1 TH ADI AZOLI DI NONES AS GSK-3 INHIBITORS 5 FIELD OF THE | NVENTI ON The
present invention relates to enzyne inhibitors, and nore particularly to

10 heterocyclic inhibitors of glycogen synthase kinase 313, GSK-3, to
processes of preparation of such conpounds, to pharnmaceutical conpositions
conprising them and to their use for the treatnent and or prophyl axis of
a disease in which GSK-3 is involved, guch as Al zheiner's disease or
non-insulin dependent diabetes nellitus. 15 BACKGROUND OF THE | NVENTI ON The
search for new therapeutic agents has been greatly aided in recent years by
better understanding of the structure of enzynes and ot her bionvol ecul es

associated with 20 tarﬂﬁﬁnﬂﬁﬁﬁ&ﬁﬁﬁmsgﬂﬁg&ﬂBQﬁ&%&hmﬁéass of enzynes that
y

has been the subject of extensive stu I'S the protern kinases. Many
di seases are associated w th abnormal cellular responses triggered by
protein kinase-nedi ated events. These di seases include autoi nmune di seases,

i nf 1 ammat ogy:1§) SRATAS INVENTPOROI cal and neur odegenerative di seases, cancer,
cardi ovascul ar di seases, allergies and asthnma, Al zheiner's di sease or

hor mone-r el at egy,2 gylréyeﬁte ﬁﬁ/@ﬁionAféfa@f%sqéon &Wmet DERoRASNP GRS %aﬁ%ﬁl‘l? ngi al

effort in nedicinal chemstry to find protein kinase inhibitors that are
ef f ect itve heteracheicaplibitére ofglaensen sxBthpspljpare SPnhh Se taprpepsies 9f premKat®y i s a
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(2000)) . Ther bhreoniae/3Shins,ld Aaskicgl AfQACH,AYN hase kinase-3 (GSK3)
fulfills a pivota role tn variots receptor-11nKed signalling pathways

(Dobl e, BW Wodgett, JR J. Cell Sci. 2003, 116:1175-1186). Dysregul ation
mﬁthirlghese pat hways is considered a crucial event in the devel opnent of

severaf PrEVEkERo TN Hsohfaisrionch as type 11 diabetes

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

better understanding of the structure of enzymes and other biomolecules associated with

20  target diseases. One important class of enzymes that has been the subject of extensive study
is the protein kinases. Many diseases are associated with abnormal cellular responses
triggered by protein kinase-mediated events. These diseases include autoimmune diseases,
inflammatory  diseases, neurological and neurodegenerative diseases, cancer,
cardiovascular discases, allergies and asthma, Alzheimer's disease or hormone-related

| 25  diseases. Accordingly, there has been a substantial effort in medicinal chemistry to find

protein kinase inhibitors that are effective as therapeutic agents.

Glycogen synthase kinase-3 {(GSK-3) is a serine/threonine protein kinase comprised

of a and B isoforms that are each encoded by distinct genes (Coghlan et al., Chemistry &

30 Biology, 7, 793-803 (2000); Kim and Kimmel, Cury. Opinion (Fenetics Dev., 10, 508-514
(2000)). The threonine/serine kinasé glycogen synthase kinase-3 (GSK-3) fulﬁ‘lﬁ‘fa pivotal

role in various receptor-linked signalling pathways (Doble, BW, Woodgett, JR J.Cell Sci.
2003, 116:1175-1186). Dysregulation within these pathways is considered a crucial event

in the development of several prevalent human disorders, such as type II diabetes

35 (Kaidanovich O, Eldar-Finkelman H, Expert Opin. Ther. Targets, 2002, 6:555-561),
Alzheimer’s disease (Grimes CA, Jope RS, Prog Neurobiol. 2001, 65:391-426) , CNS

~ disorders such as manic depressive disorder and neurodegenerative diseases, and chronic




35 (Kai danovich 0, Eldar-Finkelman H, Expert Opin. Ther. Targets, 2002,

6: 555-561), Alzheiner's disease (Gines CA Jope RS, Prog.Neurobiol. 2001,
65: 391-426) , CNS disorders such as mani c depressive disorder and

neur odegener ati ve di seases, and chronic 2 inflamuatory disorders (Hoeflich
KP, Luo J, Rubie EA, Tsao M5, Jin 0O, Yodgett J, Nature 2000, 406: 86-90).
These di seases may be caused by, or result in, the abnornmal operation of
certain cell signalling pathways in which GSK-3 plays a role. 5 GSK-3 has
been f ound;yiemPRRSPBREMER BN KRIULETERIE FXCTsHb NS, 0fin @, WisdugE Of

regul at orprrot ei ns. These grot ei ns include glycogen synthase which is the
rate |initNegre 8Py AR HeeQs Shasy disspseq s dgettieith @5 el inehFiabrgmabul e
associ at ed, Ry o8 bPcefidi cefl Eign aﬂMa%ﬁ%ﬁiH%G@lﬂ-Skﬂagfs%olé&caten' n, the
translation initiation factor €1F2B, "as well as ATP citrate |yase, axin,
heat shock factor-1, c-Jun, c-Myc, c-Mb, CREB, and CEPBa. These diverse 10
protei n.tar get sxdply Sls 3 o : RiaRPhf sM
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nodul ati on_respectively. no he eat . di.v It em.cal ..structures
wth coi SRR cielinds BT b o or M SRES! fo CufRe heR o T o, °° o
Exp Opi ThefeiPakgent #ophiofie GSK23 1ib Adany58ect? Of Atlimbes andthboliod, Matifaratien, A.
Currrent %j ci nal Chem sltr 004, 11, 753-761), the 2,4- disubstituted

t hi adi azol ! -F”i‘?ﬁtﬁ’é“’%ﬁ%"e%{?‘é’s Tresented as the first ATP-non conpetitive
GSK-3 inhibitors (Martinez A, Alonso M Castro A, Perez C, Mdxreno F, J Med
Chem 2002, 45;1292-1299; WD O 685 and US 2003/0195238),. These
conpounds have GVERLY lfﬂiﬁ‘g’é%é’f Cgﬁlﬁ—génqyﬁgg,re%ﬁnga %gec?tf e how

i nhi bi ti oNymeNcifliNGfitsL YR Ak tkdalAeHe fSHel vase? FisBiSls (Mkknestk, 2CaRE A,
CDK1/cyclin B. However, thiadiazolidinones have the tendepcy to react with
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dephosphorylation and amyloid processing, or transcriptional modulation respectively.

Among the great diversity of chemical structures with GSK-3 inhibition already

found (Dorronsoro, I; Castro, A; Martinez, A Exp Opin Ther Patents 2002, 12:1527-1536;

20  Alonso,M. and Martinez, A. Currrent Medicinal Chemistry 2004, 11, 753-761), the 2,4-

disubstituted thiadiazolidinone (TDZD) are presented as the first ATP-non competitive

GSK-3 inhibitors (Martinez A, Alonso M, Castro A, Perez C, Moreno F, J Med Chem,

2002, 45:1292-1299; WO 01 85685 and US 2003/0195238). These compounds have great

interest since they are selective and do not show inhibition on other several kinases such as

25 PKA, PKC, CK-2 and CDK1/cyclin B. However, thiadiazolidinones have the tendency to
react with nucleophiles and this property may jeopardize their drug potential.

There is still a need to find good GSK-3 inhibitors, being both effective and
selective, and having good “drugability” properties, i.e. good pharmaceutical properties

30  related to administration, distribution, metabolism and excretion.




There is still a need to find good GSK-3 inhibitors, being both effective
and selective, and having good "drugability" properties, i.e. good
pharmaceutical properties 30 related to adm nistration, distribution,

met abol i sm and excretion. 3 DESCRI PTION OF THE | NVENTI ON Taki ng advant age
of sone of our nolecular nodelling results and theories, we have designed
and synt hesi zed a second generation of 2,4-disubstituted thiadiazolidinones
5 (TDZD) which are very stabl e against thiol-containing biological

mol ecul es spshrASNYNOEHHONGRATESA (bovine serum al bumi na). Surprisingly,
t hese conpounds have also a very favourable drugable profile, in
particular oral bioavailability and blood brain barrier penetration. 10 In
one aspect themmga&da% éfséﬂne 9?5&%&1&1&9%@Hﬁgggremltsgﬁ(f'ﬁfe&llesf femea 11 R
RA2R5 RaRb %+ wher el n: IS an organi c group having at
| east 8 atd@ﬁ&gn@emybtsﬁdhesmdnacsqspncb gendiition 0% Zﬁdilsubﬁttt#wgdh@dlmlﬂwn% the N

throug 0 ’ i R2, R3,
Ra. B DD, WG SEETRY) ShE oBlipd SRR OO ThbE Hllenlls suck e
unsubstit Lgilﬁaﬂl@hlﬂ;lﬂ BSaubsting sare alhwmmémm)ﬂimse@eew/mmmga havg@lsetai t ut ed
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Subst; tur S b el bR By oS e ptbhta Yo R BHRE g b0 Bl v
-C=NR7, - GMpetra®RY., -OC(O R7, -S(Ot- R7 -NR7R3, - NR7TC(O Rs, -NX®2, -N=CR7R5
or hal ogen, tisO,1, 2or3, '

10 In one aspect the invention is directed to compounds of general formula It

15 wherein:
R, is an organic group having at least 8 atoms selected from C or O, which is not
linked directly to the N through a —C(O)- and comprising at least an aromatic ting;
Ra , Ry, Ra, R3, Ra, Rs, R are independently selected from hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
20 alkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heterocycljl, -
COR;, -C(O)OR4, -C(O)NR7Rg -C=NR7, -CN, -OR7, -OC(O)R7, -5(0)-R7, -NR7Rg, -
NR5C(O)Rs, -NO7, -N=CRyR; or halogen,
tis0,1,2 or3,
Ry and Ry are each independenily selected from hydrogen, substituted or unsubstituted
25 alkyl, substituted or unsubstituted cycloalkyl, substituied or unsubstituted alkenyl,
substituted or unsubstituted aryl, substituted or unsubstituted heterocyclyl, substituted
or unsubstituted alkoxy, substituted or unsubstituted aryloxy, halogen;




R, and Rs are each independently selected from hydrogen, substituted or
unsubstituted 25 alkyl, substituted or unsubstituted cycl oal kyl,
substituted or unsubstituted al kenyl, substituted or unsubstituted aryl,
substituted or unsubstituted heterocyclyl, substituted or unsubstituted

al koxy, substituted or unsubstituted gryloxy, halogen; 4 wherein R and Rb
together can forma group =0, and wherein any pair R R2, RR R3, R3 R4, R4
R5, R5 R6, R6 Rb, or R7TR8 can formtogether a cyclic substituent; or a

phar maceut i cghl¥inag %ﬁ@kglﬁig@m&a&aﬁ ﬁre,lra%i}sa&@,rana %&%ﬁlean%gﬁ; R0k, R i ave

found that conpounds wi a benz e structure at position and a bul ky
group conpr i S.ig RankelftoRali, 6r RrRgeasdony lngghese cpdisisubsditient; of t he

t hi adi azol i dj Bl AhEk 1 Iég i 558 enzyme while at the
sanme tinme prgse ??%g goggyg?ﬂggﬁégﬁfjféﬁ%ggg%?&%s. 10 Preferred conpounds
are those in which R has an aromatic group having at |least 10 aromatic
carbons, The - ACtI VI LY Ll r i ndi ng
Co pl ssmm proy Ao i SARARAS RS ol e SR WposROR YRR
conpounds groupMringiising ah asongatic aingra tings 4 mpositiord? o€ teel thiadinavkidione itthwct 15 N of

t he thiadi azol |.di ng. .| articul ar. ephodi nent__conpounds_ i n whi R is a
napht hyl g‘fp lﬁ]ﬁhﬁr Ebwg%sﬁ?gae,nzmn% %11‘5 rag&eer %eymiﬂ? p%gmllﬁélg agcg@ ﬁ%&ﬁ?’l group.
20 Anot herprppegtie’r red cl ass of conpounds are those in which the substituent
at position 4 of the TDZD is an unsubstituted benzyl group. In another
aspect the invention is directed to pharmaceutical conpositions which
conpri aﬁl a CBféﬂﬂél aczégﬁpmgﬁhm%@se ih higk! By 1§]als)anca¥omatﬂaf(;gwum@mgiacwakty10 .
acceptabl e salt, prodrug or so]vate thereo nd a pharnmgceytically
accept abl ereEAIC; @roons GhereA9rPgRads sheg pRed adfixity Sb@fl@@fﬂéa&@ R ¢ ne
formul ati qiaskia pedtaihs Lk ButBli@s @nd albit@nt i on is al so directed to the use of

t he above defined conpounds in the manufacture of a nedi canent, preferably
for a GSK-3 nedi ated di sease or condition.

