02- Feb-2007 PYRAZOLE COWPCSI TI ONS USEFUL AS | NHI BI TORS OF GSK-3. CROSS
REFERENCE TO RELATED APPLI CATIONS [0001] This application clains pég%%b? 07
to US Provisional Patent Application 60/400,967 filed August 2, 2002,
contents of which are incorporated herein by reference. TECHNI CAL FlI ELD OF
| NVENTI ON [ 0002] The present invention relates to inhibitors of protein

ki nases, especially glycogen synthase kinase-3 (GSK-3), a serine/threonine
protein kinase. The invention also provides conpositions conprising the

i nhibitors of the invention and nmethods wutilizing those conmpositions in the
treatnment of various disorders, such as diabetes, Al zheiner's disease,
Huntington's disease, Parklnson S dlseas mul tiple sclerosis (M5), stroke,
neur ol ogi cal ANVRARNEGMRSLIONS USEFM AT INHIBHORS QF68Kr3.c di sor ders.
BACKGROUND OF THE | NVENTI ON [ 0003] The search for new t herapeutic agents has
been greatly aided in recent years by a better understanding of the

structure of enzynes amgOStREFHRENTH TOREA TS APPRICATIONG target

di seases. One inportant class of enzynes that has been the subj ect of
ext ensi ve [0 @Ql;ldy This applieasion C]ﬁnﬁ&@@@ﬁty [tfo)ﬁél’fowmaémekﬁ Applisstionedi at e

|t acel | oploosied il AEARESRIOD A s LA e MeonSLLESHADN 1, Phosphor !

transfer from & nucleostde tri phos te to a protern acce

i nvol ved imfezense.gnal i ng pat hvvay There are a nunber of ki nases and pat hways

t hrough which extracellular and other stinuli cause a variety of cellular

responses to occur inside the cell. Exanples of such stimuli include

envi ronnment al and chem cal TECERSECAS FIEADOF NTI@gnoti ¢ shock, heat shock,
bact er.i al _endot, H202) , nes (e.g.,

ul travi ol i on, X t oki

interl euke[h @(I |24 i}’reé?f&f“t“{ﬁ‘?'ﬁ?n F@@%p@u@l@&%‘npr e’(“'llﬂFﬂs%’)eg &43lY gr owt h
factors (9% oged§yRAMORMhR-TRTSRBY 30Lri I RBYMS phdidth X8 'i‘lﬁa%@énﬁ(ngw CSF),
and fibroblast growh factor (F¢ )) An extracel lular stinulus nmay affect

one or nordsoproddecempositionseampyisiie theishibies of fsimyeation sndmpthods owt h,
m gration,,,{ %%Eo%@kbﬁfjbs?ﬁb s 35 HeSfehbnPbe J%ﬂBIF@cﬂﬁﬁder@%hb%gﬁl &L

transcription factors rrusc e contraction ucose neta Ism
Alzheimer’s dlsease Huntington’s disease, Parkmson s disease, multiple sclerosis (MS),

stroke, neurological and neurodegenerative disorders, and psychiatric disorders.

BACKGROUND OF THE INVENTION
[0003] The search for new therapeutic agents has been greatly aided in recent years by
a better understanding of the structure of enzymes and other biomolecules associated with
target diseases. One important class of enzymes that has been the subject of extensive
study is protein kinases.
[0004] Protein kinases mediate intracellular signal transduction. They do this by
effecting a phosphoryl transfer from a nucleoside triphosphate to a protein acceptor that is
involved in a signaling pathway. There are a number of kinases and pathways through
which extracellular and other stimuli cause a variety of cellular responses to occur inside
the cell. Examples of such stimuli include environmental and chemical stress signals
(e.g., osmotic shock, heat shock, ultraviolet radiation, bacterial endotoxin, and H202),
cytokines (e.g., interlevkin-1 (IL-1) and tumor necrosis factor ot (TNF-¢t)), and growth
factors (e.g., granulocyte macrophage-colony-stimulating factor (GM-CSF), and
fibroblast growth factor (FGF)). An extracellular stimulus may affect one or more



control of protein synthesis and regulation of cell cycle. [0005] Many
di seases are associated wth abnormal cellul ar responses triggered @'F

. . : . : : -Feb-2007
protei n ki nase-nedi at ed events. These di seases i ncl ude autoi nmune di'Seases,
i nfl anmat ory di seases, bone di seases, netabolic diseases, neurological and
neur odegener ati ve di seases, cancer, cardiovascul ar di seases, allergies and
ast hma, ' ' LSE =1 el KoJ : cordi ngly,
t here has @gégfr%} %Eﬁ%ng%sgjf %’zf{ﬁ ﬁ‘gfﬁgg}o g’%%%&%{élgidﬁe%%ng{éﬁg%&g%%}ﬁ%o find protein
ki nase i nHidmmbogssadtivationsoféragidriptivn feetorg snustle capmotion; ghgese metapd3MG] G ycogen
synt hase ki nase-.3 (GSK- S serine/ t.hreonine protein kinase conprised of
a and (3 icé)B&Bf rétﬂatsyé%‘%slse e%‘ﬂ%tﬁ)&é’écﬂgclﬁ*esti nct genes [Coghlan et al.,
Cheni stry [8085]0! 0@y discastd 3re3sodi AADRIh abfioRmandllbeBlonsdaufifzerédbyni on
Genetics Dev., .10, 508-514 (2000)].. GSK-3 has been inplicated in various
di seases |meicindsipayednediniadayents ATpergidinspses inglude aaimmyes disedsisder s such as
mani ¢ deprigAshMsioft §9L-48" haad ra R&E QhdeY Ge i Sad @and cardi onyocyte
hypertroph]y isee,og&e.'g.a, WO 99 S65%’3’7; 00/_3§6 g; °K ytor and On, Curr.
Qpi n. Neurngyragegenemapive digeagey, 20001, cardipyasstlantliscasek, alletgibs arl asthma, 151, 117- 30
(2000); E =FiLn I Ml e O - 2 These
di seases a‘glgﬁealglglb%?'{as%g anvﬁ é?‘%ﬂ}%ﬁglr\%%)tﬁ%%n% es(‘)ﬁ%crc é%i?n#élﬁer%@%s%ﬂgp Bcel |
si gnal i ng supstinttiabgfEort in nddicibal Gh¥mBupkafisd protet kinask diHiMlorEH4t de bffectiveen f ound
to phosphoryl ate and npdul ate the activity of a nunber of regulatory
proteins. i HNCPEE gl ycogen synthase, which is the rate-liniting
enzyme requoseid Glcdpby SRMeRe RinBINTEESK-3) ke selifid/Bidohite Prateina@iags ed protein
Tau, the gene transcription factor (3-catenin, the translation initiation

factor el Fopprisekofigeiud frisofamps thet e gach anpeded by distinct geaes [CoBbjer efaet or - 1,

c-Jun, c- G- ; , .7 - di ye ts, .| heate GSK-3
in many asr%%c & 30% %é%l ﬂ?h?ﬁﬁsﬁﬁﬁklﬁ]&?%?ﬁqn&é%{h{ﬁ%n%}ﬁ ng)?'féeé{re glr%!t]':)%?i on and
devel opneritd, SQDHBBR00G)].aGERK3 Basrbech msitatpd irhvesipud disgasessincletiag diabetbgr t he
treatment gof, type Ll di es,, insulin-induced .signal,ing |eads to cellular
gl ucose u#ﬁ?%%gﬁﬁdﬁ?w%c@ii&sgﬁﬁsﬁgé %S.m@é‘?él"i?ﬂ'is%w%giﬁ%r&%ﬁg\?e regul ator of the
i nsul i n- i ndueAdscpbAIRE dibdhasés) btd RadiBGYcyte INperBbhyY [seé, k. PWES®IIEFB99f | nsul in
causes inhibition of GSK-3-nedi ated phosphaoryl ati og and deactivation of
gl ycogen sYRHIEROTSARey ot ARSI HT Stpimsdiernotidha R, 278-8 GEODadtg ot ol J-

Cell Biol., 151, 117-30 (2000); Eldar-Finkelman, Trends Mol. Med., 8, 126-32 (2002)].

These diseases are associated with the abnormal operation of certain cell signaling

pathways in which GSK-3 plays a role.

[0007] GSK-3 has been found to phosphorylate and modulate the activity of a number
of regulatory proteins. These include glycogen synthase, which is the rate-limiting
enzyme required for glycogen synthesis, the microtubule-associated protein Tau, the gene
transcription factor B-catenin, the translation initiation factor e1F-2B, as well as ATP
citrate lyase, axin, heat shock factor-1, c-Jun, c-myc, c-myb, CREB, and CEPBa. These
diverse targets implicate GSK-3 in many aspects of cellular metabolism, proliferation,
differentiation and development.

[0008] In a GSK-3 mediated pathway that is relevant for the treatment of type II
diabetes, insulin-induced signaling leads to cellular glucose uptake and glycogen
synthesis. GSK-3 is a negative regulator of the insulin-induced signal in this pathway.
Normally, the presence of insulin causes inhibition of GSK-3-mediated phosphorylation
and deactivation of glycogen synthase. The inhibition of GSK-3 leads to increased
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02- Feb- 2007 gl ycogen synthesis and glucose uptake [Klein et al., PNAS, 93,
8455-9 (1996); Cross et al., Biochem J., 303, 21-26 (1994); Cohen, @%9%9386
Soc. Trans., 21, 555-567 (1993); and Massillon et al., BiochemJ. reb- 7
123-128 (1994); Cohen and Frame, Nat. Rev. Mol. Cell. Biol., 2, 769-76
(2001)]. Fbmever, where the insulin response is inpaired in a diabetic
patient, cogen synt hesis and gl ucose uptake fail to increase despite the

presence ofg YooreR synthesis and;gluppss yitake (idlein e pl..iANAS, PBy. 845R941PUnSropwet
abnor mal | ¥ di Blichlnd 97 305 MBS 105 I LIRAS Biothdnl sgs%smargi 53458 Gogh ects that

may ultimately resul't "in car |ovasc ar di sease, rena
bl i ndness. andl%amﬂomttaleﬂtagkem Re2990F 270128 (1894); Gohen aud Exans, Nht Rev.iddai. of GSK- 3

pat i ont s w e Pyt PoR AR It HobPBEMER Ay Al Pabait BRI s o1 "

GSK- 3 ar e tdishetd pmt&nug@fcugeﬁsynthbsieaid ghaeode afisite fail peinceadesdespifelthe i ng from an

o hophysi AFORYRGR gk Dabieh Blogk Revelat et L g ieads to Songmly ebsbiocd; o) |
1996; Char tlé@!&'tcf%fcbﬁ\ﬂiﬂ?atﬁﬁe #d ohrdO&tFects R riﬁ'tlm@@l%"}esu?tqﬁl Mur phy et

al., 1999; N cotera et al ., 1999). Recent publlcatlons I ndi cat e that

acti vat i on cgrdieygpeubyr gi SﬁW talifpilise aediblindnesso bt wich patiraésh themomsal irewlizor  and
o, 2002 ifdileBelrhiflorile gsied s 1o Sl %aéﬁsé%%ﬁtﬁg QsKCHgM € stroke

[ nduced by e cer e artery occl usion I ncreased GSK-30
expressi on qurekpxmsadurngmnest@ weithi tape T izehetee[WaI00/3867 3 ﬁ‘haapi;utﬁﬁﬂnbmﬁioﬁ, 2000;

Sasaki et Res 88- 9 01).. bI owth actor (FGF)
reduced i sc 31%13 L e‘]tlor? RS Zlffblé??agpg é%ﬁ%ﬁ:rﬁgﬂ?m %ﬂgg lrﬂg’fur%l tery
occl usi on (rb8pGhseito insalis (Fl sher et aI 1995 Song et aI 2002) | ndeed, the

neur opr ot e effects f FGF. denon ed | hema dels in rats may
‘be nedi at e&bé%ﬁ aAPPPtﬁmﬁ ﬂ%‘?@f‘ﬁkﬁh‘iﬁ‘ até)@%"l &t 6‘?? BHRicBERn 30

(Hashi not 0 @nagd (i e2A02997; UKAS et all, ribgdndhhﬁﬁupm@ﬁlgué%t &Af 1908 Tragh ek al
i schernic event nay anel|i orate ischem ¢ brain damage. [001(5] GSK-3 is al so

i mpl i cat ed Gh@nr%ﬂ@éfwmhmehﬂarlaw JFicotgaet glo A28V e Reeqnt ghblicatipnsdndieats thagg: 1191,
2001 (The reeughh gPGS %in%élvb@f 8 eoﬁ?@mQ il ?ﬁéﬂﬁﬂd‘blﬁ’a{ 0gg) on at
VI a

reperfu5|on s medi ate epen S|gn Ing pa sui et al.
Ci rcul at i orGulbetiOst Momwndlesﬁintramoddmf mhelpxcesgeka/méuccedlbwrmdgﬂbambnabn and
prevents cardl omiSHt A bt 2l Lel L3Rl L. S A0 RS el V1 VO

(Wang et al., Brain Res, 859, 381-5, 2000, Sasak1 et al., Neurol Res, 23, 588-92 ,2001).
Fibroblast growth factor (FGF) reduced ischemic brain injury after permanent middle
cerebral artery occlugion (MCO) in rats (Fisher et al. 1995; Song et al. 2002). Indeed, the
neuroprotective effects of FGF demonstrated in ischeria models in rats may be mediated
by a P1-3 kinase/AKT-dependent inactivation of GSK-3P (Hashimoto et al., 2002). Thus,
inhibition of GSK-3B after a cerebral ischemic event may ameliorate ischemic brain
- damage.

[0010] GSK-3 is also implicated in mycardial infarction. See Jonassen et al., Circ Res,
89:1191, 2001 (The reduction in myocardial infarction by insulin administration at
reperfusion is mediated via Akt dependent signaling pathway); Matsui et al., Circulation,
104:330, 2001 (Akt activation preserves cardiac function and prevents cardiomyocyte '
injury after transient cardiac ischemia in vivo); Miao et al,, J Mol Celi Cardiol, 32:2397,
2000 (Intracoronary, adenovirus-mediated Akt gene delivery in heart reduced gross

infarct size following ischemia-reperfusion injury in vivo); and Fujio et al., Circulation et
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2000 (Intracoronary, adenovirus-mediated Akt gene delivery in heart reduced
gross infarct size follow ng ischema-reperfusion injury in vivo);qand.2007
Fujio et al., Grculation et -3 02-Feb-2007 al., 101:660, 2000 (AKkt
signaling inhibits cardiac myocyte apoptosis in vitro and protects agai nst

I schem a-reperfusion injury in nouse heart). [0011] GSK-3 activity plays a

role in he ita . at. al

( Upr egul ata?b%OHo@B%OP% agg' ﬁlwlmy%gg@?%ﬁow “1“8?‘0@%4 ?méﬁtrsw val
af ter trawggihit¢schediarepifusion)infunginbheks halr)et al ., 7 Neurotrauma, 13:309,
1996 (Poitglﬁ]:lﬁumt Lc. adm ni stration of bFGF significantly reducid damaged

cortical ns G8K-3 aetiyityquays adplg in kg tranman Seg Noghitagtali, NsprobiokRisat i ¢ brain
0 ury) . 92000 ohuidh SOAKDIIG, PhYayhObEchaPRY ehi a4 di sorders.

See El dar- Fi nkel nan rends Mol 126 Li et al Bi pol ar
Di sord, 4:aftgriraupgto b(ELlil m;uryhmimaamh@id &Nearotrawmarﬁsiﬂ?hb?%c mood

stabili zi nin) and
i fam et aroRic U5l ERRR0 PO LR rBils JGAER G R RLET T

soci al behetel contuaiod vdhﬁmhla\mtmedﬁoftramnc bgdnt injugy). Di shevel | ed, a

cytopl ar ni rojeln, L nvol ved in VWNT pat hwa nh K3peta activities
[%Olg] | t [ﬁ%ﬁo bﬁ@%bﬁ/\% SG ¥peWndRIeY; aﬁ‘ﬁFE}‘??ﬁy\éWaw 4@%‘%’%%5%&7& proic aci d)
i nduces  Pikamhan!, Treade Mol 3au) 8 126 200R 13 ¥NdR Bisol 4AMBRA] 4: Y31, 20025g8CKayt or &
On, Curr Opin . Neurqghiol, 12:275, 2002 (Downregul ation of GSK3 causes

changes i AV, P@Mﬁﬁ?@*%&h%é&oﬂ%&b&% drugy, deqypgse GBS acivifiespid et al .
Mol Cel | '}Edaéa@éséta-c%@m%%d g&ga A LE 'QUYED?”@QVQb&hQs}e‘He@KCﬂmicQ the

formati on of grow h coneée-| fructures a axons) [ 0014] GSK-3
activity |a§n@mglﬁoa§ébdiaat0édn@\ﬂftfwﬁﬂb zm@mmtosgaﬁnge&a@evaimdsa citeplagis i s

char ac'terIP%‘%FQn%OEJéaeﬁ?WgE’gneui' ‘%’]Jﬂg’l @#kgﬁ% ang][ nyl oi d peptide and the

formation*®o I'ntrac ary The neurofibrillary
tangl es c@#iid] n Ithnypbeqm’ahswhﬁrayﬁsKédnthtuOmbph&nmn andwwlpnownciﬂaudums

phosphoryl a sites GSK- 3.has be h t osphoryl at e |
t hese abn&f‘?‘Pﬁ‘P aﬁ“ Pgeasa(aapgﬁﬁwm"«%ﬁfewké EA#%’F?%\A@%@P‘EB Fﬁhi bition of
GSK- 3 has N&ﬁfbﬂlcﬁ hi@y st gouzr(@tmrr gmaﬂeﬁ BF‘GSHB(éﬁtmhs'iéhaﬁgeSQﬁ mitdbulen cells

[ Lovest one et al Curr. Biol. , 1077-86 199 ...and Brownl ees at aI

Neur or eporgsogiated proeins; tan, 941 %W%H%ﬁ@l Nevegsei 2082802 o! .

275-8 (Lithium and valproic acid induces the formation of growth cone-like structures along the
axons).

[0014] GSK-3 activity is also associated with Alzheimer’s disease. This disease is
characterized by the presence of the well-known B-amyloid peptide and the formation of
intracellular neurofibrillary tangles. The neurofibrillary tangles contain
hyperphosphorylated Tau protein, in which Tau is phosphorylated on abnormal sites.
GSK-3 has been shown to phosphorylate these abnormal sites in celf and animal models.
Furthermore, inhibition of GSK-~3 has been shown to prevent hyperphosphorylation of -
Tau in cells [Lovestone et al., Curr. Biol., 4, 1077-86 (1994); and Brownlees et al.,
Neuroreport 8, 3251-55 (1997); Kaytor and Orr, Curr. Opin. Neurobiol., 12, 275-8
(2000)]. In transgenic mice overexpressing GSK3, significant increased Tau
hyperphosphorylation and abnormal morphology of neurons were observed [Lucas et al.,
EMBO J, 20:27-39 (2001)). Active GSK3 accumulates in cytoplasm of pretangled
neurons, which can lead to neurofibrillary tangles in brains of patients with AD [Pej et al.,
J Neuropathol Exp Neurol, 58, 1010-19 (1999)]. Therefore, inhibition of GSK-3 slows or
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(2000)]. In transgenic m ce overexpressing GSK3, significant increased Tau
hyper phosphoryl ati on and abnornal norphol ogy of neurons were obser\o?q;e[DJ% as
et al. EMBO 7, 20:27-39 (2001)]. Active GSK3 accunulates in cytoplasmo

pr et angl ed neurons, which can lead to neurofibrillary tangles in brains of
patients with AD [Pei et al. JNeur opat hol Exp Neurol 58, 1010-19 (1999)].

Ther ef bi t h | ts, t t
oS oo bl B e o e 0 B e AR Bl e o
Al zhei ner Aﬂzkténmaasﬁsea[sﬂMS] Evi dence for the rol e GSK—3 plays in AI zheiner's

di sease h S vitr n, et gl (1996), J Neurogchem

67: 699: Slo13] *oEy %26%?24? 5%§§ Byt n‘?% elgpry h%r?&?b%‘i’&?”yl%t es

cyt opl aswmﬂm%lﬁfeth%)dlﬁéﬁﬁéﬂem @wsgﬁaa‘lmh) NeehsEBieab i nhi bition
reduces Ab40 & Ab42 secretion in APP-transfected cells); Takashinma et al

(1998), PRABOHEGBE3Y phwphgram%t’fa@ﬂiaé@ncaflomvmmmuﬁ’r@qmr@é’mwziéPﬁ)B66
(GSK3b Coqﬂaeék%b%ﬁﬂm%ﬁ?edﬁ@&sm %A‘Eﬁf& tﬁ)ﬁ%ﬁ'A;Pi’ E%isqe 415}33 associ at ed
(6] rom

Wi th gamra-secretase activit e synt esl's Takashi ma
et al (19§{Ekash1mdewab$1998rz§@¢m9$ﬂ637( Kutsdheshauometal (268K3HBint Ohbm25 35)

orovi des BPTRR (G A aeros A and PR RN 2y B R RS~

hyper phos ph@rgahmi£ebciadate aviatyne Ither%gﬁth@d@@ &@hondmr)mm&smha/ém (19’% ashima et
al (1993),_  PNAS 90: 7789 (Bl ockade o g)r ession or activity prevents

Ab- i nduce@eﬁaﬁwcﬁ%édéiar( fieiop ol €§K§b é&hbé%ﬁﬁ Yanbpesea pinsphosyiatien of
cul tures) i, lﬂg@%ﬁ& ﬁlrleﬁl%??%)% GNF'#? k’o@@és%q %%mA&%K dopt racel lul ar Ab42

IStOXICtO en r|n actlvalon of Akt/GSK- 3b
si gnal i ngunelepimdléary tangtss @nmpoded oﬂrypléq:hoq:horséateétau(zﬁﬂ&&)pdmdﬂogsglch| atry 8:195

(LU um B ot 613 AR ATaekh oy, 1BV 0L 8aASAMm L GHE OP G5k 5™ A0

t r ansl| ocatxmedsitmsirabiivity grevans m—nmuaﬁt@ﬁtdndegeﬁe&ﬁhdﬂ ficbfticatandal ., J Neurosci,
23: 4499, 2003 (The nutations in Al zh resenilin 1 may deregulate and

i ncrease QipRoGAmPal pymALy W“é}asiﬂ??f?ﬁtrﬁh(zqoﬁb euEobigl dvgine. 4445 port i n neur ons.

The  consegueiiulf AHab iORRicith emicRRAAI &H@W H@ér?enh@ vaihl £t £y BEUkpASKCaN
ultimately lead to neurodegeneration). [00 Evi dence for the role GSK-3

pl ays in Abzigedline-dependent w@m@)ﬂé@ﬁeﬁml ( 03) Mol Psychiatry 8:195
(Lithium protects N2A cells & primary hippocampal neurons from Af fibrils-induced

cytotoxicity, & reduced nuclear translocation/destabilization of b-catenin); and Pigino et
al., J Neurosci, 23:4499, 2003 (The mutations in Alzheimer’s presenilin 1 may deregulate
and increase GSK-3 activity, which in turn, impairs axonal transport in neurons. The
consequent reductions in axonal transport in affected neurons can ultimately lead to
neurodegeneration).

[0016] Evidence for the role GSK-3 plays in Alzheimer's disease has been shown in
vivo. See Yamaguchi et al (1996), Acta Neuropathol 92:232; Pei et al (1999), J
Neuropath Exp Neurol 58:1010 (GSK3b immunoreactivity is elevated in susceptible
regions of AD brains); Hernandez et al (2002), J Neurochem 83:1529 (Transgenic mice
with conditional GSK3b overexpression exhibit cognitive deficits similar to those in
transgenic APP mouse models of AD); De Ferrari et al (2003) Mol Psychiatry 8:195
(Chronic lithium treatment rescued neurodegeneration and behavioral impairments
(Morris water maze) caused by intrahippocampal injection of AB fibrils.); McLaurin et
al., Nature Med, 8:1263, 2002 (Immunization with AP in a transgenic model of AD
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vivo. See Yamaguchi et al (1996), Acta Neuropathol 92:232; Pei et al (1999),
J Neuropath Exp Neurol 58:1010 (GSK3b i munoreactivity is elevated |
susceptible regions of AD brains); Hernandez et al (2002), J Neurochg'ﬁFb'zoop‘"
83: 1529 (Transgenic mce wth conditional GSK3b overexpression exhi bit
cognitive deficits simlar to those in transgenic APP nouse nodels of AD);

Do F : | . _ D lih _ :
rescued. nelaa oHERDA RS GRE PhidE shult b BB, M BRORE TR0
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Nat ure Med :.1263% 2002 %)I %m_lni rz,_\ﬁ(tl an. '\# th AR in a transgenic nodel of AD
-5 02- Feb-% on FaFTBLD2 SET AR f1KE TE f opat hol ogy and the spatial nenory
i mpai r ment §9017RndPiekerilin-¢ tndkinés20.0 3je da dubsradd JorlGSK (I IclaR I bl

anyl oi d-beta peptide production via direct inhibition of gamm secretase in
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and r el at epigh ARG, TR BPNSIOSncd &g;zmgb,ezo@ﬁﬁggé 12%4&1 #nBt @éﬁg'lf'eitdg]?r 'S

di sease, as was recently described b%:. Pi gi no, o Journ

Neur osci enpleospbaylaeg kinsegind Jightichainawhich pesults inatreleskas ingsindHomphor yl at es

Ki nsesin-1_li Ghal | %ﬁgl | I | | M= m

menbr ane- ngS{r{% or ?&ﬁ%‘??@é@é@g’égﬁ n t%)%r%&rc go u@tt?%%&eﬁggf@écgﬁ éadna?gé%s {ngde axonal
transport (Nodfimi etrdl., 80023 The 2GDR} sughpd that theonstaserg e 881 tagtedepdatehdt i ons i n
PSI may derequl d.increase GSK:-3 actjvi which in turp, inpairs
axonal "t ra%%&?ﬁabgﬁ'aﬂ%‘rvgﬁ’swm ‘é‘t“%‘oﬂ’épé‘éfﬁéﬁ?mi %%B?rit Wq%s'aigﬁal t ransport

i n af f ect egordediief@didtions i Sloyial @A Rritif affeded QRUCHE MBIM19 Tadf RO18] GSK-3 is
al so associated with_amyotrophic |lateral sclerosis (ALS). See WIIianson

and d evel %H?C_I%Q@Qat(%onal transport is retarded in a very early phase of
ALS in ”5%1%066351{&@{3%@0 alochted wiPARy JuGpHi3 1N AERSY @SS, kienesin |ight

chains and inhibit anterograde axonal transport); Warita ef alL, Apoptosis,
6: 345, 200Yillinmson pry Clevelpnd flISHiAranalfrsmeporiie eiarded ingsvery ¢rely phase of

| munor eactk i1 i . Dot = aﬂﬂ)ﬁ@%' . tomatic
st age that'}%rgéltée ed5 isjl{né%?#?%g%‘? et:g%'és of t#g%#gﬁﬂgﬂgﬁlégnﬁ?%ﬂg@%@&g ani mal
nodel of Alufd)inhiditdnSargrdezaxenal ddanspoRPON arftd beali, Alpoptiosis,dB45f 2081-(FKe | nduces

IR R T ITA X CHRE R ML Y S S T UTRE
the early and presymptornatic stage that preceded significant loss of the neurons in this
SOD1 tg animal model of ALS); and Sanchez et al., 2001 (The inhibition of PI-3K
induces neurite retraction mediated by GSK3 activation).

