., e3epnt.:B6xT{V 1 3 DEC 2004 DESCRI PTI ON MEDI CI NES FOR THE PREVENTI ON AND
TREATMENT OF NEURODEGENERATI VE DI SEASES 5 TECHNI CAL FI ELD The pr&<9DEqgt 2004
invent!fon relates to a nedicine for the prevention and treatnent of
neur odegener ati ve di seases conprising a
5- subst it ut ed- 3- oxadi azol yl - 1, 6- napht hyridi n 10 2(1H)-one demmmmmmmmmHmMP
physi ol ogi cally acceptable acid addition salt thereof as an
i ngredi ent, and use of said conpound for the manufacture of a neddssene for
the prevention, and treatnment of neurodegenerative di seases. BACKGROUND ART
15 Wth devel oping into an agi ng sodREIGRIEPEOMunber of patients suffering
from neur odegenerati ve di seases such as Al zheiner's di sease i s increasing.
Al zhei ner's di sease is a progressive neurodegenerative disorder of the
central nervous S¥Ften1mhich synptons are mainly attenuation and 20 decli ne
of menory, HBRICINES sudfedt edTHE t hePRRAUBNTHRN cahNSt udiZREATMENT he ORI n
cause i s dysfunction of neurotransm ssions in plural neurotransmtter
syst ens suc NEHROREGEWERAGIViFe DISENARfobut yri c acid (GABA), glutam c acid,
and dopam ne. On the basis of the finding that the 25 neuronal dysfunction
occursremarkably in cholinergic "' 13 CEC 2004 2 system anong those
systens, a nedi ci ne has been devel oped for the purpose of inprovenent in
cogni tive deECENEISAByFAEdBs of the activation of cholinergic system
Besi des, there are also sone. attenpts to devel op 5 benzodi azepi ne (BZP)
receptor inverseThagommdserds theehhévapetdictagend formegeat Aentrf the
denentia. Heretofore, nmany studi es have been done on the relationship
bet ween t hepbemdnhgonanaed t @ rehemBAR I ec® ptroyu stk ddiee phed vac ol 0gb §ak s
activity, and in view of the pharnacol ogi cal activity 10 thereof, BZP
agoni st s havembeéninged a$-anbisarbtiveted -B-ugsd e b1 ¢ azepamph sy BYQDRL | cs
(e.g. triazolam, or as antiepileptic drugs (e.g. cIonazepaﬁg. wever, it
i's wel0-knoilEhabnadnieyistatatidnoof aB4bh Agopl 6§ 5cEBUSES RMATIA  agReSi C
action) as a side effect. On the other 15 hand, since it is known that BZP
inverse agoadditiexhishiltt tireewedf 0as eppesitiierd oihAhesegieht BZBragquistss and
enhance cholinergic activity which is considerably related with cognitive
function, theidneeng®wlgbnEst ithexpash€dckarkaver t he adicdysmesi acggtion
(anti-ammesia action) and to 20 activate cerebral function. As an exanple
of such a conpoentioMaR8/ 6288¥mehsCb@¥S@Burodegenerative diseases.
5-substi t ut ed- 3- oxadi azol yl - 1, 6- napht hyri di n2(IH) - one derivatives of the
foll ow ng fBROKGROUND. ART3 DEC 2004 3 R~ wherein Het is an oxadi azolyl
group; R1L is a hydrogen, a |ower al kyl group, a cyclo-lower alkyl group, a

loverial kenyl grwuph ackewepidlkoxyrr QHPa@ y Sdhsidd Pt ednar Jpghst it ut ed
aryl group, a substituted or unsubstituted heteroaryl ‘group, etc.; and

patients suffering from neurodegenerative diseases such as
Alzheimer's disease is increasing. Alzheimer's diéease is
a progressive neurodegenerative disorder of the central
nervous system which symptoms are mainly attenuation and
20 decline of memory, and it is suggested by the neurochemical
studies that the main cause is .dysfunction of
neurotransmissions in plural neurotransmitter systems such
as acetylcholine, y-aminobutyric acid (GABA), glutamic acid,
and dopamine. On the basis of the finding that the