Also preferred are compounds in which R; has an aromatic group directly linked to the

15 N of the thiadiazolidine.

In a particular embodiment compounds in which R; is a naphthyl group are preferred,

most preferably if R; is a a-naphthy] group.

20 Another preferred class of compounds are those in which the substituent at position 4 of

the TDZD is an unsubstituted benzyl group.

In another aspect the invention is directed to pharmaceutical compositions which
comprise a compound according to formula (I) or a pharmaceutically acceptable salt,
25  prodrug or solvate thereof, and a pharmaceutically acceptable carrier, adjuvant or vehicle.

In a preferred embodiment the formulation is oral.

The present invention is also directed to the use of the above defined compounds in
the manufacture of a medicament, preferably for a GSK-3 mediated discase or condition.
30
Alternatively, the invention is also directed to a method of freatment of a GSK-3

mediated disease or condition comprising the administration of an effective amount of a




30 Alternatively, the invention is also directed to a nethod of treatnent
of a GSK-3 nediated di sease or condition conprising the adm nistration of
an effective anount of a 5 conpound of fornmula |I as defined above, or a or
a pharnaceutically acceptable salt, prodrug or solvate thereof, to a
patient in need thereof. |In another agpect, the invention is directed to
the use of the above defined 5 conpounds as reactives for biol ogical
assays, preferably as a reactive for GSK-3 inhibition. In another aspect
the inventy, ngodn% & foﬁ-%&lgq dsCdefinB YRESorl £7 orpﬁ%%a@&n@alﬁpﬁﬁéélﬂﬁtﬂe gfi,f ormul a
| above by réaction of the appropriate benz i sot hi ocyanate with a

i socyanat erafug ¢roplwet|e§1eﬁepﬂwa@:1@nermm mEd At DESCRI PTI ON OF THE | NVENTI ON
15 The typical compounds of this invention selectively inhibit GSK-313

wi thout inhibition of other protein kinases such as PKA, PKC, CK-2 and
CdK2, which cold dnotidri ssperdt et hneexemaetésrectp@dptth@nmlof thaeapovio deféedhi nd
S|gn|f|cantl um

A bur 1 wtods SR B Rl Sy S sty B Sl RO Fé‘?ﬂ“ﬁaﬁrhey al so0
show good absorptlon and bIood brain barrier perneablllty as

denonstrat ed b exa Ies
formula (1) th e’bﬁpﬁ ee]fl‘Fﬁ%l 1ﬂ‘é{§%nfcﬁg&/8n§]am né %orﬁ%}?ca ed‘%B’%E ’Aﬂ yl "
refers to famald Balg)hé bsalreeﬂaﬁ@ﬂchﬁel afpyrepriatcreboyl mnhiaoctyanaﬂwﬁhla lmmmamofng of

car bon andﬁ@xﬁ gﬁﬁp contai ning no saturation, having one to eight
carbon ato a ch |s attached to the rest of the nolecule by a
si ngl e;goond, e. g., rret hyl, ethyl, n- propyl, i-propyl, n-butyl, t-butyl,

n-pentyl, etc. Al kyl radi cal s may be opti onal | y substituted by one or nore
substi tue | Iﬁh&@ﬁﬁ arboxy, cyano, carbonyl, acyl,
30 aIkoxygggﬁgﬁéﬁ?B§§?ﬁ%?TH$¥gg?fhercap o0 ‘and al kyl t hi o.

15 The typical compounds of this invention selectively inhibit GSK-3B without
inhibition of other protein kinases such as PKA, PKC, CK-2 and CdK2, which could
eliminate the effects. Additionally they do not bind significantly to model proteins such as
Ghutathione and Bovine Serum Albumin which is a good indication of their stability in

plasma. They also show good absorption and blood brain barrier permeability as

20 demonstrated by the exaraples.

In the above definition of compounds of formula (I) the following terms have the

meaning indicated:

25 "Alkyl" refers to a straight or branched hydrocarbon chain radical consisting of
carbon and hydrogen atoms, containing no saturation, having one to eight carbon atoms,
and which is attached to the rest of the molecule by a single bond, . g., methyl, ethyl, n-
propyl, i-propyl, n-butyl, t-butyl, n-pentyl, etc. Alkyl radicals may be optionally substituted
by one or more substituents such as halo, hydroxy, alkoxy, carboxy, cyano, carbonyl, acyl,

30  alkoxycarbonyl, amino, nitro, mercapto and alkylthio.

"Alkoxy" refers to a radical of the formula -ORa where Ra is an alkyl radical as

defined above, €. g., methoxy, ethoxy, propoxy, etc.




"Al koxy" refers to a radical of the fornmula -ORa where Ra is an al kyl

radi cal as defined above, e. g., nethoxy, ethoxy, propoxy, etc. 6

"Al koxycarbonyl" refers to a radical of the fornula -C(O ORa where Ra is an
al kyl radical as defined above, e. g., nethoxycarbonyl, ethoxycarbonyl,
propoxycar bonyl, etc. 5 "Alkylthio" rgfers to a radical of the fornula -SRa
where Ra is an al kyl radical as defined above, e. g., nethylthio,
ethylthio, propylthio, etc. "Am no" refers to a radical of the fornul a-NH2,
-NHRa or ‘NRaRb, Werein Ra and Rb are as defined above. 10 "Aryl" refers
to a phenyl, naphthyl, indenyl, fenanthryl or anthracyl radical,

pref erably pheriglkosycarbapyit teférs toealiadizhl of veformya -GEXIOBawheang Rageagkylonal | y
substituted.b r, more _substituen dr oxy. o, hal o,

al kyl , pherﬁuyi/lf%j a%ﬁ%%%@?“’ﬁ%ﬁo%r Ry okyeaih %}? eﬁ%‘%‘ %ag’?c’ng?: 2 &’9’%’%‘{, e ronl kyl |
acyl and al koxycarbonyl, as defined herein. 15 "Aralkyl" refers to an aryl

group |inked tq,an,al kyl oup... Preferred ex I i ncl u and
henet - - acyOBpEe 5 s Pincal LR EFp RIS RRre AR 1 o BB 4 0) - o
wher e Rc i defiaed abdte, @l kythethdthic; athyhisio debpyithid, eébove and Rd is an aryl radical
as defined above, e. g., acetyl, propionyl, benzoyl, and the |iKke.
"Aroyl al kyl" refers to an al kyl group substituted with -Ra-C(O -Rd, wherein
Ea is Ian ﬁl |ky|["Aﬁ12ﬁdi_ ;’_(i’é’fers tl?&t&ﬁﬁ&dl&ﬁtl@ﬁﬁ?ﬁﬂ%?ﬂz{égﬁgm&or —N’R?Rb, Wherein Ra i cal
enzoyl methyl .[verjficar si es correcto "Carboxy" refers to a radica
of the fornul a2&Rbpeps deimsdpbryexy| " refers to a stable 3-to 10- nenbered
monocygd i c or bicyclic radical which is saturated or partially saturated,
and which consist solely of carbon and hydrogen 30 atons. Unleﬁigﬁthermﬁse

stated specifi CAMIY refersttrea spbeevls maphidnindenyd feapphyl g | BHiraqy 1

preferably phenyl or naphthyl radical. The aryl radiqal may be optionally substituted by

one or more substituents such as hydroxy, mercapto, halo, alkyl, phenyl, alkoxy, haloalkyl,
nitro, cyano, dialkylamino, aminoalkyl, acyl and alkoxycarbonyl, as defined herein.
15
"Aralkyl" refers to an aryl group linked to an alkyl group. Preferred examples
include benzyl and phenethyl.

"Acyl" refers to a radical of the formula-C(0)-R; and -C(O)-Rd where Rc is an
20 alkyl radical as defined above and Rd is an aryl radical as defined above, e. g., acetyl,
propionyl, benzoyl, and the like.

"Aroylalkyl" refers to an alkyl group substituted with -Ra-C(O)-Rd, wherein Ra is
an alkyl radical. Preferred examples include benzoylmethyl.[verificar si es correcto]

25
"Carboxy" refers to a radical of the formula -C(O)OH.

"Cycloalkyl" refers to a stable 3-to 10-membered monocyclic or bicyclic radical

which is saturated or partially saturated, and which consist solely of carbon and hydrogen

30  atoms. Unless otherwise stated specifically in the specification, the term "cycloalkyl" is
meant to include cycloalkyl radicals which are optionally substituted by one or more such

as alkyl, halo, hydroxy, amino, cyano, nitro, alkoxy, carboxy and alkoxycarbonyl.




meant to include cycloal kyl radicals which are optionally substituted by
one or nore such as alkyl, halo, hydroxy, am no, cyano, nitro, alkoxy,
carboxy and al koxycarbonyl. 7 "Fused aryl" refers to an aryl group,
especially a phenyl or heteroaryl group, fused to another ring. 5 "Halo"
refers to brono, chloro, iodo or fluojo. "Haloal kyl" refers to an al kyl
radi cal, as defined above, that is substituted by one or nore halo

radi cal s, as defined above, e. g., trifluoronethyl, trichloronethyl,
2,2,2-trifluoroethyl, 1-fluoronethyl-2-fluoroethyl, and the like. 10
"Fbterocycle" refers to a heterocyclyl radical. The het erocycle refers to a
stable 3-to 1%Fuvehiosl’ ecfersitmgn whyl gloup,caspicsdls agheash obbeierarshercandusedom one
to five h tergﬁtons sel ected fromthe group consisting of nitrogen,
oxygen, % a8 preferably a 4-to 8- nenbered ring with one or nore
heteroatons nor e preferably a 5-or 6-nmenbered ring 15 with one or nore
het er oat o s invention, the heterocycle may be a

r of t
nonocyéllqﬁd8|€¢5fpﬁ” ‘%?3FP5W$198 system which may inciude fused ring

systens; and the nltrogen carbon or sulfur atons in the heterocyclyl

di cal be optionall i t : I
Guat or ni zHeloalgHl ¥Ha hel SRBEHUFY) i SHELAPoy b SRR S Ry

sat ur at ed 1gfp ar4AERLsi C.as EXadpbes Mbvguch hej ereayebesthyncl widilordmethydr e not
20 limted to, azep i nes. benzini dazol e, benzot}f azole furan, isothiazole,
|nldazolezzgﬁﬁW@Kmﬂ%]bﬁPWHWﬁ@ﬂ4bﬂH@P§§Ynﬁl qui nol i ne, thi adi azol e,
tetrahydrofuran. References herein to substltuted groups in the conpounds

of the present invention refer to the specified noiety_ that %@% be
substitut ed at "Hieoecleimies i ahstapexsip il ah%hwocysb‘v‘fsﬁés 82 StR8lecQui t abl e

groups, .59, il P86 ?}xﬁﬁ’&hccﬁ'ﬁlstfsl HOEPoonCbRE @nd BRI BnA S fik® Beteroatoy@NO ;
hydr oxyl ; nitro ; al kanoyl such as a Cl-6 alkanoyl grou such as
acyl and tshlectéd Krem; the EenupoRassting; of aiitgaengpaers aph epifE ArgldaiE {2’0

having 1 tx?elrgﬁl%%ldt n%zvn SRLPOR, ﬁbfén?f‘eté}&?tﬁ ﬁQ{BrJ: #é?er@tﬁ? Yts G @-ﬁ{eﬁib@re@trﬁﬁs and

more pref m1mom,
15  with one or more heteroatoms. For the purposes of this invention, the heterocycle may be a

monocyclic, bicyclic or tricyclic ring system, which may include fused ring systems; and
the nitrogen, carbon or sulfur atoms in the heterocyclyl radical may be optionally oxidised;
the nitrogen atom may be optionally quaternized ; and the heterocyclyl radical may be
partially or fully saturated or aromatic. Examples of such heterocycles include, but are not
20  limited to, azepines, benzimidazole, benzothjazole, furan, isothiazole, imidazole, indole,

piperidine, piperazine, purine, quinoline, thiadiazole, tetrahydrofuran.