[0019]  GSK-3 activity is also linked to spinal cord and peripheral nerve injuries. It
has been shown that GSK3 inhibition by lithium and valproic acid can induce axonal
remodeling and change synaptic connectivity. See Kaytor & Oz, Curr Opin Neurobiol,
12:275, 2002 (Downregulation of GSK3 causes changes in mirotubule-associated
proteins: tau, MAP1 & 2) and Hall et al., Mol Cell Neurosci, 20:257, 2002 (Lithium and
valproic acid induces the formation of growth cone-like structures along the axons). See
also Grothe et al., Brain Res, 885:172, 2000 (FGF2 stimulate Schwann cell proliferation
and inhibit myelination during axonal growth); Grothe and Nikkhah, 2001 (FGF-2 is up
regulated in the proximal and distal nerve stumps within 5 hours after nerve crush); and
Sanchez et al., 2001 (The inhibition of PI-3K induces neurite retraction mediated by
GSK3 activation). '



has been shown that GSK3 inhibition by Iithiumand val proic acid can induce
axonal renodeling and change synaptic connectivity. See Kaytor & 5(; %J
pi n Neurobiol, 12:275, 2002 (Downregul ati on of GSK3 causes change 2 Feb-2007
m r ot ubul e-associated proteins: tau, MAP1 & 2) and Hall et al., Ml Cell
Neur osci, 20:257, 2002 (Lithiumand valproic acid induces the formation of
grow h cone-like structures alo q%gt he axons). See also Gothe et al., Brain

Res, 885: 178020b0oAnptharsbsiraiaef Ge%-3ds Rugaiering which iy dseraded alt¥®on  and i nhi bi t
| GF-2
nyel inat | O?n%h%&gerugé ?ﬂgsﬁﬁ Oﬁ%él)ced E'v&ts %?gac@@m%'ha{%‘@e%ﬁ %P%gt%% i I's up

regul at ed and di stal nerv ours after nerve
crush); andchiﬁ@hmlnkZpaﬁbnialandha%@]]so(t:@dﬁeasbwnﬁméﬂ\tzitbnthen‘mﬂase:ilfelamdmes neurite

retraction,nediated b i vat i on) 0] Anot her
substrate &f° f&?l@erﬁw%géﬁﬁmw Bﬂ ‘gu"deé?rslz gﬁ%@@%?g) ﬁé@%ﬁ&aﬂ ation by
GSK- 3. ReddrgrivAs390! #780193((30031 1R kal ) 9V Reib8SUI I ERY! & F0i TR (19@)*?' #a@phrenic
patients and have al so been associated with ot her di seases related to

i ncrease i Amiidgt ahdiioves. | Made Ghem 1406303 (2801)]). Rerthgmeore ) satergn gndref-4 1998) ;

Exp. 56, 70 d gty it Vaschfe kPR vl R lge JabCuuoBlm bl & °PE 050
(2061)), Fapmﬁmmﬂ@xomaﬁmnﬁemanng et/al., ﬁiraResaS!dﬁaﬂ) 3002% in vascul ar

remodel i ng b |nh vascul nusgcl e, cel p

pronot i ng Provare i i 'gfs\@ﬁﬂj’laéetadr‘ﬁ’i%h angéf?grﬁelcﬁg%’rde% %ﬁ@g""%‘b aﬁ F&@g%r dingly,
GSK-3 i's agsmasa Q@b%ﬁcﬁvﬂfbﬁ'o@%ﬂ%e&ic%@hﬂﬂfo&yte%ﬁﬁvtﬂlf&‘ébrl—llehﬂzﬂé toPdltered FASEB
J, 16:950, 2002 (Actrvatron of GSK3 reduces hepatocyte growth factor,

| eadi ng t o eagatstishcellhpargrfanction 2pdiminished; vasculay intesrisn sad &Kigy qtn'ahicg el
vascul ar i ghear 9141588 00 T8k 36k adfivaiddl Ibn@a%gte&%ﬁl 02 (/GSK3bet a

activation I nhibits angi ogenesis In Vi Vvo US rlgeﬁ plug ssay: the
i nhi bi tion wng%l@lgasws thg mmhgx efhakdkata um?mg arhpnéas capitlagydPprmatipg 21]

Car i chael WARETL RSl Bl e Bl P B DR BT A e on

protect celCasmithawiret 0¥ gaicgluhbmmzﬂ@ 3BTR ceeD (GSK3bua intdbitom protasectlie fiwn cel |
death via i r ses i.,n eni ‘gnd its a S%a%‘f‘ ed transcri tronal
pat hway) . §P6‘?'Fe l&‘?@ga? BRREREY & ey eyt Irh St ok

transcript hﬁkihtsf, 26bdted traiddriRakl 1FOFdY) POESKftedsion 08 G(SBBJ 1Hﬂuc@& tl'%' J Biol
Chem 275: 7583, 2000) that are own to decrease both ié 68 gregat es
and activation of heat shock transcnpuon factor-1 and heat shock protein HS 70 (Bijur e

Y Biol Chem, 275:7583, 2000) that are shown to decrease both poly-(Q) aggregates and
cell death in in vifro HD model (Wyttenbach eta 1., Hum Mol Genet, 11:1137, 2002).
[0022] GSK-3 effects the levels of FGF-2 and their receptors are increased during
remyelination of brain aggregate cultures remyelinating rat brains. See Copelman et al.,
2000, Messersmith, et al., 2000; and Hinks and Franklin, 2000, It was aiso found that
FGF-2 induces process outgrowth by oligodendrocytes implicating involvement of FGF
in remyelination (Oh and Yong, 1996; Gogate et al., 1994) and that FGF-2 gene therapy
has shown to improve the recovery of experimental allergic encephalomyelitis (EAE)
mice (Ruffini, et al., 2001).

[0023] GSK-3 has also been associated with hair growth because Wnt/beta-catenin
signaling is shown to play a major role in hair follicle morphogenesis and differentiation
(Kishimotof et al. Genes Dev, 14:1181, 2000; Millar, J Invest Dermatol, 118:216, 2002).
It was found that mice with constitutive overexpression of the inhibitors of Wnt signaling

in skin failed to develop hair follicles. Wnt signals are required for the initial

-



cell death inin vitro HD nodel (Wttenbach eta 1., Hum Mol Genet, 11:1137,
2002). [0022] GSK-3 effects the levels of FG-2 and their receptorsoa%gf,%_zo07
i ncreased during renyelination of brain aggregate cultures renyelin 0

rat brains. See Copelman et al., 2000, Messersmth, et al., 2000; and Hi nks
and Franklin, 2000. It was also found that FG-2 induces process outgrowh
by ol i godendrocytes inplicati i nvol venent of FG- _in renyelination (Ch and

ng in
Yong, 1996levelgphent o@haiafqlljclqsgagg)(}%@cqnﬁ%ﬁlﬁmregu]@@ﬁ ptpatharsys bhas shown to

i mprove thﬁhihﬁﬁ%%@fﬂca%%in?gﬁﬁ&ﬂéifﬁﬂt]?év @il 2648, 9067)C APARAYRink kibsal (EAE) - m ce
(Ruffin, et al.,” 2001). [0023] GSK-3 has al so been associ at ed w th hair
gr owt h beduegdesthe civetnbingial gimulus & §restarinf answdhio\growih gyrlgybbadisitns rol e in

hair folligle A ' ' a1 (K shd . Cenes
pev, 14: 1 1 BRERRRTR et el ARt Bt MBllsedthoo - 22770 g
t hat m ce (Mah Maares bl iGineyPeqU&ri2i9r2803) on of the inhibitors of Wt
signaling .. jn.skin fail o develop hair follicles,. i,gnal s. are
required f[8b£4t]he Befitusp Q%%‘§7 aypIty a2 %a;ec[ H&@é?%ﬁrﬁﬂiht%frﬁﬁﬂwﬂhwa es and
GSK3  constyjsbful hy/Shile/cBftddcapite. Wivds dhath Ry & dBdiink Rpgeih iGEKPRLREAL eni n.

(Andl et al., Dev Cell 2:643, 2002). A transient t signal  provides the

cruci al i rAstqciatedswithveners masility dryeloppent ippoving ayd mankeygpgidmmieycl e, by
activati ngyyq i : r i Serd ot i i pi t helial
nai 1ol | AT sRRatiE of, BR(RopR AIME1006: S5 oL B eldrdt, 2007 49998 0

[ 0024] Bedamthern(si-tgrosine adetiye/ihsecasrequhiosthotylatiantof §35&3ns highiih imtojile GSK- 3
inhibition is ef ul mal ORt.F ac ve,. bt sh that a decline
in sperm (%Ef? e(%:it%? 'W?/glfsaggmélslg%m %ﬁé&y%%%av\é%gtr% %’?iﬁle? °§y\@2éilégﬁbpnent in
bovi ne and2000) Krhis €fdctivayatidentodsiratyd it hamam sgikm duconBétail., Repawd, 54: 709,
1996; Smth et. al. rol, 20:47, 1999). Furthernore, tyrosine &

seri ne/thrlgigﬁ‘i’qag&ﬁ%j;ﬁﬁ@ﬁyl ation of GSK3 is high in notile conpared to

i motile gpersn i Tonkidkdng(thé i20¥ of aERAURAvAlabie treatnBhObptidaP fdtdhe BgjodBbE,

2000). This effect was al so_demonstrated w th human_sperm (Luconi et al.,
Human Rephoepnditpng associatodwrith GG pagteindingse) diareig stil@ groat Ressforqg® ent | y

avai |l abl e tﬁérﬁ%%ugFﬁé?%ﬁﬂﬁlﬁb'ftﬂﬁs hogit Bk F'i ty of the conditions associated

with GSK-3 pr I nase, there is sti a great need for new therapeutic
agents that inhibit this protein target.

SUMMARY OF THE INVENTION
[0026] The present invention addresses this need by providing compounds of formula
Ik

or a pharmaceutically acceptable salt thereof, wherein W, R, and RY are as described

below.
[0027] The compounds of this invention are capable of inhibiting GSK-3 activity.

According to the invention, these compounds are also utilized in compositions and
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SUMMARY CF THE | NVENTI ON [ 0026] The present invention addresses this need by
provi di ng conpounds of formula |: WH HNN"NCF3 RY NI or a 02-Feb-2007
pharmaceutically acceptable salt thereof, wherein W Rl, and RY are %Ee -
described below [0027] The compounds of this invention are capabl e of
inhibiting GSK-3 activity. According to the invention, these conpounds are

also utilized.,n ¢ QSi 1] and -8 | 02-Feb-2007 nethods for .inhibiting
Gske 3 ot RS i aRRG (RS At 20 S0P og Bedine g 1eHe S Ve eyt

di seases @f di6QsH dricomsiiGmeRsdcalt@Tvith GBKEHpitiddis. pat i ents. [0028] The

di seases or conditions anmenable to the nmethods of this invention include,
for exampl®28heuflhs Yepasas or sepritiensrameasie ty the methods eldhisdpention Hskides
psychi atri Ls@r 1 I St , i infarction,
Faport usi ST ensaaldiogfifand BRodipbtrnictisVely aMNAERRRBIR oF i
DRAW NGS fizodeis, mnljiplessclereiipiMS)s mybéaedinldniafction.geparisioniisdhamie, badmssind of
formul a Iagcgstrqg(grrpared to vehicle control, adm nistered 6 hours after the
M ddl e Cerebrdal Artery Qcclusion Mdel (MCAO, as a decrease in total
infarct volunme, cortical infarct volume, striatal ischem c danage, and

edema formation. [0030] _Ei 5) o] 8 Wcal function of rats,
over the tine course ofB. . -.cm,FtT a conpound of fornula
| as conparead] t OFighe 1VRPiced STeeRYf irhtmefif WitPa cddiinli BPrdRRf 4TI ON OF THE

| NVENTI ON
compared to vehicle control, administered 6 hours after the Middle Cerebral Artery

Occlusion Model (MCAOQ), as a decrease in total infarct volume, cortical infarct volume,
- striatal ischemic damage, and edema formation.
[0030] Figure 2 depicts the neurological function of rats, over the time course of the

experiment, treated with a compound of formula I as compared to the vehicle control

-group.

DETATLED DESCRIPTION OF THE INVENTION

[0031] The present invention provides a compound of formula I:

or a pharmaceutically acceptable salt thereof, wherein:

W is nitrogen or CH;

R! is selected from hydrogen or fluorine; and

R’ is a Cy.4 aliphatic group, optionally substituted with N(R?), or a 5-6 membered
saturated ring having 1-2 heteroatoms independently selected from nitrogen, oxygen,

or sulfur, wherein:



[ 0031] The present invention provides a conpound of fornmula I: RL WNH N HN

/' \ NCF3 RY NI or a pharmaceutically acceptable salt thereof, mgﬁﬁq%9'07.

Wis nitrogen or CH R is selected fromhydrogen or fluorine; and %

Cl.4 aliphatic group, optionally substituted with N(R2)2 or a 5-6 nenbered

saturated ring having 1-2 heteroatons independently sel ected from nitrogen,
each endent |y

oxygen, or sulf mhere 007 I.nde

sel ected from ﬁ@cg‘rpog}%wdﬁ?e elgiy§ Fefigﬁ’&} YST‘GPB%&GMP@& °§Bbst i tut ed with

011, N(R3)2, or %pﬁoﬁalfﬁﬁbﬁt@ﬁd%&@ﬂtmgﬁldiQS @ﬁl\éhmgreas&uﬁ@éd%@at ons

i ndependent I y selected fromnitraogen, d@x or. sul fur; and wherein: each
& [’;'éh*

R3is i ndependenthavmgér%é?t@@a‘foif&ﬁ?@ e@ﬁctegf@nglt@g@bﬁaygeg, Fr oup:
provided that: ag,hF[;ég{ogen and Wis CH then R' is other than

met hyl . [0032] The term"a | phatic" or "aliphatic group” as used herein
means a strai ght - chedch Rgs indepandmety setectod frapchydmge ona Enadliphaticagrops

conpl etel;i,r @%ed or that contains one or nore units of unsaturation, or
a monocyclTc hydrocarbon that is conpletely saturated or that

cont ai ns onewb&nlh’nshydrngérsmﬂﬂvummﬂreﬁRi’fsmthebﬂtan\Mmtmh is not aromatic (also

o att achER ¢ ahe o, BERAE on SnBiicetive, Srrd bekipPen sgRRath B | phat | ¢
gr oups i NGl YeRAcheR ¢ -C AfyRrdtatbohichhih At is(?:omble&@ﬁé’auﬁﬁte@ bRfhah& s Ak by | .
al kenyl, al kynyl groups and hybrids thereof
more uiits of unsaturation, or a monocyclic C3-Cy hydrocarbon that is completely
saturated or that contains one or more units of unsaturation, but which is not aromatic
(also referred to herein as “carbocycle” or “cycloalkyl™), that has a single point of
attachment to the rest of the molecule. For example, snitable aliphatic groups include, but
are not limited to, linear or branched or alkyl, alkenyl, alkynyl groups and hybrids thereof
such as (cycloalkyl)alkyl, (cycloalkenyl)alkyl or (cycloalkyl)alkenyl.
[0033] The terms “alkyl”, “alkenyl” and “alkynyl” used alone or as part of a larger
moiety shall include both straight and branched chains containing one to four carbon
atoms and at least two carbon atoms and one double bond in the case of alkenyl and at
Jeast two carbon atoms and one triple bond, in the case of alkynyl.
[0034] The compounds utilized in this invention are limited to those that are
chemically feasible and stable. Therefore, a combination of substituents or variables in
the compounds described above is permissible only if such a combination results in a
stable or chemically feasible compound. A stable compound or chemically feasible
compound is one in which the chemical structure is not substantially altered when kept at
a temperature of 40°C or less, in the absence of moisture or other chemically reactive
conditions, for at least a week.
[0035] It will be apparent to one skilled in the art that certain compounds of this
invention may exist in tantomeric forms, all such taufomeric forms of the compounds
being within the scope of the invention.
[0036] Unless otherwise stated, structores depicted herein are also meant to include all
stereochemical forms of the structure; i.e., the R and S configurations for each

asymmetric center. Therefore, single stereochemical isomers as well as enantiomeric and
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such as (cycl oal kyl)al kkyl, (cycl oal kenyl)al kyl or (cycl oal kyl) al kenyl .
[0033] The terns "al kyl", "alkenyl" and "al kynyl" used al one or as Q?EI BO?
| arger noiety shall include both straight and branched chai ns cont "FH%
one to four carbon atons and at |east two carbon atons and one doubl e bond
in the case of alkenyl and at |east two carbon atons and one triple bond,

in the case, of al kynyl. [00 The conpounds utilized in this invention are
linted to%ﬁ&@%m?‘%%%“%l’%s OS%@F%S\‘FPWB%QF Bie &ithipythe seope ot theiRyeatighe, a
conbi nat i onRks StHBRidel s, SrredtdR HépiM Eiferdin arelall® BORPRUACIEIIREHOIRRD above

IS perm ssible onl){ | f such a conbination results in a stable or chemcally
feasi bl e c8rp@tfaonininthg presencs obetmer regre isqtopically pyrighad atopise Forexapslend i s one

in which t ﬁ:ﬁ,lj ' o1d | fr &5 égﬁg, ept at a
t enper aturg&g %gg ornglsﬁelég,gs%%t (Zang ésxgglzttgé%t? rﬁgﬁgﬁlﬁg%?h‘g&ﬁ r h%rri cally
reactive dentetiun entsitiving pr the réplarement ofie efrbol BYBSTC- bt “Wdniriches] capparaent t o one
skilled in Lk %nr@gécot hgfs g:el;lteak.n conpounds of this invention may exist in

t aut oneri ¢ forme; art ﬁ.l?c% Y4 t8neric fornms of the conmpounds being within

t he scope {037he Condpainde of the PE36t idlehigesfald withinhe gerfik af estnpaihtigict ur es

depi cted herei.n ar SQ._.nean 0._J all stereochem cal forns of the
structure; ﬁ?s.mé.e,d p %ﬁ@“gﬁﬂa@n& Q%Q%?%ﬂ‘ge‘?%rap@éﬁ?ﬂts g"’yﬂ‘ﬁ%’("?liegﬂ@ént er.
Ther ef or e, RIpRELR SIPOAREMEN GRpridSOIRLRePRCABY in@SsENFibAGTRHeC and - 10

02- Feb- 2007 Pdi_astcefrngorreri c m%%rfes of .?.)%)Ec prgsnent Scorrpoudr%ds are within the
scope of t REtachoRphneyrenal FAlls ggainttichenis énjutyand e teaatment of E2pkaepi cted herein
are also ARl ¢ oAb ARTAUAvenfiBRfe1 b BLofiBbind &t shiful GhgesE Of one
or nore isotopically éenriched atonms. For exanmple, “conpounds having the
present st RiistanmesubstitotadiCifsaliphdtie graypl Rosfenestt aliphatic groarsadeompyunds ofleut er i um

or tritiu tthe. repl acene of rbon 3C-. or C-enriched carbon
are wt hﬁor%hléi Is eo%gﬁc%' g]tﬁ’r‘?l g g?%elgﬁtgi%gl}?ggﬁf %% ab]éo’ﬂ%%ﬁh%féélofycy%éow ‘esent

i nvention fead-Butyll ériisoprognid. Yeonel srefdred alkpbginelss of desoild bad methyBCT publ i cation
WO 02/ 22607. . Howeyer, applicants have di scovered that the present conpounds
have surerEﬁWﬁoPé'x&nﬁffé%B‘é@'edl y increased potency in the protection of
neur onal calobs] a0RicBRling BRdHRBfboliiticHt, YheAsheht18ventiBA IR to® coftipb@icFof [ 0038]

One aspect of the presept invention relates to a _conmpound of fornula I
wher ei n formula I wherein R’ is a Cy4 aliphatic group substituted with a 6-membered saturated

ring having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur.
Such 6-membered saturated rings include morpholinyl, piperidinyl, and piperazinyl.
'{0040] According to another embodiment, the present invention relates to a compound
‘of formula I wherein RY is a Cy.4 aliphatic group substituted with N(R?);.

[0041] In certain embodiments, the present invention relates to a compound of formula
I wherein R? is hydrogen.

[0042] According to another embodiment, the present invention relates to 2 compound
of formula I wherein R? is an unsubstituted Cy.; aliphatic group.

[0043] Yet another embodiment relates to a compound of formula I wherein R*isa
C).3 aliphatic group substituted with OH or NR>),.

[0044] Yet another embodiment relates to a compound of formula I wherein R2isa
Cy3 aliphatic group substituted with a 6-membered saturated ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur. Such 6-membered saturated

rings include morpholinyl, piperidinyl, and piperazinyl.
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RY is an unsubstituted Cl.4 aliphatic group. Preferred aliphatic groups of
conpounds of fornula | are al kyl groups. Such al kyl groups are pre{)f_i:at%)_?t,j 7
met hyl, ethyl, cyclopropyl, tert-butyl, or isopropyl. Mre preferred & y?
groups of forrmula | are nethyl, cyclopropyl, and tert-butyl. [0039]
According to one enbodi nent, the present invention relates to a conpound of
formul a | ein, RL'..1s Cl4.al.iphatic arqup substituted wth - menber ed
sat ur at ed wﬁﬁlg kﬁc\ﬂ)wgltp %’nﬁee?lg?%én?%t PR E%élﬁ‘ﬁgﬁ?‘? §/ella§%ﬁ tggtcglgl‘p?l% mogni trogen,
oxygen, orfosttihlirwhercit®hisGrithaegher ed saturated rings include norpholinyl,

pi peri di ny, nd pi perazi nyl 040] According. to another enbodi nent, the
present i rﬂ?%ﬂ onchgﬁdéi%tg ‘"‘%{‘Bthﬁr %&?ﬁﬂ%‘ﬂ’& tﬁ%ﬁ’m?e& iRypafion Tptes i %prqugé]a Cl. 4
al i phati c grremsVRsbieidtvad ot h N(R2) 2. [0041] In certain enbodi ments, the
present invention relates to a conpound of formula | wherein R2 is

hydr ogen. [P88U2] Axcewting leget enckics ehbedimamole peasent inyeation ©istto Rnvent i on
relates to Qf of CIAR in R2 is an unsubstituted C1.3

al i phatic cgo;ﬁl(})&gﬂﬁ’%%?l f\l/et}fggér}:yo?hlesr y@(%%%rgi ment relates to a conpound of
formul a | [#d8lei mdearding ta an@heBematiodizhant.ithe presmpinyeionirtlatee tb avantpo@ké or
N(R3)2. [0 e not ..embadi nent relates to a conmpound of fornula I
wher ei n Rf%éll%‘ﬂ/a%wggmgﬁﬁlﬁi[u%n%roup substituted with a 6-nmenbered

- saturat ed [0048] hdvis ngderstdod tiaealbadnshimatiohnaripabeatihations bbatedihémyyadi t r ogen,
oxygen, or _sulfyr. Such 6-nmenbered turated rings include norpholinyl,

pi peri di nﬂe,scrg’r‘fahﬁlieﬁ’eﬁ'ﬁz‘?”ﬂw HR"_-SﬁP"G%- 6359855@7\/61'{1‘1@845] According to one _
enbodi mentgggsdie R{egfe%éﬁtaﬁv%\&_ﬁﬁlbléaof RInfoBRdstd? f@mROPAE Rt fBfth foTahl £ | wherein
Wis nitrogen. [0046] According to another enbodi nent, the present invention
rel ates t Pe¥%onmpound of fornula | wherein Wis CH [0047] According to yet
anot her enbodi nent, the present invention relates to a conpound of fornula
| wherein Rl is hydrogen. [0048] According to another enbodi nent, the

present i rile -.odompdupde of Fermulebnpound of . fornula | wherein R is
fluorine. [0049] It is understoodsthat all conbinations and subconbi nati ons
of enbodi nent s, N N
N / N
o o
H NH NH
HI “"N)l =N =y
\N CFg \N CF3 N CFa
() 1 | () 1 [ ) 1
N H3C N +-Bu ' N
I-1 1-2 I-3
F
B [
= o
NH NH NH
=N =y o=y
Sy CF3 \'N CFs SN CF4
[ ) 1 » 1 wo. L) l
N HaC N N
14 1-5 1-6
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descri bed herein,

HN N
HN N HN HN N \' N
02- Feb-2007 C-'
CF3 NN CF3 NI

Qa
N/
N

"N CF3 \N CF3

are within the scope of the present
Represent ati ve exanpl es of conpounds of fornula I
bel ow. Table 1. Conpounds of Forrmula | F

/ H3C N |

/ ~"N L NH NH H

|N7 1-8 1-9

~N

/ H3C N 100
~ ~ HN N HN
NH NH NH

I nventi on.
are set forth |n05@g1,_90@7
/" \N/ / \N NH NH NH HN ~N HN
\NCF3 \NCF3 \NCF3 NHICNt-BUNI-11-21-3 F/ / \NN NHNHNH

[ 0050]

-4 1-51-6 -12
R!IN A N CF3 NI

v Q
V\% w\@ ‘\%

‘;%
‘\%

I-13

OH

N

1-16

[0051]

/N

—,

NI

.

— H
Co
-

1-17

1-18

J n
\N CFa Lﬁ CFa
I—lI 1-12
Y 7 N
. INH
™
\N CF, Lﬁw CF,
-~
I-14 I-15
N Q N
[ N (’;) B
—— N ——
. INH
HN
o

The compounds of this invention may be prepared as illustrated by the
Schemes I-II below and by general methods known to those skilled in the art.
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HN ~N ~ HNANHN) HNCN \,NNC3 NNCF3 NI NCF3 NNN 1-10 1-11 1-12
~N CNNNHHNNNH/ VH HNHN N ~N ~ N CF3 HN N CF3 Hlyzmeg%om
NN 1-13 1-14 1-15 CN/\N OH N N HN NH HN N NH HN NNH HN °N CF3 HN ~N

[ ~N ~N/

CF3iN'"NCF3 NNNI1-16 1-17 1-18

[ 0051] The conpounds of this invention

may be prepared as illustrated by the Schenmes |-11 bel ow and by gener al
nmet hods k those skilled in the art. -13 02-Feb-2007 Schene | 0 RYL
(b) CFSO_CI—“JU%O NHZ (a) I \ NCO+ N (o NHCF3 i i Rv~ Ry N2 34/ Rl
/ WR
RY
()
CF; O CF; O
g
NHy  (a) ©)‘\NCO + N ﬁNH CFs
©/‘L Rv/& k@
1 2 3
R1
. (d)
J w
. NH
HN™ "N N GF3
fw CFy “"
RN
I 6 5

Reagents and conditions; (a) oxaly! chloride, dichloroethane, 70°C; (b) dimethylamine,
pentane, TiCly; (c) NHyOAc, HOAc, THE, reflux; (d) POCls, n-Pr3N, reflux; (e) 160 °C,
neat.

[0052] Scheme I above shows a general method for preparing compounds of the
present invention. At step (a), the aryl amide 1 is treated with oxalyl chloride to form the
acyl isocyanate 2. As shown at step (c), an acyl isocyanate 2 may be condensed with an
enamine 3 to provide pyrimidinone 4 (J. Org. Chem (1993), 58, 414-418; J.Med.Chem.,
(1992), 35, 1515-1520; 1.0rg.Chem., 91967, 32, 313-214). Intermediate 4 is treated with
POClI; to form the chloro compound 5 which is then combined with the amino-indazole
derivative 6 to provide a compound of formula I. Methods for preparing the amino-
indazole derivatives ¢ are known in the art. Specifically, the synthesis of these
derivatives are set forth in WO 02/22607.



NHNWC HNN(e) + NCF \ HI / a CFS HZNNRY RY NI |I 6 5 Reagents
and conditions: (a) oxalyl chloride, dichloroethane, 70C (b) di metBvaBdae,
pentane, TiCl4; (c) NH4OAc, HOAc, THE, reflux; (d) POC13, n-Pr3N, reflux;
(e) 160 C, neat. [0052] Schene | above shows a general nethod for preparing
conmpounds of the present invention. At step (a), the aryl amde 1 is
treated wgdne¥@ yl chloride to formthe acyl isocyanate 2. As shown at
step (c), an acyl isocyanate 2 nay be condensed with an enam' ne 3 to
provi de pyr&hi di none 4 (%Fs Wtg. Chemp (1993), 58, 414111§; J. Med. Chem,
(1992), 35.45¢8- 1520; napem . R1aRuEr 32p) 313- 214y Mntasg medi ate 4 is
treated w POC13 to mthe chloro conmpound 5 whj, Nu%an conbi ned
with the am no-indazole derivative 6 to provide a corrpoun formula I.
are~known in the

Met hods for 7pr eparing the am no- indazole derivatives 6
art. SpeC|f| cally, the s?nthems of % hese derlvas ves Are_set forth in WO
02/ 22607. ?@&%@Wﬂé’@@?s (W SNENIF )2 cther THE GRHAL @ hNeQRE BiOyaplux. RyA CO2Et

(b) NH CFO I 9 5 Reagents and conditions: (a) i LiN(TMS)y,
et her, THF_|;00$3] H@cher(myl ahlatﬁhOWE@mtemm gpethod[foopeparBgpyriaiditorgbove shows

o L B AL N ERTP o gy B 10, 1) T
Schene | alepstain Gel)emrtiml stepAt) abbep Ates)‘.e,p (&h ﬂaeaargllmmlet T islbenzéniidinbenzam di ne
oyt i 0 noREEEi B on b AP Ry bl et P edS Kk B above,
compound 5 which may be utilized as described above.
[0054]  One having ordinary skill in the art inay synthesize other compounds of this
invention following the teachings of the specification using reagents that are readily
synthesized or commercially available, .
[0055] The activity of a compound utilized in this invention as an inhibitor of GSK-3
may be assayed in vitro, in vivo or in a cell line. In vitro assays include assays that
determine inhibition of either the phosphorylation activity or ATPase activity of activated
GSK-3. Alternate in vitro assays quantitate the ability of the inhibitor to bind to GSK-3.
irﬂﬂbitor binding may be measured by radiolabelling the inhibitor prior to binding,
isolating the inhibitor/GSK-3 complex and determining the amount of radiolabel bound.
Altematively, inhibitor binding may be determined bj running a competition experiment
where new inhibitors are incubated with GSK-3 bound to known radioligands.
[0056] According to another embodiment, the invention provides a composition
comprising a compound of this invention or a pharmaceutically acceptable salt thereof
and a pharmaceutically acceptable carrier, adjuvant, or vehicle. The amount of
compound in the compositions of this invention is such that is effective to detectably
inhibit a protein kinase, particularly GSK-3, in a biological sample or in a patient.
~ Preferably the composition of this invention is formulated for administration to a patient
in need of such composition. Most preferably, the composition of this invention is
formulated for oral administration to a patient.
{0057) The term “patient”, as used herein, means an animal, preferably a mammal, and

most preferably a human.
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[ 0054] One having ordinary skill in the art may synthesize other conpounds
of this invention follow ng the teachings of the specification usidgg: 2007
reagents that are readily synthesized or conmercially available. [ %] QPh
activity of a conpound utilized in this invention as an inhibitor of GSK-3
may be assayed in vitro, in vivo or in acell line. In vitro assays include
assays th et ne. . mhi ni ok ' r bs Jvity or
ATPase ac?qo \9;58'L1y (?!fcﬂg‘e%ﬁ \}:Eltgg%l CE%%I%@%“%%@?%%%Eiaﬁ \??r??%!‘ﬁisl%%yg&aﬁg%%i tate

t he abi | i t§ongpxiciearrienladiyivarss ot vehisietbiattdoe GBK-dgstroylthéplizinmesoldgicati aatiyithiay be

i bi ¢ or 1 GE SRR 1 BB PR Blent Gy pkefte o). g,

Al t er nat i vadjgvanismh viiitles thai maly bgusedyn the compeditinng ef thiy/inventioh irghaleclanpet i ti on

experinment where, new.inhibitors are incubated wth K- 3 bound to known
radi ol i gantf§ .nmﬁ%’éerbb]emﬂ?,’&&‘ Rt u&?‘lﬂ?’ﬁ'@’@ﬁ%éﬁ?’?‘?’&n]@l RSTIRBESn provi des
a conposi t4ueh as BAHAN defiink BIbBmGH BREHbRincEHéteh O MIRI3bhAdS, Slycide RbAidREEUt i cal |y
acceptable salt thereof and a pharmaceutically acceptable carrier,

adj uvant , Rstasyiag) sorkate, pardiabghyermde grixtuges ob satprater yegatble torky 8eis, (Wi, of this

I nvention J ' fftdchi Lapl e atl oY) -2l n Ki nase,
parti cul ar%@sg %&PEH@%\S’ ha&g;%gpogl cl\g S'glgarrtglﬁfg%glr | aogp?g? P%ﬁ?aé [%Eag%lg(?abl y the
conposi t i drydofgen iphesphate.soetivonchilerideprinebats cxpllbisial silicr, miagreshun wisilicgea pat i ent

i n need of C LLion. ref erahl the conpositi.on of this
nvent i on RN RS QhwolPEeR b aR oy e R bR T oos7] The

t er m " pat | @ficxymathyltskulotee palyicrylaes, veaxas) palyeitlenepolybeypadyena-biaskmal , and
nost preferably a hu . -15 02-Feb-2007 [0058] The term "pharnaceutically
accept abl @@W&F’ﬁ?yegg'jﬁ]w&hc? PARN Y e refers to a non-toxic carrier,

adj uvant, [90593€hiTheerinTaleted@BE iNAbitd Q5 hicdihetdMemBAR A THGAMABe ¢Ringal | Vity  of
the compound with which it is fornulated. Pharmaceutically acceptable
carriers, GBKAAPHNIS bewesrensample compppisingepidrompegition and HEKcHipss ped Bhs  of

Lhi s 1 nveniAlchfiehileoontithing25SA0kndst 1 hdodefoc drafiaeuiagae S, al um na,

al um num st'earate, I'ecithin, 'serum proteins, suc n serum al bum n,
buf f er suld80éHcedA Sphetmapsutitadly phreptable sgitlmieans any sebiaxicwltdestersattag et um
sorbate, p i b.de i fy. Y t abl. ] ci ds,
water, sa Ee% Dg!r)thgljl &e/egt% 'rrl%\%yqtfggéﬁjg é@ﬁd Ogsth %?%ﬁééﬁ&ﬁtga%ﬁﬁ‘a@%‘%a% a?%a&h?n hydr ogen
phosphat e,regipieats § aapable of providing, either directly or indirectly, a compound of this

invention or an inhibitorily active metabolite or residue thereof.