25 neuronal dysfunction occurs remarkably in cholinergic

AR
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'Rz is a hydrogen, a lower alkyl group, a cyclo-lower alkyl group, a
substhguted or unsubstituted aryl group, etc., 10 in which it id3d8E&rPBed
that sai d conpounds exhibit selective and high affinity to benzodi azepi ne
receptor and are useful as benzodi azepi ne receptor |igands, especially as
i nverse agoni sts, which are expected to & cerebral activators or
t herapeutic agents for treatnent of senile 15 denentia and Al zheiner's
di sease. Recently, it has been indicated that schizophrenia and Al zheinmer's
di sease are related with the hypofunction of ion-channel type
N- net hyl - D- S¥5&FH @I {hesei Aabtems, abbrreedacidet basNVEY decebbped
which is a subtype of 20 glutam c acid receptors. Phencyclidine, a
nonconpet i t P& dritgbHirersef NVDAmpememmmnt exhi bidgnikivet | ekificits by
phar macol ogi cal activities such as anesthetic activity and ° 13 DFC 2004
4 neur opr ot BEBNFeCicthei Bytivatdom o fermpephalapritdysysteme it has been ever
used for the undesirabl e purpose of extensive drug abuse as street drug.
After E. D. LubyBesides,repbered that phencysbindi nettemsed to develop
schi zophreni a-1i ke 5 hallucination and nental aberration in human bei ngs
[ Archi ves Ne@nabdgpzapdnPsydBZ&)ry redelptdl, Nmw3G3a36XddrdoNd, & | othof
studi es thereof have been accunulated until today. It has been proved that
phencycl i di heecapsesischigeophr for atiriekenkalt! usf natnent aad med adc@herg ation
in 10 hurman beings nore strongly than anphetam ne or LSD
(9, 10di dehydany Ns Budieshiihve- beehy kdoereg@n ners3 (Flcalmeiv®etween the
Additionally, in the case of animals, it is known that NVDA receptor
ant agoni st sbsudhnasmpheacy ¢thi dibee, BMK- 88deptbzoahkpithe MHHMfo0logical
(+)-10, 11-di hydr o-5- et hyl - 5H 15 di benzo[ a, d] cycl ohept en-5, 10-i m ne
mal eate) andckevanype, agdusint hei@nhastensd GhHRUEANEIUSa IOt AEtdyity
and aberrant behaviors related with the synptons of nmental aberration.” such
as hal0uci nehleoaof asBRel lagam iataxi Ravandestich ehayb obak 16RaNELS alfigs
suppressed by nedicines for 20 schi zophrenia (e.g. hal operidol, “risperidone
and ol anzapieey, aifdsepdmly MaIgh{sndtidsazepad), @ndh AN QPN s§s aof s NVDA
receptor glycine site (e. g. HA- 966:

R(+) - 3- am nmtidy i opy:d- pIFded | dihene) cildna I§0 kno N -
receptor antagaﬁ?stgg(NK—801fﬁ%hgkc§£Iidig?aéﬁﬁ%gg ketaﬁ?ﬁ%?é%éuzge s

| ear ni ng/ mes®l Y-St dethad aaEMBhSstrati3nPEGr20@4 5 g%'?ﬁﬁ%'{?'tl
medi ci ne suppressi ng hypofunction of NMDA receptor IS expecte téxﬁgﬂﬁgeful

for therapyamieslysmeshasand i ZoPhagNia. side i sekpawn thet %éég%tfﬂesr a

nonconpetitive antagonist 5 for NVDA receptor, which is a subtype 0

gl utammt e 1eaept o sncandrencephable REUEOMORALIN,{LcadLagnt cgeld deald via
cell vacuolization) is caused by the system c adm nistrdation of said agent

to ani mal s.thdhaict Sond noﬁ%@sﬁ%éet%f A S I§Z§pﬁégg§gitgr)_ gfndbMé_n%oajncF%f N

nmoder at e doses 10 (0.3-1.0 ng/kg), neuronal vacuolrzatron'is observe

the post er o i Ny &4 © JRQEIT apRlen 3k coLheXal R bherelald el

abbreviated to PC cortex) 11N 4-5 hours after admnrstration,
Col 515 are ahserved T s Tevdayers BT sansord-irdtoIsTUEPRTR 43 3 1
af t eradm nitsﬁeratainQ:rl'%rﬂFe%iiam rgf‘ci‘,ciacﬁ'?cnc(arnecF%L(:"—aatn(lz"rgesia action) and to
20 activate cerebral function.
As an example of such a compound, WO 99/03857
discloses S-substituted-3-oxadiazolyl-1, 6-naphthyridin-

2 (1H)-one derivatives of the following formula:



. application, the damage spreads to hi ppocanpal ventral dentate gyrus and

| i mbi ¢ regions such as entorhinal cortex and amygdala. It is prquﬁﬁﬁ;&aat
t he hypbofunction of NVDA 20 receptor may cause neurodegeneration’in e

PC/' RS cortex through conplicated polysynaptic network nmechani sm[in which
at least 7 receptors, i.e. glutam c acid3 NVDA and non- NVDA),

acetyl choline-M3, adrenaline-a2, GABA-A, signma and serotonin 2A are

i nvol ved], since such 25 neurodegenerati on woul d be caused by both
nonconpetitive 13 OEC 2004 6 antagoni sts of NVDA receptor (phencycl.idine

and ketam ne) gnd conpg [ve antagonists [e. g.

D 2-am no-5-psphonoic acid (D-AP5)]. It is considered that the
dysfunction 0 gCept gk _caused by adm nistration of 5 MK-801 may be
closely rel & epset Bf neurodegenerative di seases, and hence the
neur onopat hyg nducecby MK-801 will be usabl e as a pathol ogi cal nodel of
neur odegener ati ve Nli s€dses [see, G Ellison. Brain Research Reviews. Vol

