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WO 2007/125110PCT1EP20071054188 1 N-(2-THIAZOLYW-AMIDE
DERIVATIVES AS GSK-3 INHIBITORS FIELD OF THE INVENTION 5The
present invention relates to the use of N-(2-thiazolyl)-amide derivatives for
e Ysaimg and/or prophylaxis of a disease in which glycqggisysthassss
kinase 3 (GSK-3) is involved, particularly neurodegenerative diseases,
such as Alzheimer's disease, or non-insplin dependent diabetes mellitus.
Additionally, there is provided new GSK-3 inhibitors, a process for
preparing such compounds and pharmaceutical 10compositions
comprisind &M BACKE RYN D BEFHESRGERTION " 5Fi&Search

for new therapeutic agents has been greatly aided in recent years by
better understanding the structure of enzymes and other biomolecules
assElIdSF WHE Mv/ENgebKiseases. One important class of enzymes that
has bee Inc sublegl glextensive alydly 13ins RDIGARASES Y Ahvatves for
diseases are A580CiAtad with AbRormal cefufar r sponses'triggered by

profgif R3iaRY. ATsYRARQRIVENS . of e disqnise Y it IeratRotARTR kinase 3
d@qm%) itsflmvumamoryaaﬁselaﬂgzaqeu_ewe@gmﬁwdimsmdegemearaweheimer’s
diseases, Bﬁn&ﬂn&ﬁm%}saﬁ&mﬁﬂmaéﬁ%uﬁ‘d}&fﬂb%ﬁia%ﬁ%ﬁ@m% pdvided new

Alzheimer's disease or hormone-related diseases. Accordingly, there has
BRI SUBRRISHR BriBRIASTH A IEPIEMRE) (BHTRG BiStet kikiagmaceutical
intidnpesithas epmpffingiters therapeutic agents. Glycogen synthase
kinase-3 (GSK-3) is a serine/threonine protein kinase comprised of a

an j ed by distinct genes (Coghlan et al.,

25g ﬁ%ﬁg@ﬁ%w (2000); Kim and Kimmel, Cum

Opinion! R fodiewtberspeutia a9eobes 3R girRsINRIeeSdARRCRIN A88™S DY
gIymgenmrﬁtmai;mgmmwé})zf,uﬁagaacpbznéabraia)iébu@émﬁociate_d with
;%Tg‘?&‘i’rdlE&%&’s@s’?'QSWA"ﬂﬂp%ﬂHﬁW%YéséD&blﬁvz%sV\’r%‘?%ﬁbA&Jtﬁée'_ﬁﬁéat of

116:1175-1186). Dysregulation withinthese pathways is considere
a EXiRsiveEHIY SR R BB NERE B YRTE PRt RS G AP Hi ¢ abgormal
30csligér are tppesHsditib geesd (Kai danteiicifasEldmdBElntehventsH THegserdiseases
Opigiudiler. lasmmtand003i8:aa5- 56k IuMaRrimer sidissase (RiifoRyEA and
Jope R g Proga.li\\llgurpggot 2002 6?:39} _i4\%§s)éu?l>l§isd|§soerg earl?e§u|gh ansd asthma
mARIC depressive FS5aRSS aﬁad‘ﬁ%uﬁ?d%aenera Ve Giceasds. ana chrofic e
inffdghpinaen By dissrgers (MoatrthrRipted udsparasolAEAdTgle Mse Jhgp been a
Weasigaitial, dirttrm 20606ciA00 dherfitiry Thesadiseasecmae Wiibitors that are
Zoeqyelgt%%%%%%‘E@ﬁ%ggg%g%l% 2 be caused by, or result in, the
C

abnormal operation of certain cell signalling pathways in which GSK-3
plays aGlRegen eyaiRase,ddngeen R FhoRpPrSRRAREERAlT BRI e kinase
theocaginidtd of a anshbssfaime thabdor\earbtminedechnsdigirateasem (Dogblan et al.,
g:m&@y@tﬁmsgv{hﬂv@@fy?%@daﬁim ?nﬁ%@_@l%@%ﬁ?&hf&r Genetics
glycogen syn S e Mmicrotypule associate rotel au, the gene . :
R b (U e S R AR s o e o inase-
wéR SR uifits a@ikpilaoladmyéninus sherdalinkedisigraling eathways-gkle. BW,
CRBBd@ﬂdﬁERﬁ#.f ﬁ?FQS@:ﬁWFSGW@H@F?I@S@%@J&&?mmiﬁtﬁé’s@%ﬁthweys is
many. aspects of cellular metabolis roliferation, differentiafi .
R e B e o AR Sl R TIUA AN bisorcers,
stPaRdy PR i stieheigs) falirnedicEntlidsldar finket@aintdntaspeticHpin. Ther.
uragkiszole §:0aRal1gzAR Eastls dsdaser(Brvoss CANTERE, RiegiNResbiol.
ReY012088.33 248763, SRASN usBRs Wi Migucivaiay dRBRASRROTYIANAS:  and

and amyloid processing, or transcriptional modulatign respectively. 15The
né\%?&%ﬁ%ﬁ'é&i’%f’? R AAY HEpYSIRIPTMEIB PissEitin ddoalich K aluo J.
chRubietBAstiegodiiibldiginYhedordids bitpratiRie, AFiSRIZARITese dssasgmay
(AD). Both in vitro and in vivo studies suggest that A13 peptides induce

loss of effectiveness of the Wnt signaling pathway, and this mechanism
seems to be mediated by a destabilization of the endogenous levels of
p-catenin (Activation of Wnt signaling rescues 20 neurodegeneration and
behavioural impairments induced by beta-am yloid fibrils, de Ferrari et al,
MoL Psychiatry. 2003;8(2)195-208). Activation of Wnt signaling pathway

by lithium or Wnt ligands in AD cellular and animal experimental models,

diminishes the neurotoxic effect of A13 by restoring the normal levels of
12_ratanin and thea avnraccinn nf cartain \Wnt_taraeat crirvinzal neancce crich




25 components of the Wnt pathway would trigger some events which
could lead to the onset and development of AD (Signal transduction
during amyloid-beta-peptide neurotoxicity: role in Alzheimer disease,
Mieniepib& af al., Brain Res. Rev. 2004;41(13):275-69). The@rasencasfiss
neurofibrillary tangles in neurons of cerebral cortex is another 30
abnormality which occurs in the brain ofxAD patients, and
hyperphosporylated tau protein seems to be a main component of these
neyeanakde RO sisEdaUFo iRy taaaipsrafi o ahedman disesfiiRgiRithways in
an%cleni%gﬁt_grgpinsagtrslwith the axonal microtubuleassociated protein tau,
Woo0 H 2t al|, Proc. Natl. Acad. ScL USA. 1986;83(11):4040- 3). Tau is
a set of SR pPéteTIPREpiAL Rirsritew AR MerMtais Kibhof a number of
modgledesyIotiefeitiisapotdneseciekudicsyerctyrdsabe thidcaXetiad rate limiting
5 00@}&%@ﬁéﬁé&&ﬁ@%@%éog@#sw&%99%@%%95’@4&%(138@8/9%4&?%8ra°u, the

can be hosgrho_g ifferent microtubule-associated kinases but

G SE%p RS ERE POREE i 2 GARSIALo0 AV AR 10 o 2 el as
forAiatioitraie teaseofibsiill i tahots Sa@drob phdrs/tefitye, st Mum &R ERY proterPBa.

bymgg@&m&-m@ﬁi@t@?@m@a@gte@ﬁ@@% Myegéea@dﬁ@ynuuar) metabolism,

participants. Flaherty. et al., J. Neyrosci. Res. 2000;62:463- 5 472).

In(ferog{:%rt?{g fgéﬁ%@%ﬁ%@ﬁ!@ é\gl\é?r%) %e?r%ger the assembling of the

10 filamen{suraitttoriththiloneirGhisrif appt dReTese (G R e lerspiasa e davrise rovel
alteraticinaineftitiee e tidiseatmdatrefatechtamact afdeabasy(kdnghez A, Castro A,

forRAiRRe R RIALE M Ml CREMN e UbpRALHYl s 399842 %4 Pf%%?ﬂﬁlﬁnmicry,

Thus, phospharylation of protein tau is another key role of GSK-3 that has
an'fIRSRIS SRR ho By RIS PFRERSS PGt el JASETUPHQRal  modulation
phigsiegatively events occurring in AD support that GSK- 3 may be an

15 ?mportaﬂtaéaﬁgeltof@&ia Uﬁ&@%@o@fﬂl‘_&i%%%ﬁ&iﬁgt anoferdtw@&wa&w is a
in the Wnt pathway. but also for its influence in the formation of A ,
neHBRSIRISS EAe8 Kb IS RORBU Nordla AIAARITET g IARREFfo(AD)- Both n
inwitfeeghis iIPaikinsiodies Bisggest that 1A phgtiieo gidiadec nasaoftefistiivefiebssof the
i"ﬂ%ﬁé@&?ﬁ?g%ﬁﬁﬁ% Q_M‘WQ{E&MMQP E&%@l : Igé:(mm@g/v 6{{'&%&?Eﬁh§ation
reasons that provoke this event are not completely known, Wnt proteins
o 2 i EBORREYS 0 R o Ao ASEACE el SR coscues

