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20 synthase and possibly other insulin-dependent events, such glucose tramsport.

7 Subsequently, it has been shown that GSK3 activity is also inactivated by other growth
C | factors that, like insulin, signal through receptor tyrqsinq kinases (RTKs). Examples of
such signaling molecules include IGF-1 and EGF. Saito et al., Biochem. J., 303:27-31-
(1994); Welsh et al., Biochem. J. 294:625-29 (1993) and Cross et al., Biochem. J.,
25 303:21-26 (1994). '
Agents that inhibit GSK3 activity are useful in the treatment of disorders that are
mediated by GSK3 activity. In addition, inhibition of GSK3 mimies the activation of
growth factor sigﬁaling pathways and consequently GSK3 inhibitors are useful in the
treatment of diseases in whidh such pathways are insufficiently active. Examples of
30  diseases that can be treated with GSK3 inhibitors are described below.
DIABETES
Diabetes mellitus is a serious metabolic disease that is defined by the presence of

" chronically elevated levels of blood glucose (hyperglycemia). ~This state of
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is reported to pronote glucose utilization, protein synthesis, and t

formation and storage of carbohydrate energy as gl ycogen. d ucose ig‘?]s-{%’r@&y

in the body agogbyMeegen, a 5 form of pol ynerized gl ucosepcwosndsa®ys be
converted back into glucose to neet netabolismrequirenents. Under normnal
conditions, insulin is secreted at- both a basal rate and at enhanced rates

followi ng glucose stimulation, all to maintain netabolic honeostasis by the
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insulin response" i3 Etary nodifications are often ineffective, therefore
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beta cells steadily increases uniil the pancreas can no longer provide adequate levels of
25 insulin, resulting in elevated levels of glucose in the blood. Ultimately, overt
hyperglycemia and hyperlipidermia occur, leading to the devastating long-term
cqmplicatibns assoéiat_ed-with diabetes, including cardiovascular disease, renal failure
and blindness. The exact mechanism(s) causing type 2 diabetes are unknown, but result
in impaired glucose tramsport ‘into skeletal muscle and increased hepatic glucose
30 production, in addition to inadequate insulin response. Dietary modifications are often
ineffective, therefore the majority of patients ultimately require pﬁannaceuti_cal
intervention in an effort to prevent and/or slow the progression of the complications of

the disease, Many patients can be treated with one or more of the many oral anti-diabetic
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5 subcut aneous insulin injections. Additionally, each of these therapies has
associ ated side effects. For exanple, sulfonylureas can cause hypogﬂﬁqﬂﬁgmﬁ
and troglitazone can cause severe hepatoxicity. Presently, there is a need
for new and i npooe@1tistigs for the treatnent of predi abeP§EUIE/EADet | C
patients. As described above, GSK3 inhibition stinulates insulin-dependent
processes and 10 is consequently useful in the treatnent of type 2
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" One of the main goals in the management of patients with diabetes mellitus is to
. 25  achieve blood glucose levels as close to normal as possible. In general, obtaining normal
postprandial blood glucose levels is more difficult than normalizing fasting

. hyperglycemia. In addition, some epidemiological studies suggest that postprandial ~
hyperglycemia (PPHG) or hypeﬁnsulinefnia are independent risk factors for the
development of macrovascular complications of diabetes mellitus. Recently, several
30 drugs with differing pharmacodynamic profiles have been developed which target PPHG.
.These include insulin lispro, amylin analogues, alpha-glucosidase inhibitors and
meglitinide analogues. Insulin lispro has a more rapid onset of action and shorter

duration of efficacy compared with regular human insulin. In clinical trals, the use of
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absorbing surface of the gut. Al pha-glucosidase inhibitors such as acarbose,
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car bohydr at e- enzynmes and del ayi ng gl ucose abs pasaki et
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agents set forth above in the treatment of postprandial hypergl ycem a as
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PN4S95: 9637- 964%3(913%%& iV bRl 120 BSihd fed &tg as‘a m ffgg} 4o increased

production of ‘1 but the authors a a 1at the nutant PSI
proteins bind nﬂL@HEIDéER'ISPISBA@mB and potent| ate the phosphoryl ation of

.30 tau, which is bo"(ﬁﬁd I Qg%é al so
been shown that another &%gféla%g(ria%gﬁd% %g gﬁvﬁy& %?aﬁlég% ér’giﬁ%%e ,
al ., Naturel395(4&098- 7o cliarg9@istic Qlytb'ds@bal det@eg af &) arei etacallylat padesrof an
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cell death. Tak @ %{Wﬁ] 7 81? 93"4% % ]% Latter
studies, the ef ?é ?”'@6 @qh)g%efn?d e ee’Sa‘?teaz’p WL éd ? i3 E'% Sﬁ §BtE3- AP ()
adm ni st rati on) tHeyGSKdkinkeeimgbiok, LiCl, blocks tau hyperphosphorylation in cells. Stambohc et
al., Current Bzology 6:1664-8 (1996). _ Thus GSK3 activity may contribute to the
25  generation of neurofibrillary tangles and consequently to disease progression. Recently it

- has been shown that GSK38 associates with another key protein in AD pathogenesis,
presenillin 1 (PS1). Takashima et al., PNAS 95:9637-9641 (1998). Mutations in the PS1
gene lead to increased prodﬁctien of B-AP, but the authors also demonstrate that the
mutant PS1 proteins bind more tightly te GSK3[ and potentiate the phosphorylation of

30  tau, which is bound to the same region of PS1.
Interestingly it has also been shown that another GSK3 substrate, B-caténin, binds
~ to PS1. Zhong et al., Nature 395:698-702 (1998). Cytosalic B-catenin is targeted for
degradation upon phosphorylation by GSK3 and reduced B-catenin activity is associated
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intracel lular GSK3 activity, suggesting that in addition to genetic

mechani sms may 10 increase GSK3 activity. Further evidence for a rol é 9 W 7007
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(but, in this easBp+messspecific activity) of GSK3 is i n@EBHEWOFU346250% i n
post synapt osomal supernatants of AD vs. nornmal brain tissue. Pei et al., .
JNeur opat hol Exp 56:70-78 (1997). Even nore recently, it has been shown that
t herapeutic concentrations of |ithium 15 a known GSK3 inhibitor, block the
producti on of 13w ibsredsed eersigivitigofinetonaindels do ABCindsed priewmel BpqPARP)
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di seases such as Al zhei tin WS D ocj at ed
denentia, amyot riBpATE" P%‘feé? QPPH i gjﬂj(eiﬁtsﬁﬁ) %Yk’a‘ ‘?ﬁ%&l@ 1@5%%2@3 él(“f&?s).
Th(r)]rrgs J. Ain. @BK3 dkd phoSstrylates taﬂgrz&ut}&le(pﬁﬁaﬁal coﬁmmﬁm@.ahbﬂbm&haangles,
inhibitors are jeve e a.us t reat nent se and other
neur odegener at i \}th’iu%r géﬁwgﬂ’ﬁ@ﬁb ﬁdﬁ%ﬁ?f"%ﬂ 63?%§{<§EBW5§B%8PVP§T@§W
transcription fagt0és, Md-iPdsefnth the REmb s of AEha@xp®y disshdeom the nucl eus, in
opposition tgo t | cineurin. Beals et al., Science 275:1930-33
(1997). Thusg0 @ﬁﬁ%%&ﬁ%&%ﬁ%ne response gene activation via NF- AT,
and GSK3 i nhi bit ors niragditicane teceffeets 6f hthivim gkaiben gbde] thirdld DlondhisbATafHe

responses. Thus 10 3 inhibitors are b lieved to [oI ong and ;%g]tenu te
(f he i nmunost i rmp.};ff: thipmato; iteaf) ipolar dlSOl‘ er (manic depressive syndrome). s climc

Tesponse to lithium may reflect an involvement of GSK3 activity in the etiology of
bipolar dlsorder, in which case GSK3 inhibitors could be relevant to that indication. In

25  support of this notion it was recently shown that valproate, another drug commonly used
in the freatment of bipolar disorder, is also a GSK3 inhibitor, Chen et al, J.
Neurochemistry-72:1327-1330 (1999). One mechanism by which lithium and other
GSK3 inﬁbitors may act to treat bipolar disorder is to increase the survival of neurons
subjected to aberrantly high levels of excitation induced by the neurotransmitter,

30  glutamate. Nénaka et al., PNAS 95: 2642-2647 (1998). Glutamate-induced neuronal
excitotoxicity is also believed to be a major cause of neurodegeneration associated with
acute damage, such as in cerebral ischemia, traumatic brain injury and bacterial infection. |

Furthermore it is believed that excessive glutamate signaling is a factor in the chronic
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certain cytokines, and such an effect nmay enhance the potential of those
cytokines for tunor imunotherapy or indeed for inmunotherapy in geﬂm@r&lf‘i?ﬂ{]?
OTHER DI SORDER, debi/dikissn al so has ot her bi ol ogi cal effect scrhisadoSio@sR0t ent
stinulator of 15 hematopoiesis, both in vitro and in vivo. Hammond et al., -
Bl ood 55: 26-28 (1980). In dogs, lithiumcarbonate elimnated recurrent

neut ropeni a and normal i zed other blood cell . counts. Doukas et al. Exp.

Heni at ol 14: . 2152kl §ah@86 keenlif disBReesuel heBl-Beitlerd, HubiiniAb@s, PakiReiatas

t hrough the inhibition of GSK3, ngg i,nhi bi%ﬁor_s may have ]ﬁ\_/en br oader

appl i cations. 28S%iFpldsRiRiE FRYOTOBC RS oSS A HEPLE PSR fYISHY
many di seases, tTh@nasi Aeihi Eheat is9R 43 108089 (Mbb). t ObHeendISSKWaHiB:RE A1 ghl Y -
desi rabl e. SUMVARY OF THE | NVENTI ON It has now been surprisingly discovered
that gl ycogen sYdicnekia bgpHeedd tryatmendn phespmd other pevrgdegangraliye qipfddsst ed in
vitro or in yivexneepdatRTiOs e .based derivatives. Accordingly, the
present invention provides new conpounds, conpositions and nethods of

i nhibiting the acti v@#tX3 phosgmicglaten rppscripioanfgcion NFrAdh enfeprometes dsiesparefipat ed -
disorders in ViyGuokll A\GarBSRGEl ! BecPbPafHod iR VIRl A1 HicRYLsIEf: 18

. ; ~33
conpounds havi ng I'bition activity o ol I owm ng f'ormil a ?/I ): -6

1 9 JAN 7007 WO92004hos 83863 POTkUSRDOBIOZE62SORE RIRICtiBtion VR-NRGAT, andC X
N e i 2 T2 SRR 3(ibdmisot0 R0 a1 plnilbi HB080 actRENSCTE inflhuxRLHEIB. | ¥rung

substituted carbon; I's absent or “Is selecte romthe group tonsisting
of -0, -S-, 10S( OBK3 inl@pivrs are belved\ig-prolong-hnd@ofentifRi@Onmunddigiory «MRISH2- , -

-CO, =0R-, -Cre - CE. Fooch ui oSN ' “NR - mﬁr is ()
al kyl, substi tutcec?inaf}%l?l}es’cyc s(l)lg]f@le, ary ,enh@@eo%ﬁt%%,gl Reter ot yC g;gf% is
optional | y substimartregusntherapyhe indeglaioyimmuootharapy ot ggodrbing gr oup; Rp and Ro' :

are i ndependent Iﬁ}ﬁﬁﬁ%gﬁomthe group consi sting of hydrogen and 10
nmet hyl ; :

Lithium also has other biological effects. It is a potent stimulator of
15  hematopoiesis, both in vitro and in vivo. Hammond et al., Blood 55: 26-28 (1980). In
dogs, lithium carbonate eliminated recurrent neutroﬁenia and normalized other blood cell
counts. Doukas et al. AExp Hematol 14: 215-221 (19%6). If these effects of lithium are
mediated through the inhibition of GSK3, GSK3 inhibitors may have even broader
applica;ﬁons. ' ' _
20 Since inhibitors of GSK3 are useful m the treatment of many diseases, the
id_ehtiﬁcaﬁon ‘of new inhibitors of GSK.3 would be highly desirable.
SUMMARY OF THE INVENTION O
- It has now been surprisingly discovered that glycogen synthase kinase 3 (GSK3)
25 activity can be inhibited in vitro or in vivo by certain pyrrole based derivatives. |
Accordingly, the present invention provides new compounds, compositions and methods
of inhibiting the activity of GSK3 in vitro and of treatment of GSK3 mediated disorders
in vivo, In one aspebt, the present invention provides new compounds having GSK3

inhibition activity of the following formula (I):



Rl1, R2, R3, and R4 are independently selected fromthe group consisting of
hydr ogen, hydroxyl, and optionally substituted | oweral kyl, cycl ol owet 8lJkYI7007
cyclicam noal kyl, al kyl am noal kyl, | oweral koxy, am no, alkylam no,

al kyl car bonyl , warwdmarssonyl , aral kyl carbonyl, het eroaryl earlwemyd/azes2s

het er oar al kyl carbonyl, aryl and 15 heteroaryl; R5 and Rs are independently
sel ected fromthe group consisting of hydrogen, halo, and optionally
substituted |oweral kyl, cycloal kyl, _al koxy, am gp, am noal koxy, '

car bonyl oxy, am nocar bonyl oxy, - al kyftar bon®kani o, aryl carbonyl ani no;

ar al kyl - carbeonyl am no, heteroaryl carbomyl am -
heteroaralIcylcarbonylaninofﬂsxgl Fdo oi m do, am di no,

cycl oanmi di no, heterocycl oani di naX” gliani nNryl iaryl, heteroaryl,
heteroarylaryl, heteroaryl heteroaryRy. hpteRocyc|oall , heterocycl o- ,
car bonyl oxy, heteroaryl carbonyl oxy, andRaryl sul poham™dQ: RRzis sel ected from
the group consisting of hydrogen, and optionall uted aryl,
heteroaryl, and heterocylo; 25 R7 is selectedRromthe group c@psisting of
hydr ogen, hydrox% hal o, carboxyl, nitro, am no, am do, am dino, imdo,
cyano, sul fenyl, W%Fﬂanesulfonyl, and substituted or wunsubstituted al kyl,

al koxy, al kyl car bonylX isaitydgea whogen) or optia@blkydubstititedydrbonhet er o- aryl car bonyl ,
het er oar al kyl car bonyly; : I r craral k 7qd .9 JAN
2007 WO 20041 018455 BT T F LIS DAL M AR Y o8 B N Sy

het er oar ya~Yl £ar 96h. I-BR-GPk -N&H{FGro cHHEOmYI-BR SO¥-, ¥COy, XC¥-, ¥C1y-, -CFy-, CHF,

Carytam nocar bony g, LR, ok YBtel e BErdy, hRUELEL AR ERLR0Y o

al kyl am no, - het eit@adryll Badro@eloal | cyl car bonyl am no, al kyl am nocar bonyl am no,

aryl am nocar bonyl S am.pq;.. Jolp\VAIF-Tas ale} bonyl am no,
aryl carbonyl am no, hé 1&?%%%‘?3@ éég%tﬁ%%é;@%e@%ﬂt?%}%&%@é&fg ‘ot hi oam do,
cycl oani di no,  het er o@ycho&yi Maependintly Ssdcted frontHie leiupicosisting bEKyaeseh aidri do,
guani di nyl , gryl,agegeroaryl, het erocycl o, heterocycl oal kyl, aryl sul fonyl
and aryl sul f hanf ﬂ*the tautomers thereof; 10 or a pharmaceutically

acceptabl e salt theraqf R,) Ry GinHeR, plechiptrBnBThodieabS, thoqxelp cospignes of

}?ge :AEQI ention érfydgc{ggr\xl,l dl%%roxt})rx tarrllﬁ chatfrigga g}dssu gtitlztgc{ mIlclm?éra(l ll,) : cy%%lﬁv?erall@%, R

cyclicaminoalkyl, alkylaminoalkyl, loweralkoxy, amino, alkylamino, alkylcarbonyl,

arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl, aryl and
15  heteroaryl; ' _
| Rs and R; are independently selected from the group consisting of hydrogen, halo,
and optionally substitated loweralkyl, cycloalkyl, alkoxy, samino, aminoalkoxy,
( | carbonyloxy, amindcarbonyloxy, alkylcarbonylamino, arylcarbonylamino, .aralkyl—
| carbonylamino, heteroarylcarbonylamino, heteroaralkylcarbonylamino, cycloimido,
20  heterocycloimido, amidino, cycloamidino, heterocycloamidino, guanidinyl, aryl, biaryl,
heteroaryl, heteroarylaryl, bheteroarylheteroaryl, ' heterocycloa]ldl, heterocyclo-
carbonyloxy, heteroarylcarbonyloxy, and afylsulfonamido; 7 '
Re is selected from the group consisting of hydrogeﬁ, and optionally substituted
aryl, hetéroaryl, and heterocylo; . -
25 R—, is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl,
‘pitro, amino, anﬁdo, amidino, imido, cyano, sulfonyl, methanesulfonyl, and substituted or
unsubstituted  alkyl, alkoxy, alkylcarbonyi, arylcarbonyl, aralkylcarbonyl, hetero-
arylcarbonyl, heteroaralkylcartbonyl, alkylcarbonyloxy, arylcarbonyloxy, aralkyl-

-7-



NN R\ RAR RZRS (R). wherein: 15 Wis absent or is selected fromthe
group consisting of -0-, -S, -S(O-, -S02-, -NH, -NH-CO - NWCO-, 1 9 JAN 2007
- NHSQ2-, -, -Q02-, -CH2-, -CF2-, S, - %%%i . and

NR -, vvhere %%ﬂhg‘f g@ substituted al kyl, cycl oal kyI ary US 6g"r‘oar yl,

het erocyclo; A, is opt| onal |y substituted aryl, het eroaryl or a protecting
group; 20 Ro and Ro are independently sel ect ed fromthe group consisting of
hydr ogen and %alﬁ' fgm &gﬁ; t m t he

%gybﬁg dh {etbo o Rﬂetél{) a]k?lgﬁ'g 3 b lﬁﬁkn%%rﬁ%y R

group conS|st|ng 0 rogen, EtIO hstitute
| ower al kyl , cyclab’ll?m\mcaﬂbkw XY, cf@llwbarﬁ)wdkﬂdw orgl, kﬂbwwﬁlk@mcmwnyl amino~

| ower al koxy ami_p bo rylLGal .
ar al kyl car bonyl , eutyér oglel?} r’boniciﬁé{lh]f(ilJ 1ér (?aqu?%ﬁii%ar aonyF‘, 5]?§ny| ﬂné%%fmm’
heteroaryl; -g he@roérammm)o7ammmﬁhhﬁlm4aﬁylmtﬁwaﬁﬁ%6%lm®mﬂoﬂ$ are

G T L N O R M e e
car bonyl oxy, amcmbo:a/tabmwl oxsloangfiky | mtoldmmgnhdxm n@ploam;dhxmar bmttydcacﬂnmﬂmo

aral kyl - car bonyl er par. car am N0, 4 | k r m no,
cycl oi mido, 5 he@’ir’%‘%@cf n%ﬂﬂio _ O(ﬂf cyc$uoam |n Pa}ée?%?%gya]?g rﬁx

guani di nyl , al’y|hsteﬁb3&lq&lky] aﬂéﬁﬂbm)_samyd arylhﬂfcmamﬂibyl aryl, heteroaryl het eroaryl ,
heterocycloalkyl he e{O“ cl o bonyloxy, heteroarylcarbonyloxy, and

aryl sul fonam do; R6 tB‘Ef ¥t om t he group consi sti ng of hydrogen, and
optionally sgbsti tut@fhphaﬂmelceutiaalﬁc(a@table,samﬂﬂrdam erocylo; 10 R7 is selected

fromthe group consisti hydr o r box

o o, e do. " arm df B, S PRSeT AO S Sormmbinis pSSEH Rarion aprovidea
substituted or pymswBEpbUndé etfoahly(ID): al koxy, al kyl carbouyl, aryl carbonyl,
ar al kyl car bonyl, hetero- aryl carbonyl, heteroaralkylcarbonyl, _

al kyl car bonyl oxy, ' aryl carbonyl oxygg ara)kxl cBr bonyl oxy,

het er oar yl car bonyl oxy, heteroar al ky] carbonyl oxy,\ al kyl am nocar bonyl oxy, 15
aryl am nocar bonyl oxy, fornyh, |owerhl kyf'cajbonyl B¢ koxycar bonyl ,

am no- carbonyl, am noaryl, aI am noal koxy,

al kyl am no, heteroarylanino, al{k 1
aryl am nocar bonyl - am-no, aral k
aryl carbonyl am no, heteroaryl =

o,

Rg (ID).
wherein:
15 W is absent or is selected from the group consisting of —O-, -S-, -S(O)-, -S04-,

NH-, -NH-CO-, -NR'CO-, -NHSOz- -NR'80,-, -CO-, -COy-, -CHZ- -CF,-, CHE,
-CONH-, -CONR'-, and —NR'-, where R' is alkyl, substlmted alkyl, cycloalkyl, aryi,
heteroaryl, heterocyclo;
A 1s optionally substituted aryl, heteroaryl, or a protecting group;
20 Ry and Ry' are independently selecj;ed. from the group consisting of hyd:ogén and
methyl; ) | '
' Ry, Rz, Ry, and Ry are mdepéndently selected from the group consisting of
~ hydrogen, hydroxyl, and optionally substituted loweralkyl, cycloloweralkyl,
cyclicaminoalkyl, alkylaminoalkyl, loweralkoxy, amine, alkylamino, alkylcarbonyl,
25  arylcarbonyl, aralkylcarbonyl, hetéroarylcarbonyl, heteroaralkylcarbonyl, aryl and
heteroaryl; A o

R

Q)




car bonyl am no cycl oam do, cycl ot hi oam do, cycl oam di nno, heterocycl oam di no,
20 cycl oal kyl, cycl oi m do, heterocycl oi m do, guanidinyl, aryl, heteqq@ggﬂzgm
heterocyclo, heterocycloal kyl, arylsulfonyl and arylsulfonanldo t he
tautoners t her 8 20P84ES pharmaceut i cal |y acceptabl e sal t TGEUSHPI0HES yet |
other particularly preferred enbodi nents, novel conpounds of the 25

i nvention are provided by the conpounds of formula (111): -9 1 9 JAN 7007
WD 2004/ 0184- 55 PCT/ US200Q3/ 026 Rl D R 3 R6 N.N ~R W
wherein Wis absent bf2d B§15q18€ 559 %?ﬁlﬁcr?éﬁ@%’f‘?ﬁ%@&ﬁ@%ﬁ%ﬂ%@@é@ﬂ halg

-NH-, -NHCO, -afd optiohdlB- ,substitided 10%21@1 -@@Mdﬂqyl apttoNR mﬂMWthﬁnd?ilkokﬁ
aIkyI substltuted aIkyI cycl oal kyl , het eroaryl, heteraqcyclyl;

and R3 are i ndefS@homMTy Senecarhoaylpkpmaly ?@P%ﬂn@ensarmrh@w %d@@é}‘é’
hydroxyl, and opkihefddnhido,S URekdabyltLsbnlRM0A! hswmal@mlc&lb@ﬁg%alhkyl eycloimido,

cycllcanlnoalkyl al kyl am noal kyl | over al kox am no, al kyl am no,

al kyl car bonyl, = &FigTo8%Hd @ﬁ?lmné@%%Ryﬂmm%éﬁ%dﬁ?¥mWﬂ8@EW6§r?@%%?B%ﬁ?ﬂ biaryl,
het er oar al. Kyl canbemh . akibroaYE1e! 8 heteRSurANd h%ér@?aomﬁlep%e@ RRY i

selected fromthe group consisting hal o 0 and optional ly

substituted | owsRAPITESHY, h%Gy@FJS%IWD’bX&IaF@@W?SUHPﬁWO’am noal koxy,

car bonyl oxy, a”‘nOC&RPBQ%E&éYﬁnﬁﬂﬁykﬁﬁﬁQ&&%hﬂ@bﬁﬁwkﬁﬁMlﬁﬁ&ﬁﬁﬂ%@?@ﬂﬁ&mﬁd

ar al kyl - carbonyl am no, heteroaryl carbonyl amn

heteroaralIcyIcdﬂ%éﬁ?ﬂﬁﬁﬂﬁ@dhﬁ?@Fﬂ@n1do heterocycI0|n1do ani di no,
(ﬁycl oam di nqq het er ogy ¢l QamLgisng, ﬂlg%déoﬁéﬁtmgaéfﬂydﬁ)gbﬁr broxy, 1S LABS

heteroarylaryl, heteroaryl heteroary et erocycl oal et erocyc¢l o-

car bonyl oxy, heﬂéﬁ@@@@bd@ﬁ@bﬁ?ﬁb%yHméﬁdwaﬁyﬂé mﬂom@#mu@ﬂﬁﬂﬂimﬁﬁﬁW¥@@b@ from
the group consig héuﬂgm%d My O 9@x gﬁceyéh?}e Jéylcﬁt}&ﬂ' Sk art B3R! ’heter(%-

heteroaryl, and heterocylo;” R7 1s°’s e group consisting o
hydr ogen, hydroﬁymmﬂ@nﬂ? bﬁﬁb@&@WRMﬁwnﬂroﬂkﬂﬁﬁh@wk%ﬂad@ycaﬁmenﬁ; Avaikab,

cyano, sulfonylniggbm% e '@ﬂgﬂs 0

al kyl, al koxy, y ca?b%%%%gg%&b? ar oﬁ§%£&5§§?%?9{ x%oﬁg %M%é%%%%&ﬁgy
aryl car bonylL3 hetaugarcatbkyilesr bémpyl, é¢\k§rﬂl§§pa;b¢w1,oﬂyweralkyxy©abw&\yl@myo-
aral kyl - -

carbonyl, aminoaryl, alkylsulfonyl, sulfonamido, aminoalkoxy, alkylamino,.
heteroarylamino, ﬁlkylcarbonylamino, alkylaminocarbonylamino, arylaminocarbonyl-
amino, aralkylcarbonylamino, heteroarylcarbonylamino, arylcarbonylamino, heteroaryl-
cai‘bonylamino cycloamido, cyclothioamido, cycloamidino, heterocycloamidino,
20 cycloalkyl, cycloimido, heterocycloimido, guanidinyl, aryl, heteroaryl, heterocyclo
" heterocycloalkyl, arylsulfonyl and arylsulfonamido;
C" _ - the tautomers thereof;
or a pharmaceutically acceptable salt thereof.
In yet other particularly preferred embodiments, novel compounds of the

25  invention are provided by the compounds of formula (III):



car bonyl oxy, heteroaryl carbonyl oxy, heteroaral kyl carbonyl oxy,
al I'yl am nocar bonyl oxy, aryl am nocarbonyl oxy, fornyl, | ower al kyl car HohyAN 2007

| ower al koxycagpapyilessss@r Ni nocar bonyl, ami noaryl, al kyl subgpp¥ees bk onam do,
am noal koxy, al'kylam no, 25 heteroaryl am no, allyl carbonylam no, g

al kyl am nocar bonyl am no, aryl am nocarbonyl - am no, . aral kyl car bonyl am no, i
het er oar yl ear bonyl am no, aryl garbonyl am no, heteroaryl- -10 1 9 JAN 2007 WO |
2004/ 018455. PCT/ US2003/ 02662%° car bonyl am no cycl oam do, cycl ot hi oam do, i
cycl oam di no, heterocycl oam.dijlno, cycloallyl, cycloimdo, heterocycloi m do, !
guani di nyl, aryl, het t erocycl o, heterOCé?Ioalkyly aryl sul f onyl

and aryl sul fonam do; R9 an %ected fromthe group

consi sting of hydrogen, hal
am di no, oxam di no, al koxy
car boxyl, fonnyl, |oweralkyl; _
hal ol ower al kyl , | oweral koxy, hal ol owdr.al kox | onexal koxyal kyl ,

| ower al kyl am nol ower al koxy, | oweral kwyl ear bo | - bonyl ,

| ower het er oar al kyl car bonyl, al kylthio, aryl , . t preferably, A
is 10 selected fromthe group consisting of am nopytidyl, nitropyrhﬁxl,

am noni tropyridyl, cyanopyridyl, cyanothiazolyl, am nocyanopyridyt,™ -
trifluoromethyl pyri dyHerein Meishubxatpypr isthelectedrirbhioky Bioip omistiay of —O-, -S-, -NH-, -

met hoxycyanopyridyl . .and nitrothiazol yl ; tautginers thereof, qr.a
pharnaceuticalI?ﬂ§£§@§g§B1%k§ar¢ﬁThé ébfégﬁﬂéaﬂéf Gﬁ@“?%ﬁﬂﬁﬁﬁﬁ%mgﬁHHMﬁ
conposi tions of alkylecyciouigl, gl hemoalys hetepbeddd 15 al one, or in conbination (.}
wi t h ot her pharmacol ogi |y active, agents in.the treatnent. of i sorders
medi at ed by gBKB actt? ,3éﬁdﬂﬁﬁﬁm#ﬂﬂ¥ﬁ%a¥?%§Pﬂéﬁ?gﬁPPdPﬁﬁﬁFﬁéf Ehmer' s
disgase andloth@%@@@ur@ﬁﬁgpmﬁmﬂii?m??mﬁbﬂaﬁﬁﬂkﬂpbﬁaﬁbwammyneﬁﬁﬁﬁhﬂmﬁngﬁ

car di ovascul ar i_seas essenti a pertensi.on, cystic. ovary synpdrome,
syndrone X, isch ?°§E§p§@F5h9§yt@%gﬁr 1¥§E%éWB§?§¥WQUﬁﬁ@?ﬁmﬁﬁapﬁﬂngury,_
“bi pol ar _di sor degarbdnpnyHéterdeiyiceibend yhetetbhrkyl €:eda el aryRndAblefy BESCRI PTI ON OF

THE PREFERRED EMBODI MENT _C I n accordance with the present invention,
conpounds, conposi t i%sfed Kadrededonerentingelecisd Hom dRETp i coprEing M hpfe s nhaly,
gl ycogen synghagfy kiphasfly3 sifeicBl a@hdrMifly , cyBlodIRA  dlkbxyY i dikifo,0lardidbaMo¥R- | N
one aspect, the present I1nvention provides new conpounds having 25 (GSK3

i nhi bition acti ARSEYSKY:t HERPRTPGRIAGY- f SRoMsrthorplaning, apdearbpuylaming  puslyl-x Ro'

Ra carbonylamino, heteroarylearbonylamino, heteroaralkyloarbonylamino, cycloimido,

g, t hi oam do,
nam do,

heterocycloimido, amidino, cycloamidino, heterocycloai_xﬁdino, guanidinyl, aryl, biaryl,
heteroaryl, heteroarylaryl, heteroarylhetercaryl, heterocycloalkyl, heterocyclo-
15  carbonyloxy, heteroarylcarbonyloxy, and arylsulfonamido; B -
R¢ is selected from the group consisting of hydrogen, and optionally substituted ( )
aryl, heteroaryl, and hetefocylo; : '
Ry is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl,
nitro, amino, amido, amidino, imido, cyane, sulfonyl, methanesulfonyl, and substitated or
20 unsubstituted alkyl, alkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, hetero-
arylcarbonyl, hetercaralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy, aralkyl-
carbonyloxy, heteroafylcarbonyloxy, heteroaralkylcarbonyloxy, alkylaminocarbonyloxy,
arylaminocarbonyloxy, formﬂ, 7 1owera1ky1carb0ny1, loweraﬂcoxycarbonyl,v
aminocarbonyl, aminoaryl, alkylsulfonyl, sulfonamido, aminoalkoxy, alkylamino,
25  heteroarylamino, alkylcarbonylamino, alkylaminocarbonylamino,: arylaminocarbonyl-

amino, aralkylcarbonylamino, heteroarylcarbonylamino, arylcarbonylamino, heteroaryl-

-10-



R2 WR7 Rs (n . wherein: -11 1 9 JAN 2007 WD 2004/ 015455 PCTI US2003/ 026625
X is nitrogen, oxygen, or optionally substituted carbon; Wis absentqqrjaNSngT
selected fromthe group consisting of-O, -S-, -S(O-, -S2-, -NH;

-NH CO-, -NR COVQz00pp8ER2-, -NR SQ2-, -CO, -002-, -CH2-, -rCRAs2008d6625
-CONH-, -CONR -, and NR -, where R is alkyl, substituted al kyl, cycloal kyl,
~aryl, 5 heteroaryl, heterocyclo; Al is optionally substituted aryl or
heteroaryl; Ro and Ro' are independently selected fromthe group consisting
of hydrogen and carbetifigshino RicyciR@midR3, cpalathibamidee tyvttepatide ntlieeragtlieatidnof r om
the group consi s | f . - r [ 0X . i iyt ed

| ower al kyl , cycl‘%}ﬂg% al?é?nﬂggycﬁgﬁgg&ﬁﬁ%gﬁk&mwy@% ﬁ%gr}]%{ilf i{é@e%c'y&&

| ower al koxy, amibetErocatikalkdnaryieylicaylept extsbidmmpainido; ar yl car bonyl ,

ar al kyl car bonyl, heteroary carh | roaral kyl.car bonyl . . aryl .an
heteroaryl ; R5 and R?gé’%légl%%éﬁgg g%dte@ geé?c%gffgﬁ}/ reo%g]t‘ é‘jﬂgmrs%?%o%g%%?%ﬁ ng
of hydrogen, hallydroxgSniamdaapb] oyeb) Yilo,s thidmtnidoy taeddihe weraaldiyd, , alloggdnddinky | |
al | coxy, am no, .am.noal kox .carbonyl ox am nocar bonyl s

al kyl car bony! arriL%rgimoar %%lé%(r%@@g% R&o, a%%f”%r;ll g2 ﬁ?’bgor‘f%//elmg@hgfmnmwmn{yl’

het er oar yl car boriywasntkyleminokiveraligi,al K hbklckmemikyl,am taverathyoxly,0i middloweralkoxy,

het erocycloimd

anm, di n cycl.oam.di no, heterocycl oam di no, .guani di ,
aryl, biaryl, ﬂ@fv%r%%yﬁ g1, hﬁ?‘@?rglg]}dﬁngﬁog?ﬁer t&r o }vg,rﬁa{?gﬁg{ﬁglgvaw E’Wﬁar I
het er ocycl oal kylcarbogficlooeshelearaB§lcafiohoalkomio, aye el aalkyl. Cabheryfteiy, A snd
arylsulfonanipgo; R6 i s selected from.the_group consisting of hydrogen,  and
ot i‘onal |y subsisetiEedrom, A S0 FRNGLPG 1°f STRIPKES iy BEGPBR RA TP gk
C'f romthe _g;l oup R amipsiidylg gfcylﬁlydiliiﬁﬂﬁjﬂ,, h]}/dﬁiﬁ?@m&p@iﬁ@l, Calr?ﬂmm:ometh@ip‘yﬁ@l,
am no, am do, am djno, i 0, .cyano, s onyl , net hanesul fonyl, .an :
substituted or W@G@g’lﬁ ‘f“ﬁ?‘&%""’%ﬂW’F‘,yylLaW YCYQWPW%’ rfﬁﬂinﬂt,mﬂﬁ?zﬁﬁ/@alﬂt?onyl ,
alr ﬁl Iky'l cgr bolny.l taehes ﬂlﬂﬁbﬂbﬁiﬁﬁﬁmaﬂwﬁﬁﬁﬁﬁ iﬂfcé}ﬂitﬂé_ bsiélﬂt]i‘e%olﬂonw - :
al kyl carbonyl oxy, ary| carhonyl oxy, ara - carbonyl oxy, . - '
het er oar yl car bony! oxﬁ‘e ﬁ?ﬁ’@%éf’@g%ﬁﬁé‘i’ %‘fﬂﬂ%’)‘i‘?‘}s %%&?/F%’ﬁi“i?&dﬁ?%‘ﬁﬁﬂ?%d 7
aryl am nocarkonyddyer in ch@biition WigWehe! ghneas1080a1ly, ach@N\Ricals KO BE GRERBRAYDE
am no- carbonyl, a 'y?]ro]grc I ,1 Iol’n% 1I sul. f.onyl sufgf or¥aar(1:‘i do i.noal | coxy,
al kyl ami no, 30 H&®© Efd?’#ﬁ?ﬁ ﬁY)G %ﬁl&??@é’r BRSPS é’?ﬁlﬁffdffea‘&}eﬁgl?‘gﬁ%lmf’&a‘?‘%WFrém no,
aryl am nocar bonydiseasaNind Opthed it oeyd ob aiX@NFEREH) Gbekitt efherRbYESEEd BalyABIIR0,

aryl car bonyl am no, heteroaryl- carbonyl am no cycl oam do, -cycl ot hi oam do,
Cy%:ll oami di % 0, h é@%?%t?ﬁﬁ%}nyb(ﬁ?%f‘smm ];/olycysnr‘!: ova>r/y sync{;?)me, syngrome X, ?sc ernia,

especially cerebral ischemia, tranmatic brain injury, bipolar disorder, immunodeficiency
20 | OT Camcer.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
C - In accordance with the present invention, compounds, compositions and methods
are provided for the inhibition of glycogen synthase kinase 3 (GSK3) activity, either in
_ vitro O in Vivo. In.one asi)ect, the present invention provides new compounds having
25  GSK3 inhibition activity of the following formula (I): -

wherein:

1.



-12 1 9 JAN 2007 WD 20041018455 PCT/ US2003/ 026625 cycl oal kyl, cycl oi m do,
het erocycl oi m do, guanidinyl, aryl, heteroaryl, heterocyclo, 19 JAN 2007
het erocycl oal kyl , aryl sul fonyl and aryl sul fonamrmdo; the tautoners thereof;

or a phar rraceﬁ‘?l‘?%f)gﬂlqlg‘“%ccept able salt thereof 5 In other {SrepPaPyEge?s

enbodi nents, novel conpounds of the invention are provided by the conpounds
of formula (I1): KOR3 RR ARG NN R Ry RARfT CHR3(I[) C  wherein:

Wis absent or is s ec'cheodefromthcg0 I ou gu%n%&gin of -0-, -S, -S(O-,
-SMR2-, 10 -NH, - NP BEUOETRERNES, ﬂﬁ%’@g Y SUERRCS699. co, - coe-, - CH2-,
-CF2-, CHF; - CONH W.igdrnt-or igsripcir from fWeegreupreonpisting ®0-, SubS(Or-utSed-,
al kyl, cycl oal kylg aileo., NRk&AL MOl et RRARYC] G/ cb3. OBHLONRKLY crr

. or. t 3 R % are

substituted aryl, heteroafy a protécting “group’ RoZan

I ndependent |y sel@@iedCONGN) tdie—JROURhESITSiis allyl] wbstiiyted aien cgelealkds afygt hyl ;

R, R2, R3, and R4 are independently selected fromthe group consisting of
hydr ogen, hyﬁr oS’ I?ar-ﬁln]&ﬁ%?ﬁyl%ﬁnal |y substituted lowerallryl, cyclol oweral kyl,
* cyclicam noal kyl , Ayikypteomaihombitipiied drpleehat , am no, al kyl am no,

al kyl carbonyl, aryl carbonyl, aral kyl carhonyl , heteroaryl carbonyl ‘
het er oar al kyl car bonﬂﬂ,mgll%lm%ﬁéepe?énﬁ%ts ?‘iﬁ%lr@?n} W&%ﬂ?&t&‘ﬁé’f&ﬁ@@%@é‘nﬁ@nt |y
sel ected from themgroup consi sting of hydrogen, halo, and optionally
substituted | owera 5‘?‘” , ciégl oal kyl, al koxy, .am no, am noal koxy, . .

car bonyl oxy, am nocdfbdayRexdpd B preymeenenbaily ariersd  omy thea ptoBih yragistag, of

aral kyl - caiponylRapcRO, nb:81, 0kl CaRnY! ainaMutdet BreANg, Kyheerhepham no, _

cycl oi m do, 25 het erocycl oi mi do, amidi no, cycl oam di no, héterdcycl oamdi no, {
guani di nyl , ar yFycligamipqalicyl, plkylamigaliyl, lgweralkeny.y pming) alkylamino, alkylcarbonyl,

het er oar VI het er gag.¥ds1 et 98! tohoardR8b Y teroabRiaiRhyl CAYPORA OXY,
and aryl sul.fonanido; -13 1 9 JAN 2007 , : R
heteroaryl,; : :
Rs and Ry are independently selected from the group consisting of hydrogen, halo,
15 and optionally substituted loweralkyl, cycloalkyl, alkoxy, amino, aminoalkoxy,
carbonyloxy, aminocarbonyloxy, alkylcarbonylamino, arylcarbonylamine, araJKyI-
carbonylamino, heteroarylcarbonylamino, heteroaralkylcarbonylamino, cycloimido,
heterocycloimido, amidino, cycloamidino, heterocycloamidino, guanidinyl, aryl, biaryl,
beteroaryl, heteroarylaryl, heteroarylheteroaryl, heterocycloa}kyl, heferocyclo-
" 20 carbonyloxy, heteroarylcarbonyloxy, and arylsulfonamido; |
R is selected from the group comsisting of hydrogen, and optionally substituted
aryl, heteroaryl, and heterocylo; _ ‘
Ry is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl,
nitro, amino, amido, amidino, imido, cyano, sulfonyl, methanesulfonyl, and substitited or
25  unsubstitated alkyl, alkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, hetero-
arylcarbonyl, heteroaralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy, aralkyl-
carbonyloxy, heteroarylcarbonylc}ky, heteroaralkylcarbonyloxy, alkylaminocarbonyloxy,
arylaminocarbonyloxy, . formyl, loweralkylcarbonyl, loweralkoxycarbonyl, amino-
carbonyl,  aminoaryl, .aﬂcylsulfonyl, sulfonamido, _ aminoatkoxy, alkylamino,
30  heteroarylamino, alkylcarbonylamino, alkylaminocarbonylamino, arylaminocarbonyl-
amino, aralkylcarbonylamino, heteroarylcarbonylaﬁaino, arylcarbonylamino, heteroaryl-‘

carbonylamino cycloamido, cyclothioamido, cycloamidine, heterocycloamidino,

™
v _

)



WD 2004/ 018455 PCT/ US2003/ 026625 R6 is selected fromthe group consisting of
hydrogen, and optionally substituted aryl, heteroaryl; and heterocyl 8;JARZ007
is selected fromthe group consisting of hydrogen, hydroxy, halo, carboxyl,
nitro, am no, 62ABY1&R di no, i m do, cyano, sulfonyl, net REREEWIFBFHYE , and
substituted or 5 unsubstituted al kyl, al koxy, alkyl carbonyl, aryl carbonyl,
ar al kyl carbonyl, hetero aryl earbonyl, heteroaral kyl carbonyl,

al kyl car bonyl oxy, aryl carbonyl oxy, aral kyl- carbaonyl oxy,

het er oar yl car bon$° J’Hﬁﬂémﬁéﬁaﬁ%?Pﬁ@FﬁBﬁ9d6&?Pﬁ%ﬂkfﬁinﬁﬁ€6%®%oh%@@%@@:
aryl am nocar bonyhetyeyclbQkIYdrylshier Ak by ieashenyd; . | ower al koxycar bonyl ,

am riocarbonyl, amno aryl, al kylsul fonyl, sulfonam do, am noal koxy,

al kyl ami no, 10 het er &#Hemermeieregfky| car bonyl ami no, - .
'aIkylaninocarbonylag}Qﬂumﬁ&%hgghgg&@ﬁggg%mﬂhggkpo ar.al kYl car bonYl ammno,
~het eroazYl carbonYl ami no, arYl carbonYl am no, heteroaryl- ' cycloanido,
cycl ot bi oami dd, cycl daptpidaisred enbediagds. aavl ¢orapnmdg of the iycatianee provided
cycloal kyl, cyclgj il donyolials@f @mhelaQii do, guani dinyl, aryl, heteroaryl,

het er ocycl o, heterocyé1oalkyl, arylsul fonyl and aryl sul fonam do; 15 the
tautomers thereof; or a pharmaceutigally agcept&ble salt thereof. In yet
other particularly preferred enbodi frents, nével tonpounds of the invention
are provided by the conpoungs of fofnmul® (I}I1): RRoORWRRs 3 N HRZR

WRB (f) 20 wherein Wis abééﬂiN i e he group consisting
of-O, -5-, -S(O-, -SC@-, -N+Y -N+ 0P, LN o, |NHSCR-, -NR S02-, -CO-,
(-C02-, -CH2-, -CF2-, CHF, CONH| -BONKI-, Rand NR—whererR 'is alkyl,

Substituted al kyl, cycloal kyl, aryl, 'rﬁﬁerOary , hete‘pCVC o; R2 and R3 are
i ndependent.ly sel ected fromthe group consistijg of hydrodgen, 25 hydroxyl,
and optionally substituted | oweral kyl, .cycl ol o\ker al kyl , cyclicQPinoalkyl,
-14 1 9 JAN 2007wh¥3:2004/ 018455 PCT/ US2003/ 026625 - :

