92

[ 2-(3- Ami no-pyrazin-2-yl)-l1Hindol-3-yl]-acetonitrile (1-92): To a solution
of 2-(3- arnino-pyrazin-2-yl)-indole (0.03g, 0. 19mml) in DMF (6nm ), NaH
(0.008g 60%in oil, 0.21mol) was added at roomterrperatﬂf?eAUGTWBﬁm xture
was stirred for an add|t| onal 45m n and the chloride, 028g. 0.38mmuol )
was added drm QP The reaction nixture was stirred at W? erature
for 16h and at 600C (oil bath tenperature) for |hour, and then cooled to
room t enperexbporated udddr mdecbdvgrd;shuﬁtn@rf(swwys Pmﬁsﬁbﬁﬂw ghromatograpiiing dri ed

S
puri 1 b by oI ElpeRRE S XARCK O O T PSR RN e et

(1-92) (O. 0[381;@001@,'6&%63% based on the recovered starting material). Schene
XXIL: 9N C1L -N N=NMNHN-=N N -N NaNQ EtOEUHON N HIOqg OINNHH
H O ~HN'-N-N G CNNH-=N 1-132 NN NC 1-130

3- Chl or oShemeX VAL Beydryl-pradedrantor fie drepuhtion of 3-[3(Skepineliridazsl-4-y1

2- (

3_—(IH—benz gﬁﬁg! : Siv¥idvbs PYrazin-2-ylarnine (0. 15g, 0.71mmmol) in a
mgture of conc F§nt{ ®and H20 (3m), a solution of NaN02 (0.059g,
r

0.85mmol ) in H20 (2rrL) wgs added dropwise at O C. TheHp xture was stl rred
for 1lhour l@a\@’ yeII mrec@«\rﬁ)t_e(ﬂﬁe ﬁﬁ!‘lﬁ\ed) ‘I‘;ﬁ%
toluene EtOH H \ NR

Preparation of 2-(1H-Benzimidazol-2-yl)-3-dimethylamino-acrylonitrile
To a solution of (1H-Benzoimidazol-2-yl)-acetonitrile (0.25g, '1.6mm01) in toluene (5ml),
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 BtOH (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 (5103, CHClo/MeOH) to afford the product.
The following compounds were prepared by this procedure:
HN BN
Co<n OO
N \ NH N ==N
" )

9%
I-79 I-131

13%
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with H0 (5nL), basified wwth K2C03 to pH 7 and extracted (EtOAc). The
extract was dried (MgSO) and the sol vent evaporated under reduced
pressure. The residue was purified by flash chromatography (Si 02, Et20 to
afford the chloro pyrazine product -56 V AUG 2M5 WD 03/ 0GQ6RSG 2006

PCTI US03/ 03655 0.063ng, 39% . Further elution afforded the %r azi none
byproduct ( 1WPPN6Y 0429 289 . PCT/US03/03655

2- ( 3- Di net hyl am no- pyrazi n-2-yl). | H benzi m dazol e: To a sol ution of

2- ( 3- chl or Gchgmer¥A: n- 2-yl )- 1H benzin-iidazole (0.039g, 0. |I7mml) in EtCH
(Im), dinmethylam ne solution (5m, 60% solutiaqp in H20, 53. Omol) was
added and the reaction nmxture heatlgd i e at 200" C for 45nin

under m crowave conditi C H)zSGdG%&?%) \E?i ng cooled to room
Nextrac J( Et
unjesy reﬁw

tenperature, the m xturex extract dried (MyS04)
and the sol vent evaporate S to afford 2-(3-

di et hyl am no- pyrazi n-2-yT}=PH benz-1 m dazdl e (0. 05g, 100% .

2- N, N- Di et hyl ani i no-3-(1-cyanonet hyl benzi m dazol - 2-yl ) pyrazi ne (1-130):

2- (3- Di methitiButoxycarpyriydizl-(3-cdorbpytdzdna® ph-indodd: Tazoedletionad 14f-ky| at ed
according to, general. .procedure for e Kyl at i (4. dazol e
derivati Vesbut%g%%@)-@owga\?dﬂc aé‘%rﬁlg%“w@fé 6’XA&5%\7S%@£ (@9@%%@ N, N DW
1-101 3- (| -dnncdphdry,lpytaging (2B2cmob) wa agdell follomad by KZCQu (ShFmmolhdisdeiMed il f onani de
(1-101): To.,a tihon o . °C (oil bath
2-(3-chlor oqeﬁ?s %‘%lg’é"'gla?‘{ Td(FPs%BLS%ﬁS I I‘-?—l)baél%%%eimﬁ( aezhgftgd ?tgo Cl(ol ga 0. 384mmol )

in DN F ( SniednperAteSTRNIGhofiS. TB3Eaction Bidirepik) thomallowediedosldp toemed by K?C03

(0.106g, O g%%ggl}glétl&e grl@%ué %ger ﬁéfawdgnmgkﬁg I%Ert %gréctéa &R Ac).bath tenperature)

for 16 hours, m tenperature "an e solid separated by
filtrati on.cofbined oxteactrnd preomie tapier Werg dried M gS Qe gndtha prveat wvapaserindFeduced

pressure a i.d b fquﬁg‘h&m,ﬂﬂ@%} [ (Si02,

Et OAc/ petro e%crgﬁ?g{e gllre: ﬁ?f\%ﬁgﬁ%‘bﬁgu@%ﬁl radi ent e %tg?a@;d)jyto,af ord the
product | - 18O0/petepleymeethenitp afford Ba(%@tﬂ""é’?ﬁ‘rg%’éd)ﬂe@G@‘E’F‘b@‘%’t“ﬁ?‘ﬂ)'ﬁ@" terial).
-57 0,7 AU G 2w

Scheme XX:
a cl
—N —N
N\ TFA m_?_
m CH,CI, g }Q—/>
9\0#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 (10ml) 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 NaHCO; solution and dried (MgSOs). The solvent was then
evaporated under reduced pressure to afford 2-(3-chloro-pyrazin-2-yl)-indole (0.41g,
95%)
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WO 03/ 066629 PCTI US03/ 03655 Scheme XMV: HN N ():NNNaH .1 M:N N N DMI
NC NC 1-81 1-90 3-(I-Cyanonet hyl benzi nddazol -2-yl)-pyrazin-2-yl

met hylam ne (1-90): To a solution of amne (1-81) (0.05g, 0.2mml) in dry
DMF (1.5m ) under Nratnosphere, NaH (0.01g, 0.24mmol, 60§si Gm'zwr al oil)
was added at roomtenperature and the m xture stirred for mn. Mel
(0.071g, 0. 4MDYH%%ES t hen added and the mixture stirredPEHUSHEME | onal
2hours. A saturated solution of NHAC (4nm) was added and the m xture
extracted 3dEefXXI: The extract was washed with H20, dried (MySO4) and the
sol vent evaporated wunder reduced pressure. The residue was purified by
flash chronmat ography (Si 2, HX QOAc/petrol eum et Rery gradient elution) to

afford the product (0.Q nated by, oducts (20% by
LC-MB). Further HPLC p o af forded oducy 1-90 (0.009g, 179%.
Scheme XXV: 0 ~-NE~ N 03c"0 b N DANN'N NC NC) 1-81 1-83