20, pp 250-267 (1995); D. F. Wzniak et al., 10 Brain Research. Vol 707, pp
165-179 (1996) ; J. W Oney et al., J. Psychiatric Research. Vol 33, pp
523-533 (1999¢repn KBati me enh akadidzoPlydr maowp.; Exp. Ther., Vol 290, pp
13931408 (1999) ] . It is known that nedicines inhibiting MK-801-induced 15

neur onopat hy i ncRudis ant ilghitdgear,gi @ dowegs (el kyd Scops) afl Ry AG-1ower
atropine), barbiturate hypnotics (e. g. pentobarbital and thiopental), and

benzodi azepahkytegrwapi vaslbeergalticazepanoursea, lbweW Ay &irdlp, a

Sci ence, Vol 254, pp 1515-1518 (1991)]. 20 The present inventors have found
t hat 55 subssubsit £tluBedadizazoh b dt Bt wepht hszildig”roﬂlej a 0Bapdes kvaklves: of
the formula (1) or physiologically acceptable acid addition salts thereof
exhi bit an exsuleselyupetientterbhbilogyoalf eet Qn- kg MK- 801-i nduced

neur odegeneration in the PC/RS cortex 25 by using the above pathol ogi cal

nodel . 13 DEC RD0#s 7aDIhSCAQdE G hANVENTIOM AN obb@s) af dhe Jrnesau

invention is to provide a nedicine for the prevention and treéatnent o~
neur odegenezBkyve gliignsea CoOupststiiged TsUbBEULYEEEUBRd aryl group,
oxadi azol yl -1, 6- napht hyri di n-2(1H) - one derivative of the follow ng formula
(1): R2 Hetet\-.) \ ~ ~R~\ NOCI) Hwherein: Het is an.oxadi azolyl group;
10'R1 is a hydrogen atom a |ower alkyl group, a cyclolower alkyl group, a
trifluerometdylyigrewp, i@ |oyerged deerydq 9raim asaJiQiNerco?t{ﬁf&(ﬁbd 9T Q4P bt
a.l ower al koxy group, a |lower al koxy-lower alkyl group, "a hydroxy-1ower

al kyl groupse Pestibsti hHECH 10 m@%e&t %@dbéﬁyhcylggga inQf rac%gta%&l' tyfed 15

or unsubstituted heteroaryl “group; an is a rogen at om I"ower  al kyl

group, a cy£tol auekual kyd BEAYBA: 8-64¢he- el @l Kyt FELhyL  9rQuR.. 8 i qper

as inverse agonists, which are expected to be cerebral
activators or therapeutic agents for treatment of senile
15 dementia and Alzheimer's disease.

Recently, it has been indicated that schizophrenia and
Alzheimer's disease are related with the hypofunction of
ion-channel type N-methyl-D-aspartic acid (hereinafter,
abbreviated to "NMDA") receptor, which is a subtype of

20 glutamic acid receptors. Phencyclidine, a noncompetitive
antagonist of NMDA receptor, exhibits excellent

pharmacological activities such as anesthetic-activity and



_al Kenyl group, a cyclo-lower alkenyl group, a |ower alkynyl group, a
substituted or unsubstituted aryl group, or a 20 substituted or 13 DEC 204
unsubstituted heteroaryl group, or a physiologically acceptable acid
addition salt thereof. Another object of the present inventionis to
provi de 13 DEC 2004 8 use of a 4
5-substi t ut ed- 3- oxadi azol yl - 1, 6- napht hyri di n2(1H) - one derivative of the
formula (1) or a physiologically acceptable .acid addition salt thereof for
the manufacture of a nedicine for the prevention and 5 treatnment of
neur odegenePSHTPRTEI8E454ES. aa iy iYe f Ghjait ofenafP i learatthy nvdnt lonits to
provide a nethod for the prevention and/or treatnent of neurodegenerative
di seases i nPAENREPE EVREl YSRAg fedmiiepaindppirafhie iPumass seb exftemssveri ng
an effective amount 10 of a
5- subst i t ut 8843- oxXREsaz Ay | StEBthagruisyr i di AfRELH)E ond .delivbat i g6 0dlt he
formula (1) or a physiologically acceptable acid addition salt thereof to
sai d mammal separfedd dfhatuchppearaetliiohnend/ orusedat rett i z BHESTe MODEL FIOR
CARRYI NG QUT THE | NVENTI ON 15 The present inventors have found that the
5subst Pt ut edadlugadrazohyl and- nmphthdr i diber2(@tHooneider ihvatinve oéitde
above fornmula (1) can be used for the prevention and/or treatnent of
neur odegenefArfhévapsdiseso Wby hympdf raptdhoirafy gl Mcdmi 81laci dpr ex&pt 69
such as 20 Al zheinmer's di sease or schizophrenia, in mamuals (including
human bei ng$}25%hé, canmpdobdsolised ukide st heherevénthieore ahdehr eatanentl ofed
neur odegener ati ve di seases of the present invention are shown by the
formula (1)ynthd thdapref drir ethcdrpenndsoard 2hathetenefydlielfros nndasés )
wherein RL is a Cl - C3 al kyl group, ,) 9 13 DEC 2004 a C3 - 9
cycl oal kyl grbupppbreni&Z1ik€3 red Kenyinat Dowp; aadd f¥htsl aabydiragednat o a
Cl - CQ al kyl group, a C3 - C6 cycloal kyl group, a substituted or
unsub®i t utledmanybednosp,mare assubsyl {yutted noramsisathaiiiat ed heer o3y yb -
group. 5 More preferred conpounds are those of the fornula (1) wherein R1
Is a Cl - .&3dehkikogRPNPdREtAy T3 6~meRneicleadlditine -BBd 2 Hok a iedr ogen
atom a Cl - C3 al kyl group, a C3 - C9 cycloal kyl group, a substituted or
unsubsti t utkddpbeoyblfypupn eheacssbsbift whachaQls,unsuls ikndwed dhetenaasy|
group. 10 Further nore preferred conpounds are the foll ow ng conpounds;
3- (5-ethyl -de@egtoxadi azphgSnybisS- (2udkt hyd€yclghencyclidine, MK-801
propyl) -1, 6- napht hyri di n- 2( 1H) - one,
3- (5-net hyl tdi2odi dyadeazol wxatdr (2- mathyyiphanydi nlRiro-5-methyl-5H-
1, 6- napht hyri di n-2(1H) - one,