20 Noruaieatonrefiqncane men@lsbimeaKneinhitiuey | exde o amyipicr datis, de
of tapHifteraniliorspimaRa DUDSE: PeseRs Kefktidheidwnt signaling pathway

inhibiﬂgln/betawa{ nin tabiu\ tioIrIL%Qain ventral midbrain t5recu sor

Qrs,.
ingr)éaseusmd%eré]ntlgﬁgnsi'n 0 o%eamlne rﬁ%ﬁ‘?gﬂ%, CREtEIS8rAnes Igt %'Ir.r,]

Céhesepwoloyic Effget 24)A87 By-Tgstoring Ske3ngikseapligysiarPinfestenn rand the
fT;@Qb#@éB’itﬂwthﬁ C@éhdﬁf avﬂpta@éiﬂguwmlr%eﬁh%mg%@h%rc}ﬂ@.tiq?g&ders in
glycogen synthase, enzyme that catalyzes the condensation
25 R NE e I SR OBl e SO T SRESITER AUl tea 1o the
syPif@is@ty AYRIPHARE obhet Rinai el eBarRsey T T AL4Ha BRI -Hsig-peptide
evenlretieninatesstheAtifeshef disiaie, iIfeelsalbaeed, SeaerRbsefenti2e04;47(1-
G i_rég}bitors have been proven to mimic insulin action in vitro and in
vivo madels (Insulin mimetic action of synthetic phosphoiylated peptide
inhibitofS DPEIFRB e SATRERAIRMH LSS BIoIRIN WS AT, SRR OB & another
30 Trbn2oeB305H(d): 974480 A drdingtorbassietpeandemtpé@DospsoliEed tau
InBiBtEANREMHES o DEAYRY & shipsHamestithesierkiitdha WesdareNNLrofibrillary
‘”Zé’” egeg}%ggg,g,apglstgrpee Zriaholes. i il Yisw ol the A00Ye, oK S stubule-
inAIDRGTS afe a po SRbal treatment of Klzneimere Disease, ar(i,qnsonqs
DidesRsEleatietes Hd\Wepde GtAke? diSEes @t Acad. Sph PR a 18RGIGS6T1):4040-
prejenas whoss onsix pokeinisegdas sartiatitenie allchies|edatkibHityodulates
35 MIGLORRICS araibe, ’E@f&]a?%??n?&ﬂr%@tithﬁQeaﬁngPKSA%QRWé‘E‘@'BPR&ﬂ%s. Tau
WO 2007/125110PCT/EP2007/054188 4 cellular organelle, especially for
neurons. The major role of the cytoskeleton in neurons is providing the
structural support to form the axonal and the somatodendritic
compartments, which are part of a neuronal network essential for the
correct function of the CNS. The cytoskeleton is a critical element for the
survival of neurons and many 5 neuronal and neurodegenerative

| diseases are characterized by abnormalities in it. Therefore, tau and other :
- arAtaine invahzad in the Arvtackalatan otriictiire mav hea aramicinAa taraate

iljishes
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10 Tau proteins are highly expressed in the central and peripheral

nervous system, and they are especially abundant in the axons of

neurons, where they contribute to the organisation and integrity of the
syoapéigigannections in the CNS. Some studies (Brandtggk/gez0d idialiss
Chem. 1993, 268, 3414-3419 and Trinczek et al., MCI. Biol. Cell. 1995, 6,
1887-1902) have demonstrated that taugis capable of 15 promoting
microtubules nucleation, growth and assembling. These functions of tau

ar%aﬁeg;séagﬁslsbuoma@ahgritﬁﬁ&@r{tdﬁi@m@&h@aa@eﬁt@m@%ge@ss MARIEIBK3B and

occ le sites of its peptidic y. kinases ar
phoalsk orylué ﬁgg r{ﬁese Sesin %n% itro, & g'ﬂo qetPe%re?ér\‘?v""erof%lr%’)fa "eumﬁb""aw

capaslesof AR reiRo Ofn”lb!m?ﬁaﬂaﬁh&?élfﬁ’ﬁghi’aP&@ﬁ&ﬁ@ﬁsﬁ%@qg Hinases:
batasxsm@twemm@&ab%&aﬁﬁdnwwham@eghasphwy!@&@d tRe4h@000;62:463-
%?}tqsdt Sinding 10, L!{]s%aﬂdt%’t‘r’.ther Rrotelns, LW Y e SO Rnts
patho %ca e\/ents may |sruptt alance gmeatmg the interactions
belifite rfautaﬁdﬂ?ﬁa‘?fb?uﬂﬁnééaaﬁéfﬂ|§§§§@ﬂﬁﬂurﬁé{'56¥ﬁecy?6é§%e?etﬁlf?faf'°" in
elemea@ePdanemMSammemm mﬁmjfumbaamalammrem(e Kibl. Chem.
tUglRAbLBURACSNS ANG 8 SHaserueRl (O IRIBRANAHUO BN 1S Bother

5 neurofibrillary tangles (NFTs). All'these changes

finally aggregate into
prg%k%% ‘ga%étPJEﬁB’iﬁ%ﬁh@%‘?&ﬁ‘iﬁb@%&?ﬁ\%‘t%? §§Qtem along the
axons tohese $yetapeteddadiirrpisipadicat avesfin eceomabfiordiisasrandhat GSK-

eveRteaihy @ﬂ'lrﬁ@&tbnt tarddiyss slirsaandationnl eaas RaeIiiheL @ Haibation
the hallmar peur lo |ca disgrders, co nly know,

tauo'})% h‘@'f |(\:'ﬁ:l greucth%\?gctoérl'ze ﬁen\% érh ta nSF%aogcgurﬁjla?fgﬂﬂg Hllary
tadefi@sents in the brain. Some remarkable tauopathies are, among

ot_hers Méh@%&@@ﬁ%@r&mﬁm@mﬁgwwgnr&chemmﬁ%as%ease A
g@gf %igg%gpqﬁar ”Ff&f&'%#%‘?sr !Iﬁ gr%s F?e('g‘le‘§2>acre th%r nsav%Rthproduce

own's sg drome or prion proteln cerebral am
Mé?ﬁ?a(@ﬂ!ﬂ%rﬂ'tf@é'@ @ﬁé@%%?&ﬁié&ﬂv@ﬁﬁtﬂ@@i&'ﬂkﬂfgmﬂ Beto YK“OW” Wit
digretpinaticn850f tapaadtactz mulsd afiffefetizagiaidpptagse sf tihesatmerve cells.

mN&IRQHQQJBH'%?' ﬁ‘@Q{&ﬂﬁklé’vel\é"QyZQQK/é%ﬁﬂnWE QTJEA%ZBOZAO%}%%% of the

Alzheimer's disease. Some authors (Price et al, Annu. Genet, 1
3 ARyenkgten o @@ma@efﬁl@ﬁagrm(ﬁ%f %@é%”@’bﬁfﬁ’f’/%@)@éﬁj’dbé’taﬁﬁ’é@t’on
anylvihipaitholdbygio covrspstr acnee$¢au difitealiingipnaltiougbptingne | ek dons,

m@@lamsmm\beengt begsy @8%%@%9%@%»@3 it49.thought that
depositjon o f| rillar amyI0|d begl mduges the 5Ph0? hogq a}tlon of tau
ﬁl Ing e ﬁ'] H

which | v%%’éaﬁﬁe%‘ed‘?B% Yegh &R &RV Slafesuin
oftttieugh étml rBRaRGArviatiaacolu alytear G SKtBasazheecazymel hattgatalyzes the

pr@csﬁu*erh@mraod@@@bﬁ@m&ﬁmgﬁo&&m@maampmwmbpm%%ﬁ&ﬁsﬁ&ogen
ang Ry sRperialbraeHonal andORUIORRIRNBIANYE AR enuates
thereisan e OI‘ §|ng efrective |n?1 Bfors (0} Sal me an
prtsl@.ﬁffﬁﬁbgﬁwbﬁ*g)laﬂarmvﬁlm t%%er@hﬁeé%wﬁv@ .E@fﬁ@ﬁﬁs ffav%ﬁaee"
treadueantoofmtuichidisirasetoarid disoratet 9n SWdIMEHRY @isalitmimetic action of
WPH;OS ﬁJ)ﬁé?éS%?é%%Vﬁ{iﬁm&QfBV 5536l ATNHAEEXMPUR ISiotkin et

name 2- thlazol amide derivatives, eflnedg%/ formula (I

e B ESPaToE oA TREINS Ao BT s T, ggmenta
thiesuts, useﬁmtlmr Qﬁ@ﬁiéétmemﬂ@ﬂdlsdas@@an@ ebadlitiote\iteateignt of insulin