W is absent or is selected from the group consisting of ~O-, -8-, -S(0)-, -SO,-,
10 -NH-, -NH-CO-, NR'CO-, -NHSO,-, -NR'SO;-, -CO-, -COy-, -CHy-, -CF»-, CHF;
-CONH-, -CONR'-, and —NR'-, where R' is alkyl, substituted alkyl, cycloalkyl, aryl,
heteroaryl, heterocyclo;
‘ A is optionally substituted aryl, heteroaryl, or.a protecting group; o
o Ry and Ry' are independently selected from the group consisting of hydrogen and
15 methyl; ' |
R;, Rz, R, and R, are independently selected ﬁom the group consisting of
( hydrogen, hydroxyl, and optionally substituted loweralkyl, cycloloweralkyl,
cyclicaminoalkyl, alkylaminoalkyl, loweralkoxy, amino, alkylamino, alkylcarbonyl,
arylcarbonyl, - aralkylcarbonyl, heteroarylcarbonyl, heterosralkylcarbonyl, aryl and
20 Theteroaryl;

Rsand Rg are independeﬁﬂy selected from the group consisting of hydrogen, haio,
and optionallyr substituted loweralkyl, cycloalkyl, alkoxy, amino, aminoalkoxy,
carbonyloxy,l aminocarbonyloxy, alkylcarbonylamino, arylcarbonylamino, aralk_yl-
carbonylamino, hetercarylcarbonylamino, heterparalkylcarbonylamino, cycloimido,

25  heterocycloimido, amidino, cycloamidino, heterocycloamidino, guanidinyl, aryl, biaryl,
heteroaryl, heteroarylaryl,  heteroarylheteroaryl, heterocycloalkyl, heterocyclo-
carbonyloxy, heteroarylcarbonyloxy, and arylsulfonamido; |




al kyl am noal kyl , | oweral koxy, am no, al kyl am no, arkyccarbonyl,
aryl carbonyl, aral kyl - carbonyl, heteroaryl carbonyl, heteroaral kyl caf §ojwl 2007
aryl and hete - . R0 and Rg are independently selecte roup
consi sting of Qﬁ))a/l{g%(j)wdseﬁ? hal o, and optionally substitut e%c{r@&@g%@%}g '

cycl oal kyl , al koxy, am no; am noal koxy, 5 carbonyl oxy, am.nocarbonyl oxy,

al kyl car bonyl am no, arylcarbonyl am no, aral kyl carbonyl am no, _
het er oaryl car bonyl am ng, . h&ete r Y|:$ ag ] Yeh Qi Hl .
het er ocycl oi m do, aﬁéglgr?%l,g cy%%é%%ﬁ lﬁ% ’%ie%?% Wﬁgﬁi%ng%&gag%ﬁ?bﬁtﬁl{f ,
aryl, biaryl, &gl beteramyl, anhkettapeydryl aryl, heteroaryl heteroaryl, '

het erocycl oal kyl, hef era : OXV,: t er car I d .
aryl sul f onam do; C. elﬁ"'olsﬁg%%@;ﬁgﬁgég %r%}%{ﬁlﬁg‘g 03#%&{9% %&?@%%@é}: arﬁg}‘a'%’ogen,
and optional |y sitrbstmitejtaedido, amidino, tvaitle regaoy sulfoayldmbibiresdfon)ioandRbitisutekdrect ed

fromthe group consi.sti of hydrogen. ;. hydroxy, .hal o, ,carho ni,t ro
am no, am doljgl‘ Pﬁsgﬁsﬁlcﬁ)l,tecf%uﬁ'clf, aﬁ( éﬁo,aﬂ?hﬁ oh y1 ,dr#ﬁ?rkcgﬁés ﬂﬁag%lﬁ%ﬁlbfm%hdl cherd- ‘
substituted or awhsibbstlj t hétedaralddebrbomilk oalizylcabonlylorgr bagighrbomtoxlyc apdatkyi+l |

ar al kyl carbonyl, hetero 15 aryl carbonyl, het ar al'kyl car,bgnyl

o) Kyl Lar bony! ox PR TSR ER sRo G bR El AR Ryp iy L nocarbonyloxy,

het er oaryl car boaylagigocaietydngar ai kymeRr bonyka@xiyledrkonygm nacesiResicakynyl,
aryl am nocar bonxllnox_, fo rryaIIJn DI O?’\Erﬁlp’ Icna{ bonyl, 1 vvea[ngl Kk car hon li’no

am no- car bonyl Ay | "PRORY s & oY% s 6 do’ U a o kag]%’f&‘ 1o,

al klyl am no, 1?) hehiﬁérg%ﬁMhﬂrm_ ,nﬂkyladlr%(dnlyiaﬁﬁad)oﬂlkjrl&mnﬁéhr%@%dﬁmhﬁm' mplaﬁgﬁez&?d;@m no, (,__};
aryl am noear bon a po, aral kyl carbo m-no, heteroary] carbonyl am no, :
ar zl car bonyl am %%’}“%@P@gﬁﬁbwﬂ% =b@ﬁ??a§%‘ﬁ€°né’gaﬂ%ﬁﬁﬁfb°@§ 5 hg‘ﬁ"é‘?ﬁ’?’a", .

cycl oam di no, heatr&rr@mfﬁhcoara%zawmao, coseloabdailio, CopeloRbnilind), HiRtceyAsHGlab M do,
guani dinyl, aryl, heteroaryl, heterocyclq het er ocycl oal kyl, aryl sul fonyl

and aryl sul f onafiRIkyRocyimidoo Deterocy lefmpdm dBRAIHRYS ettdle t RetFreardmPERE YT Bu D

consi sting of hygeegRMalky? aryEHSX ¥nd Silshinad@oN0, cyano, hal o, thioam do,
am'di no, oxam di.no, al koxyam di no m di no, guani di nyl, sul fonam do,

carboxyl, fdéfnyl, | dhetaiorers themifhol oweral kyl, | oweral kyl ani nol ower al kyl
hal ol oweral kyl , | owegal Je@acealiiRhif) RUSkBld@NK thereok OVET al koxyal kyl ,
| ower al kyl am nol ower al | coxg}, | ower al kyl carbonyl , | oweraral kyl - carbonyl,

| ower het er oar al kyl cafbgty pthen preficelaly, prefegred gpgodimenis. povel Mogpowidss e #1151 y, ‘A
is 30 selected ff,eohRe G6AER BARSERJoREsQF FRmLRQAY! | dyl, nitropyridyl,

am noni tropyridyl, cyanopyridyl, cyanothiazolyl, am nocyanopyridyl,
trifluoronethyl pyridyl, netho pyridyl, nmethoxynitropyridyl,

met hoxycyanopyridyl and nitrothiazolyl; the tautoners thereof, or a
pharmaceutical |y accepggble salt thereof -15 1 9 JAN 2007 WO 2004/018455
PCT/ US2003/ 026625 The constiftuentyAl (forrmulas (1) amg (11), above) can be
an aromatic ring having frjom 3 tjp 10 carbon ri ato and optionally 1 or

ey

more ring heteroatoms. Thug, in o Rg ()
= T N :
R
 H Ry w/ 7
Rs (am
20 wherein W is absent or is selected from the group consisting of ~O-, -.S-, -S(O)-,

-80;-, -NH-, -NH-CO-, -NR'CO-~, -NHSO0,-, -NR'SOy-, -CO-, -COy-, -CH,-, -CF;-,

CHF, -CONI—I—,. -CONR'-, and —-NR'-, where R’ is alkyl, substituted alkyl, cycloalkyl, aryl,
heteroaryl, he;erdcy’clo; | '

Ry and R; are "independenﬂjr selected from the group consisting 6f hydrogen,

25 hydroxyl, and optionally substituted loweralkyl, cycloloweralkyl, cyclicaminoalkyl,

-14-




enbodi ment, A can be optionally substituted carbocyclic aryl. Alternatively,
Ais optionally substituted heteroaryl, such as, for exanple, substiltugat?n)7
or unsubstituted 5 pyridyl, pyrimdinyl, thiazolyl, indolyl, imdazolyl,
oxadi azol yl , tebnemelstss pyrazinyl, triazolyl, thi ophenyb¢T/ésrpmngdsss

qui nolinyl, purinyl, naphthyl, benzothiazolyl, benzopyridyl, and

benzi m dazolyl, which nmay substituted with at | east one and not nore than 3
substitution groups. Representative substitution groups can be independently

sel ected from tdle/laminegtiod.olngemsikony apfino, fbylaayaeplielcamboryloarylsmrberyl, agliaro,
hal o, thi oam do, _ 1.4 guani di no,
* sul f onam do, carcboxny1 e’“@ﬁ%‘?‘%\%@%ﬁ?%#%g% ag%%e%rﬁ %}E%Og‘]yroweral koxy,
hal ol ower al koxy, | ow&s @&BxyaﬁﬂdypendemﬂmwpmdlfcyﬂlMMWf&iﬂko&MﬁOgm halo
| ower al kyl car bo r er | c
al kyltbi o, am ng%LFky}f c%ﬁﬁg‘éi P%‘?‘(‘kya p esgﬁ}l’l yﬁcﬁg ti‘cul ar %‘Bpr ec}xg’r red
enbodi nent "of5 t rmrhomd@m| emnoMdrbérgdxy helkylGufooylamine, RylcafResylihingheraiyt RO
and R0 are | ndegapiantiy, SELahol.bonmillie dab-GRRSkaLIAG.Q! DXtions
i 0a in

hydroxy, nitro cyano
al koxyam di no, hetnmbydoumgmanndinm;dyplomﬂﬁmnmchloamdm)gjuamdmylnyfy], biaryl,

| oneral | cyl, am ral,| ani haI 0 ovveral kyl ,
| ower al koxy, hal o?ov%y\ﬁ al I%lg%yo,afylffr%\’/\er;\? t‘?%?x*ir-‘?lo| ghﬁerr{éﬁyﬁ%fm‘?ﬁ nothaleroc ?koxy,
| ower al | cyl car bouagblonylbmhetarbaiylcyﬂben}d@ybﬂﬂmmsxﬂfomh@t er oar al kyl car bonyl
al kyl t hi o, |- and, Lar.al st _preferab selected fro roup
(onsi sting ow ani nopyF ity Iféé eﬁitjf\éb%%?rgfod’ylmns Wi%ﬁé’ﬁhy IS%??I’F ?P‘,%wn%{yasﬁ dgyl
cyanot hi azol yI, aﬁynhmy&iﬂpmmietéydcylo trifluoronethylpyridyl, methoxy- 25
pyrLavL Tethoxynn T gDI Lo FE ROemnoRu S SN LR ARk dn
ot her enbodi nents o Te y be
hydr ogen, or un&u&b@f taininel Rdidoyansidibs,tinide} &end, @tﬂﬁf/n@l luﬁtﬂanﬁs&lf;&@i ,@fld §ﬂ}3§t‘[ﬂlt&d'|ﬁ‘ :
group consisting o 700 2004 018455 PCT/ U 0
el of over al kyl | HOLEBES o Fssn ROU CYHIEREY RS AR m AR HON GHERYS | P>
| ower al kyl - E.Tln {j@ﬁﬁ%n@i kéﬂeterd%fﬂl@&dﬁfﬂoﬁylpr e]ﬂ@]rcﬁrb&)@d@pdlafyﬁdh Attndbxt, h@éalkyl-
|nvent|on|ncuec unds er.ei re nd. R4 is
sel ected from t If& @?ﬁ%ﬁ' éﬁﬁ?ﬁéf\? aﬂ’ﬁn PxYs Wﬁ"}oﬁr@g?ffj a@?’ﬁ Y, a {‘W’%‘ ”ﬁf%?é%hyl
D1 per azi nyl ot hyl- 4na ot PhLLE Vgt ks O har by o 2’#??"’@“&“‘“”%"?%’“"" ompounds
of the inventiof® H’Hludeag%‘ﬂfﬁﬁ' n&ﬁ‘yg%fonﬁ’]or nfﬂlggﬁ’; 15| eagﬁagﬁ% of .
R5 and R7 is selm&f&@l&m@m Eﬂk?logﬂb&twhnﬁﬂcﬂs i iatghoodrborSAtRshe,t wiyRehigasibonyl-
unsubstl t ut ed aryl,, er. oab }ﬂ and EI ar L resently 8 [er re :
| amino, ar kylcarbonylamin eteroé\;'yIcar onyj?ammo arylcar’ onylamino, eteroaryl-

carbonylamino cycloamido, cyclothioamido, . cycloamidino, heterocycloamidino,

(’ | cycloatkyl, cycloimido, heterocycloimido, guanidinyl, aryl, heteroaryl, heterocyclo, -
heterocycloalkyl, arylsulfonyl and arylsulfonamido; '

| " Ry and Ryp are independently selected from the group consisting of hydrogen,

25 Thydroxy, nitro, amino, cyano, halo, thicamido, amidino, oxamidino, alkoxyamidino,

imidino, guanidinyl, sulfonamido, carboxyl, formyl, loweralkyl, aminoloweralkyl,
loweralkylaminoloweralkyl, haloloweralkyl, Ioweralko:'l(y, . haloloweralkoxy,

loweralkoxyalkyl, loweralkylaminoloweralkoxy, loweralkylcarbonyl, loweraralkyl-

car’bonyl, lowerheteroaralkylcarbonyl, alkylthio, aryl and, arallq.fl. Most preferably, A is

30 selected from the group consisting of aminopyridyl, nifropyridyl, aminonitropyridyl,

cyanopyridyl, cyanothiazolyl, aminbcyanopyﬁdyl, trifluoromethylpyridy], methoxy-

pyridyl, methoxynitropyridyl, methoxyc}?énopyﬁdyl and nitrothiazolyl; the tautomers

thereof; or a.phannaceutically acceptable salt thereof.

-15-



enbodi nents, at |least one of R5 and Ra is a substituted or unsubstituted
moi ety of the 10 formula: Rte RI3 R12 RI11 wherein R11, R12, R13, 1F&LAAN%UﬁH

RI5 are i ndependent Igy selected fromthe group consisting__of h dro !
nitro, amino, VEy¥HB¥*™l o, thi oani do, carboxyl, hydroxy, P%%SZB%f“F?f 2l 1y
substituted | oweral kyl, |oweral koxy, | oweral koxyal kyl , bal ol ower al kyl ,

hal ol ower al koxy, 15 am noal kyl , al kyl am no, am noal kyI al kynyl ,

al I cyl am noal kyl al k I t Oy -

ar al kyl carbonyl am néﬂX Sglrmoegﬂé} Fpgg?uéagra(bon I"a no ar yl{%caraﬁomaqcm nl%mgg
het er oar yl car bofayth 31 10 c@:ﬁbmﬂﬁgmbmmydd oﬂnamszal drelydramlglﬂﬁ&bhamyl Thod/Hne

aral l cyl, | oweraiky|lam n al ky] , ar het e cl ohet eroal kyl, ar.al kyl,
al | cyl - car bonyiBagmez, C%?Pb%ﬁ?l"éﬁ)g‘?ﬂy Arbsf Wﬁcé‘l’%ﬁ% CoFL: Alternatively, A is
aryl car bonyl oxygisdity aibkirthearieehdayyl, 2Eh0oxy @")%ﬁkmple substitated or unsubstituted
het er oar yl car bony| oxyal kyl , aral k%} ar bonyl oxyal kyl', and het eroar al kcar bonyl -

oxyal kyl . Prieseniridyl pxpridnyla fidzolt dndiiyle dnidarmbdy arpsiagelal, deiraaplie dyimErki n
R11, R12, Rl4 ﬁ%lﬁl@@ﬁ&yh%ﬁ&g%@ﬂﬂyl%yﬁ niﬁhﬁ@%@&ofhﬁ&ﬂlyi Iﬂenzg,‘s(}%m

consisting -of halo, |owera hydroxy.” | ower al koxy, hal ol ower al

ani nocar bonyl , dk‘}qnali!ﬁlﬁ%]éﬂ b‘@hﬁh stvéw withy gt leﬁmneam Rt Bngie éngar ogen
and R12 and Rl4sﬁ£tﬁutidﬁd§r8€ﬁldeﬁéﬂr%eﬁﬁi&%ﬁ&aﬂtﬁﬁ%&db@ it g @nd%ﬁerﬁ@kﬂﬁr‘ sleofa@ of
hal o, | oweral kyl ydroxy,” | ower al koxy, hal ol oweral kyl and ctyano; R11, R12,
R14, and R15 ar%omylm@gmoaﬁ@mgpé rexgmpler Ghp. AminRryano i, tirqapide aaids ar e

hydr ogen an cﬂ:%mx k}:ﬂ,\gﬂg ,}{3@,1&90 Q%'ﬁ’ﬁ 5 a},&éoo 29, IS a .
het er ocycl og(f Ky V\:?I%I’el n gtﬂzl east on 7 Sﬂ%ﬁ é{rﬁ%gﬁ rg%gl
are halo and tlhéfe!’a&in’hl ndelployeraiyl,  RierallRks, Fk@h)lovem@kcms dpﬁerh@ldﬂrm@@h In ’ﬁj
sone represent t f 1S from
the group conzllggv;él ’r‘fgmﬁ% | %@?%’Bﬁelﬁgvﬁaﬁ‘g“?‘%&@ : Iﬁ?gﬂ@b&gl BBELEL-
trifluoronethyl gh@wﬂy&rbomlmommmmaﬂm om)chl or ophenyl ,

et hyl phenyl , net hyl ghl OpRRAERWartichiai %?—é?éﬂ/ehm?@%}iﬁnent oY 8ROBRAGRAYH, A, has the
nnrphllnophenyl and cyanochl orophenyl . In other representative enbodlnents

of the invehii oferm®6: i s substituted or wunsubstituted aryl or heteroaryl, :
such as, for exanple, substituted or unsupstituted pyridyl, pyrimdinyl, %
pi perazinyl, thiazolyl, indolyl, imdazol oxadi azolyl, tetrazolyl, 10 :
pyrazinyl, triazolyl, thienyl, fukanyl qyi nolinyl, pyrrolyopyridyl,

benzot hi azolyl, benzopyridyl, ben?o and benzi m dazol yl . I n yet

ot her enbodi nents, R6 nay be a nonoke}opi perazi nyl group having the

structure: (Ru) o N/II
’; V)

wherein Ry and Rip are independently selected from the group consisting of hydrogen, ()

hydroxy, nitro, amino, cyano, halo, thioamido, amidino, oxamidino, alkoxyamidino,
imidino, guanidinyl, sulfonamido, carboxyl, formyl, loweralkyl, aminoloweralkyl,
20  loweralkylaminoloweralkyl, | haloloweralkyl, loweralkoxy, haloloweralkoxy,
| loweralkoxyalkyl, loweralkylaminoloweralkoxy, loweralkylcarbonyl, loweraralkyl-
carbonyl, lowerheteroaralkylcarbonyl, alkylthio, aryl and, aralkyl. Most preferably, A is
selected from the group consisting of aminopyridyl, nitropyridyl, aminonitropyridyl,
cyanopyndyl cyanothiazolyl, anunocyam)pyndyl “trifluoromethylpyridyl, methoxy-

25 pyridyl, methoxynitropyridyl, methoxycyanopyridyl and ﬁitrothiazol‘yl.
In other embodimeﬁts of the invention at least-one of R, Ry, Rs, and Ry may be

hydrogen, or unsubstituted or substituted loweralkyl selected from the group consisting of
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~N~ O Res wherein R15 and R16 are independently selected fromthe g)ljg
consi sting of hydrogen, 15 |oweral kyl, |oweral kynyl, aryl, heteroa?{/ N 2007
aryl | oweral kyl, | oweral kyl aryl | oweral kyl, hal ol ower al kyl

hal oaryl | over alygydppgagRecyclic and heterocyclic; or Rg camcbesiosdaess2ivi t h
another R16 or with R15 to forma carbocyclic, heterocyclic or aryl ring;
and o is an integer between 1 and 6. In representative enbodi nents of this
aspect of the invention, R15 is |oweralkyl, such as nethyl, ethyl,

n- propyl, isopr opglblowclyﬂdybﬁm@pw mlbwﬂlgyﬂ,,andé@werblhﬂymmbweraﬁwﬂ ydr, loweralRYS. | S
taken with RL6 tgm BloW % %éﬂ:@enteg%mﬁ #tygﬁthe %grammnwngllucfe'% %pg ndg)
Presently preferred, re Sentatl corrpoun group 1 nc qePoTse
exanpl e, t he cwhpmmriths Ra;‘ arixBirpie dydibg86@d Belsoalecidh érofnothk @wupg:onsmtmg of

abbrevi ati ons an ef|n|t| se r 0 th | |on :
"GSK-3"-is an abbf ‘\Jﬁa’t %ﬂg?ha@ylgt%h s‘c:ﬂ:'fydr(?mlgttﬂl %%uenr?e%g Pﬁ%d%ﬁg@% é’épéandji&ﬁ is
an abbrevi ati 6n phatlidatybtigs pipuazﬁdylaﬁ]sl mﬂmo@}@hmﬂethyl " I\/IS" is an abbreviation
that stands for mul tI‘B%e scl erosi s . d %FZO 34%4/ 018453

PCT/ US200310 2 66 25 *ACSPFfE XrPr‘3 BB ev‘iﬂéﬁo"%ﬁ‘% ‘E‘?'&H%%“? ° SRPBYFGR o

| at eral scl er osi sormula[PYNherdis asicadlvhe e RatmdR, ishslectsd drdsthk @foup consisting of

di met hyl am nopropyl am ne. . "Dl i.s.an.abbreviati .t hat stands .for
di i sopropyl car bo%ﬁiﬂn‘lﬂg and. ?E%%t@mq & DB a&ﬁl A hat® SFEMEE prgferred
tosyl net hyl i socyabddit@ents af Qe iof RaandRb sy bbkiitord toh ahsubitanes mbiaty ¢ ket hyl
sul f oxi de. B)I\/F i s, an abbreviation that stands for N, N-di nmet hyl f or mam de.
“DMA" is an & iyl on that stands for N, N- di et hyl acet ami de. " TFA" is an
abbreV| ation that stands for trifluoroaceti®s acid. "HBTU" 'is-an abbreviation
that stands for. 2- (1H benzotriazol-1-yl)-1,|1,3,3- 10 tetranethyl uronium
hexaf | uorophospate. Generally, refeygnce td.a cerkgin el efrent such as
hydrogen or His neant to include all ™5 es”of that elenent. For
exanple, if an R group is defined to ing ydrogen or H, it also .
i ncl udes deuteriumand tritium The phrd yl" refers to al kyl groups
hvgse includes straight chain

S

al kyl groups such as nethyl,'et hyl ,
Ry ' '\
wherein Ri1, Rz, Ri3, Rua, and Rys are independently selected from thp group consisting
of hydrogen, nitro, amino, cyano, halo, thiibamido, carboxyl, hydroxy, and-opﬁonally
substituted loweralkyl, loweralkoxy, loweralkoxyalkyl, haloloweralkyl, haloloweralkoxy,
15 amincalkyl, alkylamino, aminoalkylalkynyl, a]kylaminoalkylalkynyl alkyltlno
alkylearbonylamino, aralkylcarbonylamino, heteroaralkylcarbonylamino, arylcarbonyl—
( amino, heteroarylcarbonylamino aminocarbonyl, loweralkylaminocarbonyl, amino-
aralkyl, loweralkylaminoalkyl, aryl, heteroaryl, cycloheteroalkyl, aralkyl, alkyl-
7 éarbonyloxy, arylearbonyloxy, aralkylcarbonyloxy, arylcarbonyloxyalkyl, alkylcarbonyl-
20  oxyalkyl, heterpalyloarbonlyloxyaﬂcyl, aralkycarbonyloxyalkyl, and heteroaralkcarbonyl-
oxyalkyl. Presently particularly preferred compounds are obtained wherein Ry, Rys, Ryg
and Rys are hydrogen and R;s is selected from the group consisting of halo, loweralkyl,
hydroxy, loweralkoxy, haloloweralkyl, aminocarbonyl, alkylaminocarbonyl and cyano;
Ru1, Rys, and Rys are hydrogen and Ry, and R;4 are independently selected from the group
25  consisting of halo, loweralkyl, hydroxy, loweralkoxy, haloloweralkyl and cyano; Ryy, Ryo,
Ri4, and Rys are hydrogen and R;3 is heteroaryl; Ry, Ryz, Ris, and Rys are; hydrogen and
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pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl and the |ike.
The phrase also incl udes branched chal n i somers of straight chain Tad 44N 2007
groups, including but not limted to, the followi ng which are prOV| ded by
way of exanpl¥WO 2HRI8FR) 2, - CH( CH3) (CH2CH3), - CH( CH2CH3J U2 0¢eesy3,

- C( CH2CH3) 3, - CH2CH(CH3) 2, 20 - CH2CH( CH3) (CH2CH3), - CH2CH( CH2CH3) 2,
-CH2C(CH3)-3, - CH2C(CH2CH3) 3, CH(CH3) CH('CI—B)(CHZCI—IS) - CH2CH2CH( CH3) 2"

i $§ % g(ﬁg:HchﬁH ‘S%@iﬁr%wﬂg}é’%@?gﬁ%@f%@@w K%C -GRBfy; aro halo

- CH( CH2CH3) CH( %ﬁ)tﬁd@ﬁbﬁﬁe{rmg-ﬁl)z Ry, and aﬁ;ﬁRgraSehy‘Bhigemhr ase al so includes
cyclic al kyl groups .such as c cycl obut cIo enty,

cycl ohexyl, cycl ohepB§i™e rﬁPF&S%VgV%%Q#% e&f%atéﬁ‘ého‘%ﬂﬁ OA"WYhﬁ

strai ?ht ang br @;wl Q!dnﬁiﬂi@gﬂom?|di€:]dlorcgﬂigiylll)s dﬁoﬁi@ﬁéﬁ@ﬁd ﬁﬁb@kﬁﬁ;eﬂ@@tﬁbbnﬁ,&chlfoﬂf

example, a ma ty yl-1- t yle cycl opent a

2- et hyl bi c @r@s%enﬁrﬁ chiggp éh%n& a@sthﬂablﬂwﬂa%u&w?iw@hmbs

primary al kyI en}@ ﬁlblyheﬁﬁlgﬁh gy@bé}ﬂkﬂﬁpheﬁﬂd tertiary al kyl groups.
Preferred al kyI groups i ncl ude straight and branched 30 chajn aI Kyl groups
and cyclic alkyl JB peheT A TFPISEFRIELY S %“.ﬁ’o@‘&’reﬂ‘@noa venfiog: Rgr e ststats%tqrt ut ed

al kyl" refers tﬂns@ﬁkﬁﬁﬁé@hryﬂ'b@‘h@te&ﬁrﬂegdcﬁeﬁ Fho¥eamigle, Wib&iute® e WREYIBRRIOONS
to a carbon(s) or, hf;drogen(s) are replaced by a bond to non- hydr ogen and

non- car bon at on%Y wya@idinylt piprsrzinyl Higadyly gidolyl Hanidrgelil, rehazelybHemazolyl,

Br, and 1; g az]i%fll w9azd B 206, %Qa%@o%u%ﬁéﬁ Bferblydp A8/ %%a{éazalyl an
oxygen atom i n gqnz ps such  as hydrox groups, al Koxy g roups, érﬁoxy )

groups, and est esnzgpyedysbengotgege rﬂllé¥@ﬂﬁm@a%j’b6uﬁ%3@@€w ﬁ@bfﬂiﬁl@}tsa Ry de

al kyl and aryl sulhdidg @»@ﬁﬁﬁ?bgrou%%@:ﬁ@@neg{rﬁ’dﬁl&é sul fonyl groups, and
sul f oxi de groups; a ni rogen at In groups such, as amnes, am des,

arl |l am nes, dial kyl am nes, aryl am nes,? al kyl 1&I am nes, diarylam-nes, 5

N- oxi des, im des, and enam nes; a sil () Pn groups such as in
trial kylsilyl groups, dialkylarylsilyl r\ouglgn al kyl di aryl silyl groups, and
triarylsilyl groups; and other hetero kM vari ous ot her groups. ’

Substituted al kyl groups al so incl udeogroups i nREahi ch one or nore bonds to

a carbon(s) or Qﬂ&élﬁqﬁg‘ﬁﬁd RQ"M&&;eﬁ&M@Q&&t&Y&@n Qﬁegé}éﬁ cSHslftg HORArdeen J- . A
doubl e- or triple-bon a heteroat om such as oxygén in oxo 10 “car bonyl

carboxyl, ahdl ebwerlgholpgsrallanyly cgdn befgragrdu p@’llgw L Toprersieylardlomieealiyl,
hydr azones, andhd:lblbﬁrbﬂaﬁﬁl hﬁb@ﬂtdutemgd cz&bdrdybhcgdnauﬁﬁercfcymche;rm mlwdﬁceahml *1
groups in whi ch ne_or onds. to a arb n(s n:ydro gtoms is
repl aced by a b#ifi efé‘léﬁréﬁl )15 "?13?18% 683’; P‘W’ %FEP"Y 1 Sy WI“ gr 8dp.

Preferred subst lnftégkxel‘ﬂehﬁée@’ﬂ gréo qﬂ%eﬂrék@ﬁth‘t%, emb%ﬁi?zﬂﬂts%*&ﬁﬁ Sspedl df¥ile AUAMAS 1N

whi ch one or .nore bonds to a carbon or { rogen atom 15 i s/are repl l'aced by
one or nore bonBs i dovrarallsyli sweh a3 melyl, Aot erropil ciserrpd, adlostopyl, pdutyl, iso-

20 - butyl or t-butyl, or Rysis taken with R4 to form a group having the structure: (j
£ SN
N

or

Presently preferred, representative. compounds of this group include, for example,’
- the conipounds of Examples 1-362, below.
- The following abbreviations and definitions are used throughout this application:
25 "GSK-3" is an abbreviation that s.tands for glycogen synthase kinase
"AD" is an abbreviation that stands for Alzheimer Disease.

"MS" 1s an abbreviation that stands for multiple sclerosis.
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al kyl group is the trifluoronethyl group and other al kyl groups tha Mal n
the trifluoronethyl group. O her preferred substituted al kyl group [t
those in which one or nore bonds to a carbon or hydrogen atomis repI aced
by a bond to awoasmgenssaat om such that the substituted al RgIUggp@BHEpssTont ai ns
a hydroxyl, al koxy, or aryloxy group. Still 20 other preferred substituted
al kyl groups include al kyl groups that have an amine, or. a substituted or
unsubstituted al kyl am ne, dial kyl am ne, | am ne, (al kyl) (aryl)am ne,

di aryl am ne, heter ocyéWrT farin pebreiativa et @J}%Iff}flamwt’ﬁ@w Jateral sclerosis.

(al kyl') (heterocyclyl , gﬁg@ﬂ% 0L QMpP- As used
herein, representati vg et elSF %{:Ei}/)c 38’{&3?%43%@5&?’%% e %}X e, those .. 25

li sted and shown bel SRIG\ik e ebbrdyetipnihat stagids @Eﬁa@hmmltcafbﬁdmm@ substi t uent
group, and the othen Y |.S: h the upper

| eft - hand bond). Thesrgéglﬁﬁ? fsglg?/[%: &&gg@gﬁ%fcggésgiglgeﬁgﬁstog[}g@g.i tuted and
may be attached at vidPMNGE mwbbremmsora@at stunfls fobdirmpybsudforideo t hose havi ng
skill in the organic. e, | tion with the
di scl osure herein. Th@gg: i %‘a%lbg%a?gm@sa}l&sy&ﬁgﬁam{lﬂjfy%?ﬂéa%g‘?rpI e, 30
pyrrolidine, piperi dl"BMA"rreamgwaranoxhihehmds ‘@yN;NHdunbthqéathamhcam ne,

di met hyl pyrrolidin- 35 ,amn rroI|d|n 2- one,
tetrahydrof uranyl, pyﬁr{‘%‘)ll lgewzf% gsl{an%g(r%?rén lﬁr%aéca}/cﬁ ne,

1- benzyl - 4- pi perl dyI aHBE) mommpbmmambnnmat Mpfqnez—(lz{ henzotrihmird radr Pha B4 ne,
met hyl pyrrol | ﬁ_ %hll 9 JA 007 V\Dt2004/018455 PCTI US2003/ 026625 0 0 O
0" \pp) e g e ugroghaspate NHoll \'j | NiZ Il O\
YN IWNJiIJ //] ~NH O @efrllyOhkfefdntd NcNtmDeleNeht&d?&hlak Hydroggn Or 8 #indeahiNto

include all isotopes of that element. For example, if an R gmuli is defined to include

hydrogen or H, it also includes deuterium and tritium.
The phrase "alkyl" refers to alkyl groups that do not contain heteroatoms. Thus
15  the phfase includes straight chain alkyl groups such as methyl,” ethyl, propyl, butyl,
pentyl, hexyl, héptyl; octyl, nonyl, decyl, undecyl, dodecyl and the like. The phrase also
includes branched chain isomers of straight chain alkyl groups, including but not limited
to, the following wﬁch are ‘provided by way of example: —CH(CHj),
~CH(CI—I;;)(CHZCHg), -CH(CH,CHs);, -~C(CHs);, -C(CH,CH);, -CH;CH(CH;),,
2(_) -CHCH(CH3)(CH2CHs),  -CH,CH(CH,CHs)s, -CHoC(CHi)s, -CH2C(CHCHi)s,
7 _CH(CH;)CH(CH:)(CH,CH3), -CH,CH,CH(CHs),. - -CHoCH,CH(CH;)(CH,CH,),
C' _ -CH,CH,CH(CH,CH;);, -CH.CH;C(CH;)s, -CHCH,C(CHCH3):, -CH(CH;3)CH.,. °
CH(CHs);, -CH(CHj3)CH(CH;3)CH(CHs),, -CH(CH>CH;)CH(CH;3)CH(CH:)(CH;CH3),
and others. The phrase also includes cyclic alkyl groups such as cyclopropyl, cyclobutyl,
25 cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl and such rings substituted with
straight and branched chain alkyl groups as defined above, such as, for example,
adamaﬁtyl, 3-methyl-1-(methylethyl)cyclopentane, and 2-methylbicyclo[2.2.0thexane
groups. The phrase "alkyl groups" includes primary alkyl groups, secondary alkyl
groups, and tertiary alkyl groups. Preferred alkyl groups include straight and branched
30 chain alkyl groups and cyclic alkyl groups having 1 to 12 carbon atoms.
The phrase "substituted alkyl" refers to an alkyl group as defined above in which
one or more bonds to a carbon(s) or hydrogen(s) are replaced by a bond to non-hydrogen

and non-carbon atoms such as, but not limited to, a halogen atom such as F, Cl, Br, and I;
{
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~. Representative heteroaryl groups include, for exanple, those sho%am@w
These 5 heteroaryl groups can be further. substituted and may be att

at various pogjl Aas Wl be apparent to those havi ng $kklohsdRe.t he
organi ¢ and rré’d)l ig@ﬂ)ﬁl PTheristry arts in conjunction w t%ct ne i sgﬁ osur e

herein. N~ (YN\ \NCI N\ F H\%\ 1 ooof NN NNF 1N~F"'\NH\N/
"Nc NNNNV NNHZNNNNN N'"NNHN 10\W NN 11 ONNN/NNS5 -

\NL VYNH NNN >- 0 oQqbn BBl 8 @EﬁcﬁeasW@ﬂoﬂ%@&@sﬁaﬂ%ﬁcﬁ?%&n@gg%ﬁ%ﬁi R, gloups

i nclude, for exanpl’e,” those shown bel ow. Thesée cycl oi
het er ocycl oi mi destEPUpes ¥ wfmapmdygoups sheb@s thid seavgs.ridy] ped vl salfide araps,

various positioggsas ﬁM;ﬁé, sﬁﬁm?lpﬁaﬁpﬁ,rﬁndtsﬁlf&)@&sﬁoﬁﬂvé Bi%o 6l didm i erbil su@f gani ¢

and nedi ci nal chemsfry arts in conjunction Wi th the disclosure herein. -21
1 9 JAN.2007 Wamirg9anides: akylpanes dpdiobngrasaslagineg glolpryimines, Niagylagins,CQ' O

ONO NOG ON'—\'EZiC{es,\izn%eQ Alﬁl ehekﬁnes? Nifdod o H g%dys NeenlYs i trialkylsilyl groups,
dialkylarylsilyl groups, alkyldiarylsilyl groups, and triarylsilyl groups; and other
- heteroatoms in various other groups. Substituted alkyl groups also include groups in
which one or more bonds to a carbon(s) or hydrogen(s) atom is replaced by a higher-
order bond (e.g., a double- or triple-bond) to a heteroatom such as oxygen in oxo,
10 carbomyl, éarboxyl, and ester groups; nitrogen in groups such as imines, oximes, | L—]
hydrazones, and nifriles. Substituted alkyl groups further include alkyl groups in which i
one or more bonds to a carbon(s) or hydrogen(s) atoms is replaced by a bond to an aryl, |
heterocyclyl group, of cycloalkyl group. Preferred substituted alkyl groups include,
among others, alkyl groups in which one or more bonds to a carbon or hydrogen atom
15  is/are replaced by one or more bonds to fluorine atoms. Anotﬁer preferred substituted
alkyl group is the trifluoromethyl group and other alkyl groups that contain the
trifluoromethyl group. Other preferred substituted alkyl groups 'mcludé those in which
one or more bonds to a carbon or hydrogen atom is replaceﬁ by a bond to an oxygen atom
sucﬁ that the substituted alkyl group contains a hydroxyl, alkoxy, or aryloxy group. Still
20  other preferred substituted alkyl groups include alkyl groups that have an amine, or.a
substituted or umsubstituted dkylanﬁne, dialkylamine, arylamine, (alkyl)aryl)amine,-
diarylamine, heterocyclylamine, dihgterocyclylamine, .(alkyl)(heterocyclyl)amine,. or C“\
(aryl)(heterocyclyl)amine group. ‘
As used heféin, representative heterocyclo groups inciud_e, for example, those
25  listed and shown below (where the point of attachment of the substituent group, and the
other substituent groups shown below, is through the upper lefi-hand bond). These
heterocyclo groups can be further substituted and may be attached at various positions as
will be apparent io those having skill in the organic and medicinal chemistry arts in
conjunction with the disclosure herein. Tilose heterocyclo groups include, for example,
.30 pyrrolidine, piperidine, methylpyrolidine, pyrrolidine-3-ylamine, dimethylpyrrolidin-3-
ylamine, 2-aminoquinuclidine, -pyrrolidin-2-one, tetrahydrofuranyl, ,pyrrolidin-3-ol,
‘ 4-piperidy1pipéridine, 1-benzyl-4-piperidylamine, homopiperidine,‘ homopiperizine,
homomorpholine, methylpyrrolidine, '




OHNOO IOO0-) II'N\N OINH ONOOI\~ NyO- ONHZ :1iTx0O 5 Representatrve
substituted am di no and heterocycl oam di no groups | ncI ude, for exa 0
t hose shown bel ow. These am di no and het erocycl oam di no groups can be
further substitwt®dyasissn |1 be apparent to those havi ng skCTAUSIeBReses or gani
and nedicinal chenmistry arts in conjunction with the disclosure herein. N
00 "XIN H- 10 Representative substi tuted al kyl carbonyl am no,

al kyl oxycar bonyl am no, am noal oxycar bonyl am no and aryl car bonyl am no
groups include, for exarrpl e, th shown bel ow. gro ps- can._ b rther
substituted as V\NA t hosg-hqvi ng~y i e or gaH and
medi ci nal chem str ats in ﬁgactlon W t the closue erei n.~~NH NH
NHANH N ~N.~ O'" NHO I'™NY O p 15, O~
p~ O~NH O OHS -22 1 9 JAN 2007 WO 2004/018455 PCT/ 82003/ 026625
Representati ve substituted- ocar bonyl ups |ﬂg{ e, for exanpbe, those
shown bel ow. Thesg n be fur er substlt\rrl by hat er cy&l o] gr@u nd,
heteroaryl groups) as]wil | a argnt toith g\ﬁ'g int rgani c
and nedi ci nal chen&%’?‘*@ arts i rD cohj unce W, t h the droscl osur e ei n,

Preferred am nocarbonyl groups include: 5 N-(2 cyanoet hyl )car box@fm de,

N- ( 3- net hoxypr opyl ) Gar bgxam de, “My-cycl,opropyl - car boxam de,
N- ( 2- hydr oxy-i sopx ¥arBexam d me )5 2- no 3 oXxy-
propanoate, N (2-hgrojyprbpy| ycarboxa 'de,

N- ( 2- hydr oxy-i sopfo ) car boxam de,

Qt:[etz -afr:]yg reOXKI: l( -2( ?)Z/drp&%(%/ g%%[:r;t%kv% %ééygar Doxa LH‘ngd% for example se ﬁ%!wg@elggie’h@éé )-
N-(2- pyridyl net huétArsasdezs@mcd;@be ﬁchléf fubxDhteNand- HibyTRS Mjekleaa ReXaRbelsrions as

N- (4- hydr oxypyrrol am d
hydr oxyet hoxy) et}"f§71 g%é?&%%‘arz‘ﬁ ﬁﬁ%%&?cﬂf&%%@féﬁpﬂoﬁmsﬂ arts in
N-[ 2- (2- ox0- 4-i gdrflae ﬁﬁﬂM&@&i@Mb&ﬁ@ﬁMam de,

N- (car bonyl ami nonet hyl ) acet am de, h{__\ py rolidi nyI propyl )car boxam
N-[ 1- (car bonyl am t hyl) Nolrdr 3\Nyl)acét RSN S

N- ( 2- nor phol i n-4-)%? hyl ) X ani dg\g /Cf

N-[ 3- (2- oxopyrrolidinyl) prop | ] carbo

\
\ .
N"’\( N"f\\l\ ¥f .
%(N '3(1”\‘ ‘ \8 | NN
N .

(' 10 "
. | | E o

m de, ©

!\

NN N N
\’—-O\ N N"'\\N
s

Representative cycloimido and heterocycloimido groups include, for example,
those shown below. These cycloimido and heterocycloimido can be further substituted
15  and may be attached at various positions as will be apparent to those hdving skill in the

organic and medicinal chemistry arts in conjunction with the disclosure herein.
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15 4- net hyl

- 2- oxopi per azi necar bal dehyde, N-(2-hydroxy-3-pyrrolidiny]pr -
car b6xam de, i@JRQ%ﬁ%

N-(2 hydr oxy- 3-rnor phol i n-4-yl propyl ) car boxam de,
N-{2-[(5-cyano rrdyl)anlno]ethyl}carboxanlde :

3- (di met hyl arW‘?r HUFES1 | di necar bal dehyde. N[ (5- PCTS2003/026625

met hyl pyr azi n- 2- yI)nethyI]carboxanrde

2,2,2-trifluoro-N(1-fornyl pyrrolidin- 3- y&)acetanlde O 11'rOHN\\ HNI HN OH
I N20 NHZ iN OHO NHp ONHZ M ~ HN and N Representative substituted
al koxycar bonyl groups include, for exa t hose hown bel gqw. These

al koxycar bonyl groups C be further s¥bs |tuted\ﬂ. will bg apparent to
t hose having skill nN e orgapig and ne F nal ghepistry arps,in -
conjunction with the di sclLsure here n 23°1 N 2004/ 018455

PCT/ US2003/ 026625 p ~O 008 10~~N9 0 [~ N\ O/OH NOHI
OH O The term"biaryl" refers to a group or ™ strtuent to which two aryl
groups, which 5 are not condenseduto eagp ot her, are d. Exenpl ary biaryl
conpounds include, for 5 >> |e> benzene, enyldrazene

4- et hyl t hi o-| - phenyhhanzene, 2-p ?hynyl)benzene,

di phenyl ketone, (4-phen - ‘ée | benzyl am ne,
(phenylnetboxy)benz@ne gnd t he Nike. opti onal | substituted

bi aryl groups incl ude: (phenyranlno -N—[4-(2-pheny|ethynyl)phenyl] 10

acet am de, 1, 4-diphe | :

N-[4-(2- phenylethynyf nj;ianlne /mﬁcetaﬂﬁggm}and Q )
opana i term "heteroaryl aryl"”

af%rV’requSLS/%P het er oar yl .

2-am no- N-[ 4- ( 2- phenylus
groups |nclude for exanpl e,

phe

refers to a biaryl group where ong
group: Exenpl ary heterﬁé;ylaryl

r\ﬁbb

5 Representative substituted amidino and hetcrocycloaxmdmo groups include, for
example, those shown below. These amidino and beterocycloamidino groups can be
" further substituted as will be apparent to those having skill in the organic and medicinal

chemistry arts in conjunction with the disclosure herein.

N
PN
R A
o T
10 Répresentatijre substituted  alkylcarbonylamino,  alkyloxycarbonylamino, ()

aminoalkyloxycarbonylamino, and arylcarbonylamino groups include, for example, those
shown below. These groups can be further substituted as will be apparent to those having

* skill in the organic and medicinal chemistry arts in conjunction with the disclosure herein.