[0061] As used herein, the term “inhibitorily active metabolite or residue thereof”
means that a metabolife of a compound of the present invention, or residue thereof, is also
an inhibitor of GSK-3 kinase.

[0062] Pharmaceutically acceptable salts of the compounds of this invention include
those derived from pharmaceutically acceptable inorganic and organic acids and bases.
Examples of suitable acid salts include acetate, adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, citrate, camphorate, camphorsulfonate,
cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate, fumarate,
glucoheptanoate, glycerophosphate, glycolate, hemisulfate, heptanoate, hexanoate,
hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oxalate,
palmoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate,

propionate, salicylate, succinate, sulfate, tartrate, thiocyanate, tosylate and undecanoate.

-16-



hydr ogen phosphate, sodiumchloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, cellul ose-based substances,

. 02-Feb-2007
pol yet hyl ene gl ycol, sodium carboxynethyl cellul ose, polyacryl ates, "Waxes,
pol yet hyl ene- pol yoxypr opyl ene-bl ock pol yners, polyethyl ene glycol and wool
fat. [0059] The term "detectably inhibit", as used herein neans a neasurable

change in K-3,actjvity .between a sanpl.e c ri sing,sad c osition and
o 3% i Qe eiisasiich b ey WS Bor o T TRe s P e CrSaLIS S pGRE R e
absence of ensflbbdGR MRQSEfa@ibn df GGk éfsﬁﬂl@frﬂiﬁ%stih@ﬁiaiﬁ?%ﬁe efthpdngs sal t”

(0] er

means any non-toxic salt, ester, salt of an_ ester or derivative of a
conpound ot taginyeqtiop and sk Rbaeraceyisaly acrsptabls esidpidifion s2lts. recipient, is
capabl e ofrgpéqnVvi A ok 3 | Qs ihaeH GC f this

i nvention I:or :gn ?yr?ﬁ?%‘?rﬁgri ??t%{eayrrbélt e}sblg iteéﬁ%%ﬂ%ﬁgtg}?(g‘l;gg,@t@ﬁg@g% . [0061] As
used her eipvtassignadiratine eati ietabtei 8. ymagnrsive), pemobain eed BHGled ldyl4 t her eof "

means t hat . Lt nd .1 he . tion,. or residue
thor eof | 1%y TE kb g @y SRR ARy e B £ nERE e o
accept abl egrewgistof tiefcoidpeundseilosdd hatint Waerian wiAnbluble ordispedidle grb@iees deri ved
from phar maceuti.cal | accEpt abl e i.norgani ¢c and organi c aci ds and bases.

Exanpl es oPOsRR Puigned byjugh GUfFRiZateR- yde acetate, adipate, al ginate,

aspart at e,[0be§]zoame com?@sﬂﬁ&ﬁ%‘i@Hefpiéh%ﬁﬁnvéﬂiti%'h{aﬁbg adRiHidtrad Grallg) trat e,
canphorate, canphorsul tonate, cyclopentanepropionate, digluconate,

dodecy! sulBagEerally, By Hhslaties ﬁ@%,toaieﬁh'a{eét,aﬂfm%aﬂéﬁ buccally, yagndlytoi Yereite,
I h : 20l | i ,
gl ycer ophq i@teﬁiyr%%agglg ﬁg@&g}&%ﬂﬁgﬁseggﬁtiﬁqgaa&s SHECLAROGHSS

hydr ochl ori de ) roio roxyet hanesul fohate, |actate,
mal eat e, inwdvsnedseintmmubcasintri-arienlay, idragphviak insrastemnal, drteathecalni cot i nat e,
nitrate, q . e tln . s W .onat e,
phosphat e,lﬁg?%%%céfﬁglie\%ﬁgt%ﬁﬁ%ﬁ’ bp gﬁié?cgsﬁ §§+’%‘%§ﬂ a‘%%‘?@ﬁ%éf’f%%f@ 'sul fate,
tartrate, théiconpsiiahe aretadaydistedandlyjintemeimarbity orika@iedsth-S2€fld O her
acids, such, as, oxalic,. while not i hensel ves armaceutically acceptable,
rmy be om0 B0 ot i ymoRos ok his SR RUOH el oSSRt SN o0 | n

obt ai ni ng shEﬁnﬁ@ﬂWh@QSusp@ﬁsi@ﬂ%Qniix%ﬁﬁlﬂﬁe@Moﬂhﬁg%téﬂﬂﬂfqﬁ&@l@ﬂéﬁvﬁ(&ﬂtﬂey

acceptabl e acid addition salts. [0063] Salts derived from agp_ropri at e bases
i ncl ude aleysinguitahle dispgysing opWEHIRE AEAts PEUPSPding agmts hesdilear t h net al

(e.9., MagpeshbEhrepENBA hAaR0be Milde ifjcBlki¥ sdttion or suspension in a non-

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

et

butanediol. Among the acceptable vehicles and solvents that may be employed are water,
Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium.

[0065]  For this purpose, any bland fixed oil may be employed including synthetic
mono- or di-glycerides. Fatty acids, such as oleic acid and its glyceride derivatives are
useful in the preparation of injectables, as are natural pharmaceutically-acceptable oils,
such as olive oil or castor oil, especially in their polyoxyethylated versions. These oil
solutions or suspensions may also contain a long-chain alcohol diluent or dispersant, such
as carboxymethyl cellulose or similar dispersing agents that are commonly used in the
formulation of pharmaceutically acceptabie dosage forms including emulsions and
suspensions. Other commbnly used surfactants, such as Tweens, Spans and other

emulsifying agents or bioavailability enhancers which are commonly used in the
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salts. This invention also envisions the quaternization of any basic
nitrogen-containing groups of the conpounds disclosed herein. Wt %4w07
oi | -sol ubl e or dispersible products my be obtained by such quaten1zat|o

[ 0064] The conpositions of the present invention may be adm ni stered oraIIy,
parenteral Iy, by inhalation spray, topically, rectally, nasal |y, buccally,
x:gle\lnﬁl : %Crg%@ég%g%g%maglﬁlgam c(:a yragge%{a%g solid, Elgldt gll: other oga?grétfggm%lmaya used

i nt ravenou@,uséﬂﬂoamé%(@és d,mﬁ@ﬂaﬁdnl cular,intra- synow al,intrasternal ,intrat
hecal , int rahepat ic, intral esional and intracranial i nj ection or jnfusion

t echni qued 9068 of dha Bhyrmaceiricallpiaserirhls enmRposItionn el thifiiatcateymey be piply

| ntraper | LRGAEYI O aly Uiy BROHIBIK dosthOfdriainchdih e TPl iR, oBfsufcle
conpositions o I's I'nvention may be“aqueous or- ol eagi nous pensi on.
These sus ﬁebi@s,@qseqmyuspenmmrsmyIsalueohsa@cﬂw disef tableteloh nra&]uss cdeigen in the

sterite ipuPRufel FAELOAAR A Eoh oY, BIBREpE ARt FRFCE REP BT Ui o or
suspensi omtdafnteammO tiypichlly amaenF@fcﬁillaymaﬁmﬁbﬁhi eec@sdwﬁﬁin mdefigol vent ,. for
exanple as_a soJ u onin 1 t anedi ol Anong the acgeptabl e vehjcles and
sol vents tJAHED m EI@WPW@@“%# asEAcly Wheg ?‘H&gﬁ’ US SUHSPHE scﬂ’ie’ﬁﬂﬂrq 8t oni ¢
sodi um chl @aivee tl%odcﬁ% Q’I?gredléht adgindviRa mﬂ‘ate%ﬁﬂélﬁmgfdn&%ﬁ%éﬁh&ﬁg @%

conventional |y enpl oyed as a_sol vent or suspend |ng medi um 065] For this
purpose M%@lwswnmaﬂmnser@mwmﬁw bg adgask hetlc nmono- or
S ycer e FathaGldsne SHERaASIOI el Aok idfadier Vo ves
phar mac eutmaydiel ajinnmstemdab ke foml sf suygmmwonteptabacbmmmaumas'ﬁhese aan be
especial ly in their. ated yersi.on tions or
subpenei o B R Ae Soeht b 3ol iR B e Sion ot et B s
such ias qan%matmﬂﬂayhmdek felataoempefatm ad tﬁéreﬂ)lreswﬂlﬂallﬂm rﬁe&mﬁﬁt TOhafj are
comonly used in the rmul at.i on tically a e dosage
Fore i e aR Gt sSoanaras Sl rEoR hEr ney LM PO R seedvs0T act ant s,
such as Tvpegs§. PR PRardAefic [SédioRBioAdSMNhE ifenRbPAYRALSBE | 1 Ty
enhancers which ar eBcormDnI yE'Iﬁjsaect(j:%jlﬂ%lﬂthdceﬂi:i 17002 Feblzoe(r)l? na’rglluf acture of

phar rraceutademtgreeéwlamseee@m when| thefigregt olgreaipend inclislsngieasas orgameray al so be
used for thgy 18?50%%? ﬁft%é%&[l'agﬂn%h mc{uﬁﬁg%el&@ oPHRJBGRUIE AL Ik acceptabl e

conp03|t|0ns e ora
lower intestinal tract Suitable top1ca1 formulations are readily prepared for each of these

‘areas Or Organs.

[0069] Topical application for the lower intestinal tract can be effected in a rectal
suppository formulation (see abeve) or in a suitable enema formulation. Topically-
transdermal patches may also be used.

[0070] For topical applications, the pharmaceutically acceptable compositions may be
formulated in 2 suitable ointment containing the active component suspended or dissolved
in one or more carriers. Carriers for topical administration of the compounds of this
invention include, but are not limited to, mineral oil, liquid petrolatum, white petrolatum,
propylene glycol, polyoxyethylene, polyoxypropylene compound, emulsifying wax and
water. Alternatively, the pharmaceutically acceptable compositions can be formulated in
a suitable lotion or cream containing the active components suspended or dissolved in one

or more pharmaceutically acceptable carriers. Suitable carriers include, but are not
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adm nistered in any orally acceptable dosage formincluding, but not limted
to, capsules, tablets, agueous suspensions or solutions. In the C%E?Fe%‘fzom
tablets for oral use, carriers comonly used include |actose and cGrn
starch. Lubricating agents, such as magnesium stearate, are also typically
‘added. For oral admnistration in a capsule form useful diluents include

| act ose and dried cornstarch. Wien aqueous suspensions are required for

oral use, 1fHed i igeaal; oil sergitenmonasteasta, pRlxErthate FO.CRIYI &stery WAk caikayd uspendi ng
agents. | fucollfS) b&Pdo8&IhAY PerdWEAIRBI M8 -wadravoring or coloring agents may

al so be added. [0067] Alternatively, the pharmaceutically acceptable

conposi ti dHF1bf Fariophihalraigwise ihe phaymasentipalty atcspieble gompositins msyrheof

Supposi torf&ra}?xhafte;ﬁras {ﬁ?%o@}zeﬁqmg%&éﬂs% {s%nic&lglﬁxgpe%{'stpxﬁlg shitePer ed by m xing

t he agent "w S e non-irrrtatrng I'sS”sblid at room
t enper at upeefdvalily, as qolutd ond inetdrds, pHeadjstedisterite salige, ehiesrefith e widhbht arel t i n t he

rectumto release the drug.. Such terials include cocoa butter, beeswax
Lnd ol voPruTERTegRgtE S anen it Al a6 Bhatug besohe
conposi t i gRamateutiBils; dcovRasIE 0fnpRItioas FRy BE forakdal if be bRHnsRBIdkads! V.

especially when the target of treatnent includes areas or organs readily
accessi bl @Gtm}att”@pi cal -application, including diseases of the eye, the skin,

or the | AL ' =Tl - ' j : [ readily
prepared for ]eagﬁ’%éﬂﬁﬁﬂg%egﬁ@ag eag%%?fé%lro glgﬁgablﬁgdgé%f{%@gaﬁ%p }lf\ecati on for
t he | ower adminéstaréchlay nasphbastrosoher ibkalatione Suducampositivatara preparag pesording ip

formul ati . Or 4 i . ene f l.ati.on. . Topically-

t ransder ngﬁ%h‘%g‘?"%r@? %ng%lma édtl)éqgg‘)%’slﬁ %%&B t:l% “EoF (ﬁr{)%dé%az}yobgﬁ%ﬁag%fﬁsons, t he
phar mac e utélatidnks yn gatiae pinagibgng benagisilédhoher atiiey siieabld preserMadivegabisarpgiosui t abl e
oi ntment contai njng,the . actiye.conponent, sus ded or dissolved in one or
nor e carrP@PEo.ewe%ih@?c? oRY ‘g’b]?tgﬁuoé%ﬂﬁpﬁ'tag&gf %tﬂercf’PnY %Bnpounds of this
i nvent i ongdlmlizigeor Muperdngagits. | imted to, mneral oil, liquid petrolatum

white petrolatum propyl ene glycol, polyoxyethylene, polyoxypropylene
compound, [ siMQFtrIﬁeéh%b%ﬁlf phgmasputically aqcipiebls epppositinas ghilismaceut i cal |y
accept abl gy Qsd forRNBiRRr B8l dRtifralogd in a suitable lotion or cream
containing the active conponents suspended or dissolved in one or nore
phar maceul®0@4l | yThecareqins bf the campownds of 1B preadsit inveation thatgnayrhel cgdbinedut are not
-18 02- Feb: 7. bim ! il sorhi non e e. pol ysorbate
60, cetyl Qré ggprcgnm%%:}t%gatl% tg)rp)f{;ﬁu@g Eg&gmﬁ)osnion 11(:1) algintgl%rhosage(%gllm Q{Iﬁ\t!ary

depending upon the host treated, the particular mode of administration. Preferably, the

st

compositions should be formulated so that a dosage of between 0.01 - 100 mg/kg body
weight/day of the inhibitor can be administered to a patient receiving these compositions.
[0075] It should also be understood that a specific dosage and treatment regimen for
any particular patient will depend upon a variety of factors, including the activity of the
specific compound employed, the age, body weight, general health, sex, diet, time of
administration, rate of excretion, drug combination, and the judgment of the treating
physician and the severity of the particular disease being treated. The amount of a
compound of the present invention in the composition will also depend upon the
particular compound in the composition.

[0076] Depending upon the particular condition, or disease, to be treated or prevented,
additional therapeutic agents, which are normaily administered to treat or prevent that

condition, may also be present in the compositions of this invention.
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al cohol, 2-octyl dodecanol, benzyl al cohol and water. [0071] For ophthal mc
use, the pharmaceutically acceptable conpositions may be formulatep @as, 007
m croni zed suspensions in isotonic, pH adjusted sterile saline, or,
preferably, as solutions in isotonic, pH adjusted sterile saline, either
with or wwthout a preservative such as benzyl al koni um chl ori de.

Al ternativ, f opht hal m c. use armaceutical ly acceptabl e
conpositi o@lsﬂﬂay%r g agrlprqﬁsrlngfneogoﬁﬁgga#oglg%ﬁ&ﬁrgeeﬁtag?ﬁ% orgr a%mg Prgfo Gnt" [ 00721
The phar naeattdegabtayiva disepleaithey eampbdict ivathahe Eoripiuadd siuRis tinventisrety al so be

adm ni stered, b asal aerosol, or inhal.ation._Such c ositions are prepared
accor di ng 8¢ n%‘é@ﬂ%‘f:ﬂ@é‘g “ﬁ}éﬁop@?ﬂ‘ﬁ%"ei Jr‘ls ‘?Fés‘aﬁ’fm&#%%ggmg?]’trﬁr’]"é‘ﬁﬁmf ormul ati on
and may bergbRRMIEE, BSt aré RbUIhiIRA%0, AetfRhbIRRsteREDINAWIBE, PRRT hitMogohol  or

ot her suitable preservatives, absorption pronoters to enhance

bi oavai | abpterfespns.fntiweBEHpansnion champebblogherss riluzpley et anti Parkinwnispiagents-ng or
di spersin nt ]:ﬁ@ﬁ’i t: i pt abl e
conposi ti grqgﬂgf t%hxfélg%lgﬁ/en [ oﬁ&gﬁéeﬁ§%?%?%tlgﬁu@o&ﬁﬁgﬁ%%&%&#%ﬁ@% ?on.

[ 0074] Thegeastinally engindened, tissvp @lamniinogén adtizator G5RA), heparmpgumatchat may be
conbi ned Lth the carrier materials to prod a_conposi,tion.in a single
dosage for#%gfn%ts\/cﬁcfi de 5’%%13%1:%6’1) %Beoaﬁ]tt%gﬁe S%‘O&ég%ﬁ 0Pty ang ﬁ'ém’ﬁié(#'aﬂscm ar node
OL admi gi S0 ?mgh&re&ﬁmphbbyageﬁﬂ@%e mimoﬁd/ o Stdgmsiﬁbm““h ;ind;&aléo?fmlﬁl at eﬁ E 0
that a dosage.o tween 0.01 - 100, ng/ kg body weight/day_o e inhibitor
can be adnf® e&r"@ﬁ‘lpﬁluae’ﬁﬂ%ogmm?@@@i MAFPras ¥"ea%?8%p%’§€?¥ ERIeft®, 1 00751 I t
shoul d al sgohReyPSeI® LaBusHR®; tSRBemiratord ASAGSuaNE dokRRLRRMs, TRE! men for

any particular patient wi || depend upon a variety of factors, including the

activity droskss, Dsh&eA. prahioprinse ayrdorbephsipide, andyailfgsalazingody wei ght, gener al
health, s ' ' 'm]ﬂiﬂﬁv} | Al | et rug

conbi nat i gﬁ?n%hﬁlgglﬁ%{#%ggﬁnlent 0 ﬁytpﬁég&?%g tltsnsggla{ %h sllogé%glﬁ’ an%ﬂﬁlg’ severity of
t he parti capamycti, semsphdnelatgmofietih irdetferdisecationsteroidy, cyclophopipmuidel, of t he
present inventian in.t posi tion w Ll also depe upon the particular
conpound i %2 Ognﬂ%@ﬁ%g'gfascﬁ%f’dlﬁ%]%ﬁgﬁéaﬁar %uchﬁ%gcepﬂ%mﬁg?sﬁr%sﬁ | ar condition,
or di seasénhibitoreVIAIERhibitof inferfeves] @b conaglehints, (nadhadrebblagien, rituzaent s,

which are nqornally.adnm nistered to treat or prevent . hat ondi tion, may
al so be praé‘géﬁ?'lpﬁ‘ﬁ“?sﬁ@%é‘%%iaﬁ"%@f Brating;cardiqyasaiar gisease perh as beta-

blockers, ACE inhibitors, diuretics, nitrates, calcium channel blockers, and statins; agents

Di=(

for treating diabetes such as insulin, insulin analogues, alpha glucosidase inhibitors,
biguanides, and insulin sensitizers; and agents for treating immunodeficiency disorders
such as gamma globulin.

[0080] The amount of additional therapeutic agent present in the compositions of this
invention will be no more than the amount that would normally be administered in a
composition comprising that therapeutic agent as the only active agent. Preferably the
amount of additional therapeutic agent in the presently disclosed compositions will range
from about 50% to 100% of the amount normally present in a composition comprising
that agent as the only therapeutically active agent.

[0081]  According to another embodiment, the present invention relates to
administering to a patient an additional therapeutic agent selected from a treatment for
Alzheimet’s Disease (AD), a treatment for Parkinson's Disease, an agent for treating
Multiple Sclerosis (MS), a treatment for asthma, an anti-inflammatory agent, an

immunomodulatory or immunosuppressive agent, a neurotrophic factor, an agent for
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02- Feb- 2007 [0077] For exanple, neurotrophic factors or other agents for
treati ng neurol ogi cal or neurodegenerative di sorders nay be conbi ne612_ ] _?007
t he conpounds of this invention to treat neurol ogi cal and neurodegeherafi ve
di sorders. Exanpl es of known neurotrophic factors include, but are not
limted to, acetylcholinesterase inhibitors, MAO inhibitors, interferon,
anti - convyl sant ion channel hlockers, riluzole, and. anti-Parkinsonian
agents. | %ﬁ@%&ﬂa@gﬁg T S50 g’r?éi‘ilsﬁ]élﬁ{ Sqage an ANGeRTes3n BB &NYSC t i vase(r),
? reco)rrbi hqaydhptiaagenigeﬂahiagﬁkfd;tneﬁlgignﬁﬂfe%@,wmiraﬁue pl asni nogen acti vator
rt-PA), heparin, utamate antagonists, cal ¢cium antagoni sts, opiate

ant agoni sts, GAtd additipnal therapgpti Pto‘iF‘PﬂﬂEréa.meFgﬁfgﬁea@ é?g@fgﬁb% of
agents the conp@und&itihalthirseliity Qhi i@ AdiRYstdb AR et8er R A& pésidn hiic! ude,
w thout |imtation, anti-depressive agents, _sucﬁ as_Zol Oft(é,g)y’ Prozac(r),
Paxi | (r), and Buspsirgle fosagniorm aysepamately Hop spifbermeposition aspartofra nulédipleer oi ds,
TNF bl ockers, IL qazat hi opri ne, cycl ophospham de, and sul fasal azi ne;

i mmunonodul at ory and® 1 munosuppr essi ve agents such as cycl osporin,

t acr ol i mu40082f ap dnyaiing topowdisremboditrentytifedhvdntion rflses tomanshodoafr t | cost er oi ds,

cycl ophopham de hi opri.ne,. and sul f.asal azi ne;. neurotrophic factors such
Y op T e e G A B i B o Go s R S PE e tdoc  Fpiect
ant i - conv ighigdidl6gicdl @Ampleaiihed cotdpRak@bfSthisihveraod, @r corptitditcompasiky Re@Ni an

agents; agents for treating cardiovascul ar di sease such as beta- bl ockers,
ACE i nhi bi*PB¥P8™di uretics, nitrates, calcium channel blockers, and statins;

agent s [ qDog3) Calhberhll @Al ASI Shifle ot haNbiclh, iohH hinnBALBMIEH, oo Pha

gl ucosidase inhibitors, biguanides, and insulin sensitizers; and agents for
treating ichitumadeorgxiarte thoyeof Wepsthdrsaterial obtaed framrremagnoiglier axiragts [ 0080] The
anount of i ] i g p ent . Ltions of this
vent i on Sirye g bod SRR £ea0 8Dl a3 o b AR EE"S © ¢

adm ni st enleteafn a conposition conprising that therapeutic agent as the only

active ag Pr ef. er.abl amount . of .addi tional therapeutic agent in the
present | y?{g[?ss'ﬂl oggﬁblg%ﬁ%égﬁﬁc}ﬂgasﬁja?qw?%6%10595‘%%@%13 ‘gﬁ‘ﬁ ¢°6a100% of "t he
amount norvaBity bf Pili@e&s twhidh ade RIRAOBIchE ONsIE0hE SitNBxarhplad ofagepurpsses he only
t herapeutically active agent. [0081] According to _anot e{) enbodi ment, the

present | AVEYS By arepoidipdted fo, blopd;tringfpsien. pegangransplantatian, bigipekali t i onal
t her apeut is?e&ﬁ@rﬂétoﬁ@é,%&%ﬂ;]&g‘ié&i‘hs@aﬁ! eatment for Al zheiner's Disease (AD), a
r

treatment Tor Parkinson's Di'sease,” an a(igher]t for treating
[0085] According to another embodiment, the invention relates to a method of
inhibiting GSK-3 kinase activity in a patient comprising the step of administering to said
patient a compound of this invention, or composition comprising said compound.
[0086] According to another embodiment, the invention provides a method for treating
or lessening the severity of a GSK-3-mediated disease or condition in a patient
comprising the step of administering to said patient a composition according to the
present invention.
[0087] The term “GSK-3-mediated disease™ as used herein, means any disease or other
deleterious condition or disease in which GSK-3 is known to play a role. Such diseases
or conditions include, without ]jmitation, antoimmune disease, an inflammatory disease, a
metabolic disorder, a psychiatric disorder, diabetes, an angiogenic disorder, tauopothy, a
neurological or neurodegenerative disorder, a spinal cord injury, glaucoma, baldness, or a

cardiovascular discase.
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Mul tiple Sclerosis (M5), a treatnent for asthma, an anti-inflammtory agent,
an i mmunonodul atory or inmmunosuppressive agent, a neurotrophic faghgtp-2807
agent for -20 02-Feb-2007 treating stroke, an agent for treating

cardi ovascul ar di sease, an anti depressant, an anti psychotic agent, or an
agent for treating diabetes, wherein: said additional therapeutic agent is

appropri at r the di sease being treated; and . K sai.d additjonal therapeutic
agent is e[ﬁ?ﬁ i sl‘%F%‘g"“(ggﬁé??ierr eﬁﬁqioérm%e&f’ RS YSEHAT & a]“J"%lt_c'sz’i Iﬂﬁp‘é‘ﬂﬁﬁs age

form or sepatifd & issbhifntBakriePIPOSiEdats) QisdReR A torditioh sBlebieli Plogh ardosage form
[ 0082] According tq another_enbodi nent, the invention relates to a nethod of

i nhi bi ti ngUtssrRIYng disepse aadeflappmatonyliseats; & metpbeli diserden & PESRIIICSi ng the step
of cont actdifgderStithiddi 2l éﬂgido%@ﬁic %ﬁmhﬁ taWF%%%%a%QﬂR%MI of néu%d%g%ﬂé §odion, or

conposition conprising sai compou The term "biolo al sanpl e”,

as used hetissider, 4 spinaliderd injwiyt Blowtomas, baldusss, ona cadiovascolar diseass, ine patient act s

t hereof; RQj i erial obtained f | _or extracts her eof ; and
bl ood, saltﬂl1 \E}g‘% tﬁ%?%%?on?‘jé%én, se]%@%fm% @%rg}sd?p aggra‘inmgt%ﬂ%lp ° d(;‘)f ‘ﬁ‘f Bﬁe%ng or extracts
t her eof . [iD@84bn binduntyokition theteoSK- 3 ki nase activity in a biological sanple
I s useful a ,variety of purpgses which are known tq one of skjll in the
e ExamiPB1o; AsimTigte Serelt R nell e EVSRon FHA iR oc
transf usi aRatigy ﬁﬂ&séﬁiﬂ%ﬁ@ lsHieF b0 disdRbePdrRBhGabn schRA%RI BN aBdrey,368maand

bi ol ogi cal _assays. [0085] Accqrding to another enbodi nent, e invention

{
rel ates t dlizbetpstMgheimer’s fisease Hyntigstoriz disease Raslinsoni s dipaage.iADS- pat i ent
es. t _ . AL of thi
conpri si nglsgdaﬁteg Rheia, %ﬁ%%r%ﬁ@fate% s$1&o§§t&s,%hh@%°fsocg§séll%?§g&cigi IS

i nvention, or conposition’conprising said conpound. - rding to
anot her ersbletisisdMS), anfinjuindusrio hoad tauma; stbizophma,awaietyo bipolas disordgr, or

| esseni ng verl %Eﬁ L at | SQ . dition in a patient
conpri si ng’E '{&ﬁgﬁg’[%{)ﬁ%ﬁgcg‘gﬁ?ﬁl g?all ﬁgfw? %‘5%‘% [g&%gﬁagﬁ&argﬁg%%dﬁ? Sh®accor di ng
to the prgpanbphyygiintomsd) ait¢ididh defidihéisdréerA DEGKdepraveich, af debpdiisoarge” as used

herein, means, any,.djsease or other del eterious. condition or, disease in
whi o GSKTSPeESIRHAEHTS 1ok 3 sRglogeniSeissoes; Sebaldngss, wheretn said metho

comprises administering to a patient in need thereof a compound of the present invention

or composition thereof.