3-(1-Cyanonet hyl benzi m daz 23 2-yl)-pyrazin-2-ylygysea (1-83): To a solution
3

of arnine (1-81) (0.05g, 0.237mml) in TBF/ DNl EF (2. 5mwrL) under

N2- at nDs phe[263-Arfin6ypyrin2-yl) A Hlidde,3-11]-8coniirlle @42): Iddedutinmidi(@e at O C and
of NaHCD3 ( TERYErS aadeh h e e R el GRS om
t enper at ur emindfal 6i, Ot mAE)00R addet aiabed tampeeature. EChecasiturepyas sSurdder anhe cr ude
reaction m é&cﬁ{{o%al%rsnindainld %eec(glovr\ljdé J&OE’?? g2, 83%%%101) wWHe Qd&eﬁ ﬁro%&lsg.dﬂe%&ﬁgn

mixture was stirred at room temperature for 16h and at 60°C (oil bath temperature) for

1hour, and then cooled to room temperature, diluted with Et,0 (30ml), washed with HO

and dried (MgSOy4). The solvent was evaporated under reduced pressure and the residue

purified by flash chromatography (SiO;, ether) to afford the. product (I-92) (0.006g,

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

Scheme XXII:
AN a '—N/
N N HCVH,0 N N EtOH/H,0 ¥ N

o+
o o t
1 B
C[ b —y
N N
H ©:N\>—2=N
\Y
I-132 l} N—/>
NC  1.130
2-(3-Chloro-pyrazin-2-yl)-1H-benzimidazole: To a solution of 3-(1H-benzoimidazol-2-
yl)-pyrazin-2-ylamine (0.15g, 0.71mmol) in a mixture of conc. HCI (3mL) and H;0
(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 HO (SmL), 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 (SiO,, Et;0) to afford the chloro pyrazine product
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separated by filtration, washed with Et OAc and dried to afford the product
(1-83) (0.041 g, 70%. -58 0-7 AUG 2M WD 03/066629 PCTf US03/ 03655 Scheme
XXVI: ON MOO C E~N Ho,~C N> 14N 11-~ HN N BDr, N > NO cHa, "CN N NO
N NaH DNIF 1-86 1-129 1-135 Preparation of conpound (1- ]BZD)AUEOM sol uti on
of benzi m dazol e 3@%1 86) (0212g, 0.738mml) in dry CH202 ﬂ, @fﬁﬁiﬁnder
at nospher e a ¥¥(P%h of BBr3 (5nL I M solution in CH2Cl 2PCHU FS was
added at - 50'C. The mixture was stirred at -50'C for | Om nutes and then
war med to r §u93merdddn aFuther eviéom affopsisd the@yratingrgdyprodyce d-MAs0QdEd and t he
reaction m xg4d 4§.© extracted (CH202), the extract dried (MJSO4) and the

sol vent evaporated under reduced pressure. The residue was purified by
flash chronmat ography (Si 02, EtOAc/petroleumether, v/iv 1. 1) to afford the

product 1- 8§ ( Q)lﬂlgtﬁ 0 i /ﬁz'razm-z-yé)-1H-bfnz1m1dflzole 0a solutmn of 2-(3-chloro-

| -1 sobutyl - oxadi azo I no- N- pr opoxy)
benzi m dazolPEra%la-Zﬂ}@ -bepémad%@lelﬁ@ p%ﬂﬁ Q)Urmﬂd}l@ﬁ}@éﬁglﬂmdm@ﬂ@l{‘q 129)
(0.047g, saiztmqkr}ﬂ BG%Q&IMUJH’YE 6 S as WEdeR LAPEHE RGESon hiRdgte( 0. 0089, 60%

in mneral oll, was a ded at roomtenperature and the m xture

stirred for hgmﬁlﬁseatpﬁélbém K0 fo Hmpinaindes grigieaye comlitpny (300W, 300Rsib1 ) was t hen
added and tl}&teméﬁ{éébﬁe@ﬁﬁ%&ﬂ tetperAPE tHeQhikturelwhs Batddtell GHTDALR thdleRttact OF 16

hours. After being cooled to roomtenperature, the m xture was diluted

with Et20 (dosf M meémalvmeﬁam@eedumméﬁ%mawm @ddrPed (MySo4) and
the sol vent JayROmaACEyrabil ) 18Lbe midbRES0.08s, 100%0r der to renove the

staring hydroxy conpound fromthe product, the residue was dissolved in
CH202 (In-A), TBD nethyl polystyrene (0.01g, 2.39muvl/g) added and the

m XL u(r]I e was zaﬁmeimaﬁrﬁloqucﬁanoﬂgﬁlyﬁlbﬁﬁinﬁdmlsz-gbpﬁaﬁhed -130): n%4(3-t (r]I ati on,
washed severa I.MesS W 0 t ve rom t.he conbi.ned organic
| ayers evapP@e g%ﬁ@ﬁ#‘&%ﬁ@ﬁ“% %"slg’b(faéa? bifa ﬁr‘l']lfyg)"l’t%fl atcﬁoé A

procedure for the alkylation of benzimidazole derivatives.

Scheme XXITIT:
MeSO,NH
©: >_2=N MeSO,NH, )_2_
cho CE
I1-101

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>COs (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
(Si0,, 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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135) (0.019g, 27%. -59 0,7 AUG 2W WD 03/ 066629 PCTI US03/ 03655 Schene
XXVI1: ELN E6N, O,.N, NB~-NN>~~N EI OCONININ HHI1-34 1-57
2-(4- Am no) . 1, 2, 5- oxadi azol - 3-yl -5-am no benzi m dazote (1-57):

Benzi m dazol e (1-34) (0.046g) was dissolved in H (3m, g374cQ008tion in
H20) and the ntxture was heated at 90'C for 4 hours. After bei n cooled to
room t enper at{t®B96H¥e reaction mxture was diluted wit hPEERY0F6

washed with aqueous Na2S203 (10% sol ution), agueous NaHC03 (saturated

sol uti on) ofullePBXTV:he or gani ¢ phase was then dried (MgS®™), and the

sol vent evaporated to afford the product 1-57 (0.0 59, 38% . Schene XXVM
Cener al procedure for the condﬁnsatron of brsantmﬁ and nitrile/carboxylic
acid NE~ 1 :,:CN cl, MAS ~SM&7P N NaH N H DMF NC
Preparation of 2-(heter A@& Xy re of bis-am ne
(6.5mmvol ) and pol yphosphori )aord ( nitriY e/ N\carboxylic acid
(6.5mml ) was added and thgdsm xture s?rrred afc 170 C (oil bath
tenpereature) for 6 hours. Tigireaction m xturdg-9as then cooled to -50'C,
di ssolved in H20 and extracted Et OAc). The extract was dried (MgSOH4), the
sol vent evapét-Eymemethybbenzinidesol2yPenysarin2-yhmathylamine 9 do asplptaneq by
flash chrongd pafapRY 0 (6%59% oA dhER hrft oMl d . Sh0 ubReNPh@BkSHereNaH (0.01g,

(heteroaryl%benzrnt azol es.
24mmol, 60% in mineral oil) was added at room temperature and the mixture stirred for

30min. Mel (0.071g, 0.4mmol) was then added and the mixture stirred for additional
2hours. A saturated solution of NH4Cl (4ml) was added and the mixture extracted
(EtOAc). The extract was washed with H»O, dried (MgSO4) 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-30
(0.009g, 17%).