“NH y RH NH NH ]
O)\/N\ : O)\/N\ 0)\/_\/OH 0/1\0/\/_"“\
SN
NH o N N
0)\/1\1\(0 A HN\T.//O . o7
o B O NNH o o
15 . 7< < AN

QH -~



- 2-phenyl pyridi ne, phenyl pyrrole, 3-(2-phenylethynyl)pyridine, N 2007
phenyl pyrazol e, .15 5-(2-phenyl et hynyl)-1, 3- dlhydropyrlntdlne 2 4- dlomy

4- phenyl -1, 2, 3-t hi adi azol e, 2-(2-phenyl et hynyl )pyrazi ne, 2-phen Ithlophene
phenyl i ni dazol &0 2840B+35i per azi nyl - phenyl)furan, PC T S”m32“

3- (2, 4-di chl orophenyl') - 4-met hyl pyrrole, and the like. Preferred optlonally
substituted heteroarylaryl groups i ncl ude:

5- (2=phenyl et hynyl ) pyri m di ne- 2-yl.am ne, nmet hox t hi.en enzene,
1- met hoxy- 3- (2-t hi eny1PHEHZEERE S “Wh%“ﬂ%aﬂ“ﬁeﬂy wﬁs@d e&ﬁ&‘bl ose
5- met hyl - 3- phenydhbeetelbG! Thesd-dpd-Het fiithdr UabinRé ¥y hplaoydld fotbug and3hétbd@yD- 5-

Eg Lﬁéxly? ( g {TE;[ ggggtilp)s)as %ﬁlggﬁz en l be gs% evmé h%ﬂr O)élyel ngarlln?c) and medicinal chemistry
5-[ (4- met hyl pi pegrazh e&tjﬁﬂaﬁtﬂwhﬂ th% mﬂi@%m@e@p e B@red. taant)afmshyﬂg%@e Qs

het er oaryl " refers to a bi ar)é group where ooth of .the aryl groups is a
heteroaryl group EX@@%@%)‘G et ar W-HeneheaPiary Breeiepamidac | Ry&YClpRspryl-

exanpl e, 3-pyri dylgoRisiag o @hﬁ@xgag@}@%at%kmae%aeyt 2a88fhoh1Bnihb Kehydroxy-

Preferred optionally subst i t ut ed het er oaryl het er oar%/ groups incl ude:

2- (4- pi per azi nyIPIglaEW‘?,dtN %WYP@PQWP{‘WB% ar$ @IW lﬂlpﬁ%Pﬂ)W‘?Wd&m ne,

and di net hyl { 2- (4- pyring 19

JAN 2092 N0 200t S e i kRl mpypr opeac%beﬁl%’m&%
"protecting growsetenideh r ds@depyadylstrabendaxagidsups N-Capyridemghaigssboxamide,

sul thydryl gfpupg. &ﬁaﬁrz%flﬁu&hh‘jl{af%xﬁ&dfs hg32nideipl Rl 'yﬂ@ar%hrﬁf&eaf\tﬁ[z-(z-

Cprotected from un esirable reaction wth a protecting gfoup known to those

skilled in the @ﬁOXEWYE@YHWa@# Wtﬁﬂdioﬁywbb@dﬁpv@x@ﬁbplﬂ-ﬁzﬂ@x@am c
Synthesis, Gee 4 Edi;
1981) whi ch can a(fgﬁrgléﬂp[ ermv u5| hg the rocedur e@xvéeemﬁ?ort h ther e| n.
Exanpl es of pr otm’@pb‘dinﬁpfépld)@ﬂbomdﬁasNr[ ¢aghpaylapipomgtgl)pyrstidini3nllacetapige,

eagent such a5 EIEAO AN re N P BrorB N PRy R 2

t ri met hyl chl By ost-ingthsl- Z—O?tomple@apmam’tldemde,r osi | ane N-{Zhsdrdxyt3epinokidisy bang)-

substituted net

et hoxymet hyl e%rmc}‘fﬁhyth met yllﬁng)ﬁ‘tll1 4y%poﬁgﬂf%§<b3£nﬁ ILIZQI[Q eyano-2

t - but oxynet hyl e;B’héyl)arrﬁnq}ﬁh)HbmsbeKm?,r@t metbtlmmo)pmhdmbmr%yN K$-hers,
1- et hoxyet hyl - /b et her; IGH

limted to, n@%{?ﬁ?}g#n%% ﬁltnpt ﬁﬁﬁm %%%{tlgee’t ate, trr C%I{ﬁelr g&a@gt Z@%ygg}rdlwﬁ
trifluoracet ate 3-Bxeaphids, of protected am ne groups include, but are not
limted to, am des such as, formam de, 15 acet am de, trifluor oacet am de, and
benzam de; im des, such a ht hal i @i dg and Pt hi os cm m d d ot hers.
Exanpl es of protected sulfsﬁpdryl ps i ncl but not |mted to,

t hi oet hers such a( \L)?cnzyl t hi oet H‘é‘ and SMI'[’)NI col y | oet héf
(aubstl tuted S hyl ideri vaty ves suc as he o0, o and ot hi o

cetals; and?bt hel'&. A'hr»anot her aspect %t he i nvehts on roWZ@Ies onﬁ*&si tions

corrprisi ng an anount -Qf 0a 20\@%ound of fornmulas (1), (11) or (I11)
effective to nodul e\(':‘SKS achnyvity in a human or

HN
‘~ \ll*} é,and 8Nj

2

Representative substituted alkoxycarbonyl groups include, for example, those:
shown below. These alkoxycarbonyl groups can be further substituted as will be apparent
to those having skill in the organic and medicinal chemistry arts in conjunction with the

25  disclosure herein.
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ani mal subject when adm nistered thereto, together with a pharnaceut%g§hh%m7
acceptable carrier. . In yet other enbodinents, the invention provi

met hods of inhibiting GSK3 activity in a human or anima =Tt

conpri si ng adWPﬁW@PESth to the human or animal 25 subj%gﬁﬂgh@@kgl

i nhibitory amount of a conpound of formulas (1), (Il) or (1Il). The present

i nvention further provides nethods of treating human or animal subjects

suf fering fron1GSK3-nediateg di sor in a hungn or aninmal subject,
conpri si ng adninisteriqg\qﬁ t he hunmgn or ani subj ect ja therapeutically
effective anount of compound of formulas @© ) or (Ilq) above, either

al one or in conbination 30 [wth otherglherapeutidgally.ackiye agents. In yet-
ot her enbodi ment's, the present inwenid on provides conpounds of fornulas
(r), (rr) or (I1r), as described above, for use as a pharmaceutical, as well

as nethods of use of those conpounls in-fHe manufacture of a medicanment for-
the treatnent of diab%;es, { -25- 1 JAN 20 S\D 2004/ 018455
PCT/ US2003/ 026625 Al zhei ner' s. di.sease ¢nd ot her ngurdegenerati ve di sorders,

obesi ty, atheroscl er oPiccardjogvascul di sease, € seEéL | hypertension,

pol y-cystic ovary syndronme, syhdrone X, o4 schem a, espkgi@lly cerebral

ischema, traumatic h@ﬁigHin' Y. bipolar disorder, inmunodeficiency or
oye an

cancer. 5 As used ab d lel sewhere herein the followi ng terns have.the
meani ngs defi ned be[mm;iﬂﬂﬁgﬁgen synt hase ki nase 3" and "GSK3" are used

i nt erchangeabl y “her eTHE térh "bia?}lefefé_eroaan%mﬂf S EbdhitRAVh MRS aty BB wRI Yhich et
sequence honol ogy to the am no aci ds etween positions 56 and 340 of the (h)%
human GSK3 bt ama@Pherndeiser beefgl sther arscbivadhk Exonplayesayhpmmsinds dndeley forTo

determ ne the pgrLeoM NRNAbGGNOTdilntRy18EERAE, aChenyitio-1-pREGHERERS Menfily-1 WO
nucl ei c acids, the sequences are alignhed for optimal conparison purposes

(e.g., gaps canbdseerentrhndedyiyhbenrencs diphent kctgne, direhpaivyisept-dieyLbenasuss| ei c
acid for opti gﬁ& n?i'bb&?ﬁﬁﬂ{e V‘@En?n&ﬁeﬂi&h&&%%ﬁzeﬂgl ¥BEPHAGOr PUGIE G gl&'aﬂ} The

amno acid re ues o nucfe s at “corresponding amno acid p tions or
nucl eot i de posi substfytedr biayh egioaps closipde: ed-(Phanpaminopdisit(Z-phenylethynd)pbegilence §
i s occupi ed;by ' ' esi gug _@r iy 1§ - i
correspondi%é p%%%?@%geiﬁg%ﬁ@x%@h%?m%%qugﬁ@é,RP%gﬁkgﬁ%bﬁ%%ﬂgg&%ﬂ%ﬂg?QQI ‘ !
honol ogous at t bcztanpdss ind Daminp-Ne[4-2ehenpdeblydybplsnyl [prrpanemislei d or nucleic acid
"“honol ogy" is equiv f. 1 ' ¢l ' id. i itym) .t .The
percent honol ogy bgb%g%ﬁ'?ﬁ%ﬂ%§%ﬁ@eﬁﬁgﬁﬁﬁgﬂ| ﬁ%gﬁﬁﬁ%%$%ﬁqggﬁfﬁég%ﬁﬁggg of

i dentical posith@eearyl group. Exemplary heteroarylaryl groups include, for example,

. 2—phény1py1idine, phenylpyrrole, 3-(2-phenylethynyl)pyridine, phenylpyrazole,

15  5-(2-phenylethynyl)-1,3-dihydropyrimidine-2,4-dione, . 4-phenyl-1,2,3-thiadiazole, |
2-(2-phenylethynyl)pyrazine, 2-pheny1tl?iophené, phenylimidazole, 3-(2-piperazinyl- (j
phenyl)furan, 3-(2,4-dichlorophenyl)-4-methylpyitole, and the like. Preferred optionally
substituted heteroarylaryl groups include: 5-(2-phenylethynyl)pyrimidine-2-ylamine, |
1-methoiy—4—(2-thienjrl)benzene, 1-nﬁethoxy—-S—(2-thienyl)benzené, 5-methyl-2-phenyl- g

20  pyridine, S-methyl-3-phenylisoxazole, 2-[3-{trifluoromethyl)phenyljfuran, 3-fluoro-5- o
(2-furyl)-2-methoxy-1-prop-2-enylbenzene,  (hydroxyimino)  (5-phenyl(2-thienyl))-
methane, and 5-[(4-methylpiperazinyl)metﬁyl]-%phenylﬂﬁophene.- The term "heteroaryl-

. heteroaryl" refers to a biaryl group where both of the aryl groups is a heteroaryl group.
Exemplary heteroarylheteroaryl groups include, for example,  3-pyridylimidazols,

25  2-imidazolylpyrazine, and the like. Preferred optionally substituted heferoarylheteroaryl
groups include: 2-(4—piperazinyl—3-pyﬁdyl)ﬁrm, diethyl(3-pyrazin-2-yl{(4-pyridyl}})-
amme, and dimethyl{2-[2-(5-methylpyrazin-2-yl)ethynyl] (4-py1idy1)}a(mine.
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C

( carrier. - .

20 shared by the sequences (i.e., % honol ogy= # of identical positions/tot ?I
# of positions x 100). GSK3 was originally identified by its 19JANZUU
phosphoryl ati on of glycogen -synthase as described in Wodgett et al.,
Trends Bi ocherwo 28@i18446: 177-81 (1991), incorporated C-' |PCTESeB/AOH
reference. By inhibiting GSK3 kinase activity, activities downstream of GSK3
activity may be inhibited, or, alternatively, stinulated. For exanple, when
GSK3 activity 25 is inhi bi ted gl ycogen synthase may be activated,
resulting in incr easéﬂie @ﬁ@c@g@@tedﬁmdu'@mtmﬁﬂg @SKE" inithabmect K drord mewsas a
ki nase in a varl t %?c.'ﬁB

phosphor yl ati on uﬁn& %Sﬁﬁ? &Iﬁ%%r%u?f %&ga%d%{r}%}t %if %Ese llla(ﬁﬂursfqdglrns

that i nhibition Rrﬁte@@cmun@sieab@nemmnyvﬁba&mmtmgwuamm fetﬂ}osoﬂﬂ&fdfle(ﬂtes in
a variety of bi t kS, o i ;isted by
any theories of %ac_sach%s%?é%rﬁc? %ﬁsﬁg&ﬁ&% gi})}s%r\gg aﬁg%‘gsﬁ @’1‘3‘&%:53 - Tt
inhibitor" iss us‘éfdeMrSenagNew Yek é‘{Y,t(fbstédﬁmn;pﬂ@ﬁh)dwhldmaném Iaﬂcbi:ltosrearwttﬁﬁaﬁhg wth

about 50 M as TCBCUPRE i R Ee maRel bRl Rkolll gy TR iy
described -26 nc®lo#Add BOHF] ethiéDds mmmaammmmmawaﬁﬁﬁ&yggmp alithya
activity Cof an SREECL & ¢t Rl RETemalPan o Papl, Ry
conpounds of t hetmspprqg&crhnomsﬂm htedmdhax@ﬂm;ambdmmm@mﬂ@naﬂd@ﬂ@k bthérk buch as,

a i L T
M nore pr ef er ahlﬁﬂtoxﬁﬁetﬁjﬂr eethddan 2 alxthiiky&hdymewign  ebée  tgprakfdedpaiany! N@herior €
meacured | n the EERPTREC R Al bl MReOoted Y N psceee el Tor
"substituted or yeRsmyiBsdiatel tfedhatd, stc&ﬁtﬁ mhiobtﬁcétﬁal &iﬂeﬁ‘ﬁlihbrac@ite hyEi-298R o th a
o el "y HORS s uns e BH 15 LSL e R arBS B s,
Sl fonar do. " ear oyl - mﬁﬁ?“?“ﬁ&‘ﬁ?ﬁfﬁ“;fﬁﬂﬁ%?oﬁ%dﬁﬁﬁ‘ T al ko

hal ol ower al koxy, PiRfoResAnd a\hﬁ?i EéFJREIIF%%\fr%?fﬁ?T’ Wrﬁla?%ﬁ%d“de but are

aral | cyl car bonylnot hek&T0ahMbEaaE BRAYE S-HaelyEMmRaMmaY, kid 3-4pabR0 MYdethed Iskslifuhigo,
am noal kyl , cyanoal kyl, and the like, 15 The substitution group can itself

be substituted. ﬂr‘%ﬂﬁ@%@ﬁﬁf@@&h’&anﬁé%w@ﬁ%wmp can be

carboxyl, halo; nit rﬁwﬁfﬁbﬁ&pe&mveﬂ%ﬂpwbs coh@fbﬁﬁ@dsk:&hpnmﬂgcmmm,
am nocar bonyl, -SR, thiag or cycl oa §§%§ where Ris
&

t ypi cal | y-hy4ft ogf@WP"Wd’if Ewpl%ﬂ)a KHMr(ED@ﬁecﬁ%wo#lH@e PV dya g%?glt 4Tt uent

includes a straighfa Qﬁ@écﬂ WD WifnintshLedSHBSll fodbth@Nwit?d pﬁﬁﬁaé&ﬁéﬂl eab&e?ﬁﬁle
within the chain (e.g., hydroxypropyl, 2-am nobutyl, and t ?,I ke) or at

In yet other embodiments, the invention provides methods of inhibiting GSK3
activity in a human or animal subject, comprising 'édmjnistering to the human or animal

25  subject a GSK3 inhibitory amount of a compound of formulas (I), (IT) or (II).
-The present invention further provides methods of treating human or animal
subjects suffering from GSK3-mediated disorder in a human or amimal squect,
. comprising administering to the buman or animal subject a theraﬁeutically effective
amount of a compound of formulas (I), (II) or.(III) above, either alone or in combination

30 with other therapeutically active agents.

In yet other embodiments, the present invention provides comppunds of formulas
(D), (TN or (111}, as described above, for use as a pharmaceutical, as well as methods of use

of those compounds in the manufacture of a medicament for the h‘elatment of diabetes,

-25.




the chain termnus (e.g., 2-hydroxyethyl, 3-cyanopropyl, and'" the |ike).
Substituted substitutents can be straight chain, branched or cyclilcd JAN 7007
arrangenents of coval ently bonded carbon or heteroatons. "Loweral kyl" as
used herein r&®P&/0HSHr anched or strai ght chain al kyl gPEl§2003456625
conprising one to. ten carbon atons that are unsubstituted or substituted,
e.g., with one or nore hal ogen, hydroxyl or other groups, including, e.g.,

met hyl , et hyl, yl,, isopropyl,  n-butyl, t-putyl, neopentyl, .
trifluoronethyl Aibihety %S&?Sae%ﬁ‘yPthah&e?fﬂiegﬁ?%we" &F%g‘ﬁf%n ey, eitharesclegptiy

di val ent strai gbirdiefabiarliselicanedifgl Bakdsidal puladam ovaly Hhdbin, Fadbarlx;
having from1 to 20 carbon atons, Typical al kyl enyl groups enployed 30 in .
conmpounds of t h&MHEGeAtPeFAle REFeB aF@emEnerainafice FF JR8WpshiPHat dsetdsnfrom ¢
1 to about 6 caihamALGIEc) B daB&kr backbone. "Al kenyl" refers herein to !
strai ght chain, branched,” or cyclic radicals having one or nore double -
bonds and frém 2 t o &9 usds Bere abd plsgwlprg heenotyy follgying deyme f@us the meanings

PCT/ US2003/ 0266355l 886w: " Al-kynyl'" refers herein to straight chain,

branched, or cyclic radicals having one or nmore triple bonds and from2 to

20 carbon atoms. " LoWdyeerosspthage kingse B hadeiGP38 fass gsed gniRohangpadie hereiR fos

| icyl. Re tive. - oxy.

et hoxy 1+ but ox s B nECKATE Brehad BUAY Haihty HOEOHRT o I HifTRIAOLY,

a nono- or pol yby@b¢mposhieue$®@3ﬂc340mf¢he e 06§ boga aﬂrﬂ@ylacidsgg@gntq @mbank ‘

Typi cal CyC'1ﬁa'b®é{:<e6§iHIP%{.tt@§Bﬁ; H%Vﬁet&!%n%gbéaet §a§e1}?%§%?o & n?ar’an{ﬂgé‘%dat oms _ |
ac car bon or er he term

in which eac one ‘atom s “eit her a he tom i
"het er ocycl oal kyéduences er sf tvar midtei¢ ecidy chosdqkstices als sllighadefor optimhat conmagsdor om 1~
to 5 and nore 1 iLcal ly from.1 t.0 -4 .heter in the ring structure. ‘
Sui T bl o het er oRUBHEY Ly o by et s BL SRR AR shlad ol bt

ni trogen, oxygetigr @tichat alifroment Répribs etieapolypeptiie toe noglek aaldky | Thetingiho esid

i nclude, for exanple, nor i no i perazinyl . .pi peradinyl ;and the |ike.

Car bocy el oal kyl Ree TaPEE S arPePRERE o aal pRRIA Fia Bife noslfiet e
carbon. Wierns5usdgnicompanheWBhenn positibn fiyaecatplette Bwoaipiddianhes sarhdamine ragid ;
"polycyclic" 15 refers rein to-fused apd non-fused al kyl cyclic j
structures: " Halr%f‘d%FéﬁI é?lgl%?ltageﬁsn%faocogeﬁ%’g’l“ﬁ@%ﬁo?té?ﬂ E]aﬂ],e %tﬁ%hseg encs: fBFY e *:
chl orine, bron mgletles irotbmelogdusiat thad goyition (ief, @s Gsetl Beradn atdikoydcid @diveidlc acid
substituted with one or nore hal ogen atons . The. term,!hal ol owgf al kyl "
refers to a Iome?‘?i?cljw r 8 AP s PG \Rift’:‘r]ilglee’c?n%m rl#%ft% 2 ﬁf‘%é’&ﬁe % oms.
The term "hal oalhs@xlgy betfvednsthé ewdseqadnsendy arfahitionlof tidhsinbérdfadenvitdl bosiignsor 20
nmore hal ogen atops. The term "hal o] gwer al koxy"..tefers to a | r.al kox

Fadi cal  SuBdt i SHFEPYRE FFBRESE en i EmRIES GoCLIBHE Postioppiots] o pasitir x
nonocyclic and pobycgsks GvagoapmhliyCideiten by iaviiveptoryddiod df Qlykégenbgataens
carbon or heterq atomp . Wadsctca d % hisnO e 1A 1988V B odatkied o)

herein by reference. By inhibiting GSK3 kinase activity, activities downstream of GSK3 i ;

activity may be inhibited, or, alternatively, sﬁmulated._ For example, when GSK3 activity “
25 is inhibited, glycogen synthase may be activated, resulting in increaseci glycogen s
production. GSK3 is also known to act as a kinase in a variety of other contexts, |
including, for example, phosphorylation of c-jun, B-catenin, and tau protein. It is
understood that inhibition of GSK3 kinase activity can lead to a variety of effects in a
variety of biclogical contexts. The invention, however, is not limited by any theories of
30 mechanism aé 1o how the invention works. ‘
"GSK3 inthibitor" is used herein to refer to a compound that exhibits an ICsy with
respect to GSK3 of no more than about 100 uM and more typically not more than about
50 uM, as measured in the cell-free assay for GSK3 inhibitory‘ activity described

6=



het erocyclic aryl groups. Carbocychc aryl groups are aryl groups in
all ring atons 25 in the aromatic ring are carbon. The term' heterth)JANmm
refers herein to aryl groups having froml to 4 heteroatons as ring atons
in an aromati cwoizngowdssh the remai nder of the ring at onsrdRUSIgIOZHEIHEON
atons. Wien used in connection with aryl substituents, the term
"pol ycyclic" refers herein to fused and non-fused cyclic structures in which
at | east one cyclic structure is aromatic, such as, for exanple,
. benzodi oxozol o ( ginerehy hmg'nbalow 30Chbisdhad cynobriteatisn efishibite whithedduces the phizity |
group, i.e. naph e ry et es e
- substituents in %:%%rlp% %? C‘L%gﬁ%ggﬁtﬁglkkﬂ\%ﬁvgonkeﬁg?%%‘% %ﬁ?@éﬁég cgplryt}:{?dyl
“pyrimdinyl, thi m@htyin,vemmddiayd: beenmideeted | tp eﬁklédllaklbitw activi2>8 agairkt GSKAN
2007 WD 2004/ 0184 S b [ JS2 I
t hi ophenyl, fur aﬁyr? ngLéﬁ %rege/np r?n%%nlpmtfer pﬁ?ﬁlﬂ?ﬂ 8}/{)6?123%{ ﬁesge‘:t%aﬁz’gﬁ of
benzopyri dyI 5 angb hBﬂ:Zihm dmmIIQIHMamdrdjsrefefablyeno ‘mivre |t é‘bouteﬁe;ms, dven atoral kyI

group substit ut ed . Jypi.ca aIk r.oup din
conpounds of theP B&A‘@é@rﬁop@ﬂ@/ﬁ{;ﬁﬂg utﬁa}%[ %’d ggqe%er% e 3?%5?‘@ éﬁ%ﬁg% N

i ncorporated wi t fineatihet 1alt}iey:lellmeﬂsm kirfaset 3exyar al Kyl group. Suitable aral kyl
groups enployed in cq th e i, nvent.i pcl.ud for, exanpl e,
benzyl , picolyl, and aﬂ tlmtﬁﬁl% %th?té‘flgrlﬁﬁ?@ﬁﬂ‘tﬁdoretfﬂé%gtp%ﬁgac%ﬁgp The
term "al kyl am nogf Hy&rfo@érSWiNEE &ofotatent didivaEnothdichiRRuitdhle BbsiRutiangholds ifdigdegach
independe_ntl raogen or a, .10 | ower The term

se ectedfro h | kyl
C’ar yl ani no" i/%f efPE SHEPRIE Y ’%’ﬂem Pro PP RIRERIN Gy §RO: Rh":‘i?% éwylthlﬁﬁ?fd?? ampidino,
hydrogen, a | owenidihdYdxo, 8%amidifo,amythoxafiidind, emmm@rgablﬁ&ﬁha,mumnmﬂ@f@fb%xﬁer ein

to the roup N ere | ower .. ar al ki nd is h
| over al kyl . an angfh A A R A A e
refers herein toa]jggqqultbgg&lﬂawca@bﬁﬁO&Hu@ydarﬂshﬁ, hefRoaIQIHRNGY Chefddidkyll S a

dival ent cycl oal | cyl grou Typl cl oal kyl _has from3 to 6 backbone
at ons, of which,® Yoﬂ]ﬁﬁ‘y) 1‘“’6’83 ﬁﬁ#émﬁ@f’@k"oatoms The term

“anmi noal kyl "15 ef ers e bsAhulivd gﬂyﬁp@ﬁl itmtbelsabsmﬂéa nedd fosHabkithied sﬁito%sh an
am no group. The term "al koxyal refers to the group -alkl-O al k2 where

aikl is alkyl enyqubﬁsmoamz@wm %aarawé falo; 1ty | 20RO YR Y drorile lqveseptirls

"1 ower al koxyal Kylowet®b8), Srditdc@Bony? 0-SR! Kavaadd vdophese,rabkeyclaikyDwaeal Kyd enyl
or | oweral kenyl and al’k2 is_|oweral kyl or_ |oweral kenyl. The term

"aryl oxyal kyl " r‘é(Plé%Ué’hb’%mB%h@IWbOﬂaWW gyl -0 aryl . The term

“aral koxyal kyl " _ref efgnehGnd Bﬁsﬂﬁ@wemadu&wl&ﬁmks vl din BT S @lfb@illtlﬁﬂtlm I's a
| ower aral kyl. The :term "al koxyal kyl am no" refers herein to

he
NR- (al koxyl aPky| §an opfie pigheRWitB R ANEIR| (7.6 B PHEGRFOPY) SiHRALHleRd thsﬂﬂce) or at
lloveral kyl . The &erflin terminus (e.g., 2-hydroxyethyl, 3-cyanopropyl, and'the like). Substituted

'C ‘ subéﬁmtents can be straight chain, branched or cyclic arrangements of covalently bonded

carbon or heteroatoms.

~ "Loweralkyl" as used herein refers to branched or stra1ght chain alkyl groups
25 comprising one to ten carbon atoms that are unsubstituted or substituted, e.g., with one or
more halogen, hydroxyl or other groups, including, e.g., methyl, ethyl, propyl, isopropyl,

n-butyl, -butyl, neopentyl, trifluoromethyl, pentafluoroethyl and the like.
"Alkylenyl" refers to a divalent straight chain or i;ranéhed chatn saturated
aliphatic radical having from 1 to 20 carbon atoms. Typical alkylenyl groups employed
30_ in compound.;; of the present invention are loweralkylenyl groups. that have from 1 to
about 6 cafbbn atoms in their backbone. "Alkenyl" refers herein to siraight chain,

branched, or cyclic radicals having one or more double bonds and from 2 to 20 carbon

'L
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25 "am nol ower al koxyal kyl " refers herein to an am noal koxyal kyI in %g?@lﬂff

al koxyal kyl is a | oweral koxyal | cyl. The term "am nocarbonyl" refers

to the group -C(O) -NH2 . "Substituted am nocarbonyl" refers herein to the
group - (O - NRIQ 200HHPS R is loweral kyl and R is hydr ogély "OF2SP%8%Er al ky! .

The term "aryl am nocarbonyl " refers herein to the group 30 -C(O-NRR where

Ris an aryl and R is hydrogen, |oweral kyI or aryl. "aral kyl am nocar bonyl "

refers herelntothe,, » R R S I rara

hydrogen, | ower &R w reg?(,r o%'?fﬁ’l@rt%ﬁtéﬁl e mé@ 3IA dﬁ)é‘}walﬁ%avmg one”
2004/ 018455 PCTbMS&@WIQB@ﬁREndeaQsm éaﬁmnjatomsef ers herein to the group -
-S(O 2-NH2. "Substit, Jhosul fanyl .ref h in.to.t

-5(0) 2-NRR where R %Plf‘\?l o ¥lﬁ"em| ot 8‘%% n YGErep *lgv\}g g‘l"'f%\‘/"?]klehe
term "aral kyl anRre sehi.faﬁva )éﬁeﬁ]yﬂles 6?ﬂ®¥e$alk@dyegﬁuﬁsollkﬁﬁe n@iP, ethoxy, tbutoxy,
-aryl - S(O)rNH-ara kyl , V\/nere YL ar al kyI is |loweraral kyl. 5 "Carbonyl"
refers to the d OEFFEG ?:? "Car bonyl oxy" refers generally to the

group -¢(O-OR V\he'rcg/cBan@" hyﬂfsog%mond,-woa&drmtc,, h@’r)iﬂal:ﬁsﬁl: kY lcarbocyclic alkyl
het erocl ycl oal kyl,, .am no, ar het er oar oweraral kyl. The term

" car bony| oxycycFeafiRet: TW@F%%‘%@H@@HW@%%#@YWQ’E356? Il?a‘:kbone (Le., ring) atoms

" car bonyl oxycar hooyighip oKy | bacitiddle " £amP RNy RELEI AGY 6| Rabkibm, 1T tetthere
R is a 10 carbocycloal kyl or heterocycl oal kﬁ respecti vel The term

"aryl car bony| oxyhetgreqyeloalkylf ssfesp hereig t@ reclogiel ippbstgtpenys ttheyd fromber S aad ord s a
mono- or polyycy glhiGity &8MmNOE Y HRAYImsAh the 1Rl SEAGHE! SRl he{gﬁﬁtohﬁremployedm

“aral kyl carbonyl’oxy" refers herein to the group -C(O-Oaral é where the
aral kyl is | oweceipedurgs of thy coreseptpanyeniipp @ﬁymtrog@; er¥geneind) it P&re&jrl@tm

, S2-. "Alkyls

st Tuct lire - SmRﬂ%’i%@j}@l{)&ﬂ%’?fn@ﬁﬁe&t 1901@31/3 %oﬁ‘ e§ z%x?%ﬁt%mﬁé%é&%gﬁyl % r%:}atalﬁgl
compounds of t h(ﬂlep}ﬂ@seﬁﬂrbpwb)ﬁﬂ%fbﬁfoap%alteyfp’FT@akak/EﬂOBWeWaW]@yh slﬂlrfngngtpmgramjps
having from1 t akhen C St al
akyl Sul fonyl  orau5S e, BLERPrddiebdnd sIACKRRARY] Sl the LH>polstiE
i ncl ude, for15exa¢fpibéeremrteﬁh9d adinboiysed glkyleycliowmetmre® i s nmet hyl ),
et hyl sul fonyl (i.e.,. 't I 0 p f is
propyl), and the Ii keIlﬂﬁ l%fefsejrle%ﬁﬁé h?l??% raf cgl X‘L Leétjrssz‘Q%glléer‘ (e:%lﬁg?ebbﬂﬁﬁg?lsup
-SQ2-aryl . The tieiine. "Helablkyly Federk faoamplkyl raéfoelr@bmted with one dyencys mlpgen atoms.
-SQ2-aral kyl, i gpuhi ch, yl K f onam do"
ref ers herein f Yﬂ% %@M %e&!—gi&! %\gﬁé}%ﬁh lﬁ!hc?l ngsntm%%ﬁﬁ %Le S ailke

"car bonyl am no. hhllogefnextcsnst, d‘hehandihﬁ]ahlkm"g&rfaﬂpo m&@@@dacﬂ@bsmmm ohbier
hydr ogen at of t d i e fo yI r
replaced a |CEC§]V\BI‘ a g Ogén %101% ﬁg?‘30\[/9\‘/3€r%arha y &‘%ir?og%p; g%tcﬁ ng%%aslﬁlgﬁ’cfa%cfe
nmoi eti es such assubsu’aztddawm:measmereéla(ogbm—htﬁi@ﬁ)) -OR) and amides NHC(O-OR,
where R is a straight

Ar?f{" refers to monocyclic and polycyclic aromatic groups having from 3 to 14
backbone carbon or hetero atoms, and includes both carbocyclic aryl groups and
heterocyclic aryl groups. Carbocyclic aryl groups are aryl groups in which all ring atoms

25 inthe axométic ring are carbon. The term "heteroaryl” refers herein to aryl groups having
from 1 to 4 heteroatoms as ring atoms in an aromatic ring with the remainder of the ring
atoms being carbon atoms. -When used in connection with aryl substituents, the term
*polycyclic” refers herein to fused and pon-fused cyclic structures in which at least one

cyclic structure is aromatic, such as, for example, benzodioxozolo (which has a

_ _ °:©, .
30  heterocyclic structure fused to a phenyl group, i.e. °© , naphthyl, and the like.
Exemnplary aryl moieties employed as substituents in compounds of the present invention

include phenyl, pyridyl, pyrilﬁidinyl, thiazolyl, indolyl, imidazolyl, oxadiazolyl,
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branched chain | oweral kyl, cycloal kyl, or aryl or |loweraral kyl. The ter
"I ower al kyl car bonyl am no" refers to aI kyl car bonyl am i no where Ris all JAN 2007
| ower al kyl having 30 from1l to about 6 carbon atons in its backbone
structure. The y®sdn@ds¥l carbonyl ami no” refers to group MET@EDpsResahere R
is an aryl. Smlarly, the term "aral kyl carbonylamno " refers to
carbonyl am no where Ris a lower aralkyl. -30 1 9 JAN 2007 WO 2004/018455
PCTI US2003/ 026625 As used herein, the term "guanidi no” or "guanidyl" refers
to noieties deri verzolfly qmrgailanhi diiiazelyl, ( H@odher®l, =Ny yHrinSlirgh  poiind,i esphitng| ude
those bonded at t doubl e bond (the
"2"-position of thIZZ glffté!r;] di neaﬁ%ﬂ%l %%%%%ﬂg{’%ﬂ%%éam no, (H2N)2C=N-) and
t hose bonded at e| t hetAralicyt" hefers tor ag ekrylagonms sﬂnsuatedywu&gamamw sTypifatiy,oond
(the "1" and/ or " ositions of .the gu The
hydr ogen atons at a%\k R ?ﬁefi rl%a%nﬁ‘g) caSnOfglédprr%SS’?ta%‘ée&%n'\l{l%gm I_é;t%?fb
substituent, sSuchteas mcmmread:dwithm dreydlkyl pmmbmwﬁhaam]ldyygrouﬁssmlﬁd axhhaylagrnupst he
term"am dino" refers 1o the al at
the "N " -nitrogef? %ﬁ%& ’ﬁ(‘ﬁﬁ%ogl— Of(tﬁ%%resregdinggll)ﬂoﬁérfc}wu&g’a ik ?ﬁ\l%‘mzy{i@wc’gd
ni trogen), where @Btk can be hydrogen, |aqweral kyl, -aryl, or

vl CorPou e o e PR e YRk TP PRl ‘%%iﬁqéﬁﬂ

inthe art. For exagple-NRRewhay ® ktﬁBR‘Sarefaacﬁ)dﬂde@bxﬁ]&nﬂ}asddﬂ@d drom Byt oty Of
Davi s, DT 1S TERi Ahs o HEHARE, ot bRBLECH Bk VRS il dnd

et. Lét. 1984, 2% 2B, eﬂ‘l&vﬁweﬁlkyll_&uﬁiﬁkl TheRerm VeI AHISE Nsefofs Mré@ymtﬂaesi S
RO A LUV AN e T

reference. GSK3 idfurdhik@r conpounds of the present ‘i nventi on can be purified

using known .nethods,_such as, faor exanple, chromatography, ystal | i zation,
and the |ike. 20 ConpBifnde® oRytchdodidanne” Tefreherpic fiedraPatycueioatip -

i nhi bitory aqgti Vigh¥retdaibalic is raeinaendnve}c%aa@bgfoa@t 'Tﬁfnbéﬂys e}c@ﬁmyyﬁaswﬁls regpect
to GSK3, as corrpar ed to at | east_one ofher | ¢i nase. used herein,

the term "sel ect Po&PPwr 8Pmsy Gt avhighapptiparly dr éhtaé‘?“tpﬂ)taéﬁcli?te“@tomsf ofhe term
i nhi bi tion agai NsfmiESiidi ﬁferﬁ@@ﬁ@lk?ﬁgrb&b Bt i$ RAShaIBNEb AT wityRemafo kbia

Preferably, GSK3 inhibitors of the present invention are selective wi t h

respect to GSK3, as cbHigee dﬂk%alkﬂ" }iﬁlfer? tohs erovp-abeienlke Yhee alst 1siallykmglor

Kinase activity %ﬁéﬁxsaﬁ@m&u@aﬁﬁa &t Elﬁénlhanle% b RerAIRRSARYI" YrckBO W) .an See
e.g., Havlicek et al 8408 12 1997) i'ncar Iorat ed

herein by ref8r eﬁﬁfexya@ksvh@@ gk ﬂﬁxl%@@(&?ﬂﬂe%%{aﬂkw ednd alkp Axiovralyl te

fol | owi ng: GSK3 3@}&atdnyi, th &@%16 I H%%) ﬁcﬁmﬂe&l THORER @
GSK3 i nhibitor i s@&sel eiétl vee—te %Ia\r/\kﬁe l e f Ki oase)g@ll C50 §65x0)

@us an i nhi bi t orakkergelkyk refars de the geoup -alkylenyl O-ar I Where aralkyl is a loweraralky
The term "alkoxya]kylammo" refers herein to the group -NR-(atkoxylalkyl),

where: R 1is  typically hydrogen, loweraralkyl, or 1owera1ky1 The term

25  "aminoloweralkoxyalkyl" refers herein to an aminoalkoxyalkyl in which the alkoxyalkyl
s a loweratkoxyalkyl. | _

The term "“aminocarbonyl" refers herein to the group —C(O)-NH, . "Substituted

aminocarbonyl” refers herein to the group ~C(O)-NRR' where R is loweralkyl and R' is
hydrogen or a loweralkyl. The term "arylaminocarbonyl" refers herein to the group

30 -C(O)-NRR' where R is an aryl and R' is hydrogen, loweralkyl or aryl
"aralkylaminocarbonyl" refers herein to the group —~C(O)-NRR' where R is loweraralkyl
and R’ is hydrogen, loweralkyl, aryl, or loweraralkyl. ' ' |
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30 for GSK3 exhibits a GSK3 selectivity of greater than 1-fold Wtqnq'?@[)ﬁ@i
to inhibition of a kinase other than GSK3. As used herein, the ter

icinase" refers to a kinase other than GSK3. Such sel ec%ﬁg ‘%%%
general |y nea¥8r®d845% he cell-free assay described in Ir‘!(%)zf)e 268 -311 9

JAN 2007 WD 20041018455 PCT/ US2003/ 026625 Typically, GSK3 inhibitors of the
present invention exhibit a selectivity of at I east about 2-fold (i.e.,

| C50 (other kinase) ,z_|.C50 10)) f (SK3, ared, t.a, anotfer .ki nase
and nore typically t%‘mﬁ OSU}# ?t r)gli)eléseﬁlgréa’ 5| ty o a Iesgtg)t2 about %Jebfs%?l%g
Usual |y, GSK3 anmihodoifomylSreddrs hérein tpttesgoip +HORATRR wiexR bs to“araﬂazll end Rvist y

for GSK3, as c¢ ar ed to ne pt ki na of . ,at st . apout
10-fol d, desirabl% 55t Ofélas?’fverﬁ‘g% t@f)ga?lol glhlcyé cr’r%]ﬁgmy b éetféﬁ r,ema&’ {]!‘Sast
about 1000-f ol dgroﬁﬁl@ynsmbszH@rrgdkﬁmhmmyamamiseowmdkﬂy det ected ' using
t he assays d scrl bed, general |y known to those of

i n as assa
ordinary ski in thga% el ﬁ;eé?rfﬁl al‘?PZIgT‘?BHs%ECQ i dentifying specifi c
i nhi bitors of GSK3 wmaibudﬁo,@otrbfefsegehcrhm;e& @8 Gl JC(DREeR, #0erERKE
assays. A cell-free (fKB Ki s ects in itors_that act hy dlrect
interaction witRVEREY @%ﬁ @er aq}@h- 562? Be {0 B%W alRds dhgssay
may identify i#hhbi t%&‘ﬁbcﬁﬂﬂ@kytfyb!@ﬂkﬂmn bysféisrecgeﬂefm?racuab@m Wi tth GSKsth
itself, or by ofher mechanisns udi ng, _for exanpl e, |nterference W th

GSK3 expressi on WOWIPWC%%Y“IOPM%S@& |°6“f‘i’8!1y PPBeiEeey Eodicr StheH R ipgoduce -
mat ure act i ve GaKGbcydloRoh &iralcieibyBballIe resteaivalf.| AT thidd Akrvic@SRyIAR! ir@BsOf

GSK3. In general, a cell-free GSK3 kinase assay can be readily carried out (_)

Cby: (1) i ncubahsreip CBRENP rH(Q-Beptli Werrs gl A RIoE0- TRANSYEise fiEkpoRGRATTliC h
as, for exanpl eheter@@%ﬁ))aq@r YBRP- AP, "B cAYRIRY erefdOMAGRT fame Abdubngt on

Hei ghts, Illinois nesjumions, and optionally, one or nore candi date

inhibitors; (2)-G( é:@oﬁ where theeralivkisdpeeriiaiyla period of time to all ow
i ncorporation of radypliahedefoRosRhatetil ftife %113%?] —HERt AR RHRSL AL RrRY 2 CSK3

activity; (3) transferring all "or a portion o e enz reaction mx to a

separ at e vedse| substtpted aplfopyhofnthe ﬁ‘t@lcmf%rs% 1 intwideh Rdn lnsﬁkylﬁﬂfoﬂblr greuEnount

of a capture Ii
pepti de subst rgﬁ@gye%ﬂ?twﬁlg% ﬁg%g @Lﬁﬁg@%@pgiﬁ@&@gﬁgﬁs@l ]ggﬁgT%&lt hen
(5) quantifyi nghaving @n 1 tgrfoeerongrons3ip itsrbagidhpne strngfurg- n@hESnB@wélrﬁ%$ﬂlf0n9ﬁh| s
amount ¢ eRrese by %t g tm% soloflb(ﬁé g%eseﬂpiwaﬁ& VR p?&ateﬁﬂnﬂlé‘,t 0

t he peptide subStr b|t|o |s observ uction int

i ncor poration omeﬂlahﬂﬁblﬁbdi @d viileres Bhag endtindlo atindsubiepstdi Ge..swbere rRit . etByl).t abl e 1
peptide subsgpra e i d ‘
ol ypept  de or - LoRypaonte, BERR A€ plopyhOaTE Rke Tk 1inf MRBREL Botisy

GSK3 in the 30hgmesterthsagmflp afOappi. oﬁhp dtre ‘aradigiguifolyl ATePers Saicinatyl e @:pm de
substrates may 2 %%}ﬁ’&r%é %ﬁgyﬂlfs 1L SRAY BAE Crm Mo ¥ B rB Hér% (O

protein substrate -
to—SOzNI-Io; .

As used herein, the term "carbonylamino" refers to the d1valent group -NH-C{O)-

25  in which the hydrogen atom of the amide nitrogen of the carbonylamino group can be
replaced a loweralkyl, aryl, or loweraralkyl group. Su_;zh groups include moieties such as

" carbamate esters (-NH-C{0)-0-R) and amides —NH-C(O)-O-R, Whe_re R is a straight or
branched chain loweralkyl, cycloalkyl, - or aryl or loweraralkyl. — The term

. "oweralkylcarbonylamino" refers to alkylearbonylamino where R is a loweralkyl having

30  from 1 to about 6 carbon atoms in its backbone structure. The term "arylcarbonylamino"
refers to group -NH-C(O)-R where R is an aryl Similarty, the term

"aralkylcarbonylamino " refers to carbonylamino where R is a lower aralkyl.
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contain N-termnal or Cterm nal nodifications or extensions including
spacer sequences -32 1 9 JAN 2007 WD 2004/ 018455 PCT/ US2003/ 0266251 &ntiN 2007
anchor |igands. Thus, the‘pepti de substrate may reside within a |arger

pol ypepti de, orwofmymlgg,an i sol ated peptide designed for phaesphosykati on by
GSK3. For exanple, a peptide substrate can be desi gned based on a
subsequence of the DNA binding protein CREB, such as the SGSG |inked CREB
pepti de sequence within 5 the CREB DNA bi nding protein described in Wang et
al ., Anal. Biochem, 22@s89Kerdf2the 189 )guanidino’t pot*@iamdylheefeﬂsrto byoictieh degvede.