[0090] According to a preferred embodiment, the method of the present invention
relates to treating or lessening the severity of stroke.

{00911 According to another preferred embodiment, the method of the present
invention relates to treating or Iessening the severity of a neurodegenerative or
neurological disorder.

[0092]  Another aspect of the present invention relates to a method of decreasing sperm
motility in a male patient comprising administering to said patient a compound of the
present invention or composition thereof.

[0093] In an alternate embodiment, the methods of this invention that atilize
compositions that do not contain an additional therapeutic agent, comprise the additional
step of separately administering to said patient an additional therapeutic agent. When
these additional therag;eutic agents are administered separately they may be administered
to the patient prior to, sequentially with or following administration of the compositions

of this invention.
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or conditions include, without Iimtation, autoimune di sease, an

i nflammatory di sease, a netabolic disorder, a psychiatric dlsordeqszd02007
di abet es, an angi ogeni ¢ di sorder, tauopothy, a neurol ogical or

neur odegenerative disorder, a spinal cord injury, glaucoma, baldness, or a
cardi ovascul ar disease -21 02- Feb-2007 [0088] According to another

enbodi nmen e iaventi.on t.o_a nethod for tre

| esseni ngh%ungj]se ecgrl rg‘t‘a“ﬁ%mé%% asdrgscr%e{g@?ﬁgpaygf’ r%%ﬁ&flfluélﬁle S%’Pg’g;ﬁ%d from an
aut oi Mmunéolthverpaempia’ arfet AthatIoshould tmmﬂﬁstoad et thbee! dxemgles afeder , a

psychi atri di sorder, di abetes, an an di.sorder, tauqpothy, a

neur ol ogi &lgs“%tfveﬁé‘moé?fe‘ﬂ’é%@? P yat t°(§’F§ pd asj BP%QPS ESPHRR 8 gl aucom,
bal dness, nf¥fng&. car di ovascul ar di sease, in a patient in need thereof,
conprising admnistering to said patient a conpound of the present

i nvention or conposition thereof. [0089] According to another enbodi nent,
the present invention relates to a%.mhéor treating or |essening the

severity of a disease or condition~Se ed fromallergy, asthma, diabetes,
Al zhei mer {981 seas esedlhqrﬂm it HRLE Mcﬂace:h@gnﬂed s 'Mahod AllisssdsltgwsAl DS

associ at ed denpnj tro at el;, cI,. sis AALS,, Lou Gehrig's

di sease), nul nEB g’?%fgtgigtfm @yg%est %gagﬁaﬁgﬁna

schi zophreni a, Gﬁaﬂdnetmﬂ%bwmi @bntdjnmgrmacetonﬁtﬁlpr%TyFAﬁtosmemal cord or

peri pheral nerve in nyocar di arcti . car hypertrophy,
gl aucoma, attent i HE%F&‘?W‘“&FP%P@%? 45&3?@%%?*844&@85 Peep di sorder,
reper f usi on/ i schegitanitrfk FQkE4 nﬁr[ht@s%ﬂ@él%'t@mﬂiﬁ@éﬁiﬁﬂionsor bal dness, wherein
said nethod conprises adnmnistering to a patient in need thereof a conpound
of the present Tpigl@ntimen/.0 gin¥emposi ti on thereof. [0090] According to a
preferred enbo her AR of the present invention relates to.
treating or Iegjsgﬁ?{r?g ?he se{‘/‘g{rl ty of stroke. [0091] According to another
pref err ed[@G896bdi Aensed hetvin, viet teod "Bf' r¢flus tpthe seertionitimes it indmutasedtadiosl t o
treating gr..lesseni n t.he .severi ur.o ner tive or r.ol ogi cal

i sor der . MrREBTRRREE REpE uR S b Rbre RN R iniFerdieqtelNE 2%t hod
of decr eaBkagplepediow coméspbid i théc@npiring npabdrefekiteDiMTabk N@u@aM ni stering to
said patient a conpound of the present invention or comnposition thereof.

Example 1
6-Methyl-2-(2-triflaoromethyl-phenyl)-3H-pyrimidin-4-one: A mixture of 2-
trifluoromethyl-benzamidine (2.13 g, 4 mmol) and sodium ethoxide (0.83 g, 12 mmeol) in
ethanol (20 mL) was treated with methyl acetoacetate (0.44 mL, 4 mmol) and heated at
for 24 hours. The reaction was cooled, concentrated, diluted with water and acidified
with 2 N hydrochloric acid. The resulting solution was extracted with ethyl acetate, dried
over sodium sulfate and concentrated. Purification by flash chromatography [SiO,,
methanol:dichloromethane (3:97)] provided the title compound (0.51 g, 50% yield) as a
yellow solid; "H-NMR (500 MHz, DMSO-dg) & 12.7 (brs, 1H), 7.9 (m, 1H), 7.8 (m, 2H),
7.7 (m, 1H), 6.3 (s, 1H), 2.21 (s, 3H) ppm; MS (FIA) 255.0 (M+H); R, (Method A) 2.578

minutes,

Example 2
4-Chloro-6-methyl-2-(2-triflnoromethyl-phenyl)- pyrimidine: A solution of 6-methyil-
2-(2-trifluoromethyl-phenyl)-3H-pyrimidin-4-one (10.7 g, 41.9 mmol) in phosphorous
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[0093] In an alternate enbodi nent, the nmethods of this invention that
utilize conpositions that do not contain an additional therapeuti gpagstioy7
conprise the additional step of separately administering to said patient an
addi ti onal therapeutic agent. Wien these additional therapeutic agents are
adm ni stered separately they may be adnmnistered to the patient prior to,

ial iy o £ thi
Covent on. Oshlopll Po st 4G hRENSIT ek [ Bh bR ot PIRRE S 8] 00 S
her ei n nay atakrefiored af U10-y2afdfer § hoad, Thﬁeofve:htlvmmemgaowaimkaﬂropéchth&et forth.

It should he un too hese e les are for | rative rposes
only aﬁd a @egg’gﬁf"’ Vg B@h&?ﬁf@& ago- ﬁ%%??sf‘ﬁlﬁ Wap fakep HB%?tﬂglr?c?tﬁge;nypungnner
EXAMPLES bvﬁﬂﬁ&]seqﬁsnmdmﬂﬁm@@muhﬂ@cﬁﬁk& Mateh el sl &eﬁﬁﬁéh &fer sodpigiod A" i's
as follows: Colum: C18, X 50 mm "Lightin Jones

Chr onat ogr aﬂfﬂ;e and epregniFaied. R@gi?%a@mh ﬂe@&h%%%%@hy%gbe@%m trile, 0.1% TFA)
L0 100% acql-plAdbhdy (§ O9NrdliBld e Rud Ebrklifbha 6T o %% Yl Bm oRlefloifl 100%

acetonltrl for 1. es and return to i I'tions. Total run
time 7.0 HM(CDGlngGMIk)Saﬁs(BH/m'Mﬁ@, 1H)) 086t A&s’lﬁHe,dI—DETé’I(ﬁ, the term

"Rt" refer th tai r e conpound
usi ng the gﬁéﬁ%éﬁéﬂ%‘%ﬁ%ﬁ&%@u&#%@?@? t@@g} H3the Exanpl es
bel ow corr ggpEN®, Methbeé AGgaMEowad. nunbers recited in Table 1, supra. Exanple
1 6-Methyl-2-(2-trifluoronethyl-phenyl)-3H pyrimdin-4-one: A mxture of 2-
trifluoronethyl-benzam dine (2.13 g, 4 mmol) and sodi um et hoxi de (0.83 g, 12
mml) in ethanol (20 nL) was treat %{a\%ﬂg@ net hyl acetoacetate (0.44 niL, 4
mol ) and heated at for 24 hours. € reaction was cool ed, concentrat ed,

diluted wi SFlnareetHindazod3cilF-Ifenethyl-2H2-2riflnerpretayliphenyl)-py vighidife resul t | ng
SOl on Rk PSh i P R65kah A, Rl YRGB R ©
met hanol : d{0cid g 0GTetihal) and 3:fRi63d-1 Fvindazole-d-flinaint (¢.072 g dvfomn)(vhs51 g, 50%
yield) as feated neat at 160-170°C for 8 hours. The resulting residue was cooled to ambient
temperature then dissolved in N-methyl-pyrrolidinone (2 mL). This mixture was poured
into water (20 mL) and sodium bicarbonate (5 mL) was added and the resulting mixture
filtered, washing with water. Purification by preparative HPLC provided the title
compound (0.081 g, 43% yield) as a tan solid. 'H-NMR (500 MHz, DMSO-dg) § 12.8 (br
s, 1H), 10.6 (br s, 1H), 7.86 (d, J=8.0Hz, 1H), 7.77 (m, 4H), 7.62 (br s, 1H), 7.50 {m, 1H),
7.29 (m, 1H), 2.44 (s, 3H) ppm; LC-MS 388.05 (M+H); R, (Method A) 2.900 minutes.

Example 4
6-tert-Butyl-2-(2-trifluoromethyl-phenyl)-3H-pyrimidin-4-one: A mixture of 2-
trifluoromethylbenzamidine (1.12 g, 5 mmol), sodium ethoxide (1.02 g, 15 mmol) and
4.,4-dimethyl-3-oxo-pentanoic acid methyl ester (0.80 mL, 5 mmol) in ethanol (50 mL.)
and was heated at reflux for 16 hours. The reaction was cooled, concentrated, diluted
with water and acidified with 2 N hydrochloric acid. This solution was extracted with
ethyl acetate, dried over sodium sulfate and concentrated. Purification by flash

chromatography [SiO2, methanol:dichloromethane (2:98)] provided the title compound
(0.48 g, 32% vield) as a yellow solid; "H-NMR (500 MHz, DMSO-ds) 8 12.8 (brs, 1H),
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ellow solid; 'HNW (500 MHz, DMSO-d6) 8 12.7 (br s, 1H), 7.9 (m 11-1),

8 (m 213), 7.7 (m 1H), 6.3 (s, 1H, 2.21 (s, 3H ppm M (Fl Ap2388-2007
Mr3); Rt (Method A) 2.578 mnutes. Exanple 2

Chl oro-6-nethyl -2-(2-trifluoronethyl -phenyl)- pyrimdine: A solution of
met hyl - 2-(2-trifluoronethyl-phenyl)-3H pyrimdin-4-one (10.7 g, 41.9

mml) in p L - 0 y riefle 1) was
[reat ed w (1 Rpo-ponrad fis (PR T Geraing i o2t Tin. (203D 1071 00c
for 1 hourspmTHEMDP2YERR (MeH); &y decthed AY3.36 remitesoped three tines with
toluene, then dried in vacuo. The residue was taken up in ethyl acetate,

washed sequentially with 1 N sodi um hydroxi de, water and brine, then dried
over sodium sulfate and concentr at ggkamiBri fi cati on by flash chromat ography

[ Si 02, ethyl cetate: hexanes, (1:9)] ovided the title conpound (9.61 g, 84
% yi el d) ag'“’éﬁﬁwg;%a‘zﬂ%‘f’rz.-@'tf @%@ﬂy Ry Weisines Acsoftiop ff-tagt- 7. 26 (s,

111), 7. 61yt G=firRbiom herfy I PRTH gm’micﬁn_'-lo'i_i 4152 59 mbnGe, 1=7. 6Hz, 1H),
7.82 (d, J:7?8Hz, IH) ppm I?YF)I@A)-(P 73.0 (ME'I%-B; E% (Met ”lo)fj1 A) 3.499 mn.
Exanpl e 3 phosphorous oxychloride (1.65 mL, 15.9 mmol) was treated with tri-n-propylamine (0.61

(51 or -t 4 Rzl Aokl [0 Phe Ao k|t RABAMEY) ) - Py i m i -
- yl]ani ne (1-2): mxture o
4- chl or o- Gevaptrhtyion ThepBreatiobbd trartihésytitphinayd.  Theyresidiedivaseaken@p W0ettyyl 0. 37

I d 5- -I.Hi nd | e-.3= ] 0.072 0. 48, I heat ed
neat at 168 esbtienist e fRAEE LN SR s R B aR on
t enper at ur exdivhesulfitessialcoebnirited PRiftionlyy flahicHionmeriphy Thi0,, lijis m xture

was poured into wate 20 n nd .sodi um bi carbgonate (5 nm) was added and
the Pesul (1rHeEbtr Lo asiihe HASFHRS (T 0Bk el eh fyllonchilby

preparativ i q@%ﬁ; kil ( 1y 0, I as a tan
solid. 1H EI{I\/R ESE@)O %I\éiz%DIVB d%)méﬁ%’és?S % bg’nﬁ{s)f ﬂig%{zgli%jf%(){%ﬁsg,c&lll), 7. 86
(d, J=8. OHEs7.5984) 1HY, 7774 (¢, F=8.4H%) JH)ppef MD(FI4) 3149 {V+H);50 (Method A },1567. 29 (m
IH), 2.44 &%ueg’l_') ppm LC-MS 388.05 (MrH); Rt (Method A) 2.900 m nutes.
Exanple 4 -f&Tt-ButyI -2-(2-trifluoronethyl -phenyl)-3H pyri mdin-4-one: A
m xture of 2- trifluoronethylbenzamdine (1.12 g, 5 mmol), sodi um et hoxi de

(1.02 g, 15 mml) and Bramole 6
[6-tert-Butyl-2-(2-trifluoromethyl-phenyl)-pyrimidin-4-yl]-(1H-pyrazolo3,4-
b]pyridin-3-yl)-amine (I-3): A mixture of 4-chloro-6-tert-butyl-2-(2-trifluoromethyl-

y
7
(
4
6

_phenyl)-pyrimidine (0.10 g, 0.32 mmol) and 1H-pyrazolo|3,4-b]pyridin-3-ylamine (0.064
£, 0.48 mmol) was heated neat at 160-170°C for 16 hours. The resulting residue was |
cooled, dissolved in N-methyl-pyrrolidinone (2 mlL.), then poured into water (20 mL) and
sodium bicarbonate (5 mL) and extracted twice with ethyl acetate. The combined organic
layers were washed four times with water, once with brine, then dried over sodium sulfate
and concentrated. The crude product was purified by preparative HPLC to provide the
title compound (0.007 g, 4% yield) as a yellow solid. "H-NMR (500 MHz, DMSO-ds) &
13.2 (br' s, 1H), 10.6 (br s, 1H), 8.49 (m, 2H), 7.84 (d, J=7.8Hz, 2H), 7.76 (m, 2H), 7.68
(m, 1H), 7.12 (m, 1H), 1.32 (5, 9H) ppm; LC-MS 413.08 (M+H); R, (Method A) 3.112

minuies.
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4, 4-di net hyl - 3- oxo- pentanoi ¢ acid nethyl ester (0.80 nL, 5 nmmol) in ethanol
(50 niL) and was heated at reflux for 16 hours. The reaction was qpoFr8d0007
concentrated, diluted wth water and acidified with 2 N hydrochloric acid.
This solution was extracted with ethyl acetate, dried over sodiumsulfate

and concentrated. Purification by flash chromatography [Si O2,

met hanol : di chl oronet hane (2:98)] pr oy fhe title conpound (0.48 g, 32%
yield) as a yellow solid; 1H NVR (500 VHz, DM5SO-d6) 8 12.8 (br s, 111), -24
02- Feb- 200%-Cyzl@gopyl; 2-(2=trifhreromethy}-phenyhe3 i pyripgidio-4-gn&1 (d, J=7.4Hz, 111),

%ﬁﬁtg:ﬁ 1g2&(%Cﬁrggogrép%_v%ﬁ)dﬁ%}lm&%|:v5 297.03 (MrH); Rt (Method A) 3.30

oo iy SR P i ot i T e s el e
-tert- u -4 -tri uor t - en - rrmadl n-4-one . , .
mmol) in 'bﬁ%f&?é?wgmbm%ﬂodg& e sfi%rﬁsé’%agydf%%@nm, 30%1& {9 a”c“@ﬂl)gvi th

tri - n- pr opyleA AisBRi6R oBdtanibn(1\BcHidridg /@) nmﬁhb%ﬁﬁﬁgirﬁﬁenéagé)%eﬁaﬁg Y& 1 hour.

The sol vent was renoved by ‘evaporattion then azeotrope ree tinmes with

t ol uene. Thddegdnp dippwigesfashigre nlhegedconwps stirred Ok have 2t Washedfosshownel al | y
ith 1 N i Oxi i e ' | f at
and concenfti SRR, #e il it i OO Wishfle MipmaRfyr o T2t €

acet at e: hestheresor(cént®dtdd jpraviaieih & hah tempeeatae mp d5HAE°C hed Yagsto®8 % yi el d) as a
yel | ow oi |, '.HHNI\/R (Ogcoc:13iI 50@-Miz) 8 1.31 (911, s), 7.25 (s, 111), 7.51
(t, J=7.eHoverpighyasapogepollaly2 G g p 111y 774 (t, J=8.5Hz, 211) ppm M5
(FI'A) 314. 9 (OMrsblgorBnethyehad] Adcydnat®@6 M nutes. Exanple 6 :
[6-tert-Butyl-2-(2-trifluoronethyl-phenyl )-@/ri m di.n-4-yl]-(1H pyrazol o[ 3, 4-
b] pyri di n- A-spluionf ﬁéﬂﬂqurswthﬂbﬁazaﬁﬁee@%P g 185 mmol} in 1,2-dichloroethane (600 -
4-chl or 0- 6;: 56145 sl tor ] p 5 I .G 0 g, 0.32
nmol ) and 1i]trl—'l'-?p&l)& f@%#gféﬁg&gﬁgﬁr%@%ﬁ%&{gﬁﬁﬁg%%gipé%bﬁ%q%ggn@m?%@ms

heat ed neatumgl) in@apid A6Ps fand theGedstion Simrelat 7G-88°¢] aviengghte Thelsvamawas cool ed,

di ssolved |n hyl - pyr.r ol i.din ( then .nout into water (20 niL)
and sodi u;%ﬂg%%?igﬁa tog'“)ﬁ(o é aﬁfgﬁearggg%ex‘%?sac%%ﬁd) i ‘?mg%lge &itﬁﬂolg%qul acetate. The
combi ned o0& g@ACYcloprapArs(eiflRonaRtbtphayl)-3FH-pRimidid-honat er, once with brine,
t hen dried over sodium su|fate, .an _conceintrat,ed. The crude Ooroducto was

purified byoAseiHPReT Ueryaopropylvipylhdirarihylppaine in tetrahydrofuran (400 mL) at 0°C

under nitrogen was added a solution of 2-trifluoromethylbenzoyl isocyanate in

tetrahydrofuran (50 mL), in a dropwise fashion. The reaction was stirred for 0.5 hour,
then ammonium acetate (78 g, 1000 mmol) and acetic acid (400 mL) was added. The
reaction mixture was heated at reflux for 3 hours with continuous removal of
tetrahydrofuran, then cooled and poured into water (1.2 L)). The resulting precipitate was
collected by filtration, washing with water and ether to provide 6-cyclopropyl-2-(2-
trifleoromethyl-phenyl)-3H-pyrimidin-4-one (28.79 g, 56% yield) as a white solid which
is a mixture of the title compound and (2-trifluoromethyl-benzoyl)-urea (91:9 by HPLC).
"H-NMR (500 MHz, DMSO-dg) § 12.7 (br's, 1H), 7.87 (d, J=7.6Hz, 1H), 7.79 (m, 2H),
7.73 (d, 1=7.5Hz, 1H), 6.32 (s, 1H), 1.93 (m, 1H), 0.90 (m, 4H), [urea: 10.8 (br s, 1H),
7.45 (br s, 1H)] ppm; LC-MS 280.96 (M+H); R, (Method A) 2.961 minutes (title

compound), 2.313 minutes (urea impurity).
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title conpound (0.007 g, 4%vyield) as a yellow solid. 'H NWVR (500 Mz,
DMSO-d6) S 13.2 (br s, 111), 10.6 (br s, 111), 8.49 (m 211), 7.84(ibb-2007
J=7.8Hz, 211), 7.76 (m 211), 7.68 (m 111), 7.12 (m 111), 1.32 (s, 1
ppm LC MS 413.08 (M+rl1ll); Rt (Method A) 3.112 mnutes. -25 02-Feb-2007
Exampl e 7 6-Cycl opropyl -2-(2-trifluoronethyl-phenyl)-3H pyrim din-4-one:
(1-Cycl opropyl -vinyl)-di met hyl am ne:xgIQnR ol uti on of cycl opropyl

nmet hyl ketone (19.8 nL, 200 nmol) in';ﬁ?ﬁn—e (600 nL) at OC under nitrogen
was added 4dChoromprenclopeorpdi2-GHyidlvofemethyk-phnybagyrivbidine 6 yetopropyl-2t hen a

sol ution qQf .14 | . onide. (12 1 0 ) A0 pentane (60 nl) was
added in ;&&%%%Q@g&&gﬁeﬁghg%ﬁ@l%%c%Pgér_](lvzva?oig’é?%&e‘gb& @l(%gurr&ést 0C t hen

f or 5 hourasxyettlorideo@thnile 28 mahel) @as Heatedrae AS-BOWhfond hobit. | Tiersetventwaugh Cel i t e,
washi ng V\Ath8€ee tane and ether concgnt rated. jn vacua with a bath

t enper at uré™  ygporptior angazedtioppagireg tmen Wi foluene, Ahe IeHlie Y5 | at - 4C.

2- Tri f 1 uorcapRE iy b1TS Rk hup S S YiBethe®; trédtedlOl ikt 1c0 Bhié and water. The mixture
2-trifluoronet hyl benzam de 4, , ) in 1, 2-dichl oroethane (600

34.9 185
nL), at rohthehyehed saouent wiﬁhisgéiag@%%%eswwtwwn@hdﬁﬁdanvw chl ori de
20.2 ni, ' ' ey ' ' -180C
( s6dfm ésﬁ’(ﬁ)‘qiie)anli%ﬁc%ﬂir&e&!r 3 1%%@1&%}2&35%%5{&5%%&&{[%@}%25' %ﬁg%l e

overni ght. The vent was reno por ation,
azeot r opedcetaiethexaies 5:9 pervisled the title compound (9.71 g, 76 % yield) as a colorless

6- Cycl opro yllm u )ﬁ Ny ), - ri.m di.n-4- one; a solution
of (1- Cycl%pr BIVMRS ¢lyf5§9ﬁ@% ]aﬁ?ﬁfévﬁ ﬁ@ﬁé@@rgb&%f@d&lym) at 0C
under ni t negenseasI-=Ksies 1 ,.m,im.ﬁm,ﬂﬁ,njwl(monﬂrfp@ms%ﬂgyl | socyanat e
in tetrahydrofuran (50 nLH), in a dropw se fashi on. The reaction was stirred
for 0.5 hddP- 13009 HihiEn o &) 3882 (mief; 1000 mmol ) and acetic acid (400
m.) was added. The reaction mxture was heated at reflex for 3 hours with

continuous renoval of tetrahydrofuran, then cooled and poured into water
(1.2 L). The resulting precipitate Eiempled | ected by filtration, washing

1111 or oRERRyIESRE 2 BB elis BB AR S ST B ool Ds o i e
solid whi amine d-4). A& nddxture odd-chlom-6-cidlepropyiiRo@nrdflacdmethyl-phenyl)-
(2-tritluor anetny o O8N dmeh33a (PndaaY s SR (0.036 g, 0.41 rmmol) was
heated neat at 160-170°C for 6 hours. The residue was cooled and dissolved in N-methyl-
pyrrolidinone (2 mL), poured into water (30 mL) and sodium bicarbonate (5 mL) then

-l )

filtered, washing with water and ether. The collected precipitate and the ether wash were
combined and concentrated. Purification by flash chromatography {SiOs,
methanol:dichloromethane (2:98)] provided the title compound (0.017 g, 15% yield) as a
pale yellow solid. "H-NMR (500 MHz, DMSO-dg) § 12.6 (br s, 1H), 10.2 (br's, 1H), 8.00
(d, J=8.1Hz, 2H), 7.81 (4, J=7.9Hz, 1H), 7.71 (m, 3H), 7.65 (t, J=7.3Hz, 1H), 7.45 (d,
J=8.4Hz, 1H), 7.36 (t, J=7.5Hz, 1H), 7.06 (t, J=7.5Hz, 1H), 2.04 (m, 1H), 1.01 (m, 2H),
0.96 (m, 2H) ppm; LC-MS 396.10 (M+H); R: (Method A) 3.122 minutes.

Example 10
[6-Cyclopropyl-2-(2-trifluoromethyl-phenyl)-pyrimidin-4-yl]-(1LH-pyrazolo[3,4-
b]pyridin-3-yl)-amine (I-l)ﬁ A mixture of 4-chloro-6-cyclopropyl-2-(2-trifluoromethyl-
phenyl)-pyrimidine (7.00 g, 23.4 mmol, prepared as described above in example 8) and
1H-pyrazolo[3,4-blpyridin-3-ylamine (9.43 g, 70.3 mmol) in N-methylpyrrolidinone (50
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1H NMR (500 MHz, DVBO-d6) 8 12.7 (br s, 111), 7.87 (d, 7=7.6Hz,1H), 7.79 (m
211), 7.73 (d, 1=7.5Hz, 1H), 6.32 (s, IM 1.93 (m 111), 0.90 (m htheb-2007
[urea: 10.8 (br s, IM 7.45 (br s, 111)] ppm LC M5 280.96 (M+tH); Rt
(Method A) 2.961 minutes (title conpound), 2.313 mnutes (urea inpurity).
-26 02- Feb-2007 Exanple 8

4- Chl or o- 6- r 6 riyf |l uor et hen

6- Cycl oprogﬁ%ﬁ%a%%?gteg ﬁ%‘%?ggr}%&ﬁ# pﬁgﬁ%ﬁm %/I':’r1 dgéf‘%l- _1(1)1%15(3%10 g, 42.8

TTﬁl ) in plpgﬁpliimnmwa(z mix)ypdiﬂreﬁ m@wétéﬂ(snﬂ mu}?ﬁd mh%bmmaa(_ﬁdna{ trt:é’ls 8t0'C for
our. Solve r enpy, eva on an o] ree tines

wi o o TR R i e gy PR ch el ans Y TS i St o o

treated wi lhbxdnﬁﬁ(%migﬁpr@ﬂded/ﬁbﬁﬂe cdiifouidX.95 @, smﬁletd)e@ambaﬂ@@uentl ally

wi th sodi um bi carbonate, water and brine, dried over sodiumsulfate and

concent r at SBVRESN MEEaDMSOHy) & 134 brcss Idid 0 Sbrss AED.[8si0im. 28DgB826dny |

tate: h 7 | d
ol or 1 et Sftp P 7E 88798 5 iy R IRB D 2pf imhegp Lozt B D )75,
(m 1H), 7283, Q%7 (m,2H))ppms LEEMBt397. 22 {VBHER); R A(Method. B 412 milmisO6Hz 1H) 7.79
(m 211) ppm M (FIA) 299.1/300.9 (MrH); RC (Method A) 3.882 m nutes.
Exanple 9

[ 6- QIcIopropyI 2 (2- trlfluoronethyl -pheyd ir pyri m din-4-yl]-(173-indazol - 3-y
| )- am ne - A mxtu

4-chl oro-6 Q—W’@pmpghl@ tpﬂupmmﬁmﬂ-magnyrwéwf yU- (i pymaelod.4 0. 08 g,
0.27 | d t at
T60- 1700 1 SIPHAEE- NSRS iR loRfle bR Het sl s PRBpbd W bisedERE DL o2t 2
pyrrol i di nepmpgumdi) (8. Pozi2éd mmpb imeN dydrogigori¢ Jcicand lyopluhm@tqmoh@at e (5

Thl the et s A RmplRE Y a0b0 B B h SNt PER M B85 Pash ©
ggr omat 39 E gpgxl(l;:[ £163, 10.9®k b,am;l 8.95 ¢du, wzpmtn«lmgaﬂi &&&b} d,m&wmeﬂﬁ, he title
npoun

15%
v ey 678, R 8t 1 o 3y P e B Do 915 (i TG g THLg
d, J=7.9 1 7 . ~tho
S L 1;)'4 07%?’)&18?191%&1@ 5HZ@973@\@§{)§)§95 é@?{}@ﬂslétﬂmﬁlﬂé ﬁtCtMth le),
1.01 (m 23352798mm%te§m 211) ppm LC- M5 396 10 (M+H) R, (I\/Et hod A) 3.122
m nut es.

: Example 12
6-But- 3-enyl-z-(2-tr1ﬂuoromethyl—phenyl) -3H-pyrimidin-4-one: 6-But-3-enyl-2-(2-

trifluoromethyl-phenyl)-3H-pyrimidin-4-one was prepared as described above in
Example 1, except using 3-oxo-hept-6-enoic acid ethyl ester. The reaction provided the
title compound (2.545 g, 49% yield) as a cream-colored solid. "H-NMR (500 MHz,
DMSO-d6) & 12.8 (s, 1H), 7.88 (d, 1H), 7.79 (t, 1H), 7.75 (t, 1H), 7.68 (4, 1H), 6.22 (s,
1H}, 5.80 (m, 1H), 5.03 (dd, 1H), 4.98 (dd, 1H), 2.56 (t, 2H), 2.36 (m, 2H) ppm; MS
(FIA) 295.1(M+H); R; (Method A) 3.160 minutes.