15 dibenzo[a,d]cyclohepten-5,10~imine maleate) and ketamine,

cause the enhancement of spontaneous motor activity and
aberrant behaviors related with the symptoms of mental
aberration such as hallucination, as well as ataxia, and
such behavioral changes are suppressed by medicines for
20 schizophrenia = (e.qg. haloperidol, risperidone and
olanzapine), antianxiety drugs (e.qg. diazepam), and
antagonists of NMDA receptor glycine site. (e.g. HA-966:
R(+)~-3-amino~1-hydroxy-2-pyrrolidinone). It is also known
that NMDA receptor antagonists (MK-801, phencyclidine and

25 ketamine) cause learning/memory disorder in animals.



. 3-(5-nmethyl -1, 2, 4- oxadi azol - 3-yl ) - 5- ( 3- net hoxyphenyl ) _

1, 6- napht hyri di n-2(1H) -one, 3-(5-nethyl -1, 13 DEC 2004
2, 4- oxadi azol - 3-yl ) - 5- (4- net hoxyphenyl ) 1, 6-napht hyridi n-2(1H)-one, 20
3-(5-ethyl-1, 2, 4- oxadi azol - 3-yl )-5-(2-thienyl)-1,6 naphthyridi n-2(1H)-one,
3-(5-net hyl -1, 2, 4~oxadi azol - 3-yl ) -5- (4-pyridyl)-1,6 naphthyridin-2(1H)-one,
3-(3-ethyl -1, 2, 4- oxadi azol -5-yl)-5-nethyl -1, 6 25 napht hyri di n-2( 1H) - one,

13 DEC 2004 10 '
3-(3-ethy|-%,2,4-oxadiazol-5-y|)-5-(3-f|uorophenyl%l,G-naphthyridin-26§+b-o

ne, onsequently, a médicine suppressing hypofunction of NM
3-(3-nethyl -1, 2, 4- oxadi azol - 5-y| ) - 5-(3-net hyl phenyl ) 1, 6- napht hyri di n-2( 1H) -
one, 5 receptor 1s expected to be useful for therapy of dysmnesia

3-(3-nethyl -1, 2, 4- oxadi azol - 5-yl ) - 5- (3- met hoxyphenyl ) 1, 6- napht hyri di n- 2( 1H)
-one, and schizophrenia.

3-(3-ethyl -1, 2, 4- oxadi azol - 5-yl ) - 5- (4- met hoxyphenyl ) 1, 6- napht hyri di n-2( 1H) -
one, 3-(3-ethyl-1t213- éﬂaunaiélaISM%-)Bﬂé— (4 gymandompetEipive antagonist
napht h ridin-2(1HQ—one, and :

3-(3-c§c|opf@5le D2, 4recsiiterol - 3elyigh 5-{8- t Ai esybrYpé- nayght hylu tthma ¢ 1H) -
one. Suitable exanples of physiologically acceptable acid addition salts of
t he conpoundSCcePteke, f oramdll endopherlel d 5 nenagrcgapiachaci d lsadiisagsuth asell

. hydrochl ori de, hydrobrom de, hydroiodide, sulfate, or phosphate, and

organi ¢ aci deahht Visuchedsd oxadwrllzatleal e isf unanate, byl dhet sydaiat e,
mal ate, citrate, tartrate, benzoate, nethanesul fonate, or tosylate. 20 The
~"lower al kyhdgibuptrahdonl ofersaildkysdembi toy anintdies .pr eSeat descrirpttlon
denote a straight chain or branched chain al kyl group having 1 - 6 carbon
atons, suchcasenefthyhegrsdugletappl graupon poHpYK-§0dupt ineajerremyd dsoep,

butyl group, isobutyl group, tertbutyl group, pentyl group, and 25 hexyl
groupl0 Vv (0.3-1.0 mg/kg), neuronal vacuolization is observed in the
posteribr cingulate (PC) /retrosplenial cortex (RS)
(hereinafter, abbreviated to PC/RS cortex) in 4-5 hours

after administration, and in the case of higher doses (3-10

mg/kg), necrosis of neurons and hyperplasia of glial cells

15 are observed 1in a few days to a féw weeks after
administration. | Besides, in the ~case of repeated
application, the damage spreads to hippocampél ventral

dentate gyrus and limbic regions such as entorhinal cortex

and amygdala. It is presumed that the hypofunction of NMDA

20 receptor méy cause neurodegeneration in the PC/RS cortex
through complicated polysynaptic network mechanism [in

which at least 7 receptors, i.e. glutamic acid (NMDA and
non-NMDA), acetylcholine-M3, adrenaline-oa2, GABA-A, sigma

and serotonin 24, are involved], since - such

25 neurodegeneration would  be caused by both noncompetitive-‘



. 13 'DEC 2004 11 The "cyclo-lower al kyl group" denotes a cycloal kyl group
having 3 - 6 carbon atoms, such as cyclopropyl group, cyclobutyl 1g epp,

cyclopkntyl group, and cycl ohexyl group, and these rings nay be optlonA?Qy

substituted by a C1 - C3 5 alkyl group or a halogen atom The "I ower

al kenyl group” and "I ower al kynyl group" éave a straight or branched carbon

chain having 2 - 6 carbon atons, and include, for exanple, allyl group,

1propeny| group, propargyl group, and 2-nethyl-1-ethynyl 10 group. The

"cyclo-lower al kenyl group" denotes a cycloal kenyl group having 5 - 6
car bon atonﬁﬂt§9@ﬁl§§scyt oN¥RBnyeaqumgy. Theehtpwdidahkoxandyr bepimand)