GRKistntysna e -agasgially neuronal and neurodegenerative diseases
and copditions. Nany, of th nds addltlon n inhi .
effect opn thu pro%elngp ospeﬁ rl'oLr%) {\j/vﬁlgh ?SBO at'%! arr?allr{]n egtht?rﬁzﬁgnl?lers
mQﬁ?%@uP@d@@‘@iﬁ&ﬁ@%ﬁsé@é@?%‘ﬁ@%@rﬁﬁ@ﬂﬁ%a@ﬁormuIa (I) may
even haize B duahibleofqrdteintinghoss dprnievierdingdagslieab@abiing microtubules
NSRS IRNEAINAYSEASER: manCEORTIBAYt 'Bfatﬁla(s&?ﬂégf‘e%tﬂhe BRER4 rtant

invention provides the use of a compound of formula (): 0 / N --k(CL12)T
NH
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R2 X 25wherein Rl and R2 are independently selected from H, -NO2,
halogen, -NH2, -CF3, Ci-Ca linear alkyl and -CN; mis 0, 1, 2, 3, 4, 5 or 6,
X is selected from: 30- pyridine, bonded at any positions 2 to 6; and -

e Ryl MéQ2007/125110PCT/EP2007/054188 6 or any phagnasaidtieadiss
acceptable salts, solvates and prodrugs thereof, in the preparation of a
medicament for the treatment or profilaxys of a disease or condition

mediated by GSK-3. The compounds of formula (I) may be used in
bicleglialRgsave MEEEEH e R ARSI MESASIOJ Qb dRIREbN in neurons
Th%ref%l;/el iinn atrt110ths?rrua rant ut ne rlp \{en}icr)rr% r(;hfers)go ¢ ealg%e tﬁ];a matodendritic
comp%ung of formdia fll??as éeﬁ%%d aQDo(\)/e, or %n?/ SR of solvatesfhereoﬁ

as YRHPEVETBI NEYRN &t § 30 Ska BeH BRGIgikeIrk ssagRtiabferéiapniragt Bunction of
real$i\GNBIr Thbibytiskkéhtdh- & activtibal Aldthéhefonsipe stoiviiefmenii®nand many

refes g e ifing SsailaRtela dsears dqdRWih Grlinlfies in it

involved, comprisin inistering to a patient in need of such treatment a

aam
theTr*é‘i{E(?{%afﬁ)Jeﬁ'é‘gt%eén%‘Efﬁ%f YPLeSt BhdhEoRYSHRIGIR GiHENP may be
forpmertas{ily darggithtantiedeediveint ohmpogitienrtnet eof. earadetitoeralies gigotders.
of the _inmgﬁbb?@rﬁ@yﬁhgqm%m&ﬁggo@h”ﬂl‘ﬁ&sglﬂng DicHBYR §84B, which
Whr‘%éﬁl{é: in six different peptidic chains with molecular weights between 50 and 70 kDa.
Tau proteins are highly expressed in the central and peripheral nervous system, and
they are especially abundant in the axons of neurons, where they contribute to the
organisation and integrity of the synaptic connections in the CNS.

Some studies (Brandt & Lee, J Biol. Chem. 1993, 268, 3414-3419 and Trinczek
et al., Mol. Biol. Cell. 1995, 6, 1887-1902) have demonstrated that tau is capable of
promoting microtubules nucleation, growth and assembling. These functions of tau are
regulated by phosphorilation / dephosphorilation processes which occur in multiple
sites of its peptidic chain. Many kinases are capable of phosphorylating these sites in
vitro, although there are fewer kinases capable of doing it in vivo. In normal
physiological conditions, there is a balance between phosphorylated and
dephosphorylated tau that regulates its binding to microtubules and to other proteins.
However, some pathological events may disrupt this balance, eliminating the
interactions between tau and microtubules and disassembling both cytoeskeleton
elements. Phosphorylations in other sites of tau induce an increase of tau-tau
interactions and a subsequent formation of tau oligomers, which finally aggregate into
neurofibriliary tangles (NFTs). All these changes provoke the destruction of the
microtubule transport system along the axons to the synapses, causing impairment of
neuronal functions and eventually cell death.

Thus, disregulation of tau has been thought to be the hallmark of many
neurological disorders, commonly known as tauopathies, which are characterized by
an abnormal accumulation of tau filaments in the brain. Some remarkable tauopathies
are, among others, Alzheimers disease, Gerstmann-Straussler-Scheinker disease,
Pick’s disease, amiotrophic lateral sclerosis (ALS), Creutzfeld-Jakob disease, Down’s
syndrome or prion protein cerebral amyloid angiopathy.

Many current researches are focused on the relationship between disregulation

of tau and accumulation of amyloid plaques, the other main pathological hallmark of
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R1 and R2 are independently selected from H, -NO2, halogen, -NH2,
-CF3, and -CN; with the proviso that at least one of R1 and R2 is different
fromH; mis 0, 1, 2, 3, 4,5 or 6, 200r any pharmaceutically acceptable
spisoeniyadas and prodrugs thereof.  According to a furthggpapaehddisss
present invention is related to a novel compound of formula (1), for use as
a medicament. A further aspect of thg present invention is a
pharmaceutical composition, comprising at least one novel compound of

formuHaiklde QVd%@)ﬁé%héﬁﬁécﬁHH&%”éP@&P&Pmﬁ %J& @&%JQQ%S%V@@ -493

there n carrier, uvanto vehi

Fi SRt A8t e 1Al U483 e 20 pRoloay occurs
pré@g’frggghqutﬁ@\;@tbgﬁqyogﬁﬂ@ughfgm[g@tgq m&ghanism have not been clearly
2067;5&2&1119501/ @Mﬁf@%&B&Jp&EﬁdNbE@oEDESG:R&BEICB&QIﬁcIH&s the

foRihélbion B EARNEGEIANNI S HROUIGR g () the

foI owing terms ave the meaning in cated Mear a'ky[" refers to
a linear hydincashight ohasiatsadingl K0asiStHRB@MocRIRRAtaANs BERGIRRYme as

at%ﬁa%‘%&‘&%’?&'ﬂé!n”f?a’d@%a&lf%%ﬁ mpﬁn?%%‘i‘ecu‘?'&bsé‘?e%’%%] e jn‘%’ﬂ%aﬁ”o‘i’seases

which is attached to the rest y a single

m &MY SRR FHRARAIA BRIEANS- ﬁ%ﬂﬁ“%%ﬁ@%d'@ré%%%m&% need
bréendndingreffenticd misbitsttoe stidneairse aspect the presanphinventigation, in
Prevides tiRausereti camprand- o hutre dionvhsiainttakband |alg.orders
are independently selected from H, -NOZ2, halogen, -NH2, -CF3, C1-C
linear aIkyI and -CN; m Is0, 1, 2,3, 4,5 or6, and Xis selected from: -
pyRelREATINE BRSNS 2 to 6; and 20- phenyl,

The present mventlon provides a family of compounds, namely N-(2-thiazolyl)-

amide derivatives, defined by formula () as detailed below, displaying an inhibitory
effect on GSK-3. They may thus be useful for the treatment of diseases and conditions
wherein GSK-3 plays a role, especially neuronal and neurodegenerative diseases and
conditions. Many of the compounds additionally show an inhibitory effect on tau protein
phosphorylation, which also plays an important role in many neurodegenerative
diseases, so the compounds of formula (I} may even have a dual role for treating or
preventing neuronal and neurodegenerative diseases.

Accordingly, in a first aspect the present invention provides the use of a

R S
RIN/>\ /“\«?H I

X

compound of formula (i):

wherein
Rq and R; are independently selected from H, -NO,, halogen, -NH,, -CF3, C4-Cs

linear alkyl and -CN;

mis0,1,2,3,4,50r6,

X is selected from:
- pyridine, bonded at any positions 2 to 6; and
- phenyl,




10

15

20

25

or any pharmaceutically acceptable salts, solvates and prodrugs thereof,

in the preparation of a medicament for the treatment or profilaxis of a
disease or condition mediated by GSK-3. Preferred compounds
weedogrias fresent invention are those wherein X is 25pyrigipg/ep206ihaiss
preferred compounds used are those whereinmis 1, 2, 3, 4, 5 or 6.
Further preferred compounds are thosegvherein mis 1 or 2. Other
preferred compounds used are those wherein the halogen is fluoro, chloro

or ipdsh3PkRyemhethesRre iR AAMpANNd NaRd ARuthPSEWREIRIRAL in the

least one of Riand R2 is different form H. Other preferred compounds are, .
th é)sr%p\?vr ’gcr)gi H#oang'% I%r%%né%&%se&e%nt or plgﬁFaxns op a disease or condition

200PHiztsd ppeEH /B P2007/054188 8 Preferably, one of R1 or R2 is
NO2. Tihs compeuptaiefRehtaapadadsaledhas eivbiHtein agsoltiteaNdsSK-3

R2,j s H.
%b%xl}!?r?eéﬁldtégb% %&rt]?gﬂ%ei ﬁ‘ég:%}r%‘?fﬁ &B%g? Emﬁgﬁﬂ/gﬁtéheré%%‘?o the

wherein R1is N . preferred compounds are those
wHEfeR! BB WA DYE € 2R eHred APRYeICHAEA B AIote FHerkgeaeT as
coregaive dorarecthdsingvEBEH Rl oCb@at #24gsH prefoabdingsteareactive for
prﬁfﬁmgggqggmm_the compound of formula (1) used in the present
inventio/pfis f§elected fr?{ﬁ the fo!lowi com outr;‘ds: 02NS \H N /.\ OfZNdl
10or any Hﬁa‘?ﬁ?‘astggﬁttféa ? 5‘&’88;')?36 SN S, gbefvé’t%:fso%'ﬁ B?SHPSQ%O adisease
thétedtich GRitRrsHevakade efrtmesiie ssimitisiertiono & digiedemneed of such
conmnglitinenine didtiegdiyidafyKeBortransnidiseas R et cardiipnpsudishgeneral
GRISrRIlS (INUPY Bk RIS B %ﬁ%ﬁ?ﬁg%o?o”d'“o“ requiring 65K-3

inhibition.” Such disease or condition includes, but 15 is not limited to, any
diseasé‘BPEdHERRbASea Rt cldberibyrntipaya feBoVR) samerIe d sEsrmtdriWiith
diabetes, chronic neurodegdherativ iti including dementias such
ogressive supranuclear
palsy, subacute sclerosing pane ' iIsm, postencephalitic
&M-dementia

einker disease,

()
wherein:
R1 and R; are independently selected from H, -NO,, halogen, -NH,, -CF3, and -CN;
with the proviso that at least one of R; and R, is different from H;
mis0,1,2,3,450r6,
or any pharmaceutically acceptable salts, solvates and prodrugs thereof.