References herein to substituted groups in the compounds of the present invention

refer to the specified moiety that may be substituted at one or more available positions by

25  one or more suitable groups, e. g., halogen such as fluoro, chloro, bromo and iodo ; cyano ;
hydroxyl ; nitro ; azido ; alkanoyl such as a C1-6 alkanoyl group such as acyl and the like ;
carboxamido; alkyl groups including those groups having 1 to about 12 carbon ators or

from 1 to about 6 carbon atoms and more preferably 1-3 carbon atoms ; alkenyl and
alkynyl groups including groups having one or more unsaturated linkages and from 2 to

30 about 12 carbon or from 2 to about 6 carbon atoms ; alkoxy groups having one or more
oxygen linkages and from 1 to about 12 carbon atoms or 1 to about 6 carbon atoms ;
aryloxy such as phenoxy ; alkylthio groups including those moieties having one or more

thioether linkages and from 1 to about 12 carbon atoms or from 1 to about 6 carbon atoms ;




al kynyl groups including groups having one or nore unsaturated |inkages and
from2 to 30 about 12 carbon or from2 to about 6 carbon atons ; al koxy
groups having one or nore oxygen |inkages and from1 to about 12 carbon
atoms or 1 to about 6 carbon atons ; aryloxy such as phenoxy ; alkylthio
groups including those noieties havi one or nore thioether |inkages and
from1l to about 12 carbon atons or from1l to about 6 carbon atons ; 8

al kyl sul fi nyl groups including those noieties having one or nore sulfinyl

| inkages apd }sgi:ﬁngdgnﬁrérlfﬁs in%ﬂlaﬁﬁ% e ch?tg?t%g htgfr]igggmg for fﬂ&@s&iﬁg@i lgg%gs fgcar bon

0
atons ; al groups”® 1nclu noi et es one or nore
sul fonyl Ifionk Agreshoant ¢arlem atorboordbmut tdgboutéedrbom avwss albylsyliosyh Zouns about 6

carbon ata . am noal kyl rQuUPS. such as groups, hayi 0 e N
at ons and‘ﬁ‘bqlﬁglm?%e 5'8]0%?3 %2’1 Y5on At orE 0 'Ilglrméa %¥ %ﬁéglogl?o ggoélglragon
atons ; caaiog yoing oAfiyin 1navbag 6 Gabon some ; aainbadkd grqyas tichak grobys Igkimgy | or
napht h

yl and aralkyl suc s henzyl . .Unl ess ot herw se.i.ndjcat n
opt i onal | Y€ ShEPr% taé%nsg?r&%orﬂﬂio aﬁ%ﬁelgé"ag’ﬁﬂsa?oquu‘g ong tgélc(lgltﬁsf%giolﬁt ut abl e
posi ti on Gfonishec@bsryc afNthaBiags auRsiei datbongrpaitioulailydhpeyi dentaplohyltdvd ot her .
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structures except for the replacenment of a hydrogen by a deuterium or

tritium ondepppdeniobfecdigint of a carbon by a 13C- or 14C- 15 enriched
carbongor 15N-enriched nitrogen are within the scope of this invention. The

term "pharmaceutical |y acceptable salts, derivatives, solvates , @:eodr ugs”
refers to anyUpless othereigeistiind) the sewapyindp phths dnventinsarg also gpagtdp duclyge any
other co [ i Thdpaldnad bOthel R ridd€ idoRpicRilEBlrichsd #8mabl e of
provi di n??@?%??@ﬁgr&@%ﬂ@u % a corrpognd 20 zlas%gescfi bed herein.
However , ~ iFor wkdnhpléyecomppnadsi haviog thé aresavb srpiferesraecent fog 4be yerlicaaptt #blee  salts
al so fall ,withi h fok ' \ N8 LARS & RYEBEeuSEUl in

t he prepa?ﬁ?? %Pb% %%ﬁggﬁgég3?%%§H#3m§%%3%§%§#g&sé%ps: %ﬁg pre%aration.of
sal ts, 15pr edrichgs carhoh ol N-eatiéhed sitwaen are within the scope of this invention.

The term “pharmaceutically acceptable salts, derivatives, solvates , 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

20 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 att.

25 " For instance, pharmaceutically acceptable salis of compounds provided herein 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 selvent or in a mixture of the two.

30  Generally, nonaqueous media like ether, cthyl acetate, ethanol, isopropanol or acetonitrile
are preferred. Examples of the acid addition salis include mineral acid addition salts such
as, for example, hydrochloride, hydrobromide, hydroiodide, sulphate, nitrate, phosphate,

and organic acid addition salts such as, for example, acetate, maleate, fumarate, citrate,




be carried out by nethods known in the art. 25 For instance,

phar maceutical ly acceptable salts of conpounds provided herein are

synt hesi zed fromthe parent conpound which contains a basic or acidic

noi ety by conventional chem cal nethods. CGenerally, such salts are, for
exanpl e, prepared by reacting the free acid or base forns of these
conpounds with a stoichionetric anount of the appropriate base or acid in
water or in an organic solvent or in a mxture of the two. 30 Cenerally,

nonaqueous el dudcids®, BHIRL maBld WanRERL, ?Ie%an%h%ﬁ&ﬁlte ankd ?)_ngu&%@lﬁl?llmnﬁfe.

acetonitrile are preferred. Exanples of the acid addition salts Include

m neral acPrrneien afitbmalkali edditionepits induder igpreasie pits sucthasd fos exrnenls, gedinm, .
hydr obr om ga.ctwdroi-eei dzi?ngxﬁﬁﬂnﬁ’,hjﬁ%ﬁesﬁﬁh} Q@%gﬁmﬂmkﬁ% RhaLG: salté%do&gﬁﬁ'é ¢ acid

addition salts such as, r exanpl®e, aceta ml eate, fundrate, citrate, 9
oxal ate, stikdl naelds sueh r as.e, foral eewploya rtoilaediaminet hafheselipimenadeNand

p-tol uepes : . I R I i ncl ude
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amoni um magnesi um alumniumand lithiumsalts, and organic alkali salts
such as, for e I et.hyl enedi am. ne, et hanol am ne, N, .

di al kyl enet han)(;fagﬁqlu%rel? Efarlelért% ag%vghﬂeﬁe?r &frﬁcrg%ﬁ fe° aﬁ&sebglé%cmgfﬁa%eoé%? ds

sal ts. Parbibowallahility of shecuerpdurdie b thist invetiow what agh eopamés frhad\ididsatd
increase the bj.oavailability of the conpounds, of this invention en such
cormpounds Srd p&*&‘?ﬂ%r@@t’ 2%&1'10 e &“poégl}yeﬁ‘im’(l??e&q C‘BW"&"P? d%i g ™QHe BRRY y

admi ni $6 er #dorbaipaiihe bload e vﬂﬁcﬂﬁanhﬁﬁdHéli(veﬂgﬂof&h@pdrﬁﬁdmh?ﬁ@d&@@bi@ldgﬁﬂ]) or

whi ch enhance delivery of the parent conpound to a biol ogical conpartnent
(e ., t heMRPATReR {2y HSIvEAER o lepmbatin YHDAFIAYES P HCRIEPTpRIERT speci 65, Any
conpound that is a prodrug of a conpound of fornula (1) is within the scope

of the invention. The term"prodrug” is used in its broadest sense_and

enconpasses t ho¥¥ comgovehthafat 4 Rredrug it comnevedehfermeds () is withinghe eropmef
conpounds 8§ itvagridn 8Btk “preied Halsby &t ity 8o kehst 8AHAbNREEH Ho t hose
skilled in the art, and include, depending on the functional groups
presents i rierngivenhetyr comveedin ivuto the pemprundnot thaavensionofchgledeativetat i ves
of the PreseNleGRBOMRYS ihosSliGch indhe AP, A i1k 8ERndiBE AR R hfcRHE" S:

metal salts sulfonate esters,
groups present in the molecule and without limitation, the following derivatives of the

present compounds: esters, amino acid esters, phosphate esters, metal salts sulfonate esters,
carbamates, and amides. Examples of well known methods of producing a prodrug of a

20 given acting compound are known to those skilled in the art and can be found e.g. in
Krogsgaard-Larsen et al. “Textbook of Drugdeéign and Discovery” Taylor & Francis (april
2002).

The compounds of the invention may be in crystalline form either as free

25 compounds or as solvates (e.g. hydrates) and it is intended that both forms are within the
scope of the present invention. Methods of solvation are generally known within the art.
Suitable solvates are pharmaceutically acceptable solvates. In a particular embodiment the

solvate is a hydrate.

30 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 pharmaceutically acceptable level of purity excluding

normal pharmaceutical additives such as diluents and carriers, and including no material




car bamat es, and am des. Exanples of well known nethods of producing a
prodrug of a 20 given acting conpound are known to those skilled in the art
and can be found e.g. in Krogsgaard-Larsen et al. "Textbook of Drugdesign
and Di scovery” Taylor & Francis (april 2002). The conpounds of the
invention may be in crystalline formgither as free 25 conpounds or as
solvates (e.g. hydrates) and it is |ntended that both forns are within the
scope of the present invention. Methods of solvation are generally known

sol vat es. PGssd o bR RN R PO TRE B G RR R ARY.
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di ast efeoi soners and m xtures thereof fall within the scope of the present
i nvention. 10 W have found that the cor‘rPounds of fornula | above are
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sel ective GSK- ¥e hayeifonuch that thenegrmprsndiopt &peila hiabayet | 8h SERCEHEEK nases)
and addi ti ﬁ‘i chsy ﬁ’tﬁeg% Bt ﬁr%@r%hlgfﬁgﬁi on Bﬁl@xf lﬁﬁe@,éﬁ) QEd £RlitiRRIOPREY hRSenvdoah makes
themsuita rug devel opnent. | ndeed
phannacologmal properties which makes them suitable for drug development. Indeed
through the adequate selection of the size and chemical characteristics of the substituents
15 on the TDZD ring we have obtained compounds that are very stable against plasma
molecules such as glutathion and BSA, and have shown good oral bioavailability and blood

barrier penetration.

R, comprises an aromatic group, this improves the stability properties. In an
20 embodiment R; has at least 10 aromatic carbons. Alternatively, good compounds are
obtained with electron donating groups on the aromatic ring such as alkoxyl or

methylendioxy.

_ Although R; can be linked to the TDZD through any group as long as it is not
35  C(O)- (because of degradation and poor stability in plasma), it is preferred that the aromatic
group is directly linked to the N of the TDZD.

Representative substituents that can be used as R; are the following:




t hrough the adequate sel ection of the size and chem cal characteristics of
the substituents 15 on the TDZD ring we have obtai ned conpounds that are
very stabl e against plasma nol ecul es such as gl utathion and BSA, and have
shown good oral bioavailability and blood barrier penetration. R,
conprises an aromatic group, this inproves the stability properties. In an
20 enbodiment RI has at |east 10 aromatic carbons. Alternatively, good
conpounds are obtained with electron donating groups on the aromatic ring
such as al koxyl or methyl endi oxy. Althoug i can be linked to the TDzZD

t hrough any group as Iong_%% Lt is not - Q O - (because of degradation
and poor stability in plas ?, | L~hg prefer that the aromatic group is
directly linked to the N of the ). Representgtive substituents that can
be used as Rt are the foll ow ngt g CH2 5 HC~ [/ i/ O\ C
10 H2C~i <0 :: 0 ~ 0-11C, / 0715 Very results of stability and
bioavaj;ability in vivo have been obtained™4th a bul ky aromatic group

such as naphthyl. In particular alpha-naﬂhﬂﬁfﬁjiés gi ven good results.
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Very good results of stability and bioavailability in vivo have been obtained with a
bulky aromatic group such as naphthyl. In particular alpha-naphthyl has given good results.
When R} is alpha-naphthyl, it is preferred that it is an unsubstituted alpha-naphthyl,

20
Concerning the substituent at position 4 of the TDZD, it is preferred that R, and Ry

are H.