"I oner al koxy" noiety denote a straight chain or branched chai n al koxy
group 15 ha@ghfg gompetihiven ambagonsath ade net hoxy2 taroimo- &t hloxyphonap,
propoxy group, isopropyloxy group, butyloxy group, isobutyloxy group,
tert-butyl orgngroapc pectig oxyp-ébdld,. and exyls groupsiddeed aryhagr oupé and
"aryl" noiety denote a phenyl 20 group or a naphthyl group, and said ring
may optionaflygfhaceidtn- & siNORI tummdst oel ectedd riogn admdndgenraatiedn arfCl -
C3 al kyl group, a trifluoronethyl group, a hydroxy group, a Cl - C- al koxy
group, Sa trMK%&@ﬂonemapxy'@ﬁcnunldsémyum)mﬁkuubden1ﬁmﬁ n@hgr oupnsand acnitro
group. 25 The "heteroaryl group" denotes a 5- to 6-nenbered ° ay 13 DEC
2004 12 ar omatiodhgterceydlviec gliceaseent aidtidg Hence heier @t osBopsbheh
are, the same or different, selected fromnitrogen atom oxygen atom or
sul fur aton;ndndednbyudﬁsﬁOHOM1&&amm<uséhMaHastdnpﬁﬁﬂoldg&éédyﬁod@xaggly|,
i soxazol yl, pyridyl, 5 pyridazinyl, and pyrimdinyl, wherein such
het er ocycl i cegrodpgeayraptivenalilsyakave [kded 3 .SUIStidaentsrseh egtedafem a
hal ogen atom a Cl - C3 al kyl group, a hydroxy group, a Cl - C3 al koxy
group, and RavaewbBo FoQuRO Fuspheso-blke "hdgmen @t opl, depetiek fdwogine
atom 10 chlorine atom brom ne atomor iodine atom The conpounds of t he
formuia (1)Beainbrepeapaned vyl t17 meihodedi sebogedoigh ;WO P38 ey ot
Pharnacologlcal Experi ment s

al., J. Psychiatric Research. Vol 33, pp 523-533 (1999); P.
Andine et al., J. Pharmacol. Exp. Ther., Vol 290, pp 1393-
1408 (1999)].

It is known that medicines inhibiting MK-80l-induced

15 neuronopathy include anticholinergic drugs (e.qg.
scopolamine and atropine), barbiturate hypnotics (e.g.
pentobarbital and thiopental), and benzodiazepine

derivatives (e.g. diazepam) [see, J. W. Olney et al.,
Science, Vol 254, pp 1515-1518 (1991)].

20 The'present inventors have found that 5-substituted-3-
oxadiazolyl-1, 6-naphthyridin-2 (1H) -one derivatives of the
formula (I) or physiologically acceptable acid addition
salts thereof exhibit an extremely potent inﬁibitory effect
on the MK-80l-induced neurodegeneration in the PC/RS cortex

25 by using the above pathological model.



_The utility of the conpounds of the fornula (1) as the 15 nedicine for

pr evegti on and treatnent of neurodegenerative diseases will be i1l3 pstraned
by the) foll owi ng pharmacol ogi cal tests using a nodel for MK-80l-induced
neuronopat hy and the results thereof as to the typical conpounds of the
formula (1). 20 7
3-(5-Met hyl -1, 2, 4- oxadi azol - 3-yl ) - 5- ( 3- net hoxyphenyl ) 1, 6- napht hyri di n- 2( 1H)
-one (hereinafter, referred to as "Conpound A'") was used as a test
conmpound. Conpound A can be prepared according to the nethod disclosed in
PCT Publ i caPTorL9€VBE/ OBSERVENSIPYrt her, MK-801 (dizocilpine naleate) is
described in, , 1t 13 13 DEC 2004 for exanple, Merck Index, 12th
Edition, 3451 (1896biswt i sfcdmeerprakbkbptaviiteritiisgn (flor Bxappbeide a
(+) MK-801, manufactured by Research Biochemi cal International). Experinent
1_ 5 Inhi binedycenreéect fmr MK- 8D&- i nducedemeiondegemer at i bneathent of
phar macol ogi cal test was carried out according to the nmethod of ~D. F.
Wozni ak, ethaurofi@penarResear cthissddbes. Z&Fnp pps 166- 178 (-9t Jtutdd-B01
was di ssol ved i n physiol ogical saline 10 (concentration 0.1 ng/m) and was
subcut @neouskyd{szoty)-agdainapheheditdant-rae ) rote (Qedidd¥ iRmd e g cechad9. 9
- 45.8 g of body weight ) in a volune of 0. 1 ml per 10 ,g of body weight,
i.e., 1 ng/kollG@eimpouhdrAuias (suspended in a 0.5 tragacanth solution in a
concentration of 0.1 ng/m, and 15 the resultant suspension was orally
(p.0.) adm nistered t mce in a volune of 0.1 m per 10 g of body
wei ght, i.e.,_i Yi nutes before MK-801 adm nistration. Five hours
after MK-801 adm pij m ce were perfused with physiol ogi cal saline