In the assay repqrted hy. V Al b C-ter. i n the .SAS
ot £ of thy CREBTBESFTHE SN EC DA e BBl Hes Pyt B miogen
CAMP- dependent prtbheicarknfathe foRKA) dmﬂﬁasﬂ:exm ik R ippsitieg wifr éel guanidtnender, the
N-term nal seri in th tif. ph l.a an.al terpative,
a 10 nodifi ed CRE yiengmic ’r@gp 58 3%?%‘%}"&? Wﬁ%ﬁ%&?%@%&%s
SXKXS mﬁti f gnd_cmyuggn aafoﬁﬂalcsiﬁ’glalblﬁﬁd e l\l-lt“eilﬂl’dﬁai'a’“?ﬂﬁiﬁﬁlh& dﬂd@a@danﬁhiét ewhi ch
i s synthesize 1 -t er al serine pre phoryl ated, (su )
substrate is av%ﬁﬂkﬁ%&'&%&ﬁﬁ%@‘%%ﬁ@%ﬁi@gﬁg% @F‘Eg‘iaﬂgg ?P%‘ci‘fﬁ?ﬂ} a

G ayton, Austral k@ilableRiRsEpRer, Yichkbi Divepikyl RE/1, 9ekerai@r i Nne in the SXXXS

motif during peptide synthesis elimnates the need to enzymatjcal |
phosphoryl ate that redf defd HFeh s aguding, gpigtsdo e poretifoR | |qg(,18‘f‘)p¥§?at(ﬁ’6n of

an anchor | iganedarbkihg at abe clabt Mfr@gdﬁf ahd) ROVRHEEAE (1881 BElical Btigg at gy 'S
reaction with GSK3. Generally, tide substrate used for a_kinase

activity assay nﬁ?“é??ﬁ{‘ﬁli‘@ﬁe Biged Brcan pgdregepdewemikyl. apb oplRyEHRETY| at abl e by

K3, and one or noreg ﬁtﬁ‘&ld%ﬁtﬁ@%r%&ﬁi inMnfon SRV ROAIY Eﬁﬁx’é@&&l R M BEthods
ki nases, but not by GSK3. Thus ese other sites_can

pr ephosphor yl at edesibedrhsesin. 5 othep methods, Fhishrar Fell @%%W&B?)ﬁ%r foaeample: e

GSK3. The term 'spHRRHSPRMIN RVRY avsh@ef @Jn‘étyfb%ﬁ:lsﬂu&ﬁs itehepihasphaeybaddian of
a substrate peptide wth non- radiolabel ed Ep OSE hat e &@I or to conducting a

ki nase assay usi Bgnehese. Mubsthot &.pRptis.dd- prBpNoswree. - dkqusd $aR-

conveni ently jbe @%ﬁ @F %P‘Lé&’uﬂsﬁgzﬁﬂ‘@%w of Ll PERL bQﬁLezﬁbH)%tMaB'?nthegé The
SGSG | i nked CREB de can be |inked to an anchor 1igand, such as biotin,

where the serinel aﬁﬂrﬁ"@ &ate Tridall,s/ Qe 1% A2, 1164914651 ialééi WPE%&E%@W@&‘F’ed

As used herein, &,heer 1947308098, vllﬂlﬂﬁd}gxnc51§$r§fe§hér9in%ylréf&%m that can be
attached to a peptlde substrate to facil te capturée of the peptide’

substrate on a capt ur@SK} geutor serepopndsct thef prprerd IGYF@tlt’Ibcaﬁdled’uﬂﬁ@ wEwthogen

substrate in pl agepdul kﬁbﬂa\é"%‘éﬂ”'ex%ﬁﬁﬁschré{-ﬁatmg’i‘i 9%%5&@1559&@4 aff thfeunr eact ed
radi ol abel ed ATP. An éxenplary anchor |1 gan iotin. The term"capture

ligand" refeP§ herei nCorapam@ppiclbe presemh inyRntionpraferatly gnhibinrhibitoryi aghiniey thitin
high affinity, mvwlsﬁtbtdnﬁalﬁl §e%£'@edwﬁ]9re§pe§tqb'dg1@t bUGHEfRd (XA &R Rler

bound capture ligands”include,” for —exanple, avidin- or streptavidin-coated
@ crotiter well stae obl§arss dspisedibereimahetior &glerting” ref@gto a relatively greater potency

for inhibition against GSK3, as compared to at least one other type of kinase. Preferably,
GSK3 inhibitors of the present invention are selective with respect to GSK3, as compared
25 toat least two other fypes of kinases. Kinase activity assays for kinases other than GSK3
are generally known. See e.g., Havlicek et al., J. Med. Chem., 40:408-12 (1997),
incorporated herein by reference. GSK3 selectivity can be quéntitated according to the
following: GSK3 selectivity = ICsp (other siase) + ICs0 (asics), Where a GSK3 inhibitor is
selective for GSK3 when ICsp (other iinase) > ICso (gsk3). Thus, an inhibiter that is selective
30 for GSK3 exhibits a GSK3 selectivity of greater than 1-fold with respect to inhibition of a
kinase other than GSK3. As used herein, the term "other linase" rgfers to a kinase other
than GSK3. Such selectivities are generally measured in the cell-frée assay described in

Example 265.
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I 1 9 JAN 2007 WD 2004/ 018455 PCT/ US2003/ 026625 capture |igands can be
further conbined with a scintilant to provide a nmeans for detecti g JAN 2007
captured radi ol abel ed substrate peptide, or scintillant mg d to the
capt ured pept MFEWH 45} ater step. The captured radiol abeﬁ'gg @f’f’?ﬁgﬁ%
substrate can be quantitated in a scintillation 5 counter using known

nmet hods. The signal detected in the scintillation counter will be.
proportional to GSK3,.act Vi j f e e me_reacti.on . n..run er
condi tions where on V“éah?"i (%né&%jeﬁh%g?rtg Pgtﬁg?lgsegn?fm%gnsl ¢ glrtlggg%h“g¥ Ofar? cast
pepti de subst r atsut 8-folgtiospiier pat.efl+ ICH @fy) fohGBKB pas dosippied seafotlattikinag t he
reaction, GSK3 activity wll .be reduced..and_a | l.er at i f

r adi ol abel ed ph8%pAatte CT’I*Y E}’ﬁﬁgx%%giaﬁg%@ﬁ’%ya‘}fe%?ﬁgﬁtt o Togl#lcﬂg ;ijgﬁ?lﬁ’dgsm

substrate. Hencéhibitrsl cfWey preehtibvdntiod exbibits @halivin fot GBK3 datembeed to at least

Consequent |y GSK3_ i nhi bito activity will be detected as: ducfion in
scintillation sp%aﬁh‘?ﬁﬁ ase’c%{r%é?aétdabf’ﬁt %ﬁfﬁd’ Sﬁ%fé'?‘wa??aﬁ e ffjfr’@e Fe¥ol
wher e no i nhi bi bfeferatSy, At R&E BovdlUFdOGIdf he reaction. This assay is described
in nore detail 1 n EX | e 265 hereinbel ow. A cel]l-based GSK3 ki nase actjivity
assay typically uti Ifa’gg% ghpilqry el eaRnPe IG5 §etei“3§'6‘6‘[“ﬁ t&@‘%ﬁ&‘“‘s&n@m

substrate, suchhagin, {:0kelP%BRY S gendralf khowh/ta RbO5NRGinky skilIL AR Srt. @i@:ﬂﬁiaﬂg
GSK3 and its substrate, _including.regul ,atorﬁgcontrol- sequences for the

expression of t methpdhies idepfifymgspsrificginbybitors phESES melyds Setd cglddigy and ¢rd-Ragad)

capabl e of 1@XPIRKSI Wihst BRaGeRCRIIfRe ICBRUNELRE adshly Hél@ct@ﬁaﬁﬁaﬁ%%a@ﬁctaawund —
of the present invention. he cell is lysed, and_the proportion of the (7]

substrate in thdupReiopHwiy the BAvBida CSK20wHR erqrlrherd ESK3, kimsge opgR g
its mobility rebahiiNeinh@iubloninRAGRANGY Hirdt ¢elehQdN @ith K3 RAGE 2 byd¥ther
determ ning the anmpunt of substrate that is recognized by an anti body
speci fic for thaeghraisphiogludingdfor Grammt. tpréerenss sTifha 8K 3 FHeressins Mt Wigt post-
phosphoryl ati on QfaikR& ﬁH%%%%ﬁga}eﬁui&eﬁ Bprb Al GRlehBle BRR 3T FNBIaLO %f the

activity of ‘the conpound, i.e., inhibition is detected . as a decrease In
phosphor yl atliSon izfecelylgy dncalization ¢f{&SKkdssay conducted with no 25 inhibitor

present. GSKS 1 nh bl bORAA! RVIMAChERS Ohdsd Brhyr BESRIBSSAYCATB e due |

for exanple, to inhibi'tion of the expression of I t1on .of
t he ki nase acti {tigeubitingGSKE? with ispepiied subsiratee tadiniaheled Ah(sutls s, o aasmplet o

specifically as Zﬂi‘- ferT?aiQ ! oS a%mﬁleaﬁ'&n m&jh%t ‘?Aﬁlﬁ? %ﬁlﬁﬁ%{{tﬂ hipRdidhon.
such as, for exanple, I[nhi Iti on of tau protein 30 phosphorylation,
pot enti ati on of maggesiviom iaisgerel dpfignaliyndne erembiekeandifete iubdbitns$:e(2) ingukatisgds t he
capaci 1y of B SHiduld A Bldflba bPitB Biidy GlobHEHABE oP idaldihoRARBRRLY A0 ) Of
m cr ot ubul e- assom%lte prPot el n tau, cga‘h S y agg 2o % ranggegj?‘e W tuﬁ human
GSK3(3 and  humgaptidgisupstateebn G¥ie activitg UBateusforking aing o portineofctha engatee :
i nhi bi tors. ) var L &d8on in%f’ tc! a separate vessel, typically a microtiter well that contains a uniform ( “\)
‘ amont of a capture ligand that is capéble of binding to an anchor ligand on the peptide "
substrate; (4) washing fo remove unreacted radiolabeled ATP; then (5) quantifying the
25  amount of ¥P or P remaining in each well. This amount represents the amount of
radiolabeled phosphate incorporated into the peptide substrate. Inhibition is observed as
a reduction in the incorporation of radiolabeled phosphate into the pepﬁde substrate.
Suitable peptide substrates for use in the cell free assay may be any peptide, -
polypeptide or synthetic peptide déﬁvative that can be phosphorylated by GSK3 in the
30  presence of an appropriate amount of ATP. Suitable peptide substrates may be based on
portions of the sequences of various natural protein substrates of, GSK3, and may also

contain N-terminal or C-terminal modifications or extensions including spacer sequences



1 9 JAN 7007 WO 2004/018455 PCT/ US2003/ 026625 manmal i an cell |ines and
expression vectors can be used for this type of assay. For i nst ancled J&bH7
cells may be transfected with both a human GSK3(3 expression plasmd
according to th®nemioesol described in Stanbolic et al., 296520@wrgsent
Bi ol ogy 6:1664-68, which is incorporated herein by reference, and an
expression plasmd such as pSG that 5. contains human tau protein coding

- sequence under an early SV40 pronoter. See also Goedert et al., EMBO J.,
8: 393- 399 (1989) sndwhihmhligands. e sbey pepede dubstmtermdyyresidd withéme darger polypeptide, or

A zhet er -1 KeRPESROANLALLAR, Slish 8 CaREE SR0bL sgst ot od wi th

specific anti bodm S avail able from
Pol yrredco I nc. (Cort IE@nebtarﬂ}z@a;(arpepudiﬂembs‘ﬁaWelc)m aé tesignbd disad) oh heuteddesce dfiths

assay i s descri eat rei nbel ow,
Li kew se, the agﬁﬂ }e&‘? eﬁ%l of C%Ias gﬁ%p%sjcggg( ?@%ﬁg?ﬁrﬁ%&*‘%@%‘%d’ﬂﬂﬂn
signaling bysacthe EaxEBrigNngjmﬂmﬂoﬁwﬁemm aWatheetrabadidlyBiasieel, 22013804051 ng
a cell-based gly ) e assay, This assay .e oys, cel]s
that respond to ‘ﬁgg‘@ F’ﬁoré {‘]?‘8%5{ SI%FQ‘? Ap ﬁ@saﬁlrﬁ%o(’it@ér}l’yrs@]ﬁ?%ﬁtsé" he
activity, such as-tdrhalCHeidd Iﬂcﬁel$msnemoﬁm|omha50mrpapﬁﬂeslseelzwhﬁtdamjype
oo gener koo s, AR PR b S5ttt A S i ol oo
(1990) and Mol | e[{jen(ﬁi‘ tl‘z%N-teghﬁhl seﬂiﬁjﬁ@iérﬂ@ﬁphéspﬁ&ﬁﬁmﬁlb% C(S@QQl)s,agﬁﬁéﬂﬁatgf%_ avhi ch
are incorporate rei y re The as ay, can he carrie Y.
(’ltncubatl ng se(?un’im@?%(}rg%@]g@% I%Q%“@I—ﬂ‘lag Fﬁ’mﬂ’ g@’é‘ & thgsafpg motif
oncentrations OfndGaIROiRAdsnefinst AN ZEmPEESRAG: Iigﬁx\{@ bt @Rich B §yRGeaRA WMl its
foll owed by cell IyS|s at the end_of the incubation, period. Gycogen

synt hase acti vi tyi@afaheeripe pegpipgphonylofed dsych catubstipde fot@ithie qomme m et
al ., Anal Bi ochenon BRAfSHAOPT{ 1968 11eyhy 008RMGSY NhBASGyRELA W e kétond

conputed for each sagl e as a percent age of maxi nal qg ycogen ‘'synt hase
activity, as des®rppadhy HOOR smpsd duinggeptidesyphesis ciptingies the t5ed logFnggmajically

function of eandigdaineryiatkihal RBR +2K PRA £ANGERAE 3ep,Odhd ilddepoeHds 8P kK alchen Of

candi dat e GSKS3 i nh| bi tor that increased glycogen synthase activity to half

of its maximal |%Ered fagilitages cantprg offbs pyptida frbbieate e iff Brpgipn iyt GiRd- ng a  four

paranet er signoi dal @LMSI %'p@ﬁhd'é@ﬁﬂsﬁﬁ't@ uEédrf&ea lEh&sE 'a@tgnt?%EQE’@?ayth&ﬁm%ﬁ@of"e' |
known to those having ordinary skill in the art. This is described in nore

detail in Exanpl®oeeéss thepe Maqhewlat@@ es@mnm%wwrsne@mmbe fiten daat yire
screened for in sh.ud.A%kdbYd by oﬁlepi&n@s%s ﬁu%oteasa@@kg TS ResBEDQESs thale are

wel | known to those having ordinary skill 1nthe art. For exanple,

candi dat e co#hounedorhoiyirdin Pt ioa:reatewemaﬁ élliit jsehasphprylaaple by G t%é?% nt
o 202 5 Soeoeh e pschent s gy s i ok
CPCT/ USsS2003/ 02662*5d101abeled phosphate prior to conducting a kinase assay using that substrate peptide.
Such prephosphorylation can conveniently be performed during synthesis of the peptide
substrate.
25 _ The SGSG-linked CREB peptlde can be linked to an anchor ligand, such as biotin,
Where the serine near the C terminus between P and Y is prephosphorylated.. As used
herein, the term "anchor ligand” refers to a ligand that can be atfached to a peptide
substrate to facilitate capture of the peptide sﬁbstrate on a capture ligand, and which
functions to hold the peptide substrate in place during wash steps, yet allows remeval of
30  umreacted radiolabeled ATP. An exemplary anchor ligand is biotin. The term "capture
ligand" refers herein to a molecule'which can bind an anchor ligand with high affinity,

and which is attached to a solid structure. Examples of bound capture ligands include, for

example, avidin- or streptavidin-coated microtiter wells or agarose beads. Beads bearing
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ani mal nodels of type 2 diabetes. Specifically, the candi date conpo @d @?@W
be dosed using any of several routes prior to admnistration of a gl uJ(é!l

bolus in either diabetic mce (e.g. KK db/db, ob/ob) or_gdi i ats (e.qg.
Zucker Fa/Fa BP 2@(@?84?90I lowng { admnistration of the ggﬁg%gé{og“?fonpound
and gl ucose, bl ood sanples are renoved at 5 preselected tinme intervals and
evaluated for serumglucose and insulin levels. Inproved disposal of
glucose in the aBsenfgal £l SYaAtk: SREREIN &vEhaifle ANANRBABehSH)! N

can be considered as insulin sensitization and can be I ndicative o

conpound ef fi cabjecting capdured raskiplehebadr substiagm peftidehps sastdbgt can pg eddede the t he
exanpl es, hereinbel qw. T ds of the present invention can be used in-
t he form of salct%gt%rcfgtﬁﬁ %%%n%%@?%ﬁ] i norgani c or organic acids. These salts _
i nclude but are not The rhftedd ralidlbdelddglebioda sugstraiacet it ganttdied at e selhgjilatiat e,

citrate, as artate benzoate, bepzenesul fon isulfate, ..butyrate, .
canphor at e, tanBRoFs Eﬁ]?%%éﬁwél , me?}lg%cfsu gglr? astl%l?ﬁég%ﬁ?%d&éln%% ﬁ%[}l%ﬁf’% Rt will be
dodecyl sul f at e, prepdudsrab td G8KAt=tviy UCthb eptyamoadactjonghdy e pino sipteatcenditions .

hem sul fate, heptanoate, .hexanoate, fumgrate, dr.ochl ori de, . hydr obrom de,
hydr oi odi de, pHfese b O VBYR R 6?1%[?2‘?5% T ral.‘tyoe):") ﬂgltg%tpf?ﬁde 4R %

t et hanesul f onat@osp]io@@ltt?malfean ﬁ:hfb&h pit lh ﬁb@ﬂe&uinfg&ﬁatr&cﬁma}Maclﬁ\dty will be
panoat e, ' pectinate,  sulfate,  3-phenylpropionate, picr , _pivalate, .

D opi ot . sucE e APl BRH Db YRR PRI e Gl P v eoisd ino |
undecanoat e10 Al %0 peptile euba@gt. CHEck DIg&er LRI MhaDW DR MefRRd. DEBbRleay) zed -
w th such agents_as | aweral kt\gl, thi de(f such as pethyl, e_t{]]ﬁll_, p[opgll, and L_)\;
butyl chl ori de, SBROAFHBLTY AV dTl e, detfeiat a7 2 Zeductipr a8 seinfifagian gighak 1y | -f
di ethyl, di but ydompand 6liRmbsestd 8d Sgativ0Rdnihdidle B lonf@sy ispukbnt Asring@ey! |
lauryl, nyristyl and stearyl chlarides, brom.des and iodides, aralky

halides |ike DEFPR Trasishendetrypebir sioreetal iafeamplhépshorggbdt™-or .

oi | -sol ubl e or di spe{ siibLePGORY Kirhise REfiy ROLLRYicAB! @180, cdixdimbesxRissaci ds

whi ch may be enpl O\éed to for rrllﬁghar maceuti cal I'y "acceptabl e 25 acid addition

sal ts inclule s GSKSragd i @Slat Febsaie St &I Bameleat Pell ransfosned vith gered and
phosphoric aci d.RpgnS USSK PrBANEC s@Rirats, BR1AI3! tEuRkhA coffdl Chudiisd forSHECI Ni C.
acid and citric acid. Basic -addition salts can be prepared in situ during

the final isol atpessiem@l thruerrer.calni GWYBR eiiethe sirbdasd sisew, ey oAl eepehly ofor
separately by reactinome3tReIVhitbaRe ifthe PREREL 65 Wnlpbuf St4hd Ablefr iRASGsUCh

as the hydroxide; carbonate or bicarbonate of a 30 pharmaceutically

accept abl e et alhecesi inlyend, wid Freapmpiiion obtheasvbeiraimin Srepptionghoplateds Bswinidar y
or tertiary,@m &'e?emﬁga,rérg,cw%'s&aingxts R AlkiSe RAGE %ﬂh@%]ﬁ%ed@dﬁn 8t §D§0;S

limted to, cations based on the alkali and alkaline earth netals, suc
sodi um |it hi unPAGBowrdsysieiennineg geyrmpounhgheshistrae thitufireaosniced b am patihade

like, as vell a e&ﬁ@%&@%a&%ﬁg&a’t& i%éhlogﬁlgéubs‘éQe.z%é%&&%%?g%%s*ﬂg)ﬁ%l?ﬁon of (\}

PCT/ US2003) 026625 anmmoni um ternary anmmonium and am ne cations,
i ncl udi ng, but hesulisirak i ingcatigmeb Hedmhibitost ackiviy ki the vempdundy i.e., inhibition is

E ?E ;?ﬁt lhyl ?‘mmntjléﬂ%?ﬁdr%?ahyécfaeme ;ﬁ%yﬁﬁ&@ﬁ[}%ﬁ%} @@mgaréd’ fongL Q%Lﬁ%lﬂﬁcwd with no
yl am ne, ethylamne, and the"lIKe. er epresent at1 ve organi c
25  inhibitor present. GSK3 inhibitory activity detected in a cell-based assay may be due, for
' example, to inhibition of the expression of GSK3 or by inhibition of the kinase activity of -
GSK3. .
- Thus, cell-based asséys can also be used to specifically assay for activities that are
implicated by GSK3 inhibition, such as, for exainple, inhibition of tan protein
30  phosphorylation, potentiation of insulin signaling, and the like. For example, to assess
the capacity of a GSK3 iphibitor to inhibit Alzheimer's-like phosphorylation of |
microtubule-associated protein taw, cells may be co-transfected with human GSK3pB and

human tau protein, then incubated with one or more candidiam inhibitors. Various
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am nes useful for the formation of base addition salts include diet hylﬁg ne,

5 et hyl enedi am ne, et hanol am ne, diethanol am ne, piperazi ne and t he 115 Jod 7007

Conmpounds of the present invention can be adm nistered in a variety of ways

i ncl udi ng ent ewal Jo04pasent eral and topical routes of adm nkEST/PRPIBORGS2FOr

exanpl e, suitable nodes of adm nistration include oral, subcutaneous,

" transdem al, transnucosal, iontophoretic, intravenous, intranuscular,

intraperitoneal, intranasal, subdural, rectal, and 10 the like. In

accordance wi t h ouharliaantsbdingernd exfressine vpeters e be nvainfor dns tiphef esses  For

provi ded a CoMPASi.{d.008 QIR fu5) B ufihldalvAfl Rinl QM bRYAN Llkfi GRPN!

invention, together W fh a pharmaceutically acceptable cafrier or

exci pi ent.. Sui t adstedphar thapewedobddstnbeduc¥pnbdicet e 4P, Sntrent Bigdbgydel 664-68,

P eSSt 0 208! Sl sk POl by Skl 815 AL RORRE LR vs SUELRE.

for exanple, calcium p]ﬂo qnafe, magnes: um st earate, tal ¢, nonosatcharrdes,

- di sacchari des5. stoataiis,hugeh ddu protegedddingcsgiencemetday hn el &V@ngmst_adi Ben also
carboxynet yl ceblul0sey dths S GuadIias QBT SRV & Jicob Ml OURKEL b cterenoe.

pol yvi nyl pyrrol idinone, Tow nelting waxes, {'on exchande Tesins, an e

i ke, as wel| asAkbdsitnersdilieqihssphbrydutiyn diven oan broredityhiteel witbtahepeciBuuitibbdye

pharmaceutical ly 20 acceptabl e cipients ar esciibed in " 1 ngt.on' s
Phar moeut | cal SEPbALAT Sangie ATBURRUER el SER I st ly, GRSt
herei n by ref er eNee. YddblasfacCletihg clad celle.onTids iatsapris deafibed i BEat&@SKetil iim hhdi t or

conpounds of the. present.invention may be in any formsuitable for the

(i ntended met Hod %‘F‘E‘B]g?n%ﬁﬁebnh)aaﬁ on, including,. for exanple, a solution, a

suspensi-on; or an emiligiwse, theiabilityh{ G ighibit@ cemgamily i oedntiste USHlh sighaling

preparing sol utions,. suspensi ons, .and egul si.ons. Li.qujid.carriers , '
cont enpl at ed forbyu%cgv?q?gtai’goﬁ?“a%f‘w&% 6t g?ﬁ%a% 8%“8’%‘?‘%%1’%?%31 ?f’h a5¢ ghepEeTY o
e>r<]arrpl e, wat elrl, syﬁmhéermtivi’lgﬁmﬁeﬁflﬁcﬁﬁﬂ ise?l ehr)plc@@Qgﬁttﬁﬁrlﬂqpﬁﬂfgwﬁhﬁﬂiﬁ@ilimﬂﬁlﬁcﬁﬁﬁyA
phar maceuti cal | y, accept e oils_or fats, and t , wel |l .as mixtures
of two or nore {REFSHE. SRR §FEST ATy sﬂgy as cfg‘ﬁt Qﬁﬁ'@%’er‘"’e@ Jﬂeaﬁ‘fq“]éé‘
phar maceut i gﬁﬂf :c yovaféﬁﬁaésadobvﬂd@q;diiiéuu@&cﬁu@#}-m,oao i sZtﬁJ/&:(l). 3PheeoHbSIIRICET S,
nutrients, buffers,. preservatives,  suspend] agents, . ckeni_ng agents

vi scosity regul a‘ieﬁ ?C%“t%gq“Frf@&é‘? d??fﬁ”ﬁ%“’{‘]’ﬂ?@g agu’f iBﬁ%l e@r&ﬁﬁ?‘&g@‘dﬁ%nt S
include, for ‘exang)amd MoRYATHLS ) CobLSRlsuahsas 18t (1300 bolnst wEby Awdr i c

al cohol s, such as glycols. . Suitable oils include, faor_exanple, soybean oil,
coconut - oi | t ol ipeTRted derpin Rygererenes.  The gsay can be gaRed B0y Y oERFO 455

PCT/ US2003/ 0266 Zareéat ¢100FERE Rl in @6 rebdibe bf Yasious@hcdd@htiik Of 8dmpounds of the
adm ni stration, the carrier .can also be_anoily ester such as_ethyl oleate,

i sopropyl my#d stRAEsEnt EepteR dn [hgmedignniabieyed Bhsclbiysna By S At e HOBREIon

may al so be in tRgod OGRcOenByhapakitvits cAPhe MoideicdGRRBUVRR as [dLRAGATAIThomas

encapsul ates, and the like, as we as conbi nations of any, two or nore
t her eof . et al., Anal. Biochem., 25:486-499 (1968). Glycogen synthase activity is computed for

each sample as a percentage of maximal glycogen synthase activity, as described in

-Thomas et. al., supra, and is piotted as a function of candidate GSK3. inhibitor

- 25 concentration. The concentration of candidate GSK3 inhibitor that increased glycogen
synthase activity to half of its maximal level (i.e., the ECss) can be caloulated by fitting a

four parameter sigmoidal curve using routine curve fitting methods that are well known

to those having ordinarj} skill in the art. This is described in more detail in Example 266,
hereinbelow. | |

30 GSK3 inhibitors can be readily screened for in vivo activity-such as, for example,

using methods that are well known to those having ordinary skill jn the art. For example,

candidate compounds having potential therapeutic activity in the treatment of type 2

" diabetes can be readily identified by detecting a capacity to imp{ove glucose tolerance in
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5 The conpounds of the present invention nmay be adm ni stered orall y 0
parenterally, sublingually, by inhalation, spray, rectally, or topi é’alWP
dosage unit formul atl ons contai ning conventional nont oxi N Phar maceutical ly
accept abl e 'ca’fd ¥MB4Gdj uvants, ‘and” vehicles as desired PCFERHEH662

adm ni strati on may aI so involve the use of transdermal adm nistration such
as transder mal patche’s or ionophoresis devi ces. The term parenteral 10 as

used herein |nclud s cuf anegus, i nje i.ntra ous

intrastenal } EF tt %1%{?3?%%1 %ﬁ‘iﬁa’u&e C@*ﬁ%ﬁt"&%?%m G mﬁ? qe ns

for exanpl e, Stﬁﬂ’md aelyldﬂseﬁérﬂbbﬁeﬁmmwsd:ﬁiﬁus&hmmﬁwglﬁcoss Uslpe isdithes diaBtiche
formul at ed accordi n arf . .usin uit e per ng . or. wetting.
agents and susp’é‘iﬁ‘ir}gré g’&eﬁg@g %)sofé]r‘qbfﬂéc?%é flgl%‘? Jon FlgVBEso be
a 15 sterile i np@ghisldtRnSeT the i b@lﬁld@ﬂé @m@aﬁﬂsanargm@s@ bﬂﬁﬁts@fﬁpﬁs PRI @b eddedt! Y
acceptabl e diluent or . sol vent as a solution in

1, 3- pr opaned? ol Presesieg tiprainispials &P sv ua\vférfprcqcégn ghiiere2pf epkinleydint Imargvede

enpl oyed are V\’aE@[{c)sal%f%szE)seﬁn 80l Mlenedaf AGkel SQEATMh CeveR Y iRt fsEle can
solution. In addition, sterile, fixed oils are conventional F

| oyed as a
sol vent or susherEreAweiivsHn Esitizsion a5t cpp Be indigptivg afmaomnoaeeh"gﬁcﬁcy

enpl oyed i ncl udifgied AeRNPELEI1Gs AR pRYided ﬁ'tﬂ&é{alngﬁ hetdhpadgl tion, fat t y
acids such as oleic acid find use i'n ? reparatlon of |njectables

Supposi tories for redeaiompawdaiosthe ardsens 1@*Pnttqi?e>a§rbegm®aﬂ thyetopn ep eatie detbyed
m xing the ;grug, ulﬁcl?%e S JrQatBiceacf&Q”'I‘Eésle [ 'uﬂ:‘ﬂzd%’%%{ 2k g&ﬁhﬁ‘tlé‘dhoﬂ:% {GR5ARy:

butter and poI yet glycols that are solid at ordinary tenperatures but( 3
liquid at the rma@n, adipaber eleiete, aititen dsbartales hempeoatd, opanzenshulfonsiet frisulfdet um :

and rel ease: theb‘g{, Q%Hpﬂorgt‘ésa%f,ﬂb& od B Ofis uc?rﬂfg ni fo %’{“g‘%%ﬁ@éngﬁgd ude

capsul es, tablets; pi Il's, ™ powders, raﬁul e n suc
forms, the acti d@ie@dm’i@tynd eﬂmgesniématad nglaeeﬂtemmdataat glyea”gphoepkﬂtﬁ nélpmlsmfatae nt

such as sucrose e 0 as
is normal pr actlh‘li %ng’di @lé%aﬁéﬁé %I%%Lﬁ%egg'gﬁ%@r {lﬁan ner t rﬁ‘:ﬁ% ?uen’fhﬁg
e.g., lubriagdati a@yagwﬂﬂsan&u&bna&@; lreigiee shaleais t erttmnesnifdnate hmcazialee, oF-napth-
capsul es, tabl p

buf f eri ng, agent §° efulgci?:%%e &aﬁge Bwf11 atg%?:%% ﬁ@oﬁ?@hﬁ) 106§€§pa?r§§ R/\ﬁlﬁe
enteric coati ngermeae 1su@cidad\ t2660F, thitty2064H-0d84EmifoaHs wm&bw&ZSAko,qui d
dosage forms fo'f’:hera 1C Nl dc‘%]u%] ESR‘.al %grreu% B! becsqlugtgnﬁzeg %ﬁlmgﬁ:" eéen{i\"; as 15/ eralkyl

accept abl e enul s ons, nsi on rups cont-ai ni ng
inert diluents haimmu(ﬂ-yasusahm; amhyﬂ,heom tand butghclﬂsndmabmﬂude&anh 1mulnppd;alkylons

may al so co rls uvant tt a

suspendi ng gf ¢ 53%‘136%3@3?1 %et%hl %%ut\grg (\ll/vrea%f‘g? i a%ésf F éah&ﬁﬁu‘% as

per fum ng agenjt decyl, Navaylc aryasiplc andviatdabyl yebloridds hBronedey caeld nﬁndes arﬁ]hﬁ Inlidsscliite

I nvention provi ggnszyl and phenethyl bromides, and others.. Water or oil-soluble or dispersible products ' (n '

—

are thereby obtained. _ A _
Examples of acids which may be employed to form pharmaceutically acceptable
25  acid addition selts include such inorganic acids as hydrochloric acid, sulphuric acid and
phosphoric acid and such organic acids as oxalic acid, maleic acid, succinic acid and i
citric acid. Basic addition salts can be prepared in situ during the final isolation and
purification of the compounds of formula (1), or separately by reacting carboxylic acid
moieties with a suitable base such as the hydroxide, carbonate or bicarbonate of a
30 vpharma_ceutically acceptable metal cation or with ammonia, or an organic primary,
secondary or teriary amine. Pharmaceutically acceptable salts include, but are not
limited to, cations based on the alkali and alkaline earth metals, such as sodium, lithium,

potassium, calcium, magnesium, aluminum salts and the 1i%ce, as well as nontoxic
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met hods for inhibiting GSK3 activity in a human or aninal subject, saigy 07
met hod conprising admnistering to a subject an anmount of a GSK3 i nhibitor
conmpound having the structure (1), (I1) or (Il1l) (or tautomers thereof or
conposi ti ons cemppi@usygs such (10 conmpound) effective to PEHIBIGOGBEIK3
activity in the subject. O her enbodi nents provided nethods for treating a
cell or a GSK3-nedi ated disorder in a human or animal subject, conprising
adm nistering to the cell or to the human or ani mal subject an anmobunt of a
conpound or conpasinciin, ety iammenitipranéfaet Fations,ontlpdingi tut @sKYmied itwi ty

in the cell or ¢

non- human ani nal Mﬁj ect tegﬁétglﬁﬁg??%ﬁg?&%@a%in ?@yl nc H@ﬁeﬁhme

det ect abl e suppr‘exsrwl'o’iﬁﬂoﬁe G3HlF axiné, Ftityeansng, rad tb&;hk@orﬁtbﬁre@breaantatlwgm or
as conpared to exhe i Ef fec f ounds of
the invention gener I y N n?ﬁ ggé a%hﬁé{lgﬁoé%tebaéuf%dm en?‘l‘lﬁo%1 (th%%‘y Fivhi bi t
GSK3 activitys byethﬁynedmmeathmm detbamoidoeak, pipenaanelandfrye hiteher GSK3 k| nase
activity assays kno t o thos aving, ordi.nar Kil, 20 art

detecting an all evi 2??061}?0 8 D%rrt%? Brese%f Hlvgnt?ﬁb%lég’fg a"%”?qe &ithH 0 ?%'I@Q/
nmedi at ed di sor deinclufEoK3ntemel] paﬁﬂdradmﬂctmdmi sodtdsadf admymémnmr eMrezdampsle aotdiclance
with the invention, ingl bi.ol ogi cal dical dis i n which GSK3
activity is i npl?%%ﬁseaf %ﬁ %aéﬂ? KPR (fr?}hl%]ibf" (o] oo} s g%ﬁ%”ﬁ% hirgres
signaling thr ougianﬁpm&thy\ﬂyaxtehais nfadcaba iepaitirehl, hakhagaldebecil] xeetal, and he
di sease to b d. The condition or disorder may either be caused or
(characterl ze by 5 ormal GSK3 activity. Representative GSK3- nediated

di ﬁorders i ngl ude, fQﬁa&bgiﬁi&ﬂe@gtHQtﬂﬂz@aﬁbﬁﬂ@bﬁﬁ ef;tﬁeﬁi-ezéjﬂhx{vemoﬁ ﬂibxﬁgﬁﬁtewaadl
“other neurodegeneratiyve disotder i, t at heroscl eroti ¢ _cardi gvascul ar
i sease. essent | AFTIRTHER CRRSIURE CTOTRORLET ARy oL RAToHE 6y Qe

i schem a, eSpeCIﬁitﬁypmmﬁtﬂiaﬂﬁ&cbﬁmmoiéﬁmtl c brain.injury, bi poI ar

di sorder, |m’runodef|g nqc[% cancer. and the Successful treatnent of a
subj ect in accor dance% Phatmaseicafly gk "r"é@lﬁls inffuds procssHag A8 G a
reduction orisl | @i adelipy QhodyeiP tadRenhahods,Sithed! fof fekirgildcaMii ghospiee] cal
or biological disorder to, for exanp halt the furfher progreSS|on of the
di sorder, -39 IDGHRR HHREL, v@%@@&%@i@&%@ewé*rﬁsg%f%/ HogpoEelin. cglfuleshe
prevention of th@eidjis Qeligbse, TdSm f @&bcﬁ?«ﬁem&1e,cellme§d megdosd, Uh@beheSyLRN

result in a reductign in gJucose or. Hb | evels in the atlent Li k W|se
treatment of Al ZH&CAeftri% Pélyé”é‘%{’%“@%ﬂ‘}mi‘l%slﬂ?’tm? HngaWP’é‘Hu’@ﬁebFPaPEF Tesipe a8

di sease progr essii@Nas wigl8 eéribinations oflX ﬂ’ﬁ?ﬂi & mddY thbreofTE@HEH suildbl FpHa@ehealicaARy 1 N
the rate of increase_ of denentia., 5 The anpunt of active |nqred| ent that may

be combi ned ¥ t hAcETRiAbE pronicnts e ceposibed in (Retpiggar's Phammaneptieal fsieners. 1Atk wi | |

vary dependi ng up@nch. hﬁeﬁ@eﬁgeygr@fn ﬁﬁo@aﬂtemeremwr&fefeﬂ&ear mode of

adm nistration. It w (1 be un erstoaod, however, that the specific_dose
Pharmaceutical -compositions ' containing GSK-3 inhibitor compounds of the

present invention may be in any form suitable for the intended method of administration,
including, for example, a solution; a suspension; or an emulsion. * Liquid carriérs'ére
25  typically used in preparing solutions, suspensions, and emulsions. Liquid carriers
conternplated for use in the practice of the present invention include, for example, water,
saline, pharmaceutically acceptable organic solvent(s), pharmaceutically acceptable.oﬂs
or fats, and the like, as well as mixtures of two or more thereof. The liquid carrier may
contain other suitable ‘pharmaceutically acceptable additives such as solubilizers,
30  emulsifiers, nufrients, buffers, preservatives, suspending agents; thickening agen:ti,
viscosity regulators, stabilizers, and the like. Suitable organic solvents include, for
example, monohydric alcohols, such as ethanoi, and polyhydric alcohols, such as glycols.

Suitable oils include, for example, soybean oil, cocomut oil, olive oil, safflower oil,

{
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| evel for any particular patient will depend upon a variety of factors
including the activity of the specific compound enpl oyed, the age deﬁNZ%Y
wei ght, general health, sex, diet, tinme 10 of ad”]n'StraHJﬁEBmmg
adnlnlstratloﬁmywﬁwg&ﬁf excretion, drug conbination, and € V& |ty of
the particul ar di sease undergoi ng therapy: Thetherapeutically effective
anount for a given situation can be readily determ ned by routine
experlnentatlon h t ondi /.

i ni cian. For Supdsel st il Bof ek AN URREE, Lot 0 L8] R0y
effective dose witérlsucllas aglezrhete&blwc»pb@yl mmtab,cmxﬂ the Hkmgldngioeiaynstotﬁ thehyoesent1 00

ng/ kg/ day, prefera fron1ab about 20 [d and
nost preferablynwﬁeﬁ¥aggﬁtd§) /Eb/%gq% 0 ab ?wpﬂ%?es Q?%pa &g %*Egﬁg

i nhi bi tor COWpOHﬁUdp@ﬁatésh&dﬂhiﬁdﬂ@Iﬁs Weﬂi\mnémlmﬁanmkmMymyomoreMoﬂi ster ed i n
one or nultlgle dos on.can als

es. The co nds of the res |nvent :
admi ni stered’in the f%%%wﬁ?WMQBP#?Bgeeﬁgy ﬁgﬁﬂn?ﬁﬁéﬁ@méPﬁﬁme 3sones
are general |y deitlivgghily dm iphubsiph Gbiayi dtatly, oﬁttdi}ﬁdfallbl il d)ssgtbﬁﬂlalﬂfrﬁﬁlatmns
Li posones are forned by nong- or nulti anellar drat%(iie[5 ui d stals

that are dlsper§@ﬁmﬁﬂgéﬁnﬁﬁﬂ DOTiQHP - {Et ?ﬁdﬁ&?

acceptabl e and retigobd aabbe IMopicsl @mmaﬁo@fmefyomm Bolve RRS QRS @@@dé@@ﬂ
used.. The present conp03|t|ons %W% ome formcan_contain, in addltlon
to a corrpound o POPIREStraon UEh g ffans ﬂtﬂats es aiopophorsiis devigss o Lyt ppeycral

exci pi ents, 18nd af RedlHeledh infhBesRuBAGHEAR ﬂgewﬁ in@dvendheinRhaseie ikdsmand
phosphatldyl cholines (lecithins), both natural and synthetlc Met hods to (!

form | i posores AVEURRGRAATSPT NGRS, See, for exanple, Prescott, Ed.
Methods in Cell Bi ol g@tiabMOprdfRatibhsY, foﬁ%ﬁfﬂﬁﬁfé Cst%16 Secthay az{@éolss o oWangus 33

et seq (1976). 30 V%lle t he conpounds- the invention-can _be adm ni stered
as the sole actﬁ%@amﬁﬁéﬁﬁﬁé@J@WEl “%ﬁ@ﬂﬂmgﬁ%gﬁlgﬁﬁmém§§uﬁémﬁﬁeﬂmﬁmfﬂﬂgOr

combi nati on. wi t hyQa AR gémmaesueseheﬁ eg&&t SThe8&fle idfoctdBR ;sréﬁetulaﬁ By Qso be a
di sorders. Representafive agents use in conblnatlon with the “~conpounds

of the invenfi ontefilgrinjepfable selpiicRetitsugensigpia Pnefitae pasnierAlly aefeptabie ditierban| e,
-40 19 JAN 200¢.;,Mp %P%%@%?é sEiGMJﬁZPQ?éor hkafo zﬁ?&ﬂg e alcbRRH1E %@fﬁa&e

rosiglitazone, pi oglitazone, 'glipizi de, fonylurea, acarbose, _
and the |ike. Rept e@émt%that/@aﬁ@emn@hys@ﬁwl witer, Rorest'h selitény, whd fotonis S@@W@ounds_

of the inventi O%h.q:)ﬁﬁe {dRGioh! BPkd H%Bﬁ h%lﬁ%%@éiﬁ%?% ibgﬁ%l%l?ﬁ%@' eh%‘fcj LSS o Jofc L.

exanpl e, donepezi tacrine an ts usetu

conbi nati on wit fer smeer@mgpmﬂm ot s prposeriE hitapd fix¢deil maebe m&mlnmchaﬂmg
bi pol ar di S&JSe ¢ t%%%qﬁnlgj & dlgﬁﬁﬁ)&s o lidcﬁtmn, fﬁt[g%!:1h§such {)lgirc%@lh use in the

car banazepi ne an - A'Tepresentativé agent .use in co |nat|on
with the conpowrmeratién eftieicéteilesnt i on for the treatment of- stroke is, for

R o e, B SRR S HLUpkaes e st bigahvastida ik e ()
drug with a suitable nonimritating excipient such as cocoa butter and polyethylene glycols
that are solid at ordinary temperatures but liquid at the rectal temperature and Wﬂl
25  therefore melt in the rectum and release the drug.
Solid dosagé forms for oral administration may include capsules, tablets, pills,
- powders, and gfanules. In such solid dosage forms, the active compound may be
admixed with at least one inert diluent such as sucrose lactose or starch. Such dosage
. forms may also comprise, as is normal practice, additional substances-other than inert
30  diluents, e.g., lubricating agents such as magnesium stearate. In-the case of capsules,

tablets, and pills, the dosage forms may also comprise buffering,agents. Tablets and pills

can additionally be prepared with enteric coatings.
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10 present invention, the additional active agents may generally be enpl oyed
in therapeutic anmounts as indicated in the PHYSI CI ANS DESK REFERENGEAMPER
53"a Edition (1999), which is incorporated herein by reference, or such

t her apeuti cal | womefisikisenounts as  woul d be known to one etrasshi@tssskill
in the art. The conpounds of the invention and the other therapeutically
active agents can be 15 administered at the recommended maxi mum cli ni cal
dosage or at | ower doses. Dosage |.evels of the active conmpounds in the
conposi tions of the ilysatdoszemiymbefoy airil esinsifis@giont ﬁlapbzhaﬁctt ghfh@adeteellly

t herapeutic respons n.the route of adm tration, severjt
Lhe. d Sease and CE DS PO 0Fo iR SAR s, SRS CASHST R foBRig Lnts
adni ni stered as cagpalRtged YTRRSHt,i QS a@rwa’;t& aS&d:Hl@blﬁpéiﬁﬁ:ﬁgﬁhafyOdlm esirRak Ni ng

bot h agents. When 20 admi nistered as a 1nat|on thera Ei?fg c. agents
can be fornul at et TRENEHH ést‘@em%‘?ﬁ?%’leﬁ 3¢ S‘éﬁp'é“ g\/‘"’@ﬁnt%ttc‘f Xg’&ﬁémill_rre

or different %i nﬁﬁeete@fng}ﬂlﬁohﬁgemp%!ﬂﬁl sageqt.s can be given as a single
conposition. The foregoi ng and of her aspects gf the invention may be better

understood in connecti ¥HOFA Wik Yebiottsh spotisisris it RESTE BYeaith @rovides
19JAN2007 WD Zo%ﬁgé@ﬁﬁnﬁqhhjséﬁﬁﬁ/a@@\ﬁézﬁl E%Eé:r ahAVERecd saﬁYﬁfEﬂﬂﬁl S

“G:PYRRO_ECI NC\ /.0 _cl cl g p~ TOS ¢ C \ - DMVAP,
DIC, C\zCIZ N 1CCR1PHS@6%1W%TC%1HE t@ﬁﬁ%ﬂ“ E% FP@P“H* BRBESH mcb@ftcemmundé]e%l%u el d
?C’ E:I o S OR'rI'N /7 Ol})l%c(-gltglché@ @5@1) /01‘ \(Hi‘) (\)r 'fau{d%sl\lﬂgrecf\l%ﬁcc%ﬁm%r corﬁ%nsglgEsIu%ﬂ 75
) - 10 compound) effectwe to mh1b1t GSK3 activity in the subject. Other embodiments
provided methods for treating a cell or a GSK3-mediated disorder in a human or animal
subject, comprising administering to the cell or to the human or animal subject an amount
of a compound or composition of the invention effective to inhibit GSK3 activity in the
cell or subject. Preferably, the subject will be a lhuman or non—hu;ma.n animal subject,
15 Inhibition of GSK3 activity includes. detectable suppression of GSK3 activity either as
compared to a control or as compared to expected GSK3 activity.
Effective amounts of the compounds of the invention genei:ally include any
‘amount sufficient to detectably inhibit GSK3 activity by amny of the asscys described
herein, by other GSK3 kinase activity assays known to those having ordinary skill in the
20  art or by detecting an alleviation of symptoms in a subject afflicted with a GSK3-
mediated disorder.