Example 13
4-But-3-enyl-6-chloro-2-(2-trifluoromethyl-phenyl)-pyrimidine: The title compound
was prepared as described in Example 2, except using 6-but-3-enyl-2-(2-trifluoromethyl-
phenyl)-3H-pyrimidin-4-one to provide a yellow oil (0.49 g, 99% yield). "H-NMR (500
MHz, DMS0-d6) 8 7.72 (d, 1H), 7.67 (4, 1H), 7.57 (t, 1H), 7.51 (t, 1H)}, 7.13 (5, 1H),

“28-



Examlp a 10

[ 6- Cycl opropyl -2-(2-trifluoronethyl-phenyl)-pyrimdin-4-yl]-(1H pyparehobd7 4
- b]lpyridin-3-yl)-amne (1-1): A mxture of

4-chl oro-6-cycl opropyl -2-(2-trifluoronethyl- phenyl)-pyrimdine (7.00 g,
23.4 nunol, prepared as described above in exanple 8) and

1H pyr azol 4--blpybi di - ¥loan 69 ; ' .

N- net hyl pyﬁﬁ?&dﬁhbﬁgg ?‘%’Bﬁ%ﬁsg? @%-22433;31’ gﬁlg&mw)é"& @é]t(M ﬁ%é{ for 12
hours. TheMatlsiddde4.02kminmdsed, di ssol ved in N-nethyl pyrrolidinone (2 m),
poured into water (500 nL) and sodi um bi carbonate (15 nlL) then filtered,
washing with water. Purification by flash chromatography [Si 02, ethyl
acetate : hexanes (35:65)] providegxihsletdt!| e conpound (5.25 g, 57%yi el d)
as a white solid. 1H NMWR (500 MHz, DVMEO-d6) 8 13.1 (br s, IM 10.5 (br s,
11-1), 8. 36-Rufr3-enyd2-Q-Argmoremethyl-phenub-pyrigidingd-yh-@Hrpyzagolol?dse (1t

J=7.7THz, 1 122 - Y2 o d as2deldribed i i 2H) ppm
LC- NB 397@2]’3“?% ;S(mrétmﬂ‘I %‘l%/gt 'nggi?é%‘?bﬂp%ﬁ?ﬁ Fadfrepditd AN ribell i drafiplt

[ 6- Cycl oprbo pydepbusing 4-but3-exsd- Sreil orpt2-@Heiflyorpmethyl-pheniyh-pyrigiiding trenideazol of 3, 4

di ssol vi ngtoemssloRi s (LS SRS AR GO BRI LS o™
| yophi | i zi 159, t@5¢ (s0 VHY 8.50t(he 110),19.47 @p ) asd (§,IEB4R76)t, &%,?%9@,@;{){? |1 ;)w o c5
S - , .

Cad, =0, 748 Bho a6 o, B, 5 (et 1987 Sk 1Dy 296V . e allbe 115
7.79 (m %,Gﬂ)M1Q94+ﬂi®ﬁbﬁemﬁlﬂ 3 iokBin(fy. 1H), 2.14 (m 1H), 1.07 (m
411) ppm N5 (FI'A) "397. 3"(M+H), 505 (MH), 431.2 (MH+HC); Rt (Method A)

2.798 mnutes. Exanple 12

6- But - 3-enyl - 2- (2-trituoronet hyl - ph%%%ﬁ%%%w pyri m di n-4-one:
6- But - 3-enyl -2-(2- trifluoronethyl- -3H pyri m di n-4-one was prepared

as descr i H6d3Morpholin-4-¥banpylp-242-teifloepmaibylqheRyBpyrithidin-46de{i8i-c aci d et hyl
e cor AR Sy o ) RGBS 5 B, ) 5 °
1H), 7.79 tﬁﬂudﬂaﬂnsth?ﬂ—ﬁl‘ien@l)wpyﬂihi)idinliwﬁﬂi(ﬂﬂpyﬁﬂc%[3,4%]€ﬁidiﬁ-3-yl)lﬂl31)ne ((5.1@% (m 1H),
5.03 (dd, 11-1), 4.98 (dd,1H), 2.56 (t, 2H), 2.36 2H) pp M5 (EtA
295. 1( MH_DQ.Zﬁ:\:pmppép Hyé]mp\?l (3 _@@@nﬁt@?&b@@pfuran (% mL) a E]I 8°C was burlH)Iad

through with ozone for 5 minutes. To this mixture was added morpholine (0.05 mL, 0.56

mmol) and sodium triacetoxyborohydride (0.39 g, 1.85 mmol). The reaction was stirred

at room temperature for 24 hours when additional morpholine {0.10 mL, 1.28 mmol) and

sodium triacetoxyborohydride (0.39 g, 1.85 mmol) were added then the stirring continued

another 2 hours, The reaction was quenched with sodiom bicarbonate and evaporated.

Purification by flash chromatography (S8iO2, eluted with 1;9 methanol :

dichloromethane), followed by preparative HPLC provided the title compound as a bright

yellow lyophilate (0.068 g, 38 % yield). 484.3 (M+H). "H-NMR (500 MFHz, DMSO-d6)

8 13.2 (s, 1H), 10.7 (s, 1H), 9.60 (br s, 1H), 8.52 (m, 1H), 8.47 (d, 1H), 7.86 (d, 1H), 7.77

(m, 1H), 7.70 (m, 2H), 7.14 (m, 1H), 3.97 (br m, 2H), 3.61 (br m, 2H), 3.44 (br m, 2H),

3.18 (br m, 2H), 3.05 (br m, 2H), 2.78 (t, 2H), 2.08 (m, 2H) ppm.
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Exanmpl e 13 4-But-3-enyl-6-chloro-2-(2-trifluoronethyl-phenyl)-pyrimdine:
The title conpound was prepared as described in Exanple 2, except gdstef®007
6- but - 3-enyl -2- (2-trifluoronethyl- phenyl)-3H pyrimdin-4-one to provide a
yellow oil (0.49 g, 99%yield). '"H NWR (500 Mz, DMSO-d6) S 7.72 (d, 1H),
7.67 (d, 1H, 7.57 (t, 1H, 7.51 (t, 1H, 7.13 (s 11-1), -28 02-Feb-2007

5.77 (m 111), 4.98 (m 211), 2.84 ¢ 2.49 (m 2H) ppm WM (FI A
313.0(MtH); Rt (Method A) 4. 220 mn%evﬁgééanple 14

[ 6- But - 3- e }0O7R- (’Ehetﬂollbwmgroompbingdsmprypayeq:iyymamddmu&styht}aﬂwlshmtnytmzoI o[ 3, 4-

b] pyr i din- gﬁ gg(%eé;ﬁ%rgeagﬁ%l_ 7t)E'x Th?estllﬁj the C2hbral’ QC?]CII]GS agd%9 met ods oq‘v%st%” bed in

exanpl e

4- but - 3- enyheﬁ‘—(ﬁmh@y@kﬂhﬁzhdmfl uor oret hyl - phenyl ) -pyrim dine to provide a
creamcolored solid (2.712 g, 62%yvyield). "H NW (500 MHz, DVsO d6) 8 13.1

(s, IM 10.56 (s, 111), 8.50 (m 111), 8.47 (d, 1H), 7.84 (d, 111), 7.76

(t, 111), . 111), 4.98
(dd, 1) 2! 7%@}111&11]%(1 r gi)e’l (ﬁlrllﬁ%}bmeﬁyﬁﬁ/léé I'—)Pilfﬁm‘lﬁl ‘p?llg/lﬂf-% Rt (et hod
A) 3.019 npmmglg[s,@]@hnpi@n-ﬁad)-annne d-9): 482.2(M+H). 1H- (500 MHz, DMSO-

6- ( 3- Mor I I t |f th I i i-R=4-yl I H
Oyt azol o8 S IR 150 S & THE RS TS R PR T @ it v
EG 1?|Ut 3- emgﬁ(ﬁ- 12)770(111,2}1),7151(111, iH),l3]42(m, 2H),310(rr|1 z[Hg 24 8% ](m,ZI-I)az773 -

ri uororre i - pheny mdin-4-y razoo pyridin-3-y am
ine (0.10 § 2@3(%%®Q7r?%?ﬁ&ﬂoql%3#2% ot @Paﬁ‘ydrofuran (5 nL) at
-78C was bubbl ed through with ozone for 5 mnutes. To this m xture was

added norpholine (0.05 m, 0.56 nmmol) and sodiumtriacet oxiborohydrl de
(0.39 g, 1l@E-Rietyaminecpiopsher@ririflnerapethylphensbpyiwidindngbfMe-ure for 24

{11 acet oxyBarahele  AlprBiB - Aulidi; Hho ob. 15 TERMR (0 MRS UMD,

Epnt i Bued d@)rﬁ)IdEhE(s PHRH A0S, rfge9.p$ee§mprs Sﬂ%m tuHﬁrVﬁﬂﬁe(m UED 7. B0, WD,

ol ut ed w1 178 08 FREC RASR 210, ot Bt e D 500 v, 295 BB MBve thLC
pI’OVI ded t [ Fﬂﬁﬂn? corrpound as a bright vyellow |lyophilate (0.068 g, 38 %

el d). 484 3 (WM#H). 'H NWR (500 MHz, DMBO-d6) 613.2 (a, 111), 10.7 (s,
1H) 9.60 (br s, 111), 8.52 (m11), 8.47 (d,.111), 7.86 (d, 111), 7.77

[6-(3-(4-Methyl-piperazin-1-yl)-propyl)-2-(2-trifluoromethyl-pheny)pyrimidin-4-y1]-
(1H-pyrazolof3,4-b]pyridin-3-yl)-amine (I-11): 497.2 (M+H). "H-NMR (500 MHz,
DMSO-d6) § 13.2 (s, 1H), 10.7 (s, 1H), 8.52 (m, 1H), 8.47 (m, 2H), 7.85 (d, 1), 7.77
(m, 1H), 7.72 (m, 3H), 7.14 (m, 1H), 3.0-3.7 (br, 10H), 2.83 (s, 3H), 2.77 (t, 2H), 2.05 (m,
2H) ppm.

[6-(3-Piperazin-1-yl-propyl)-2-(2-trifluoromethyl-phenyDpyrimidin-4-yl]-(1H-
pyrazolo[3,4-b]pyridin-3-yl)-amine (I-12): 433.3 (M-+EHD). TH-NMR (500 MHz, DMSO-
d6) 6 13.2 (s, 1H), 10.7 (s, 1H), 9.06 (br s, 2H), 8.52 (m, 1H), 8.47 (d, 1H), 7.85 (d, 1H),
7.77 (m, 1H), 7.70 (m, 2H), 7.14 (m, 1H), 3.34 (br tn, 8), 3.15 {br m, 2H), 2.77 (t, 2H),
2.06 (m, 2H) ppm.

[6-(3-Dimethylamino-propyl)-2-(2-trifiuoromethyl-phenyl)pyrimidin-4-yl]-(1H-
pyrazolo[3,4-b]pyridin-3-yl)-amine (I-13): 442.1 (M+H). H.NMR (500 MHz, DMSO-
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(m 1H), 7.70(m 211), 7.14(m 1H), 3.97 (br m 211), 3.61 (br in, 211),
3.44 (br in, 211), 3.18 (br in, 211), 3.05 (br in, 211), 2.78 (t, 023eb.2007
2.08 (m 211) ppm -29 02-Feb-2007 Exanple 16 [0097] The foll ow ng
conpounds were prepared by nethods substantially simlar to those described
herein at Exanples 1-15, the General Schemes, and by nethods known to one

of ordi nar |

[6-(3-Pi pe%‘?)?(igi yp{%rop -}9-?50(]” I@bs %&nhy@ gff'gnd ])ng’r]ls?n(d lIFI)4 yl]-(1H
- pyrazol off 384mpl¥py 717di(m, 3HV|7)143(m nED),(31E290m, 283,277 (vikHH), 2.b6 MVRH)3peh. Mz,

DMSO d6) 8 13.2 (s, 111), 10.7 (S, 111), 9.04 (br s, 111), 8.52 (m 111),

8.47 (d, 111), 7.85 (d, 111), 7.78 (m 1H), 7.70 (m 211), 7.14 (m 111),

3.42 (m 2m-DxﬁeﬂanuNn{Siﬁﬂ(iH-@rrﬁﬁ)lé[BM b'a dind3-¥llamfro)-242) . 2. 09 (m 2M
1.79 (m 211), 1.61

[6-(3- Di et Hyllugromethy -gbyw}ll-pywn@mﬁﬁrawma@rwﬂneph,@rﬂm}lm(m}a AB33-yl]-(111-

6y ' 13, 2 PYT R A R (63 S D, SR g 8 TR i RaTRs O

111), 7. 78(td, LEDIS. 52(m YIB), 848 (@11, 7.35 . 16Dy 7. 27.(0),, 150, 141 (my 2EDTIM, (u8. 11 (m

Fé123 (2480 ﬁ@lﬁi éﬁﬁ@%ﬁ?%‘b&?ﬂﬁéﬁ %Eﬁ%‘%@b@ﬁ?@’ﬁhenyl Ypyrim di

n-4-yl]- (1I—I—pyrazo|o[34b]pyr|d|n -yl)-amne (I-11): 497 2 (MHH). 1H NWR
(500 MHz, _DWMVBO d6 13.2 (s 1‘)ﬂ, 10.7 (s, 113), .8.52 n] 111), 8.47 (m
21T), 7. 85l Mstiiﬂammwm(w-@rﬁy u?rorzzeﬂ(tﬂrpl@wpmmmnﬂm -Gy | 3 0- 3.

b 1011 - My (50PN, D
E6r(3 Pi p)el %%lzﬁg Bg{jb]-ﬁ}%n 32)11%-3@9(133%1&%% gnag?ﬁgl -%ﬁgﬁj}l)‘)jpyrl m d| n 4 yl]-(1H

- pyr azol ofi®,#L3 ey N |lﬁr7i{s,y]H)s &ﬁi (re, IH), &23 (d, 481, $37 (ur ) 2H)1 7.85 (dVRE).500 MHz,

DVBSO- d6) 111),
8.47 (d, 1?(73’%‘?2'@"(363(’1}1?{5&0’1?% {dﬁ. Sy 291$ i/@?‘f%ﬂ)z%% (m 3‘%&% 111)
3.34 (br i(nRPpm.3.15 (br m 211), 2.77 (t, 211), 2.06 (m 211) ppm

[ 6- (3-Di et hyl am no- propyl )-2-(2-trifluoronethyl-phenyl)pyrimdin-4-yl]-(1H
pyrazol o[ 3, 4-b] pyridin-3-yl)-am ne (1-13): 442.1 (MtH). 'H NWR (500 MHz,
DVBG- - 30 2.{3-[6-(1H-Pyrazolo[3,4-bIpyridin-3-ylamino)-2-(2-trifluoromethyl-phenyl)-

pyrimidin-yl)propylamino}-ethanol (I-16): 458.2 (M-+H). 'H-NMR (500 MHz,
DMSO-d6) 8 13.2 (s, 1H), 10.7 (s, 1H), 8.52 (m, 1H), 8.47 (m, 2H), 7.85 (d, 1H), 7.77
(m, 1H), 7.69 (m, 2H), 7.14 (m, 1H), 3.62 (t, 2H), 2.99 (m, 4H), 2.78 (t, 2H), 2.04 (m,
2H) ppm.

[6-(3-(2-Morpholin-4-yl-ethylamino)-propy!)-2-(2-triftuoromethyl-phenyl)pyrimidin-
4-yl]-(1H-pyrazolo[3,4-b]pyridin-3-yl)-amine (I-17): 527.2 (M+H). "H-NMR (500
MHz, DMS0-d6) & 13.2 (s, 1H), 10.7 (s, 1H), 8.76 (brs, 2H), 8.52 (m, 1H), 8.48 (d, 1H),
7.85 (d, 1H), 7.78 (m, 1H), 7.70 (m, 2H), 7.14 {m, 1H), 3.81 (brs, 4H), 3.1-3.3 (br m,
8H), 3.06 (i, 2H), 2.80 (t, 2H), 2.05 (t, 2H) ppm.

[6-{3-[Methyl-(2-morpholin-4-yl-ethyl)-amino]-propyi}-2-(2-trifluoromethyl-
phenyl)pyrimidin-4-yI}-(1H-pyrazolo[3,4-b]pyridin-3-yl)-amine (I-18): 541.2 (M-+H).
'H-NMR (500 MHz, DMSO0-d6) § 13.2 (s, 1H), 10.7 (s, 1H), 8.52 (m, 1H), 8.47 (d, 1H),
7.85 (d, 1H), 7.78 (m, 1H), 7.70 (mn, 2H), 7.14 (m, 1H), 3.73 (br s, 4H), 3.39 (m, 2H),
3.21 (m, 2H), 2.8-3.3 (br m, 6H) 2.81 (s, 3H), 2.78 (t, 2H), 2.09 (m, 2H) ppm.
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02- Feb-2007 d6) S 13.2 (s, 1H), 10.7 (s, 1H), 9.40 (br s, 1H), 8.52 (m
11-1), 8.47 (d, 111), 7.85 (d, 1H), 7.78 (m 1H), 7.71 (m 2H), 7.3ArtED007
1H, 3.12 (m 2H), 2.77 (m 81-1), 2.06 (m 2H) ppm

N, N-Di et hyl - N -{3-[6- (1H pyrazol o[ 3, 4-b] pyri di n- 3-yl -am no) - 2- ( 2-
trifluoromethyl-phenyl)-pyrimdin-4-yl]-propyl}-ethane-1, 2-di am ne
(1-14):485.3 (MtH). 'H NWR (500 MHz, DMSO-d6) S 13.2 (s, 1H),10.7 (s, 1H),
9.7 (br, 1H), 8.8 (br s, 1H, 8.52 (m 1H), 8.48 (d, 1H), 7.85 (d, 1H),
7.77 (m 111), 7.71 (m 211) 7.14 (Bxamgléll7 3.32 (s, 411), 3.07 (br m 2H),

2.84 (s, 611), 2.80 (m %Q? 2. 04 . %E & iél ﬁg F§ﬁ§$3
[ 6- ( 3- Met hyl am no- pr opyl £ pyrlmd|n4yl] (1H

pyr azol o[ 3pdedd] PYionsficinds wéﬂesa%ﬂ@a fdr¥hekOabili Z&nialb(ld\@tks (!&A'\!\/E%zdﬁoo ,
DVSO- d6) S 13.2 (s, 111),10.7 (s, 111), 8. é 111), 8.37

(br s, 2H)ectivitgsings standsrd coupier epzmmelwtemﬁmet(ah (12 )Przztemzﬂc M 2289). 2. 97 (m

gl{%)[é(?1 F’yrnélzi?) e%ﬁ%dé?@&/rﬁ% }tho @g&wgﬁﬁtﬂﬁgﬁ 10tnf]1MI phenyl ) -

pyrim di n-ng:hmpyNaNa@b}soauMaNADH 1@&)131“’14&81 R5%NRMFO. 'Hihdl\MBs&ﬁé)O MHz,

DMSO-d6) S _13. 11-1 7 .47 7.85

g Elj 11;)1;3‘?“@%{2%‘ }éf”g’gw"(fﬁ#@&#ﬂ%( amgfr{hw 3t Ieopis, P@zﬁ&%%‘% 99 (m
H,)EH¥ED

[6-(3-(2-Mor ph%lﬂdlen 4S I-et(hm 2 m no $Q§léen¥;|an_gpudze ??ﬁn?rﬁgr%ﬂetrﬁs?mgﬁenyl ) pyri

mi di n- 4- y¥gre Emfbgﬁﬂeﬁ éP o{lsmd.% onézﬁmr?élowofﬂhs comgwpents of

M+1 1).1 76 (br s,
O 5 g o o0Spl ey ey B iy by dhndefiorplial:sofuda ikl oy 76 (D @
gléz) ( 4 14[1&’1:111;)&&1)53;&?11855z(nklrlosy,glmll-]l)qtat@ddhyﬁrdge(ld:sc m 811), 3.06 (t, 2H),
oo Lo eI ¢ ARG SR sclvtiopes RrspRSHLopp ARG ALt R PSEP B 0r omet hy! -
Frl\]/ﬁnH)yl )p>1/ lr_llirsﬁidehbav&vmh Ihe(ekbeptivh a2 ATP [ad the dspydrhsbiund 31 ﬁitércs@.wil“ﬁ&?asé@ é8?52 ?41 2
1H), 8.47 SE%%Y&T)SOMP%%"’-‘( @Q“Timf)lbateﬂ lﬁsggﬁ‘{ellﬂgti)”“hﬁ “il(?% t%teséH) 7. 14m( m

111 3.7 )
(s, ), 3H) | eboﬁlng%rtﬁi; of‘Z} fesgat%ﬁlaf éan&ﬁLﬁoré n?a]nnf@lo %d?;lzzl\éiﬁo g%%ﬁatgxbba%p 'y 1@]‘_')7 2.81

minutes. Typically, a 12—po1nt tltranon was conducted by preparing serial dilutions (from
10 mM compound stocks) with DMSO of the test compounds in daughter plates. The
reaction was initiated by the addition of 20 pl of ATP (final concentration 20 uM). Rates

of reaction were obtained using a Molecular Devices Spectramax plate reader (Sunnyvale,
CA) over 10 minutes at 30°C. The K values were determined from the rate data as a
function of inhibitor concentration.

[00100] Compounds of the present invention were found to have a K; value of less

than 100 nM using the above-described assay.

Example 18

Determination of the Percent Neuroprotection
[00101]  As used herein, the term "Percent Protection” represents the percentage of

neuronal cells protected against ischemic injury (OGD) and is calculated as:
% protection = (test-OGD)/ (npormal-OGD) * 100
[00102] This protocol describes the procedure used to induce experimental ischemia

by anoxia-reoxygenation in cultured hippocampal neuronal cells. The neuroprotective
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K. Determnation for the Inhibition of GSK-3 [0098] Conpounds were screened
for their ability to inhibit GSK-3(3 (AA 1-420) activity using a $2ditd087
coupl ed enzyne system (Fox at al. (1998) Protein Sci. 7, 2249). Reactions
were carried out in a solution containing 100 mM HEPES (pH 7.5), 10 nM

Myl 2, 25 mM NaCl, 300 p. M NADH,1 mM DTT and 1.5% DMSO. Fi nal substrate
concent rat i GRS et B&ngé@fax WS /aRiae %%iﬁ?ﬁcﬁeﬂﬁ%ﬁdl%ﬂélﬁﬁia?celﬁﬁjuh%ﬂds ., MD)
and 300 M peptide (HSSPHQS(PG3H2) EDEEE, American Peptide, Sunnyvale, CA).
Reactions &drdsaBarried out at 30 C and 20 nM GSK-3(3. Final concentrations

of the co S : .

phosphoenol gru at gﬁlegé}wwgg%ﬁe&é%ﬁ?ﬁ&ﬁiDﬁg@eﬂ%ﬂ 10 g/ m

| act at e dehipdt@djendhe LoG-NoioBdsalfhoGéeayotasa chnthing Ne(G-Neirokasdmadhsn pr epar ed
containing all of the reagent isted, abgye Wit h t.he exception aof ATP and
the test conbdiREF® orP’rﬁugigg’é%ean‘i’?Q Pg@a?“%ﬁ%%%ﬂ%@%@f‘%ﬂ“&% 175 Al) was
i ncubat ed i M25x Biokin/Stithfing/ci] ias preAlquidibraidtein ti@sHypokie Ehattind o@dmight. er est  at
final concenti(%tlons spanni ng 0.002 Mto,_30 Mat 30C for 10 mi

nut es.
Typi cal |y, @9%05]n0The LoorNeurpbasaliias peoeapiidiraad iy the pepmal jigababa (B % COI ut i ons
(from 10 ng\aeﬁgémpund stocks) with DVSO of the test conpounds in daughter
plates. The reaction was initiated by the addition of 20 11 of ATP (fi nal
concent r at | 081060 Mn thrawowsal infubpten G G Rieerobira B0 (NeurgbasalBR 76| ar

Devi ces Spe - ' at ~30C. The
K; val ues \/\céoﬁl% et ﬁ@%@é@@%@ﬁ%&%%&hgﬁ#@OQW@Z@BFW?#%?% é%l tor
concent r at i smpplefnei(BBAitrdgenioup Ot #1083%@38)rS enM Li-glvieminepmd/@®23x f ound to have
a K; value of . les t han 100 nM usi e _above-descri bed assay. Exanple 18
Det er m natiI%l‘?‘cblﬁ“ﬁfgptlgﬁ}y@é’gPvaﬁﬁﬁfegﬂﬁg{%&qv@ﬁ”%%o101] As used herein, the
term " Per ce00107 ot @bk fellvwinh@femsaié perfdifed HeGRNbAGR atfay: Neuronal cells
protected against ischernic injury (O3) and is calculated as: % protection
oo

= (test- maPOReYrobasslyaedivin s Ternyed fgrghe Byoxifsdampgednd the

procedur e Y&tk Quas TIgHEE bethar wie1008h Ni, &5 36 Mhifuted¥ RBLYeAaE BQXMERAALI On in
cul tured hi Bocarrpal neuronal cells. The neuro?)?otective -32-" 1 i
[8 109] = The Neurobasal/B27m culture medium [Neurobasal/B27m contains

Neurobasal medium with 2x B27 supplement (Invitrogen Corp Cat #17504-044) and 0.5

mM L-glutamine] was aspirated from the cells in each 12-well plate using the vacuum
pump with a sterile glass pastuer pipette attached.

[00110] The plate was washed once with 2 ml of glucose free-BSS, (pH 7.4), prepared
from the following: 143.6 mM NaCl, 5.4 mM KClI, 1.8 mM CaCl,, 0.8 mM MgSO,, 1
mM Na,P04, 26.2 mM NaHCOj3, 10 mg/] phenol red, and 0.25x P/S.

{00111]  The neurons (10-11 days from initial culture) were replenished with
deoxygenated LoG-Neurobasal (1 m! per well for each well of a 12-well plate). These
neuronal cells were prepared according to Park L.C, Calingasan NY, Uchida X, Zhang H,
Gibson GE. (2000) "Metabolic impairment elicits brain cell type-selective changes in
oxidative stress and cell death in culture."J Neurochem 74(1):114-124.

{00112] The test compounds were added directly to each well (3 concentrations of the
compound plus positive control, each in triplicate). The compounds were dissolved in
100% DMSO, where the concentration of DMSO never exceeded 0.5% then the plates

were placed in the Hypoxic Chamber for 5 hours with the plate lids ajar.
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02- Feb- 2007 effect of test conpounds is eval uated agai nst ischem c-induced
neuronal cell injury and cell death. [00103] The follow ng steps wapgeh-2007
performed prior to the day of the assay: [00104] The LoG Neurobasal

[ LoG Neur obasal contai ns NoG Neurobasal nedium (Invitrogen Corp, custom zed
order) plus 0.5 nmMglucose, 0.5 nML-glutam ne and 0. 25X

Peni cillin/ ﬁ!‘O ?.?t OBt nBim @S cdRk:Bls 1ehh£ib§&t@d’ndrﬂmki&io@ﬂ9&&bﬁas§ﬂﬁéﬂ?ﬁh

over ni ght . 05] The LoG Neurobasa was Ere equi librated in the nornal
i ncubat or (?{% @9‘29“0 enagh ellging the[nbae owjacedint @nmmhmlturmgw@rfo%hQW)

Neur obasal / | ] rogen
Corp Cat # @ﬁg@ %S%\_’érgﬁﬁﬁ?s f% %m‘frf]eﬁéé“%@ supp %r%eg% . gﬁ#%é%pw%rp Cat
#10889- 038) mLnf Enewl‘dxbzgtgiawﬁe{mbmqualﬂmmed) NemxobeeahBel7 A sti‘midebto@aw}cwd] was
pre-equilib atedo 0Q1 follo st eps. wer erfornmed the
ey of 1 he. RECSEerA SRt e i re b e i BV EE IR tho- hypoxi ¢
chanber, anﬂlcﬁmr(ﬂ%@@mms)szlgj}tt&,usdgubbl ed with 100% N2 for 30 mnutes to
deoxygenat ewégﬁ]l etely. 001091 The Neur obasal / B27m cul t ure nedi um

[ Neur obasal c e e ARSI ARG fncanisatioppwers daddipek into
(Invitr Ogenth@‘%ﬂesgﬁﬁmﬁ%%ﬁéla%ﬂé 1aRd pﬁcéi infid éell%l—fﬁﬁ%dﬁ%lﬁoi‘"@ﬁ? @@Riosgt ed from

the cells in each 12 | ate S|n he vacuum punp w a sterile glass
past uer pi pEetaadaraxaetnatd fpolﬂt%l]sowmAmrat@&mum@@@ zadm@rwtxemumbm of

T KO 1 OBt o ot RS o b B S e Pl 0
phenol red, bedew. 0. 25x P/ S. [00111] The neurons (10-11 days frominitial

OO e e e SR Yo B S PRSPl 4 B
according taad%néked;&m@émmwcd%thmwm Bheng Hﬁmro%nl@@ﬁ & (2000)

"Metabolic i r@al rment elicits brat; n cell type sel ective changes in
oxi dat i ve s¥tddR-1a prewpmedda P37 C-cul t ure. " INeur ochem 74(1): 114- 124.

[00112] Thegoepi C?I‘;?E%HE‘%H\AP&% phAdRds Hae@ e hiner b3 ;ﬁ\@@én‘&%&keﬁ Sreen

concentrati ons of ound“plus positive control, each in triplicate).
The conpount®ofsplar Br@spC@téHZﬂZﬁ) mmbb%@mst@ﬁ%%ﬂum@cwﬁaeaﬂwsaheém of DMBO

never exc eeﬁﬁgsp TR (i)fa%% Q&vetrpt‘fﬁel? Ll%&e%sm the dark at room temperature for 15 minutes then
the neurons were washed once with 2 ml of HIBSS. 1 ml of HBSS was added to each

well, and the numbers of live and dead fluorescent cells Wére counted using Cellomics®
. automated imaging system.