10 ® R' formal i n- buffer solution under etherization.
; transversely frompyhe anterior termnation at

approxi matel y~4 nWt 0 he posterior termnation, and then enbedded in cold
pol yneri zed resinH( Technovi t 7100, manufactured by Kul zer in Germany). The
slices containing 25 the PC/RS cortex were obtained at four
Ant eri or - Pogi&red D : , 13 DEC 2004 1~ levels at intervals of 300 ~mfrom
t he exposed section of the block, and at each level two slices (3 ~,min

t hi ckness) meref@@@Sﬁgugﬁvgkydpggghpgdgrgn?;histologicaI change (on
Hemat oxyl in and eosin stain specinen) and the nunber of 5 vacuolized

neurars (on Nissg! staif specbien) e, ohsenved hyiia il i ghtupl cLosgape, f or
each 4 slices, respectivePy. %ﬁe results are shomn]?m T%bl%ﬂa. Table 1

shows the MERAr HfkyRceRbigeda Newt enackBrbhfyFCESuEO! LOX ad N8 kenyy

non-treated control ‘group, he group 10 treatéed w th KK one, a

group treaL&%Bﬂﬂ;l%lQQ&RQH”QlfyP?ioégong8gliower alkoxy group, a lower

alkoxy-lower alkyl group, a hydroxy-lower alkyl group, a
substituted or unsubstituted aryl group, or a substituted
15 or unsubstituted heteroaryl group; and
R? is a hydrogen atom, a lower alkyl group, a cyclo-
lower alkyl group, a cyclo—loWer.alkylmethyl group, a lower
alkenyl group, a cyclo-lower alkenyl group, a lower alkynyl
group, a substituted or unsubstituted aryl group, or a
20 substituted or unsubstituted heteroaryl group,
or a physiologically acceptable acid addition salt thereof.

Another object of the present invention is to provide



. As shown in Table 1, in the group.-treated with MK-801 (1 ng/kg) for S
hours,, the vacuolization was remarkably observed in the neurong 30fgt 3RS
III-I\) and the nean 15 nunber of the vacuolized neurons per nouse

remar kably increased fromO (in non-treated control group) to 30.8 per
slice. On the contrary, in the group tre&ted with Conpound A (1 ng/kg)
prior to MK-801, the nunber remarkably decreased to 4.3, and in sone of

t hem no vacuol i zati on was 20 observed. 13 DEC 2004 15

Ani mal Vacuol i zati onTest G oupNoSlice

No. Mean(/ sl #ge) . 12B4| adi vbdaabstdipt e Boooral ieNed-tidatravep iomtriodin-
gr oup01M200000. 00. 001MD300000. 0 MK- $0102M)14150341936. 01 ng/ kg
s. c. 02MD22380421638e 030985 iNgitdwe 02MDB 26t24 14f¢¥mRda3Corpound ok 1 my/ kg
p. 0. 03M)100000. 0+MK- 80103MD2201210511. 84. 31ng/ kg s.c. 5 h group 03M3 0 O
2. 2 1.0 AsPhgstdbagitpdhyt Recaradesatid, aCoiipdmd $akkhicbetredfa ot ent
retardation or inhibition of neurodegeneration in the PC/RS cortex induced
by MK-801. Bhécowrniihgtyireheofonpoumeidi¢ine of fohe tphesantevanvieindn omrat e
useful for the treatnment of Al zheiner's disease or schizophrenia, as a
medi ci e fotredementvent henreddgeneabnene aofiseawesdegener ati ve di seases on
the basis of inhibitory effect on neurodegeneration, through the 10
di fferent nmechanksnffirohethadbbpéct heofurtieat pedsentnesidwsnt heni npg ovesrent
in neural hypofunction via the activation of cholinergic function. Usa~~e
Of CompolLncpsofddhe | mgthod nfoA Wed' prevdheicsonpoidyds otréhemtaemdm (1)
can be used as a 15 nedicine for the prevention and treatnent of
neurodegenerative diseases in mammals (including human
beings), which comprises administering an effective amount
10 of a 5—substituted—3—oxadiazolyl—1,6—naphthyridin—2(lH)—one
derivative of the formula (I) or a physiologically
acceptable acid addition salt thereof to said mammals in
need of such prevention and/or treatment.
BEST MODE FOR CARRYING OUT THE INVENTION
15 The present inventors have found that the 5-
substituted-3-oxadiazolyl-1, 6-naphthyridin-2 (1H)-one
derivative of the above formula (I) can be used for the
prevention and/or treatment of neurodegenerative diseases
with hypofunction of glutamic acid receptor, such as
20 Alzheimer's disease or schizophrenia, in mammals (including
human beings).
The compounds used for the prevention and treatment of
neurodegenerative diseases of the present invention are