In another embodiment it is preferred that Ry, Rs, R4, Rs, Rg are independently selected

from hydrogen, substituted or unsubstituted alkyl, CORy, -C(O)OR7, -OR7, -NR;Rg, or
25  halogen.

Most preferably the substituent at position 4 is unsubstituted benzyl.

Representative compounds of the invention are the following:




Wien R1 is al pha-naphthyl, it is preferred that it is an unsubstituted

al pha- napht hyl . 20 Concerning the substituent at position 4 of the TDZD, it
is preferred that R and Ro are H In another enbodinent it is preferred
that R2, R3, R4, R5, R6 are independently selected from hydrogen,
substituted or unsubstituted al kyl, GoR7, -C(OOR7, -OR7, -NR7R8, or 25
hal ogen. Most preferably the substituent at position 4 is unsubstituted
benzyl. Representative conmpounds of the invention are the follow ng: 12
O(,NTONTrol NS/ NS enzyl-2-pbenethy|-[1,2 4]t hi adi azol i di ne

3, 5-di one 4-Benzyl - 2-di ph met hyl -1, 2,4-thi adiol idine- 3,5-dione
O-(NrOof N5 o NS N-S \ 4B 2i adi aZO|IdI ne yl-{1,2,4]4]thiadi azol i di ne~
4-Benzyl - 2- (4-mel t, oxy- ﬁn}fyl) [1, 2, 4] t hi adi aZO|\fFFE 3,5-dione 3,5-dione

O---( N\ro NS D o _
z(l}Benéle 2-(2- LEanylZpeneerkU gﬂﬂgﬁ Nyl.- phenyl) -[ 1, 274]jthi adi azol i di ne- 3,5 dione
3,5-dione

4-Benzyl-2-diphenylmethyl-1,2,4-thiadiazolidine-

3,5-dione
N O=eNz0
O e}
~.& pg
¢
~
4. 1-2-naphthalen-1- .
yl]-?ﬁnﬁ] ﬂ]if(li?azg?ig;e. 4-Benzyl-2-(4-mefhoxy-benzyl)-[1,2,4]thiadiazolidine-3,5-dione

3,5-dione
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4-Benzyl-2-(2-tert-butyk-6 methyl phenyl)-[1 2,4]tb1adxazohd.me -3,3-
dione

£ &
17 ~r

C: N-8
4-Benzyl-2-(4-methyl-benzyl)- O
[1,2,4]Jthiadiazolidine-3,5-dione

4-Benzyl-2-(2-benzyl-phenyl)-

[1,2,4]thiadiazotidine-3,5-dione

O Naz0 (:
ﬁl \F

e ~r

oY -]
2-Benzo[1,3]dioxol-5-yl-4-benzyl-
[1,2,4]thiadiazolidine-3,5-dione 4-BENZYL-2-(4-PHENOXY-FHENYL)-

[1,2,41THIADIAZOLIDINE-3,5-DIONE




QNS SN 4-Benzyl-2-(4-nethyl-benzyl) [1,2,4]thiadiazolidine-3,5-dione
4- Benzyl - 2- (2- benzyl - phenyl )- [1, 2, 4] thi adi azolidine-3,5-dione O NN~ON N
o\ 2-Benzo[1, 3]dioxol-5-yl-4-benzyl [1,2,4]thiadiazolidine-3,5-dione

4- BENZYL- 2- (4- PHENOXY- PHENYL) [ 1, 2, 4] THI ADI AZOLI DI NE- 3, 5- DI ONE 13 And
their salts, prodrugs and sol vates. Tfhe conpounds of fornula (1) defined
above can be obtained by avail able synthetic 5 procedures. Sone exanpl es
of these procedures are described in WO 01/85685 and US 2003/0195238 and
references therein. The content of these docunments is incorporated herein
by reference inits entirety. Therefore in another aspect the invention
provi des aAmstibeiesaltsfmedrugsangd selpesat i on of a 10 conpound of formula (1) or
a salt or solvate thereof as clainmed in any of clainms 1-11, which
conprises reacting a benzyl substituted isothiocyanate of formula Il R R4
2\ / RS Ra RIhReomhpogads offformmid @) defined above can be obtained by available synthetic

5  procedures. Some examples of these procedures are described in WO 01/85685 and US
2003/0195238 and references therein. The content of these documents is incorporated

herein by reference in its entirety.

Therefore in another aspect the invention provides a process for the preparation of a
10 compound of formula (I) or a salt or solvate thereof as claimed in any of claims 1-11,
which comprises reacting a benzyl substituted isothiocyanate of formula 11
R Ra

5 Rs

Ra Rp Rg

N=C=S

formula H
15 with a compound of formula R;-N=C=0.

For example, the following procedure can be used to produce 4-N-benzyl substituted

thiadiazolidinones:

N

N=C=§ * R;-N=C=0_S0:Cl, o_\\( YO

S—N\
20 Ry
Scheme 1




15 with a conpound of fornula RL-N=C=0O. For exanple, the follow ng
procedure can be used to produce 4-N-benzyl substituted

t hi adi azolidinones: i N=C=S + RI-N=C=0 S02C12_ p o SN 20 RlL Schene 1 14
The general experinental procedure of Schenme 1 is described for exanple in
Slontzynska, U.; Barany, G, "Efficijgnt Synthesis of
1,2,4-Dithiazolidine-3,5-diones (Dthiasuccinoyl- am nes) and observations
on formation of 1,2, 4-Thiadiazolidine-3,5-dione by related Chemstry", J.
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sol vent o RhEL HBg R o R R e Aol oF MY The

m xt ur e i sCHeetfistryt,o. Hetarwicyclic Sthemx A9, 1,281896.stirring for 20 hours at room
tenperature. After thi s time, the resulting product is isolated by

conventi onal % &hsu %Ioh@é‘ 1§ 'ah&eﬁa&rbﬁﬂls@mﬁpktﬁﬁﬁg @MeP afirebon and
then, the puri |cat|on S E&Vr or ne recristallization or silica

gel col unm @hespiree.ayefaishly at W@Pﬁm@feap@g%ﬁﬁ aitabow|SiEnto)a solsiorph §pnzyl
al ternative, s&ﬁl{agﬁﬂzyé &fd Wd kso L Qﬁrﬁ&'{@d $:0ea N ol %uﬁgmé |s§1%ﬂt nsua}has art,

such as the us any ot or| nating agent instead furyl
chloride, Vi éteror TFHFt%em)thdeddltl@I is fidighed, nnxtuméleﬁéamaatﬂf% cxgmeple
reacti ncndltlon ( i , e e i ts
may, i ¢ desr %““%Z‘”p%j‘ﬂ‘ uefp § 6y c%%%néﬁ ght%g ﬂ%ﬁ%ﬁﬁas r%&qqg
crystal | i saikélaad bjcbunoemiongrrmah;ds andh a5 sudtion @ﬂtraunn or solvent evaporation and then,

the purification is performed (e.g. by recristallization or silica gel column chromatography

using the appropriate eluent).

15 Other alternative procedures will be apparent to the person skilled in the art, such as
the use of any other chlorinating agent instead of sulfuryl chloride, variations in the order

of addition of the reactants and reaction conditions {solvents, temperature, etc).

The reaction products may, if desired, be purified by conventional methods, such as

20  crystallisation, chromatography and trituration.

One preferred pharmaceutically acceptable form is the crystalline form, including
such form in a pharmaceutical composition. In the case of salts and solvates the additional
ionic and solvent moieties must also be non-toxic. The compounds of the invention may

25  present different polymorphic forms, it is intended that the invention encompasses all such

forms.

Another aspect of this invention relates to a method of treating or preventing an
GSK-3 mediated disease with an GSK-3 inhibitor as described above, which method
30  comprises administering to a patient in need of such a treatment a therapentically effective

amount of a compound of formula (I} or a pharmaceutical composition thereof.

The terms "GSK-3 mediated disease, or "GSK-3 mediated condition", as used

herein, mean any disease or other deleterious condition or state in which GSK-3 is known




One preferred pharnmaceutically acceptable formis the crystalline form
including such formin a pharmaceutical conposition. In the case of salts
and sol vates the additional ionic and solvent noieties nmust also be
non-toxi c. The conpounds of the invention may 25 present different

pol ynmorphic fornms, it is intended thajsthe invention enconpasses all such
forms. Another aspect of this invention relates to a nethod of treating or
preventing an GSK-3 nedi ated di sease with an GSK-3 inhibitor as described
above, whi gf}18Pd PR sucPaiCQURI S6iR AT e Sl ol hiflinicRRkibA, Ldhafied Of
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In a particular embodiment of the invention the compounds of formula (I) or their
pharmaceutical compositions, e.g. in oral form, are used for the treatment of the

Alzheimer’s disease.

20 In another embodiment of the invention the compounds of formula (I) or their

pharmaceutical compositions, e.g. in oral form, are used for the treatment of the diabetes.

In another embodiment of the invention the compounds of formula (I) or their
pharmaceutical compositions, e.g. in oral form, are used for the treatment of the

25  depression.
In another embodiment of the invention the compounds of formula (I) or their

pharmaceutical compositions, e.g. in oral form, are used for the treatment of brain injury.

The present invention further provides pharmaceutical compositions comprising a
30 compound of this invention, pharmaceutically acceptable salts, derivatives, prodrugs or
stereoisomers thereof with a pharmaceutically acceptable carrier, adjuvant, or vehicle, for

administration to a patient.




In a particular enbodi nent of the invention the conpounds of fornmula (1) or
their pharnmaceutical conpositions, e.g. in oral form are used for the
treatment of the Alzheiner's disease. 20 I n anot her enbodi nent of the

i nvention the conpounds of forrmula (I) or their pharnaceuti cal
conpositions, e.g. in oral form are sed for the treatnment of the

di abetes. I n another enbodi nent of the invention the conpounds of formula
(I') or their pharmaceutical conpositions, e.g. in oral form are used for
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agents, fdr¥e&k gﬁﬁ?ﬁ’eca%%}?mu (Fhos Z‘%tcg:’i Sao?gl%é eqra%\i\?crlf,le’ st%JrI%ﬁ"%)fuba?#lgsg g%a%aﬁl?’ieor

pol yvi ny| pydghediind elaaratef dibihepantsffor exaxpbasiach, aclyemelpysealiglans, sodranazerdt ar ch,

cal ci um phos te, sorbital or.glycine; tabletting |ubricants. faor _ exanple
70 rmonesidpLee g ukaer s eflonts & Prp Ryl Seay b aRRE feents S
pol yvi nyl py &édbrh dupg sulf@eli um starch gl ycollate or microcrystalline

cel lul ose; or pharnmaceutically acceptable wetting agents such as sodi um
| auryl sulfate. The solid oral conpositions nay be prepared by conventi onal

met hods of bl engé Bflid oral compositions may be prepared by conventional methods of blending,
15 filling or tabletting. Repeated blending operations may be used to distribute the active

agent throughout those compositions employing large quantities of fillers. Such operations

aré 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.

26
‘The pbarmacentical 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.
25

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 compounds or compositions of the present invention may be
30 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 to be treated.