[00118] Compounds of the present invention were found to have a % protection value

of 2 30%.

Example 19
Middle Cerebral Artery Occlusion Model (MCAO

[00119] The animals used in this study were male Sprague-Dawley rats weighing
between 270 and 333 g (Charles River, NC). The rats were allowed to acclimate to the
animal facilities for at least one week on a 12-hour light/dark diummal cycle. They were
allowed free access to food and water.

[00120]  The intraluminal arterial occluders used to block the origin of the middle
cerebral artery (MCA) were made from 4-0 nylon monofilament suture cut to 25 mm long

segments. The tip of the suture was rounded by exposure to heat. To increase the
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were placed in the Hypoxic Chanber for 5 hours with the plate lids ajar. -33
02- Feb- 2007 [00113] For nornoxia controls, pre-equalibrated nornogl-Feb-2007
LoG Neurobasal nedium was added to each well and the plate replaced in the
normal culture incubator for 4 hours. [00114] After 4 hours of hypoxia, the
exi sting nmedia was carefully aspirated off and 2 nL of new oxygenated

(pre- equal effectvesbss biethe 0baadr tBBI6A0HeRSnaOSaRE drrg Ay Wik boateRRAK Y AL €d

medi um was _achi eved by pl.aci &:1 medi_j umovernight in the culture incubator
(5% 002/ 9592y Tpstecyspegsign and fagshion | hawrdn & fyenisekat S0CHRRIRGE Wift h sane t he

concent r at ipaRRade HInALHSEn ke bille ONT, LR gaﬁmb@&uméda&f@mv& he pl ates

placed in the cell culture i ncubat or (5% C02/ 95% reoxygenat ed for

20- 24 hours. Af Ler2, Bediiphendtctraznlivgt CIQ@@A&!HHE §at #’ﬁ&mﬁuhﬁbte#SOKd#ﬁ ik
neurons are count
described bel ow. %%OCS@PE? L#‘l?%% g%%%ﬁéﬁ%?&&ﬁne%ﬁaﬁhﬁgﬁgq r%?ﬁodl?ﬁ’r om each

well of the 12 welMisphai es and the neurons were washed once with 2 m of
HBSS (pH 7.4, Invitrogen Corp, Cat #14170-112) prewarned to 30-37C. [00117]
To each wel |l of 2t %egihaimawaﬁffa&déohﬂahﬂj Cafit 225%85/) el qurchaselfedm Gishen

(( Mol ecul ar Probes ep%-} #61%9@ nd 5 M Hoechst 33342 fluorescent dyes

di ssol ved in HBSSCepHlc dd n pl aced in the dark at room

tenperature for t hen t ns were washed once with 2 m of
HBSS. 1 m of H%S%hﬁé@st‘ilﬂ‘i@(&tefga% e\%é? ouaSnd the nunbers of live and dead

fluorescent cells _were counted_usi Cel (r) ,automated i magi ng system
[ 00118] Corrpounﬁsp%’f3 Obpé%*gﬁ?oqﬂ\?ﬁ? n}%{ﬂq@g% wEkes, Wlprot ect i on
val ue %&)% ’E{ rrgl e 19 Mddle Cerebral Arte_r Occl usi on Model (MCAO
[00119] Th@‘)& suakgumingl staredrasied oiferal cerabral isgemipWatisifley rat s

wei ghi ng _bebaR AQicaibed 83 LankCoR, 85, ¥084.0M0osol nend B exitRiap 2l | oved

to acclimte to thHe ani nual aciTities for | east one week on a 12-hour
| i ght / dar km'utamanw@mmular%t@rm@eoamwdﬁd@@sgems to food and water.

[00122] To help the rats maintain hydration during the study, 5% dextrose in water
and lactated ringers solution (5 ml each) were injected subcutaneously in each flank at 10,
24, and 48 hours after MCAQ.

[00123] Rats that met the initial inclusion criteria (neurological score of 2 and body
teraperature >38.5° C) were randomized by sequential assignment to the vehicle or
compound treatment groups. The initial daily assignment of the rats to a particular group
was alternated each day.

[00124] Treatment with compound or vehicle was initiated by bolus injection i.v. 6
hours after MCAO and continued for the next 18 hours by constant infusion using the
Infu Disk pump. The rats were anesthetized briefly and the jugular catheter was exposed
through the dorsal neck incision. The bolus dose of compound or vehicle was
administered and the infusion pump was activated 5 minutes later. The infusion pumps
were attached to the back of the rats by a jacket.

{00125] Compound solutions were prepared fresh daily using a vehicle of
water:PEG400:ethanol in the volume 5:4:1. The groups and the doses utilized in this

model are set forth in Table 2 below.
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[00120] The intralum nal arterial occluders used to block the origin of the
m ddl e cerebral artery (MCA) were made from 4-0 nyl on nonofi | anent)2Sebip0e7
cut to 25 mmlong segnents. The tip of the suture was rounded by exposure
to heat. To increase the -34 02-Feb-2007 effectiveness of the occluder to
bl ock the lumen of the artery, they were coated with a 1% Pol y-L-1ysine
suspensi on a dri %&Mﬂ at 600 C. Sutures were

pur chased frg'lgll?l%zl-rg% 3 8 i cal reagents were utilized as
follows: 1. 3, 3, 5-tr|phenylte}fr&ohs um clfsionde| oBoliEC, [Caifus#387l7, Lot
#50K1435, and GRuEA0Q, | Qatatieit- B2Bmsenel e se has ot |g0ampsiadi ical  Co. ,
St. Louis, M ssourf. P. The phospudts bufthekseh) f Or (midL) Jat/mpp-685, was
purchased frqgm Fishery T $epgRt1 T{C Ca., Mddl.etown] VA___3." The dLstil]l ed

wat er was prqguced ik Ql-;h%ﬁourﬁl st hanot, j4Cat EfZ 3, [Was;pyrchased

OO-4-0)-4-3

from Al dri dge—™Miwaok UUJ.LJ.] te—TntTrat-umnat suture—nodet of

focal cerebg ﬁ%ﬁ& substantially as described by Longa, et
al ., Strokeg WS4 é gﬁ%g% L/ Iﬁ{t ext ernal er%Hﬁ.gl ar vein was cannul at ed
for vehicle o 36% ﬁ?ﬁaf'f Fpthe rats maintain

hydration during the study, 5%dextrose in water and lactated ringers

sol ution (5[ou126pC hJ)heW%hﬁnd &Y 18k @ibn S Qe AMBaLIS) nagh afdgdls & Bdasiivdd, 24,
and 48 hours after 00123} Rats that met the initial_inclusion

criteria (néu érta@b@alte%%sk@n&h ogidg (HI Gistamediseriions wiing emodificatien ofifhs e
randoni zed Bbbcécﬁﬂé’@é&&ﬁ@éd RN BREE e mtagﬁdje THER &) rRF MEOOPRY L fEgat ment

groups. The'initial daily assignnent of the rats to a particular group was

al t er nat ed eescificerblyy CPogsphwiationeandrispapitwied h Theobrains migreoguickdn replaycdérom
initiated thet?:gy Conrsiltxtfﬁlta!: inlindtviala bg%{'ss‘ﬁ’g‘{a}rﬁﬁ%%&%qgﬁ ﬁegcﬂtf ed for the

next 18 hours POsIER ush he rats were
anest heti zednmrteef(to;ormhtiraiﬂmcmmguﬂ am &m}dnwberobmdaxipgaé:dmn datdruglieed he

d | k.1 Th d
i i st or 6dhE Htt aio prss Baca i el pel R URey Benhing Foh ELC B PEs o
i nfusi on pusutes3e° at tEah@dné GiablRerdatisudfed] Revii@ihe iRYeRid A6dWhite.

Brain sections were then immersed in 10% neutral buffered formalin for at least 24 hours

at 4° C. All the sections were imaged within 3 days of sacrifice.

[00127] Formalin fixed TTC stained brain sections (7 consecutive sections) were
captured digitally using Adobe Photoshop software and a digital camera. The images
were imported into IPLab image analysis program. The area of cortical infarction (white
area) was outlined and measured. The infarct volume was calculated using the following

formula:

Infarct volume = X infarct area X 2 (the distance between each section)

The total ipsilateral and contralateral hemispheric volumes were determined similarly.
The volume of edema was calculated by éubtracting the contralateral hemispheric volume
from the ipsilateral hemispheric volume. A scientist blinded to the treatment of the rats
performed the analysis.

[00128]  The neurological function of the rats was evaluated at 2, 24, 48 and 72 hours
after MCAO using a scoring system described by Bederson et al. (1986b). The score

ranged from 0 to 3 with 0 as normal and 3 indicates severe deficit.
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[ 00125] Compound sol utions were prepared fresh daily using a vehicle of

wat er : PE400: et hanol in the volunme 5:4:1. The groups and the doses 0ptHebiZ0ed
in this nodel are set forth in Table 2 bel ow. -35 02-Feb-2007 Table 2.
Conmpound Dosing for t-MCAO Model Bolus Infusion Bolus Infusion** G oup n
Treat mnent Dose* Dose Conmpound Compound (m) (mhr) (mnL) (mnL) 1 12

Vehi cl e -- [00129] - Thene@roldgiaddsupoziat® 1®5rsiof iselierdia-wad Liset] as“indbadiorscribaoie Vol une

of 0.49 nL ** |.nfusio t f 21 nmi/ hr and 1 nfusion ratd on .of 18 hours.
Co01261 The o ftakr Thlal o nondibe RebitioaRihoch o/ % By Gt e B et
consecut i veof 2 he¥as Bliinappkddronh thetstaly oAl rageachéobliled (d the)reatnmenngdupefct i ons
using a nodj,fication of .the rocedur e .descri bed by Bederson et al. (1986).
Three days @PE@HP‘?{%&@?JW@E @?ﬁg?@i‘laga’&"‘rificed by CO2 asphyxiation and
decapi t at edjooiB6) brEbatEsangiids (G0I5GH Yvdre BBYREd fro@ithe faBEfof BhatAkidtiReasd pl aced
I n individual beakers containi ngzP Sin an ice bath for 30 mnutes. Corona]l

brain sect i adysisat guminpeeand aids 32,96tad A@Bours afiry the holug injeptiam: Thespts were.  The
brain secti Is I L 16l L 4 9 in PBS
for 20" m nibey R EBE Al RekAE, SIS bolloRISTnGARLAER LR filelddn | )

i schemi ¢ ar ahesdit el capcityhfrematlatondtaloeia usingn 23rgmegseutterity bOioneset r al
buffered fo I n, for.at | east 24, hours t 4. C. Al the sgcti.ons were

i maged wit iy g“’&‘%&i”é@&eﬁ W St 614 ‘ﬁl%rﬁisz(ﬁ%%]rogé? ?H“?Pﬂ‘é& TheBESA Waky br ai n
SﬁCtiOES (hmf @q;wciadd/ﬁllagaédﬁIls)and\@tbfedacaﬁmﬁ@dﬁdmht al l'y using Adobe

Phot oshop software and a digital .c ra. .-The i mages , were i nport into

| PLab i ngge?@ﬁgﬁysiS§VW$'§W%ﬂPm?ﬁger§\r&EéoofheéﬁP e : ceplyragesthetia ‘(XA’I%S% e area)
was out | i neghhaRodBATH nfiféh bIdHA 2 PhATHE wiOOHHTBd B cafBhCpindlugd TIRIYMbAL he
following fornula: Infarct volume = E infarct area X 2 (the distance

bet ween eachasp¥dntehyparinged blped collssiiondiieas4p mi gepagioy) Plasmaarasiseprsaitdpher i c
vol umes wer ﬁo%itﬁ@ﬁlﬂ%dr‘@?céhﬁ?u 2 dnVat 400 P10t B'F}Ennlgés @ILIR RS ARl HYLat ed by

subtracting 't cont at eralF hem spheric vo
was collected, placed in Iabeled plastic tubes and stored at -20° C in a freezer.

[00132]  Statistical analysis for the infarct size, plasma glucose, body temperature, and
* body weight between the vehicle and treatment groups was performed by two tailed
Student’s t-test. The statistical analysis of the neurological score was done by non-
parametric analysis. The data are presented as mean + SEM.
[00133] Treatment with a compound of formula 1, administered 6 hours after MCAO,
was very effective in reducing infarct volume this model of transient focal stroke (Figure
1). Rats in the compound treated group (88 + 31 mm®) had a highly significant 79%
reduction in total infarct volume as compare to vehicle control (418 =31 mm®,
p<0.0001). The cortical ischemic damage in the compound treated group (32 + 20 mm’)
was also significantly reduced by 88% compared to the vehicle control (272 =+ 22 mm?®,
p<0.0001). Treatment with a compound of formula X (55 +12 mm®) was able to
significantly reduce striatal ischemic damage by 62% as compared to vehicle control (146
+ 13 mm’, p<0.0001). Finally, treatment with a compound of formula I (21 = 10 mm’)
reduced the amount of edema formation by 79% as compared to the vehicle control group
(97 + 10 mm’, p<0.0001).
[00134] Rats treated with a compound of formula I demonstrated marked

improvement in neurclogical function over the time course of the experiment (Figure 2).
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fromthe ipsilateral hem spheric volunme. A scientist blinded to the
treatnment of the rats perfornmed the analysis. [00128] The neur ol ogixcpdp-2007
function of the rats was evaluated at 2, 24, 48 and 72 hours after

using a scoring systemdescri bed by Bederson et al. (1986b). The score
ranged fromO to 3 with O as normal and 3 indicates severe deficit. -36

02- Feb- 2007, ks ; L,.sechem a was used
as incl usi (ﬁﬁ%&?%ﬁﬁ %&?ﬁﬁ%\ﬁ-ﬁé&iﬁ?ﬁ&%@!‘)f@?ﬂ?ﬁﬁ?gﬁczﬁ?ﬁﬁﬁr&?&ﬁg@gﬁa neur ol ogi cal
score of atneprelpgicabfupetionf wiseobsertedingbarompophd Beatérbgrup as¢dmpaeaiodhe from t he

he mour of Qay R OBt e s 08 D b RERGeu i iy, (REpihogBl | PITC

fromthe ratae bbthe phatresiedivith edimpoundrattimied teeiinpbove souh 2 by Jadoats afler 22, 46

and 70 hour ter the baol inpection, Jhe rats wer | i ghtly anesthetized
o sof | ARG esesh wite d8s i ibtuen b HORaF o Pokigatle oot op FarlBron ¢ ubes
(0.6 L capasiehitle thda@il rats|sBéwédho indirdvedRhtin WehBbeoftaPRmedstOBrdahdue ttle! Y

i nfusion set. The bl ood sanples were spun for 4 mnutes (setting 10) in a
ni cr of uge. tMscoprse ehie gERetim@pyved, placed in labeled vials and stored at
-20 Cin a freezer. [00131] Seventy-two hours after MCAO the rats were
deeply anesthetized by CO2 inhalation and as much bl ood as possible was
obt ai ned by cardi ac puncture. The blEwample@s put into heparinzed bl ood
collection tubes (6 m cap .Iltléi odgi% ;) SERRT d fromthe bl ood by
centrifugation at 4000 rpn@r&mﬁ%ﬁ%ﬁ,). The plasma was

col | ect ed, [§01838pd Compainek efithp lpaseitinventiaswan dssayat fod ati-de2 st netivatyf r eezer .

[00132] Statistical, analysis. for, the infarct size, pl | uco body
t enper at ur &1 TEERY mTfB?fi} ﬁ}%?t@‘ﬁ’[ah%éﬁbgéw tB?lsg ‘f‘:/'%‘m%&‘% gy gﬁﬁgﬁgﬁﬁ@ﬁ%u ps was
per formed byo:t380-338i B&shn Bt Boedbn 6lid PhdHlacol 109054 abi6at i cal anal ysis of the

neur ol ogi cal score was done by non- paranetric analysis. The data are
presented as nmean + SEM [00133] Treatnent with a conpound of formula I,

adm ni st er &d,;8 TROYL R/ MeAOrestyvas very effective in reducing infarct
vol ume thi S nodéel 0 ransit en ocal stroke (Figure 1). Rats in the

conpound t (@86 JRaspre(d&ed iBa transparbridyinder gHed with gvaitdri Theturzden ofr educt i on
in total infargt. volun r i.cl 4 1 \
020, 0001 bl Erlioe Aty REP Hofinddls U ke RuSBD U e WP mad o ire, (55

20 MB) minimal body-movements to keep its head over the water, is manually recorded. In a

second trial, on day 4 rats are placed again into the cylinder, this time for 5 minutes.

Immobility-time is manually recorded throughout the entire trial.

Trial I (injtia} trial):
[00137] On day 1 Male Wistar rats (RA239 strain; 160-180g) were placed for 15

minutes into a cylinder. The duration of immobility (=immobility-time), defined as that

time during which the rat made only those minimal body-movements to keep its head
over the water, is manually recorded. In order to test a reasonable number of animals
within a day recordings are restricted to the following three sub-periods within the 15
min. trial: 0-2.5 min. (i.e. at the begining of the trial), 6.25-8.75 minutes (exactly in the
middle of the trial) and 12.5-15 minutes (at the very end of the trial). This procedure has
been previously found to represent the animal’s ‘performance’ as displayed throughout

the entire trial.
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was al so significantly reduced by 88% conpared to the vehicle control (272
22 mMmB p<0.0001). Treatnment with a conpound of fornula | (55 12 moR-Fads2007
able to significantly reduce striatal ischem c damage by 62% as conpared to
vehi cl e control (146 13 mB, p<0.0001). Finally, treatnent with a conpound
of formula | (21 10 mm reduced the anount of edema formation by 79% as
conpar ed t olti#ldl (seédnd taljont rol group (97:k 10 mmB, p<0.0001). [00134] Rats
treated wt 0 ment in
neur ol ogi ca¢h ? Lﬁcmﬁ %(/g?at%%rewg%deigggﬁgggﬁ% ﬁ{nﬁ% @J@gforsr%ﬁ%gure 2) .

- 37 02- Feb- o0abilifstimaid mammlljzﬁecbmhdﬁqraigheutthdnent:re\trialat|on of dosing, a

i gni ficant t |
compound. ¢ WTE" o Pt e ieRls e ReendEEin GF e R APIRR Do 0.5
vs. 2 0 unart(isngémmystsxma{gy Dﬁngacﬁlemtrmms BRUK ﬂiectgbﬁﬁ (ar&ﬁmrm ofdg rats

treated w ti\\gﬁorrpound continued to (f%/e so t hat 2 hours after MCAQ
these rats e daypigriahl) f‘Bﬁ’éftWB’ﬁ‘mSi(ﬂ’}?“? P %ﬂeﬁ@ll%‘?ﬁ%%%la@iaéﬂ cit. In

contrast, éﬁ@ﬂ ?‘ﬁo} tARREE (Grta§ 45. hpee@ﬁleﬂ& for e W@mlmm ara%@éregl cal
function throug out time courSe’ of the experinent. anpl e 20 Ani nal

Model for Aﬁmﬂ@@m@ﬁwnt, dmmng[m@mydmmﬁwh@peﬁmam@sml I nvention
t tantial l
ol arro PiauBsofRl sl AblhoB o Y b'b, DR VU8 EUPSH TN 81 1Y

Boutin M thﬂmhgﬂupmn&lpamﬂwmndw&speétwe@ 64. Swim Test in Rats

(Depr essi on 013 Rats are laced in a ar ent l'inder filled
with water. [@ﬁ%(hdur \RAY) ‘H‘Jntq‘f %t?‘ f‘k"ﬁmt"%‘?%mqna al‘iwn"i%“ %’éqs?aﬁ‘&d as that
time duri ngadﬁhitﬁkh&ﬁ%bﬁ@émﬂ@éle onI y those mniml body-novenents to keep
its head over the water, is manually recorded. In a second trial, on day 4
rats are placed again into the cylinder, this time for 5 m nutes.

I mobi lity-time is manual |y recordedgbygiagqout the entire trial. Trial |

(initial trial): [00137 da 1 l\/al Ws ar rats (RA239 strain; 160-1809)
were placed for 15\nimahivos ¢ § ‘s ; g Dhi lity

(=i mmobi |t Pf)l)“ﬁe ) ’Im%%'}n@ﬁfjofeéﬁnsbgﬁbtor gating linked with disruptions in attention and
cognition is common among schizophrenic patients. Pre-pulse inhibition of startle (PPI)

is impaired in schizophrenic patients. Pre-pulse inhibition occurs when a weak sound
preceding the loud acoustic stimulus inhibits the startle reflex. PPI is considered a test
- with good predictive, face and construct validity for schizophrenia.
[00142] A positive control, clozapine, is a commercially-available atypical anti-
psychotic drug (Clozaril®). Clozapine has a high affinity to D4 dopamine & 5-HT2
receptors and effectively enhances PP response in animal models.
[00143] The PPI assay was performed, in the following manner, by methods
substantially similar to that described by Spooren et al., Anxiolytic-like effects of the
prototypical metabotropic glutamate receptor 5 antagonist 2-methyl-6-
(phenylethynyl)pyridine in rodents. J Pharmacol Exp Ther. 295: 1267-1275 (2000).
[00144] Male C57BL/6 (20-30g) were housed in groups of four in macrolon cages
(42x26x15 cm) for at least 3 days before the experiment. The housing facility was
temperature- and humidity-controlled and equipped with artificial illumination (6:00 AM
to 6:00 PM, lights on). The animals had access to water and food, ad libitum. All

animals were experimentally naive.
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time during which the rat made only those m ni mal body-novenents to keep its
head over the water, is manually recorded. In order to test a reagQ@b.-ZM07
nunber of animals wthin a day recordings are restricted to the foll ow ng
three sub-periods within the 15 mn. trial: 0-2.5 mn. (i.e. at the

begi nning of the trial), 6.25-8.75 mnutes (exactly in the mddle of the
trial) and (02145115 Pmcbacdtmsm{rmls wére pratregted mathodst t:ttmpdun'dé:’p() 60 I(N]mg/hg)ocedur e

has been previ ou re sen I

di spl ayed tﬂ?zo%ﬁg%qmg@(ug aé’ﬂf’ff“fe é)qnﬁ?’lef)} Véhffge @gﬁg}?ﬂﬁ’bﬁg g{éﬁ% (second
trial): [O0Qid8ies chdav_;ercfhnﬁaﬁ@any plaadchﬁehtbmﬂtmamﬁcﬁwithabatyltgmﬂﬁrwhlﬁehl s tine
e al . | 00SBe B3l A Imlineed et innlsge Rt ir s ook TRERYISESIOP | ose.
trial. e ul ose

( Met hOCE') conBistis Yk BhR! e £t§r@1b|sﬁﬂhlus 2 Mﬁmwﬂiﬁvhﬁé héiBSscrh&, rél t he
eveni ng (around 16:00) of day day of trial 1), in the rni ng

(around 08:mdses avecROsverivhite mse@glygi Oi 7&{1 Bdz8diB Ié!ﬂ%i’étﬂg)ihff ﬁ@i@ﬁ bplP@mst o tri al

i 11 orene 1401468 BB R bPLialifert Ued: Shebulle bl dbudty Al Bbore il | 21 D1

G oups of lrIfate?s1ty),qa‘desamslcimei ngﬂmpelpreyulsﬁﬁx@si;g)t Ft\;;r;le ammspj'(v) tlrffthsi),rmld(nﬁlvluzld:e(r) ¥e
the present AP FHE: dre SHANS BeERE P hReT e e L e DA I P ¢ he
above nodelin theastirAulat @il A mbhd\dﬁﬂ@lsmeﬁwﬁg ez pttone h ie sBife HuhdEials,

Inhibition of Startle (PPl) 0014 | mpai rment of sensorinptor gating
li nked wi t HhgIPaYqatdtigRsstare a%ﬂPléﬁqfkf él\wgﬂalea B HeiPsenubphi S

schi zophr entigis Pt beBhst: ofﬁ’ﬁlﬁmaaﬁ §EnorRBl PArfié @hs ﬁEasﬁ%e@rahh ‘é‘xﬁrg’fba ag 1S inpaired
in schizophrenic patients. %I se inhibition occurs when a weak sound

precedi ng tH¢Ecentage obidebasie étaﬁler tha prapulse plong triajre themapmalgespeniedq a wepk | s
consi dered g %f% ﬂ%?@\qg’?goﬂo?d%%m%/ npifbﬂfbﬁ i lofh gﬁté& 5&&%&&(3&&"' ty for

schlzophrenla positive c ) ozapi n
commer ci al |{prrandai %EBI e 160100 & §(PA2n APP)/BAZ E Howmmoudduef th@mzem invémtjon. we

of f et i vel youRetaltb et P @ B BRI Sk o LT Tooer e A

Example 22

Animal Models for Anxiolytic Agent
[00147] The anxiolytic assay was performed, in the following manner, by methods

substantially similar to that described by Spooren et al., Anxiolytic-like effects of the
prototypical metabotropic glutamate receptor 5 antagonist 2-methyl-6- F
(phenylethynyl)pyridine in rodents. J Pharmaco!l Exp Ther. 295: 1267-1275 (2000) and
Lecci A, Borsini F, Volterra G and Meli A, Pharmacological validation of a novel animal
model of anticipatory anxiety in mice. Psychopharmacology 101: 255-261 (1990).

L Stress-Induced Hyperthermia:
[00148]  The test procedure for stress-induced hyperthermia (SIH) was adopted with

minor modification from the original desctription by Lecci, et al. (1990). Rectal
temperature was measured to the nearest 0.1°C by a thermometer (ELLAB instruments,

Copenhagen, Denmark) via a lubricated thermistor probe (2-mm diameter) inserted 20
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[00143] The PPl assay was perforned, in the foll owi ng manner, by nethods
substantially simlar to that described by Spooren et al., AnX| ol ytgzcrdpldom7
effects of the prototypical netabotropic glutamate receptor 5 antagoni st
2-met hyl - 6- (phenyl et hynyl ) pyridine in rodents. JPharnacol Exp Ther. 295:
1267- 1275 (2000). [00144] Male C57B1J6 (20-30g) were housed in groups of
four in rracrr@mﬁoewgg%ummﬁmgasemashmd%ﬁldn@aﬁmt@smf@emﬁ dihe prake

experi ment. hum dity-control | ed
and cqui pped  TRAAeR ey [ofetB el SRR B35 600 P 11 ght s on).
The ani mal s{M04d91ac & fsen mimals weredrasddosd magudldni dapge @2x 24 % 15 am).nAl kaster e
experi nent a a 39 _02-Fe { 00145 Proce n Is wer e
e X R i e S S R R e T

posi tive cofdriser, 1da{nﬁbeﬁcbrc|ﬁx@@m5&femf&3éltﬂ&ﬂlg the eeal teriffetiire4l individudles, m ce

wer e individuall aced in the startle c er wi_th a  background whjte
noi se of 7OW&E‘ %/\gigeq AL WEFRGORGSR Y WS‘Q@ Aytedatervalsarth gr"@%‘énda 15

m nut e sessidRes: $3N$0 8f 30MEgRE, 26 anécﬁbﬁvoliﬂ%@ ﬁixﬁf/ﬁé)%lﬁ&rﬂiﬁé ideIA (46
ms- 1200- whi te _noi se_sound, _pre- ses are - White noi'se sound of 72,

74 and 78 d@gﬂﬁgepedd%geaﬁ%Bl@@mnvE@s I?yemmnﬁ&le tiempaisye Eimjmls eyyrbiclef trial s
were given: Sd;%‘%?ﬁ;éﬂ?ﬁceq u'tb%e%%% p l# xhctly 4 i gPe%ﬁa)taftE?iﬁkc%%ré ng&?&;&i}rri al's).

prepul se al rials per sen artle a
and no sti remeved ﬁnn(tﬁetsagce(hg)n atTlhminngr intelotads), antleectal teahparattoerwegl aver ages 15

s (between and 20 .4l ation baselin .

nmeasur enent gwge‘f%ﬂgse‘#tedr @@ﬁgengegalr?rfzéng# ée‘fofcitlcgrtg a*“f'f?z RS P@G%d(f&iat ory
startle aﬁpﬂﬂffebﬂiﬁ(z(d@)ceﬂ@@agﬁﬁaﬁﬂd@énmvmihbld”IEe pﬂhem&ss@ldubwhﬁieﬁhéﬂaﬁa, trials,
t he amount of %hl BI'[IO f r mal artl e was rrea d andngﬁyresse as

per cent age PS f§fied 38 the de %\?fc %mefiﬁ“f‘?féatlﬁﬁ%“é@ & i Ltally fmovEdr nal
response tOnﬁc%ﬁ%eﬂemﬁﬁrééﬁﬁte%@ﬁﬂﬁé%tﬁﬁtﬁeﬁﬁ@ésf&hov?d ﬁlﬂié'vﬁﬁuﬁ Abadel tion was
conput ed according the fornula, %Pl = 100-100 x | PPP) / PA2] .~ Conpounds

of the pr es$hls dplﬁa/@m ¢aienlated fof s keleight eageredepending ong emlf@ttrqaha%gt% refl ex
n_m ce B n BhiTPprd DA S e P! G953 VLORNHTorn ol YU T ¢
OI’ rre

assay was pe OW Nng nanner substa lally
simlar to teotd tedq&mtmxb@ﬂttbweﬁrfuﬁr@mdtwaalused m<additym; o-elvalatedlief ect s of t he

compound's potential effect on basal body temperature, per se

1. Social Exploration Test in Rats:
[00150]  Adult male Sprague-Dawley rats (="resident” rats; 350-400 g) and young

. Lister Hooded rats (="intruder" rats; 100-120 g) were used. Intruder rats were housed in
pairs and resident rats were individually housed in macrolon cages (42 x 26 X 15 cm) for
2 weeks before the test. All animals were housed in the same room. The housing facility
was temperature- and humidity-controlled and equipped with artificial illumination (6:00
AM to 6:00 PM, lights on). The animals had access to water and food, ad libitum. All
rats were expetimentally naive.