( GSK3-mediated disorders that may be treated in accordance with the invention
include any biological or medical disorder in which GSK3 activity is implicated or in
which the inhibition of GSK3 potentiates signaling through a pathﬁay that is

25  characteristically defective in the disease to be treated. The condition or disorder may
either be caused or characterized by abnormal GSK3 activity. Representative GSK3-
mediated disorders include, for example, type 2 diabetes, Alzheimer's disease and other
neurodegenerative disorders, obesity, atherosclerotic cardiovascular disease, essential
hypertension, polycystic ovary sﬁdrome, syndrome X, ischemia, especially cerebral

30  ischemia, traumatic brain injury, bipolar disorder, immunodeﬁciency, cancer and the like.

Successful treatment of a subject in accordance with the invcntion may result in

the inducement of a reduction or alleviation of symptoms in a subject afflicted with a

medical or biological disorder to, for example, halt the further progression of the disorder, -

-30.



34 5N p- s TFA(10%vlv) G / A ~J NHz e ~\ C / \ NH CH012, \ \ N
T A -NN NH Hunigs Base, DVA, Cl | Hz 1 S% water, -0gr, yield ~ z 99 JAN 2007
80C, 58-60%ield 7 NO2 5 OH OCHHONHC \ HHzN C H ms\zoq'él@ga H C NN
N NHz HBTU, WRAYH'S$+Base, N02 CH2C12, R750-70 % yield | P_C% - >
Purified by preparative HPLC CHIR 154703 d cl ~)-OH'Cl 1/ OH DMVAP, DI C,
CHzClz, | /| O< 1 p RT. 80% vyield 2 O Preparation of tell-butyl .

(2E) - 3- (2, 4-di chl.or.ophenvl )prop- 2: engate.(2). 10 at_.Dl 4 s_added
Lo b wel | ot | rdadR ot R iRt i Bl oo dr b st Mot By
DVAP (1.4 eq) andhctbiim guersserHiaklgdaved intthd patieio lékewisEheathen affddzbeinmxist be

conpletely in sglution I.ch require ntl e warmn | t he solution s
CorTas 1 6 an Stser il il S Bl B et dssey 4% KRl by 0"
t enper at ur e befossuagdi radhctitrein AeGate DO inanadedt domaniat her m on | ar ger scal es, :
It may be prudent 'tq,dil ut he. D.C w.th CH2C12 befare the_ addition and have
b eb bath S ready. OARTEIT oF PERF IR § 66T £ COREM O MG SrGR o
vvhgtb\e/ preci pi 'E g?epr?ciﬁbe ar Sadé id@sageo mgm bﬂlhmﬁtidepéxﬂmgbuﬁaoﬂtﬁe &b&tt&d&g:;i%%thS%

Et OAc/ Hexane 0 roguct was 0.9)._The. 5 entire reactign was | o into
a separatory fLH‘i’i‘itéﬂmaF HesHP ajlmdﬁ“ftFFn@%-Q&l .be?ﬂ‘éerﬁ?cﬁlaﬁ?"&e"%%?f Hesp &hed

with citrate, Sgtel f@day Pati€dds pativat @il dpadl poh BSaricti 6f BELER M TudirdBE actMa$

dried (Na2SO4), filtered, and concentrated to dryness to gi ve the_crude
product as an of the specific compound employed, the age, body weight, general health, sex, diet, time

10 of administration, route of administration, rate of excretion, drug combination, and the (’"
severity of the particular disease undergoing therapy. The. therapentically effective
amount for a given situation can be readily determined by routine experimentation and is
- within the gkill and judgment of the ordinary clinician.
For purposes of the present iﬁvention, a therapeutically effective dose will
15  generally be from about 0.1 mg/kg/day to -about 100 mg/kg/day, preferably from about 1

mg/kg/day to about 20 mg/kg/day, and most preferably from about 2 mg/kg/day to about

10 mg/keg/day of a GSK3 inhibitor compound of the present invention, which may be
administered in one or multiple doses.
The compounds of the present invention can also be administered in the form of

20  liposomes. As isknown in the art, liposomes are generally derived from phospholipids or
other lipid substances. Liposomes are formed by mono- or multilamellar hydrated liquid
crystals that are dispersed in an aqueons medivm. Any non-toxic, physiologically ()
acceptable and. metabolizable lipid capable of forming liposomes can be used. The
present compositions in liposbme form can contain, in addition to a compound of the ‘

25  present invention, stabilizers, preservatives, excipients, and the like. The preferred lipids .
are the phospholipids and phosphatidyl cholines (lecithing), both natural and synthetic.
Methods to form liposomes are known in the art. See, for example, Prescott, Ed.,
Methods in Cell Biology, Volume XIV, Academic Press, New York, N.W., p. 33 et seg
(1976). '

30 While the compounds of the invention can be administered as the sole active
pharmaceutical agent, they can also be used in combination with one or more other agents
used in the treatment of disorders. Representaﬁve agents useful in combination with the

compounds of the mvention for the treatment of type 2 dia}\)etes include, for example,
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oil. The crude oil was m xed with hexane and stirred for 30 mn. The
precipitate which forms was filtered over celite and the filtrate wh8 JAN 2007
evapor at ed. The hexane m xture was 10 | oaded onto a filter plug of silica
and el uted wit kvdEoIashaexane (97:2 vlv). The first el ut edcYibsnbioees:2s
fractions are collected and evaporated to give >99% pure 2 (75-80% vyields).
cl ~~Cd ' Cl OO\ ~S"NCO 0O TOsMCC / 1 O NaH, Ether, DvsSO,L Nz H 0 C
to RT, 60%vyield 3 15 Preparation of tert-butyl

4- (2, 4-dichl or opimetrlynL ) tpelitaodre; Jeseitizoney | b Bit{z8)e, glﬁmydeetxhafonmms satfdgthréap NaH

Vi syringe, the REFFRAR Biibbn I RS rvh R o B RE bR IS GPESRY A
solution of TOSI\/binhé invintg foraheltrétihent eﬂAle&msm;l digdsel mcladel;rfaxtsxm@la)fdm&ph&lc and

20 DMSO was added dro o] suspensi o over.
20-30 i ns e et Pl RePr el et MBS R e Bh o 8 comprp e B
addi tion, thesremetirantiwasor thé remmentt o bigyla digaitiand, i exafipée, pﬂﬂﬁ@ﬁ&&lﬁq of
the reaction was followe %.. Et CAc/ Hexane, the active

was at Rf= 0.4) ‘éﬂ?fﬁ%ffi/@a%ﬁ?‘gffel’ﬁ% ﬁ’(e\dz ‘? %1“‘3 hiePresEGESe 8%%}1?5##/%"0“1%‘1 31% on
was careful |y qugechggoidids ofsie inetionNtdd Ghe (raldes: of emdle RS firexampledtisshe ong
gas evolution and, exother and diluted with ether. The | ayers were

separ at ed and th%la%?lﬁ%ﬁ’?f‘é‘c A% e was washed with sat. ag. NaHCO3, water, and

brine. The crude darkh&oidifioSaRcidR aihts dré @@d By con@idayish dith Heabn@PundBesthe
results were_achieved either  through recrystalli Zatll,?[gn dir ctI from a

(mixture of hdY EPesE] MEsiRE tha 2aitpad)achye agpns frx el P‘E:H’e FERsYHEt i n
m ni mal hot Et OAgndipkd avwadichyd aﬂﬂe@n@ﬁc@m' mexaRerirece (PHSR)1539“ MNDI?.@@%),_
2004/ 018455 PCT/ US2003/ 026625 vol unes of hexane based on, the vgll11

Et OAc). The hot ¥BIrhds Ficerppmicd erap R delersncee b suttothpapmiticaiypse @W@uraﬁas age

~over night. The ﬁgmgbamm5gné¢ﬂ0§am&y§@1¢mge@pd then washed w th hexane

gi vi ng 99%pure product in 60-70 %yield. CI_Or OBr~~-N.O JC
The compounds of the invention and the other therapeutically active agents can be

15  administered at the recommended maximum clinical dosage or at lower doses. Dosage
levels of the activel compounds in the compositions of the invention may be varied so as
to obtain a desired therapoutic response depending on the route of administration, severity

" of the disease and the response of the patient. The combination can be administered as
separate g:ompoéitions or as a single dosage form containing both agents. When

-20_ aﬂministeréd as a combination, the therapeutic agents can be fonnulated as separate
compositions that are given at the same time or different times, or the therapeutic agents

C' | can be given as a single composition.
) .The foregoing and other aspects of the invention may be better understood in

conpnection with the following representative examples.
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Cl NNaH, DWW, ~ 0 HRT, 70%vyield 3 4 Preparation of tert-butyl

4- (2, 4-di chl or ophenyl ) - 1-[ 3- (1, 3- 19 JAN 2007
di oxobenzo[c] azol i n-2-yl ) propyl ] pyrrol e- 3-carboxyl ate’ (42} Solid NaH (1.5 eq
as the oil di HHEHTS was added in small portions to a SOMPTEHIZ%D of
pyrrole 3 (1 eq) and 3-bronopropyl phthalimde -(1.2 eq) dissolved in DV
stirred at roomtenperature and flushed with argon. NOTE - Sone gas

evol ves, but the tenperature does notné ri se above 40-50 C. The
reaction was stirred for 1.5 h at roo %@‘%‘gture under argon. The
reaction was followed by TLC (CH2C1?/ acEXAMPLEIl e (95:5 v/v), the UV active
product was at Rf= 0.5) and, LCMVS. i he 15 reaction was .
guenched with sat. ag. NH4Cl(add s#ﬁﬁ@?@p%%#gﬂg‘ ong gas evol ution and
exotherm). Sat. ag. NaHCO8 was then added to avoid emul sionf\and the
basic organic mE.Xxiure was extyacted \{Vlth t her. Th@gﬁb«cned e rOI ers
were washed with ags _Na wat r| ne, dri eq SIS}%ZSM of 1 ed, and
concentrated to drynesg toowrwe diag Cr OO;GEU t—Fhe-crude pr o ct was
purified by eluting through ¥¥rica with 20 Et OAc/ HEREREIME. 4 v/ v) .H The
purified product contained sone residual 3-bronopropyl phthalimde, which
did not interfere with subsequent sSynthetic steps The material was taken

on and used withodb._further ED./U\I’}\I fcati on. a quantitative yield. 0 0 O
0O A\ O \ HNN | LF o\ 75 C° °\ NN c O - 95%y| eld d 4
5 25 . Preparationoj~t&ri-butyl® T Hzl-NH, -

1- (3-am nopropyl) - 4- 4Ldi c%ammhenyl )pyr@;I 3N rboxged»aise (5) -44 1 9(
JAN 2001 WD 2004/ 018455 PCT/TIS866'9/ 026625 The Pthal i ni doBfole 4 (1 eq)

was di ssol ved in ethahol and hydrazine (3 eq) at roomtenperature under
nitrogen. Upbn heating to reflux, the reaction generated a white '
precipitate. Stir at refl ux unt|I conplete (-2 by TLC

(CH2C12/ acetonitrile g 5)#5 viv), NeUV activg @roduct was athﬁf_ 0.2) and

LCMS. Upon reachig etion, ¢ wgacti .0 as al | owed to 3% ®soom
tenperature and the |p|tate—was--ua&uum aried oﬂfN i “redi um t o
fine cintered-glass er\/N}EpeHggbgwaffm was toncehtfaled un emﬂaeaduced
pressure te a gunmy sol isd. The EB:ru & erial was t aken up?i n et hanol / Et OAc
(1:1 v/iv), :

j . v

O -OH OH ‘ Ox MH
8 “ND, l

HEBTU, Hunig's Base, /. hd \[I
CH.Cly,RT, 50-70% yielkd e ZND, ()
Purified by preparative HPLC
CH1R‘154703
cl Cl '
.\@’/YOH DMAP, DIC, CHyCl, m 7<
O RT, 80% vield

1

Preparation of fert-butyl (2E)-3-(2,4-dichlorophenyl)prop-2-enoate (2). |
10 Neat DIC (1.4 eq) was added to a well stirred solution of cinnamate (1 eg), t-“butyl
alcohol (4 eq), DMAP (1.4 eq) and CH.Cl, under argon at1t. (Note - The cinnamate

must be completely in solution which may require gentle warming. Allow the solution to




stirred and the precipitate was filtered off in the sane fashion as ‘]bgff\)fﬁel‘[liﬁ
The filtrate was concentrated under reduced pressure and than dried r{

- vacuo for 10-15 min. This process 10 of adding ethanol/EtOAc, filtering and
concentrati ng wasvdongisdpne nore tine or as needed to remBUBUBHEAEPOrity of
the white precipitate and residual hydrazine. The product was then dried in
vacuo overnight.. The material was used without further purification. Once
dried, the reacti on yi el ded the product as a %I ass (-87%yield over 2
steps). 15.02 ool iy ropiytenpergturgpefory apfiing the PIC7 {foqvedd qn katherm ogjlargeriseghisg' s
Base, DVA If ~~ FaaNeR 8Qefeto afuts B0 V1Y beh &, ANDBeforo thE8RAPIIA Ohn ice bath
tert-butyl 1-{3-((6-am no-5-nitro g py rldyl)2)am no] propyl }-4-.

(2, 4- di chl or ophefe§ds)picoitieing fond boxythreactivy developsa Wﬁ@prsplmﬁqt@( ekhedeaption
reagents, pyrrol weler mr{ﬂef (6)
(1.1 eq), was_ad %%{%Oﬁ%}e adt}drm%)vved gg”gth%ﬁzrt @A%Jgegga J(%{?o%md?ﬁsﬁ;da%y? y

W th stirringS atentire regifion meaa deadeshinigasssephietn meéﬁvasmngm@ (Rblahi Gha orgarie

oroauct ey ot By AR SRR S b DR B Y
HPLC, the reacti ‘@m? @Eﬁd\w&zS@h)L tlkered, aed t«:cmmntra@d ?@dI@ESEtdwngetbe cglidapiodect as an
(anhydrous) was Sgﬂ Q’%F H}fed \{g&%&én%%&%r?@d%{ Q%ﬂ‘YTﬁee iRl hich

unreacted chl oropyrldl ne mn stirring a e Teactlon was
cool ed and quencfeds wag filtaréveoed dilité ol thé fimte, wasgvapaHGDB Thel hrsaneamixbwe was

m xt ure was tr
@/as hed with géz;t Bg&eﬁdoﬁaﬂ—é?@i@%g gt gﬂ%r %nﬁe I&W%%RW%%%(J ‘g(f)(s:oﬁr?%énﬁ rat ed
o dryness to ﬁedLUQf dotide ZR.0G0ns WO U Exyd0:n845BpdPEad SN0 3P DR GRS (FiSved%t he
crude product as._. ﬁr own-yel |l ow solid. The crude product was purified by

flash chromatog)P phy eluted with Et OAc/ hexane (4:6 vl v) The purified SnAr
adduct 7 was isolated in 58%yield as a yeIIow SO|Id OH O O TFA

(10%/v) O 1 O H
- Q. TOSM!C
M <

NaH, Ether, DMS0O,
0 C to RT, 60% yield

15 :

Preparation of fert-butyl 4-(2,4-djchlorophenyi)pyrrole—S-carboiylate 3).
Dry ether was added to Nal (1.5 eq as the oil dispersion) under argon. After
decaﬁting off the ether via syringe, the Nall was suspended again with fresh ether under
(~ ' argon. A solution of TOSMIC (1.1 eq) and 2 (1 eq) dissolved in a mixture of ether and
20 DMSO was added dr_opwisé to the stirred suspension of NaH at 0 °C over 20-30 min.

~ The addition was nﬁldly exothermic and evolved gas.” After the addition, the reaction was .

allowed to warm to ambient rt. The progress of the reaction was followed by TLC (25%
EtOAc/Hexane, the UV active product was at Rr= 0.4) and LCMS until done (-2-3 h).
Upon completion, the reaction was carefully quenched with sat. aqg. NH4Ci (added slowly
25 4o avoid strong gas evolution and exotherm) and diluted with ether. The layers were
separatec_l and the organic'phase was washed with sat. aqg. NaHCOQ;, water, and brine. The
crude dark éolid can be purified by recrystallization. Best results were achieved either
through recrystallization direcﬂy from a mixture of hot EtGAc/hexane (1:3 v/v) or by
dissolving the crude product in minimal hot FtOAc followeci by addition of hexane (-2
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\' \ NNNH2 HCHC12, .. O _ MANINHZ 1%vater, Cl | 5 7 NO2 RT, 9§J&sz}7
yield a NO2 Preparation of

1-{3-[(6-am no-5-nitro(2-P3n-idyl))am no] propyl}-4-(2

di chl or opheny M®H3PP4¥6#483 3- car boxyl i c acid (8). ( )I! In aP\ﬂTéHSZOOWA“D
(catalytic amunt) was added to a stirred mxture of tert-butyl ester 10
pyrrole 7 (1 eq), 'vvater (.1 9%, and CH2C12 at rt. The vial stirred at room

t enperature untll ( h.. Th actl centrated under
reduced pressur¥! ‘é‘?es g‘ﬁi‘mﬁ A35E Rt ?go%aoﬁg’ﬁoé*&? Wp%g?ﬂf'&uu‘?*??ew@? %d8i due
was di ssol ved agai &b toBmGeabtrdu\thd LeNCENIFAL Qle LRHRLs Wae fieR dilke 384 iRnat
rt. The material was used in the final coupli step Wi thout further -

n

purification asWedhed withhegne eivipg 0o nurapragucidn 68-7131“/@@? C HNH NNN NHZ

Cl | HBTU, Hunig's Base, C ~~ e NO2 CH2( yRT, 50-70%vyield 9 NO2 15 - CHR
154703 Preparation of N-((lS) 2- hydr oxy- |sopropyl)(1 {3-[(6-am no-5-nitro(2-.
~pyridyl))am noj propyl} -(2, 4-di ch%gr\(yj\ ny )pyrrol S-w/)car boxam de (9,

CH R 154703). 20, (29 )02 n prop n (1 5 P was added to a
stirred mxture of acig eq), i e (2 eq) and
DMF (prem xed sequenti al | n this™ aV| NI QOMm-Yenperature
under argon. The reaction M/as stirr %!*5%&153-4 h unt conpl ebe as shown by
LCM5 and HPLC. The reaction mxture was subsequently dilated wth Et OAc,
washed with HCO3, and concentrated to afford a powder in a 70%vyield. 25
ALTERNATE PRODUCTI ON OF ClI NNAM C ESTERS Preparation of tent-butyl o
(2E) - 3- (4- et hyl phen enoajre X JAN Y/ é‘;}g)l - ( h
PCUUS2003/ 026625 4- Bélt)ﬁfy?‘f‘%‘éném def{{;de (%tcii'“%\}vas Q- atkor i R0 s -
suspensi on of témobyuzq[c]azmavwmxymr@@hyaqb@w@@t(@ (1.2 eq), Hunig's base -
(6 eq), Lid (3 eq) Tg[g?) T ux to i
conpl etel y dissol ve Stadglﬁg @\&e Q%@:‘? esgab'ltill %&&&wgb\,\&%g%?éﬁgt& SJrlfg{?%s |
t he reacti od0wasf Pm@?eﬁ(]t @ﬂ)btad éMhM@Ybyhﬂﬁ_@ldér e tcéaimsqﬂwd inPOMRistitred at
contains a fine S L p ti b ter.
The organic Iayoz)#‘\%a was e d h&% Wﬂl .g[rg{):l%trllq?%gm ,0 33%%%%6
wat er, and- bri n&emperitses doegani sehdy aise medﬁﬁédc(ﬂxz@m)m vfaslsmeerdeﬁi; 1 &rhdat

Concent rated t Oro%g'xy Qgﬁéa&pe @Jdgparé&? The reaction was followed by TLC (CH;Cly/acetonitrile
‘ {95:5 viv), the UV active prbduct was at Ry= 0.5) and LCMS. Upon corhpletion, the

15  reaction was quenched with sat. aq. NH,Cl (add slowly to avoid strong gas evolution and

exotherm). Sat. aq. NaHCO; was then added to avoid an emulsion, and the basic organic
mixture was extracted with ether. The combined ether layers were washed with sat, ag.
NaHCOs, water, brine, dried NazSOy, filtered, and concentrated to dryness to givé the .
crude product. The crude product was purified by eluting through silica with (,)
20 'EtOAc/Hexane (1:4 v/v). The purified product contained some residual 3-bromopropyl
~ phthalimide, which did not interfere with subsequent synthetic steps. The material was |
taken on and used without further purification. Assume a quantitative yield.

O O ) . 1 a] \O;/
 HoN-NH
C.Q% o@ LI
' N N EtOH, 76 C N NH,
TN v 0
. o Y ~05% yield G A

4 ) ’ - 5

25 Preparation of fert-butyl 1-(3-aminopropy})-4-(2,4-dichiorophenyl)pyrrole-3-

carboxylate (5).



crude product as a solid. The crude solid was dissolved in a mniml anount
of hot CH2ClI2 followed by addition of approximately 6 times the volluSrdARE007
hexane. The 10 slightly cloudy m xture was | eft overnight to crystallize.
Tert-butyl (2EpB00918453- et hyl phenyl ) prop- 2- enoat e was at PAFHERH3663H oi |,
whi ch was further purified by colum chromatography using 5-10% EtCAc in -
hexane as eluent. LC M5 nfz 233.3 M+ (80%vyield). 15 EXAMPLES 2- 362
SYNTHESI S OF PYRRCLE QUNDS. Exanpl es 2-362 were synthesjzed fol |l ow ng
the synt heti ¢ schemosI R PEGEYENIOY S 791 TRb ORIt T Agaioh ssuamae {2 89 =

directly fol | ow Rgnl BRpédRtnddBrdef CUPGORALRY B reffifiagie h¥ch RCRAGHERRNGIDY
one skilled in the art and are commerci al lil -avai |l able from 20 Aldrich

(M | waukee, W) BiecipiseSuDrigarcatl prmplnus By BAY (ChizihipeptenitrlafRfs wpkthe 2
1-{3-[ (6- ami no- Sty Jck PPkt Qra@aﬁ@fwri)rbﬁb RCRRY | pdyt I@gc'hﬁﬁéaﬁ@ﬂlpleé IR reaction
ethyl)-4-[4-(1H i m dazol -1-yl) henyl]-1H pyrrol e 3- car boxam de
1- { 3- [ ( 6- ani nd- 5¥as efoyrpdiopl - PR dprprsitme pgd the Nepipiidy tep ygoumeiltered off h
1)-4-[4-(IHim dﬁ'&l?% 4 tnediluh (HERY Lxllfe}et[tglagé fte: ?ﬁé ﬁﬁ?&%a@%a&centrated under reduced
1-{3-[(6-am no-5-ni ropyrldln- - alnlno]p yl'}-4 519.6
i m dazol -1-yl) phmqganatma(ggmnﬁtsn sttemumm efémyﬁmcd@ I5v/v),
N-((l1S)-I-carba I 19 Wals)

) pyE |( dyl) ) ) am no] B%Jfﬁ?ﬁ‘@% 9%%5%&}5?&#%%% rro aéu&i Hﬁ%‘? b@‘%ﬁlﬁa &
1- { 3- [ ( 6- ami no- 5eancentuasyd gk medRced] pyesprirnariddh e}lﬂw@y@fm}@%@mm nigyprHcess

(0 200 o1t R R BRYEIA i R o o e ok B B0

1-{3- [ (6- ami no- Snewtd pyemiont ruhezmyjmibmfm hisp ypirdcipltaie 2nd.- refiduab Opdrazine.  The

et hy DN ({1 o[ PRORk s ML K b W0 0Bk T RRRICLR S U pgie Rl ©
1[4- (I H i m dazopurificytion. Hérmyld]ned, Iﬂae wpaqtioh yRided Yeambbwi/is) s grisrel7es @eld over 2

1-{3-[(6-am no-5- nl?ropyrldln 2-yl)am no]propyl} 4-[4-(1H 572.6
i m dazol - 1- yI)pherPy] N[ 3-(2-oxopyrrolidin-1-yl)prapyl]- I H

ol e- 3-car boxafn de
Ci ct NHz
gamy @%

NH,
e N Hurugs Base, DMA, Mo \[/\[
2 80 C, 58-60% yieid NO,

5

Preparation of ferf-butyl 1—{3—[(6-amino-S—nitro(2—pyridylj)amino]propyl}-4-
( S (2,4-dichlorophenyl)pyrrole-3-carboxylate (7).

20 To the premixed dry reagents, pyrrole 5 (1 eq) and powdered 6-chloro-3-nitro-2-
pyridylamine (6) (1.1 eq), was added the DMA followed by Hinig's base (2 eq)
sequentially with stirring at rf. The reaction was then heated to 80 °C overnight. The
reaction was followed by TLC (EtOAc/hexaﬁe (1:1 v/v), the UV active yellow product
was at Rg= 0.25), HPLC and LCMS. Upon completion as judged by HPLC, the reaction

25  was allowed to cool to 70 °C. Eihylene diamine (anhydrous) was then ad&ed to the
reaction to destroy any renﬁainjng unreacted chloropyridine 6. After 15 min stirring at 70
°C, the reaction was cooled and quenched with the addition of sat. aq. NalCOs. The
aqueous mixture was exfracted with EtOAc, and the cofmbined organic layers were

washed with sat. ag. NaHCOs, water, brine, dried, filtered, and conceutrated to dryness to-
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10 1-{3-[(6-am no-5-nitropyridin-2-yl)am no] propyl }-N-[(2S)-2- 505.5

hydr oxypropyl]-4-[4-(1H i m dazol - 1-yl ) phenyl ] - 1H-pyrro|e 3- carboxar‘hQjé:"l-l\ll.a_ﬂ[;7
1-{3-[(6-am ng-5-nitrooyridin-2-yl)am no]propyl} -N[(l Sr1Rz20808602

hydr oxy- |-rre?’r951f“ﬂ°%"r*ff 4-[4-(1 Hinidazol-1-yl ) phenyl -1 H oor02e0s

ol e- 3- car boxam de 12

1- {3-[ (5-cyanopyridi n- 2- yl)am no] propyl }-4- (2, 4-di chl ore- 473. 4

phenyl) - N-[ (2R) 595 ¥ drax foquatlalah)k&wnyyen%%oﬁr Oﬁ{ett%%rzﬂr ctléas pyrified by flash
1-{3-[(6- amno%nltropyrl di n- 2- am noj pr op -4 4-
di chl or ophenyl )chxpxngongcgweq wp%#@%g@qﬁgpﬁ%g e pp.pﬁed SnAr adduct 7 was

yrrol e-3-car boxi@%@@m:lﬂ%% ield as a yellow solid. "
N[ 2- (acetyl ami no) et hyl ] - % 3- (6 am no-5-ni tropyridin-2-yl)- 532. 6

am no] propyl }-4-[4- (1H i m dazol - 1-y1l) phenyl ] -1 H pyrrol e-3. carboxani de 15
1-{3-[(6-am no-5-nitropyr d|n2yl)amno]propyl} 4(24 508. 4 ‘

di chl orophenyl ) - N-[ ( 2@ - hydr oxypropyl ] - 1H pyrrol e- 3- oxani de 16
1-{3-[ (5-cyanopyri di | ) ami no] propyl } TA-({%% vig. dij ¢, <505. _
phenyl )-N-[ (1 S)-%- Xy- | - [fet hy%et hyl kwtbt pyrrol e- Ncar nele 17

1-{3-[(6-am no-5-nitr pyrl\d\n’gz[! mno W 4(2411 508. 4.
di chl orophenyl )-N-[ (1R -2 -hy kpt%? e'%athyl]-l I—|-p§/rrole 3'\'Oz

car boxam de 18 1-{3-[(6-am no-5- nltropyrldln 2-yl)am no] propyl }-4-(2, 4-
494.3 di-chloro henl)-N-(2-h drox eth 1-1H rrol e-3-carboxam de 19

1-{3-[(5- cyanopyri diRregarptidmm nb] pM@{rqﬁ}a{miaé-s-ndtrdizelh)hmyo)anﬂiajpﬂopyp}h%(wel-) - N &)

[ (2S)-2-h drox oles3 carbo %e(o%

12 (301 (6 ani no- B8 ﬁ%{JPh"‘“ b, “““23 SRS 11 4 14 (14 552.%6

i m dazol - 1-yl) phenle]n-aI\he(l,ZFfﬁytcaidlyne aﬂydme):\hgsla)idédl-ie[awu‘rai mixBire ofehoxgiedea 21

4- (2, 4-di chl orophe N-[

[(5-nitro yllé?dl EY’?%R a (]);‘S}’I a}{'&iffﬁ%ﬁlﬁtrlgeth%wgl E%%i&&ﬁ é%te%mfur@“ﬁtﬂN

2007 WD 2004/ 0384561 PET ITMS%%bﬂZ%Z&eEXAthﬁtwhﬁdMﬁducﬁa pressure at room

1-{3-[(5-cyanopyri di p- 2- 2 4-di chl.oro- 473.4

ph enyI )-NT(1 S elnfexmym a%éy&nf %&o e% sWFrvEﬁsglwgolved agam in CH;Cly and
concentrated under reduced pressure at 1t. The material was used in the final coupling

step without further purification as the TFA salt.

OH i
' OxOH \ OH ?\IH/I
CI\QX; " HoN m@iz,
N o~ 2 - T NH,
\I:I HETW, Hunig's Base, W \[.;E
NO; CH,Cl5RT, 50-70% vield NO;
15 ) cHlR 154703

Preparation of N—((IS)—Z—hydroxy—isop'ropyl)(l-{S-[(Sjamino—s-nitro(z-
pyridyD)amino]propyl}-4-(2,4-dichlorophenylpyrrol-3-yDearboxamide (9, CHIR
154703).

20, (25)- (—i—)—? -Aminopropan-1-ol (1.5 eq) was added to a stirred mixiure of acid (8)
(1 eq), HRTU (1.5 eq), Hiinig's base (2 eq) and DMF (premixed sequentially in this order
in a vial) at room temperature under argon. The reaction was stirred for 3-4 h until

- complete as shown by LCMS and HPLC. The reaction mixture was subsequently diluted
with BtOAc, washed with NaHCOs, and concentrated to afférd a powder in a 70% yield.

25 ALTERNATE PRODUCTION OF CINNAMIC ESTERS

Preparation of zert-butyl (2E)-3-(4-ethylphenyl)prop-2-enoate
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car boxam de 23 1-{3-[(6-am no-5-nitropyridin-2-yl

538.6 imdazol-1 -yl)phenyl]-N(pyridin-3-ylnmethy

carboxam de 24 1-{3-[(6-am no-5-nitropyridin-2-yl)am no]propyl }- N-[(lR) 2-

505.5 hydr oxywo=2pfstossFet hyI] 4-[ 4- (1H-im dazol - | -yl ) phenyFYUSppg3/026625

ol e- 3- car boxam de 25

1-{3-[ (5-cyanopyri di n- 2- yl)am no] propyl} 4- (2, 4-di chl oro- 473. 4

phenyl) N[ (1R) - 2- hydroxy | - g et hyl]1-1H pyrrol e- 3- ' carboxam de . 26
4- (2, 4-di chl or ophenyf) twlff(nzéﬁiehﬁ b8k J3F GG o a{%lﬂ[e(l?“snﬁg%% of -yl

i di n-2-yl)am noj2-faetbxydeibon9h@e@re@RRQX MG Wt (6 eq), LiCl (3 eq) and CH5CN. The

N-1-[1-{3-[(6- am{m 5- Eltrogj))/rldlﬁ Zbﬁ?( ) am nQj pr(pyql)} 4- ézqz)l 50934

di cbor ophenyl) ]_rppcu% ?ﬂéi}mIS“S?F ge@?dl A A¢Hug do emnpletely dissolve the aldehyde After heating

1-{3-[(6- am no- 5 Bhlsh CO%H B u; mle)f@aeﬁdmdg &H%XJI }oﬂe&o%lp@éaé @:é Tﬂe%ﬂeaém

fl uorophenyl)-N-[ (1 S)-2-hydr oxy- | - met h yrrol e-3 car boxam de
4- (2, 4-di chl o opFiesdoptaNs P@R}Sﬂ@ﬁﬂﬁ%rﬂék@ Waﬁmt}qn@fl ggtwpenlchﬂ@z apd vaipr. The
5-nitro yridin- ?nrg/émcaqqyé}%snpasﬂea Mﬂa 19 &;] %m‘i@ﬁé?@ ageNﬁQcoa water, and brine.
1-{3-[(6-am no-5-hi tropyridin-2-yl)an no rop 4.4

di chl or ophenyl) ms(wwwdhmwdnamﬂ%w d{ m@wmﬁzateéi@dwwb@mmﬂwe 31
N-[1-{3-[(6-am r&fﬁ% ﬂg/'!r)‘%u{)f@é' %%&é’h@é@o'ﬁﬁ]ﬂs%éégl}veéﬂgnﬂmn@%&mt of hot

di chl oro hen 1) rox rolilnam

1-{3- [ (6-ami no- 3-HClar fq@ywmﬂ‘bm azdnylbr) @ﬁ]apm%mew § -tine§ Ahe} volg@8 of hexane. The
di chl orophen 1 de 33
(1 {3- [(6pam %do) gk}l’%ﬂtﬁr (()%(i/dr?L in-2- W%%X%)W%%t cpy%%&hﬁfe rﬁ%%)l(@g}g '
f1 uor ophenyl ) - N(ﬂ‘@@Y@ﬁe@l)th%Wp@Oﬁpﬂﬁl 4ttain6&l-@ymr ollewgich awa‘;oﬁlahfirdﬂlﬁﬁ?d by
met hyl (4R) - 1- 0

pr opzli 4)[4 Ef Oﬁﬁm([jéhg% é}%ﬂ? ]%5 ?]W%Iﬁbgc ol -%-yl -Jl%egfﬁ”%ngﬁs) méf %?33 Ir ox
-L- ro'linate 33VH+ (80% yield).

4- (2, 4-di chl orophenyl) - N-[ (2R) - 2- hydroxypropyl] 1-{3-[(5-nitro- 493.4
yridin-2-yl)am no] ro P-1H vyrrol e-3-carboxam de 36

1-{3-[(6-am Ho-5-ni tropyridi n-2-yl ) amEXSMNRIGSA-36AU- (2, 4- 548.4

di chl or ophenyl.) - N- (4- hydr oxycxéqfll\ﬁ@ﬁ@@ bF%%ﬂL@é@EﬁbLﬁ\ﬁf&boxam de

Examples 2-362 were synthesized following the synthetic- schemes described

) am no] propyl }- 4- [4 (
|)-1Hpyrrole-3 JIANZBW

above in Method 1 and in Schemes 1-4 directly following the table. The precursors are
readily recognizable by one skilled in the art and are commercially available from
20 Aldrich (Milwaukee, WI) or Acros Organics (Pittsburgh, PA).

C : | EXAMPLE - - - NAME : M+
_ 2 1-{3-[(6-a.minﬂ-S-nitropyridiﬂ-z-yl)amino]propyl}—N—(Q.—cyano- 500.5
' ethyl)-4-[4-(1 H-imidazol-1-yl)phenyl]-1H-pyrrole-3-carboxamide
3 1-{3-[(6-amino-5-nitropyridin-2-yl)amino]propyl } -N-(2-hydroxy- 491.5
ethyl)-4-[4-(1H-imidazol-1-y)phenyl]-1H-pyrrole-3-carboxamide
4 1-{3-[(6-amino-5-nitropyridin-2-yl)aminoJpropyl } -4-[4-(1H- 519.6
' imidazol-1-yl)phenyl}-N-(3-methoxypropyl)-1H-pyrrole-3-
carboxamide
5 N-((18)-1-carbamoyl-2-hydroxyethyl}(1-{3-[(6-amino-5-nitro(2- 5345
pyridyl))aminojpropyl}-4- (4—1m1dazolylpheny1)pyrrol -3-
vi)carboxamide
6 1-{3-[(6-amino-5-nitropyridin-2-yl)amino]propy!} -N-cyclopropyl- 487.5
4-[4-(1H-imidazol-1-yl}phenyl}-1H-pyrrole-3-cartboxamide
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-49- | 1 9 JAN 2007 WD 2004/018455 PCT/ US2003/ 026625 EXAMPLE NAME JAﬁZZUW

1-{3-[(6-am no-5- nitropyri di n-2-yl)am no] propyl }-4-(2-chloro-4- 491.

f1 uorophenyl) - N- - hydr oxypropyl ]-1H pyrrol e-3 carb Il 8

1-{3- (6- am n¥%B" &#‘%‘% “§byri di n-2-yl ) am no] propyl } - 4- (2, 4- %?g@{s%’g?’m&

di chl orophenyl) - N-[ (2R) - 2- hydr oxypropyl ] -1 Hpyrrol e- 3- car boxan de 39

1- {3 [(6 am-ho--5- nlfrnn\Lrl din-2- \/I \_am nn] nrnn\/ll ZL(’) 4-__560.

di chl or ophemyi hvie E2- (2 0xo0- 2, 3- d| hydrcpmp}f@ m dazol -I - 1 eth I|] - 1k

yrrol e- 3- cafboxam d¢ _ T

1- { 3-[ ( 6- an no- - ni tlrt{ﬁjgﬁ HiH o8 OPZYI} Yo d1508 4 5084

di chl or ophepyl ) - N- ( ”hW?HhﬁRﬁbNﬁ%S?“zl@’ﬁ@ﬁm}Tm?t lﬁ@ﬂ‘l} gvoleddsy Hoxani de 41

1-{3-[(6-3_ 0- 5- ni t5e8esEnide n- 2- v1\am4¢m]nrnn\111 4- (9 chloro-4- 491 _9

f1 uor ophenyl) - Ng[ ( 1F§1etﬁym@(r10{>s (d-amﬁslshﬁdr@gyhmlﬂz- bdmm] ar bopagm de¢ 42

1-{3- [ (6-ani no- 5- ni YuqPMLintHas M}pham]nﬁi W%Lg'l}éﬁr _ '

di chl or ophenyT = N-(4-Tet Iy Dl pera2| n Vigel e :s- caro Xam de 43

1-{3-[ (6- an no- 8- ni &g&z(ﬁﬁam% FIB%HIQMI}[%I‘{@IH 609g. 7 372.6

i m dazol - 1- Y| ) pheny||jmidezelal-Hnhs ﬁﬁd] %42%%% - 3-| carboxami|de

44 N-2-[2-(acetyl anjipyepkar-hoarpoxmmide] 1- {3- [ (6- anmi no-5-nitropyri di n-2- 564.4

y! %gm[ ?gl pr opy! 1‘?4 (Redr (Pl 3&@@ dla%ig ﬂrs’d 1}3N|£JO -»50'423' ni g 45

-{3- -am no- 5-ni Y/

i m dazol - ) hen Jl{}@%% ﬂ] L Eg@g ’

1-{3-[(6-an o= :)ﬁll'uu y||U| m=2=yt)aninoj ;-4-\4 chtoro—@73-9 o

phenyl ) - N- [ { 1R) 112- hyt bkg-aminped-hifopyrfdjn-2-y Hﬂ ]pr@y&-ls 6@ Boxani deS0x4% L

1-{3-[ (6-am no- 5- ni tk TW@%@YN*&&‘HH‘IMQ@MFW&)@@XE 1¥661. 5

di chl or ophienyl ) - N- ( 3pymipieol-ratboxamidel propyl )-1 H pyrrole-3 carbdxami de = 48.