15 filling or tabletting. Repeated bl ending operations nmay be used to
distribute the active agent throughout those conpositions enploying |arge
gquantities of fillers. Such operations are conventional in the art. The
tablets may for exanple be prepared by wet or dry granulation and
optionally coated according to nethodsg well known in normal pharnmaceuti cal
practice, in particular wwth an enteric coating. 20 The pharmaceuti ca
conpositions may al so be adapted for parenteral admnistration, such as

sterile sol uti @geraf épéﬂ&n@@%drﬁﬁusw&pﬂhédn%%@a%ﬁg&ﬁfd%ﬂtﬂe ¥entiAPRIODT | at e
unit dosage form Adequate excipients can be used, such as bul king agents,

buf f er i ng dependiesn the rolative alficasn o thwmmen%wsw@ﬂecrer@hmﬁth? ﬂlé?féervhemg be
prepar ed }S’rﬁé {aég ﬁh%ﬂg%e@%g‘g%fﬁﬁg%uﬁé}@ év@xosd%uved JuR&dwal tyedayrwd to in

t he Spani US Ph poei as an |m ar erence texts.
Admi ni st r sadingristerkd phes arange imss a@hayé@nqare@pkelleﬂs-%@f 4ttivess geidy erith aigaint i on

may be 530 tQt%l @aﬂﬁg&,&.i@ﬂg Oneoq?(ﬁq&@o@sm%%a%enous i nfusi on, oral

preparations, rap and 1 nt us adm nistration. O al
adm nistration is pref erred because of the convenience for the pati ent and

the chronic chggacter o f . e neral ly
an effective agﬁ? er(](;aS a%ﬁﬁgﬁ%@?gﬂ@% Iﬁkzeﬁﬁ%&&flyﬁ%ﬁesre?%tg%{h | depend
on the relmbvidea aﬁrihlmoy t}mfapyr&e(ndmpdmgdmhcﬁampamdf&mme mmyosu:ttont e

di sorder RQein treated and the.wei fferer ver. actlve
corrpoundsq‘ﬁﬂr‘?vl‘éwsc?aﬁep?atﬁecomgquﬁ t 8?‘86“%‘%@%1%{ I‘?’r%%e ttlm?‘rgr st diffanst o
exanpl @ 1,tide. 3 Oor 4 tines daily, with typical 5 total daily doses |n t he
range of fromO0.1 to 1000 ng/ kg/ day. The conpounds and conpositions of this
invention may be used with other drugs to provide a conbination therapy.

The other drugsn iyhet @§petiiBE invedtionllae iR inhMMRSE SKGrb,chﬁfy inhebipiogickided as a
separate conposition for adninistration at.the a or at .different
10 time. sample with the compounds of formula (I), which me compnses confacting the
biological sample with a GSK-3 inhibitor of formula (I). The term "biological sample”, as
15  used herein, includes, without limitation, cell cultures or extracts thereof; preparations of an
enzyme suitable for in vitro assay; biopsied material obtained from a mammal or extracts
thereof, and blood, saliva, urine, feces, semen, tears, or other body fiuids or extracts
thereof. Thus, in one aspect the invention is directed to the use of compounds of formula I

as reactives for biological assays, in particular as a reactive for GSK-3 inhibition.

20
The following examples are intended to further illustrate the invention. They should
not be interpreted as a limitation of the scope of the invention as defined in the claims.
25
EXAMPLES
Synthesis of compounds

30  General experimental procedure:
Sulfuryl chloride is added dropwise with stirring, under nitrogen atmosphere, at 5 °C to a

solution of benzyl isothiocyanate and the isocyanate indicated in each case, in hexane,
ether or THF. When the addition is finished, the mixture is stirred for 20 hours at room
temperature. After this time, the resulting product is isolated by suction filtration or by




I n anot her aspect the invention relates to inhibiting GSK-3 activity in a
bi ol ogi cal sanple with the conpounds of forrmula (1), which nmethod
conprises contacting the biological sanple with a GSK-3 i nhibitor of
formula (1). The term "biol ogi cal sanple", as 15 used herein, includes,
without limtation, cell cultures or gxtracts thereof; preparations of an
enzynme suitable for in vitro assay; biopsied material obtained froma
mamal or extracts t hereof; and bl ood, saliva, urine, feces, semen, tears,

or other b 90%’ ¢ eié(?'gtl tanﬁ Jnaﬁltezun? &%51? %f erfothRt b)ﬂ ey éﬂﬁ&?&l sﬂwa%el

invention Is e us corrp unds of “fornu as reactives
for bi ol ogeduhn abwmptography paingi thel eppropsate desatt Meee felpilsGere Beifamndoin i on. 20

The fol | Opgfa&c%é@glg'@s ﬁa;a%ye;&e eﬂﬁ%e&lp s}#&wrof 1'4 &?a%@héu@%?'ﬁ%ﬁﬁ%' on.
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CGener al _ex erl a r e: Sulfury hl,or. s added dropwi se with

stirri nij %%hterosg H%g&gn%'soﬁ%cglrceéhagf h%ﬁcb{) 24?34350' ution of benzyl

i sot hi ocyanate and the isocyanate indicated in each case, in hexane, ether

or THF. V\h@nthie addition is finished, the mxture is stirred for 20 hours
room &8lure. After this time, the resulting product is isolated by

suctl on flt—ﬁ’hﬁiethgm-eénzby(lm)tmﬂﬁatﬁl’ﬂdin@}/,aﬂﬂma(i)on and then, the purification
is perforned by recristallization or silica gel colum chromatography
usi ng the appropri ate eluent. More details can be found in Sl ontzynska,

U.; Bai@nyRedgents:' ﬁnfzqug&mbm&afé (&S ingmélf 085 Znﬂ} @h&lﬁlﬁlﬂ@i@éd}{dﬂld&ﬁ(@s Sarflblpnes
(Di t hi asucc observati ons

ino {ﬂ
. Thi OPASE) a0 SOoGhbd ReL 42, mES BBV @5 ). Tslatiogs solt5glc | ¢
Chem 1984apdation2fkifedfon: siEsAEd c6uhn chromatograpl'éy (AcOEt/ hexajme 1:4).

2- Phenet hle:eld tl)?jréz( zll%)(’ yellov;lc)ntl hr adi azol i di ne- dione (1
15 'H-RMN (CDCly): 2.9 (t, 2H, CHpCHPh, J=7.2 Hz); 3.9 (t, 2H, CH2CH2Ph, J=7.2 Hz);
4.8 (s, 2H, CHpPh); 7.2-7.4 (m, 10 H, arom) |
BC-RMN (CDCls): 34.9 (CH2CH2Ph); 4.9 (CH2CHoPh); 46.2 (CHaPh); 126.9; 128.5;
128.6; 136.6 (C arom CHoPh ); 128.1; 128.6; 128.6; 135.0 (C arom CHpCH2Ph); 152.6 (3-
C=0); 165.6 (5-C=0).
20  Anal (Ci7H;gN2O58), C, H, N, S.

Example 2
4-Benzyl-2-naphthalen-1-yl-[ 1,2,4]thiadiazolidine-3,5-dione (2)
25
Reagents: Benzyl-isothiocianate (13 mmol, 1.72 mL), 1-naphthyl-isocyanate (13 mmol, 1.9
mL) and SO,Cly (13 mmol, 1.04 mL) in hexane (50 mL). Isolation: filtration of reaction
mixture. Purification: recrystallization from EtOH.
Yield: 3.8 g (87%), white needles. mp=150°C
30
'H-RMN (CDCls): 4.9 (s, 2H, CHoPh); 7.3-7.9 (m, 12H, arom.)




10 Reagents: Benzyl-isothiocianate (6.5 mmol, 0.85 nl), phenethylisocyanate
(6.5 mmol, 0.89 nL.) and S02C12 (6.5 nmmol, 0.52 nL) in diethyl ether (25
m.). Isolation: solvent evaporation. Purification: silica gel colum
chromat ography (AcOEt/ hexane, 1:4). Yield: 1.5 g (74%, yellowoil. 15
"HRW (CDC13): 2.9 (t, 2H CH2GH2Ph, oJ=7.2 Hz); 3.9 (t, 2H CH2CH2Ph,
J=7.2 Hz); 4.8 (s, 2H, CH2Ph); 7.2- % 4 (m 10 H, aron) 13C-RWN (CDC13):
34.9 (CH2CH2Ph); 4.9 (CH2CH2Ph); 46.2 (CH2Ph); 126.9; 128.5; 128.6; 136.6

(C arom CH 1 5 6 (3-
G0 165, & (RRRCEErn o kiEr3pn B B B G D R Mg T, T

4- Benzyl - 2oeaphbhal ©x7-51-198.5] 1308, 434kl (aﬁmamohamm} 3542 qmq@);( P95.9 ms
Reagents: Benzyl -isothiocianate (13 nunol, 1.72 nl), 1-naphthyl-isocyanate
(13 mmol, €9 "n) and S2C12 (13 mml, 1.04 nl) in hexane (50 nl).

| sol ati on:afd |t lg@m@gpfc fencgion m xt ure. Purification: recrystallization

from EtOH Yiel d: g (87%, white needles. np=150 C 30 'H RWN (CDC13):
4.9 (s,5 2H, CHZPh) 7 3 7.9 (m 12H, arom) 19 13C-RWN (CDCI3): 46.5
( CH2Ph) ; 0; 135.0 (C arom Ph); 122.0; 125.3; 126.8;
127.2; 127.5; 128 0. , 134.4 (C arom_naphthyl); 152.2 (3-C=O,; 165.9

(5- C=0). aﬁda!(ﬂ@ﬂﬂp-limébzﬂﬁuawmﬂdmg >-Bo@hpl e 3 (conparat i ve)
2- (1-adamantyl)-4-benzyl -[ 1,2, 4]thi adi azol i di ne- 3, 5-di one 7(3)

Reagents: Benzylisothiocyanate (6.5 mmol, 0.85 mL), 1-Adamantyl-isocyanate (6.5 mmol,
10 1.15 g) and SO.CL; (6.5 mmol, 0.52 mL) in diethyl ether (25 mlL). Isolation: solvent

evaporation. Purification: silica gel column chromatography (AcOEY/ hexane, 1:4).

Yield: 0.89 g (40%), yellow crystals. mp= 128.8 °C

IH-RMN (CDCL): 1.7 (m, 6H, adamantyl); 2.2 (m, 3H, adamantyl); 2,3 (m, 6H,
15  adamantyl); 4.8 (s, 2H, CH,Ph); 7.2-7.4 (m, 5H, arom)

B RMN (CDCl): 29.9; 30.0; 35.9; 41.0; 60.0 (C adamantyl); 45.3 (CH,Ph); 127.8; 128.5;

128.6; 135.4 (C arom).

Anal. (CysHxN>058), G, H, N, S,

20 Example 4
4-Benzyl-2-(4-methyl-benzyl)-[1,2,4]thiadiazolidine-3,5-dione (4)

Reagents: Benzylisothiocyanate (6.5 mmol, 0.85 mL), 4-methylbenzyl-isocyanate (6.5
mmol, 0.90 mL) and SO,Cly (6.5 mmol, 0.52 mL) in diethyl ether (25 mL). Isolation:
25 filtration of reaction mixture. Purification: recrystallization from MeOH.

* Yield: 0.95 g (48%), white solid. mp=69.1 °C

'H-RMN (CDCls): 2.4 (s, 3H, CHy); 4.7 (5, 2H, CHy-Ph); 4.8 (2H, s, CHx-Ph); 7.2 (5, 4H,
arom); 7.2-7.5 (m, 5H, arom).

30  PC-RMN (CDCL): 21.3 (CHs); 45.9 (CH,Ph); 48.5 (CH,Ph); 128.1; 128.6; 128.7; 135.0
(C arom); 128.4; 129.5; 131.1; 138.6 (C arom); 152.8 (3-C=0); 165.7 (5-C=0).
Anal. (Ci7H1N2028), C, H, N, S.