According to a further aspect, the present invention is related to a novel
compound of formula (1), for use as a medicament.

A further aspect of the present invention is a pharmaceutical composition,
comprising at least one novel compound of formula (I), or any pharmaceutically
acceptable salt, prodrug or solvate thereof, and a pharmaceutically acceptable carrier,
adjuvant or vehicle.

Finally, another aspect of the invention relates to a process for the preparation of
novel compounds of formula (1).




WO 2007/125110PCT/EP2007/054188 9 angiopathy, corticobasal
degeneration, frontotemporal dementia, Huntington's Disease, AIDS
associated dementia, amyotrophic lateral sclerosis, multiple sclerosis and
REOHIbRABIAsIC diseases such as acute stroke, epilepsy, MaQe-HisAFRE 188
such as depression, schizophrenia and bipolar disorders, manic
depressive disorder, promotion 5 of funetional recovery post stroke,
cerebral bleeding (for example, due to solitary cerebral amyloid

anePAINTD bggdmmpgpyq-ﬁmmogmc cardiovascular disease,
hyperteps sjon, Cystic.ova narome | aemla

oy, QLR SN B0 AR 2 T BB e BB Pave the
syAHIHAE indisHeBody disease, inflammation, chronic inflammatory
diseases;aantesandkay perproliteeativeat Ogiseastsmsiiyipesaiosiasmiding of

5 'm%%?]dsﬁ&'ﬁp&%gen Agrﬂso r@éﬁ%ﬁﬂ]& rﬂ? %'53 'P&n&'ﬁe Fﬁﬁgl (§< Q"o six carbon

condition Is sele from p %Tﬂ ssive supranu ear pals isease,
coRivpEY w@awaﬁwfa BisiTo6Fae H@'ﬁ%‘ﬂlﬁé’yﬁlﬂﬁ%%ﬁ% BigedBEhy!
angjinttoppiicpidteralistlemsisyl ratdtiple sclerosis and neurotraumatic

dlseasewugsnase?&gie SERKFo, BRUIBBSHuRD BFiis YRR BHEN as 15
depres§|onr ?hIZ %nla and bl olar disorders, manic epressive

dlsorder pror?no R ?8%1 ree&)%&rovudsets tﬂ%ﬁgeg ?e%?QF’Bt@é‘o%&"’m”'a

10 (fo@)example due to solitary cerebral amyloid angiopathy), obesity,
syndrome X, ischaemia, brain injury, especially traumatic brain injury,
Down's syndrome, Lewy boqiy disease, mflamraatlon chronic

inflammatory diseases, cancer erprollf rative diseases as

hyperplasias. More 20preferably,|the ase ondition is selected from
Alzheimer's disease, diabetes, Parki on'sH:liseas CHpllepsy and mood
disorders.  Unless otherwiSe stated, the compournds of formula (1) used
in the present invention are also meant to include cmpounds which differ
only in the presence of one or more isotogically enriched atoms. For
example, gompounds having the present 25 structures except for the

15 repb@@@ﬁ@@a@‘&%&%ﬁ%ﬁé&f‘é&@&'QFE&#W'W RASRETeNREEBENtC -,
of a arbon or 14C-enriched carbon or 15N-enriched nitrogen
are Iﬂ??{ﬂ% s%%%pe of this invention.  The term "pharmaceutically
acceprapfe sats?: dofvatds @rdprodrugs” refers to any pharmaceutically
accep(tagtg@@@ad @star, solvate, or any other compound which, upon 30
administration to fhe recipient is ca able o Aro iding (directly or indirectly)
a compo a%é)d%s%{ &g herbin ﬁo?/v%e\[/e% atV(%III" be appreciated that

20 non- pharﬁ#ﬁ’@ébtlcally acceptable salts also fall within the scope of the
inverdyn [giaceatttosiealiyaydoe pisksitul saltthesprheyar adian plogdhagteeedicatythe
s EpARlEH Gl L B AR BION. OfesEnPER RS, A0 P ENLNE S Bbhation

8@‘% out by methods known in the art. WO
0N =P20071054188 10 For instance, pharmaceutically

acceptRistersedtscofmim ndsmyssuin s thé foraseld (hvendosy athettigss frioeretineX is

25 P@igRifomMpound which contains a basic or acidic moiety by conventional
chemica) eth ds. Generally, such salts are, for example [epar d py
roncting IR FeTein Y B R PR G MK o 2 5 4% or
stovEiRIREisEethtatresNYs e Hiospopiriaintadelor Zeid in water or in an
organioselvprifard compsities afsdieate thdse paedy, themacyeidsIiors]ienioro
like sther, ethyl acetate, ethanol, isopropanol or acetonitrile are preferred.
Examples of the acid addition salts include mineral acid addition salts

30 such aE"‘FBr%@&(rﬂiﬂ@"ﬁQd?‘HBﬁR&W&é UsGHBrBRTBINNGRIPb B et Feand

nitaitedifierespleateHand organic acid addition salts such as, for example,
10 acetiter Prdaria BHBBIAIR SEMSONRARAH SHEGHEIEndatRtR, malate,
mandelate, methanesulphonate and p-toluenesulphonate. Examples of
the alkali addition salts include inorganic salts such as, for example,
sodium, potassium, calcium, ammonium, magnesium, aluminium and
lithium salts, and organic alkali salts such as, for example,
ethylenediamine, ethanolamine, N,N-dialkylenethanolamine,
triethanolamine, 15glucamine and basic aminoacids salts. Particularly

favoured derivatives are those that increase the bioavailability of the
s comnniinde aof thic invventinn when cirich comnniinde ara adminictarad tAa a
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The compounds of formula (I) or their salts or solvates are preferably in

pharmaceutically acceptable or substantially pure form. By

pharmaceutically acceptable form is meant, inter alia, having a

Rh@rmagetitigally acceptable level of purity excluding normapcr/ep2007/054188

pharmaceutical additives such as diluents and carriers, and 30 including

no material considered toxic at normal gosage levels. Purity levels for the

drug substance are preferably above 50%, more preferably above 70%,

tmhost prpf-sf@f%bry@fbﬁy%&ﬁf/le)x Iﬂzasfqn@fgrﬁdsew?b@dmma E&%\Aﬁmqﬁose
e compoun or ! r of its salts, so S or prodrugs.

T o R S e R ) e compayros

35f5BHIREE (MaTaY Rcki®ehBaifiBrs depending on the presence of

chiral centiespesfeso eanpgdlindsl 2PEJIIE RRORH né 18R] higoRIassC! and the

deppRAing QLIRS RIESFAER Y MBRIRRA théSSnters RNE SIRAIER, is H.

isomers, enantiomers or diastereoisomers and mixtures thereof fall within

the scoé@%ﬁﬂg I S BIRISHOE RIBROCREN oFH BRIRRRBF B ARLTY ) hisPadn the
usetksariokegital iassipted reneiheGdkwWg 1§ cantivdyndseds to be

modulated. Therefore, in another aspect, the invention refers to the use of

a compound of formula (I) as defingd above, or any salt or solvate thereof,

as remntive fax modulating GSK-g1h biplogical assays, prefegably a N
reactive f {lr;%mq;g GS furtRelfaspest of the lgventiEn |
refers to od foryréati r enting a?@sﬁ;\j i

condition in which GSK-3 is involved, said meth mprfding
administering to a patignt in need of such treatment a therapeutically
effective amount of at least one compound of general formula (I) or any

salt oPgtivate thereof, or a pharmgaceutical itign there§f. Another
aspect of the in ifin rel4te a npvel compounid of jarmula (I): N
wherein: R R2 are iNdepéndently selected fr , -N©O2, h oge?r,

-NH2, -CF3, and -CN; wit®the previso that at least one of R1 an R2/is
different from H; 20mis 0, 1, 2, 3, 4, 5 or 6, or any pharmaceuticall
acceptable salts, solvates and pipdrugs thereof.

are thddewhegein m | 2
those WhSe\ﬁ is 1 on 2. Other preferred co@
the halogensds ffuo do. Even o X

NO2. Thus, more prefergfi compounds al
R2 is NO2 and the other is H\ﬁ% more
: H
N

wherein R1 is NO2 and R2 is /

or any pharmaceutically acceptable salts, solvates and prodrugs thereof.