2-[(39)-3-( dcetiﬁ ami| 193 py Loy obidn-3 il iyl 32 (4 SaRo AR5 949 §73.4
phenyl)-N-[(2R)-2-hydroxypropyl]-1H-pyrrole-3-carboxamide _

13 |1-{3-[(6-amino-5-nitropyridin-2-yl)amino]propyl}-4-(2,4- 524.4
dichlorophenyl)-N-[2-hydroxy-1-(hydroxymethyl)ethyl]-1H- '
pyrrole-3-carboxamide _ |

14 N-{2-(acetylamino)ethyl]-1- {3-[(6-amino-5-nitropyridin-2-y1)- 532.6
ammo]pmpyl}-4—[4~(1H—1nudazol 1-yD)phenyl}-1H-pyrrole-3-
carboxamide

15 1-{3-{(6-amino-5-nitropyridin-2-yl)aminojpropyl}-4-(2,4- 508.4

+ |[dichlorophenyl)-N-[(2S)-2-hydroxypropyl}-1H-pyrrole-3-
carboxamide
16 1-{3-[(5-cyanopyridin-2-yl)amino}propyl } -4-(2,4-dichloro- 505.5
' phenyl)-N-[(18)-2-hydroxy-1-methylethyl])-1H-pyrrole-3- ( )
carboxamide

17 1-{3-[{6-amino-5-nitropyridin~2-yl)aminolpropyl}-4-(2,4- 508.4

dichlorophenyl}-N-[(1R)-2-hydroxy-1-methylethyl]- 1H-pyn‘ole—.->~
_ carboxamide

18 {1-{3-[(6-amino-5-nitropyridin-2-yl)amino]propyl} -4-(2,4- 4943
dichlorophenyl)-N-(2-hydroxyethyl)- 1 H-pyrrole-3-carboxamide

19 1-{3-[(5-cyanopyridin-2-yl)aminojpropyl}-4-(2,4-dichloro- 473.4

. phenyl)-N-[(28)-2-hydroxypropyl}-1H-pyrrole-3-carboxamide :

20 1-{3-[(6-amino-5-pitropyridin-2-ylyamino]propy1}-4-{4-(1H- 552.6
imidazol-1-yl)phenyl]-N-(2-pyridin-2-ylethyl)- 1H—pyrrole-3—
carboxamide -

21 4-(2.4-dichlorophenyl)-N-[(18)-2-hydroxy-1 —methylethyl]—l -{3- 4934
[(5-nitropyridin-2-yD)amino]propyl}-1H-pyrrole-3-carboxamide
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ni tropyridin-2-yl)am no] propyl} -4-(4-ethyl phenyl)-1Hpyrrol-3 1] acetam de
49 1-{3-1(6-am no-5-nitropyridin-2-yl)am no] propyl }-4-(2-chl oro- 473168 JAN 7007
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carboxamide
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di chl or ophepwl )+ yridin-2-yl met hyl) pyrrole 3 car boxan] de
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carboxamide
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yl)propyllglycinamide
86 N-[1~{3-[(6-amino-5-nitropyridin-2-yl)aminoJpropyl } -4-(2,4- 5354
dichlorophenyl)-1 H-pyrrol-3-ylimorpholine-4-carboxamide
87 tert-butyl 1-{3-[(5-cyanopyridin-2-yl)amino]propyl }-4-(2,4- 472.4
dichlorophenyl)-1H-pyrrole-3-carboxylate
88 tert-butyl N- {[1-{3-[(6-amino-5-nitropyridin-2-yl)amino]propyl} - 650.6
4- (2,4—d1ch10ropheny1) 1H-pyrrol-3-yljearbonyl } -O-(tert-butyl)-
C D-serinate
89 N-[1-{3-[(6-amino-5-nitropyridin-2-yl)amino]propyl}-4-(2,4- 518.4
dichlorophenyl)-1H-pyrrol-3-yl]-N'-(2-cyanoethylurea
.90 tert-butyl 1-{3-[(6-amino-5-nitropyridin-2-yl)aminolpropyl}-4-{4- 504.6
{1H-imidazol-1-yl)phenyll-1H-pyrrole-3-carboxylate . .
91  |2-amino-N-[1-{3-[(6-amino-5-nitropyridin-2-yl)aminopropyl} -4~ 569.5
(2,4-dichlorophenyl)-1H-pyrrol-3-yl]-4- (methylsulﬁnyl)
butanamide
92 N-6-{3-[3-[4-(1H-imidazol-1-yl)phenyl]-4-(pyrrolidin-1-yl- 501.6
: carbonyl}-1H-pyrrol-1-ylipropyl}-3-nitropyridine-2,6-diamine
93 N-6-{3-(3-(2,4-dichlorophenyl)-4- {{(28)-2-(pyrrolidin-1-yl- 587.5

pyridine-2,6-diamine
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lycinam de 112 N-{[1-{3-[(6-am no-5-nitropyridin-2-yl)am no]propyl}

538.4 dichloro hen |)-1H of-3- I]Jcarbon 1 serine 113 SEN 007
1-{3-[(6-am n yridin-2-yl)am no] propyl} N-[(3S) P}ST/U§§J§3/@2662 :
azabi cycl of 2. %,0%094,0%439 |1-4-[4- (1Hi mi dazol - 1-yI ) phenyl | )
"rrol e-3-carboxam de 114
1- {3 [(6 am noe-5 n|1'rnn\/r|r|| n-2 \ll\nm nn] nrnn\/ll /]__LA pynnn 4645 .
phenyl ) - N- [ ({fe3RAMEE.h) droxy I rret hyI et hyLA]Mg H pyrrol e- 3 car bo> amrqE;H- 1156
1-{3-[(6-am ho-5-nit d|n 8 .
di chl orophenUI ) [3 Pﬂi‘fﬁé&g i?’ ?‘?%‘P%b‘iﬂy} i %@W Bre. 4348
3- car boxani de—-116. 01'0 Sir} yn‘ole3 carboxylic aci
1- (2-{[1-{3-[ (6-aam nor%[(siaﬁmyihﬂbﬁyﬁwt»gﬁmm@jﬁp%yé p4- (2, 4{ 5%uss
di chl or ophenyl ) - 1H pYdiét@broghen))-8nfi1 By dre x)@gg@i)bydl HehtpBI1 }Q@,ieé@n carbox |i L
acid 117 1-{B-[ (6-aml@fmwlamidtr opyri di n-2-yl)am no] propyl |4- 530.4
di chl oro henyT = NT2Z3 et nyl - IFF ol e- :5 car boxam _dée J.J.B
1-{3-[ (6- am ho- 60 1 | gﬁﬁﬂﬂﬁmﬁ BYH % whepprieropy b A-Cft-or 0- 24 49619
f1uor ophenyl )- N [ (I R|& rL?nEétqafg}hY e E iRt loiEpgrole ar boxani de |
119 1-({1-{3t Caﬁbqiﬁaﬁlildﬁnvrl din-2-yl)aninolpropyl}-4-[4- (tlH- 531 6
i m dazol -1-y|) t';qn | ]réj]ﬂt 6)é£rfuib| Sl?n‘n)b @% p@@ﬂ’yl}dNJDCBij-Ql 120 ss6.6
N-[1-({1-{3-[(6-am no; 155»0&6[@@21dcf13@1]2¢w ﬂfﬂnﬂﬁL Yohényf-1et- §12. 6
(1Him dazol {1 -yl)ph Oe__c - -yI carbonyl)pynolldln 311
-2,2,2-trifl porogacetam oe 12T
1-{ 3-[ ( 6- ani ho- 5¥ni t b@f(ﬁwg;&mm%@ﬂmp}prm 24 @4 615 4 561.5
di chl or ophenyl ) - N { MitHigophenylypl2pipigridimol-ylethyRribhesjroks -1 H
ol e- 3- car boxhm de 12 Zcarboxamide
1-{3-[ (8- ami no- Gyoni t rtemeﬁ 173 ya?lﬂﬁé!‘s-'ﬁfh ﬁx@d}ﬁ(b} kb RO 87, | 53647
fluorophenyl )-N-[(1 F {yﬂ Q 1%_3%£) s ] y1I—|— py%ﬁgl cartboxam de [123
1-{3-[(6-am o=5=-1it II o] n = y| dm o lupyl r=<74-ethyt=—24675
Shenyl ) N[ ( 2R) 100 hy dNé-@oi3H C8g B B b BRI | A7 | VD
2004/ 018455 PCT/ U820 HoHew1 WANEDNEp-1-viPoropyl)-3-nitro-
N 1-[1-{3=[ (B-ani_no-15 WMﬂM}W 2-v1)am nol propyl }-4-(2,4- §36.4
‘ 101 1-{3-[(6-amino-5-nitropyridin-2-yl)amino Jpropyl} -4-(4-ethyl- 467.5
phenyl)-N-[(28)-2-hydroxypropyl]-1H-pyrrole-3-carboxamide
102 tert-butyl 1-({{1-{3-[(6-amino- S—mtropyndm-z-yl)ammo]propyl} 628.8
4-(4-ethylphenyl)- 1 H-pyrrol-3-yllamino } carbonyl)-3-(methyl-
sulfinyl)propylcarbamate
103 1-{3-[(6-amino-5-nitropyridin- 2-y1)am1no]propy1}—4 (2,4- 5214 _
dichlorophenyl)-N-[2-(dimethylamino)ethyl}- lH—pjmoleuB- :
carboxamide (
104 1- {3-[(6-a:fnmo—5~ni11‘opy1idin—2-y1)amino]propyl}-4—(2,4- 541.4 '
dichlorophenyl)-N-(pyridin-3-ylmethyl)-1H-pyrrole-3- ‘
carboxamide . - .
105 |2-amino-2-methylpropyl 1-{3-{(6-amino-5-nitropyridin-2-yl)- 522.4
amino]propyl}-4—(2,4—dic]110r0pheny1)—IH—pyrrole-B-carboxylate '
106 1-{3-[(6-amino-5-pitropyridin-2~yl)amino lpropyl } -4-(2,4- 558.4
dichlorophenyl)-N-[3-(1H-imidazol-1 -yl)propyl] 1H-pyrrole-3-
carboxamide
107 11-{3-{(6- annno—i—mtropyndm— -yl)ammo]propyl} 4 (2, 4~ o 556.4
dichlorophenyl)-N-[(5-methylpyrazin-2-yl)methyl]- IH-pyrrole-B-
jcarboxamide
108 tert-butyl 17{3-[(6-a_mino—5,-nitmpyﬂdin-z-yl)amino]propyl}-4— 507.4
|(2,4-dichlorophenyl)-1H-pyrrole-3-carboxylate
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di chl oro henyl

di chl orophenyl ) - 1H pyrrol -

-1H of-3-yl ornithinam de 125
1-(2-{[1-{3-[(6-am no-5-nitropyridin-2-yl)amn no] propyl}. 4- (2 4- 590. %9 JAN 2007

3-yl ] am no} - 2- oxoet hyl ) pi peri di ne- 4-

C

ar boxam de

126 1-{3-[(6- alh&8UE#Sr opyri di n- 2-yl ) ami no] propyl } - 4- (2, P@T”@l?ﬂf’/%“b

di chl orophenyl ) - N- (pyri di n-4-yhnet hyl ) -1 H pyrrol e- 3-

car boxam de 127

1-{3-[(6-am no-5-ni tropyridi n-2-yl)am no] propyl }-4-(4-chl oro-2- 654.1

met hoxyphenyl)

AP

2- cyanophenyl ) sul fﬁ% am no} ethyl) 1H

MH+

rrol e-3-car box
1-{3-[(6-am no
phenyl)-N-[ (1

-5-mistro
S) - 2- hyd

AV R ny 42y v

0¥-{ 1- (-{6-Amjtlo) BitromridinelyDdmide brbp @t HyL:4- 467|

ni de

'cﬁnh}brdphaﬁ)ﬂhm{{@mglu}ynhcéthrﬁmér ol e 3 car boxai

S 4643
129

N-[1-{3-[(6-an
phenyl)- 1H vy
1-{3-[(6-am nq

1 No:-5- ni
rro}1-3-y
-5-nitro

g&ﬁ@% Ogg-)y %ﬁﬁﬁﬁw bt et 2.

24U ooy B ligin-

494,

598 6

di chl or ophenyl-N-et-hy/

131 N-[1-{3-[ ({6- aniino- pe-pi[1-f DPBLakticn5-Bitishyraditi- m@l)ﬁﬁ:@@)pk vA=4-2,4- 5495405
di chl oro henyl)) - 1H yr fddhtcBophbhyl Rt HRyiAe3-}-4=2- 2@ Rl il Beno)dBAT- .
1-{3-[(6-am ng- 5- ni t r op¥fcindiitte2- yI ) am no] propyl }-4-(2,4- 475.5

difl uorophenyl -N (2R xypr -T Fpyrrole-3 carboxamide 133
1-{3-[(6-amni ng- i“tro Obﬁld{lgﬁég Y REBpyemnolponl 46844 |di cAf%T o
henyl - N- ( 2- met-hoxyet hldigploephenyll, oy hperine, ¢ hyl

4- ({[1-{3-[ (6-]am ng- 5- lL{3E[@@aﬁhmdls%ﬁc;byhﬂxﬁmymlrﬁﬁc9ﬁﬁby}l} AF(805-5 C | 5566

(2, 4-dichlorop
35 N-2-[ 2-(ac

henyl )-1
etylamn

Iz dbydvE 1@ 2. B2 pbt] AT W?H m&eﬂpmﬁfehﬁg e

H}Jxam,hé {3-](6 am no- nltropyrldl

car boxyl ate
n-2- 523.6

| Yalnino] ro 1
(1-am nocycl op
rovyl}-4-(2,4-

~I-7-6
ent 1% net

=5-nitro

di chl or oP

%’ﬁé
RSP ?(%%?6 :

[
hgira'f) 13%1 -2t @V@O@f& Hety thY tidl-pygyole-3-

bptde \/I \:-\m nrﬂ pr nn\ll LJ&L I'(’-lIQ AIQ\ -1-

48. 454ani o]

45 4

1-{3-[(6-amn

azabi cycl o[ 2. 2.

carboxaitide 1
2-[ (3R) - 3-(acsg

1 jizept
38
tyl an-dn

136y d-arfhind 3y SihorARBERY oyt Ry AL Ol - 3
dichlorophenyl}-N-[3- (Z-methyIF endm— Tpropyl]-1H- Spynole-

9.6 .

589.5

ni tropyridi n-

R

@)dabb'&ﬁéxhl gn-1-yl]-N 6--am no-
Y

4-(4-ethyl ph 1H [
- IQ¥3 {(6 am&noéefmtr%/py%dl?yﬁ/ yl))ammo]gj.}ggajrfl(})—tl-(z 4-

dichlorophenyl)—IH-pyrrol-S-yl]ammo} 2-oxoethyl)piperidine-4-
carboxylic acid

acet am ¢
' 5915

117

1-{3-[(6-amino-5-nitropyridin-2-y)aminojpropyl} -4-(2,4~
dichlorophenyl)-N-(2-furylmethyl)-1 H—pyrrole—'B-carboxamide

5304

118

1-{3-[(6-amino-5-pitropyridin-2-yl}aminojpropyl }-4-(4-chloro-2-
flucrophenyl)-N-[(1R}-2-hydroxy-1 -methylemyl] 1H-pyrrole-3-
carboxamide

491.9

119

 limidazol-1 -yDphenyl]-1H-pyrrol-3-yi}carbonyl)piperidin-3-ol

1« {1-{3-[(6-&n1ino-5—nitropyridin—2-y])amino]propyl} -4-{4-(1H-

531.6

120

IN-[1-({1-{3-[(6~ ammo-S-mﬁopynaln-z-yl)ammc]propyl‘-4—[4~
(1H-imidazol-1-yl)phenylj-1H-pyrrol- 3-y1}carbony1)pynohdm-3—
y11-2,2,2-trifluoroacetamide

612.6

121

1- {3—[(6—am1110-5—n1tropyr1dm-2—y1)amhlo]propyl} -4-(2,4-
dichlorophenyl)-N-{2-[(5-nitropyridin-2-yl)amino]ethyl}-1H-
pyrrole-3-carboxamide

- 6154

© 122

1- {3—[(6-amino-5-nitropyﬁdiﬁ-}yl)émino]propyl} -4-(4-bromo-2-
fluorophenyl)-N-[(1R)-2-hydroxy-1-methylethyl}-1H-pyrrole-3-
carboxamide

536.4

123

1-{3-[(6-amino-5-nitropyridin-2-yl)amino]propyl } -4-(4-ethyi-

phenyl)-N- [(2R)-2-hydroxypr0py1]~lH-pynole—3~carboxamjde

467.5
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-56 1 9 JAN 2007 WD 2004/018455 PCT/ US2003/ 026625 EXAMPLE NAME M+
N 2- (3- ani nocycl ohexyl ) - N-1-[ 1-{3-[ (6- ani no-5-ni tropyridin-2- 576.5] 9JAN 2007
yl)am o] propy ooﬁnf 2s 4-di chl orophenyl ) - 1H pyrrol - 3-yl] @fﬁ]lsgﬁngl@, 140
4-(2,4-dichlorop enyJ) N[ (1R) - 2- hydr oxy-1-net hyl ethyl]-1-(3- 516
{[5-(trifl uororret hyl ) pyridin-2-yl]am no }propyl)-1H pyrrole-3 carboxam de
141 N-1-[21-{3-[(6-am no-5-nitropyridin-2-yl)am no]propyl}-4-(4- .468.5
ethyl hen 1 t f‘ﬂ@ - 3- yI]serl nam de 1
N[ (3R)-1-({ Lé-io- l.%g anmmmo=-5=nitropyritdin-2=yt) f“i mofpropyt=4—556-6
[ 4- (1Hi i dakol 124yl i%ﬂdﬁy{ﬁ][%i&%wﬁ@@&ﬂ@m}z Bdhnmmip}tbmﬂwf@m di{n- 536.4
3-yl]acet an ge 143, dlchlorophenyl) 1H-pyrrol-3-ylornithinamide .
1-{3-[(6-am h |tr 2¥|
di f1 uor ophenyl )%ﬁq Om ? )fﬁ %‘Eﬁg% %‘9 fr_&]}aﬁ e 4_ carglgoxam de
144 N-[1-{3-](6- amndc- d’y” ;Y/ mno PE ‘i { 530.4 .
di chl oro henyH)—iH- p)'rroT 5 y. 2 tH-+m-dazot—t— ,aceta... de—145
N-[1-{3-[(6-am ndé 5- rﬂ { 3-f(pyemi- FairoyyjdmwDimpinojpydgyid4-(24-4- 536. 4 s4dichl ¢ro
henyl ) - 1H y{r ol - 3- yldielibropliznylpiNa@itidih-anlmedd)-hitpyaokees- 146
N-6-{3-[3-[4}{(1Him (iﬁﬂﬂ)b;&{h}dyl)phenyl] 4 (nmor phol i n-4- 517 6
yl car bonyl ) - LH - 3n|tro 2, 6-di am
N-1-[1-{3-] (b- ar’r%o fﬁg OBy g‘g ;@P&%ﬁ;{ P Or‘;%& 7 6541
et hyl phenyl ) { 1H pyrr g Y)ro 1yl 1 cinaride
148 1_{3_[(6 anan "Cﬂﬁﬂ ¢\ﬂmnf\1hl‘f\h\l|1 4 {’) 4 55 -
di f 1 uor ophenyl ) -Ib8 [ ( JR){S-?(ﬁh)tﬂhd:ﬁ(-ﬁrtrbpyrm wl)a:himyﬁ]p}opl,rl}l-ﬂ pﬁyéthﬁll e- 3 cag7poxani del_
149 1-{3-[(64am no- S-ﬁuehﬂmy[uwzmyaroxymmﬁm&ﬂ@ﬁppwp}yné}e(ﬂ chl orlo- 416.8
henyl ) -1H yjrol e- 3- cashxldec aci d 150
N-[1-{3-[(6-am nQ-5- |d|n | ( .9
di chl or ophenyl )q%h- &Plr[fj'ﬁg ﬁ )p n‘l”%g E‘%é I?i’rlﬁ'%(g‘)t'emyl' 494.6
ol i di n-1-yl | Acet-ami-d e hﬁﬂﬁn AAyhroxyprolinas
1-{3-[ (6- ami ho- 5§3gi t rpmq(ﬁd:!:dﬂ:@ﬁ Mitbpridied RTaRMb lprédpy(24-4,4-451. 3 | di sdsloro |hen
|)-1H ol e- 3{car boxyl d1Ehlaﬁp]danj}.ﬁ&—eﬂlyl-l\f-(pyndm-4—y1methyl) 1H—pyrrole—3-
1-{3-[ (6-am no-5-ni t reoxkside- 2- y1) am no] propyl }-4-(2,4- 547.5
131 N-[1-{3-{(6-amino-5-nitropyridin-2-yl)amino]propyl}-4-(2,4- 549.4
dichlorophenyl)-1H-pyrrol-3-yl]-2-morpholin-4-ylacetamide
132 |1-{3-[(6-amino-5-nitropyridin-2-yl)amino]propyl}~4-(2,4- 475.5
' difluorophenyl)-N-[(2R)-2-hydroxypropyl]-1H-pyrrole-3-
carboxamide
133 1-{3-[(6-amino-5S-nitropyridin-2-yl)amino]propyl} -4-(2,4- 508.4
dichlorophenyl)-N-(2-methoxyethyl)-1H-pyrrole-3-carboxamide
134 |ethyl 4-({[1-{3-[(6-amino-5-nitropyridin-2-yl)aminolpropy!}-4- | 605.5
(2,4-dichloropheny!)-1H-pyrtrol-3-yl]carbonyl } amino)piperidine-
1-carboxylate
135  |N-2-[2-(acetylamino)ethyl]-N-1-{1-{3-[(6-amnino-5-nitropyridin-2-|  523.6
' yhaminoJpropyl}-4-(4-ethylphenyl)-1H-pyrrol-3-yllglycinamide
136 (1-aminocyclopentyl}methyl 1-{3-[(6-amino-5-nitropyridin-2-yi)- 548.4
aminolpropyl}-4-(2,4-dichlorophenyl)-1H-pyrrole-3-carboxylate :
137 1-{3-[(6-amino-5-nitropyridin-2-yhamino]propyl} -N-[(3R,4R)-1- 545.4
azabicyclo[2.2.1Thept-3-y1]-4-(2,4-dichlorophenyl)- 1 H-pyzrole-3-
carboxarnide _
138 |2-[(3R)-3-(acetylamino)pyrrolidin-1-yl}-N-[ 1-{3-[(6-amino-5- 549.6
nitropyridin-2-yl)aminoJpropyl }-4-(4- ethylphenyl) 1H-pyrrol-3-
yilacetamide

-56-

)




di chl orophenyl ) - N-(pi peridi n-4-yl methyl)-1H pyrrol e-3- carboxam de 153

N-[ 1-{3-[(6-anvno-5-nitropyridin-2-yl)ani no] propyl }-4-(2,4- 576.5 19 JAN 007
di chl orophenyl ) -1Hpyrrol -3-yl]-2-[(3R)-3-(di methyl am no)- yrrolidin-1 -yl]
ac etan de -57W2004/09843AN 2007 WO 2004/ 018455 PCT/ USZOOBPG"Q’ES@@’@@WPLE
NAME M+ 154

N-6-(3-{3-(azepan-| -yl carbonyl )-4-[4-(1H i m dazol -1-yl ) phenyl]- 529.6 1H
of-1-yl ro 1 I di ne- 2, 6-di am ne
1_{3_ %/( 6_ am rﬂwll‘}fnn\lrl rll n-2 \ll \ QWlL pﬁ%&ﬁﬁnul 1 /I / ’) 4 475 5 MH+
di fl uor o_phenyl ) -I99[ ( 11\@ (ﬁadny@b"yemyexy@-wmt f{L‘;L[(etal&thd-S—huldpmﬂiﬁ QJ g- 3-576.5
car boxam de 15 yhamino]propyl}-4-(2,4-dichlorophenyl)-1H-pyrrol-3-yl]- -
1-{3-[ (6-am no- 5 nltrg]gyﬁmzdlﬁﬂ 2- yI )am no] propyl }-4-(4-chloro-2- 491.9 :
fl uor ophenyl )- N-J ox - th cazboxam ¢e
157 4- (2, 4-di|chl'6 oph§ (g% E\'%;%ﬂ?%?‘%lﬁ ﬁ ]?Jofrc pyl 36436 3
1H yrrol e-34{carbox | )Pyﬂ mO}prOPYD~ -pyIIo .
1-{3-[(6-a|’n' no=5-nit rPﬁKﬁJﬂaW# - 2= \11\:.Lm nn'l nLonx¢1 I\Lf(1D\-9- 453..5
hydr oxy- | - methylieg hyl - 1451453 [m abﬁmlsnh@whhm 1§h¥ﬂ1ﬁcq @pﬁa-azqazbox am_m.sl59
N-1-[1-{3-[(§-an no- 5etﬁjrlb1ié?@]}}-rlﬂqjﬁm23 )ﬂ]ée@sﬁhﬂﬁ propyl}-4-(4- 493.6
et hyl phenyl ) {IH rro -ﬂ% cyanoethyl gl yC| narmi de 160
1-(2-{[1-{3-[ (6- 4% tlr(ébxiﬁf R p%ﬁ%ry Y0 IngoRyY-4- 15495566 -
et hyl phenyl ) {1H pyrr o[ Péle’&l BYF9lp YesrtpnRiaaolidgr boxani de 161
4- (2, 4- di chl qropheny!|§-yhe qet e 9 h\/rlr oxy=1- m:\f hylethyl]-1-(3- 816 4
([75- (trifluoronetiyl) pngx@qgrmgndag_]nﬁﬁb ]ﬁ ra; pj £- 3 car boxamigde | 162
1-{3-[(6-am no-5-nit r@imiéxbg B B0m- qpmb, - eV ole-A64. 5 hen s
-N-[(2R)-2-h|drox-ro Z— 3- cazb%gc?n@de rlGGl%lg
1-{3-[(6-am mo-5-ni t 1[0 i I di n-2-Y1 )a _pro;i)yr} 4- (4 cyano- —24g44.
phenyl ) -N-[ (1 S)#2- hyirldsey-{o-apn 17 eyd-thdboxari de530f64
tort-butyl 24({[1-{3-ificonphayld }mk w]TZrmH lmldﬂlqunwlaﬁwtﬁm}siﬁ - 503 5 €
4- (2, 4-di chl or ophenyl = [1H3Qb6twh¢3mﬂob9@d@6%hﬁxﬁm&@ﬁ}t@-¥i 4- ' 536.4
dichlorophenyl)-1 H-pyrrol-3-y1]-N'-[2-(dimethylamino)ethyl furea
146 [N-6-{3-[3-[4-(1H-imidazol-1-yl)phenyl}-4-(morpholin-4- 517.6
ylcarbonyl)-1H-pyrrol-1-yl]propyl } -3 -nitropyridine-2,6-diamine -
147 [N-1-[1-{3- [(6-am1110—S—mtropyndm-?.-yl)ammo}propyl}-4-(4- 563.7
ethylplienyl)-1 H—pyrrol~3-y1]—N -2-[3-(2-oxopymrolidin-1-yi)-
propyl]glycinamide
148 1-{3 -[(6-ammo-5—mtropyﬁdin-.’l—yl)amino]propyl}-4-(2,4— 475.5
difluorophenyl)-N-{(1R)-2-hydroxy-1-methylethyl]-1H-pyrrole-3-
_ carboxamide
C 149 1-{3-[(6-amino-5-nitropyridin-2-yl)amino]propyl } -4-(2-chloro- 416.8
phenyl)-1H-pyrrole-3-carboxylic acid
150 N;[I -{3-[(6-amino-5-nitropyridin-2-yDamino]propyl}-4-(2,4- -576.5
dichlorophenyl)-1H-pyrrol-3-y1}-2-[(38)-3-(dimethylamino)-
pyrrolidin-1-yl}acetamide
151 1-{3-[(6-amino-5-nitropyridin-2-yl)aminoIpropyl }-4-(2,4- 451.3
dichlorophenyl)-1H-pyrrole-3-carboxylic acid
152 1-{3-[(6-amino-5-nitropyridin-2-yl)amino]propyl } -4-(2,4- 541.5
dichlorophenyl)}-N-(piperidin-4-ylmethyl)-1H-pyrrole-3- ‘
carboxamide. .
153 IN-[1-{3-[{6-amino-5-nitropyridin-2-yl)amino]propyl}-4-(2,4- 576.5
: " |dichlorophenyl)-1H-pyrrol-3-y1]-2- (3R)—3 (dimethylamino)-
pyrrolidin-1-yljacetamide
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carbamate 165 1-{3-[(6-am no-5-nitropyridin-2-yl)am no] propyl}- N—[(
-nmet hyl et hyl]-4-[4-(tri#l uoronet hoxy) phenyl]-1

PC'E/E%ZOOS/OZGGZ'\

523.5 hydr

yrrol e-3- carb
4- (2, 4- dlchlorop eny

oxy- |

B AGs155

f N-[(2R) 2- hydroxypropyl] 1- (3-{[5-
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1-{3-[(6-am rfo-5-ni tropyridi n-2-yl)am no] propyl }-4-(2, 4- 494.3 dichloro

2

henyl )-N-(2-h droxyeth |)-1H rrol e-2-carboxam de 356 al
1-{3-[(6-am no-5-ni tropyri di n- 2-yl ) am no] propyl } - 3- 4- 577.5

di chl or ophenyl ) - Ne{(3~#br pho ¢H|a'rN<ZI= | pr 1 H pyrrolegd Carbo d 0. 357
6- ({3-[3-(2, 4-dichl en ro(ﬂlbm,qgl- 1-yl ] pesapyl } -

am no)nicotinonitrile 358 *" {BUOK, THE,

1-{3-[ (6-am no=5- nltrOpyrldln 2-yl ) am no] propyl} 4- (Z&cfFor o- 2-. 629 1
met hoxyphenyl ) - N-{ 2- [(phenyl sul fonyl )am no] et hyl }- 1H pynol e-

/"\/\
NOZ 8nCt,, dicxane, NHp
con HClL, RT
. N_ N
\/\/ o)

NaH DMF, RT,
RT, 70% vield

|
N
(v}
ol )J\/Br \N’\/OH Hc{\/mpto

o
" —--———>- o
NaHCO;, EtOAC, Q@W N CH4CN, RT l % NWN_‘O

water, RT
7 .
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3-car boxam de 359 1-{3-[(6-am no-5-nitropyridin-2-yl)am no]propyl }-3-(2, 4-
561.5 dichl orophenyl)-N-(2-piperidin-l-ylethyl)- | Hpyrrole-2 carbdxi He
-70 1 9 JAN 2 2004/ 018455 PCT/ US2003/ 026625 EXANP. . 360
1-{3-[(6-am n‘g%?"ﬁ’.x?f‘ﬁpyri di n-2-yl ) ani no] pr opyl }-4-(4-ch+’§¥’§§ - "%@“_ 1

met hoxyphenyl )-N-(2- f [ (3-cyanophenyl)sul fonyl]amno } ethyl) 1H

yrrol e- 3-car boxam de 361 ‘

1-{3-[ (6-am no-5-nitkopyridin-2-yl)am no] propyl }-4-{4-chl oro-2- 567.0

met hoxyphenyl ) - I\Ho/{"é-pgget hyl sul f omghg s, no] et hyl q 1 Hpyrrole-
3- car boxani de 362 — THF, RT o q HEN-NH,
1-{3-[ (6- ani no-B=hi» QRyri dip=2-yl yani noJ propyl‘Qf@chl (0= 2- 5B84u.6sc,
met hoxyphenyl ) -N-[ (& S) ~2>hylroxy-| - net hyl et hyl ] - a4+ per\oﬂ 3- carPoxdm de
-SCHEME 1: SYNTHESI S OF NI TRO PYRROLE ~. Synt hesis of &

1-[1-{3-[(:6-am no-5-ni tropyridi n-2-yl)am no] propyl }-4-(2, 4- .
di chl or ophenyl ) -1 H py\rrol -3-yl]-4-nmethyl pi perazi nt 2-one (Exanple 59) 5 cl

C 1 1.CHNaZz C | pNCC\ Oz p .NaOH / TOBM\C 2. HCI NOZ N 2 tBucK,
THE, H -78 to -40 Cl/® 0 Br— A N@ sndz ~didxane, Niz 0 G~/ /\
/, O\ I con, Hq,%NaH, DVE 0 0 ®0) q Tqeyigld s 35 1.
Br 1.\ Il Br N~ > DOl L, NaHO03, "B ORI A S gHSCN, RT
ol M EE%I&,DMR : o NO,
9 80C kL

Preparation of 4-ethyl trans-beta-nitrostyrene (2).
An aq. 6M NaOH solution (1.05 eqg) was added to a methonolic solution of
4-ethylbenzaldehyde (1 eq) and nitromethane (1 eq) stired at 0 °C. During the slow
5 addition of base, maintain the temp'erafure between 10-15 °C. The reaction generates a
thick white precipitate. To allow smooth stiﬁing,- an additional amount of MeOH was
 added. After stirring for an additional 15 min., the ice bath was removed. Upon reaching
RT, water was added to the reaction, which subsequently turned clear. The clear solution
was a&ded to a flask containing a stirred 6M aq. HCI solution. A yellow crystalline
10 precipitate formed. After 10 min., the crystalline product was filtered, washed thoroughly”
with water, suction dried and recrystallized from abs. BtOH. 4-ethyl trans-beta-
nitrostyrene (2) was afforded as a yellow crystalline' product in 52% yield .and >99%
purity (LC/MS m/z 178.2 MHL

Preparation of 4-(2,4-dichlorophenyl)-3-nitropyrrole (3) _
15 A solution of TOSMIC (1 eq) in THF was added dropwise to & stirred solution of
potassivm tert-butoxide (2.4 eq) at -78°C under argon. After 10 min., trans-beta-
nitrostyrene (2) (1.05 eq) dissolved in THF was added dropwise. ‘Aﬂer stirﬁng for 15
min. at -78°C, the reaction was allowed to warm to -40 °C. The progress of the reaction
was followed by TLC (25% EtOAc/Hexane, the UV active product was at Re= 0.8). The
20  reaction was then quenched with water; and the product was extracted with ether. The
ether layer was subsequently washed with brine and dried over MgS8OQ,, filtered, and
concentrated to dryness to give a dark gum. The crude product was dissolved in refluxing

EtOAc and left to cool. After 12 hours, the ﬁroduct had completely crystallized out of
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water, RT' 1 OO 6 T -71 1 9 JAN 2007 WD 2004/ 018455 PCT/ US2003/ 026625
HO-JN~O DEAD, PPh3, LSO\ \ / HZNNNHZ C H\M \ / THF, RT d / N NI 7 JAN2007
EICH 75 C, ~/ OCl O-95%yield 7 IN NNX COCI NH 10 Cl /\ \ HC /
CNN N NHZ t WPZooHOHY s Base, ClI Cl CH3CN, DMA, NO2 8OPCE/ESEYOpP¥MAr ati on
of 4-ethyl trans-beta-nitrostyrene (2). C An aq. 6M NaCH solution (1.05 eq)
was added to a .nethonolic solution of 4-ethyl benzal dehyde (1 eq) and

ni tronet hane (1.eq) stirred at C. Durjing the_slow 5_addition of _base,

mai ntain the teﬁﬁ‘g%‘%ur@e@@{e\/\% uoio*fais%fé?c??ﬁhg‘/ PEgaer %@F‘@@’i‘rer‘%ﬁ@é’n‘é cxoppfifc k
whi te preci pit ategstakOcqald BosHRE By $édutink i valimaddidld Smale. aaRy ooy MaO H
was added. After stirring for an additional 15 min., the ice bath was
renoved. Upon r §BBHPE T ofpursy Bt scontsonpf@esiueiovasiralisstdc tlive frystolp vets washed

subsequent |y t urRi@dmGliRarethed BRI alifRl: wRLI BRe (YBS yadiglest 4?,46di£m@§gﬁmy1')-
containing a stirred 6M a% HO solution. A yellow crystalline 10

precipitate Por dedtropsrpkr G)es Fehi orange YAl i PP M PupRo e MSwig o811t MPgY,
- washed t hor oughlpy,dn¥ bl MBLiREG inSHE hipRadhd B ARdied 66 s éﬁéﬁ%@‘g@ﬁh%%ﬂtﬁ’a@s-

EtOH. 4-ethyl trans-beta- nitrostyrene (2) was afforded as a yell ow
crystal line prodt&CHaK152% yiel d and >99% purity (LCMS rn/z 178.2 MH. c)
Preparation of. 4-(2, 4-di chl.orophenyl)-3-nitropyrrole (3) 15 A solution of

TOSM C (1 eq) i prdfdrati@s opelgees b OBmahis fophenyd)-ShitkdpSeroabAl gibpydbeRfo[c] ROLASSI UM
tert-butoxide (2.4 eq) at -78C under argon. After 10 mn., trans-beta-
nitrostyrene (2)L34ioBs5@dq) dissolved in THE was added dropwi se. After

(stirring forpl5 m nndilay (B eqf Wes sRREH DR MASkAIGWREL Fo WHBEsERnd0n C.
-The progress of the reaction _was followed' by TLC (25% Et OAc/ Hexane, the W
active product VoME, gyaspided@ sg}u_tloq-ﬁgéb(fl,4-,dlchlorophenyl)-3-nitropynole (1 eq) in DMF with

stirring at RT. After the evolution of gas bubbles had stopped, the reaction stirred for an
additional 15 min at which time a solution of 3-bromopropy] phthalimide (1.1 eq) in
'DMF was added to the yellow-brown solution. After 2 hours, .the clear brown reaction
15  was complete (determination by TLC: CH;Cly/acetonitrile (95:5 \}/v), the UV active
product was at Re= 0.5). Upon completion, the reaction was quenched with half sat. aq.
NH4CI (added slowly to avoid strong gas evolution and exotherm). EtOAc was added,
and after shaking the ivory colored precipitate which formed during the quench was
. collected by filtration. The organic layer was washed with water, brine, dried (Na;SOy4),
20  filtered, and concentrated to give the desired product as an ivory solid. Both portions of
product were combined to afford (-94% yield) 95% pute 2-{3-[4-(2,4-dichlorophenyl)-
3-nitropyxrolyl]pmpyl}benzo[c]az_oline—1,_;:—dione (4), which was used without further-
purification (LC/MS m/z 445.3 MH+).

&

Preparation of 2-{3—[3~amino-4—(2,4—dichlorophenyl)pyfrblyl]propyl}benzo[c]azo-
25 line-1,3-dione (5) _ '

To a round bottom flask containing a stired solution of 2-{3-[4-
(2,4-dichlorophenyl)-3-nitropyrrolyl]propyl}benzo[c]azoline-1,3-dione {4) ‘(1 eq) and
con. HCI (7 eq) in dioxane was added solid SnC1+2H;O (10 eq) in portions. The clear
yellow reaction was stirred for 12 hours at which time the reaction was found to be

30 complete by LC/MS. The reaction was neﬁtralized to pH 7 by addition of 6M aq. NaOH,

followed by extraction with EtOAc. The orgaﬁic layers were filtered and concentrated to

-73-



20 reaction was then quenched with water, and the product was extracted with
ether. The ether layer was subsequently washed with brine and dri ed SodAr2007
MyS04, filter NGssgoncentrated to dryness to give a dapks@bHesihie crude
product was dlﬁ/séyszgtf;\r}gsdb? n refluxing EtOAc and left to coofi".f After 12 hours,
t he product had conpletely crystallized out of -72 1 9 JAN 2007 WO
2004/ 018455 PCT/ US2003/ 026625 sol ution. The pure product was coll ected by

Buchner filtrat g, s8R 395 aRidia- (204 ¥isk1BloPhd gl abasd o fduci ng
t he vol une of the ?fl trate.qut er coofi ng}L an’c(JI)5 s?gf?l)gli- ngpf,or 6 hoﬁ%? t he

second crop of h#6€@neSwikick e setdly amfised fijectly i hgaed sippsGEMS v/ KPP ni mal
ether and dri edyigiy VAGURed Quatlitd@dy3486 yi el d) of 4-(2, 4-dichlorophenyl) 5
3-nitropyrrole (3) as Ii1ght orange crystals in >99% purity (LCIM5S nlz 258.1
MH+).  Product that remained in the su]?er natant was purified by flash

chr omat ogr aphy, Prspaitatiag of Niif{2.Edixhioropheny R l3 A1 S ulioxgpenzo[c]azolin-2-yhpropyl]-
2-{3-[4-(2, 4 di }@rgo’ﬁg.gn,\fbmogﬁﬁﬁiagmr rol yl ] propyl } benzo[ c] azol i ne--

1, 3-dione (4) 10 The H (1.2 eq) was - added to a,_drg fl ask under argon. To

NaH suspended in DVEueqis NaHd S £95 sapiaddsd tothe stirred solution of 2-{3-[3-amino-4-
4-(2,4-dichloro = 3= Nj 192 . IPME 50 t-L ki .

After the evol u??gﬂ%%rogéegy%%%g@gﬁhgé6%%%8%2%%& E%Zdﬂr%etatcgl) i(z néqg tﬂi]L Iruﬁgﬁkf%q:- an
addi ti onal 15 nRh atbrameetivlt fideride i o on monimRl FiteAp praspyddeg sidvdy itai de (1.1
eq) in DWP was,: I OWAT,S i | u clear
brown reaction 1 \%gsgy %grrl;%{]g‘nfa}éﬁd dgétﬁ%t?{r% nat | S‘Jﬁ%“y’g%é%éﬁ%"é%} gjgejtl%ﬁfliéf :L?l Fe o
(95:5 v/ V), 18 hedepymaed ite e cqmpbede withingd main. Fhe ofpasiy lavepwas spmplcérhdmashefie (/.

reaction was qu B ; /1. i
strong gas evgl ﬁ@?%ﬁggwgfgﬁga?&)@%ﬁg ’ &%Cgéﬁgggg%a%%% %/0 9%%5%‘%8 t he
ivory col ored pNegi(ptdachborohien)- f-03-(hetdidxnbiemng| J4relind obptvpydmyrobdlyl je2t ed by
filtration. The_organj.c. he B QL. oRf1.ne ied [ A),
20 filtered, ant S8Rl N {8 Yoty faih? F%‘@éeq%ﬁggé'&“%%%ﬂﬁgi%%égo| I
Bot h portions oMH+rkhdpetduvte6lers eivbidne i Cdao afdiddaohpSltdnyi el d) 95% pure
2-{3-[4-(2, 4-di chl orophenyl) - ' .
L N N 05 S i
2-{3- [ 3- ami no- 4pyr2olB-giEHehwlsbxsstiyDmeybingnplorspmidet®nzof c] azo- 25
e b 3-dione (5) Teruty? Uithadiah i To ' dof he GARLPLA Wl SS1bAbPEr ROLELLN O
(2, 4- di chl or ophénylbipptnmi)tlr31il:B disixybdnpelcpydinteyiufmllayoiling} 42; 3- di one (4) (1
eq) and con. I i i in
pgzti ons. The cHEgIél%’ZCBye eo@) &é%ct' %ﬁ%&i&@ﬁ?ﬁé@%@%ﬁ%%%ﬁ%{ %ﬁ%ﬁsti me
t he reacti o0 wasndf wasnittdrmined t3t: comite blerdy HoGsMSheThastioe ses cowentatd and
tralized t H. .7 diti : f.ol d traet] ith..
ronc. The or gaRi s AP bl BpMo B RiRle widf MRS, BILEKIGAS LA Y 1T
er collectin, € purite actions and concentrating, N-{4-(Z,4-dichlorophenyl)-1-
After collecting the purified fracti d ¢ trating, N-{4-(2,4-dichlorophenyl)-1

—

[3-(1,3-dioxobenzofclazolin-2-yl)propylJpyrrol-3-y1}-2-[(2-
hydroxyethyl)methylamino]acetamide (7) was obtained as a light yellow glass (21%
25  yield, LC/MS m/z 530.4 MH+) in 95% purity.

Preparation of 2-{3-{4-(2,4-dichloxophenyl)-3~-(4-methy}-2-oxopiperazinyl)pyrrolyl]-
propyl} benzo{clazoline-1,3-dione (8}

DEAD (2.5 eq) and PPh; (2 eq) were added to N-{4-(2,4-dichlorophenyi)-1-

[3-(1,3-dioxobenzofclazolin-2-yl)propyl|pyrrol-3-y1}-2-{(2- | _

30  hydroxyethyl)methylamino]acetamide (7) (lﬁeq) dissolved in THF at RT. The reaction

was heated to 55 °C for 1 hour until completion was determined by LC/MS. The reaction
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-73 1 9 JAN 2007 WD 20041018455 PCT/ US2003/ 026625 gi ve a sol uti on.

2-{3- [ 3-ani no- 4- (2, 4- di chl or ophenyl ) pyrrol yl ] propyl } benzo[ c] azol i nel QJAN 2007
1, 3-dione (5), which was unstable and used directly in the next step (LC/ M5
ni/z 415.3 MWQ 200888ifed quantl tative yields. Preparati SRT/EP2003/026625

N-{4- (2, 4-di chl orophenyl ) - 1- E3- (1, 3-di oxobenzo[ c] azol in-2-yl)propyli- 5
pyrrol -3-yl}-2-bronoacet am de (6) Agueous NaHCO3 (8 eq) was added to the
stirred solution of

ot or o b oAt IS B Bisiics S AR en Y e B MEHdR) | n
Et OAc at RT. 2cb15@ma®et yiv). c ek ictligectidy Sheepilrified ﬁﬁcﬂbﬂ.ﬁindﬁio%tﬁ\@fg added

. sl ow to th t | t t

moni tor ed by LO-KE LI e et b e T OB P DR B T 3G o
organi c |ayer was-&&RaspiRdiand Masadeloy glav (LI/MBLHE 512N AS) indhiRfhtive
(Na2Ss™4) , flltered and concentrated to dryness to give the crude

N-{4-(2, 4-di ehl B’F@ﬁhenyl) 1-[3- (1, 3-di oxobenzo[ cl azol i n- 2- yl ) propyl]pyrrol -3
-yl}-2-. bronoacetanmide (6) as a dark yellow glass in 76%yield (-90% pure,
EC/ M5 ni/z 536. ErdWﬂauonThle 1Rl-@ﬂ-}gﬁian{iﬁé-s-\ﬂ&ﬁo(Slpyfiﬁﬁl)}iinind}ﬁobpl}aV(dediichloro--
deconposi tion. a 0 , .