[00151]  Animals received test compound (doses: 0.3, 3, 10 or 30 mg/kg),
chlordiazepoxide-HCI (5 mg/kg, p.o.; CDZ, Research Biochemicals International, Natick,
MA), LiCl ( 10, 30 mg/kg) as the reference/positive compounds, or vehicle (0.5%
methylcellulose). The injection volume was 2 mVkg. Oral treatment was given to the
intruder rat only, and the test was performed 1 hour after compound administration. All
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prototypi cal metabotropic glutamate receptor 5 antagoni st 2-nethyl-6-
(phenyl et hynyl ) pyridine in rodents. JPhanmacol Exp T7zer. 295: 1261)233’76352007
(2000) and Lecci A, Borsini F, Volterra G and Meli A, Pharnacol ogi cal

val i dation of a novel animal nodel of anticipatory anxiety in nce.
Psychophar macol ogy 101: 255-261 (1990). 1. Stress-Induced Hypertherrnia:
[00148] Theobsesiatipisose tiade ddingsthe Helt-pharU8O0 AN pe 100 ¢ iA ﬂ(eﬁiokﬁa cagsofadopt ed

with mnor _nodification fromgihe original description by Leccj, et al .
(1050) " RecHEReSideat bleat i Shw Lo feds 0P A CF YRGoHDaE s S Lo

t her nonet er cdrslstifBof dielifitkiRM a8 and SRIEHARD LR weﬁeaasagﬂ&ﬁ at Yaridlofh tbl&aé thﬁ& ed

therm stor probe (2-mm di aneter) inserted 20 -40- 02- Feb-2007 mminto the
rect um whi | ecnﬂﬁeleﬁ%eréhmtwha@un%|Tﬂierdélaﬁﬂoméaq§e{§epmpaqwhmms (=time pr obe
was |left in Sadi; Ss). [00149]
Fifteen ani r@h@lﬁ\%g’rigf gﬁ@@?%rlﬁmcr%fqgﬁ% a%? %ﬁ@e%@ d)%%‘%’go =" At | east

24 hours begitonmm@hcleng;@iayn@)towd theel residint asinanzily ecaved endaunkdadively t hei r
fur with colar ntification. Sixty mnutes before taking the

(5 erapens €f ¢ -
rect al terrp’eeF?arfjﬁ 8V§I PEHOGPLA RIS within a given cage were consecutively

treated at 1-mnute intervals with test conpound (doses: 1.3, 10 or 30

ng/ kg, p.o.;_injection voi i;me 10 nmg/ kg), chlordiazepoxide-HC1(10 ng/kg,
p.o.; ResealLh gRlsuated Tnational), i.e., the positive controls, or

vehicle (Opgptsaret thlEﬁhﬁlﬂ%ﬂﬁgue ]?%Vvlé?@)ts (1820 Y wefé H%gﬁﬂtlﬁ?rduﬁﬁ §f folidyg M ce

wer e consecuti vel renoved fromthe cage éa gain at 1-mnufe intervals), and
rectal te rrpmﬁ%lplﬂﬂéawé@i ¥ 26 e fanat l‘Pﬁﬁt 2 daysbatoee thewppariant.cThedebusiagn
recorded, age. The
dependent V%%I@Efvﬁ?’!eﬁqp&‘ﬁfu‘?? %!lelagtﬁ&]e&sg ggl?:éejfcfﬁ E%g&ﬂ%%dd#@h?gﬁ%ﬁgs defined as

t he del ta oflluirimntioe (6: a&AMm@DOPMrhghiabu} él‘hmanimnais hdvacsésx té watet aid fyod, enoved
m ce and the P?%‘Fﬁnéﬁema era.turgIu In the six |ast renoved mce
within a ca@% w2 QR VAR SRR R A8y six to ei ght cages dependi ng
on the specnmss]trelafe@mme@pms@nazwﬁemmmﬁtﬁzoto €én AridqH0 kapcegend 84d on t he

nmean of these six to ight val ues was used. The rectal tenperature of the
very first Si97ed asisd49 &dd x brfmé)dﬁ"ﬁ’%‘ﬁh exjegd 395!%@“?‘?1%3 BHRTER s

p ot tent I alRaeabe@rz aR). PARonRPaRNInTORES BE YWepe oPEPlud Sign! With SAFlafkmtX Pl Or ation
est in
arranged opposite to each another, and the apparatus is elevated 60 cm above the floor on

a central pedestal. The maze is made from gray Plexiglas. The grip on the open arms is
facilitated by inclusion of a small raised edge (0.25 cm) around their perimeter.

[00154] The method was performed, in the following manner, by methods
substantially similar to those described by Handley, S.L. and Mithani, S Effects of alpha-
adrenoceptor agonists and antagonists in a maze exploration model of "fear"-motivated
behaviour. Naunyn-Schmiedeberg's Arch Pharmacol 327: 1-5 (1984). Rats were
randomly allocated to one of the various treatments. Animals were transported from the
housing room t6 the laboratory at least 1 hour before testing. After oral compound
administration, rats were individually housed in macrolon cages (22 x 16 x 14 cm), and
after 60 minutes placed onto the central platform facing an enclosed arm. An 8-minute
trial was performed, and the maze was thoroughly cleaned between subjects. Direct
registrations were made by an observer sitting close to the maze, and the following
conventional parameters were used: number of open and closed arm entxies (arm entry

defined as all four paws entering an arm) and time spent on open arms (excluding the

42



[ 00150] Adult mal e Sprague-Dawl ey rats (="resident" rats; 350-400 g) and
young Lister Hooded rats (="intruder" rats; 100-120 g) were used. gootdhUtifyy
rats were housed in pairs and resident rats were individually housed in
macrol on cages (42 x 26 x 15 cm for 2 weeks before the test. Al aninals
were housed in the same room The housing facility was tenperature- and
hum' di t y- coeuntral glatfbrmhd Aaiphdlpfrem the differnt trdatmém lrouiph wetedietmtivdlietled, AM t o

00 P 5l T 0 o % ASESEES M L B0 (8% o Do

( dOS es: 0. 3the BghtifBagl TR fOMIWGEY anxi€th héiiedli BT SRANER Wikd rcordBB/riieb P. 0.; CDZ,

Research Biochem cals International, Natic MA), Li Cl 10, 30 ny/ kg) as
the ref er entoePHiok E%P@Wﬂgmﬁa}at%m%lp@@@m apbtot) nembeafeaR) . The
i njection vggidee was 2 ng/ kg. Oral treatnent was given to the intruder rat

only, and the test was perfornmed 1 hour after conpound administration. All
-41- | 02- A98138107 Conipoundsnfitipnpreseot imverdide shw am gnxidlgtic-ligheffeshingbe (8: 00 AM
to 1: 00 PM Ho@eu t&%rrg 1}g}age of the resident rat (see above). The floor of
the cage was covere %h sawdust. Pairs consisti ng of one intruder rat and
one resident rat were assigned at randomto one of the experinental or the
control groups. The duration of actiﬁe appr.oach behaviors (=tine spent in
social activity) of the intruder rat-—(‘—@ﬂ& ng, anogenital exploration,
nosing, groonming, |icC&kMAss @'fQNAﬂﬁém:fe@é/\stQaséhWeﬁﬁ%b]@ﬁhvmas nmanual | y scored
and cumul at i vel recorded over a perio 5 mnutes. [ll. Elevated Pl us
Maze Test: éZ] Thafﬂéloaﬂugﬁssspwa)@xfem@é\m@etmﬁs§uws1mﬂéwnglﬁrmm housed in
groups of f&lgenﬂea RAEIE)-CmpRACS: of 7By ERerk 27715686 (%2 ApritBAThiistedl Y S
before the experl ﬁl using facility was ture-

humi dity- cowftluppwa‘dpaéndureqmrppwaxmtfmnaﬁl& faf mnlams (Haﬂumahal Ncmoc(lﬁmoo AM t o

D A1 i ol 6 s P00, G2 B8 oy 826 SESET b e RIS A0S R . e

consi sts ofglhss@omﬁips QI aﬁx(m cEllslénD)pretrentdd with poly{DHesiae) aﬁﬂl&ﬁlu(xécﬂfox 12 x 20
cm, whi ch ext.end central platfo The
confi gurati ﬂaﬁcﬂ}‘fﬁr f%btﬁgﬂ%a@%ﬁg ‘i‘“’?l &@ewqtf‘ﬁ g}th&??aiﬁég

L-glutamine prior to infection with recombinant adenoviruses. Under these conditions,

...)

neuronal cultures (up to 98% of neurons) display high differentiation and survival rates.
[00157] . Recombinant Adenoviruses and Neuronal Infection-- Production, propagation,
and purification of adenoviruses-encoding mutant form of APP695 are made. After 6
days in vitro, neuronal cultures are infected at the multiplicity of infection of 100 for 4
hours in a minimal volume of culture medium. Infection medium is then replaced by
fresh culture medium for 3-5 days. Under these conditions, at least 75% of neurons
express the proteins encoded by recombinant adenoviruses.

[00158] - Cell Survival--Neuronal survival is measured by the colorimetric MTT assay
or CellTracker fluorescent cell viability assay using Cellomics automated imaging
system. For nuclear staining, cells are fixed (0.37% formaldehyde/0.2% glutaraldehyde
in phosphate-buffered saline) and incubated for 30 minutes in the Hoechst 33342 dye

(1 pg/mi).

[00159] Quantification of Abeta production -- Culture medium is collected, treated
with protease inhibitors (1 pg/ml pepstatin, 10 pg/ml leupeptin, 1 mM
phenylmethylsulfonyl fluoride), and cleared by centrifugation (16,000 x g, 5 min, 4 °C).

-43-



arranged opposite to each another, and the apparatus is elevated 60 cm above
the floor on a central pedestal. The naze is nmade from gray Pl exi ghash-Xjue
grip on the open arns is facilitated by inclusion of a small raised edge
(0.25 cn) around their perineter. [00154] The method was perfornmed, in the
foll owi ng manner, by nethods substantially simlar to those described by
Handl ey, S. Dne hulirdd mhﬁmlhe suPeinbagicit Gse0 forddephanylsid q@AOERBEST usd@ahe St s and

ant agoni st s i on nodel of "fear"-notivated

behavi our . ﬁiér%??n%@ﬁ E‘EB‘@%O@ Arch Pharmacol 327: 1-5 (1984). Rats were
random y allocated to one of the various treatments. Animals were _
transported fromthe housing roomtd the |laboratory at |east 1 hour before
testing. After oral conpound admi ni Exagpledd  rats were individuall y housed
in macrol on cages (22 X 1rlnﬁﬁb%%n%%eta%%@[1mak% ﬁﬁ% ﬁgdﬁ&@ﬂt es pl aced onto the
central platformfacing an rial was perforned,
and the nmazH0h6H t Kdeleighi’ desézaeameiiaIb@emérbyghﬁyrmne: oﬂhxtracﬂllularplgqlmsratl ons

were made b n, observer cl.ose .t g t.he ollo

convent i ona ndalgtrc ﬁ@lf %"“ﬁ%“lﬂb&t‘@g‘&ng‘%ﬂﬂ? ol EEH Hlajé)ﬁ g?‘B&B‘BP%ﬂem nt r| es
(armentry th%f 1 Rbed dmyledI(" A @/hiohds alBaved HondAdyloid pt on open
arnms (excl uding p ﬂﬁds - 45 02- jlgeb (Zog‘g@qggﬁt ral SpI a?f or rrO) Ajr{n rrarflﬁzﬁﬁgom t he

di ff er ent tPf@@E%ﬁPPg)roups were alternatively tested, and trials were

performed bg 30 PM i.e., within the first half of the
)’P‘ﬁﬁé‘aﬂ%c% ol pOlth@hhirhént:

i ght phase: o] e g anxiety reflecting paraneters were recorded:

rati o (opefiat]al )Abta’eiespiehnempabipeﬁsearem oﬂﬁBmsyoﬂstmd:tedmﬂwﬁmhIﬁm and
total nunber of ,arm 00155] of the re ent | ntion
show an anxi’%lf?ﬂ]ﬁo@alcfﬁ’gé%#r QP"[qOH “f‘%é‘ rﬁ%ﬂ e 0@5@5’#@% e 23

Cel | Assay §dptaitthg el SRidish Iﬂtsmeﬂcsmm&mnj arﬁlm N seﬂ&%ﬁﬁﬂarkﬁhe fol I owi ng
assay is perfornmed by nethods substantially simlar to that described by

Ki enl en- Canpfaplg: trae%duaqants expeeinghBao) weressibsted by sosing oplls sxpropsisghighr es  of

hi ppocanpal passepgpare prepared fromEL8 rat enbryos (Park et al., J
Neurochem 74:114, 2000). Cells are plated in 6- or 96-well culture di shes
(4 x 105 ce[ﬂﬂéﬁ?der)CeéiS west pleied g0RLG09|celsspeg weldn & 96 081l pbdté by nbicepset r eat ed

w th poly( %oﬁﬁfe&%)agl%wecﬁ%t(ﬂ ﬁg)ggﬁ) catalog #11965-092) supplemented with 10% fetal

bovine serum (FBS) and pencillin/streptomycin. After 24 hours, the media was replaced
with fresh media containing the compound of interest where compound concentrations
ranging from 20 ].LM_to 10 nM were tested in seven-point titrations in duplicate. After
incubating with test compound for 18-24 hours at 37°C, the hAf (1-40) concentration in
the supernatant was determined using the hAB40.ELISA.

ELISA assay for secreted Al

[00163]  The Biosource International, Inc. Signal Select™ Human 3 Amyloid (hAB40)
ELISA (catalog #KHB3482) was used for the in vitro quantitative determination of
hAB40 in the culture supernatant of samples. A monoclonal antibody specific for the
NH, terminus of hAP was coated onto the wells of the microtiter plates. Samples,
including standards of known hAR content, were pipetted into these wells followed by the
addition of a rabbit antibody specific for the 1-40 sequence of hAPB. Bound rabbit
antibody was then detected by the use of a horseradish peroxidase-labeled anti-rabbit

antibody. After removal of excess anti-rabbit antibody, a substrate solution was added,
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6 days in vitro in NEUROBASALTM nedi um suppl emented with 2% B-27 and 0.5 mm
L-glutam ne prior to infection with reconbi nant adenoviruses. Undergtiwsso7
conditions, neuronal cultures (up to 98% of neurons) display high
differentiation and survival rates. [00157] Reconbi nant Adenoviruses and
Neuronal Infection-- Production, propagation, and purification of

adenovi rus ash1etn waﬂicleg/embyahm bduad mnzyineAB BSIBcearodoritie inté\isitp Ibf fhis @bdyred i n
vitro, neuron g s are jnfected at the Ihtipli i nfection of
100 for 4 MBEHEL] PROREIOE e e caRocniftianal AL Peﬁﬁrné&ﬁhen medi um i s
then repl acggphy fresh culture nediumfor 3-5 days. Under these conditions,
at least 75% of neurons express the proteins encoded by reconbi nant
adenoviruses. [00158] Cell Survival--Neuronal survival is neasured by the
col ori metrif, Mihqdss Sl RGkRfwst | UOrescent cel | viability assay

usi ng Cell Umro%‘e%'%—nﬁgm_ﬁm For nucl ear staining, cells are
fixed (0.3700T6@H msdmpgedeﬂ@stﬁ%agismbﬁtﬁmwyﬂ@n cbmemtrmtlﬂ:ﬁmhfoared sal i ne)
and i ncubat ed é 30 m tes [n_the I—Q@Ehs 33342 dye [ 00159]
Quant i fi cathegH eowerﬁ\lﬁl@t‘? V¢mple @OPFQEFWIF 'E[B’IIF% #€d, treated

Wi th prot eamibiGiARHSE, %pfémﬂf‘ e 61 L Supeblhn O Peb BRI LIt 0 x o, 5

phenyl methylsulfon% fluoride), cleare
nmn, 4 C). Pragagd b@r@wktaﬂ&‘éﬂh@m}og&iiwl&m whis addgstioraditsampler & preeat f or

bet 8 am! o foBuoR b GRS, 10 1R SRl SN IR BRR LBt RRLRY Bxarpl e
i s charact ehé Q@d:emEm&A platesemd desubited for ke 2 holiarat ploasitaperaanelod nt er cel | ul ar
neurofibrillary ta _e |n tge brain. The naj, lggt‘?ﬁgl n co%onent of these

pl aques i s DeFuLhY vl Were ashed 4 ties B mBiespreed
precursor g&ﬁj mel('i Ei'af defeelidn Admasdﬁa&k eggmag@g%&n %??La@%e%deré &Q%lﬁﬂr%inp‘m

stabl e cell ne  capable of secretion ™
neur ogl i ondocZhdws byrobmaersperatured Mhwidetection atibody reedgnizes theh Afhdt403xpr esses
bot h APP695 containing the Swedi sh nutations (K595N, Mb96L) and YFP as a

sel ecti on rPEAYELFe-
[00165] The wells were washed 4 times with 100 ul of wash buffer then 100 ul of

horseradish peroxidase (FIRP)-labeled anti-rabbit secondary antibody was added. The

plates were incubated for 2 hours at room temperature. The wells were then washed 5
times with 100 il of wash buffer then 100 pl of stabilized chromogen was added. The
plates were incubated for 30 minutes at room temperature in the dark. The stabilized
chromogen is a substrate solution which when cleaved by boun& HRP turas blue and
therefore can be monitored in a standard microtiter plate reader. 100 pl of stop solution
was then added and the intensity of the color in the wells was measured at 450 nm using a
Molecular Devices SpectraMAX 340 plate reader. Typically the compounds were
analyzed in a 7-point dose response performed in duplicate with compound concentration
ranges from 20 uM to 10 nM. Concentrations of AP (1-40) in the samples were
calculated from standard curves generated from standards that contained a known
concentration of AP peptide.

[00166] Compounds of the present invention were tested over a 3-day period.Each
day, the Calbiochem gamma secretase "Inhibitor X" was included as a control. Thisis a
cell-permeable hydroxyethylene dipeptide isostere with a reported IC50 of 50 nM
(catalog #565771).
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St abl e transductants expressi ng APP695 were sel ected by sorting cells
expressing high levels of YFP. [00162] Cells were plated at 80, 00Qpo&y 5007
per well in a 96 well plate in Dulbecco's Mdified Eagle Medi um
(I'nvitrogen, catal og #11965-092) supplenented with 10%fetal bovine serum
(FBS) and pencillin/streptonycin. After 24 hours, the nedia was repl aced
with fresh nmedia containing the conpound of interest where conpound
concentrations ranging from20 pMtQ 10 nMwere tested in seven-point

titration in duplicate. After incub &4t h test conpound for 18-24 hours
at 37C, the hAP (1-40)1:50R6R0NnRhAMhsiyd forl NORSHPE! PREABIANRS det er ni ned
using the hA(340ELI SA. ELTSA assay for secrete The Bi osource
Internatio r: 4 ct TM Human R Anyl oid (hA340) ELI SA (catal og

#KHB3482) ed N Jank i kad i ve i nat.j f hA(340 in
the cul tur \éﬁgh‘g@r né[ffr g{r?g&{c})‘fen%%r%ggé&e n%té?%%\%m%%dﬁ%%%?é{)@@?% c for the
NH2 t er m nuAlzbéimsABRtinmmybod(deta) pragutsheproein contiinihd e Lgta700k+ Aar, Mdiéiles.

Sanmpl es, including, st s .of known hAPR con t e pi d.into these
wel I's fol | oW@ e‘b?‘“ﬁ’ﬁ‘&“@%@i‘%ﬁe e compsipially aﬁﬁ{[?%geofﬁ?%‘é‘ﬁﬁ‘fﬁﬁ{bgf‘dt he 1-40
sequence of ndimaBlearBRigifd hathddiry in spatidl kerenv@dndtaematie! ©8ieE 3 MonitReruge of a

hor ser adi sh per oxi dase-| abel ed anti-rabbit antibody. After renoval of

excess ant i byt shyyad 1RRirmERhPY Odod0maanthsof age) Hdiveloldiacreaseda dbetaglii@antep- 2007
whi ch was cf paxddideleatd'd Mwammayﬁ&oﬁ@?ﬁé@ﬂg eaRh & of tHAE vhiviRal ty of

this colored produced is directly proportional to the concentration of hAj3
(1- 40) pr esdsfieits. (Npmerous Ahgih plag #|stamd g4 theyonga sedybiefase prssenhin dogidabws :
[00164] Sanpl WY, i-on of hAl 3
(1-40) poptiog e aRuipritass BRELR Bl dp Sl PRt IR BT ce Feagent)
The pr ot easappeiratviclf behaviodBSbchefpeads dndipathoBeRtiztbnormaitiéelrendisingapef n, and

Pepstatin A | bi,ochem . Inhi bitor Cocktail Set LIl t
1550134 we BB IR eG 1 R KA Eeieqiss SUEBRYS hagt bRbepnyEps baspratfdhd e
Al 3pept i despathiPfydiolofy salmurbiclowl GitthRdaesss. 8oy ComdlaRd manwgldbseigf the

96-wel | ELI SA plates and incubated for either 2 hours at roomtenperature or
over ni ght abeitelevation,gnd asnyipd plagaesie dranssenigwcsSeigncedd?% Qst wash buf f er

(Bi 0source 4;274(5284):99-102.
[00168] Although Tg2576 mice ate specified in the models described herein, it would

be understood that other transgenic mice, available both commercially and privately, are

amenable for use in said models.

yiA Beta-Amyloid ELISA Protocol
[00169] The Relationship between AP and Menibry in the Tg2576 Mouse Model of

Alzheimer's Disease. The Journal of Neuroscience, March 1, 2002, 22(5):1858-1867.
[00170] Frozen hemibrains are sequentially extracted in a two-step extraction
[sonication in (1) 2% SDS and (2) 70% formic acid '(FA)]. The latter fraction is
designated Abnsol. Afier sonication the samples are centrifuged at 100,000 x g for 1.
hour at 4°C, the supernatant is recovered, and the pellet is sonicated with the next
solution. Brain extracts are measured by sandwich ELISA as described previously
(Suzuki et al., 1994; Gravina et al., 1995). The following systems are used: (1) BAN-50
capture and BA-27 or BC-05 detection or (2) 3160 capture and BA-27 or BC-05
detection, both of which detect A 1-40 and AP 1-42, respectively. The direct

-46-



Reagent) then 100 | of detection antibody was then added and the plates were
incubated for 2 hours at roomtenperature. The detection antibodyy; pep-2007
recogni zes the hA j3 (1-40) sequence. [00165] The wells were washed 4 tines
with 100 pl of wash buffer then 100 | of horseradi sh peroxidase

(HRP) -l abel ed anti-rabbit secondary antibody was added. The plates were

i ncubat ed E&ﬁ%a&s&@&fﬁlmﬁngngHbiaﬁ[mwmihhﬁe%f all QgesVéﬁb\kzéd Waf @ bheiyashed 5
times with 10 of wash buffer then 100 stabilized chronpbgen was

added. TheABAP am%éﬁo%ﬁ@ethmiﬂaﬁw FapturesBLES S atecsssentiall pdmnstmapewvheur e i n t he
dark. The e cl eaved
by bound HEPTLo0 EH GEARIE0He oF ShEBURLE AL a1l 40 STwiIRL

m cr ot i t er aphpteld bapefoamddi 0.05% SESo Geabudilutions asssorideesd fadfRSl sahdt t he

intensity of the_ col or |.J asure

Mol ecul ar &Via?e@ °§ﬁ?€?‘#5‘m3®sp%%§@ lsnﬁ%h%‘?ﬁ]l fﬁ%ﬁﬁ‘%ﬂﬁgd’&fﬁds wer e

anal yzed i DMATHs ppésphatslmr, 0N e érﬁﬁ@ﬁmhﬂlsdid@dio%kﬁlaw fetdraigound

concentration _ranges from pM to nM Concentrations of AP (1-40) in

t he sanpl eBerygillgiter cempa@@jthpﬁwlg@mep touhe/bs @éﬁ‘f@rﬁﬂ‘@ﬁwvr om st andar ds

t hat conta f 6 unds of

the presentrmaabedbn 6007 A0 WbhORoRUod RSl L iBiont ARl RE

Cal bi oc hemhgmwﬂaamrc@ms:edwthlﬂndm&tmmgﬁt oﬁ\ms ongmhﬂdmmbmatatmhuﬂﬂaﬁy This is
cell-perrreabl dro et ene di t Jsostere th a reported |1 C50 of

S0 nM | (CoPH e aiSPre e e oS Vel by IS sontists et HERGAT o A el

Assays for yabasbaixﬂeﬂncanjama@m(vﬂﬁ)handgeyﬁlauwuamsgem c animals [00167]

Transgeni c _m ce overexpressing the 695-ami no acid isoformof human

Al zhei mer bet a-anyl oi d (Abeta) precursor protein containing a Lys670 -->

Asn, Met 67y "Beﬂa?i%rﬂ%ﬁtdf%n@ &ﬁ’@ﬁﬁce‘%@%&?ﬂﬁ%@rc' ally available from

Taconi c, ! nor na earni ng and nenory spati al reference and
al t er nat i oF9Of ks e vpigranezh & tailorg 8@ Tgﬂéi%m@q &71: stxain baplig@ueding 0

months of 298 ld ¥ElhRlaths O GLEASH M@uﬁgﬁ?sthaaﬁljstaégg oﬁﬂgnory loss. This

protocol provided the sensitivity, specificity, and dynamic range needed to measure

changes that are subtle early in life and gross late in life. Interpolation of probes during
training provided sensitivity. Adoption of exclusion criteria for performance deficits gave
specificity. Training extensively lent dynamic range. The assignment of mean probe
scores (MPSs), which is the mean percentage time spent by a mouse in the target quadrant
during the three probe trials, improved quantification of cognitive performance of
individual mice for correlations with molecular markers and provided a single measure
with a broad dynamic range. Protocols for Tg2576 mice in other strain backgrounds may
need to be adjusted for strain-specific differences in rates of learning and performance
deficits. See The Relationship between AB and Memory in the Tg2576 Mouse Mode! of
Alzheimer's Disease. The Journal of Neuroscience, March 1, 2002, 22(5):1858-1867.
[00172] The water maze is a circular 1 or 1.2 m pool filled with water at 25-27°C and
made opaque by the addition of nontoxic white paint. The pool is placed amid fixed
spatial cues consisting of boldly patterned curtains and shelves containing distinct objects.
Mice are placed in a beaker and gently lowered into the water facing the wall of the pool.
Mice first underwent visible platform training for 3 consecutive days (eight trials per

day), swimming to a raised platform (a square surface 12 X 12 cm2) marked with a black
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a 14-fold increase in Abeta(1l-42/43) acconpani ed the appearance of these
behavioral deficits. Numerous Abeta plaques that stained with Cong)g_preggzdéye
are present in cortical and linmbic structures of mce with el evated anmounts
of Abeta. The correl ative appearance of behavioral, biochem cal, and

pat hol ogi cal abnormalities rem niscent of Alzheiner's disease in these

transgeni Caﬁaﬁﬁl@ugﬂﬁsme NPILRDR S alyk 88 sHIaint8XRb Halrike B16Eks of four
eur obi ol ogy of th?/s di if;ealée See n'icl{i)grrel ati vDe menory

pat hophysi ol og
deficits, tlmlfeégStémélvatanalryswaﬁ@nawﬂs@ieoplﬁfoaw@@un& bpﬂleth% glatfoen jdcation Sci ence

1996 Cct ] T fied in
t he nodel sﬁﬁsgcﬁf ?’%ﬁg}ﬁﬁeel n, ?r%&%o c}NAgg ﬁ;rsstgﬁgﬁﬁt({?at ot C?ud%r Izgéhsgenl C
m ce, avai pasammsbmrrhd:atsilumhmeau tbyhegpiatform)) watvetigd psendoramivendiz b @chtrral use in

sai d nodel Pr.ot ocal 0 The Rel ati onship.

bet ween ADf,aeugmf%?B%Pfiamﬁl etnﬁtgedl'g'?tai@ %’iﬁ’%arﬁ/ﬁ%@% %Egd% LEETTHRPIUONY sease. The

Jour nal of rdpestedsHidéas platfdian ehining i hductePovey 9 t8ARcdtBR days (fORXAS pdrr 0zen
raction [tqseom cation

hem brai ns ,are sequenti al | racted.in step e

29 o6 480, WREAD S0 GeglaT e o ST RAHOMT RETGETLF-S FRekenTah

desi gnat ed g8 @t the Mate®! MEOSaDRHzI 16 RoabhMhe PRMBEE Widkifo &R tkfd Eyapd. at 100, 000 x
g for 1. hour at 4C the supernatant is recovered, and the pellet is

soni cat ed WatRmR With aasetal esespa seasn. Deriag hiddsa-pladers tials, edeqstioniofie sandwi ch

ELI SA as d ( b 1995) .
The foll o %8"?3??‘@%%9&?%&%*;&’5 %%A?\ﬁ%ﬁ “’g&geéteé% KRB Endlr s o
det ecti on the s¢%n BaEiorandpmnly eleaied IBAHRR (B NB(E,CE &;ISMé,dV; mNWbexcﬂudnfg V\/m ch
detect A5 1-40 and. AR Cli Vv d|r 02- Feh-2007
corrparison&’c?f FE@RS‘/’%%% %’,qu ﬂﬁ%‘?b}&?ﬁ'# e5I F&gﬁg@ %ﬂa’?ﬂcfhe
anount s of refdadetd cankk At 00 sedndd etnh arElie Mo Calficoth ehegllitfie amdeetamsent i al |y
t he sane as gn BAN- 50 Itﬁ used for ture, The 2% SDS extracts are
diluted atq@gEHome ggeshthy 6 6565 pResoosR MiFe aBiskly IBEnLIOrBHITEE 1A 580850% SDS,
Greater di bthie 1n§'f1%n?ﬂi&rp%51t£xq chMisted9 oﬁ@nt&@ﬁior fhllWeBhE s@lop enagsayed in
0. 05% SDS. The extract 'is neutralizéd b 20 dilutioninto 1 MTris
phosphat e meﬁ@rlqe c@DpiLy CH L@ GHAH1OIB e £3qape 8coop represenicat e

. iaegbility ghaics to greogsilel wtp. fed
f ent ool €5 i, a6t ddabilsb£5 Vit BERIeASS. UAih BRI ARSRE AATAE, 4:0 1bhe

absor bance o
day of hidden platform training, a probe trial is conducted in which the platform is

ot
[=N

removed from the pool and mice are allowed to search for the platform for 60 seconds.
All trials are monitored by a camera mounted directly above the pool and are recorded
and analyzed using a computerized tracking system.