shown by the formula (I), and the preferred compounds are

25 those of the formula (I) wherein R' is a C, - C; alkyl group,‘



~f 1 3 DEC 2004 16 neurodegenerative diseases. They can be admi nistered

" through any of oral, parenteral and intrarectal routes, preferddd DEOr24
route.) The dosage thereof may vary depending on the adnministration route,
ki nds of diseases to 5 be treated, synptonf age of patients, deal node
(prevention or treatnent), etc., but it i%s usually in 0.01 to 10
ng/ kg/-day,. preferably 0.02 to 5 ng/kg/day, which may be adm ni stered at
one time or dividedly in several times. The conpounds of the formula (1)
can be used 'as a 10 nedicine for the prevention and treatnent of
neur odegeneafive disersksabkphegsrupn e & d¥.m-ofC.a agkemydcegndurad and
conposition, which is generally prepared by m xing with a pharnmaceutically
accept abl e Baribera Nhdrpbanmeteuti cal GonpoSi t rdkyimyg beup thecdosage
forms such 15 as tablets, capsules,. granules, powders, syrups,
suspensi ons¢ysuppdiiylogiresp, gel subsuditaitreed areluress girigpareat iangl q@nsup,
i njection preparations. These pharnmaceutical conpositions can be prepared
by a conventiroaabubethbddtedherphasmbetlittiutald herereptinll ey2icarri er may be
any conventional ones, which are commonly used in the pharnmaceutical field
and do5not reactMoirehptredecarpo udp@minddeaps eskrosei BYerthicortormui Tabl )
exanpl es are | actose, glucose, mannitol, dextrin, starch, corn starch
sucrose, pobysaethaRf des amgpesi-Gmaalkl npretssoti gate, - 25, sy hedikyl;
alum numsilicate, crystalline cellul ose, sodium"’ 13 DEC 2004 17
car boxyr het aytickf | Uik ose hyelalogienmaaashoxy net hyl celd utyws egrbiygly 0xypr opyk,
starch, ion exchange resins, nethylcellul ose, gelatin, acacia,
hydr oxypr opyycebaLkose,gtomp subst istatised itdcoxX ppr opyseest Ut @668d phenyl
hydr oxypr opyl net hyl cel | ul ose, poly 5 vinyl pyrrolidone, polyvinyl alcohol,
| i ght anhydgposp si bi:ciacsabisdituagae@irur@n%mwtatt@tetoalrfétecxafmquq'{mp.
pol ymer, titaniumoxide, sorbitan fatty acid ester, sodiumlauryl sulfate,
glycerdn, glycerrartpety rstd gteforid i daabdudel | Bredl ¥E&r 088l B Ihg
pol ysorbate, macrogol, 10 vegetable oil, wax, liquid paraffin, white
petrol at um co@EpPb@RES; surfactant, propylene glycol, and water. Liquid
preparations may be in the form which is dissolved or suspended in water
or other appropriats-aesiyunwhen-usadi akWither, tabl ets,and granyes may be
coated in 15 a conventional manner. In the case of suppositori‘es, the base
for theminsteshes) cacgonhphtRyrighycerimysatyrated fatty acid ester,
gl yceroge.latin, nmacrogol, etc., and in the preparations, a surfactant or a

preservative rTHBDpS'L:Q@@hW—@?2add_%slzadli%iz%qtimmr—%ﬂ%fﬁdég&g@ilt@%enrﬁgla)ﬁf of

prepared by dissolving a phyS|o(og|caIIy acceptable acid

the cogpound efnibecAormyta-linh0odiestilled water for injection or
physi ol ogi cal saline, and thereto may be optionally added a sol ubilizer, an

| sotoni ¢ agent, 8- pELadktptlngoadentsdd UL AG BAGH LA RALMLRH § FUCT NY

agent or a preservative. pharmaceut i ¢

conposition§,@Byaﬁﬁyﬁggydggngqhggngeconpound of the fornula (1) as an
in

active ingredient n anount of at reast 0.01 % by weight, preferably
Contai n of her ther sBRuTtAaT D &f Feard e S aunad. Shr e T g B 1Y
1,6¥naphthyridin—2(1H)—one,
20 3-(5-ethyl-1,2,4-oxadiazol-3-yl)-5-(2-thienyl)-1, 6-
naphthyridin-2 (1H) -one,
3-(5-methyl-1,2,4-oxadiazol-3-yl)-5-(4-pyridyl)-1, 6-
naphthyridin-2 (1H) -one,
3-(3-ethyl-1,2, 4—oxadiazol—5—yl) -5-methyl-1, 6-