Scheme XXV
o

N —. a, C NCO

\%} >—f
N —) THF/DMF N
) )

NC NC
I-81 I-83

3-(1-Cyanomethyl benzimidazol-2-yl)-pyrazin-2-yl urea (I-83): To a solution of amine
(1-81) (0.05g, 0.237mmol) in THF/DMF (2.5mL/2mL) under No-atmosphere, isocyanate
(0,136g, 0.83mmol) was added dropwise at 0°C and the mixture stirred for l1hour.

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 H,O (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: H N 1~-2N IN
N-N > CN:NNIN HH 22%1-78 -60 01 AUG M6 WD 03/066629

PCTI US03/ 03655 Preparation of N-al kyl -2-(heteroaryl)benzi m dazol es The

al k7l ation procedure was carried out follow ng the gendr dure for
the alkylation of ben2| m dazol e derivatives. The foll OV\ﬁ l@‘{%@gunds have
been prepar eO RPN~ NC ) 3217b 1.77 CHARACTERI ZATTG\T:;% %089] we
have prepared ot her conpounds of forrmula | by nethods substantlal |y

simlar to SchaseXK¥&cribed in the schenes, general nethods, and exanples
set forth herein, supra. The characterization data for these conpounds is

sumarized in Table 3 below and incl udes BPLC{ LIOVS (observed) and 1H NMWR
data. [0090] 1H NWRdata is summarizeg abI e \EM?OW whergy n 1H NNM dat a
was obtain )\:[geratm, nl h@wvvl se d,/~and was found
to be consi st hos Lﬁmd—nvnbers cor nay-0o the
conpound nunbers | sted abI e Tabl ems. Characterizajion Data for

Sel ect ed Com')oumgs of FormJIa I rrpound M RR(mn) "HYNVR No |- (obs)
dH (DMSO: 5.90 (2H, s), 6.89 (2H, s), 13 241 1.69 7.41 (1 H t),7.53 (1 H,

t), 7.90 (1 H d}s 7.95 (1 H d). di2Hd NVR dH (DVSO) : 6. 7B1362H, s, NH2),

18 202 1. 46Pr7epz§r£tzo(n20 compoun. I-JZZ) 53 (1 H d. AM, 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,Cly), the extract dried (MgSOs) and the solvent evaporated under reduced pressure.
The residue was purified by flash chromatography (SiOz, EtOAc/petroleum ether, v/v

1:1) to afford the product I-86 (0.138g, 69%).

1-Isobutyl-2-(4-amino)-1,2,5-0xadiazol-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
dituted with Et,O (30ml) and washed with H,O. The Et,O layer was dried (MgSO,) 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%).

-59-



(1 H d AMand 13.65 (1 H, s, NH) dH (DVMSO): 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. -0 (1L H, d). dH
(DVMBO): 1.05 (3H, t), 3.53 (2H, qg), 6.03 26 1.98 (2H, s), 6 95 (2H, s),
7.45 (2H, ), 7 85 (2H m. -61 O AUG M WD 03/066629 Pl AfPHMB3655
Compound Ml mn) '"HNVR No |- Lobs) dH (DVMSO : 2.40 (6 S 6. 88 (2H,
s), 272301“’7 0466%5.7.70 (2H, br n), 13.50 (1 H, s). g&é:zm
(3H, s), 2.45 (3H, s), 28 269 1.98 5.85 (2H, S), 6.89 (2H s) 7 62 (1 H,
s), 7.70 (3cheneXXVIRO 309 1.99 dH (DVBO): 5.93 (2H, s) 6.90 (21A, s),

7.7- 8.5 (3H m. 30 309 2.07 (DIVISO: 5.90 (2 , 6.90 (2H, s),
8.23 (1 H s), 8.43 (dnHS)x 70196 INS)\@ 80 (211, s), 7.95
(2H, s), 14.3 (1 H br) VIR m C-12C-12),
1.28 (1 H, m , 4.51 N32 256214 698(211 s, NH2),
7.28 (1 H, t, 737(111 t, ArH) and 7.78 (d, 211, 1 H NMR dH

( DVBO) : 089(611 d, 2xI-3313258224CH3) 2. IFN1 H, mCH) 4. 48

(24 1, he 1O pina 1550l e gpming baspspappore o7 Bgpipidied il 76, )
H d), 8. 60((101465 wﬁ)dlssolv"edlin [i3m1, 3779 solutidbinIHO) Zndife Abtn(rOWEDeate®at80 (2H, s),
785 (1 H 38"(3 for4 hours :}\.fter bemg) 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 HyO. The organic phase was then dried (MgSO.), 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

(X wen @ = -0 - @

H

\/Z

Preparation of 2-(heteroaryl)benzimidazoles
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:

o o

I-78
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1 HNWR dH (DMBO): 2.2 (6H, s), 2.7 (2H, 36 273 1.09 rn), 4.8 (21-1, m,
7.0 (2H, s), 7.3-7.9 (4H M. 1 HNWR dH (DMBO): 5.52 (2H, m NCl-12), 37
284 2.01 6.83 (21-1, s, NH2), 7.31-7.40 (2H, 2 x t, Arl-1j and 7.73 (2H,
En ArH) | HNWR dH (DMSO): 2.41 (1 H, nj), 2.60 38 258 H-PAUGINE m), 3.28
1H m, 4.56 (1 H dd). 4.98 (1H m, 6.80 (21-1, s, NH 7.29 (2H,
2 x t, ArH) a‘m&f%@ 8. 7.69 (211, 2 x d, AM). dl(—|(DIVISO) %5%3@1% t), (
3.61 (21-1, m), 39 318 2.15 4.80 (31-1, m, 6.98 (2H s), 7.37 (2H m,
7.78 (21-1, m. Pdma(mmjN-a%ylg?s(het@m@cvl)ég@@dazzks CH2, 40 - 1.74 isoners
A+13), 6. 93Tﬁc2a§délyi @&3@@ UrSREBES AtB). 41 341
221 dH (DVBO) 5a“8‘bp(2H A °Utf°%°gmgtﬂesg@§&éfr&hd H o s). 42 %8 206 dH
(DVSO) : 1. 3€k3(1%n9fb@)mm‘®zcrlvd%r2@rwe§) 7.40 (1 H m, 7.65 (2H, br), 13.4
(1 H br). dH(DVSO: 3.90 (31-1, s), 6.80 (21-1, s), 43 260 1.54 7.80 (1
H br), 7.90 (1L H m, 830 (1 H br), - 14.1 (1 H br). 1 HNWR dH
(DVBO) : 3. 7Bbe(follpwing compoynds heveppeypgppreds. NI -12), 6.87 (1 H, d, AM), 7.02
44 232 1.52 (1 H bs, AM and 7.51 (1 H:,Nbd, AM . The N hydrogen signal
was not observed. dH (DMSO): 1.4 N2s, )= xture of 45 297 2.11 isoners),
5.9 (2H, 2s, m xture of isorrers),@ , br s), 7.5-8.0 (3H m. -62 7
AUG 20 WO 03/ 066629 PCTf US03/ 036 npound M+l Rt (ndn) 'H NWVR

NC 32%

.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] 1H 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 numbes listed in Table
1.