Reagents: Benzylisot hi ocyanate (6.5 mml, 0.85 nL), 1-Adamantyl-isocyanate
(6.5 mol, 10 1.15 g) and S02C12 (6.5 mmol, 0.52 nm.) in diethyl ether (25
mL). Isolation: solvent evaporation. Purification: silica gel colum
chromat ography (AcOEt/ hexane, 1:4). Yield: 0.89 g (40%, yellow crystals.
np= 128.8 C 1H-RWN (CDCI 3): 1.7 (m , adamantyl); 2.2 (m 3H, adamantyl);
2,3 (m 6H 15 adamantyl); 4.8 (s, 2H, CH2Ph); 7.2-7.4 (m b5H, aron)
13CG-RWN (CDCI 3): 29.9; 30.0; 35.9; 41.0; 60.0 (C adamantyl); 45.3 (CH2Ph);
127. 8; 128%?;ia1 1d€8.6; 135.4 (C arom). Anal. (C19H22N202S), C, H N, S 20
Exanpl e 4 J'nz | - 2- (4- et hyl - benzyl )-[1, 2, 4]t hi adi azol i di ne-3, 5-di one (4)
Reagent s: 3Bewyl 2 ﬂaﬂhn@hz}aﬂm)m@l@ [rh%ﬂlﬂu@h@@hﬁmw 5-dione (5)

4- et hyl benzyl -i socyanate (6.5 nmmol, 0.90 nL) and SO2C12 (6.5 nmol, 0.52
m.) in diethyl ether (25 nL). Isol ation: 25 filtration of reaction

m Xt ure. PReapéite aBeoylisatidosyystial (6152 atinoly  0.856 nmild,03.4-Yiethydend@xgphenyi-489)

whi t li.d

Gro- prys - Ay 63 ml, L MDA SSHI0H g Pl Bsa iy i Bl fnde @i £ o
13C- RWN ((Ia@ét&))n filchtich ¢reeds)ion ﬂﬁmﬁe (HﬁHﬁ@hi)on #&ygallictRPlipm MI2@H1; 128. 6;
128.7; 13 1.1; 138.6 (Ca ; 152.8 (3-C=0;
165. 7 (5- %%4%97(8%*2}*‘1&418 " H N S 2(() |r5>c<)?rrp|e 5 4-(Benzyl)
2-((3, 4- nethylendloxy)phenyl) [ 1, 2 4]thiadiazo|idine 3, 5-di one (5)

B et ny PR L e 28 %@é&)iﬁﬁ‘@ %%%Wﬁi?@é%ﬁ o2 (6.5

ol , § 52 4t 5}pa@hgthyl ether (25 nL). Isolatlon filtration of reaction

. 0
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106.4; 108.3; 118.2; 129.0; 148.1; 146.8 (C arom); 151.2 (3-C=0); 164.9 (5-C=0)
Anal. (C1eHpN2043), C, H, N, S.

15 Example 6
4-Benzyl-2-diphenylmethyl-1,2,4-thiadiazolidine-3,5-dione (6)

Reagents: Benzylisothiocyanate (6.5 mmol, 0.85 mL), diphenylmethyl-isocyanate (6.5

mmol, 1.23 mL) and SO,Ch (6.5 mmol, 0.52 mL) in diethyl ether (25 mL). Isolation:
20 filtration of reaction mixture. Purification: recrystallization from McOH.

Yield: 1.79 g (80%), white solid. mp=111.5°C

'H-RMN (CDCL3): 4.85 (s, 2H,CH,Ph); 6.8 (s, 1H, Ph-CH-Ph); 7.2-7.4 (m, 15 H, arom)

BCRMN (CDCls): 45.9 (CHoPh); 61.6 (Ph-CH-Ph); 128.0; 128.6; 128.7; 135.0 (C arom);
25 128.1; 128.5; 128.5; 137.5 (2xPh); 152.6 (3-C=0); 165.8 (5-C=0)

Anal. (CoH;sN2028), C, H, N, S.

Example 7
4-Benzyl-2-(4-metoxybenzyl)-[ 1,2,4]thiadiazolidine-3,5-dione (7)
30
Reagents: Benzylisothiocyanate (6.5 mmol, 0.85 mL), p-metoxybenzyl-isocyanate (6.5
mmol, 0.92 mL) and 8SO,Cl; (6.5 mmol, 0.52 mL) in diethyl ether (25 mlL). Isolation:

solvent evaporation. Purification: silica gel column chromatography (AcOEt/ hexane, 1:4).




"HRW (CDC13): 4.9 (s, 2H, CH2Ph); 6.0 (s, 2H, OGCH2-0O; 6.7-7.0 (m 3H,
arom; 7.3- 10 7.5 (m 5H, arom "C RW (CDCl13): 46.2 (CH2Ph); 128.2;

128.6; 12
148.1; 14
H N S
4- Benzyl

9.0; 134.9 (C arom; 101.8 (O-CH2-O; 106.4; 108.3; 118.2; 129.0;
6.8 (Carom; 151.2 (3-C=0); 164.9 (5-C=0 Anal. (Cl6H12N204S), C,
15 Exanmple 6

21
- 2-di phenyl net hyl -1, 2, 4-t hi adi azol i di ne- 3, 5-di one (6) Reagents:

Benzyl i sot hi ocyanate (6.5 mml, 0.85 ni), diphenyl nethyl-isocyanate (6.5

mmol , 1.2
I sol ati on
recrystal
1H RWN (
H, aromn
128.7; 13
(3-C=0ys
4- Benzyl
Reagent s:
p- met oxyb
m.) in di
Puri ficat
Yield: 1.
3H, CH3);
arorr) 106

128 4 13
(3-C=0);

15

20

25

30

COBRYIN (CD88:)( 3.8 (RRHCKERN 7 6. B

31’1@?3)1.?@? 6@95%0&{%1@01{&* Rlo—gf4 &2 ML) in diethyl ether (25 rnL).

I'on of reactron m xture. Purification:
|l ization from MOH Yield: 179&{80% white solid. np=111.5 C
2-PRONDY; GBsPRY; Ci?fz‘fh)z 2~ ( m 15

9SS G2 oY DO 2%‘%@%5%%* Voxphy: 1526

TESRAN{ 3e0en): zmal(c;'ﬂﬁ@a)? Hz&l\laﬁ%l’h—ome)ﬁss M, (OSC'H3)E><1a8rﬂj &2078;

-2- 4-neto benz 1,2, 4 thladlazolldlne- ne (7 30
lséﬁzy:}ﬁ & éa bi6e2,( 188.5; 1597 4€ aquy ) Ph OMe), 9527 % -2*,:0);

el%ﬁ%l( @Zyanate (6.5 mmol, 0 92 m.) and S02Cl2 (6.5 mmol, 0.52
et h 25 m). Isol atl on: solvent evaporation.

ubml (@17H13Na03§é,l(3,cﬂ)ll‘{u$n chromat ogr aphy (AcCEtJ hexane, 1:4). 21
30 g (61 %9, yellowish solid. np=86.4 C"'H RW (CDC13): 3.8 (s,
4.7 (s, 2H, CH2-Ph-Owe); 4.8(s, 214, CH2-Ph); 7.2- 7.4 (m 5H,
ExachplH, J=8.6 Hz); 7.2 (d, 2H, J=8.6 Hz) (Aron) 5 13C- RWN

PRt Ry e b AR S5 ond 6 o e 152 7

Reagents: Benzylisothiocyanate (3.5 mmol, 0.45 mL), 2-ter-butyl-6-methylisocyanate (3.5
mmol, 662.5 mg) and SO;Cl, (3.5 mmol, 0.25 mL) in diethyl ether (15 mL). Isolation:
solvent evaporation. Purification: silica gel colurmn chromatography (AcOEY hexane,

1:10).Yield: 0.17 g (14%), brown solid. mp= 89.8 °C

"H-RMN (CDCL): 1.4 (s, 9H, C(CH3)3); 2.1 (s, 3H, CH3); 4.9 (2d, 2H, CHy-Ph, /= 6.3
Hz); 7.1-7.5 (m, 8H, arom)

BC.RMN (CDCL): 17.8 (CH3); 31.9 (C(CH3)); 35.9 (C(CH3)); 46.2 (CH2-Ph); 126.1;
128.6; 128.5; 135.1 (C arom-Bn); 131.5; 150.4; 139.4; 128.1; 129.5; 129.9 (C arom-Phy;
152.4 (3-C=0); 165.7 (5-C=0)

Anal. (C20HzN20;8), C, H, N, S.

Example 9
4-Benzyl-2-(2-benzyl-phenyi)-{ 1,2,4]thiadiazolidine-3,5-dione (9)

Reagents: Benzylisothiocyanate (6.5 mmol, 0.85 mL), 2-benzylphenyl-isocyanate (6.5
mmol, 0.82 mL) and SO,Cly (6.5 mmol, 0.5 mL) in diethyl ether (25 mL). Isolation:
filtration of reaction mixture. Purification: recrystallization from EtCH

Yield: 1.50 g (62%), white solid. mp=154.9 °C

'H-RMN (CDCls): 3.9 (s, 2H, Ph-CH?-Ph); 4.86 (s, 2H, CHPh); 6.9-7.5 (m, 14 H, arom)




165.6 (5-C=0). Anal. (C17H13N203S), C, H N, S. to Exanple 8

4- Benzyl - 2-(2- tent-butyl-6-nethyl-phenyl)-(1,2,4)thiadiazolidine-3,5-dione
(8) Reagents: Benzylisothiocyanate (3.5 nunol, 0.45 ni),
2-tert-butyl-6-methylisocyanate (3.5 nunol, 662.5 ng) and SQ2C12 (3.5
mmwl, 0.25 nL) in diethyl ether (15 My . Isolation: 15 solvent
evaporation. Purification: silica gel colum chromatography (AcCEt/ hexane,
1:10).Yield: 0.17 g (14%, brown solid. np= 89.8 C 1HRW (CDC13): 1.4 (s,
9H, C(CH3) BN , 3. 2 J 3]2 B 1-7.5
(m 8H, aron') Zojf(igglsh%l(%?lj%ﬁhﬁ%ég@{é%) gﬁrgbgs T2866 9%% ? C(CH3));
46. 2 ( CH2- P13)9; 1226; 131.6;1128.46 1212;81331 ﬂHBCHz-(Pﬁ),alrtlﬁﬁi Bﬁ?}% 112§16 g26. &E{Bhﬂ

139.4; 128.1; %29. 5, 129, 9_ C arom 152.4 (3-C=0); 165.7 (5-C=0) Anal.
H22N § TS e ,
C20H22 2cﬁ Pblﬂ-i?( Q); 1668 (i i 9
4- Benzyl - oRE wldl, 2, 4] thi adi azoli di ne- 3, 5-di one (9) Reagents:
Benzyl i sot cg/a:2 é %gg ‘gﬁirzm 0. 85 rrL) , 2-benzyl phenyl -i socyanate (6.5

nol , 035 82 m_) and 802012 (6. 5 nmmol, 0.5 nmL) in diethyl ether (25 nli).

I sol ati on: 3‘[? Lid”at' on of reaction mxture. Purification:

recrystall | PAR0n fromEtOH Yield: 1.50 g (62%, white solid. nmp=154.9 C
1H RW ( CDEB8&)zyl-3-(Bpliampx@iHenyPRi Chittiljazolidi863, @shonz KLOCH2Ph); 6.9-7.5 (m 14
H arom 22 13C-RW (CDC13): 38.1 (Ph-CH2-Ph); 46.1(CH2-Ph); 135.1; 128.5;
128.6; 129.2 (C-Bn); 138.9; 129.9; 131.6; 128.4; 127.9; 133.1 (Ph-CH2-Ph);
140. 9; 128Rékgerlt? SR@zylisdthickyhiRite (CHRark) 1.615),2 4{pBe@x@Phengleibocfarabs (30) Anal .

( 022H1§0N2 %tsr?ol, ngﬂ anN’SCE'Clg é 3 mmol, 1 mL} in diethyl ether (50 mL). Isolation: filtration
of reaction mixture. Purification: recrystallization from EtOH.
Yield: 4.12 g (84%), white solid. mp=88.8 °C

'H-RMN (CDCls): 4.92 (s, 2H, CHoPh); 7.0-7.6 (m, 14 H, arom)
15 C-RMN (CDCl): 46.1 (CHoPh); 134.9; 128.7; 129.1; 128.3 (CH-Ph); 130.1; 125.7;
119.2; 156.3 (Ph-O-Ph); 156.3; 119.1; 129.8; 123.8 ( Ph-O-Ph); 151.1 (3-C=0); 165.0 (5-
=0)
Anal. (C1HigN;038), C, H, N, S.