N-{ 4- (2, 4- di chl Bﬁv XI?FSJ}TtEB,"BIPaWa&%%%“zGE)c} azol i n-2-yl ) propyl ] -

p%'[] rol - | 3-yl}- (22[(2 FHﬁHr&i@jg(ngth:o))rmwasﬁmoawkaanam x_zjqz(wz Nlhiﬁ&dayﬂlenyn 3-

et hanol am ne eq) . was added to a stirred. solution

di chl or ophenyl )(ﬁmf@yl(ZIO@Pa’F@&laﬂM?B’[Yhfﬂgﬁﬂrr Wb%lp%/ P]OB?/ESS i 2. BiGH 5.
(‘bromacet anigle 46) stidd 657529) for 0 Hol3 Cihateakiibn dEh@olfea&c@mrprawtaﬁowc@mQ by
LG/ MS 20 and was_ deternined to be conplete after 12 hours. ‘The reaction was

concentrat ed anftterpliy T4 I%QHb‘Y/ﬂSs‘?P‘ieE%atiddﬂﬂﬁWeé‘FFF@) RO aeyesidug pyas KGR Bh Ve OH

in CH2C12 (5: 954 WA, md%ehﬁécqﬁﬁie' @é@tﬂueﬁatag@n PUkd érsl fohaeh WAB Svapbalted to
concentrating, N-{4-(2,4-dichlorophenyl

[ 3- (1, 3- di oxobeh&spe] AsHmig azqutﬁvwl%i gl Fesidugrigs feken g i1 CESCN and DMA

hydr oxyet hyl ) rre@h%/ q%ﬁ?; B&&t@@ %Zr(a@admstootﬁé alined Biowed 1539@1011]36%' 1.aw.gl ass
(21% 25 yield, in 95% purity. Preparation of

2-{3-[4- (2, 43 di %ﬁmméww (22(@93 rreTh’?y’IeﬂGZme‘ﬁ%ﬁl fed Zp |3Cp§?rr%|f59}v}3 unﬁ}opw} |

benzo[ c]-azol i negohmdatdnOng %BEJ\P;: (L%/zﬁseql)h@;%ﬁlcn%’ﬁ%s(sabs% e
N-{4- (2, 4-di chl orophenyl ) -1 - -

3- (1, 3-di oxobenzo c azolin-2- I]pyrrol
3-yl}-2-[(2 30 Fyesesdyevindissaisehip ERAAJY2shesk ik Efé ef, pying, ﬂn@hﬁ\lﬂﬁ d%/
THE RT. Th ate 5 o J
at e LRRGhbRRat ;aé{?&éét% {Aeqléggg 4-@hi éshﬁ%zlzﬁg%dgl)aﬁﬂﬁg%ﬁipy@n Was

determ ned by LOMS. The re ion N 2007
PCT/ U32003/ 026628 frdishisenbenDrerdd-yhrimgiyipinesgingyonsi (1e alkediredigt (11) was

chronat togr apRY . itk iy t MR Qv dfhtography, eluting with MeOH in CHCl, (5:95, viv).
After collecting the purified fractions and concentrating, light yellow foam (LC/MS m/z

(.. ‘ 519.4 MH+, 42% vyield) was attained in 95% purity.
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CH2C12 (5:95, v/v). After collecting the purified fractions and

concentrating, 2-{3- 19 JAN 2007
[4- (2, 4-di chl grophenyl)) - 3- (4- net hyl - 2- oxopi per azi nyl ) pyr ropyl } !
benzol c] azol iwg_z?oi/?j%}{a&i one (8) was attained as alight yef’%’#% é?g&s%%( LC M5
rnfz 512.4 MH) in quantitative 5 yields. Preparation of

1-(1-{3-[(6-am no-5-nitro(2-pyridyl))am no]propyl }-4-(2,4-dichl oro- '

phenyl) pyrrol - 3-yl ) - 4- met hykgi AZi i (1.3 eq) was

added to a sol ution of 2-{%-%]-9%;,'4-d| C g?(c))ghenyl 92 OLEs :
(4- et hyl - 2- oxopi perazi nyl ) pyrrolyl ] propyl} benzo[c]azoline-1,3-dione (8) in
abs. EtOH 10 and stirrgd at@C for 2 hours. ;I'Nhaec reacti on devel oped a .

white precipitate,a% tefed® The . E s nt r &&= under -
reduced pressure. Thé'r was tiakerse up %N d thezqpregi pi tate
was filtered again. The organi¢ sol ution was evapgrated® to a*fd&m Assumi ng’
a quantitative yield, the residue was taken up in CH3CN and DVA (4:1).
Hinig's Base (1.3 eq%_weaas added to_tdhe m xture ol |l onwed by 6-chloro-3-nitro
15 2-pyridylamn MLZ eq) . eact i gn, Was heated to 80 C for 2 hours
until  conpl eti'oﬁEt \;Lmhzne&]._lay_jfrf.‘l,I\/IS.l fhb Cdact flofyas, subS&dlent |y
concentrated. The residue was dingsekved in Et OAc,” was W th wENess brine,
dried (Na2SO4), filtered, and Bh€ntrated to dryfess to give
1-(1-{3-[(6-am no-5-nitro(2-pyridyl))am na] propylsk-

4- (2, 4-di chl orophenyl Zpyrrol - 3-yl) - 4; metthy] pi per aZt
(11) was 20 puri f sil ca,col um ‘Q‘hoomat ogr aph
CH2C12 (5:95, v/v). i ng—+ ur B ey act # ops,_and
concentrating, light yellgw foam (LC f:i'ﬁ?z 519. ,Wel d) was
attained in 95%purity. -75 1 9 JAN 2007 WD 2004/ 018455 PCTMS2003/ 026625
- SCHEME 2: SYNTHESI S OF AM NO PYE &S NHy Boo- \ , O N\ / (Bac)20 El /-\

%%one (11). The product _
® eluting with MeOH in (.

HN O HzN_NHZ ~/ Huni g's Base N, O EtOH, p - -95%95% 75 yieldd 1 2
Hf f BOC _ NO2 10 HN® | BtyA VO Nz Et Hcon. HO \ N~INHz Noml / Cx
Huni g's Base, H CH, @N:N%O C N,Qo»@{;a}ﬂzozaa Boo . :

: ' NH;

7

S  Preparation of (tert-butoxy)-N-{1-[3-(1,3-dioxobenzo{c]azolin-2-y)propylj-4-(4-
ethylphenyl)pyrrol~3-yi} carbexamide (2). ‘
2-{3-[3-amino-4-(4-ethylphenyl)pyrrolyl]propyl}benzo[ clazoline-1,3-dione (1 eq)
18 mixed with (Boc};O" (1.5 eq) and dioxane to form a clear brown solution. Hiinig's base
(1.3 eq) is added to the stirred miixture under argon at t. After 12 hours, an additional (
10 equivalent of (BochO is added to the reaction which converts the last of the starting
material to the desired product. The reaction can be monitored by LCMS and TLC
eluting with EtOAc/Hexane (3:2, v/v) (Ry=0.6). The reaction is diluted with EtOAc and
washed with 1N citri¢ acid. The organic layer was separated and washed with IN citric
. acid, aq. sat. NaHCO;, brine, dried (N2,80y), filtered, and concentrated to dryness to give
15 the crude  product as a dark brown oil. The ptoduct is purified by column
chromai-:o graphy eluting with EtOAc/Hexane (3:7, v/v} affording the product as a yellow
powder in 63% yield (95% pure).
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HNOteu HzN Bocce OUHH C~. Et /\ OHN O\ Nom / NO2 Et / \ HHuner?

Base, NOz Hz HBTU, DVA Hz HN~-QH con. HCI HEt H CH3CN, 55.C\ No 9/JANC?£D7
N NH2 7 5 Preparation of

("tert-butoxy) WRPWRESE 1, 3- di oxobenzo[ c] azol i n-2-yl )pr OpYETA30pM26625 -

et hyl phenyl ) pyrrol - 3-yl } carboxani de (2).

2-{3-[ 3-am no- 4- (4-et hyl phenyl ) pyrrol yl ] propyl } benzo[ c] azol i ne-1, 3-di one (1
eq) is mxed with (Boc)20 C&l and di oxane to forma clear brown

sol ution. Hiini gFsPayatien (of N- Sq?a) -qraingprapdD il ey b epy P a3 Rilites-Rireren-
argon at rt. Aft&kboxhmidiQy.s, an additional 10 equivalent of (Boc)20 is
added, to the reaction which converts the last of the starting material to

the desired product. EFi@zineaét i o can Bédedore t or selukgn | @vestearporyeN- Bl | ng-
with Et OAc/ Hexang 3(d?eox%ben\ﬁé[»s}azélﬁr@y@mpyﬁm@r &ﬁ%héﬂ?l)ﬁﬁmﬂb'y‘i}k&‘rﬂoi’é&n&& ﬁt ¢_and

washed with INcitric acid was” Sépar ated and was Wi th
IN citric adi d,ingep E€H at ﬁQa"ﬂ@B?- h@ﬂﬁ the rmcitle%i dgvlerSOn yhitd yreqipitatscyhishnelas

" concentrated to ﬁ:i{ey egs 13{3 %a@%oﬁc@ﬁrﬁéd%ﬁerp&ﬁgw%regsﬁrea 198 didaL %\gp}ag%xane

The product is puri |ed chr omat ogr ap uting wt
(3:7, v/v) afforwiin§gteGe agi@da@@lpa&e afayﬁltftr@i/\ﬂgawo\weprgamc@@%qn \@as@m@ﬁa%d

76 19 t f :
Rﬁj{i)(s am noprgﬁg\ %19%7 S(OHM\Q?]%&%%A g%gﬁg@‘f%‘f&@%%t er t?%’)%g%mcggogam de.
(3). Hydrazine (5 eq) was added to a solution of (tert- butoxy)-N— {1-]3- :
1, 3- di oxobenzo[REparatiom- 20§ | ) Fr(byhdr[(P-amiporSuityg giysigyDpsiral propsl v Eettbox anu

de (I eq) . Sig n Iﬁgﬁﬁ? Qf's%ﬁ)f(éﬂbcité cagbglqgﬁée 4y.he reaction devel oped a

White precipitate ltere -OH was concentrated under

reduced pressure. Thé- [rleié1%!@_13%@31)14_a(ﬂ?ﬁlylnhsﬂﬁl)nY@#@Gﬂﬁteﬁﬂﬂiﬁxﬁbﬂbﬁ@@il@ﬁ tate
was filtered agah Ry JBQ-RIARRMESRhHdyhiNAG 2GR &bived in DMA with stirring

under argon at rt. Hiinig's Base (1.5 éq) was added to the clear dark brown solution

/ﬂ,r.\

which was heated to 60 °C for 12 hours uniil completion was determined by LC/MS and
15 TLC, elnting with EtOAc/Hexane (3:2, v/v) (Rg=0.3). Elt_OAc was added to the reaction
mixtare which was then washed with water, brine, dried (NajS(l;), filtered, and |
. concentrated to dryness to give the crude brown product. The broWn residue was purified
by silica. column chromatography eluting with EtOAc/Hexane (24:26, vAv). After
cﬁllecting the purified fractions and concentrating, the product was isolated as a light
20 yellow solid (75% yield). |

| C 4 Preparatlon of {3-[3-amino-4- (4-ethylphenyl)pyrrolyl]propy!}(G-anuno S—mtro(z-

pyridyl))amine (5).
N-(1-{3- [(6—anﬁno-5—nitro(2—pyﬁdylj)amjno]pr'o;;)yl}-4—(4—ethylpheny1)pyrrol-

3-y) (teﬁ-butoxy)carboxamide (1 eq) was dissolved in CH;CN and IN aq. HCl (45%

25  v/v). The clear brown solution was heated to 60 °C for 12 hours until complete by
LC/MS. The reaction was cooled to room temperature and diluted ﬁfith a solution of
CH;CN and water. The mixture wés frozen and lyophilized to dryness giving a pure dark
yellow powder, in quantitative yields as the double HCI salt. {3-[3-amino-4-(4-
ethylphenyl)pyrrolyl]propyl} (6-amino-5-pitro(2-pyridyl))amine was used without further

30 purification. '
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to a yellow solid containing product and solvent. Assuned a quantitative

yield. Preparation of 19 JAN 2007 |
N-(1-{3- [(6 ?, 51ro(2 pyridyl))am no] propyl} 4-(4- ?&ﬂﬁélﬂ&ﬂﬂéﬁg‘\ 1
phenyl ) pyrrol - -y‘i ert - but oxy) carboxam de (4). N[

1- ( 3- am nopropyl ) - 4- (4- et hyl phenyl ) pyrrol -3-yl] (tert-butoxy)carboxam de (1

eq) and 6-chloro-3-nitro-2-pyridylamne (1.2 eq) were dissolved in DVA with
stirring underpgpagf.at b{r WQS%(%o-@&éo?oﬁyrﬁgﬁ RAEDr BT tm Ghiar

dark brown sol ution which eated to 60 C ours unti’'l conpletion
was det er mi ned BenyiywSlEnd)-stenttetoxyd-dtiltexd- hmqm)%rmlm@n@msa@dmiﬁ)v)

(Rt=0.3). EtQAc was t I Q?H(}H
with water, brine, ﬁ%ﬁ%a&@%ﬁ@q}?@??@g@%a ar%wéglralé(@;ﬁa?% 'edq§o ryness to
gi ve the crude BMdwn pﬂ"d)ducmhtuTMe“tasowhalcreesﬁdue?:ﬁasmqnuriltfiéd {bi3-sninb-da

LN, LB i 6,

i sol ated as a |adgtt to tikaciradtddomisohdd z@ﬂ&%@m@l fa) 16 lPltbmatnatreamoroéoluuon was -
{3-[3-am no-4- (4:-et hen rr ] Y, m NnQ-5-nitr - .
pyridyl))ani ne T&§° CE%P’% %ggrﬁ% lgirhﬂ(?\oqe =i (Itc’%l(%( rserg%éflel y S&m?(e?ut.mg with a

am no] pr opyl } - dgrédlere bHgHplhéimpatey pyih 001% TBAylAfte]( tollettml ulicopayified plodxafiaciont 1 eq)
was di ssolved in and 1N aq. HC1 ear br own

S0l ut | on vao heBEGRIZRE eGP Pyt Shed 7 i RS A5 L we. The
reaction was cooled to roomtenperature and diluted with a sol ution of

CH3CN and wHL erPrepimation Xt of e JvasivforlZ b3 -HordmliyoPnitro(2-@olritpD) )d mpmdmopglivi- ng a( }

pure dark vl | QM RAUS oI RS B Froph iR 25, e doudl @ HOI sal .

et hyl phenyl') pyrr ol yIN-0r tﬁl@ﬁfﬁ proafmitm@-Friny )i ooyl 44 tayivieey hasrolis e d

\IQMCEI'? ath 0 B g; B 2 g g&l)é § %BR 'plljg ‘ a¥ CfL(!tertfnbutoxy;:arjb%ﬁ]ﬁa’}ll%%%%mpyﬁpam%Qeoﬁ/ Qﬂ' 84 5c?lssolved ina

N (1- {3-[ (6- am mohie of dqr O 2275 wiv) padiCHIND kofoyth Ja-otbaf ﬁel]mv‘r’syﬂuﬁon which was

R P et R T o SR A

eq) and HBTU i npﬂﬂ%t ’ITHeeemmﬁ weediles] vatteker, AN ivateB&iution (A1 viv) and 1y0phl11zed

{3-[ 3-am no- 4-

(4- et hyl pheny|)ESWF“S?%&“]%%{S"S}OFV(I%’W&Pﬁ%ﬁéheéi%sﬁlﬁBidfa"Byr|dy|))am ne2HC (1 eq)
was added to the activated am no acid. After shaking for 16 h, the entire
reacti on sol utiBrepaasioni njo€ct &d(1edt[(- anppépatm(ﬁ-mldﬁﬂmo]pmml}écweﬂlﬂmr se
phase systen eIHetn$ rrol_? lg rag_‘lm%F gf CH3CN water with 0.1% TFA. After
collecting the B % ions- and |yophilizing, a yellow powder

g
tct JITAC
was obt ai negb as t he mmmm’n'mvgmmoacax@ dBlcmrla(Za&q) ONTBF was added to a suspension of

2o (L (orL Loy ol bR O BB RR it ¢ o0 ()
{3-[(6-am no- 5-ini THE)at(}ZT mgalomé;l Ib)z)aﬂmlnm]:m o{ytidine-(4 e} - Ehdglbgplyelod yeiytionois- 3-
stirred for 30 min and was judged complete by LC/MS. The reaction was diluted with
CH,Cl;, and the érganic layer was WE-iSth with 1N aq. citric acid, water, sat. aq.
25. NaHCOs;, brine, dried (Na;SO,), filtered, and concentrated to dryness to give the cru&e
product as a yellow glass in 76% yield (>90% pure). This product was stored in a freezer | _

as the glass and wsed quickly without further purification.

Preparaﬁon of N-(l-{3-[(ﬁ—amino-S—ﬁitro(Z—pyridyl))amino]propyl}-4—(4—etl1yl-
phenyl)pyrrol-;?:-yl) 2- [(3-met]10xypr0pyl)anuno]acetan:ude

30 N-Methyl ethanolamine (10 eq) was added to a solution of N-(1-{3-[(6-amino-
S-nitro(2-pyridyl))amino Jpropyl}-4-(4-ethylphenyl}pyrrol-3-yl)-2-bromoacetamide (1 eq)
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yl)-3-(tert-butoxy)-2-[(tert-butoxy)carbonylani no] propanam de (1 eq‘?
dissolved in a mxture of ag. IN HC1L (75% v/v) and CH3CN to form a BIJéHrZW
yel | ow sol ution which was 15 heated at 55 C for 12 hours. LC/ M5 showed that
the reaction waegues+ey than 90% pure product. The reack¢uHsS2008826d15 ut ed
~with a CH3CN'water solution (1:1 v/v) and lyophilized to dryness giving a
yel | ow powder as the HCLl salt hydrate. Preparation of

N-(1-{3-[(6-am no-5-nitro(2-pyridyl))am no]propyl}-4-(4- etlkﬁ/

phenyl) pyrrol - -WDM@%RB@%\E@F%W@S gen fordh ged ehrecled by /MSDé{&‘ietfﬁgﬂbtlon
chloride (2 eq) Jo! &80 0 gt o

{3-[ 3-am no- 4- (4d1d;%1g eny p%ﬁrgl %%ropy €g®§n‘fleﬁg€- ij)n5|5 1§§r|8§}‘i))am
ne (1 eq) in THEmaleteRbe ol mf@b@y wes wiecisfl OQtO@HrwadvenféPT(Qlc@q)m (Crige

cl ear yel I ow sol te

[ 5. The T eactt ShewkaR REhLERthe R g STEMER I8 A%6, CRFRAT, “apd
washed with 5N aqgllecting theqwuaﬁedjpmdm €ngtiogmnd laqphﬂ%lg\lab‘lelmf pcbwdenwas whtam
(Na2s&™4), filtere an @ to dryness to gi've the crude product
as a yellow gl assﬁF’n % yle ﬁgﬁ' g%@gpure) This product was stored in.a

freezer as the glass and used qU| ckly without further purification.
Preparation of Preparation of N-(1-{3-[(6-amino-5-nitro(Z-pyridyl))amino]propyl}-4-(4-ethyl-
N(1-{3-[(6- am NV Ie))amno]propyl} 4- (4-ethyl -

phenyl ) pyrrol - %]e’?ﬂ%’yflroggﬁre) %{)%g%lr opyl) am no] acetam de. 30 N Methyl .
et hanol ani ne (10 eq) Anasluaetded {bl3samiod- ﬂlt(iiﬂﬂwhﬁhemdl),@mqlﬂ}l{ﬂ(r@l}éﬁammoé-mtro-

5-ni tro(2-pyy, d ) cetam

Cde (1 eq) e a%%ﬁw%%%% PRI R s e SRR

The reaction wastisébd&T Hots hih ﬁndeaemm@dolbweﬂwmﬂ\ﬁhﬁhwmwlsomﬂoﬂW,hSd not

reach conpletio 0

conplete, the e% ri(‘cregtgar{%%& :j%l(r%g )éi% gn %!?15%\1/‘%@%% ﬁg{estéjt)egé 0 gte%@gﬁlg%%%ugnHPLC

colum (C 18 revlensre“phaxsectsiysnter@ pepalatlmgHP\L@ heobungr éHIBe:mfersﬁf pHEEIB Epdtangt er

with 0.1% TFA. A co ctl ct ons

l'yophi lizing, a ;télpgc‘)”\gvﬂl 0 ent Or}g:%gﬁé\?aﬁ E’1?"he l‘!?‘lr[)r‘;sgI ecunlgtth?ggla/ﬁed

- yield). Prepéar atpraidoctdfactions and lyophﬂlzing, ayellow powder was obtained as the mono-TFA salt.
N(1-{3-j(6- amn05n|tro( y phenyl ) pyrr

of -3-yl) a cetam de. ff Ass?C on‘JS%#\ﬁm:‘gﬁ‘)&E9Q>’I‘bbjl]ﬁ1ﬂMnRﬁblﬂ%E

{3-[ 3-am no- 4- (4- et hyl phenyl )pyrrol yl ] propyl } (6-am no-5-nitro- 1.. 10

(2-pyridyl))anine (5)q(1 ef), acetic apnhydgi de (2ief)knand Hidniogns base (4

eq) in THF was sti rre@,ﬂ fhep2245 1mi Thenr eab¥iBit, was d by

LG/ M5, The yel | ow sol ution waswr,eoacent rat ed to aqucze,ss agp hen di ssol ved

in DVMBO. Once conplete, t'he entire reactioh sol utoi’.{‘éﬁwvas injeeted onto a

preparative HPLC colum (O 8 reverse phase systen) eluting with a gradient

of CH3CN'water with 0.1% TFA. Afdeak col ectl n e purified 1% product

)

fractions and |yophili zéng, oW Hfa r* wag<obt ai-ned” as no- TFA
Salt. SCHEME 3: SYNTHESKS , 4- AV, RYRROCES! 3.0, .
2 RT ' h Mat, DMF, RT

o NO;

CO Bn QO ) /CI ¥
g oy e,

S N ;
\/\’m EIOH, 75 °C N~ inigrs Base, Dia,

ol B0°C
L]

’ CO,Bn 1. LIOH, 1,0, me:j
CIQ{{ H Dioxane, 50 °C
N MMM e pe HosT -

9 i EDC, ] N~ N NH;
=~ . Hiinig's Base,
wo NO, DM#& RT Z N0,
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ci ci

4h 2. Ac20, C
DBU | ~ BnO~N
s NO2 00Bn

ci

ci

1. LDA, CH2O, C 502Ph ClI PhSC2Na - O2Ph THF, - 78C Ac
i 1 2 Pyridine, 3 CH2A2, RT O 0 OC SO Ph Br|~~m9ﬁ\N\Zﬂﬁ7

HBni g' s Base

C C

NO2 DVA, RT 12
Preparation of
benzenesul fonate (ZS@hl}mmgnza@Rﬁ@]@ﬂa@ a(ZSPﬂn)rrV@@ g@qlqgit itonaoptirred  solution of

/ H

DIVA, 080 "C. 7sOH C02Bn 1. LO—l HZO d ' H D xane,

\' N\ N NNH2 2. EDC, HOST, \ NN NNH, to HBnlgS Base,

Cl

T R e R (™ %oa

2, 4-di chl b
o0t G ) 09 ARG 2 AN, 200

the reaction

was extracted waspowedortg aStimkd edker o 8@#4)., Tha dquerus gphasarvhs cansedt witht ﬁhlert 0 a

WAS pour e nto a stiirr a ueous

white solid nt | | Lald). T e
LTS a ehior RS RR bRt oot ISR 3 woic a0 opamiiye 11900 Bhe s
Preparati on of {f2@ARlidHabetehpimglndsyiionyDbémpbenydsstthihalat Ppeflpptityacet ate (3) .

The crude sulfone (2) (1 eq)

to a

15

10

© 20

25

30

Preparation of 2—(2,4—diclﬂor0phenyl)—Z—(phenylsulfonyl)ethyi acetate (3).

The crude sulfone (2) (1 eq) in THF was added dropwise via addition fonnel to a
freshly prepared solution of diisdpropylalﬁine (1.3 eq), n-BuLi 2.5 M in hexanes (1.1 eQ)
and THF under N at -78 °C with stirring. After 30 min., the paraformaldehyde was
added (2.1 eq). The reaction was stirred for an iadditional‘SO min. at which time the

reaction was allowed to warm to room temperature over 4.5 h. The reaction was then

ase

ty.

in THE was added dropw se via addition funnel

guenched with sat. aq. NH4Cl. The aqueous layer was extracted with EtOAc, dried v

(N2;S0y), filtered and concentrated under reduced pressure to yield the crude sulfonyl
hydrin which was used without further purification. The crude sulfonyl hydﬁn was
dissolved in CH>Cl> (excess)"and pyridine (1.2 eq) followed by the addition of Ac,O (1.1
eq). After stirring at room temperature for 14.5 b, the reaction was quenched with sat. ag.

NH4Cl. The layers were separated, and the aqueous layer was extracted with EtO. The

combined organic layers were dried (NapSQy), filtered, and concentrated to give the
2—(2,4-dichlofopheny1)—2-(p‘henylsulfonyl)ethyl acetate (3) (94% yield) in high purity.

Preparation of {[1-(2,4-dichlorophenyljvinyl]sulfonyl}benzene (4).
' DBU (1.5 eq) in THF was added to a solution of 2—(2,4—dichloropheﬁ3rl)-2-
(phenylsulfonyl)ethyl acetate (3) (1 ey) in THF at rt. After stirring for 40 min., the

reaction was qﬁenched with sat. aq. NH4CL. The layers were separated, and the aqueous

layer was extracted with EtOAc. The combined organic layers were washed with brine,

dried (Na;SO4), filtered, and concenirated under reduced pressure to give the {[1-(2,4-
dichlorophenyl)vinyl]sulfonyl} benzene (4) (97% yield).

Preparation of phenylmethyl 4—(2,4-dich10rophenyl)pyrrole;z-carboxylate (6).

A solution of {[1-(2,4-dichlorophenyljvinyl]sulfonyl}benzene (4} (1 eq) and
benzyl 2-isocyancacetate (5) {prepared gy the method of - Lash, T.D.; Bellettini, J.R.;
Bastian, J.A.; Couch, K.B. Synthesis 1994, 170-172. (2 eq)) in THF were added to a

-80-

|_ THE, RT ci KOfeu. THE, /N cozs OVF, RT |
%@F&ﬁ?ﬁl\ﬁz C /\ 002Sn C 1J NH2 Cl n]gﬁ[‘@gﬁgﬂ? T N-NH

50



freshly prepared solution of diisdpropylamne (1.3 eq), n-BulLi ﬁ/b
hexanes (1:1 eq) 10 and TI-I1F under N2 at -78 Cwth stirring. Aft Jé@lﬂiﬂ
mn., the parafornmal dehyde was added (2,1 eq). The reaction was stirred for
an additional WOZMMAI4EE which tine the reaction was al | RSEE2008/0366Fm t 0
roomtenperature over 4.5 h. The reaction was then quenched with sat. aq.
NH4Cl . The aqueous | ayer was extracted with Et OAc, dried (Na2S 04),
filtered and concentrated under reduced pressure to yield the crude sul fonyl
15 hydrin whi ch SHREosiTeal dRiesEm airicrele Busd ryearsrsadedTie THF ulpdersit oy |
hydrin was di 5%9111%%@: hnA@Hawﬁfe@ea@mas@e&cﬁwmgh% dgINB,@Drnd phLowed by
the addition of Ac2 eq) . After stirring at roomterrperature for 14.
h, the reacti on SR&at =éﬁ%ﬁ@dawew layer wag gxtrachgdaeith BfRac. e rcempiaed organic
separated, and tlé}‘%rs&%f@@ﬁ@d @@@m@%@s&n@&ﬁmh ﬁte%%lduEh@as £QyRiingd

organic Iayers were dried I'tered, and concentrated to give the
20 2-(2, 4-di éhl @W@Bhéﬁ%)mzm(lﬁiheh?f/l silvmbn(THEherpresacétlatev)( 3p (@04 2et-d) in
hi gh purity. Pr 15f @y, nzene
oS B s d‘?oﬂfb&l n@hﬁmp%lébkmﬁ)axﬁatgtsggé 9@99 @@m 2kavhd sitaf @Byl 3 B8
2- (2, 4-di chl or ophenyﬁynﬂzaﬂs(}ﬁ‘ﬁeﬁkyqﬂﬂmethdhyl I%f(ﬁm%ﬂmoé? By EmigYpreny ;THE at
rt. After stirri f
N1 . The | ayer Serd AduEb b o2 ool Ak ) 408 oS B it b NS B8
Wi th Et OAc. The fadhbi.freteref frmiteo pyaypler(Bchemed). washed with brine, dried
(Na2SO4), filtered, and concentrated under reduced pressure to give the
C{[1-(2,4- dighl %%pﬁm ) vi nyt] sul f1q9 Qﬁﬁg-%fiﬁtrﬁél e }?j?aﬂ.ﬁbjf}opﬁt@@?i ation:
of phenylinet hy di chl oro heny pyrrol e-2-carbo A sol ution
of {[1-(2, 4-di CHFC@#%MVDBX}T%W]%{]HOF cidfdhzene (4) (1 eq) and 30 benzyl
2-i socyanoacet at e (5E01{d9ftﬁ%rh2§r0%e j@%qj@&s%@e@t%astﬂr@tﬁ%]ut@n@fl {ﬁg&aﬁ{lﬁd ni,
J.R; Bastian, J.A ; nt hesi s THE
were added to aSHEEDBNINTIROOPES GociHbTasS BTy CSRTTEr DRRE)S  (10)
suspensi on of p t i 2] N2
W h tirring o ] R M P R T sarbeE
NHACL. The [1&yebs LEAVS. Th@p@gﬁatléﬁs allpmgd torreckiq gesutsripspbye fwdgiclébﬁeda@théddw th
Et OAc. The conbi i NIGSH )
concentrated. The aeq?r ga\%gg Srg%gﬁf/g%%{xﬁfgéedd&%l téwl cecﬁg ocronﬁ%ngﬁr?g?m%ﬁ? s
sol vent ( THF/ hemnaeslnec.ﬂ_ NaapOy) Hlerragi vapd 4cofigentrated to pure 1-{3-[(6-amino-5-nitro(2-
dlchlorophenyl) OXyh at . solid
(34%yi ol d) @#Wﬁﬁ@?ﬁ%ﬂ 1 <2Q cﬁ%hi@ph@éyl)%yﬁbiw caltBkiRME U3 & 41 biikRy
1-{3- [(6 am no- BQIMWMG@%S/WWI )) ani no] propyl }
4- (2, 4-di chl orophenyl ) pyrrol e-2-carboxyl ate (10) was performed as previously
descri bed * hHgr PR adatfoneSEer (198- [Eﬁ%uﬁblsfn@tr&ﬂﬂy?id?l ﬁ%ﬁﬁh?ﬂ?op?ﬁ} -4-&0-BeApa-at i on
of 1-{3-[(6-am no-5-nitro(2-pyridyl))am no]propy i :
(di chl or ophenyl ) phemdpecrel-zsh ereowydpﬂm)f)lrbosamdﬂ Pt hi um hydr oxi de (20

eq) was added to a sfrifipedns@l Ybisongpf HodB- (1(B- & "Bpc (12 oq) and 1-2-
aminoethyl)pyrrolidine (1.5 eq) were added sequentially to a solution of 1-{3-[(6-amino- .

5-nitro(2-pyridyl))aminopropyl}-4-(2,4-dichiorophenyl)pyrrole-2-carboxylic acid (11) (1
25 eq) in DMF (2M) at room temperature with stirring. After 12 hours, the DMF was
removed under high vacuum via a centrifugal evaporator. The residue is dissolved in
EtOAc and washed with sat. ag. NaHCOa3, dried (NapSO.), filtered, and concentrated.
" The crude product was purified using a phlg of silica eluting with 4% MeOH in CH,Cl
to give (1-{3-[(6-amino-5-nitro(2-pyridyl))aminolpropyl}-4-(2,4-dichlorophenyl)pyrrol-

30 2-y1);N—(2~pyrrolidinylethyl)carboxmnide {12) as a yellow solid (13% vyield, 96% pure).
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5-nitro(2-pyridyl))am no] propyl }-4-(2, 4-di chl orophenyl ) pyirol e-2- Caj;%? I@e
(10) (1 eq) in THE and water at it. The. m xture was heated to 50 ,

h until conpl hy LC/ MS5. The reaction was al |l owed t | oom

t enper at ure gﬁ%%g%&é?‘%i ed -with 1 M HO (aq.). The aci d?%ﬁ‘g%}“ﬁ%“?%% was
extracted with Et OAc. The conbined organic |layers were dried (Na2SO4),
filtered, and concentrated to pure |-{3-{(6-am no-5-nitro(2-

pyri dyl))am no] propyl } - 4- rlisC _ YA xylic acid (11)
as a sticky vyellow soli dé(%&%\%g;}i gm‘)ﬂ%gg%;wﬁ%’gpar atiﬁgﬁRg\?ﬁ“%%

(1-{3-[(6-am no-5-nitro(2-pyridyl))am no] propyl }-4-(2,4-dichloro-

phenyl) pyrrol -2-yl)-N-(2-pyrrolidinykethyl)carboxam de (12). Hiini g's Base
(2.5 eq), HOBT.(1.2 eq), EDC{ 1.2 eq) d 1?,(.\2/\ Ani noet hyl§ pyrrol ydine (1.5
eq) were added s® tial | ys,¢'eM ssol ytiton of 1- 6 =

5-nitro(2-pyridyl) ] PTRBYIE = 4- bl iN| h yI)pygnbleef\Z’- oxylic -

acid (11) (1 25 eq) itn DMFR2M ‘at roomH enperatife with stirring. After 12
hours, the DMF was renoved under higha:vacuumvia a centrifugal evaporator.
The resi.due is dissolved in EtQAc and washed with sat. aq. NaHCO3, dried

(Na2SsO4), filtered, and concegtrated. The e product was purified using

a plug of silica el ng wi % MeCH i n ( 2 "to_gi g

(1-{3-[(6-ani no- 5—uit1o( 2- py/T Byl ) 'no]_pLQp.yJ__},-4-f‘hI gﬁﬂo hgnyl ) pyrro
| 30 2-yl)-N-(2-pyrrolidinyl eckyl) car boxamieckes02) as a.owel oW $oli d .(13%

1
i

yield, 96%pure). -81 1 9 JAN 2007 WO 299400 S455 PCT/ US2003/ 026825 SCHEME-
4: SYNTHESI S OF 2,3-AM DE PYRROLES :,, O\ N~/~/ \ N2 KQtBu, THE, BnCzC N _/
N Bn02C RT H NaH, DVF. RT 2 3 sCl NO2 H2NNNH3 €I C C INNH3 C H EtOH, 75 -

Hiinig's Base,
DMA, RT

C NVA/NHB NNH2  Brisiis Seni Qr%, D¥A BnO_c 4 80 C NO Gl t.LIGH H30,
Dbxane, 50'C Cl / FeoHrodNHz DEH NU:O :
6 ] |
.Preparatidn of phenylmethyl 3-(2,4-dichlorophenyl)py_rrole-z—carb oxylate (2).
5 'DBU (1 eq) was added to a stirred sclution of 2,4-Dichloronitrostyrene (1) (1 eq)
and benzyl 2-isocyanoacetate (0.9 eq) in THF at -78 °C under Na. The reaction was
| allowed to warm to room temperature over 2 h. The reaction could be followed by 'J..'“LC
eluting with CHCl; (Rg=0.3). Afier stiring for an additional 12 h, the reaction was
. diluted with CH,Cl; and EtOAc. The organic mixture was washed with 0.1 N HCI,
10  water, sat. aq. NaHC03, brine, dried (Nagéod,), filtered and concentrated under reduced

pressure to an oil. The crude product was purified using silica column chromatography ()

eluting with CHCl; to obtain pure phenylmethyl 3-(2.4-dichlorophenyl)pyrrole-
 2-carboxylate (2) (15% yield).

The steps for preparation of 1-{3-[(6-amino-5-nitro(2-pyridyl))amino]propyl}-

15. 3-(2,4-dichlorophenyl)pyrrole-2-carboxylate (5) and the transformation of pyrrole

phenylmethyl to benzyl ester 10 use the same procedures as previously described for the

3,4-ester and nitro pyrrole series.



HOnig's Base, , HNO2 RT DVA, Preparation of phenyl nethyl
3-(2, 4-di chl orophenyl ) pyrrol e-2-carboxylate (2) .5 DBU (1 eq) was addb AN B0G

stirred solution of

2,4-Dichloronitrostyrene (1) (1 eq) and benzyl

2-i socyanoacetVé® 200¢/0is®seq) in THF at -78 C under N2. The BEHAERI0YA5MAS
allowed to warmto roomtenperature over 2 h.  The reaction could be followed
by TLC eluting with CHC13 (Rf=0.3). After stirring for an additional 12 h,
the reaction was diluted with CH2C12 and Et QAc, The organi c ni xture was
washed with 0.1 N HCl, 10 water, sat. a0MEHESE, brine, dried (Na2SO4),

filtered an d COW%GREENNGWE&QESK?HMHB@TOMWUSNGQJ(EELLTBQSEDUde
product was purified using silica_ colum chromato rapr\}y eluting with CHCL3
FRATE Pt

to obtain pure phenyhnet hyl 3-(2} GhY @F@W‘@ﬁ

| e- 2-carboxylate (2)

(15%yield). The stepsol@Rk@EER M il in 10 cm ttssue culture plates in Ham's F12
1-{3-[(6-am no-5-ni trogz %{Idw ).) am no] pr opyl

3- (2, 4-di chl 6ro§ﬁ@1r491(1)0p’3/;dr

zgd Fetplabtygeyicare ( Is aﬁfﬂip eheenflyeah 4 ormalateopre of

pyrrole phenyl ggthyd 48 dimamto Bteehert O ¥ 88yl BsS A RuP P&%@S’Wﬁﬁ% »%ﬁlme of
previ ously described for th 3,4-ester and nltrgﬁg yrrolfe series 1 9 JAN
2007 WO 2004/ oammeé%eélmﬁwgtomWLEW r @hemEn (ibe el @r@n

| NHIBI TORY ACTI Mbsﬁéd h@é\ﬁné %ﬁﬁﬁﬁ@mﬁ%&%@ﬂ?%%ﬁ%ﬁmﬁ% %A‘alhﬁc

cells are mmint ai ned

cmtissue culture plates I n Ham s

medi um 10% di al gh,t;@qllswefﬂaﬁ fw/ﬁlﬁ@rééh@}m @G i Fmbratke sontfreranediug. cm pl at e

are harvestgd and

(to a final voI une of

dhiipe et b i B, 1! dofpOinduiliolEA In BABBUE a8, P At @

of ne to grow at

24 hours. The cwtll enhmeuliatedrat 3Wias hstert2@meiguted the snddhmHizremoved 2ndr@di aghly are

t f l: . .
Further 29 hour dedied B BbeSSl i, RRlh e dped AFiG0EkY RN H o bl Bt
this time, 20 ptitrogencdinblearedtheni bawtdrmdics im HVBEsdnse atiti®d:1tof 1}@'adohffeWé® mMnd

i ncubated at 37
washed once in ﬁé%

A8 1 2 EOMN §3 %N%?S‘ﬁ%‘/ﬁﬁa@%ﬁ%v?q?ﬂoze L By ?h&s%e)are

at foom terrpér | at es

inliquid nbtrpgewel Géd:llssaras@aneﬂeﬁ'vm tba\mescnmdlmem m E}br@nqim’é‘slbm@l &ty idedO |
of lysis buffer ﬁ?%sarth rh%E % RIA, 100 mM NaF, 25 g/m

| eupeptin, 1 1

er e Cells are scraped fromthe

pl at es and frozen i nAfip pethadung, lxsaﬂgegeemmdat y4 ez for Lymatuis. Ahesupbredatihaned
and refrozen ongdry.|ce Aé{ §i6leq ogtl{la\%a&gSur]rgg%/ﬁgﬁﬂteq%S A8 s %&’%ﬁ 845 1f‘oP%90ﬁﬁ for

15 m nutes. The superna

s are hen ored on i

super nat ant (45b1h£)°er|(és adetris pHABS;120mM S2i6TA,082.5 mM KF, 9.3 mM UDP-glucose;
20 11 mg/ml glycogen; 500 nCi/ml “C-UDP-glucose) and a further 45 ! is added to 45 pl
" reaction buffer/20 mM glucose-6-phosphate,  Reactions are incubated at 30°C for

C- 30 minutes and then spotted onto a 2 cm square 31ET chromatograph paper (Whatman).

Filter papers are washed twice for 20 minutes in 66% ethanel, rinsed briefly in acetone

and dried for 1 hour at room temperature

25

Fﬂters are added to § ml of liquid scintillant and counted in a 11qu1d scintillation

counter The percentage of the total glycogen symthase that is active in any lysate is

expressed as 100X (cpm minus glucose-6-phosphate)/(cpm plus glucose-6-phosphate).

Such values are determined in duplicate for 5 different concentrations of compound and

for DMSO alone, and the values are then plotted against the logarithm of the

30 concenfration. The concentration of compound which stimulates glycogen synthase

activity io 50% of the maximal level is determined by fitting a sigmoidal curve to the

plotted data. The maximal level is defined as that level to which glycogen synthase

activity tends asymtotically as the conc\entration of test compound increases substantially
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buffer (65 MM Tris pH 7.8; 26 mM EDTA, 32.5 nmM KF, 9.3 nM UDP- gl ucoi§ 20 11
nmg/ M gl ycogen; 500 nC/m 14C UDP-gl ucose) and a further 45 pl is :
45 | reactl [20 mM gl ucose- 6- phosphate. Reactio bat ed at !
30C for (r)ﬁgﬁgtfbééf%nd then spotted onto a 2 cm square gﬁ%@ﬁﬁ? (Q)(Erir%f ogr aph ‘
paper (V\bat man). Filter papers are washed twice for 20 mnutes in 66% :
ethanol, rinsed briefly in acetone and dried for 1 hour at room

tenmperature. Zﬁmfdddt fkSc@ e @éi:%@nt&t&eﬁ:oﬂ%‘poﬁds'df%& IRt bkleadbwAng ount ed
inaliquid scin lation” counter. The percentage of the total glycogen

synt hase that iastvigtateendeniragiogs tesssbatd0OiM. expressed as 100X (cpm m nus

gl ucose- 6- phosphat e)/ (cpm pl us gl ucosez6syppaRRate) . Such values are

determ ned in duplicate for 5 different concentrations of conpound and for
DVBO al one, and t h@CREFNENG EOR INHERI OV tA E FROTHIN PHOSPHGRYNUATHON t he 30

Cynthase  activity CarpUER TR IR N CEEL S LS TR PRIEROR, &

si gnoi dal curvePItPcSMMﬂeANDI"biTﬁEXPMS&ON'he maxi mal l'evel is defined as that

| evel to which glyc activity tends asyntotically as the
concentration.of te% Shidels %ncreases substantially -83 1 9 JAN 2007 -WD
2004/ 018455 PCT/ US2@W8y 628625 npdntaingl trhE2ECHDe dRBpe dbekst at hige ghonpoMEds of
EXAVPLE 364« SOEEA RELROTRE P (o RAr BRORE! N PRSI %%‘%iﬂé"%
TRANSI ENT TRANSB%)EEIGTITIcé]N/m el intG Qi GSKB tiieRREERE Gldtes Bi £AGMI Doladdd oT AU . ‘

EXPRESSI ON P 3o/ Pashidict! o0 O9.old & are rm i ol iedoin 12001 sene, L)

froma confl uenvasictbiwideds KpaneEMabrRBimgto dfal bolfle B@uxﬁ,@&@xddﬁihlllﬁfhmﬁl]ls afel1eft

seeded into Coni 6-.vel.l sue culture plates in a final volunme of 2
m /well of rredilﬂgn%ﬂ‘ﬂﬁﬁg é‘ﬂ#@are |l eft to grow at 37 C for 48. hours. The

cells are t hen was mgmwbcﬁﬂelencdmigl taNEMtﬁfDﬂst aibalonel figo HRbald Bns ﬂ@eﬁ&ﬁ um

and finall Yy ells are left in ti.- Pol yhuc] eotl ncodi ng
tau proteint \?A?Qeﬂmf“ﬁ‘ief) t%w&%?wta ap%ﬁ‘ﬁ % Bismids iﬂ ter

to generate a téﬂdocﬁesgofaaspmt@iﬁ 1pgaﬁmwldestﬂaedqhmea@1 of a1.C BN O ﬂd%ﬁﬁujlﬂg) 3
protein is general lé Sescrl bed i'n Goedert et al EMBQ Jour nal }(fié\'%g 393-
399 (1989), \Ahl%gl"’? B niyety brigeperped Bspndy PRt 355 E@I@Slﬁ&ﬁ

plasmd is E@%;F H%usa&ﬁﬁ@pummm@d@é@ﬁ@dda@@si@m@qm@gmﬁﬁlfs?& AﬁE‘@RpCGs
which is an Ap derivative descrlbed in G ese

Devel opnent, 9: Gosativgodssersdon QiR SorlnvHiqs ésté'fel%ﬂmenf ﬁu%‘iﬁe%o@s Al:?9é> and
Research, 17 64%&4&&%1,@@&9,4@&1 AL, 31841 098P0 @€ which ere incorporated

herein by reference.