Table 3. Characterization Data for Selected Compounds of Formula T

Compound M+l . 1
No I- (obs) R¢(min) H NMR

dH (DMSO0): 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, ), 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 (DMSO0): 1.05 (3H, t), 3.53 (2H, q), 6.03

26 - 1.08 | (2H, 8), 6.95 (2H, s), 7.45 (2H, m), 7.85
(2H, m).
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No |- (obs) dH (DMSO: 3.90 (3H, 2S, m xture of 46 299 1.66 isoners),
5.95,6.05 (21-1, 2s, nixture of isoners), 6.95 (2H, s), 7.95-8.65 (31-1,
M. 1 HNVI RdH (DIVISO: 3.84 (2 x 3H, 2 x s, MO Isoners A+B), 5.88
(2 x 2H, 2 x s, NCOH2, Isoners A+B), 6.90 (2 x 2H, 2 x09, AYg 200871 1.65

Nl -12, |sorre 7.04 (1 H m AM isonmer A), 7.16 H AM

| soner M"’g‘?m d, ArH, isoner B), 7.58 (1)1 H d, Pé%{ﬁw?ag%}sner... 1H
NIVIRdH(Dl\/FO\ 6 70 (?Hq Nl-12) 46 9471!:.2741(1|-1 AM), 8.09

(21-1, m AM)| &rmpopnd20 M+ b )| dH (DVB 3 (3H, s)| 6.88 (21-1,
s, 49 216 1.169 WD) |7 (abs) (] kﬁ ml 7 33 (1%1\1{3&1@ 7 47 4)1 H, br)(and

13.6 (11 H br). %7H NI\IRgg@SH DVG6) ;| i ( 278 2. 14
7.08 (11 H, n}w AN 72— 2H—-A—AM A3 1E ' and 7.80 (1
H m AH. 1 HNgVIR dH gdal VI SQies 2 2 Pm9): rd @3 (iHad 255 1.28 6.78

(1 H g NCCH), 6.98 (21-1, s, [NI-12) otRe (1 BT AM 7 5 (1 H t,

AM and 7.98/ (2H ;oM ArH)3091 H Nigyl R GHHDVBNEE)E (26.588.90 @HI). 7y |AM), 52 218
1.03 7.18-7. 44 uu %1 1dps®® L AR Nes BHm). and 13.78 (1

H bs, N'H. [iH (EO): |2. 68 (3H2m), T 1.82 6.95
(2H, s), 7.25CtH—m 7 A0 T H )T aH (BMSB): 6.60 (oH, 91795 [2H D), R dH
(DIVISO: 0.98 (61311 d,| 22% :H§)981 66.3((Bd bd., M CH2) , 4. 2H, dd, 54
272 2.41 NCH2), 6.99 (2H, s, NHD), 7.3%maﬁm(mvlsox\ws(4m M2 (1 H t, AV,

7.73 (1 H d,|ArH_, and 7.80 (1 H_ d, o ege(gﬂswﬁzaygéw 5.88 (2H, S.

256 214

ArH), 7.37 (1H, t, ArH) and 7.78 (d, 2H,
ArH).
1H NMR dH (DMSO): 0.89 (6H, d, 2x
CHS3), 2.22 (1H, m, CH), 4.48 (2H, d,
NCH2), 7.01 (2H, s, NH2), 7.29-7.47 (2H,
m, ArH) and 7.82 (2H, i, ArH).
dH (DMSO); 6.85 (2H, s), 7.87 (1H, m),
8.25 (1H, d), 8.60 (1H, s), 14.4 (1H, br).
dH (DMSO): 6.80 (2H, s), 7.85 (1H, s),
14.4 (1H, br).
1H NMR dH (DMSO): 2.2 (6H, s), 2.7 (2H,
36 273 1.08 | 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 t,
ArH) and 7.73 (2H, m, ArH).
1+ NMR dH (DMSO): 2.41 (1H, m), 2.60
(1H, m), 3.28 (1H, m), 4.56 (1H, dd), 4.98
(1H, m), 6.80 (2H, s, NH2), 7.19-7.29 (2H,
2 xt, ArH) and 7.60-7.69 (2H, 2 x d, ArH).
dH (DMSOY: 0.92 (6H, ), 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).
dH (DMSO): 5.90 (2H, s), 6.90 (2H, s), 8.5
(1H, 8).
dH (DMSO0): 1.35 (9H, s), 6.77 (2H, s),
7.40 (1H, m), 7.65 (2H, bn), 13.4 (1H, br).
dH (PMSO): 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 (DMSOQ): 3.73 (3H, s, MeQ),
6.72 (2H, s, NH2), 6.87 (1H, d, ArH), 7.02
(1H, 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 isomets),
7.0 (2H, br s), 7.5-8.0 (8H, m).

33 258 2.24

34 247 1.58

35 306 2.09

38 258 1.67

4 34 2.21

42 258 2.06

44 232 1.62
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56 1.63 NOCH2), 6.92 (2H, s, NH2), 7.63 (11 H t, AM, 8.16 (1 H d, ArH
and 8.32 (1 H, d, AM. 57 217 0.95 dH (DVBO): 5.34 (2H, s), 6.67 (2H br),
6.80 (2H, br), 7.45 (1 H, d), 13.0 (1L H br). 1 HNMF dH (DIVISO: 5.36
(2 x 2H, 2 x's, NCH2, Isomers A+B), 5.79 (2 x 2H, 2 x s 7 AuGH2006i soners

A+13), 6.88 2 Xxs, 58 296 1.56 NI -12, isoners At (1 H d,
Ar H, isorrer%ém%géiz (1 H d AM isoner B), 7.29 (1 HPg%fUSO%Pﬁgslsoner
B), 7.37 (1 H_t [ soner 59 262 1 IH NLVIR dH (DLVISO): 3. 85

(61-1, s), 6. 9Compoun§) Mab br s), 13. ®, br). 1 HNWVIR dH
(DVBO) : 6. 08 (21-Nols) |g (ghp) sfi)ﬂ(-?"}i'é 1 47 (91.1rH§\M Z nl;)m Hl br s), 7.28

(1 H br), 13/6 1 H br). 67 203 0.81d*ﬁ@M®%<P hgweob  dy | 7.3B (i
H m, 18 15/ (1 H m, |8.8% (1 Hg)| s Zét?—:‘{@'jog .’€°{:,3 %NAUG 2|v§s
WD 03/ 066629 PEFUSO3F03655 —Compoummiig iy B R 51 B, Bs | bs)~ POU
+ 01 1 6688 242 1.38 dH (DMBO|: 5.80 (/I&lisﬂ:mer 7 +B) G &52(2—].23:5, s), 7.60 (11
H m, 840 (L H m, 8650 H s). 1Nq;cumm (M?Hs@x $21-1, s),
9.08 69 204 0|54 (4'H 9),2Y9 81145 H%\ﬁ %A*ﬁ 7f4 H, dH (DVSO) :
8 (21-1, s}, 6.55 ((22HH,, s 9( %ﬁ&,ﬁ%ﬁ?ﬁfr ) 733
70 (31-1, n) and|8.12 (LA, issh

5 4

(21-1, m, 7. 7.13

(21-1, m AM 744 (1 [H d, AM, 7. :)fl}l [T Y dII-H(DM,SO) AN (2Hfs, 882).

48 247 1.52 7.41 (1H, m, ArH), 8.09 (2H, m, ArH) and

14.20 (1H, bs, NH).

dH (DMSO0): 2.63 (3H, s), 6.88 (2H, s,

49 216 1.69 NCCH2), 7.13 (1H, m), 7.33 (1H, 1), 7.47

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

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

50 278 214 7.08 (1H, m, ArH), 7.28 (2H, m ArH), 7.41-

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

TH NMR dH (DMSO): 2.04 (3H, d, CH3),
6.78 (1H, g, NCCH), 6.98 (2H, s, NH2),

51 255 128 | 250 (1H, t, ArH), 7.59 (1H, t, ArH) and

7.98 (2H, m, ArH).