20
Biological Methods

Example 11

25  GSK-38B inhibition

The GSK-3B activity was determined by incubation of a mixture of recombinant human
GSK-3 enzyme, a phosphate source and GSK-3 substrate in the presence and in the absence
of the corresponding test compound, and by measuring the GSK-3 activity of this mixture.

30
Recombinant human glycogen synthase kinase 38 was assayed in MOPS 8 mM pH 7.3,

'EDTA 02 mM, MgCl, 10 mM and sodium orthovanadate 0.25 mM in the presence of 62.5

uM of Phospho-Glycogen Synthase Peptide-2 (GS-2), 0.5 pCi v-PP-ATP and unlabelled

ATP at a final concentration of 12.5 uM. The final assay volume was 20 pl. After

35  incubation for 30 minutes at 30 °C, 15 pul aliquots were spotted onto P81 phosphoceliulose




Exanmpl e 10 4-Benzyl - 2- (4- phenoxyphenyl)-[1, 2, 4]t hi adi azol i di ne- 3, 5-di one
(10) Reagents: Benzylisothiocyanate (13 nmol, 1.6 ni),

4- phenoxyphenyl -i socyanate (13 10 mml, 2.3 nL) and SO2C12 (13 mml, 1 ni)
in diethyl ether (50 nL). Isolation: filtration of reaction m xture.
Purification: recrystallization fromygtOH Yield: 4.12 g (84%, white
solid. mp=88.8 C'H RW (CDC13): 4.92 (s, 2H, CHPh); 7.0-7.6 (m 14 H,
arom) 15 13C-RWN (CDC 3): 46.1 (CH2Ph); 134.9; 128.7; 129.1; 128.3

(G2 P by M2 Rec ol o k2 ok PG ASPuicolal Hiy 135018, 123. 8
(Ph-O Ph); O C=0); 165.0 (5- GO Anal. (C21H16N2C3S), C, H N, S
20 Bi ol ogidfatintilistinn deckiafhimaplintilintiorp@u@8k- 3(3 i nhi biti on The GSK-3(3
activity i i i f i Xt Ly i uman
Goic 3 cnzyite, BRI RS, B e O Y e "ond i
t he absenaegresfontuling GoaphBabRrisdi. ng t est conpound, and by neasuring the GSK-3
activity of this mxture. 30 Reconbi nant human gl ycogen synt hase ki nase
313 was assayed in MOPS 8 MM pH 7.3, EDTA 0.2 mM MO ? 10 mM and sodi um
or t hovanaditedCQ. (2mceditation sthvehigh HsWnfengime@hibitioMithoPheshies 2@

Synt hase Pegaﬁ?'i dI?-Z (GS-2), 0.5 G y-33P-ATP and unl abelled ATP at a final
concent ratfd%f 12.5 M The fi nal assay volune was 20 gl. After 35

i ncubation for 30 m nutes at 30 T&bldb-ICsakalopsot s were spotted onto P81
phosphocel | ul ose 23 papers. Filters were washed four tinmes for at |east 10
m nut e each and counted with 1.5 m of scintillation cocktail in a
scintillation counter.
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The conpounds |1 C50 val ues were cal cul ated anal yzing inhibition curves by
non-1linear regression using GaphPad Prism 5 The I C50 (concentration at
whi ch 50 % of enzynme inhibition is shown) values are gathered in table 1.
Table 1: 1C50 values 10 I\S-N R, 1C50 1C50 Conp. R GSK- Conp. RI GSK 3
3 M (M -HZGHZC 11 36 'CH 2 -4C 2 2.470<501 1 ¢cC
(conmparative) >508\ 3 -HzC41 1.89 1/ 1/ 8 [/ /o101 \ ol \ 4.2 /(
3 24 Exanple 12

Example 12
Binding to GSH and BSA

Sample Preparation

The compounds (working solution at 1 mM) were incubated during 30 minutes at room

10  temperature with Glutathione (Sigma) and Bovine serum afbumin (Fraction V) (Sigma) at
equimolecular concentrations (1 mM ). After this time the solution was filtrated and
analysed by HPLC-UV/MS.

Chromatographic methods
HPLC was performed with a symmetry C18 ( 2.1x150mm, 3.5pm) column using a Waters
15  Alliance 2695 with a 2996 photodiode array and ZQ2000 mass spectrometer used for the

analytical separation and for UV and mass determination. The gradient used for the elution

was:

TIME (MIN) %A %B
0 100 0
20 0 100
21 100 0
25 100 0

20 Flux: 0.25 mL/min; temp: 30°C; Detection: 250 nm; Injection Volumen: 10 pL.

Results are collected in Table 2

Table 2
% UNBINDING COMPOUND
Compound GLUTATHIONE | ALBUMIN
1 34.7 80.2
2 95.0 98.0
3 (COMPARATIVE) 15.0 54.0




5 Binding to GSH and BSA Sanpl e Preparation The conpounds (worKking
solution at 1 mV) were incubated during 30 m nutes at room 10 tenperature
with dutathione (Sigma) and Bovi ne serum al bumin (Fraction V) (Sigm) at
equi nol ecul ar concentrations (1 nM). After this time the solution was
filtrated and analysed by HPLC- UV/ M55 Chromat ogr aphi ¢ net hods HPLC was
performed with a symmetry C18 (2. 1x150mm 3.5m columm using a Waters 15
Al'liance 2695 with a 2996 photodi ode array and ZQ2000 nass spectroneter

used for the anal ytical—sepgrattom and[for UV and mass _detjer m nation. The
gradient used for the elution was: TIME (M3KP % A % B7-20 1000 20 0 100
21 100 0 25 100 O 20 FtmTx: %25 mo/ T tenpr 306, Detectijon: 250 nm
I njection Volunen: {10 L Results are collect/ad in Tabb&52 Table 2
%4JNBI NDI NG COVPQJND'_@TTQUU'IT%JG:UTATH ONE-ACBUMN—1—34- Tﬁ\O. 2 2 95.0 98.0
3 (COWPARATIVE) 15{0 54.0 25" 4 32.3 672 520 34.0

7 31.0 68.3

8 594 62.3

? 1.7 91.4

10 100.0 98.9

The table clearly indicates that all the compounds except compound 3 which has no
5 aromatic ring have at least in one of the two prdperties assayed more than 50% of
unbinding compound. There are also some compounds with more than 70% of
unbinding compounds in the two assays. The presence of an aromatic group at position
2 (R)) of the TDZD clearly improves the properties of these compounds. This effect is
bigger if there are at least 10 aromatic carbons present in the substituent, or
10 electrondonating substituents such as in compounds 5 and 10. We can also observe that
when the aromatic group is directly linked to the N of the TDZD the resulis are better.

Best results wete obtained with phenyloxypheny! and with alpha-naphthyl.

These data are clearly better than those of previous TDZD compounds. Indeed,

15 previously described 24,.-dibenzyl-1,2,4-thiadiazolidine-3,5-dione with a smaller
| substitaent at position 2 of the thiadiazolidinone gives a value of 17,1 in the gluthatione
assay and 57,0 in the albumin assay, much lower than for example present compound 4

which has an additional methyl group, and in the range of comparative example 3

which has no aromatic rings. And the compound with R; = benzoyl decomposes during

20 the assays thus performing much worse than the compounds of formula I,

Example 13
~ Brain permeation after oral and intravenous administration
This study was conducted at CIDA 5.A L., Sta Perpétua de Mogola (Barcelona) Spain.




572.0 65.5 652.084.0 7 31.068.3 859.462.3 9 71.7 91.4 10 100.0
98.9 The table clearly indicates that all the conpounds except conpound 3
which has no 5 aromatic ring have at least in one of the two properties
assayed nore than 50% of unbi ndi ng conpound. There are al so sone conpounds
with nore than 70% of unbinding conpggnds in the two assays. The presence
of an aromatic group at position 2 (Rl) of the TDZD clearly inproves the
properties of these conpounds. This effect is bigger if there are at |east

10 aromatic Gyt Qﬁ@&v@%@&%&u&g@m& ﬂﬁfes?fé%ttﬁeéiﬁgﬂﬁacoﬁﬁetgc%eﬁvﬁﬁl} bORARRGAI NI

substituents such as in co unds 5 and can al so observe 'that when
t he aromati ¢ 2dRo&p!phe-nephtlsdx an;i ifs ippdsidde acoumhletion infthe breintism® aftpidotleendl t s are

better. Bes £5 ned with phenyl oxyphenyl and with
al pha- napht hy &mT"VJngus%Eﬁmggg&lél early better than those of previous TDZD

conpounds. | K$@&L6 mits (15:Hg) ﬁomlcﬁlad@sftwcrﬂdwratones Spain were used in this study.
2 e e Rene Y ok M HeB A0k NoNGe Biga BeOs Mebocf nR LS, Filiobid vent &

positio azoll I'none F%5Val
gl ut hati one aeaahalye azlrmntﬁri Bnitmalstéeee ﬁalsibdl mrm ssaycformtektnieniyvbut wikawateor

exanpl e prese nd 4 ditional nmethyl group, and in
the range of g% exgmgﬁﬁﬁgh%ﬂﬁﬁﬂﬁﬁﬁ@wmﬁgﬁ ™o aromatic rings. And the
conmpound with RI = benzoyl deconposes during 20 the assays thus perform ng
much worse than the co unds of far . ai, .n ation
after oral E“ampﬁwdaw et i QLA Bedor PPt ]% B G oA
S. A L. 50 Sta RaepRitdier AmilkgabawtRasiage @mhdxﬁmmmn?@ ZOEJk@(IIngD&ﬁl of this

study was investigate the pharmacokjnetic_beh VI our onpound
y single mgtravenous adlmmstrauon at 2 mg/kg (10 mL ad%lhond%gpergnent was

performed at 200 mgkg by the oral route only to determine proportionality of

absorption.

Four animals (2 males and 2 females) were used at each extraction time. Blood was
15 heparinised, and after centrifugation (3000rpm, 10 mins, 5°C), two plasma aliquots

stored at —20°C and —30 °C until analysis (HPLC/MS-MS).

The summary of the experiment results is showed in the table 3.

Table 3
200

Dose 20 mglkg
mg/kg
9061.34 904.95

C max
ng/mL ng/mL
Not

Bioavailability 31.87%
evaluated

20

Compound 2 is quickly absorbed from the GI tract after oral administration. A hali-

life of 6 hours was found after an oral administration of 20 mg/kg. Compound 2 presented a
bioavailability of 31.87%. Levels of Compound 2 were detected in the brain, both after oral

25 and intravenous administration. This shows that compounds of formula I above have good
| bioavailability properties and are suitable for development as a drug for the treatment of

GSK-3 mediated diseases or conditions., .