Within the frame of the present invention, a disease or condition mediated by
GSK-3 means any disease or condition in which GSK-3 is involved, preferably any
disease or condition requiring GSK-3 inhibition. Such disease or condition includes, but
is not limited to, any disease or condition selected from diabetes, conditions associated
with diabetes, chronic neurodegenerative conditions including dementias such as
Alzheimer's disease, Parkinson's disease, progressive supranuclear palsy, subacute
sclerosing panencephalitic parkinsonism, postencephalitic parkinsonism, pugilistic
encephalitis, guam parkinsonism-dementia complex, Pick's disease, Gerstmann-

Straussler-Scheinker disease, Creutzfeld-Jakob disease, prion protein cerebral amyloid
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WO 2007/125110PCT/EP2007/054188 12 Other preferred compounds

are those wherein one of R1 and R2 is Cl and the other is H. Even more
preferred compounds are those wherein R1 is Cl and R2 is H. According
R @ fefpyag embodiment, the compound of formula (1) is selegipgh§r331ss
the following compounds: or any pharmaceutically acceptable salts,
solvates and prodrugs thereof. ~ Unleggs otherwise stated, the novel
compounds of formula (I) are also meant to include compounds which

d'ffﬂg%%{? f&?n%%é?él%% n%ﬁ.&r WBt@H&%PAF@QM&Q@WJmﬁ&%Q%ease
ample, comp unds avm en tures exc

iy S R e Gk i A
of ReuE IR dig@sey $4D- @ﬁn@«hé@l shiplsen enilasiy-anershciberidesg egych as
areaps%ﬁéidbesaﬁi@aﬁnf@fntbImbwwwmusﬂf@atermbrwaém@&ww@aﬂwer promotion

acSF%ﬁEﬂSn%‘?'Fécé\%&i?stoétPéQéjr%Q%bFS %I%égma%?{ 6%1 ﬁ[_lﬂ% Co‘?}ét'?@'%ntary

acceptable salt, est vate, or any other com

ad?ﬁfﬁ%’ﬁ'aﬁlbﬂ% ﬂﬁ'@'?@éﬁfﬁ’éﬁﬁ% 'eé‘bé%?%sﬁf SFBVB?H'SFRH%EEW?%H\%EWFSG
a typypieusidras pdagstie cbheteisydoweyesyitdnith®eXapsrbemtdd thedin injury,
nogsphisara iR AR aARIR RIS JsRJMhItHAWRE éﬁ%@n@é tr|l§wy body

invention since those m be useful in.the aratlon of p aceutlcf
U EBTRBc ARG ISP TS SRGHT o I0RTePHE AR e
bedisaaied aubypemwlasirsdndionwnpdelicienty.  For instance,

pharmaﬁwﬁtaélye@cm%amme:ﬁa{% qigéh%@@vebﬁ&mﬁwQ@isdﬁof%nu;bao@besswe

éhzredpgﬁ‘s)mt Riearept Rl Pound. whleh Cc?entg‘rllgfaﬁ‘oﬁuajtpgg{otemporaI

aclélJ m0|et y cohiventional C emlcaf:metf\zllgas Gerierall
ar@e?@ﬁre'iaél‘ﬂl%"%f"é'ﬁa?@ﬁﬁ réaAgRAe f?é‘%%ﬁ‘t‘i%‘?%%é@%?l‘ﬁss@?ros's and
theserctanpatindiisedides Aicktaichicnte kimken epitmsliheppdijonddes bash as
0rc?éHQéQIHHaL%hQBHHr@ﬁ‘ié’éﬁé%&?#%@ér@ ﬁéﬁgwﬁéggﬁeedm@der promotion

Generally, non- a%ueous media like ether, eth | acetate, ethanol,

isObripLIRI e "t%‘fP{|tP‘Péta?E°5Fef8?F88rat%ﬁ%‘Bi‘@s ({ruamRie a JHftidp solitary
satesed 2adqidl 2adidBRQY AR SI00 B0 IeS X Iseiuiauia nhirér dtdoidespecially

a%ﬂﬁﬁtﬁﬁﬁﬁaﬁﬂ%ﬁs [f@%ﬁ%aéﬁﬁ&ﬂ)rhb’d[@mkﬂ&@? dieebramifehation, chronic

hyd 0|od|qe Ié) ate, nltrate hate an q rganic acid addition salts
lamm l’% ea es ca C}fgjg&} rgliferative s ases as I%ﬁerplaSIas More
SUC xampe aceae ma umarate CI rate, oxa

SLRfélfﬁéﬁE’}'téh?a‘i‘@eﬁ?&Iaﬁ'é@ﬁﬁﬁél@l&téeiﬂ@ﬁﬁ’aﬁ%umﬁﬁﬂaﬁé%Htﬁ‘ease diabetes,
p-teltaessldikensécefispanzies rabsbeliabtadrs. addition salts include

inorganif, salls, aiuelias sftQEe%X%HéDL?uﬁ&&JHE@ BRI %L%H”b the present

ammonium, magnesium, aluminium and lithium salts, an anlca kali

SeANLSBlIER a1E AP EXGARI NGBS AR S Rk e prosence of one
N od-diat&yisrertaliy leminhedtagiman Glemera) ik ceomipeadrl vadig the present

HRRRFIASRBHS: Bafﬁ@u@faeéea@w&da V@g}efﬁéyaéedgam&h@lé IRBIRASS the
the |oavallqb|4lta}/ of the 10 cg mventlon gﬁh en. su ove

S0 c
paocﬁbn et rrnl?ﬁ's?ered o gnf' C r A Iowmg an oraé1 nn(mgen are
adYﬁWﬁéf@ré@Pé@ﬁfﬁbﬁW@@tb@ more readlly absorbed into the blood) or
which gnbasee @ahmwaftﬂmm@mmmmndot@awbw@mmgs refers to any

COMBANSHES éQ&&H@'Ea 'é/ hé"ﬁlfa?s&?’éw SlRLVEIR 'ztr}lfn BARR, upon

species. The n@)vggfcom oun ormula be in cryst orm
euﬁ?@i"él%“ﬁ&%“l‘% @8%&%&?6@8@%%&’8&‘?@% “‘rﬁ';‘?&?‘é&%@%&fﬁf‘i*@'?sa compound
intsndesktihatib btheiornitoarsawithinvitiie st o etthiedoribsé ntampdatioaceutically

M&‘é@é}%b‘ﬂ solvaliear G/ﬂﬁﬁ‘ ﬁ(é@é hYithihibe Qﬁ%eﬁHH@é’lﬁa%QMcH@éful in
harma eutlg&%| acce e S0 va{?ﬁ? 38\‘?? tlcular embo |m nt the
0

a?&ePsa%? 'i"i’]%cﬁ XSH?SB PS5 BHen S EtsRspdrues
sdwt@'ﬁ@/m@@ébI%m‘@bophbymémﬂﬁ?dﬁlwa@@émaﬁle or substantially
pure form. By pharmaceutically acceptable form is meant, inter alia,
having a pharmaceutically acceptable level of purity excluding normal
pharmaceutical additives such as diluents and carriers, and including no
material considered toxic at normal dosage levels. Purity levels for the
drug substance are preferably above 50%, more preferably above 70%,
most
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25preferably above 90%. In a preferred embodiment it is above 95% of

the compound of formula (1), or of its salts, solvates or prodrugs. The
novel compounds represented by the above described formula (I) may
Welugs gaaggiomers depending on the presence of chiral cest &S No7/054188
isomers depending on the presence of multiple bonds (e.g. Z, E). The
single isomers, enantiomers or 30diastefeoisomers and mixtures thereof
fall within the scope of the present invention.  The present invention

further prg\ideshBh3RaRRSLLIRRLAPIRSEIAGDS SRTPHRINGABIEASE BGHRIa ()

com oun% of formula l% of the present invention, or pharmaceutically .
acBBptyBiLeERe ord d’§E?PEF@P&%‘?&B%‘@P%%%‘%@SFWW%S'C or acidic’moiety by
phegnvacienitihemisee prelbrisatreeeralijuseett, seity @rdclier forample, prepared by
adredaisiationée acRpeese W QP tded sdPsatdE REPQ HRRALBEH# amount
Exaries gl pharmacedlical camaesiions indude a0y ol (R0IGHR % ine
capsules, é)r nules e C.) or‘flquid_ S(_)fu?lons, sugpensmns oremu SIOHSS
coﬁ’fﬁo@ﬁ%‘ﬁ%ﬁ Sriasiness oresiadikee P ld RiisaesiRip. Bhanstefeapepancl or
enabedmieint dhe phiemedcExticpleoofpibsitims additionosaltsoimdube Suiteraleacid
dosgsiRsms s csabrdminisirationmiay RsufabiRisend saesiesandyBdodide,

contain conventional excipients known in the art such as binding agents,

forr BRAApI& S5 PARSRIA Y A1 AT L8P T AN Rt Such &S, for example,
poigetatdpyratdrionéinfakats, folraisaoyslettactoednatagartisiaizenaiatectnandelate,
CajpédiarrOpRbAIe %%EPBQb%Sé)é@iBfﬁbrtameﬁkléﬂublw‘ﬁmﬁ% Em*adamish salts
magnesium stearate: disiptegrants, for example starch,. , ,