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

52 218 1.03 7.18-7.41 (4H, t+bs, 2 x ArH+NH2), 11.98

{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, t},

7.70 (1H, m).

1H NMR dH (DMSO0): 0.88 (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, t,

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,

56 | 163 | NCCH2), 692 (2H, s, NH2), 7.63 (1H, 1,
: ArH), 8.18 (1H, d, ArH) and 8.32 (1H, d,

ArH).
. 217 005 | dH (DMSO): 5.34 (2H, 5), 6.67 (2H, bn),

6.80 (2H, br), 7.45 (1H, d), 13.0 (1H, br).
1H NMR dH (DMSO0): 5.36 {2 x 2H, 2 x 5,
NCH2, isomers A+B), 5.79 (2x 2H,2 x s,
QCH2, isomers A+B), 6.88 (2x2H,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, t,
ArH, isomet...

1H NMR dH (DMSO): 3.85 (6H, s), 6.79
59 262 122 | o4 ), 7.18 (2H, br s), 13.4 (1H, br).
1H NMR dH (DMSO): 6.08 (2H, s), 6.79

60 246 1.47 | (2H,s), 7.05 (1H, brs), 7.28 (1H, br), 13.6
(1H, br).
67 203 081 | dH (DMSO): 6.88 (2H, s), 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
S1

s, NCCH2),

H1 S1

pyrazi ne-H),
NH). The NI -12 signal
7.59-7.70 (2 x 1 H 2xt, _
8.26 (1 H, d, pyrazine hydrogen) and 8.41 (1 H, d, pyrazi gt ADg2g0

8.06 (1 H s,

pyrazi ne H) and

was not observed. 1 H NMR dH (DVSO) :

AM 81 251 1.63 8.07 (2

12.99 (1 H,

6.28 (21-1,

1-1, m AW,
en). The

NH2 signal was not observed. | H NVR dH (DMSO): 5.43 (21-1, s 5.75 82
249 1.?15 (21-MO 0346662% g3 (11 H, n), 6.90 (1 H, n),7.2-7.ECT’P§Pi)-°¥,55 m, 7.75
(21_1 m 83 294 136&4H(r\l\'6('\) 60 (~H, Q), 7. .45 (31-1 m, 7.90 (21‘1,
.45 (31-1), Gympognd g*ﬂ, bRYminy (DVBO) : Ag3av@g2l-1, br),| 7.4 (21-1,
00 298 or i Nog or ipney, PRAminll  OVEO - P b BT 2B
s): 13.2 M H, |br s)k8 85 R434p. 97 1aH N ﬁéﬁﬁf :H.,s6_2 .%1,(2);( gﬂgom
2H, s), 9.18 (T H—s), ST #0 Tt S iR DR e B o) o8 ’
CHBCHCHB, I sorfers A%13). | 2.9 (2 Qﬁﬁ_+u1ﬁgn9_é&d?)) WIS B713) . 3.86 (2 x
3H, 2 86 288 .19 x s, OWe, isqgners Af4E)oMSb)Eds(aq, ¥), 65s @ills) 2, 1somers
A+B), 6.96-7.Q9 (27% 3H, | m250 NI |- 1216 A6 (\HsonessEA+dA70 GHa) (2 x 1 H rn,
AM i soners A f— 87211 64-dH (DVSO appH A (A1-1.m 7.6 (1 H m,
7.7 (L H m, |8.0 (11 H|{m, 129 (1 H74§x ”gf’ _ iﬁ%ﬁﬁg%ﬁg 5:13H9 ng,Ysé,
4.0 (SH, 88 301 1848 s), 219 (|211.84, ;s,ggr ine4HY, 8: 661_ wrz ( d o
(1 H s). 1 HNWR dH (CDC13): 3.20 (3]H1ands2.99 (0K, NGOTRBMI2 digidy ([21- 1, s),
7.45 (31-1, m—7-85-{21-1 - 18 20 wawﬁtcs)ze(rmdd 9.4Ez (1 H_br|ls). dH
. , ! ¢ ] 1H dH (DMSO): 6.28 (2H, s,
(DMBO @ 3.60 (31-1, s), b.45 (31-1, s) oL, ,7.59-7.70 (2 x H, 2 x 1, 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
82 249 145 | (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
83 204 136 | (2H, m), 8.45 (3H, m), 11.6 (1H, br).
dH (DMSO): 7.35 (2H, br), 7.4 (2H, s), 7.75
84 211 1.87 | (2H, br), 7.85 (1H, m), 7.95 (1H, m), 8.35
(1H, s), 13.2 (1H, br s).
1HNMR dH (DMSO): 5.78 (2H, s), 6.90
85 243 097 | (2H,5),9.18 (1H, 5. 9.40 (1H, &)
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 21 164 | 7.7 (1H, m), 8.0 (1H, m), 12.9 (1H, 5).
1H NMR dH (DMSOY): 3.9 (3H, s), 4.0 (3H,
88 301 148 | 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, 5), 7.1
91 214 1.05 | (2H,m), 7.4 (2H, br m), 7.75 (1H, s), 12.3
(1H, s).
dH (DMSOY: 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, 8), 8.1 (1H, §), 11.6 (1H,
s).
dH (DMSO): 6.45 (2H, s), 7.0 (1A, 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),
94 270 188 | {42 (iH, ..
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91 214 1.05 (21-1, m), 7.4 (21-1, br ), 7.75 (1 H s), 12.3 (11 H s). dH
(DVMSO): 4.1 (21-11, s), 6.35T2-HTn), 7-15 92 250 1.28 (11 H m, 7.25 (11
H m, 75 (1 H d), 7.75 (1 H d), 80 (1 H s), 81 (1 H s), 11.6 (1 H,

s . dH (DMBO): 6.4 2H, S), 7.0 (11 H, n), 7.15 93 211 1049a( M, 7.5
(1L H d), 7.95 (21-1, 2s), 11.5 tl H s). 94 270 1.88 dH Dwsgﬂa685
(21-1, s), 7VQ®Ms66%37 1" 1y " 12.2 (1 H s). -64 017 AUBCTESRO36HD
03/ 066629 PCT/ US03/ 03655 Compound M+l Rt(min) 'H NVR No |- (ops) dH
(DVSO): 0.9 ([6FCorfound. 3 (M+H, . 3.9 95 374 3H s), 4/9 (2H d
6.9 (1L H ), 7. NaT-5 (6kobsi) Mf“‘é‘g rn)., ’3{% H_s). dH(E)IVBO).)