2 (R = al pha-naphthyl) and its possible accunulation in the brain tissue
after both oral and intravenous adm nistration. C57/BL6 m ce (15-30g) from
Charles River |aboratories Spain werestised in this study. 5 Al the mice
had free access to the dried, pelleted standard nouse diet. Water was
available ad libitum Animals were fasted for 4 hours before treatnent, but
wth water ad libitum They were fed 2 hours after adm nistration.
Compound 2 was fornulated in 10. 0% FEAOMS 10. 0% Crenophor in bidistilled
water. 10 The route of admi nistration was a single oral adm nistration at
20 g/ kg (10 nL/kg) and single intravenous adm nistration at 2 ng/ kg (10
m./ kg). An Addnpponialf gengerforrewla (pas performed at 200 ng/ kg by the oral
routesonly to determi ne proportionality of absorption. Four animals (2
mal es and 2 femal es) were used at each,extragtion tine. Blood was 15
heparini sed, and after centrifugation (\3000rpm 10 mns, 5C), two plasna
aliquots stored at 20C and -30 C unti II ysis (HPLC/ M5-MS). The summary
13

of the experinment results i s showedr4$n -abRe 3. Table 3 200 Dose
nmg/ kg 20 ngl kg 9061. 34 904.95 C max ny ng/ ML Not Bioavalability
31.87% evaluated 20 Conpound 2 iRzquick]y %bsor bed fromthe G tract
after oral admnistration. A half- oft_6NRours was found after an oral

adm ni stration of 20 ng/kg. Conp W ented a
N——-S
/
Ry
formula I
wherein:
10 R, is a group selected from:

“HyC-H,C

15

20 @\ I Cx
) P
. 5 ©/O AN
or I
2O

Ry, Ry, Ry, Rs, Ry, Rs and R are independently selected from hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted




bi oavailability of 31.87% Levels of Conpound 2 were detected in the brain,
both after oral 25 and intravenous adm nistration. This shows that
conpounds of formula | above have goodg bioavailability properties and are
suitable for devel opment as a drug for the treatnment of GSK-3 nedi ated

di seases or conditions. 27 CLAIMS 1. A compound of general formula (I) 5
RR4A 2 RS R6_ R6 %ON -S Rformula | _wherein; 10 R is a group
selected f ré}lﬁenYIHQ‘@?-SPE’@ mi%lbﬁtltmiqé @ryly sybstituted er gnsubgiptted chefereeyelyl, -

COR7, -C(O)OR5, -C(O)NR4sR;s, -C=NR7, -CN, -OR;, -OC(O)R7, -S(O)-R7, -NR;Rg, -
NR;C(O)R3, -NO,, -N=CRR; or halogen,

wherein R, and Ry, together can form a group =0, and wherein any pair R, Ry, Rz Rs, Rs

5 R4, R¢ Rs, Rs Rg , Rg Ry, or R7Rg can form together a cyclic substituent;

tis0, 1,2 or 3,

Ry and Ry are each independently selected from hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted aryl, substituted or unsubstituted heterocyclyl, substituted

10 or unsubstituted alkoxy, substituted or unsubstituted aryloxy or halogen;

or a pharmaceutically acceptable salt or solvate thereof.
2. A compound according to claim 1 wherein both R, and R;, are H.
15 3. A compound according to any of claims 1-2 wherein Ry, R3, R4, Rs and Rg are
independently selected from hydrogen, substituted or unsubstituted alkyl, -COR, -

C(O)OR37, -OR7, -NR7Rg, or halogen, wherein R; and Ry are as defined in claim 1.

4. A compound according to claim 3 wherein Ry, R3, R4, Rsand Rgare H.

20
5. A compound according to claim 1 which has the formula:
OQ(N\IﬁO
@‘/\/N_S
or a pharmaceutically acceptable salt or solvate thereof.
25

6. A compound according to claim 1 which has the formula:




/1 251 \ 0Oor R , Rb, R, R3, R4, R5 and R6 are independently sel ected
from hydrogen, substituted or wunsubstituted al kyl, substituted or
unsubstituted cycloal kyl, substitutedygr unsubstituted 28 al kenyl,
substituted or unsubstituted aryl, substituted or unsubstituted

het erocyclyl, - COR7, -C(OOR7, -C(ONR7R8, -C=NR7, -CN, -OR7, -0OC(O R7,
-S(OS-R7 , -NR7R8, - NR7C(O R8, -N®2, -N=CR7R3 or hal ogen, wherein R and
Rb together can forma group =0, and wherein any pair Ra R2, R2 R3, R3 5
Rdi RA R5, R5 R6, R6 Rb or R7R8 can formit bgether a cyclic substituent;
tisO, 1,2 or 3, R7 and R8 are each independently selected from hydrogen
substltut ed or unsubstituted alkyl, s‘h%gtoitut ed or unsubstituted

cycl oal kyl, substituted or unsubsti @r g¢d al kenyl, substituted or
unsubstituted aryl, substituted or uns t| tuted heterocyclyl, substituted
10 or unsubstituted al koxy, substituted or unsubstitut ed aryl oxy or

hal ogen; or a pharnaceutjcally eptabl e salt gr solvate thereof 2. A
conpound achﬁ‘Hﬁl%&a‘E‘?}‘t’EPL}f%ﬁcipﬂﬂ @F?Fsi%‘faFP ®9hd Ro are H 15 3. A

‘conpound according to any of clains 1-2 wherein R2, R3, R4, R5 and R6 are

i ndependently sel ected from hydrogen, substituted or unsubstituted al kyl,
-COR7, - C( 0D QRegmp@RA,acediRnRE3o clarm hallodegs tfrmule: R7 and R8 are as
defined in claiml1l. 4. A conpound according to claim3 wherein R2, R3, R4,
R5 and R6 are H. 20 5. A conmpound according to claim21 which has the
formula: r OLl' ~N~10

or a pharmaceutically acceptable salt or solvate thereof.

8. A compound according to claim 1 which has the formula:

10

or a pharmaceutically acceptable salt or solvate thereof.

9. A compound according to claim 1 which has the formula:

o

15

or a pharmaceutically acceptable salt or solvate thereof.




/i N-S or a pharmaceutically acceptable salt or solvate thereof. 25 6. A
conpound according to claim1 which has the fornula: 29 O ~N~,O N or a
pharmaceutically acceptable salt or sghvate thereof. 7. A conpound
according to claim1 which has the fornula: 5r~ O~N?~, 0O NS O~ or a
pharmaceutically acceptable salt or solvate thereof. 8. A conpound
according to claim1 which has the formula: 10 P O ~NO NS O\ or a
phar maceut i ¢81 4 yompewpshagppdingdp clagp Isvhighhes thefrawia: 9. A conpound
according to claim1 which has the formula: 151 O--~( NNIrO NS

o

O:.-,(N\FO
\< N-5

or a pharmaceutically acceptable salt or solvate thereof.

5
11. A compound according to claim 1 which has the formula:
O#N?O
N-8
0
<O
or a pharmaceutically acceptable salt or solvate thereof.
10

12. A compound according to claim 1 which has the formula:

<

or a pharmaceutically acceptable salt or solvate thereof.

15

13. A compound according to claim 1 which has the formula:




or a pharmaceutically acceptable salt or solvate thereof. 30 10. A
conpound according to claim1l which has the fornmula: r~ O ( NrO NS or a
pharmaceutical |y acceptable salt or sgjvate thereof. 5 11. A conpound
according to claim1 which has the formula: r~ o0 NbO NS Oor a
pharmaceutical |y acceptable salt or solvate thereof. 10 12. A conpound
according to claim1l which has the formula: O o -N~-OS-Nor a
pharmaceutically acceptable salt or solvate thereof 15 13. A conpound
according to claim1 which has the fornul a: or a pharmaceutically
acceptabl e salt or solvate thereof 14. A process for the preparation of a
conpound of forrmula (1) or a salt or so&ggra{f 5 thereof as clained in any
en

of clainms 1-13, which conprises reac zyl substituted
i sothi ocyanate of fornula II 6(?8“

or a pharmaceutically acceptable salt or solvate thereof.

14. A process for the preparation of a compound of formula (I) or a salt or solvate
5 thereof as claimed in any of claims 1-13, which comprises reacting a benzy!
substituted isothiocyanate of formula I1

R R4

2 Rs

Ra Ry 'Rg

N=C=3

formula IT

10 with a compound of formula R;-N=C=0, whercin R,, Ry, and R(-R¢ are as defined in

claim 1.

15. A process according to claim 14 which comprises the reaction:

N

N=C=S + RI—N‘"_‘“CEOMF_ O% YO

S—N\
Rq

15

wherein R is as defined in claim 1.

16. A pharmaceutical composition which comprises a compound as claimed in any of
claims 1-13 or a pharmaceutically acceptable salt or solvate thereof and a

20 pharmaceutically acceptable carrier, adjuvant or vehicle.




RRA 2 R5 RaRobRe N=C=S fornula Il 10 with a conpound of fornula

Rl -N=C=0O, wherein Ra, Rb, and RI-R6 are as defined in claiml. 15. A
process according to claim 14 which cagsprises the reaction: i N=C=S +
R~-N=C=0 SO2C12_ 0 ci 0 S-NR 15 wherein Rl is as defined in claim 1.
16. A pharmaceutical conposition which conprises a conpound as clained in
any of clains 1-13 or a pharmaceutically acceptable salt or solvate
thereof and a 20 pharmaceutically acceptable carrier, adjuvant or vehicle.

32 17. A IOh@rﬁ%ﬁ%ﬂah&ﬁicap&ﬁﬂﬁ%itﬂ)h%@co%ﬁgW«%IEH% & £ odd T lét Pltiofl! al

adm ni stration a ‘conpound as defined 1n any o alns 1-13 in
the manufacture of a 5 medicanment. 19. Use according to cIa|n118 wher ei n

t he nedi ca t or the tre nt . of , at ed di seas
Condi T on 18 4 of SeeolpRupdiER eRBc Phiafly 78 SEol (ha G RERER TS of 2
condi tsion i s dhaheigest conditions associated with diabetes, chronic

neur odegener ati ve conditions including denentias such as Al zheiner's
di sease, Parkinson's disease, progressive supranuclear pal sy, subacute

scl erosing CEAVALY %Q&]‘ﬁi ti) %laﬁ)r%rll%i \,Ql%e?&h%ﬂg m@&(s:é[lrggrﬁeg P %recat[%grrltkol a (%‘Ik%m

mediated disease or condition.

10 20. Use according to claim 19 wherein the disease or condition is 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,

15 corticobasal degeneration, frontotemporal dementia, Huntington's Disease, AIDS
assoctated dementia, amyotrophic Iateral sclerosis, multiple sclerosis and
neurotraumatic diseases such as acute stroke, epilepsy, mood disorders such as
depression, schizophrenia and bipolar disorders, promotion of functional recovery
post stroke, cerebral bleeding such as due to solitary cerebral amyloid angiopathy,

20 hair loss, obesity, atherosclerotic cardiovascular disease, hypertension, polycystic
ovary syndrome, syndrome X, ischaemia, brain injury, traumatic brain injury,
cancer, leukopenia, Down's syndrome, Lewy body disease, inflammation, chronic

inflammatory diseases, cancer and hyperproliferative discases as hyperplasias and

immunodeficiency.
25
21. Use according to claim 20 wherein the disease is Alzheimer’s disease.
22. Use according to claim 20 wherein the disease is type II diabetes.
30 23. Use according to claim 20 wherein the disease is depression.

24. Use according to claim 20 wherein the disease is brain injury.




pugi listic encephalitis, guam parkinsonismdenentia conplex, Pick's

di sease, 15 corticobasal degeneration, frontotenporal denentia,
Huntington's Di sease, AIDS associatedsdenentia, amyotrophic |ateral
sclerosis, multiple sclerosis and neurotraumatic di seases such as acute
stroke, epilepsy, nood disorders such as depression, schizophrenia and

bi pol ar di sqrders, pronotion of functional recovery _ post stroke cer ebral
bl eedi ng such- &% a&ﬁ%fdtrkg tg Glaim £0yvheesia Bicaliseass,is srogramige spRremscleappalini r | oss,
obesity, atherosclerotic cardiovascul ar di sease, hypertension, polycystic
ovary syndrone, syndronme X, ischaemia, brain injury, traumatic brain
injury, cadéedse dfevkgpoendsaof Bowma£]) sy Adfioskin dogwyf chibdy 16i3s ansectives for

i nfl anmation, ,chronic inflammatory di seasges r..and hyperproliferative
di seases as hJﬂg@Ewgéﬁﬁggaﬂﬁgggﬁﬁﬁg88%?‘E?§ﬁ5§ﬁ?gﬁﬁ§lﬁoﬂbe according to

cl ai ms20 wherein the disease is Al zheiner's disease. 22. Use according to
claim20 wherein the disease is type Il diabetes. 30 23. Use according to
claim 20 wherein the disease is depression. 24. Use according to claim 20
wherein the disease is brain injury. 33 25. Use according to claim20
wherein the di sease i s progressive supranuclear palsy. 26. Use of conpounds
of fornmula (1) as defined in any of clains 1-13 as reactives for

bi ol ogi cal assays, preferably as a reactive for GSK-3 inhibition. 5