1 OhARa 1 darl Sette Sich 5 1 Skatiblf, SCHALD, polcssium, calejym, ammoniu,
ceMBssiBr FaRREeaRt difjunt salstabd FretiiRlEt saisaernRs SeaRFMPle:
laety)isultidianine, ThetahdiaraheompoBiitisy mathaequepared yethanolamine,
co&y%gg@wgg@g%&l&ggmsﬁIIing or tabletting. Repeated blending

operations may be used to djstribute the active agent throughout those
compoSiaBiEEh, Sreoned Srivalven A D arsiftnrEass, e Hinaaighutyof the
corevepnimdaldhtitfsa nven titnevizes stechnegriorusda@rpledneniateres éraoatient (e.g.,
Pf@f)élw\?fﬂyﬁﬂo&aﬂlvdgeﬂﬂﬂﬁa}bﬁc&ﬁﬁ%_ GLﬁ\\_‘aCtIU @@&Fdﬂ%ﬁ&ﬂﬁ%%b’éﬁqme the
in,normal pharmaceutical practice, in particular with an enteric.coating.
e e SR e SC oS atind B SRS £ bariment
adfthiSieabiei AurhrietissHresl irlatie ©UBpEAMBHPEFdFophilized
productﬂqmdbtapma@@;ﬁpdmﬁelumi; d@aagetfwvaemlmaigz BXGipbRyERIGaE form
besRshSHED ASIAtIG BOSDIS.IDMEE RS AR SHTRGAAENded F]FE? both

mentioned formulations will be prepared using standard methods such as

thSRHREHIER B saerra toeinraners pasniionhethede Rhsrivlispsmgenerally
arkoasim ivethie fib eeart eSigietisle 2siva tpsnastr atiemetehticalyvat cpaplewsudisies. In a

fopamiaish ansmrestiens ipliihs pigeeatinvention may be by any
suitablq_r@ethod, sugh aP Fétraven us inIusion ral rpre arations, an

intraperitonggf]gﬂ%nlnstrgve %Lélaa r}liﬁlrstpaetilroﬁél ral at ?r%%strgf%rf) i qerably in
prffermassdicaliseastentablenveinisHestdnliathe patfentasmd thy chhsrnaceutically
chaeptanief farans ohéaat disRasas o denientgthraateancnnlly e miiastiveel of

% . t of ; . i
e A L el AR ane
bRl it BAE PeCRRSIgRTaST %Cs%ﬁf@?@.ahwm%ﬂ?&%vé’ WEmsYeIRder the
wiltigpaibtadneeca dini npstdretblpngboge NSO, timae apdsiyrablyexbnvele70%, Bost

2%;@%‘% dailye Wi picpldRIALAIRIN BRRRITR I085R0ESAS &AM Cokrifbund of

T (167 oY ts St Solvaiss or procrugs. 0 0> o0
The compounds used in the invention represented by the above described

formula (1) may include enantiomers depending on the presence of chiral centres or
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15  The novel compounds and compositions of this invention may be
used with other drugs to provide a combination therapy. The other drugs
may form part of the same composition, or be provided as a separate

PG HeRsitien Jor administration at the same time or at differepg¢Hg8o®los41ss
another aspect, the present invention is referred to a new compound of
formula (I) for use as a medicament. , Novel compound of formula (1)

can be obtained by a pathway strategy which comprises coupling the

CO@B%%%%QN&!H%MQ%%&%H&J%K%@?réa&h%?w%ezelﬂ TheBily@.idomers,

a thiazol of for 110 erein R1 and R
argnﬁaté%a?{aewué QAR TE T VQH(Q'"%%I §e%° ahﬁ'at Mo ﬁmgf the
thePjereMIIBVEIIICAL least one of R1 and R2 is different from H. Compounds
of formuige(Yoramsh tHY crRmueommeascirllysaval it gifdianayalwherein GSK-3

pr%%ﬁﬂfg Fell t[&%@ﬁ%@u}% SOTRIUPS *L%“?Hé?%spé’&r'%'?mven&@ arefers to the

particular embo diment of t elnventlon t ecompoun of formula )

obtsmetPaRRBRAIY & TREAGhRR dsSReI AR Y, U Arslyals i aeL as
coreasiendingrpdotying cESH-Soimblaldlicah assaydiopsiatiahyaly ofureasive for

(THRdGIg B3Ry hehvryequivalents of N,N'- carbonyldumldazole (DCI
hereina é%@{] anh dro s,25 THE are dded as aﬁ} agent. The
%reoo

resultin gﬁé)wg'g {8venid F88Fﬁ 8%6%‘? %toﬁ Rreyepnting a
Théiiﬁiséqldiea'l@?ft of geadiimeispuhiainé tiiay i dﬂVI@VﬁﬂJlaa(ﬁ IJiefhpd EEqgrprising

adgleniiRRgeactionienbilnec@bedhin trealifet atfoapeiarapesrusrdmount
ab&uétq %n%o f%p\ém?“oﬂ‘g%ﬁ%‘ft}é? ﬂ;ng) trﬁéﬂ_s'g}ﬁ %lé/ 5'%11 reof or a

evaporate and the resulting crude is ssol 2 an Was
withgiagseufRgl 0W@‘%‘*?ditf??'/51%5%010P(:T/EF>2oo7/054188 16 purlflcatlon is

performediaecasgding ditigeinecationethaes tofqawvbced)mpohndwﬁdymmlae(l

Expert. Rq S
sziN (CHZ)m
—N
)]
wherein:

R: and R; are independently selected from H, -NO,, halogen, -NH,, -CF3, and -CN;
with the proviso that at least one of Ry and R; is different from H;
mis0, 1,2,3,4,50r6,
or any pharmaceutically acceptable salts, solvates and prodrugs thereof.
Preferred compounds are those wherein mis 1, 2, 3, 4, 5 or 6. Further preferred
compounds are those wherein mis 1 or 2.
Other preferred compounds are those wherein the halogen is fluor, chloro or
iodo.
Even other preferred compounds are those wherein one of R; and R, is H.
Preferably, one of R; or R, is NO,. Thus, more preferred compounds are those
wherein one of Ry and R; is NO, and the other is H. Even more preferred compounds

are those wherein Ry is NO, and R, is H.




The following examples are given as further illustration of the invention,

they should in no case be taken as a definition of the limits of the

invention. EXAMPLES Preparative Examples In the following, a

JedlRe gesgription of the preparation of a compound of Fogpglapbho7/054188
according to the present invention is given. Example Preparation of
N-(5-Nitro-thiazol-2-v1)-2-pyridin-3-v1-ggetamide (compound 1) 20To a
solution of 3-Pyridylacetic acid hydrochloride (2.076 g, 12 mmol) in
anhydrass o R dmBLOYNRIGNS SEGhbE18MURL 916 B) IR@RIEIELSd the

TI-IE an uivalent of NEt3 (1.66 ml) are added. The sutn ixtur
s SIS ﬁmﬁgw BB B R PO Y R ekl o & Cland RS
2-amind\S-pitiadtittag dir¢iezrednsoibadiraent the TeirpRyadi @EEPtouke(leisctriected

MixBerTeIbvmEp Sippdralsroom temperature for 10 h. When the
25reaction is completed, the solverny is evaporated and the resulting brown

crude, Og007/125110PCT/EP2057/054 88 17 dissolvedyn CH
and wftag Z ﬂure produc low Qﬂébgq'ﬁ , which||s filterfed an
washed ter ' ifed compound a [ '

(2.300 g, yield: 73 % 1 -%A? (bM80): 3.95 (s,

2H); 7.38 (dd, 1H); 7.74 (d, 1H); 8.50 (d, 1H): 8.52 (s, 51H); 8.63 (s, 1H)

13C- (DM80) 38.52; 123.4; 129.7; 137.1; 141.7; 142.6; 148.1; 150.3;
161.8;1 logigal Ex 0Compguind obtained inexam
together wi N mpojnds @f formula re subj cted
different assays at different corgentrations, in orgler €

biological activity. GSK-3[3 inhibition: 15This assayns baEed on the
protocol detailed by Upstate Cat. 14-306, making

or any pharmaceutically acceptable salts, solvates and prodrugs thereof.

Unless otherwise stated, the novel compounds of formula (l) are also meant to
include compounds which differ only in the presence of one or more isotopically
enriched atoms. For example, compounds having the present structures except for the
replacement of a hydrogen by a deuterium or tritium, or the replacement of a carbon by
a ™®C- or ™C-enriched carbon or '"N-enriched nitrogen are within the scope of this
invention.

The term “pharmaceutically acceptable salts, solvates or prodrugs” refers to any
pharmaceutically acceptable salt, ester, solvate, or any other compound which, upon
administration to the recipient is capable of providing (directly or indirectly) a compound
as described herein. However, it will be appreciated that non-pharmaceutically
acceptable salts also fall within the scope of the invention since those may be useful in
the preparation of pharmaceutically acceptable salts. The preparation of salts, prodrugs
and derivatives can be carried out by methods known in the art.