0.90 (6H, m.[ 2.2 (LT B [ni), 46 96 wzomscasowl-mm F0H.9,32H m), 7.8
(2H tn), 8.2 (1 M5 S).| d¥4(DVBEy2 Q.86sk49@H, Aifo (1. . m, 97 373
3.02 2.3 (1 H—rn)—332H d} 4.5 4%’“1\8“@ 5 (H, o) 7.2 (2H, m,
7.3 (1 H rn)| 7.7%6(1 H| g HHEDNS S?ﬂs"@'@z _ L ™), 3.4
98 375 2.69 (BH, s), 3.8 (20, M), 3.7 . d), 5.5 (1 H br
t), 7.2 (2H, fn), 7.3 (1 H rn), 7.7dl-IJ(D MSOXI) 95(d2+H(rDWB®1Hrn), 6H, rn),

D
( r
2.4 (1 H m,| 3.99¢799 408 96| ( 3ld2 s)23<$S )& gg'*H @{%1@5 W, 7.3-7.5
(6H, rn), 7.8 (1 H m. |dH (DMBO: 0.4 q ( 4.6 100
336 2.87 (2H, [d)y—72=7 5 (SHTIT) 7. (DmS@,OQgI(BH ™, 223 (1H, m),34
(3H, s), 3.6 (2H, m), 3.7 (2H, m), 4.5 (2H,
98 375 289 | 4 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 2.87 | (2H, d), 7.2-7.5 (3H, m), 7.8 (1H, m), 8.2
_(1H, 8).
dH (DMSO): 0.90 (6H, m), 1.50 (3H, s), 4.7
101 346 221 | (2H,d), 7.3-7.5 (3H, m), 7.85 (1H, m), 8.25
(2H, d), 13.7 (1H, br).
1H NMR dH (CDCI3): 3.68 (3H, 5), 5.88
102 308 198 | (2H, 5), 7.10-7.60 (7H, m), 7.80 (1H, m).
1H NMR dH (CDCI3): 3.92 (3H, 5), 5.88
103 308 315 | (@H, 5), 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, s), 5.87
(2H, s), 6.90-7.55 (7H, m), 7.88 (1H, m).
dH (DMSO): 1.0 (6H, m), 2.3 (1H, m), 3.2
106 845 293 | (6H,s), 4.6 (2H, d), 7.2 (2H, m), 7.4 (1H,
m), 7.7 (1H, d).
dH (DMSO}: 3.15 (2H, m), 3.6 (2H, m),
4.75 (1H, br), 5.4 (2H, 5), 7.0 (2H, 5), 7.4
(2H, m), 7.7 (1H, d), 7.8 (1H, d) 8.4 (1H,
br).
dH (DMSOY: 1.7 (3H, d), 6.0 (1H, g), 7.0
109 273 1.31 | (2H, s), 7.3 (8H, m), 7.6 (2H, m) and 7.8
(1H, m).
dH (CDCI3): 1.78 (3H, d), 2.11 (8H, 8),
110 272 1.84 | 5.96 (2H, brs), 6.35 (1H, m), 7.20-7.45
(3H, 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),
7.1-7.4 (5H, m, ArH) and 7.65 (1H, d).
dH (CDCI3): 1.17 (3H, 1), 2.63 (2H, q), 5.50
113 272 1.8 | (2H, ), 5.88 (2H, brs), 7.2-7.4 (3H, m)
and 7.87 (1H, m).

105 308 211

108 303 0.93

112 414 2.09
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, s). dH (DMBO: 0.90 (6H, m), 1.50 (3H, s), 4.7 101 346 2.21 (2H, d),

-7.5(3H m, 7.85 (1 H M, 825 (2H d), 13.7 (1 H br). 102 308 1.98
NVR dH (CDC13): 3.68 (3H, s), 5.88 (2H, s), 7.10-7.60 (7H rn), 7.90

rn). 103 3083151HNI\/R dH (CDC13): 3.92 (SH, s) @8 H s),

02-7. 45 % 88 (1 H rn). 1 HNWR dH (CDC13): 50BA s), 7.20
04 312 3. 31‘?‘1" 66688 ' 7.38 (4H, n), 7.67 (2H, ), 7.88 PCT/URY303655 ~ 105 308

11 1 H NWR (CDC13): 3 86 (3H s), 587 (2H s), 6.90-7.55 (7H, m,

88 (1 H, m). GomropsO) - M+1p ﬁw, 2.3 (1 Hygm 3 2 106 3}5 2.93 (6H,
), 4.6 (2H 'NO?I(?H fabs) ( ;ﬂq&m 31(2; )tl)?rH1Hg))44% H (DVBO) :
.15 (2H, m), 108| 303_ 0. m n@4§2H s), 7.0

( m (2H 12 7 72761 H 8, *nk%a(gi HB'? 68 ( 6)17H2H bf). dH

D|VSO) 1.7 (38—d); 0 Ot =) 7% )y A@)lzsa(ﬁH%dz\'en" Yo 713 (3H m,
(2H, rn) and 718 (1|H, 280). dh-lse{CDQ:i br),4]7(ﬁ-§n6%2:i ﬁn 3H, s),

272 1.84 5.96 (2H. bt s), 6|35 (1|, 74aH, ) 2!942;145 | (3 Fn) and 7.85
H, rn). dH|(CDCl3): 5, 800g2H br oad d5YDMS0)136 @H, i %3102HIm)3UB 1.97 rn),

y 5) 7.74§H,
7.42 (2H, rn),| 7.55 (1 H % 71 7% K1 "i?er(uﬂj)e,:;( m"]# Hhang 7.97 (2H,
m. 112 414 2.[09 o {CBCE3)—3 69 (6H; dRcDila)! (3 blold &, 718 {2H, 1-7.4 (5H,
m ArH) and 7./65 (1#4, d)| -sodH [ CDEH 3) ml?hb(il-ﬁhi) 7155(2H2m)éa3\ ?édrl ), 5.50 113
272 1.8 (2H, 9). 588 (2H_br s), 7. 217Mm3H ) and 7.87 (1 H m. -65
dH (DMSO): 1.3 (2H, m), 1.7 (2H, m), 2.5

oo

e

118 273 1.33 {m, obscured), 4.6 (2H, m), 7.0 (2H, s), 7.3
(2H, m) and 7.8 (2H, m).
119 252 202 dH (CDCI3): 5.82 (2H, br s), 7.48 (2H, m),

7.86 (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 1.16 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 1.4 5.12 (2H, s), 6.98 (2H, s), 7.38 (2H, m),

7.75 (1H, d), 7.82 (1H, d).

dH (DMSQ): 3.6 (2H, m), 5.4 (2H, &), 7.0

123 316 1.17 (2H, s), 7.2 (1H, &), 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 (CDCIB): 1.70 (3H, d), 3.2 (1H, m), 3.6
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
127 250 1.55 | (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, 5), 5.70 (1H, br),
128 308 237 | 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
CH8), 2.20 (1H, m, CH), 4.45 (2H, d,
129 274 1791 NCH2), 8.8-7.2 (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, ), 5.18
130 279 135 | (2H, s), 5.60 (2H, 5), 7.35-7.50 (3H, m)
7.87 (1H, d), 8.06 (1H, s) and 8.20 (1H, s).
TH NMR dH (CDCI3): 3.78 (3H, 5), 5.50
131 253 062 | (o4, ), 7.5 (2H, m) 7.75 (2H, m).