The following solutions are prepared in 1.5 ml Eppendorf tubes: Solution A: for (

R

each u‘anéfection, 2 pg of DNA (tau expression plasmid) and 0.7 pg of DNA (GSK3
expression plasmid) are diluted into 100 pi of Opti-MEM (Gibco BRL); Solution B: for

25  each transfection, 8 pl of Lipofectamine reagent is di-luted into 100 pl of Opti-MEM. The

two solutions are combined, mixed gently, and incubated at room temperature for 45

minutes to allow DNA-liposome complexes to form. For each traﬁsfection, 0.8 ml of

Opti—l\ffEM is added to the tube containing the complexes. The diluted solution is mixed

. gently and overlaid onto the rinsed ceils. The cells are incubated with the complexed

30 DNA / Lipofectamine for 6 hours at 37°C in a CO; :'anub_a-tor. Following incubation,

1 ml of growth medium (high glucose MEM) with 20% FBS is added to each well and

incubated at 37°C overnight. The medium is replaced with fresh, complete medium at
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herein by reference. The follow ng solutions are prepared in 1.5 ni
Eppendorf tubes: Solution A for r each transfection, 2 g of DNA (18uAN 007
expression plasmd) and 0.7 g of DNA (GSK3 expression plasnid) are diluted
into 100 | of WEPUHENF{ G bco BRL); Solution B: for 25 eabfl/PPARQE%e%ion, 8
gl of Lipofectam ne reagent is diluted into 100 pl of Opti-MEM The two
sol utions are conbined, m xed gently, and i ncubat ed at roomterrperature for

45 mnutes to IIow sone xes. to each tra ction,
08 m ot - opti g0 lyeeh Yoo e B KB s O e oK ELT Thdbr

di luted sol uti orhnbtaermgmdrs gently and overlaid onto the rinsed cells. The
cells are incubated with th corrgLexed of ectani ne for 6 hours at

37Cin a C®2 indlbat glAU]if%(P ﬁﬁ%ﬁ&f@m@l\% Adf growt h medi um ( hi gh
gl ucose MEM w th ZO%WE%&ﬂs%e@ﬂﬂﬁﬁbeﬁtﬁlge@mmk &onﬁmnd (ovRUDAkBEbrAdiss3iked in

overnight. The nmediumis replaced with fresh | ete mediumat -84 1 9

JAN 7007 WOS200250 98594 wach 05/ I GBoBated aha (it FkT SVHOHE thmancsfu {5 of
transfectiori, andolcAengehd &nah® faffly A28 b8 \WAbadd o dfOke 2N QLRE Bt %odjours
B. TAU PHOSPHORYLATI ON. | NHI BI TI ON_ASSAY Twg _hours_ bef ore_har vest i ng of
test compound ( EBKRS areREHId o iFe i %@F%@H’eloﬁ20%“m}@®1p%b‘é@?!éél%t@t@hcx 1\%II
and incubated atyo3hETALEETS, ashgﬂmm@h@s o, Q§pgﬁﬁﬁ@a§g%naﬂg%&b§ep§ﬁbﬁs are

rapidly frozen on thepé)béates on dry ice .and stored |'s "are

t hawed on ice i AstIheMPNERBrderssnl ggefinin, 6P nplyidYaky SO e Erelyceneriresphasn Xm0,
20 MM Tri s Fl'd 7. s§d1m£%rm%ﬁ% 1 msgllﬁﬁ%rﬁllovangéa n%g/ e éoﬁﬁ‘:ﬂ@ RificReh eld ofd

pepstati n- aprotinin,
0- gl ycer op h 0s ph @P@ﬂﬁl}ggi #I\ll“J)OQ e 4s° dhiuiimpycs Mb@ﬁ@?@afﬁ&ts trmsémﬁ gmglean tubes.

ort hovanadate). }Qﬁ%g&]ﬂgtﬁg atQfmB{ALRiNal # b€ centrifuged at 14,000 g, 4C

for 5 mnutes an supernat ants transferred to clean tubes. At this
poi nt the |ysatdés naflbed SPHEECH PHOPEIORY LAIFISAATONESIHCE Y PACEPHORYLATED

TAU TN CELL LYSATES Lo} ke S5t (R DALAGHN b ﬁtaﬁﬁpmsh neghonal

anti - phosphoryl ated ta msdco
cont ai ni ng G4++ (AHKY Wmcdmdnd YahS lugiml A PBS COWmﬂgﬁ"tand h@Tb,altOD@HWBJﬂ -ﬁ@r t he

t h 2]

20) and. bl ocked U TR PRSTERr 47 1oy S e sl CAR e e Bt RS0 oo
Tween(r) 20 at rouaningrivalween™ ) atd hivoked WiePBS copsiniagd % R8&4hsY Brnilnes
wi th ashing DUlgr, Jisahs dd0 el schd W 86 a0l 0. PBS, Gant At 0g, %20

BSA, 0.1% NaN3 i's it o each wel roomterrper ure for
| hour. After weslhwud m@OﬁﬂpﬂaSbﬁlg(buﬁerg/Lmatfbﬁlﬁ(ﬂ phylﬁlatpéd;l 1fdmPB$ omdining 1%

anti - (non-phsphRy b e, LAl Tid coBOUUTEISR ke o) o ERSRSAGS Adged

into each ps are” was reptavidin
i s added, i ncubaitfed mashmg)dlﬁ?o tud wﬁ@ﬁang[mbbﬁ)omylated monoclonal antl-(non-phosphorylated)
C ' " tau (HT7, Polymedco, Inc.) in PBS-BSA is added into each well. Strips are washed

5 times and HRP-conjugated streptavidin is added, incubated at room temperature for
30 minutes and washed extensively with washing buffer. TMB substrate (Pierce} is used
25  for color development aﬁd the reaction is stopped by adding an equal volume of 0.3 M -
sulfuric acid. Strips are read on an ELISA plate reader using a 450 nm ﬁlter.- The
conceniration of compound that inhibits tan phosphorylation to 50% of the maximal level
(i.e., Icso) is determined by fitting a sigmoidal curve to thé plotied data.
EXAMPLE 365
30 TESTING THE POTENTIAL OF GSK3 INHIBITORS TO PROTECT
PRIMARY HIPPOCAMPAL CELLS FROM GLUTAMATE EXCITOTOXICITY
Hippocampi were dissected from embryonic day 18-19 rats. The tissue was

collected in Hibernate TM media (C{ib‘c_o BR1) and mminced into approxixﬁately Imm
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30 m nutes and washed extensively with washing buffer. TMB substrate
(Pierce) is used 25 for col or devel opment and the reaction is stoppe@ JAY 7007
addi ng an equgh .¥Qlbiy® of 0.8 M sulfuric acid. Strips a €A an ELI SA
pl ate.reader u5|2ng a 450 inn filter. The concentration f'?ngorrpggér% t hat
inhibits tau phosphorylation to 50% of the maximal level (i.e., 1C50) is
determ ned by fitting a signoidal curve to the plotted data. EXAMPLE 365 30
TESTING THE PORENTI AisCE ((KacloNAcBl LT QaRRD TG ciaRR MR HERRRANRAL
CELLS FROM GLUTAMATE EXCI TOTOXI CI TY H ppocanpi were dissected from
enbryoni ¢ day B&chanipgdCorporasieny: |F§519@m&a%0 %J@plﬂweﬂawm TRupRERARE 1B sTNIRERY a

(G beo BRL) angd.ifh N6adodnld \AARTANI TRE fhibed BRL). £ By oud pdmCfl0 bc}é\@R%

5004 016455 PerrIEagRgrElEE I pi eces. folted BRL) 24, P et il G %
Papai n Di ssocCi &tglmmsysmdeWP%m KicHg tere plmmﬁémmsumﬂtp@rchahﬁmwﬁedmhl owi ng

Neur obasal T PO oy iR BIRRE0ASE, SRR LIRS HHRR: FOTROBRR S, g
antibiotics. Col 5% G2 eclls| wire dinsed @Eniw tvithslieshooddiair é‘hdn@hecbycqaesemawa h 5
pol y-L-1lysine %rgﬁ’? %@&‘%ﬂﬁt ALl wRie daaRX Otﬁa%ﬁllnl&g n&ﬁﬁ t? %il&']ﬁl & %'aén?r‘ﬁﬁ £10- 14

days at 37C in were rinsed an e next
day repr esent abstween d:nirtpmdnﬁ@p@f[ t]ftelrltnmhtclfmnrsv@ﬂlevvmm@m}m@nd laédiGer ther e

media to a final ong atlon of nd 1 [ to ei ht hour s
fol |l ow ng corrp8(md ch rrion remwcegn i gir%’e %aRA/‘gélgP{lr e@%v%e ?r%r%gcel S

and storediat B3viG wGhl HEFESSbhukEere Ealmeﬂsa:liosdiwwe(ﬂﬂﬂsbl cbﬁﬂﬁsgbwpwelgbdme

bal d | t H t Gr b d Ch J
e enme SO T BoR S0h2) 20BN S Bl A AR g, oo
tenperature toszaa0M gnlomt amperated t 200N elsante #HESH tlEokaInm/\Hﬁgs eRQlostige,

cultures were rinsed t

ori gi nal condi FFRSAEE e%l“@%)%?&?eﬁd h’ij t%sbuhbgjﬁr%’gid ﬁéﬂ?r Ettﬁrrntg ?1%1%“12 gﬁr r

hours 15 fol I Omlgt@algdoﬂﬂlﬁﬂﬂeﬁ aedigl c@itﬁﬁﬁlgrtbe c@ﬂﬂ)dlmﬂsas TS tblm&@tgl-fbml-]ﬁﬁﬁ and

exposed fo Trypan Bl ue. s dye i.s cel I s The

ot ores vise. fileding SwgetReR Spiisacies e inet i ABsSarrrid The

gg gber | f’f :c [ VetcamﬂfpﬂﬁBllﬂle( trhiselyamhlean)up Hyadg€ caBU rms:umﬁres @e;unineaj z(n@.tthflneaﬁt N
ce S romea ture o as cont r ast hot o rap e

Using this met Iﬁé&‘fg’éé Ht A’d%‘r‘“? Wént %én&éﬁ ?

capabl e of sigmirfd aanédsyart ediugbd gatt legst POb el @lompfeacgl uﬂﬁf@t biusé m&u@et :

neuronal cell deat h. VPLE 36% ALUATIO\I EFFI CAC DIABETICRODEI\FI’S
(THE GLUCCSE TEPERSRE OATPERGUE myREEPRaEve

20  been shown to be capable of 31gn.1ﬁcant1y Ieducmg the potential of glutamate to induce

neuronal cell death.
| EXAMPLE 366 . .
EVALUATION OF EFFICACY IN DIABETIC RODENTS (
{THE GLUCOSE TOLERANCE TEST) '
25 COMPOUND= FORMULATION FOR ORAL DOSING:

Test compounds were typically formulated for oral gavage as solutions in water or
suspensions in 1%‘carboxymethylcellulosefo.l% tween-80 (both from Sigma Chem.,
MO) the day prior to administration. Some early compounds were formulated as
‘solutions in 15% Captisol (a modified cyclodexytrin by Cj]_)ex Co., IL) following
30 procedures: common to those below. For water solutions, dry and lyophilized test

‘compound powder is solubilized in ‘gistil-led water and mixed well by vortexing and
somicating. If necessary, test solution is pH adjusted with I N NaOH or 1 N HCl and is
finally sterile filtered through a syrillnge appended with a 0.2 micron cellulose acetate
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Test conpounds were typically forrmulated for oral gavage as sol uti n§ ht{ﬂ
wat er or suspensions in 1% carboxynet hyl cel | ul ose/ 0. 1% t ween- 80 ( b'o H ngn

Sigma Chem, MO the day prior to adm nistration. Sone ear unds were
f or mul at ed aswc‘szﬁ?ﬂ’ﬁ‘?%ﬁs in 15% Captisol (a nodified cycf_’gﬁh%&?ﬁﬁgﬂoy Cy Dex
Co., IL) follow ng 30 procedures conmmon to those bel ow. For water solutions,
dry and lyophilized test conmpound powder is solubilized in distilled water
and m xed wel | t exihhg_a ni ' .on is
o ad) ust ed wi CRITURNRRPO0 MBRR" S bluskinglBfif WA PRV gy Pt
through a syri ngedppéndetieshi suspasion Zofml‘kﬁr onbogictiyvsiblecdt ot gwesn8® ind JAN
2007 WD 2004/ 043455 PCTLHO2003/ 020825 pRARLANG LMLLI BOLE R voMq For oral
suspensi ons, the &st conpouhd "‘powder “1's m Xed W a fresh suspension of
1o car boxynet hyjacéld sideds bérdhgdféotsvendr18 Bniamnalin #2¢t ensi vel y soni cated, pH

adjusted if §emﬁ8ﬁogﬁgib%%wgﬁ texed until particle size

i s honbgenecus "an m cron 1 n size. MOUSE GLUCCSE TOLERANCE
TEST: Obese db/ db: ( fObewd db/O6{FBMNs /CFyBIstR miesr everbitadimeldirdm dnksacksenBhabs

Bar Harbor, at . ks of e and used r efficacy testin - 2. weeks
I(at er. On the ’%P?ﬁ %@)\c,?%d”ete%s?fggfeo%g u\ﬁ%dS%F Sﬁ?’\a}%ydte%%ﬁﬁ]%i‘”ﬁgisr%%*e'%of]’ﬂ%heg '
(7-8hrs prior. tmorike oflauedsieod ad teajoved Bl inahe sibhéig @-SheMr ¢d érrglucdsd r a
Pharm, MA) wa lied to_the of. the 10 _tail d 50-100ul . bl ood. .sanpl es
wer e obt ai )ned %pg‘ﬁﬁsfrﬁcglsa%ﬁm‘:{‘ﬁéﬁ{(}gﬁc’eﬁepgéiﬁ#t@ﬁv B’@‘tr}e‘%f‘siaﬁ%hﬁg%e%ﬁwgﬁe {Tﬁbes
cont ai ni ng ful t50EHd 301 0Daichlsod shapias were obdalted frohisiips ofNBY tailithlind sdlloaedttient :

i solation of plasmg. _Sanples were talned. at .various. i nterval s roughout
e ey T or Pt Bodons AR SoyRng S Sy gl bemn HBh e, B U our
groups and adrsubdegieat BdlatifiCofl plistla. Wadlpled asge Ghtaih@Sit VaAOROHBE 2l Ahrdughont

volume) 4.5 hr prior_to the l ucese and again 0.5 hr prior to
admi ni stration tgff dgy for mtOtg(Y%%%et%P? s MY IBE%B‘SI.OI,MF‘E)M‘PWBPW &g Tge
ﬁ onT Tl) | or int réhﬂﬁ‘)h Eﬂiiété?r@@@ie férﬁlj &6l 428 of Ast ecgmﬁdélxﬁdf(d).m%h \kzalmag 4SRRI preor a0 B | 2

r ollowng t gl ucose admni stratl| on, 00d was reto rned t t he ani_nal s.
REGULATI ON REe el f-A DAREPY SREIIRIPREROR of Pepl @Juh%&f%ﬁs(?‘mﬂ?y Pilcal 1y
orally adm ni sty4 gl $8agH16GPTNGGELApSEBnED A @YoR A fic? the HBRFbIbG BmpleaBEtizC

Model s,. Inc.; Indianapolis, | in the context of a nmulti-day, multi- dose
regi men or as aY&URYERS thoelieose adrunirgtiondeed Way wtumsd & heanizelsg” weeks of age

and used for ef{#dopLyidrest RRGAL GLYEEKSA IAMtreINsTONEMIAS renoved about 30mi n
prior to dosing and a single bolus _of test conpound (dosing vol ume rangi ng

from1l - 8 ng/m) wasst cgaRfuRfsTerdpicaly oailywdeiEssie ogdbadd Bie &6 BYchPove at

1-6 time point 7w Rks (chBemteMbdels, Inc.;AndiBka ofggqﬁ Woge balebiiRed i iie naimi-mal
cages follow ng the blood sanpling. PRIMARY ENDPO NTS: ( ucose and insulin
| evel s are nmeasiOpeusimes A 36 a Sigledivdisort bsIZ3Yuraésawpr kseived at § weeks of age and

C used for efficacy testing 1-2 weeks later. Food was removed about 30min prior to dosing

and a single bolus of test compound (dosing: volume ranging from 1 — 8§ mg/ml) was
administered. Blood was sampled as described above at 1-6 time points over the next 2-3
25 hr. Food was retumed to the animal cages following the blood sampling.
PRIMARY ENDPOINTS: ' '
* Glucose and insulin levels are measured from plasma and/or blood samples.
Glucose levels are measured from whole blood by the One-Touch glucometer (Lifescan
Co., CA) and from plasma by Beckman glucose analyzer. Glucose resuits typically
30  reflect blood values for mouse and plasma values for rat studies. Measursment of insulin

levels has been via ELISA (Crystal Chem. Co., IL) following the supptier's protocol. )
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G ucose level s are neasured from whol e bl ood by the One-Touch gl uconeter
(Lifescan Co., CA) and from plasma by Beckman gl ucose anal yzer. G L8déN 2007
results typi 0@b|2004/3ﬁ43‘5€f|ect bl ood val ues for nouse and ptassEBo0adctes for
rat studies. Measurenent of insulin |evels has been via ELISA (Crystal
Chem Co., IL) following the supplier's protocol. 87 1 9 JAN 2007 WO

2004/ 018455 PCT/ US2003/ 026625 RESULTS QUANTI TATI ON: Efficacy may be
expressed as. HWM@S@MTMIHQNm insulin or represent ed as area under
the curve (AUC) for_pl asma ucose t ake qQve basel i ne
of 100 g/ dl) and | FESRE P e e apa 8 TR AR il iRl o SeREnetET o
ng/ m.). 5 Typi ek h:yder%e:nwe@U@ﬁndﬂma@dﬂeqset(ﬂabeﬂ@sw msmmegaoﬁmiabdasﬂme '

Cont ol ADCXL06] 100 S i bl RAEL Rl e ermiriginerG et (ot © e,
gxpr FSrS]I Ogr 6}‘ U@@cﬁa‘lﬂlg?hémd@rﬁiedlcaﬁﬁrsweﬂrls& @bﬂﬁ?ﬁﬁaﬂpf@ﬁsmﬁﬁﬁ/ﬁ%ﬂgﬁ%ﬁwgﬁ?r o
oroup, 10 REGOIP ol ARG ST B SolpoaHAE oot RECTER: e SRR ed

good in vitro -RRNEREY singRGuMiedive expres‘smraﬂlt@txﬁ@gnmdecmmbﬁﬂbd gnebsadivhadapt er ed
s.c. tomc exhi |te gh bioavallability andtltgsue

e (30, ng/
penetrance in FRdrer Ieﬁg%ﬁ‘dg]i*ﬁs?l %ﬁ’fg ¥°§’6‘H’cf’? Frviit, CB%[%E’Q’P“O% T g1 19 cafiPleFRRs t
prior to the glhaRseotpl erance test, and significantly inproved glucose 15
di sposal follown | ucose chal | enge were observed.. A 45-50% reduction in
the AUC réifat |RE§%[L% St he control group was observed if the glucose response,—

i s quantitated Ryresdfitiof H&Iﬂél_dﬁﬁdst betha §8ankdahithb® ¢hb0n0yi8b 58@1&% G Ve AUC) . ;

from-60 minto +120 mn his is conparable to the efficacy tained with

Troglitazone (VprEYaggs &y cantigpl ynd gimapisterpd <t t@e@@ﬁaﬁ-”odﬁlﬁ@fghte‘é}bﬂtﬁ‘erhlﬁb or

100 ny/ kg/ day) bw%bﬁﬁb&ﬁr %Qr‘tﬁsﬁ;ﬁ&%ﬁéxaﬂ@é it hf;WZO R@r‘ﬁﬁ‘ﬁ@éﬂt Oﬁdﬁc'ﬁéﬁ #NBal N
levels in treated animals renni néd |ower than in control mce. Wile the

preferred enmbodiprEgycedta fusieprion{nathe ghigosh dajerprcsriost |apd significandly dppovededierobded,

it will be @pp d%%bs%ﬁ RO RRpYREd BBl ANIE ShefRd PR E@S’@Atrklﬁ&ﬁin“m%é Res
departing fromthe spirit "and scope of the invention. -83 Il 1 9 JAN 7007

CLAIMS 1. A conpaiiieciothe icpgrol emoupt wesc olseered iR ghiepso\reRporRg is quantitated by
: determining the area under the blood glucose curve {AUC) from -60 min to +120 min.

This is comparable to the efficacy obtained with Troglitazone (when dosed orally for at
least several days at either 60 or 100 mg/kg/day). Also of significance was the
20  observation that insulin levels in treated animals remained lower than in control mice.
' ] While the preferred embodiment of the invention has been illustrated and
described, it will be appreciated that various chaﬁges can be made therein without (\}

departing from the spirit and scope of the invention.
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R NNRZR/ W RS (IIl) wherein: 5 Wis absent or is selected fromthe
group consisting of -0-, -S-, -S(O-, -S®2-, -NH, -NHCO, -NR CO 78 JAN 7007
-NHSQ2-, -NR S@2-, -CO, -CX2-, -CH2-, -CF2-, CHF, -CONH, -CONR -, and
-NR -, where R is alkyl, substituted al kyl, cycloal kyl, aryl, heteroaryl,
heterocycl o; R2 and R3 are independently selected fromthe group consisting
of hydrogen, ' 10 hydroxyl, and optionally substituted |oweralkyl,

cycl ol oweral kyl, cyclicam noal kyl, al kyl am noal kyl, | oweral koxy, ami no,

al kyl am no, al kyl carbonyl, aryl carbonyl, aral kyl- carbony],
heteroaryl caf hntg! . het eroaral kyl carbonyl, aryl and heteroaryl; R5 and Fs
are independently selected fromthe group consisting of hydrogen, halo, and
optionally substituted | oweral kyl, cycl oal kyl, al koxy, am no, am noal koxy,
15 car bonyl bxy, AsierRewBYiRg hesuctyeky| car bonyl ani no, aryl car bonyl ani no,

ar al kyl carbonyl am no, hqﬁeroarylcarbonylanino, het er oar al kyl car bonyl am no,
cycl oi mdo, heterocycloif do, am di no, cycl oam di no, heterocycl oam di no,
guanidinyl, aryl, biaryl,| heteroaryl, heteroarylaryl, heteroaryl heteroaryl,
het er ocycl oal kyl , Rheter o- carbonyl oxy, heteroaryl carbonyl oxy, and

aryl sul f onam do; 20 i's seNected fromthg groR consi sting of hydrogen,
and optional ly substi tjuted l 1, and heterocylo; R7 is selected
fromthe group consi sth rboxyl, nitro,

am no, am do, am dino, i o, o, N nesul fonyl, and
substituted or unsubstituted alkyl, alkoxy, akkylcarbonyl, arylcarbonyl,

ar al kyl carbonyl, hetero 25 arquarbonyhh het ero | capifenyl ,

al kyl car bonyl oxy, aryl carbonyl oxy, aralKyl- -89 1 9 J 2007 car bonyl oxy,
het er oar yl car bonyl oxy, heteroaral kyl carbonyl ogy,. al kyl am noc gﬁonyloxy,

aryl am nocar bonyl oxy, fornyl, |oweral kyl carbonyl, Iomeralkox? rbonyl ,

am no- car beteyin: am noary], al kyl sul fonyl, sul fonam do, am noal koxy,

| kyl am no, h < ' I ' | kyl b | am no,
al kyl am no, het ygaarbxém oﬁ@sagﬁti@{r&x ra@egg@@%mg%f Gl k] aghnoggy bonyl ani no

aryl am nocar bonyl am no, 5 ara ca am no, - het et oat yI'car boAy! ani no,
aryl car bonyN&ki N-CRet NGOy |-NHEO:H oNRISEH, n€0ey- g mCiil;, €¥el &HHE, oam do,
cycl oam di ng, heterocycl oam di no cycl oal kyl, .cycl gi m do, heterocycl oi m do,
guani di nyl ,"CONH- -Gy ?dﬁ?yNB'hﬂb@F3%9%F@ﬂ’“W@F@%ﬁ@%@%dﬁﬂR?kﬂ&ﬁ?&lsulfonyl
and aryl sulfRRam deterofti@nd RI O are independently selected fromthe group

consi sting of hﬁ rogen, . .
_ , 2 and Ry are independently selected from the group consisting of hydrogen,

10 hydroxyl, and optionally substituted loweralkyl, cycloloweralkyl, cyclicaminoalkyl,
alkylaminoalkyl, loweralkoxy, amino, atkylamino, alkylcarbonyl, arylcarbonyl, aratkyl-
carbonyl, heteroarylcarbenyl, heteroaralkylcarbonyl, aryl and heteroaryl;

Rs and Ry are independently selected from the group consisting of hydrogen,
halo, and optionally substituted loweralkyl, cycloalkyl, alkoxy, amino, aminoalkoxy,

15 carbonyloxy, aminocarbonyloxy, alkylcarbonylamino, arylcarbonylamino, aralkyl-
carbonylamino, heteroarylcarbonylamino, heteroaralkylcarbonylamino, cycloimido,
heterocycloimido, amidino, cycloamidino, heterocycloamidino, guanidinyl, aryl, biaryl,
heteroaryl, heteroarylaryl, heteroarylheteroaryl, heterocycloalkyl, heterocyclo-
carbonyloxy, heteroarylcarbonyloxy, and arylsulfonamido;

20 Ry is selected from the group consisting of hydrogen, and optionally substituted
aryl, heteroaryl, and heterocylo;

R; is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl,
nitro, amino, amido, amidino, imido, cyano, sulfonyl, methanesulfony), and substituted
or unsubstituted alkyl, alkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, hetero-

25 arylcarbonyl, heteroaralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy, aralkyl-
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10 hydroxy, nitro, amno, cyano, halo, thioanido, am dino, oxam dino,

al koxyam di no, imdino, guanidinyl, sulfonam de, carboxyl, fornyl, 18 JAN 7007
| ower al kyl , am nol oweral kyl, | oweral kyl am nol ower al kyl, hal ol ower al kyl ,

| ower al koxy, hal ol ower al koxy, | oweral koxyal kyl, | oweral kyl am nol ower al koxy,
| ower al kyl car bonyl, | oweraral kyl - carbonyl, | owerheteroaral kyl carbonyl,

al kylthio, aryl and, aral kyl. Mst preferably, Ais 15 selected fromthe
group consi sting of am nopyridyl, nitropyridyl, am nonitropyridyl,
cyanopyridyl, cyanothiazolyl, am nocyanopyridyl, trifluoronethylpyridyl,

e A B A S B S B R e

optionally zsylhﬁﬁwdaﬂioﬁﬂow,t rbrmplglelcﬁ)\rerdﬂq'kﬁrb@ﬁyl,t Hewgﬁmbbg%ars@iyﬁctaﬁﬁhof- rom

neopenty1 PRSI BTRS g ShHnlare surRloSbABy e PR oy i 5o

RO, wher eidmim,| Samymamﬁtﬁmrho xﬂaﬁﬁ;ﬁmacaﬂiohylhninacl W§RmidociBatylagiish, cycl i ¢
aIkyI mhereln cycl oal kyl i ncl udes heterocycllc and carbocggllc al kyl ;

wherei n ar yralkyarieadaming o hefetpatyicarbamdaning. i o aRylcprbenylanyne, 2BelgaEYlai n

car bonyl oxYeatbgny¥mihé1€ cHaaRTid, fc9aa&ﬂoamrd@( chQdemﬁhemak@cﬁloamnfoel ected
from-the group consistin hydr ogen, 1 over a cycl oa

or.
het er ocycl dariRgikyL ayrlqigido, aﬁtyqocyqlfém@poavwwalwgvmea?aaxlkweroww& ein

car bonyl ampg.d (l_,atﬂgé@gnqﬁ ﬁrﬁﬂﬁﬁéna@d am des; the tautoners thereof;
30 or a phar rréég‘ﬁt al 'y acceptable salt thereof. -90 1 9 JAN 2007 2. A

conpound of cl aRenpnd erﬂ\f%mdemdfaﬂﬂ S%t@rﬁomﬁ@rg@&hwmstl% ddwpoesnd of claim 1l
wherein gt 4 d t ted t

uher o 0 B NSRS, 0 SlnfS B, gl TRk St YRSHABJI 20 roTctY
R15 ar e [ ndmpmmd@mm;hnslelsstfmamldq; otartiolkd, deroyh losvemthydi arhimplgwerblkiply dr ogen,
nitro, t hi rbo r ox i onal |
substi t ut egg‘r \/\B’?’L}%I?D]P%e” | ﬁ%oxy, V\eraﬁd&a}ﬂ%g M%Dl?\g%l&g’&al kyl , Y

hal ol ower aIlkwgdkommkyioalomma}kyhhm;(ﬂmﬂraiknxy,arﬂpwctalkklyérhdmw nyibweraralkyl-

al kyl am noal kyl

ar al>/kyl car bS%)}é]I’yi %%Met?{g‘rf%kg é{ b I“'](% ? ndl) ﬁ%ikafnga?ﬂt B"&F%%Hyr“d?n no,

het er oarl csalehah yrbnanrha (gr(ﬁlp”l dongiding mfyahmndpgm anhiktygyaidyln anmohienysiridyl] O

aralkyl - g honpiRg e B, T EbSPRYhmAlEh Ra T

aryl car bo n)ﬂyﬂe@{ eﬁ,égwxymtra;bylﬁ)aylpme;hwymmidkwnd nit@th@Eeiey; y| car bo nyl oxyal kyl,
ar al kycar bonyl oxyal kyl , and
wherein loweralkyl is a linear or branched C,.jo-alkyl optionally substituted with

one or more of the groups selected from: halogen, hydroxyl, methyl, ethyi, propyl,
20 isopropyl, n-butyl, t-butyl, neopentyl, trifluoromethyl and pentafluoroethyl;
wherein loweralkoxy is a RO-, wherein R is loweralkyl;
wherein alky! includes linear and cyclic alkyl;
wherein cycloalkyl includes heterocyclic and carbocyclic alkyl;
wherein aryl includes heterocyclic and carbocyclic aryl;

25 wherein caz.'bonyloxy is of the general formula -C(0O)-O-R’ wherein R’ is selected
from the group consisting of: hydrogen, loweralkyl, cycloatkyl, heterocycloalkyl, amino,
aryl, heteroaryl and loweraralkyl;

wherein carbonylamino includes carbamate esters and amides;
the tautomers thereof;

30 or a pharmaceutically acceptable salt thereof.
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het er oar al kcar bonyl oxyal kyl; wherein |oweral kyl is a linear or branched

Cvi o-al kyl optionally substituted with 15 one or nore of the groups] g JAN 2007
sel ected from hal ogen, hydroxyl, nethyl, ethyl, propyl, isopropyl,
n-butyl, t-butyl, neopentyl, trifluoronmethyl and pentafl uoroethyl; wherein

| ower al koxy is of general fornmula RO, wherein Ris |oweral kyl; wherein

al kyl includes linear and cyclic alkyl; wherein aryl includes heterocyclic
and carbocyclic aryl; 20 wherein carbonyloxy is of the general fornula
-C(O-O0'R wherein R is selected fromthe group consisting of: hydrogen

| ower al kyl , cycloalk et erocycl.oal k am no, aryl, heteroaryl and

| ower ar al kyf; é‘l‘"éllog"l@’é"r gﬁﬁ??’ﬁ%‘?ﬁ%;$%q Bydegen ar barmat e esters and
amdes. -91 1 9 JAN 2007 4. A conpound of claim3 wherein R11, R12, R14
and R15 are3. hydnﬁogmrpoarrdjoﬂyaninsl shtreiatag teaftromenof IRg afd RY s & Quitstitted g of hal o,

| ower al kyl al kox hal ol ower al kyl , am nocar bonyl ,
aIkylanlnocﬁ?%ﬁﬁvfxgﬁﬁgﬂgr Jk relﬁﬁ oweral kyl is a linear or branched

G _lo-alkyl optionally substituted wijth 5 Qne or nore of . hal ogen,

hydr oxyl, methyl, ethyl, proﬁ??, AT R butyl, t-butyl, neopentyl,
trifluoronethyl and pentafluoroet erein Iomeralkoxy is of general
formula RO, wherein Ris |oweral d wherein alkyl includes |inear and
cyclic alkyl. 5. A conpound o 3 serein Rl |, RL3, and R 5 are
‘hydrogen and R12 and RI4 10 afe i ndgf Ry selected fromthe group
consisting of halo, |oweralkyl, | ower al koxy, hal ol oweral kyl and
cyano wherein |oweral kyl is a Ilnearggr branched Cl1-i o- g kyl optionally
substituted with one or nore of the groups selected £ hal ogen,
hydroxyl, methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, neopentyl,
trifl uoromet hyl wherdingantkat, Immrlhetahs’rlms 415 independently| selegied frkmxe goupf gener al
formul a meralk . a cludes |inear and
cyclic a:%gci(m ngikﬂ%ds%%e% JEI' G m?’&%%’r%ﬁmﬁhca%ii hﬂ?ﬁ a(?j R15 are
hydr ogen anqbtn&faﬂy substitinted elbwanlyyl lzwermkompbwaﬂllmiyandyal hal&owmmyzh, n Rf, Rl12,
‘R14, and 5 dro i.s a .20 Q¢ l.oal k rein

cycl oal kyl #?iﬂ"i‘f&‘ xhe @V@ ﬁ%%’&o > @gal I?}]e@fk %iﬁ %aYk E%B?Q‘pound of
Clhai m 3 V\Aﬁ?}]@,ﬂtﬁ;}ﬁ'ﬁ alk)&ﬁﬂionyblﬁﬁlmf Rhlk)'l.lcarﬁig&lamﬂﬂ;ﬁ hR&ré%ralaﬂﬁhrRilﬁlaﬁii@ hal o S.ndf
the remai nder, o 11 R14, .and .R15, ar r A conmpound o
claim1 whePdfaipogy a‘l’“ﬁ‘&sﬁﬂet"é ]I‘E?Fb‘% alping ainqearb fele%ra' ﬁ?‘Bﬁ‘i‘P?aﬁ@“ﬂ% group
consi st i g aafinddta0dyl, 0 RARMAminGHIiy, U GirAlp histtbaryl! I éyiclob@eRamyINY ABIRGINY |

alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, arylcarbonyloxyalkyl,

alkylcarbonyloxyalkyl, heteroarylcarbonyloxyalkyl, aralkycarbonyloxyalkyl, and
heteroaralkcarbonyloxyalkyl;

wherein loweralkyl is a linear or branched Cy.jp-alky! optionally substituted with
15 one or more of the groups selected from: halogen, hydroxyl, methyl, ethyl, propyl,
isopropyl, n-butyl, t-butyl, neopentyl, trifluoromethyl and pentafluoroethyl;
wherein loweralkoxy is of general formula RO-, wherein R is loweralkyl;
wherein alkyl includes linear and cyclic alkyl;
wherein aryl includes heterocyclic and carbocyclic aryl;
20 wherein carbonyloxy is of the general formula -C(0)-O-R’ wherein R’ is selected
from the group consisting of: hydrogen, loweralkyl, cycloalkyl, heterocycloalkyl, amino,
aryl, heteroaryl and loweraralkyl; and

wherein carbonylamino includes carbamate esters and amides.
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chl or of | uor ophenyl, bronochl orophenyl, ethyl phenyl, nethyl chl orophenyl,

i m dazol yl phenyl, cyanophenyl, norphlinophenyl and cyanochlorophenyhghmﬁ%mﬁ
9 JAN 2007 10. A conpound of claiml wherein R6 is substituted or
unsubstituted aryl or heteroaryl; and wherein aryl includes heterocyclic and
carbocyclic aryl. 11. A conpound of claim|l wherein R6 is substituted or
unsubstituted pyridyl, 5 pyrimdinyl, piperazinyl, thiazolyl, indolyl,

i m dazol yl, oxadi azolyl, tetrazolyl, pyrazinyl, triazolyl, thienyl,
furanyl; quinolinyl, pyrrolyopyridyl, benzothiazolyl, benzopyridyl,

benzotriazo}yl, ,and benzim dazolyl. 12. A co nd o laim| _wherein R6 is
a nonoket op‘{'per éz‘i"ﬁ?f’"r@r‘gt? "ﬂév‘?’%@e“t %é’ Ryt ﬁﬁgg‘gké: ar?l&,'dg?ﬂﬁn aHRu iR s wherein
R15 and RlGeRéted ifraensadgaip Yomatise tednds,0mwehtygr BptRos0 Nsiverikee), Of

hydrogen, | o raIE¥ , alkyH%{ a&% . heteroaryl, arylloweral kyl,
IomeralkyldP@ﬁ% YalRRypocar vhelk muperarronykead 5¥an03 | ower al kyl , car bocycl i c
and heterocycl | ¢ .Qnh 1 be taken w th. angt her..RL6 or wi t 5to forma
car bocyclic, 1%'8%81 éor‘gégzi;f Fscgj‘gnrea’égrr;’ fmﬁeﬁ&""’éﬁﬁ l §pti|o§1 al??’nsﬁﬁ)%t{metacg‘r“t etween 1

and 6; WEergik br ks hkben §ycﬁo>]m,nﬁaﬁyl,0éthﬁr ﬁeﬁﬁpﬂ?&%pﬂl,oﬁ-ﬁé&% k-b@pt i onal Iy
e

substituted with one or nore of the groups se€lec from ™ hal ogen,

hydr oxyl , mebpepty], tréituosomethyl odpkentafluoseyppyl , n-butyl, t-butyl, neopentyl,
trifluoronmethyl and pentafluoroethyl; wherein alkyl includes |inear and

‘cyclic al kyl; 2whetpiadeveralkoxy s of genetad mpla REr.odprin R isdaveraliylbadycl i ¢ aryl ;
and wherein al kxﬁ%%in'B%ﬁﬁgaﬁ%gii?%m%g%@’a&%ianChEd or cyclic radical having

one or nore tri carbon atons. -93 1 9 JAN 2007
13. A compound of claim 12 wherein Rtr is |oweral kyl, such as nethyl, ethyl;
n propyl, isoprappinpounyof dpirod yherein-Ra1Ryd, and Bye atethygogor and RypdndlRi, or RIS is

taken with R16 .to . form.a u ﬁavin the structure: ' f 5 m1l4. A
corrpounc}toofarec fngfwfienﬁﬁé?lgﬁt%{ %g’%a % gF?é"gach Es‘ﬁt‘H%QEQWE’eﬁ?WWuP%% or | ower
al | cyl . whdowdraikdxgyididveydikyl andcyamenear or bntnched Cl -ac-al kyl optionally
substituted with :
wherein loweralkyl is a linear or branched C,_jo-alkyl optionally substituted with
one or more of the groups selected from: halogen, hydroxyl, methyl, ethyl, propyl,
isopropyl, n-butyl, t-butyl, neopentyl, triffuoromethy! and pentafluoroethyl;

15 wherein loweralkoxy is of general formula RO-, wherein R is loweralkyl; and

wherein alkyl includes linear and cyclic alkyl.

6. A compound of claim 3 wherein Ry, Ryz, Ry4, and Ry5 are hydrogen and R,3 is
heteroaryl.
7. A compound of claim 3 wherein Ry;, Ri2, Ris, and R;s are hydrogen and Ry3 is a

20 heterocycloalkyl
wherein cycloalkyl includes heterocyclic and carbocyclic alkyl.
8. A compound of claim 3 wherein at least one of Ry;, Ry, Ri3, Ris, and Rys are
halo and the remainder of R;1, Riz2, Ri3, Ryg, and Rys are hydrogen.
g, A compound of claim 1 wherein at least one of Rs and Ry is selected from the
25 group consisting of dichlorophenyl, difluorophenyl, trifluoromethylphenyl,
chlorofluorophenyl, bromochlorophenyl, ethylphenyl, methylchlorophenyl,
imidazolylphenyl, cyanophenyl, morphlinophenyl and cyanochiorophenyl.
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one or nore of the groups =looted from hal ogen, hydroxyl, nethyl, ethyl,
pnpyl, 10 isopropyl, n-butyl, t-buty i neopentyl, trifluornnethyl amdjAN 7007
pent al uoroahyl ; and wherein al kyl includes linear and cyclic al kyl, 15. A
conposition conprising an anount of a conpound of any one of clains | to 14
effective to inhibit GSK3 activity S. a human or ani mal subject when

-~ adm nistered- thereto, together with a phaarnmaceuti tally acceptable
carrier. 15 16. The conposition of claim 14, wherein said GSX3 tediated

di sorder is selected fromthe group consisting of diabetes, Al zheiner's

di sease and ot her neurodegenerative disorders, obesity, athenselcrotic
cardi ovascuPar Hiwemeed elsdlaint il avhengip st ie rssbstitvted grolmsobstituted aylpy syndr one,
syndrome X, ischem a, Traumatic brain injury, bipolar disorder
innunodefi@?@ﬁ@?ha conmer 20 17. The use of a conpound of any one of the
clainms | to 14 [ d f [.E: S . C nt for inhibiting GSK3
activity in a Hﬁﬁ%ﬂﬂgﬁl%ﬁ?ﬁ%ﬁ&éﬁgﬁgg%@cfggggkﬁgﬁgse of claim17, vAnmeiti

sai d GSK3- mpdi ai ednflosiar SeélaileS | SAleRfd &Y if SHNILRE or AnSHRHGRASyREYING Of

di abetes, Al zheiner’'s di sease and ot her nturodegenerative disorders,

obesi ty, Sapimidmsl;| eipeczingar diiaesigls cintialyl, dinséezslel, esaituzblyhl tdwgpdylf ensi on,

pol ycystic ovary -94 1 9 JAN 2007 19. The use of claim 18 wherein the

nedi canent Pyrazinylp detralyht thienylinfusngl equivplipyl, rpymelyepydidyb nbengettiiaraldnal  acti ve
agents. 20 The.Hﬁe of clahg1%£ wherein the GSK3-nedi ated di sorder is

“di abetes aRdPHEBarTERN: ALbe “;aﬁ‘él is selected fromthe group

consi stingqef i j I R gl oY i ne,
glipizide é%d ﬁgﬁggbﬁ$%ﬁrg%${%ﬁégggégégagQ@gﬁ%%&ﬁﬁggg‘%niﬂgkg&g%pthe cl ai s
1 to 14 f ostnichge:manuf acture of a nedicanent for inhibiting tau

phosphoryl ation in a human or ani mal sybject. 22. The use of claim?21
wherein the conmpound is 1-{3-[(§§%g:no %@gitropyridin-z- 10

yl ) am no] propyl )-4-(2, 4-di chl or 6p ﬁ?? N-[(] S)-2-hydroxy-|

-nmet hyl et hyl ]-1H pyrrol e-3-carboxgm dei 23. A conpound of any one of the

claims 1 to 14 for use as a phar Plal.  -95
10 Ris

wherein R;s and R4 are independently selected from the group consisting of
hydrogen, loweralkyl, alkynyl, aryl, heteroaryl, arylloweralkyl,
loweralkylarylloweralkyl, haloloweralkyl, haloarylloweralkyl, carbocyclic and
heterocyclic; or Rg can be taken with another Rig or with R5 to form a carbocjclic,

15 heterocyclic or aryl ring; and o is an integer between 1 and 6;
wherein loweralkyl is a linear or branched C,.jg-alkyl optionally substituted with
one or more of the groups selected from: halogen, hydroxyl, methyl, ethyl, propyl,
isopropyl, n-butyl, t-butyl, neopentyl, trifluoromethyl and pentafluoroethyl;
wherein alkyl includes linear and cyclic aikyl;
20 wherein aryl includes heterocyelic and carbocyclic aryl; and
wherein alkynyl is a straight chain, branched or cyclic radical having one or more

triple bonds and from 2 to 20 carbon atoms.
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10

15

13. A compound of claim 12 wherein Ry is lﬁwwe:ralkyl-. such as methyl, ethy); n-
propyl, isepropyl, cyclopropyl, n=butyl, iso-butyl or e-buryl, or Rys is wken with Ry to

A

formi a grovp having the structure:

14. A componnd of claim 1 wherein Ry and Ry are independently hydrogen or lower
alkyt; .

vdwmfu leweralkyl is a linsar or branched Cyyp-alkyl optionally substituted with
one or more of the groups selected from: halogen, hydroxyl, methyl, ethyl, popyl,
isopropyl, n-butyl, t-butyl, neopenty, trifluoromethyl sud pentaflvoroethyl; and

wherein alkyl includes linear and cyclic alkyl.
15. A composition comprising an sinount of 4 compound of any one of claims 1 w
14 cffective to inhibit GEK3 activity in a human or animal subject when administered
thereto, logcther with 4 pharmaceutically acceptable carrier,
16.  The composition of claim 14, wherein said GSK3-mediated disorder is selected
from the group copsisting of disbetes, Alzheimer's disease and other nmﬁegcnm&tive
disorders, obesity, atherosclecotie cardiovaseular disease, escential hypertensien,
pelycystic ovary syndrome, syndrome X, ischemis, woumatic brain injury, bipolar

. disorder, immunodeficiency and canesr.

17.  Theuse of a compound of any one of the claims 1 to 14 for the manvfacture of &
medicament for inhibiting GSKI activity in 2 buman or animal subject, '

18.  The use of claim 17, wherein said GSK3-mediated disorder is ssiected from the
group consisting of disbetes, Alzheimer's disease and other nenrodegenerative disordars,
obesity, atherosclerotic cardiovagcular discase, esseatial hypertension, polycystic mém
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19.  The use of claim 18 wherein the medicament is subsequently administered by
more than one additional active agents.

20.  The use of claim 19, wherein the GSK3-mediated disorder is diabetes and the
additional active agent is selected from the group consisting of insulin, troglitazone,
rosiglitazone, ptoglitazone, glipizide and metformin.

21.  The use of a compound of any one of the claims 1 to 14 for the lhanufacture ofa

medicament for inhibiting tan phosphorylation in a human or animal subject.

22.  The use of claim 21 wherein the compound is 1-{3-[(6-amino-5-nitropyridin-2-
yl)amino]propyl}-4-(2,4-dichlorophenyl)-N-[{1S)-2-hydroxy-1-methylethyl}-1H-
pyrrole-3-carboxamide.

23. A compound of any one of the claims 1 to 14 for use as a pharmaceutical.

-95.
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