[00173] The MPS is calculated for each mouse and used to assess retention of spatial
information in the Mortis water maze. By integrating information from the intercalated
probes, the MPS represents a measurement of learning similar in concept to the
previously described learning index (Gallagher et al., 1993), which samples memory at
different stages of learning. Similar statistical results are found with MPS, the learning
index and learning score (the weighted sum of percentage time spent in the target
quadrant during probe trials), and we elected to represent our data using MPS because of
ease of representation.

[00174]  After testing, a subset of each group of mice is euthanized, and the right
hemibrain is frozen in liquid nitrogen for AP measurements. All brains are analyzed in a

coded manner.
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concentrations of synthetic A 31-40 and A(31-42 in identical solution as the
sanpl es, and these values are corrected with the wet weight of thg,@¢Li,90Hpe!
hom)genate to be finally expressed as piconoles per gramwet weight. In all
i nst ances, nontransgenic tissues are processed identically in parallel with
transgenic tissues. Il1l. Behavioral Test of Transenic Mce: Mrris Water
Maze [00171] The water nmaze is tailored to Tg2576 mce in the B6/SJL strain
background _j % manner that enabled us to det ect and d| stinguish all stages
of nenory | _Denavd el Cuansgenic Mice) Exploratony Aativify nXI BEEMAOE v and
dynam c r agggrdpfgded to rreasure changes that are subt e early in life and
gross late In [Tfe. Interpolation of probes durin trai ning provided

sensi ti vi t Y00IZgbpt faglransgenie FIE@EI Fipregsing e betaABPOISWE muation: Qfgiptscﬁnt s gave
specificit &ﬁﬂg C nt of mean
pr obe sco)rée%]&%ﬁ?kgh@ﬁ * edt %g%ﬁ%gﬁ:ﬂen%%ﬂgﬁgﬂm&%l g{}%g nouse in
t he target 4quadrant during the three probe trial s | rrproved quantification

of cogniti f e of | Vi e for rreI i on t h nmol ecul ar
mar ker s an@&?@(/ 8%’(? g?uﬁ@ltgmﬁﬁ ?eé%d\}\?? Iﬁazﬁrrﬂ %Fn ﬁ%t " Protocol s
for Tg2576 niikze eonsiztedidfiarcestid] dfeth (ighg Ok on a@cepbldeﬁbmo&%yst ed for
strain-spe |f|cn,jg|ffe nces in rates of |earning and performance deficits.

- See The Re \H%aéﬁWA‘étél%t?tEFll%‘?ﬁﬂcb“iaH 1§ R cmngp Beightyiindthe ipgiad|  of

Al zhei mer’ gidiBEARR. areT celOH iiBdterR bf e YLASEVARCEe ridRY £ biockgﬁ)g%a p]astlc
22(5):1858- 1867. [001 e% The water maze is a circular 1 or 1.
7

filled withasige @@1‘094 chiee)7 Gftgnentetingdbe vgdehle sy thiaicgde kapoin ibfor ﬁ@)nt OXI c
white pal Mheoold,Glind the BhAfP Pl floh! ¥hmictRl 1ndh fHERAGRRSAG! | N0 Of
urtains an

bol dl'y patterne ves contai ni ng nct objects. Mce are
pl aced in anwviigthe bagiegantimelinwty Paced back inklee stahdor dﬁmmmhmlmll of the

pool. M ce f t _underwent visjbl Latformtraini n consecutive days
(eight tridl B‘g Hﬂc&é’ﬁ?m%frrﬁﬁpjr%e&SQ@qsﬁ? grgaorptg (rgousf(?ﬁ‘ﬁre surface 12

x 12 cnP) mﬁa@ \Ort the fol %9114375-. fhe siadrwiRidl @Béﬂu%hs&@e&t‘éﬂleﬁ%ixtﬂﬁte

Vi sible platf rm days are s mtotvxotralnlng bl ocks of four trials for

stati sti cafiedrokedpan OIDH’FlfH'@f t&??ls!? Bvigchet Gematast o1 addhdays to lsBion eveibdaysat f or m
| ocat i on  ihEmfor B Werlicind 1ablch OGN ohRcl ulfey 1R cno w8 W 01

NW excl udi ng the pﬁgo&tlons I medi at el y adj acent latform are
varied psetsevsddwithy qurotperiod of bnnnutmw&lﬁﬁmmehtdmtr@n@uieéwlﬂlhat al |

positions gLg,sauRh &d fQPﬂ'&ﬁ fhethicY obinf %lyta}c%}lem prodded from behind, usually

not more than once, 50 that a response could be recorded on every trial.

[00177] Motor activity is measured in the open-field, made of white acrylic with a
50%50 cm.surface area and 38 cm high walls. The activity in the central and peripheral
zones is recorded by an overhead video camera and analyzed. The central zone is square-
shaped and began at a distance of 25 cm from each wall. The mice are placed in a comer
of the open-field for three daily S-minute sessions. The distance traveled and the time
spent resting (<2 cm/s), moving slow (2-5 cm/s), or moving fast (>5 cm/s) in each zone is
measured, as well as time spent in the periphery and center of the apparatus.

[00178] The elevated plus-maze consisted of four arms (Iength: 70 cm, width: 10 cm,
height from floor: 40 cm) in a cross-shaped form and a central region (10 cm?). Two of
the arms are enclosed on three sides by walls (height: 10 cm) while the other two are
open, except for a minimat border (height: 0.5 cm), used to minimize falls. The two

enclosed or open anms faced each other. The mice are placed in the central region and the
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repeated. Hi dden-platformtraining is conducted over 9 consecutive days
(four trials per day), wherein mce are allowed to search for a pl@t_lf&r_%@m
subnerged 1.5 cm beneath the surface of the water. Mce failing to reac
the platformwithin 60 sec are led to the platformwth a netal escape
scoop. During hidden-platformtrials, the | ocation of the platformremnained

constant ( Memb&fof esifies @hd Wihtiomid endleRd Rl Sfetrhb SreRRQkubd fRBRo Aily t he seven
pseudorandom y sel ected | ocations, (N, NE, E, SE, W or NW “excl udi ng

: . ! S, S (
the positi OHITHIFEEFSRE Wittilp SHBGVideQrtrackesapipmenbiseyl 2s Jr the Progiountest dden
pl at f or m t rgo@l/iotdlafiR enti@EBADEHaiith (a6 4oL Mbh BNENARE. OR tREGRSa s whkS

removed fromthe platformand returned to their home cage with the escape
scoop. M cdhejuice il frpmannpen aon.skssetrdedtime s stappeandshe miessplensil hapkfatom t he
pool and c | 'R ' fall . ]t | ar ance.
e abi 11 1y araiagtin ¥ SATLEE Ao fra g bR Mcilhoh; ey ARRCTC

I ndependentandrplasunazs tasfing,ithe apparand iatviped ticomwitAta wdt eloiegidtriedyefofe t he 4t h,

7th, and 1Qt.,h ., day..of hidden pl.atformtraini r trial is conducted
T i ch ¢ REioer i mehs S5 B Butsofidiie BRaoisnas oBelF hedet S8 al | owed 1o
search for [bd1g9p! arhostaidiry Bnse ¢ontdaeted 4f pladtic] Rith a AaenefBRRE 2.9 cAChndy a
canera nounted directly above the poql and are recorded ,and anal yzed using

a conput er ilgugHh erlégﬁthT}Seyl%qﬂ@rﬁ C‘P‘@@P_ﬁma 14’1_‘?6 ofphite SlaélﬁF&@Pﬁi%d%? each nouse
and used tQ.Q8S£f8n gﬁb%ﬂ& aﬁﬁuaafim%gqtsé entd Wlﬂferlﬁﬁdlvﬂ s.| Thel BEmYPpaieR At g

maze. By integrating fnformation fromthe I'ntercal ated probes, the M

repr esent s adieightiefiASeame fironod miakegveraddlost, whicly sefved do oushion falts anféhergbyevi ousl y
descri bed | I: ' . Cal g ' | ry at
i tieront Sapnangp B A BB v lninechid e Wl GRS BOR! BRAATERT ¥,
MPS, the | alzermicadroni esdepingnd tHsldregarmisy Hacdngethé inlies ovethg hdiddle segmenf, Ther cent age

time spent in,the target u ant dur.i ng .pJL,0 trials), .and we elected to

represent &H?lbﬁfdff &° %ﬁ@crﬁg"‘oeﬁg’zé’élﬁ Y c%tanlgaé‘E ?%?HCF%E’P@%F@% 3 tﬁﬁf 00174]

Af ter test ing@ibercof Falliseé nebsi@arin aQlPfof-t3l SRsibs. Ehe AARFZREd &Nbmide ri ght

hem brain is frozen in ligquid nitrogen for A(3 neasurenents. Al brains are

anal yzed i rPe%tﬁa'(%’ééBeW?m‘?rlﬁ ]é?-’lﬁ%ﬁ-zom N. Behavioral Test of Trans
geni ¢ M ceofpsp] Or hOaeldfkink rdtérod Mol 630 1O, WISt G8A) is

constructed of ribbed plastic (diameter: 3 cm). The beam is placed at a height of 13.5 cm
from floor level and separated into five sections (width: 5.5 cm) by a plastic barrier.
Facing away from the experimenter's view, the mice are placed on top of the already
revolving rod (4 rpm) in the orientation opposite to its movement, so that falls could be
avoided by forward locomotion. The rotorod accelerated gradually and smoothly from 4
to 40 rpm during each 5-minute trial. Latencies before falling are measured for three
daily sessions of four trials, with an intertrial interval of 15 minutes. Whenever the mice
clung to the rod without moving (passive rotation) for two complete revolutions in
succession, it is considered to have fallen. Since no mouse appeared to jump deliberately,
a valid estimation of motor skills could be obtained. After training, the occurrence of

various normal and pathological reflexes is evaluated.

A Brain beta-Amvloid Accumulation Determination by Immunohistochemistry
[00181] See Accelerated plaque accomulation, associative learning deficits, and up-

regulation of alpha 7 nicotinic receptor protein in transgenic mice co-expressing mutant

-50-



[ 00175] See Transgeni c m ce expressing the bet aAPP695SWE nut ati on: effects
on exploratory activity, anxiety, and notor coordination. Brain Rea %%g? 07
Jul 4;977(1):38- 45. [00176] Spontaneous alternation is tested in a %’ '8
made of white acrylic. The maze consisted of a central stem (length: 30 cm
fl anked on each side by two arns (length: 30 cm. The maze width is 9 cm
and each V‘Bﬂdma‘n%)rgsgmﬁﬁﬁ‘l' ﬁd%ﬁé]&ﬁre%sér&@otbﬁk L1 Bibl Chéh. 302 Wi m ce are placed
in the stem of T-maze W t'h e right arm bl ocked by a plastic barrier
(forced cho?le@"(ﬁ@\fzt?%ﬁs-@ﬂt ering the avail abl e arm the mice are kept in it

for 60 seqgy o1 bY i agI[ICQF
retrieved and a teﬁcggfﬁor}%f%&e?e%ﬁgia@?l}gﬁﬁgre I mre T‘{l ?y pl'aced back in the
stemfor a Iﬁoe'el\&NaﬁlcthWZ)ahd fixed wﬂhﬂ%rpataﬁmmldnhydmtﬁrdzealbrdmsemﬂnﬂ amee the

opposite arm he s ur,-paw .criterion). t I W|ng9days
the same tv&gcq%eéporﬁp%gﬁ%t&n@ é@%?l L e%?égkﬁ? I%’?fﬁ]t?]d Of"ﬂ%o% B%I arm on
the first tmicadscope Hded Ghder $¢’1&Iﬂfﬂé), ghd aiedried] dmeRyBidlPhdfekista@iing iR bealay s -
The nunber of alternations and the |atencies before responding during the

choi ce tri aeciAng arghbeed yithacelguey, Tissue sectipns arsdpeubated for BOminpeendbi®s r i al . | f
the mce hagr®Phyd GSRONFRE Wat firkh, »Jasmmtpﬁoéﬂmteafu@fefearsaﬁﬂeoﬁladtlhaﬁfa{ae' ce

‘point, they are briefly prodded from behi nd, “usual I'y nore than once,
t hat a respuitls &5%omdrarabgoat womdeahqsphmblﬂfﬁercd sadine fgrG0 nyivftesvbBmin sectidng| t y |s

measured in t h a 50x50 cm surface
area and 3?%%%?‘8%%\5%”%8 @%@%@%ﬁﬁﬁ@@ C%H%Fmgﬁﬁwﬂ) ri pheral zones
i s recor dedibtinyidledMi-Moas 1$GAEQ00,anRtor Labstapiiad)y#admmui6ddapdd with zone i s

squar e- shaped and b&?ﬁm at a _distance of 25 cmfromeach wall. The mce are

pllaced i n avepskir ABGReagent(hd 0. Vesion Labyratoresde Sertiony ams caymier sainedatittons . The
di st ance tr@ﬁﬁt&%ﬁmd the tine spent resting (<2 cm's), moving slow (2-5
cms), or noving fast (>5 cm's) in each zone is neasured, as well as tine
spent in the periphery and center of the apparatus. [00178] The el evated

pl us- rraze te r ht from
floor: gﬁn@ Si aq@raosis %eggggl?%dr@nﬂgﬁgdﬁgeﬁ{&n& %%Fsg#ge(‘c%@rem lvgTwo of

t he ar m; ar;elsappdraﬁehlat@m bztsiceeetamptéemap}oe widred to( previdd dtherlddntmdjmaendts wWisich he-

ot her two ar except .for i hi mal _horder eight-. 0.5 ¢c used to
i vet diiige MRS s B Bis3Rienlihe Thest. o b8 Rt ce
are placed th# thdiopeat thad inVion B 1888 défiird by Ihdapphaied 208 rather than by the

specific embodiments which have been represented by way of example.
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nunber of entries and durations in enclosed and open arns are neasured for
two ‘daily 5-minute sessions with the same video-track equi pment useg as. i 7
t'he previous test. The open/total armentries and duration ratios are then
calculated. On the rare occasions when the mce fell froman open arm the
recorded tinme is stopped and the mce placed back at the exact position it
fell from After each session of spontaneous alternation, open-field, and
pl us-nmaze testing, the apparatus is wiped clean with a wet cloth and dried
before initiation of the next trialgigpgder to reduce the possible effects
of odor cues. [00179] The stationary beamis constructed of plastic, with a
di amet er Hedam:cmand a length of 110 cm The beamis covered by a |ayer
of white masking tape in order to secure a firmgrip and divided into 11
segnents by |ine drawi ngs. The beamis placed at a height of 45 cmfroma
mat - cover ed fl Qo conpioahid 8efov@dlatlo cushion falls and thereby prevent injury
to the mce. A cardboard wall is ingerted at the end of the beamto prevent
the mce fromescaping. Atrial be by placing the mce on the mddle
segnent. The nunber of segnents cros ed\&ﬁour-paM/criterion), the | atencies
before falling, and the nunber of fa{ls aAre neasured in a single four-trial
session. The cut-off period is 1 m nut er trial and the intertrial
interval 15 m nutes. [00180] The accel Hg rotorod (Mdel 7650,

Stoelting, Wod Dale, IL, USA) is ¢ nicted of ribbed plastic (dianeter:
3 cm. The beamis placed at a heightlof 13.5 cm fromfloor |evel and
separated into five sections (wdth N *by a plastic barrier. Facing
away fromthe experinmenter's view, Xhe i are placed on top of the already
revolving rod (4 rpn) in the ori®ntaton Jo Site to its novenent, so that
falls could be avoided by forward | ocond The rotorod accel erated
gradual ly and snoothly from4 to 40 rpmddring each 5-mnute trial
Latencies before falling are neasured flor three daily sessions of four
trials, with an intertrial interval of 15 m nutes. Wenever the mce clung
to the rod® arhHBaceutisybrroeRsatie safthprsplatvbeisin:f or two conpl ete revol utions in
successi o igﬁuﬁémconsidered to have fallen. Since no nouse appeared to junp
deliberately, a valid estimation of notor skills could be obtained. After
traini ng, R heselretdrfreambpirogen ardhuodos andr el and pat hol ogi cal reflexes is

| uat ed.,,,V. i.n, beta-Arylaid |.at | f.ermpation b
Fmunoht s o HI-cH RN v o teany AER TR VR NIRAGHER RACHTIREH on.
associ ati ve dafdited flflg BRfih€ 1 DheterddorbPndéRAEnAL IseBcted fromiiiRogen)b:6/@kh,Ni C

receptor protein in transgenic mce co-expressing mnutant
or sulfur, wherein:

each R? is independently selected from hydrogen or a C,.3 aliphatic group
optionally substituted with OH, N(R?),, or a 5-6 membered saturated ring
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or
sulfur; and wherein:

each R? is independently selected from hydrogen or a Cy_; aliphatic group;
2. The compound of claim 1, wherein R” is a C,.4 aliphatic group.

3. The compound of claim 2, wherein RY is selected from methyl, ethyl,

cyclopropyl, fert-butyl, or isopropyl.
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-50 02- Feb-2007 human presenilin 1 and anyloid precursor proteins. J Biol
Chem 2002 Jun 21;277(25):22768-80 [001821 M ce are cardi ac-perfugs&eﬁlj @B,},
phosphat e buffered saline (10 mM Nal I P04, 150 nM NaCl, pH 7.2) an I 62
wi t h 4% par af or mal dehyde. Frozen brain sections are sectioned coronally at
a 12-gmthickness using a cryostat, nounted on ProbeOn Plus m croscope
slides (Fisher Scientific), and air-dried. |Imediately before staining, the
brain sections are fixed with acetone. Tissue sections are incubated for 30
m nutes in 0.3% AT : '
phosphate-buffg}ggggé?ﬁﬂ%?%gﬁgﬁ@%gﬂggpggah§?$%R?%%%?%%?%%%pgggvhserun1in
phosphat e<ixléfrepddorgattibntylf or 30 minutes. Brain sections are then incubated
with anti-A$ anti body 6E10 (1:1000, Senetik) stained with biotinylated
anti-nouse 1gG (1: 200, Vector Laboratories), and i mmunodetected with

Vect ast ain ABC5R&‘ﬁ@G@hﬂ((u11dih@&)rdi‘dg€d aly dueeRingy 1-8sWherSA®'iiORFdrasA.
counter-stained with emat oxylin. [001831 Wil e a nunber of enbodi nents of
this invention are described hereinabove, it is apparent that our basic
exanples may b I i @mﬁg L FEN | gh: i:l1ze the
conpounds and ﬁ%?ﬁ% SE%P&?L¥%9¥% eﬁ?ﬁ%ﬁﬁe herg¢gﬁgyﬁ?¥mhfls éhg%preciated
that the scope of this invention is to be defined by the appended cl ai ns

rat her than by speci fjc enbodi nents ich hayve beep represented by way
of oxampl o - 5 hesaBPStesoBiRae B0t A 1 ok SrBBRE IR Gl a1 R
WNH H Nalipdtic groul) stbsditutEYwith Bl 6-membered saturated ring having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur.

8. The compound according to claim 7, wherein R is a C,.4 aliphatic group

substituted with a morpholinyl, piperidinyl, or piperazinyl ring

9. The compound according to any one of claims 1, 5, or 6, wherein R¥ is a Cy4

aliphatic group substituted with N(R%),.

10. A compound selected from the group consisting of:

/ Ny / Ny
o o
NH /NH
HN =N HN =\
N~y SR Ny OFs
I S I L
N t-Bu N
I-1 I-3

£3



| or a pharmaceutically acceptable salt thereof, wherein: Wis nitrogen;

Rl i's selected from hydrogen or fluorine; and RY is a O-4 al i phat \8_rgr2607
optionally substituted with N(R2)2 or a 5-6 nenbered saturated ring having
1-2 heteroatons independently selected fromnitrogen, oxygen, or sulfur,
wherein: each R2 is independently selected fromhydrogen or a Cl -3 aliphatic
group optionally substituted with OH N(R3)2, or a 5-6 nenbered saturated
ring having 1-2 heteroatons i ndependently selected fromnitrogen, oxygen,
or sulfur; and wherein: each i s independently selected from hydrogen or
a Cl-3 aliphatic group; 2. The ound of claiml, £in RY is a Cl. 4
aliphatic group. 3. The conpound of /claim 2, wherein QY ifs selected from

met hyl, ethyl, cyclopropyl, teat Nl’ or isopropyl. 02- Feb- 2007 4.
The conpound accordlng to cla|n1 sﬁN erein Rl is selec Pron1nethy|

cycl opropyl, or tert-butyl. 5. conpound accord|n§ to afy one of clains
1-4, mherein Rt is hydrogen. Fhe Ebnpound accor t offany one of clains
1-4, wherein Rt is fluorine. ’- pound ae& r tg-aQy one of clains
1, 5, or 6, wherein RY is d&*Ct atlc group subtl

N

d wwth a

6- menbered saturated ring haV|ng 1 —-teroatons |ndepe tly selected
fromnitrogen, oxygen, or sulfur. The conpound acc dlng to claim?7,
wherein Rl is a O 4 aliphatic gr substituted mnt a nmor phol i nyl ,

pi peridinyl, or inyl ring 9 N conmpound accor to any one of
clainms 1, 5, or ein RY is a Q-4; aliphatic grdqup Substituted with
N(R2) 2. 10 A conpo aelected fron1 @roup consi st i Nﬂf N\N NH NH

V\% l% %

1-12
N
NH
HN
g
O
I-15



HN NHNN-~NCF, -NCF3 Nt-BUNI-1 1-3 53 02-Feb-2007 F N/ \N NH NH
HN HN NNCF3\NCF3 H3ICH3C/ NI N10, I-51-6 / N ~N/ NNId eb’Md
HNN~~HNNHNN NCF3 NNCF3 NI ANCF3 NNI/ NI/ I-7I-8I- 7~KI

/ \NHN NNH N Th HN "N NH HNTh HN "N NH \~N ~ N CF3 ~N | AN CF3 ~N ~ N CF3
NNNZ1-10 I-11 1-12 N/ ~N\N NLNHCNHNH HNNHNN/ HNN ~N~ N CF3
HN ~ NCF3 HN I ~ N CF3
' 0 o
[y (j ()
OH — Pl

g g g

and I-18.

11. The compound of claim 10, selected from the group consisting of I-1, I-3,
I-5,1-6, and I-7,

12. A pharmaceutically acceptable composition comprising a compound
according to any one of claims 1-11, and a pharmaceutically acceptable carrier, adjuvent,

or vehicle,

13. The composition according to claim 12, additionally comprising an additional
therapeutic agent selected from a treatment for Alzheimer's Disease (AD), a treatment for
Parkinson's Discase, an agent for treating Multiple Sclerosis (MS), a treatment for asthma, an
anti-inflammatory agent, an immunomodulatory or immunosuppressive agent, a neurotrophic
factor, an agent for treating stroke, an agent for treating cardiovascular disease, an

antidepressant, an anti-psychotic agent, or an agent for treating diabetes.

14. A method of inhibiting GSK3 kinase activity in an in vitro biological sample,
comprising the step of contacting said biological sample with:
a) a composition according to claim 13; or

b) a compound according to any one of claims 1-11.

15. Use of a compound according to any one of claims 1-11 for the manufacture

of a medicament for inhibiting GSK3 kinase activity in a patient.

s



1-13 1-14 1-15 54 02-Feb-2007 \N QOOH N INH INH ,NH HN N HN N HN N HN |
~NCF3 HN AN CF3 INAN CF3 \ \ \ N NN 1-16 1-17 and 1-18. 11. The_Feb-2007
conmpound of claim 10, selected fromthe group consisting of 1-1, 1-3,
1-5,1-6, and 1-7. 12. A pharmaceutically acceptable conposition conprising a
conpound according to any one of clainms 1-11, and a pharmaceutically
acceptable carrier, adjuvent, or vehicle. 13. The conposition according to
claim 12, additionally conprising an additional therapeutic agent sel ected

froma treat menfs fige oﬁh%&ﬂ?@iﬁfd a%cd?dﬁ%%é gny dMdof cﬁmhé Fa}tl Q‘Sﬂhe 3hufaflafeki Nson’ s

Di sease, an agent for trea Mul'tiple Sclerosis a treatnment for
asthma, awfa mthcamnlﬁtl famhattmtmeag@fmn aumnmmd@mdman mory disease, a

i mmnosuppr gent act or for treating

St r ok, DRI BBRE osflHE A RB0 Yk P45 ol Bl h s cant . an

anti - psyc hl@tﬁmlbgﬁag%ﬁneuﬂfdegdmﬁgeﬁthsfndér hispiadlicog jrpeilegomidbaldhebbhod of

i nhibiting GSK3 ki nase activity in an in vitro biological sanple,

conpri si nGEIYasPEH A28 ont act i ng sai d bi ol ogi cal sanple with: a) a
conposition according to claim13; or b) a conpound according to any one of
claims 1-11. 15. Use of a conpound according to any one of clains 1-11 for
t he manuf act ur el7. dihe asqrastosiamstiotcldinrl 6 wherbintshidgli@sigdisondes er eaditiontly i n a

Crai me. 1. Do Rtk pslia, HBo . CoERRA S SRR bRt "ot

aut oi mun@agkirsen’s disead, AlDS-assaviard eflb®as@yotfophic lateral sclerosis (ALS, Lou

Gehrig’s disease), multiple sclerosis (MS), an injury due to head trauma, schizophrenia,
anxiety, bipolar disorder, tauopothy, a spinal cord or peripheral nerve injury, myocardial
inférction, cardiomyocyte hypertrophy, glaucoma, attention deficit disorder (ADD),
depression, a sleep disorder, reperfusion/ischemia, stroke, an angiogenic disorder, or

baldness,

18. The use according to claim 17, wherein said disease, disorder, or condition is

stroke.

19. The use according to claim 18, wherein said disease, disorder, or condition is

Alzheimer's disease.

20. The use according to claim 16, wherein said disorder is a neurological or

neurodegenerative disorder.

21, Use of a compound according to any one of claims 1-11 for the manufacture

of a medicament for decreasing sperm motility in a male patient.

22. The use according to claim 16, comprising the additional step of
administering to said patient an additional therapeutic agent selected from a treatment for
Alzheimer's Disease {AD), a treatment for Parkinson's Disease, an agent for treating

Multiple Sclerosis (MS), a treatment for asthma, an anti-inflammatory agent, an



met abol i ¢ di sorder, a psychiatric disorder, diabetes, an angi ogenic

di sorder, tauopothy, a neurological or neurodegenerative disorder,a5Rgpa!
cord injury, glaucom, bal dness, or a cardiovascul ar di sease. 17. %he use
according to claim 16, wherein said disease, disorder, or condition is
selected fromallergy, asthma, diabetes, Al zheiner's disease, Huntington's
di sease, Parkinson's disease, AlIDS-associated denentia, amyotrophic |latera
sclerosis (ALS, Lou Gehrig's disease), multiple sclerosis (M5), an injury
due to he@Qnﬁh@H&ﬁnmé6“&%9@“&6&@@n$ﬁa9%kﬁ£Xne@bﬁ@ﬁﬁéﬁﬁhﬁﬂ&@%&mi%ﬁuoPOthy1 a
spinal cord or periphéral nerve injury, myocardial 1nfarction

car di oy odigaténgsjneke.tahageif forfreating pardiosascelar dissrsel @h japiidepdissant.darantiADD) |,

depr essi on, i .on/.i m a, stroke, an angi ogenic

ai Sor der . Dol R L BPAERE e LR W MRGBRT & P 27 wheratn o d

di sease, di sor dgid additioad detrdpieatic dgent is p@keriatd fr tHehdiscasebancoeakidignd o cl ai m
18, wherein said disease, disorder, or _condition is zhei ner' s, di sease.
20. The use acéf afiﬁfiaoqai therapeio et iR AR BITSIE 9eatheio e faly SOmPARHIAIGS 0 gi cal

or  neurodegener af {i¥fe dbsa8E Bt or dpardSl§ f¥kn HiFHTVINDnaS bt ot DgultPrAny one
of claims 1-11 for the manufacture of a nedicanment for decreasing sperm
motility in a maldospgetfoumt . 22, The use according to claim 16, conprising
the additional step of admnistering to said patient an additional

t herapeutic agent selected froma treatnent for Al zheinmer's D sease (AD), a
treatnent for Parkinson's Disease, an agent for treating Miltiple Sclerosis
(M5), a treatnent for asthma, an anti-inflanmmtory agent, an 02-Feb-2007

i mrunonodul atory or i mrunosuppressive agent, a neurotrophic factor, an agent
for treating stroke, an agent for treating cardi ovascul ar di sease, an

anti depressant, an anti- psychotic agent, or an agent for treating diabetes,
wherein: said additional therapeutic agent is appropriate for the disease
being treated; and said additional therapeutic agent is adm nistered
together with said conposition as a single dosage formor separately from
said conposition as part of a multiple dosage form

ST