TH NMR dH (DMSOY): 7.3 (2H, d), 7.7 @H,
132 213 1411 ), 8.1 (2H, m), 13.4 (1H, br).
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0-7 AUG 20% WD 03/ 066629 PCTI US03/ 03655 Conpound Ml RE(nmin) '14 NMR No
|- (obs) dH (DMBO: 2.6 (2H, rn), 3.8 (1 H, br), 4.6 114 275 1.05 (2H,
rn), 4.9 (1 H br), 6.9 (2H s), 7.3 (2H, rn, 7.8 (2H n). dH (DVBO: 2.3
(3H,s)26(2H rn), 4.0 115 289 1.36 (1 H, br)47(02;HA 5.0 (1 H,
br), 7.0 (2H, 7.4 (2H, rn), 7.8 (2H, m. dH (DVBO) : M, 3.1
(2H, m, 5. 4W‘1€l %6 1.09 (2H, S), 7.0 (2H, s), 7.4 (2HPCT’H§°’°3F°57 (1 H d
, 7.8 (1 H d) 83 (1H br). dH(CDCI3): 5.85 (2H. broad s), 7.18 (2H,
117 303 1. 95 i) Compemd( H Mn} OH, rn) andg X (2H, m. dH (DVBO):
1.3 (2H m, L7 NoH m| (@b$ }”1‘3’%5{7 1.33 (mq:c[)Elshcﬁuired\ 4.6|(2H, m, 7.0
(2H 's), 7.3 - ( H rmland 78 (2H, | #DMSOL92M@5p0r2). 03 (HHP(EDE13) - 5. 82
(2H, brs), 7]48 (B#, m)|, 2R 86 (%ﬁ Frj 1Hgb SITHFP”P?“Hd‘FP(DNBO): 3.80 (1
H rn), 4.74 (FH—ro)—1T3126-246—128] 3] s), 6.98
(2H, s), 7.39% (2Haam, |7. 88 (2H, 2.8id) @)m) 5.20 (2H,
s), 121 273 1.16 6.88 (|2H, s, INH2), T 115431.15 d), 7.73 (1
H d), 8.11 (1 H rn). dH (DVBO): 2.8' dIsCDO@)p 63Hﬂ)§ 122 287 1.4
5.12° (2H, s), |6.981862H, [s) 3027. 38 42H }E 3(1H d).
dH (DVBO): 3.6 (2H m). 5.4 (2H, s), '7 5(6,1 %’1 o ETLbrg) 7.2 (1 H
s), 7.5 (3H, 7T (I E ) 78 CLiiNgE b (GDO) (1.b3|(‘$H §)235L. 34 1 H NMR dH
(DVBO): 3.2 (2H rp), 4.8 GeH | 124 2451Hbm))$807(2lﬁ), \A.44.(2H daneR brl), 5.92 (2H,
br), 7.4 ' (2H, m), 7.40 (1H, 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-3P (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 pM 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
ug/ml pyruvate kinase and 10 pg/ml lactate dehydrogenase.

[0092]
listed above with the exception of ATP and the test Compound of interest. The assay
stock buffer solution (175 nl) was incubated in a 96 well plate with 5 ul of the test
compound of interest at final concentrations spanning 0.002 pM to 30 uM at 30 °C for

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

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

- 67 -



(2H, rn), 7.9 (2H, rn). | HNWR dH (DMBO): 5.65 (2H, s), 7.0 125 258 0. 88
(2H, s), 7.45 (2H M, 7.9 (2H 2d), 9.1 (3H b r). dH (CDC13):1.70 (3H,
d, 3.2 (1 H m, 3. 5 126 259 1.56 (1 H, rn), 5.75 (1 H br), 5.95 (2H,
br), 7.4 (2H rn) (LH rn), 7.85 (1 H m. 1H NI\/Rodf-i ):2.48

3H s), 3.0 59 1 55 (2H, rn), 4.82 (2H, t), 5.92 7.37
EZH ?%) g‘?"(]’%z‘ﬁé 7. 8(2 (1 H )d) dH EDIVISO)) 3. 90 E‘%Tr’PS" 3655 70 (1H,
br), 128 308 2.37 6. 65 (2H d . 15-7.95 (6H, m), 9.47 (1 H, br s) and
10.03 (1 H, (yongyale, €4) ayoRlQuinups CoTagK(\@lqes wiere Qetﬁrmlqeéérozmhe |79 CH3) ,
2.20 (1 H, 6.8-7.2 (4H, 7.63 (1 H m
Ar H) (5. gﬁtaa%mmz&'?ﬁ%gbﬂéggcﬁé@@% 1 ratlo))( 38 1H R O

(CDC13) : 2. 950098, e, fol!wms compourpy yere3hpwnstp haw agf) of l2ps thay) L UM f@TESK-50 ( 3H,

7.87 1 H NWR
Eia) (CDC13) : (% édgrggaugd ﬁmg?rs(cérrg%oﬁ% tﬁ)ﬁﬁbdcogmgw&d%m%fﬁgted %%%bl%g? (I%_? %M 132 213
1.41 1 H NMR%HIL 13, P13 I(32H-3% 137,438, I-¢ D50 51, B-54, I¢53H-561]-58,13. 4d()1 HH
b -66 N /03655 Co d Ml Rt (ndn)
NR/?? No |- (gbsg\;dﬁtslz-l I 1@@9&{9@6@%%25%[&5?2@7 5 (1 H, grr)oggl 133 2%0 2.19
7.8 (1 H br s), 81 (1 H br), 89 (1 H br), 13.1 (1 H, br s) dH
(DlVBO) 3.7 [603% S%he céméouﬁgs'{vcrglvahﬁte% as ﬁ'lﬁi%ltglé &f%&%ﬁ@;ﬂnaﬁmsmg %1 f_{ZH m,

.3 (2H, m,
2 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 3*P-
ATP. After 20 min of reaction, the reactions were quenched with 150 ul of 10%
trichloroacetic acid (TCA) containing 20 mM Na3P0Q,;. 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 Na3;PO, 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 X

for the compound.
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1 HNVR dH (CDC13): 0.98 (6H, m), 2.38 136 392 2.78 (1 H, m, 3.79 (3H,
s), 4.28 (2H, d), 4.57 (2H, d), 6.75 (1 H d), 6.88 (2H, m), 7.15- 7.35

(6H m, 7.67 (1 H m 8.96 (1 H br t). 1 HNW dH (CDC13): 1.03 (6H, d),
2.35 137 368 2.73 (1 H m, 3.80 (2H, m, 4.32 (2H, d), 703,2“?%3 m, 7.40

(1 H m, 7.75 (1 H d), 8.30 (1 H d), 14.40 H br s .
1 H NVR dH (3%%%3“'1‘% 05 (6H, ni), 2,351 138 272 1.15 (1BCTAFO3NISS (o4 ),
6.1 (2H, br), r6.77 (1H s), 7274(4H M, 7.8 (1H nj. BIOLOG CAL
ASSAYS K, Determ nati oick dohitition Assey 1 StKc 353a9091] Conpounds were
screened f eir, a t@#nﬁ? using a
st andard C(C))[E} Sfé(zd %ezebnié P é&élsl%eg ﬂjo?‘:}i bé’ bﬂngﬁ%?%}qﬁé%%%tmwe?& 2249) .
React i ons vwlosphoatatlmedf ol Glur‘il"yaﬂ@@imqwamuermﬁ@m ng g capBd SAYPEEBSES (pH 7.5),
10 W MJCl(%OﬂC éaf{\(bb\ggrotez%%@z %MQ% é!sse[}an-Egle,@ﬂg ofN R NG Riseh nal

substrate at’i ons M ATP (Sigma Chem cal s, St
Loui s, MO tadARBfoevery mplseye pfd@P(mngng(tmgmw@EEE Th?rééﬁapwqﬂepu de,

Sunnyval e, SNADIEA Held ?%mewﬁll&%rat%&pt at 30 OC and 20 nM GSK-3 0.
Final concentrations o he conponents of the coupled enzyne system were