For instance, pharmaceutically acceptable salts of the novel compounds of
formula (I} are synthesized from the parent compound which contains a basic or acidic
moiety by conventional chemical methods. Generally, such salts are, for example,
prepared by reacting the free acid or base forms of these compounds with a
stoichiometric amount of the appropriate base or acid in water or in an organic solvent
or in a mixture of the two. Generally, non-aqueous media like ether, ethyl acetate,

ethanol, isopropanol or acetonitrile are preferred. Examples of the acid addition salis
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some slight modifications. = Recombinant human glycogen synthase
kinase 33 is assayed in MOPS 11 mM pH7.4, EDTA 0.2 mM, EGTA 1,25
mM, MgC12 26,25 mM and sodium orthovanadate 0.25 mM in the

ReRMeeahH2.5 pPM of Phospho-Glycogen Synthase Peptige-gdfafrds<ids
(TOCRIS, Cat. 1352), 0.5 pCi y-33P-ATP and unlabelled ATP (Sigma,

A-9187) at a final concentration of 12.54aM. After incubation for 30
minutes at 30C, aliquots are spotted onto P81 phosphocellulose papers.
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Table'l Compound No. Formula % 05K-3 Ac ivity Tau phospharylation
|ntH%?~P|ﬂ%éﬂ§te”a' considered toxic at normal dosage levels. Purity levels for the

drug substance are preferably above 50%, more preferably above 70%, most
preferably above 90%. In a preferred embodiment it is above 95% of the compound of
formula (1}, or of its salts, solvates or prodrugs.

The novel compounds represented by the above described formula (1) may
include enantiomers depending on the presence of chiral centres or isomers depending
on the presence of multiple bonds (e.g. Z, E). The single isomers, enantiomers or
diastereoisomers and mixtures thereof fall within the scope of the present invention.

The present invention further provides pharmaceutical compositions comprising
at least a novel compound of formula (I) of the present invention, or pharmaceutically
acceptable salts, prodrugs or sterecisomers thereof with a pharmaceutically acceptable

carrier, adjuvant, or vehicle, for administration to a patient.
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Examples of pharmaceutical compositions include any solid (tablets, pills,
capsules, granules etc.) or liquid (solutions, suspensions or emulsions) composition for
oral, topical or parenteral administration.

In a preferred embodiment the pharmaceutical compositions are in oral form.
Suitable dose forms for oral administration may be tablets and capsules and may
contain conventional excipients known in the art such as binding agents, for example
syrup, acacia, gelatin, sorbitol, tragacanth, or polyvinylpyrrolidone; fillers, for example
lactose, sugar, maize starch, calcium phosphate, sorbitol or glycine; tabletting
lubricants, for example magnesium stearate; disintegrants, for example starch,
polyvinylpyrrolidone, sodium starch glycollate or microcrystalline cellulose; or
pharmaceutically acceptable wetting agents such as sodium lauryl sulfate.

The solid oral compositions may be prepared by conventional methods of
blending, filling or tabletting. Repeated blending operations may be used to distribute
the active agent throughout those compositions employing large quantities of fillers.
Such operations are conventional in the art. The tablets may for example be prepared
by wet or dry granulation and optionally coated according to methods well known in
normal pharmaceutical practice, in particular with an enteric coating.

The pharmaceutical compositions may also be adapted for parenteral
administration, such as sterile solutions, suspensions or lyophilized products in the
appropriate unit dosage form. Adequate excipients can be used, such as bulking
agents, buffering agents or surfactants.

The mentioned formulations will be prepared using standard methods such as
those described or referred to in the Spanish and US Pharmacopoeias and similar
reference texts.

Administration of the novel compounds of formula () or compositions of the
present invention may be by any suitable method, such as intravenous infusion, oral
preparations, and intraperitoneal and intravenous administration. Oral administration is
preferred because of the convenience for the patient and the chronic character of many
of the diseases fo be treated.

Generally an effective administered amount of a novel compound of the invention
will depend on the relative efficacy of the compound chosen, the severity of the
disorder being treated and the weight of the sufferer. However, active compounds will
typically be administered once or more times a day for example 1, 2, 3 or 4 times daily,
with typical total daily doses in the range of from 0.1 to 1000 mg/kg/day.
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The novel compounds and compositions of this invention may be used with other
drugs to provide a combination therapy. The other drugs may form part of the same
composition, or be provided as a separate composition for administration at the same

time or at different time.
5 In another aspect, the present invention is referred to a new compound of

formula (1) for use as a medicament.
Novel compound of formula (l) can be obtained by a pathway strategy which

comprises coupling the conveniently pyridyl-acid of formula (ll):
0]

—~
@(GHZ - OH

w
10 wherein
mis0,1,2,3,4,5, or6;

with a thiazol of formula (ll):

I />‘NH2
R; N

(1)
15 wherein Ry and R; are independently selected from H, -NO,, halogen, -NH, and
-CN, with the proviso that at least one of R; and R; is different from H.

Compounds of formula (ll) and (lll) are all commercially available.

20 General procedure for the group of compounds wherein X = pyridin
in a particular embodiment of the invention, the compound of formula (1) is

obtained according to the following general procedure. To a solution of the
corresponding pyridyl-acid of formula (ll) in anhydrous tetrahydrofurane (THF
hereinafter), 1.5 equivalents of N,N’-carbonyldiimidazole (DCI hereinafter) in anhydrous
25  THF are added as activating reagent. The resulting mixture is allowed to stir at room
temperature for about 4 to 5 h. Then 1 equivalent of the corresponding thiazol of
formula (lll) in THF is added to the reaction mixture, and this is stirred at room
temperature for about 8 to 10 hours. When the reaction is completed, the solvent is
evaporated and the resulting crude is dissolved in CH,Cl, and washed with water. The
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purification is performed according to general methods of purification known by the

Expert.

= . s
Ho)\\«:ﬂz)m@ i I/>\”/U\(CHZ),“,</1\>
1I%NHZ +< HO)\«:Hgm@ — RIS}\”JL(CHZ),“ ,@
\)k@ il D

The following examples are given as further illustration of the invention, they

should in no case be taken as a definition of the limits of the invention.

EXAMPLES

Preparative Examples
In the following, a detailed description of the preparation of a compound of

Formula (1) according to the present invention is given.

Example 1
Preparation of N-{5-Nitro-thiazol-2-yl)-2-pyridin-3-yl-acetamide (compound 1)

H

[S N

OQN\@/ 7z

N 0 X

N
To a solution of 3-Pyridylacetic acid hydrochloride (2.076 g, 12 mmol) in
anhydrous THF, 1.5 equivalents of CDI (18 mmol, 2.916 g) in anhydrous THF and 1
equivalent of NEt; (1.66 mL) are added. The resulting mixture is allowed to stir at room
temperature for 4 hours. Then, 2-amino-5-nitro-thiazol (12 mmol, 1.740 g) in THF is

added to the reaction mixture and this is stirred at room temperature for 10 h. When the

reaction is completed, the solvent is evaporated and the resulting brown crude is
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dissolved in CH,CIl, and water. This mixture produces a yellow precipitate, which is
filtered and washed with water to obtain the desired compound as a yellow solid (2.300
g, yield: 73 %, 265 M").

'H-NMR (DMSO): 3.95 (s, 2H); 7.38 (dd, 1H); 7.74 (d, 1H); 8.50 (d, 1H); 8.52 (s,
1H); 8.63 (s, 1H)

BC-NMR (DMSO): 38.52; 123.4; 129.7; 137.1; 141.7; 142.6; 148.1; 150.3; 161.8;
170.7

Biological Examples

Compound obtained in example 1, together with another 6 compounds of formula
(), were subjected to two different assays at different concentrations, in order to

determine their biological activity.

GSK-3p inhibition:

This assay is based on the protocol detailed by Upstate Cat. 14-306, making
some slight modifications.

Recombinant human glycogen synthase kinase 3p is assayed in MOPS 11 mM
pH7.4, EDTA 0.2 mM, EGTA 1,25 mM, MgCl; 26,25 mM and sodium orthovanadate
0.25 mM in the presence of 62.5 uM of Phospho-Glycogen Synthase Peptide-2 (GS-2)
(TOCRIS, Cat. 1352), 0.5 uCi y-*P-ATP and unlabelled ATP (Sigma, A-9187) at a final
concentration of 12.5 yM. After incubation for 30 minutes at 30 °C, aliquots are spotted
onto P81 phosphocellulose papers. Filters are washed four times for at least 10
minutes each with 1% phosphoric acid and counted with scintillation cocktail in a
scintillation counter (PerkinElmer, Microbeta 1450). The activity of GSK-3 is tested at
concentrations of 25 and 50 pM, in the presence of the compound synthesized
according to example 1 and in the presence of another 6 compounds of formula (1).The
results obtained are indicated in Table | (see below), in the form of percentage of GSK-

3 activity.

Inhibition of tau phosphorylation:

Human neuroblastoma SHSY5Y cells were seeded in the presence of Minimum
Essential Medium / Nutrient Mixture F-12. One day later, cells are treated with samples
for 18 h at 37°C. After treatment, cultures are washed with phosphate-buffered saline
and lysed for 30 min at 4°C in extraction buffer (10 mM Tris-HCI, pH 7.4, 100 mM NaCl,
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1 mM EDTA, 2 mM NaszVOy, 1% Triton X-100, 10% glycerol, 0.1% SDS, 0.5% Sodium

deoxycholate, 1 mM PMSF and a protease inhibitor cocktail (Roche, Cat 1 697 498)).

The quantitative determination of phosphorylated human Tau is made taking

aliquots of the cell lysate and using a phosporylation-specific antibody against Tau

5 [pS396] in a sandwich ELISA (Biosource, Cat KHB7031). Tau phosphorylation is
estimated by measuring the absorbance at 450 nm in a microtiter plate reader (Cultek,
Anthos 2010).

The effect of the synthesized compound according to example 1 and that of
another 6 compounds of formula () is determined at different final concentrations,
10 namely 50, 100 and 200 uM. Not all the compounds of formula (I) were tested at all the
concentrations. The results are indicated in Table 1 (see below) as “NEG” and “POS”,
respectively meaning “negative” and “positive”; “NEG” means no tau phosphorylation
inhibition was detected at the referred concentration of compound (I); “POS” means
that at the referred concentration tau phosphorylation inhibition was detected.
15
Table 1
Tau
% GSK-3 Hosohorvafi
ospnoryiation
Compound Activity .p . p ry
N Formula inhibition in cells
0.
25 50 50 100 200
uM uM uM pM uM
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Compound o Z
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In addition to tau phosphorylation assays, quantification of cell death due to

potential toxicity of compounds 1 and 3 described above is made by measuring LDH

release (Roche, Cat 1 644 793). For the quantitative determination of cell survival,

aliquots of the cell lysate are incubated with an equal volume of reaction mixture at

room temperature for 20-30 min. The measure of absorbance is made in a microtiter
plate reader with 490-492 nm filter (Cultek, Anthos 2010).

For compounds 1 and 3, the cell survival was measured at 24 hours treatment

(see Table 2), and for compound 2 was measured at 18 hours treatment (see Table 3),

in SH-SY5Y cells. It is generally considered that a compound is considered toxic if less

than 80% of the cells survive after treatment with a compound.
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Table 3
Compound % of cell viability
No. 50 uM 100 uM
Compound 2 95,7 42 93,7 +7,1
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CLAIMS

1. Use of a compound of formula (1)

8
N/>\ /”\ o

5 S x
' )
‘wherein X is selected from pyriding, bonded at any positions 2 o 6, and phenyl;
when X is pyridine,
Rs and Ry are independently selected from H, -NOZ. fluoro, chloro, iodo,
10 “NHy, -GFs, C1-Cs finear alkyl and -CN; |
. mis0, 1,2 3,4, 5ar 6 and
when X is phenyl, ‘ -
Rq and Rz-are mdependently selected from H, NOz, fluorg, chloro ioda,
-NH,, -CF3 and -CN;
15 | mis0,1,2, 3, 4,50r6
or any pharmaceutically acceptable salts, solvates and prodrugs thereof, in the
préparation of a medicament for the treatment or profilaxis of a disease or condition

mediated by GSK-3.
20 2. Use.according to claim 1 wherein X is pyridine.
3. Use according to claim 1 or 2 whersinm is 1, 2, 3, 4, 5 or 6.

4, Use according to claim 3 wherein mis 1 or 2,

25
8. Use according to anyone of claims 1 to 4 wherein at least one of Ry and R is
different form H.
6. Use according to anyone of claims 1 to 5 wherein one of Ry and Rqis H.

30

7. Use according to anyone of claims 1 to 6 wherein one of Ry and R, is NQ..

Re 1/56d atthe EPO on May 23, 2008 12:17:42. P AMENDED SHEET . 23-05-2008 |
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¢ Use of a compound of formula (1): 5 - (I) wherein X is selected from
pyridine, bonded at any positions 2 to 6, and phenyl; when X is pyridine.
‘R1 and R2 are independently selected from H, -NO2, fluoro, chloro, judo,
10-NH2, 4F3, 01-00 linear alkyl and -GM: mis R 1;2, 3, 4, 5or 6; and when
Xis phenyl, . R1 and R2-are independently selected from H, -NO2, fluor,
cliopae iggordivgid, atybasaf diaiGld 1 k6 Mvigidleih, 2, i8NG, Bref T& &riny
pharmaceutically acceptable salts, solvates and prodrugs thereof, in the

preparation o amedlcame t for the treatment gQr ol f|Ia| of a disease or
R R R 50 S A BT s Rl

"’"55’2 se. accordlng to cﬁ‘alm 1Wherein X is
pyridine. 3. Use according to claim 1 or 2 wherein m'ls 1, 2, 3, 4, 5 or 6.
5 4.10d8sa@camding tozcigone Sfwhagnein tmdisdeoted from the following compounds:

>— m \ES>\ b

O %w [%JK/Q

T ~. e,

. or ahy pharmaceutically acceptable salts, solvates and prodrugs thereof.

10 11. Use according to anyone of claims 1 to 10 wherein the medicament is for the
treatment or profilaxis of a disease or condition requiring GSK-3 inhikition.

12. Use according to anyone of claims 1 to 11, wherein the disease or condition is
selected from diabetes, conditions associated with  diabetes,  chronic
18  neurodegenerative conditions including dementias such as Alzh'eimer's' disease,
Parkinson's disease, progressive supranuclear palsy, subacute sclerosing
panencephalitic parkinsonism, postencephalitic parkinsonism, pugilistic encephalitis,
guam parkinsonism-dementia . complex, Pick's disease, Gerstmann-Straussler-
Scheinker disease, Creutzfeld-Jakob  disease, prion proiein cerebral amyloid
20 angiopathy, corticobasal degeneration, frontotermporal dementia, Huntington's Disease,

Re 2/5 6l at the EPO on May 23, 2008 12:17:42. . AMENDED SHEET 23-05-2008
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associated dementia, amyotrophic lateral sclerosis, multiple sclerosis and
-neralsawnatienioans esfsuelics) as digisstokeyngpike piylaime ddadiSordery salt

15 S%@é\%@@ﬁ’{&ﬁﬁi‘o& WF%ﬁlﬁ’ﬁﬂé)tﬁ@@ﬁ AL BRBIE, proferably as
res ij’g% %)é%@%tlonc% functional recovery post stroke, cerebral
bI & vﬁfﬁr amrr;\ Le 13 80 |¥ary cerebral amyloid angiopathy), hair
‘loss, obesity, atherosclerotic cardiovascular disease, hypertension, B

poigcisitenpuany ef/fedramdl)eYndrome X, ischaemia, brain injury,
especially traumatic brain injury cancer, leukopenia. Down's syndrome,

Lewy body disease, inflamni& onic Infl matory diseases, cancer
and hyperprollferatlve diseases Is hy rpIaS| and immunodeficiency.
10 | (CHg)y
20 ‘ S =N
: n
wherein

Ry and Ry are independently selected from H, -NOj, fluoro, chloro, ioda, and -GFa, with
25  the proviso that at least one of Ry and Ry is different from H;
misg1,2, 3,4 5086, .
or any pharmaceutically acceptable salts, solvates and prodrugs theraof.

16. Compound according ta claitn 16 wherein m is 1 or 2.
30 :
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13. Use according to claim 12, wherein the disease or condition is
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détined in anyone of claims 1 to 10, or any-salt 150r solvate thereof, as
reactive for modulating GSK-3 in biological assays, preferably as a
reactive for inhibiting GSK-3 activity_ - 15. A compound of formula (1);
wherein R1 arid R2 are independently selected from El, -H02, fluoro,
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of claims 15 to 18, wherein R1 is, NO2 and R2 is H. 20. Compound
according to anyone of claims 15 to 17 wherein Ri is Gland RF Is, H. ,1%1.
CoBBTRBVRE SIS LRAN e SiEada orh thersdl B @8&% Gnds:
or any pharmaceutically acceptable salts, solvates and prodrugs thereof.
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* medicament. 23. A pharmaceutical composition, comprising at least one
compound of formula (1) as defineg in any of claims 15 to 21 or a

_ pha@maceutigally acceptable satprogirug or solvate theregd, and N
pharmacguticelly atceptable cdrrier, gdjudaitqr.vehicle. 24 |
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or any pharmaceuﬁcall.y acceptable salts, solvates and prodrugs thereof.
15 22 Compound according to any one of claims 15 1o 21 for use as a medicament.

23. A phamaceutical composition, comprising at least one compotind of formula (i) as
defined in any of claims 15 to 21 or a pharmaceutically acceptable salt, prodrug or
solvate thereof, and a pharmaceutically acceptable carrier, adjuvant or vehicle.

20
24. A process for the preparation of a compound of formula (1) as defined in any of

claims 15 to 21, comprising coupling a pyridyl-acid of formula (11):
O
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24. A process for the preparation of a compound of formula (I) as defined

in any of claims 15 ta 21, comprising coupling a-pyrigyl-aci rmuta (Fang/nts
99/05_900R BRT (12 16CHAL obd Stilikeda/d P@@%’%@ dﬁﬁg‘%ﬂ%@%ﬁ%‘&md'7‘7654'1‘882
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' 11-08-2008.CLMSPAMD'PCT/EP 2007/054 188: 25 wherein - mis 1, 2,

3, 4, 5 or 6; with a thiazol of formula (lll): NH2 R2 5(Ill) wherein R1 and R2

are independently selected from H. #NO2. fluOro, chlero, lode, and -CF3,

with the proviso that at least one of Rl and R2 is different from H.

Ry s '
I pa—n
Ry N

(i)
wherein Ry and R, are independently selected from H, -NO,, fluoro, chioro,
iodo, and -CFJ, with the praviso that at least one of Ry and Ry is different from

wherein ,
mis1, 2,3 4,6 0r6G,
with a thiazol of formula (Il).
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