2.5 mM phosﬁﬂﬂ%nolrpa,/ﬁmwdtaesay,aﬁ@e[r@mmmpowts WIMWXC?WPQI A Ké'hase and 10
[tglm lactg E%l%%@élﬂﬁﬂ@@éﬁﬁo asEQ%@a?Jwe‘ﬁ@ B AYrsHist8iteddn DMBO Wk ut i on was

prepared contal ni ng the reagents |isted above with the exception of

ATP and t headdedto tieorahls tmeiver finahDMSBqonceptiatiog 9§ 2y %- JheaRan s WS sol uti on

(175 ILlI) VRsubaiag dst-etol 10 BinBeforBhitiatRlHeSesbtibhiwih 130 uM A TPTEhet €St Corrpound
of interest at final concentrafions spanni ng 0.002 RMto 30 [tMat 30 'C

for 10 i nghserbancyghanagti3¢0 ng with tigs; the rafe of fhereastomes REHBIFE 8@ by prepari ng

serial di | ufpbRAfar defitd Patdrefitt. m&uma@ta@ﬁ&ﬁmnaudflﬂwmoef the test
conpounds in daughter plates The reacti was injti at eggg%/ t he addition

of 20 Rl of SORFBURHquKgs f%‘ﬁﬁ‘m@éﬁfni’%{’(tﬁ"'%ﬁ}“g eucs o g3t thedb ETin wer e
obt ai ned usbcngoandVbl ecul ar Devi ces Spectranax pl ate reader -67 Ov? AUG 2M

WO 03/ 06662 0 /03655 Sunnyval (ﬁ% over m nu 0 "C Ile
Ki val ues detldf Pl mercP BRIV hown e haye 2 Ki 8 %Hﬁdg’fl‘&nhl bi t or
concent r at i @bmpound numbers correspond to the compound numbers listed in Table 1.): I-56, I-57,
I-58, I-59, 1-70, I-71, 1I-80, I-81, I-86, I-87, I-89, 1-90, I-96, I-104, I-109, 1-110, 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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[ 0093] The foll ow ng conpounds were shown to have a Ki of less than | I M
for GSK- 3 (Conpound nunbers correspond to the conpound nunbers listed in
Table 1.): 1-2,1-7, 1-9,1-11,1-12,1-13,1-19,
1-32,1-33,1-37,1-38,1-47,1-50, 1-51, 1-54, 1-55, 1-56, 1-58, ]rgliﬁ \@@86,
1-87, 1-90, 1-96, 1- 109, 1-128, and 1- 129. [0094) The corrpgun e
eval uated as inhibitors of human Lck ki nase using either a

radi oactivity- Qg;éﬁg_slzassay or spectrophotornetric assay. Lck Inhibition
Assgy A: Radi oaciiVvLty-based Ass [0095] The conpounds were assayed as

i nhibitors of full-]length bovine thynus Lck kinase (from Upstate

Bi ot echnol ogy, cat.t AFOMRNd SBFtedipn bs SbickvianThbRU chijoaslsf  om bacul o viral
cells. Lck kinase activity was nonitored by follow ng the incorporation of
33p from ATP iﬂut tre—ty+ros+re—of ndom-poly G a-Tyr polymer substrate
of conposition °(¥u: Tyr = Sgructgsi gnm, IE&t‘r nMo. P- Gé&aére The flol | owi ng were
the final condentrat]ons of [% assay conpgrent-s—o—626—M-EEPES, pH 7. 6,
10 MM MgCl 2, 2 M DI T R BSA] 10 RNI ATP (1-2 ILC 33 P-ATP per
reaction), 5 nmg/m p -2 unijts of reggpbi namt human Lck

ki nase. In a typ'ﬁal action co ntsyw th{ the exception
e- fil xe t 02Sasgay e Ios. I nhi bitors

of ATP were pr
di ssol ved in DVSO we lls t¢ gi v& aXfi nBT  DMBO
e was incub&ged at 30 Cfor 10 mn
p_ AJP. AfteY 20 min of reaction,

concentrationjof 2.5
before initiafing th

the reactions|were ¢ ed with 150 111 of }10% tricbl oroacgtic. acid
(TCA) contai nimg—26 - chedlsanpl es were thepn transferred
to a 96-well filter NI -Fil{fer GF/F G ass Fiper Filter, cat
no. 7700-331p) 2nstjal | €d PTa ter| plgte|vagu ntRol d.| Filter plates
were washed fpur ti CA [cont ai pi 4 and then 4
times with nmeghanol . 200!t|)of scintfi | | ati pn AT twnas w-Pen| added to each
wel | . The pl ates_were sé&al and the [anount| of radifoactivitly associ ated

with the filters was quantiftied on a rTopcount—scrnt+Hat+~eh-t counter. The
radi oactivity incorporated was plotted as a function of the inhibitor
concentration. The data was fitted to a conpetitive inhibition kinetics
nodel to get the Ki for the conpound. -68 017 AUG 2M WD 03/ 066629

PCTI US03/ 03655 Lck Inhibition Assgy B: Spectrophotonetric Assay [0096] The
ADP produced from AT? by the human reconbi nant Lck ki nase-catal yzed
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 of NADH i s oxi di sed
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to NAD for every nol ecule of ADP produced in the kinase reaction. The
di sappearance of NADH can be conveniently followed at 340 nm [0097] In a
typi cal assay, all the reaction conponents with the exceptid)fls@g ? were
pre-m xed.and aliquoted into assay plate wells. Inhibitors d I in
DMSO were added to the wells to give a final DVSO concentration of 2.5%
The assay plate was “incubated at 30 "C for 10 mn before initiating the
reaction with 150 ~M ATP. The absorbance change at 340 nmw th tine, the
rate of the re : —trRS—R--ar-ed—an—a—anlecul ar _devices pl ate reader.
The data of r '&s @ funcStrehmref the|Natdbiltor sgaagriratidn was fitted
to conpetiti v] TNt ol T ok et TS rottet—te-get—ike—di-—foi_tde conpound.
I

10098] The fol| owi ng} cgyrpounds e shown tg gave a Ki ®mR |edgs than 5 VM

for Uk (Conpdund®nufrber s 0 he listed in
Table 1.): 1-96,1-57] oS8~ 5%44 7D, 1- 71,[1- 80! 1-87,
1-89, 1- 90, 1- 96, 1- 104, 1- 109, 110, 1-1%7, 14128, and Ji- 179, [[00991 V&Re we

have .descri bed—a—ntrper—ei—enbodiweath of tHis inydlition, it]is apparent

that our basid exanp] es my be BRtered to pqjovi de ot herngenbocli ments whi ch
utilize the cqnp®inds a od Lhizg i nven i80._yTheyefole, it wll be
appreciated that th tR-® ijhventi éEn i by—éﬁ ngd by the
appended clains rather than by the specifig¢ e nts i ¢h have been
represented by exanple. -69 0-]7 AUG 2006 CLAFMS. 1. A conpound
selected fromithe fqollowi ng Tae 1 conmpoungls: N& P paunfrm NO. |- Sbuchm
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2. A conposition conpnsing an effective anmount of a conpound according to
3. Mm conposition according Wclaim

claim 1, and a p acceptable carrier.

2,

further conprising an additional therapeutic agent -79 07 AUG 2006
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2. A composition comprisin, i
g an effective amount of a i i
. — - compound according to claim

3. The composition according to claim 2 , firther comprising an additional

thempeutic agent.
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