25 naphthyridin-2 (1H) -one,



_ The pharnaceutical conpositions of the nedicine for the prevention and
treatnfnt of neurodegenerative diseases 10 according to the presarg pec 2004
inventlon are illustrated by the follow ng preparations. Prepa_ra.ion
Capsul es:
3-(5-Met hyl -1, 2, 4- oxadi azol - 3-yl ) 5- ( 3- netboxyphenyl ) - 1, 6- napht hyridin 15 2
( 1H,) -one 5 g Corn starch 57 g Lactose 10 g Crystalline cellulose 25 g
Hydr oxypropyl cel l ul ose 2 g 20 Light anhydrous silicic acid 0.5 g Magnesi um
stearate 0.5 g Annn%st t he above conponents, the active ingredient, corn
starch, |actose and3cefsvariiRe dcoXadicgs labe W lerited- B torhenyl) s added
hydr oxypr opyl cel | ul ose being dissolved 25 in water, and the m xture is
kneaded, drﬁeé‘éﬁahﬁhaﬁaﬂapeaflﬁ)‘OﬂgrDEC 2004 19 To these granules are
added magnesi um stearate and |ight anhydrous silicic acid and m xed. These
are filled in 1080 (éapstihed —to 2pd et lodpsill Je Jor Earedthi wishewey Yht ng
100 ng each. 5 Preparation ,on Tablets:
3- (5- Met hyl 1y 62napskhdiradén-2-(}H) 500@ et hoxyphenyl ) - 1, 6- napht hyri di n2( 1H) -
one 5 Corn starch 20 g 10 Lactose 19 g Crystalline cellulose 10 g
FydroxgpropylcelBuKés@eshgltdesﬂb@ﬁ&dﬂﬂﬂ¢Hn&mﬂwyﬁfdﬁﬂmmﬁhqﬂyphﬁﬂﬁug—
Magnesi um stearate 0.5 g 15 Light anhydrous silicic acid 0.5 g Anobngst the
above conpoheftsaphhbyadtive2i(Aghedinent, corn starch, |actose,
| ow substituted hydroxypropyl cellul ose and crystalline cellul ose are
bl ended, and t heBet(8-ethaddéd 2hydocaginamil-Celyl)|-Gse beiatthatigstodned) + n 20
water, and the m xture is kneaded, dried and granul ated. Thereto are added
magnesi um ste&ratphahgridght-2dAlydiooes silicic acid, and the mxture is
conpressed to give tablet cores having the active ingredient weighing 5 ng
content (alternaBry8typthpdir-dated-axadia zwdi-Ghty 10f- SA) 4vp yemicty 125-1 abt et ) .
Then, said tablet cores are coated to formfilm ° 13 DEC 2004 20 coated
t abl el8 by mapbhhgntddnaPl (i) koede,usinglg hydr oxypr opyl met hyl cel | ul ose,
macrogol, titanium oxide, talc and |ight anhydrous silicic acid.
Prepara.ion ~: 136 (Bewgtel®prbpyl-1,2,4-oxadiazol-5-yl)-5-(3-thienyl) -
3-(5-Methyl -1, 2, 4- oxadi azol - 3-yl ) 5- ( 3- net hoxyphenyl ) -1, 6- napht hyri di n2( 1H) -
one 5 g Corh, 6tasphthbBigihact(ose-29@.9 10 Hydroxypropyl cel lul ose 20 g
Li ght anhydrous silicic acid 75 g In a conventional manner, above

conponents are bsepdedlegraaunpiead and gregulates asing achepghashearacid
granul ator, and then thereto is added |ight anhydrous silicic acid to give

15 1 % powdedsitidRUSERIA. AFPPLE KABIdImpb s £xplrai tigdl akevm1d he rgonpeeinds
of the formula (1) show remarked potent retardation or inhibition of

neur odegenefabrgandue aldd d hea hypokuet i 00 Bl dgbuhabikeqdagi th2-decaptos, and
al so exhibit lowtoxicity, and hence, it can be used for the prevention

and/ or treahyenbiofineyr edeganrer atdy Kl S8ases, SHER 8% gAhzheiymrd ss4li sgase

or schizophrenia in mammal s (i ncl udi ng human bei ngs) as a nedicine for the

prevention gagnhtreat e 1 Hfe 25 MeEpdegenaidl i Ve di $8aS6Sate;, lactate,
malate, citrate, tartrate, benzoate, methanesulfonate, or
tosylate.

20 The "lower alkyl group"” and "lower alkyl" moiety in
the present description denote a straight chain or branched
chain alkyl group having 1 - 6 carbon atoms, such as methyl
group, ethyl group, propyl group, isopropyl group, butyl
group, isobutyl group, tert-butyl group, pentyl group, and

25 hexyl group.



13 DEC 2004 21 CLAIMS 1. A nedicine for prevention and treatnent of

schi zephreni as conprising a 5-substituted-3-oxadiazolyl 5 13 DEC 2004
1, 6- napht hyri di n-2(1H)-one derivative of the following formula (1) R2 Het N
~1 ~~R-\ N~\OC) Hwherein: Het is an oxadi azolyl group 10 R1 is a
hydrogen atom a |ower alkyl group, a cyélol ower al kyl group, a
trifluoronethyl group, a | ower al kenyl group, a |ower al kynyl group, a

| ower al koxy group, a | ower al koxy-I|ower al kyl group, a hydroxy-I|ower alkyl
group, a substitféed or unsubstituted aryl group, or a substituted 15 or
unsubstitut ed hetBRoar§YCHPotPYeanB Y1 s W HRIr 0§enokesm 2a Fymera bk
group, a cyclolower al kyl group, a cyclo-lower alkylnmethyl group, a |ower
al kenyl gro8pOUR BH¥LBI| dwer CaCRERPN GTOMS, HUBWES HRGISPrepYvLpIraup,
substituted or_unsubstituted aryl group, or a 20 substituted or

unsubst i t ut BAChePBEZAr FIr ogiPoussY Droreptyki erogbeaking avcdmthestyd agtaup,
addition salt thereof. 2. fhe nedicine for prevention and treatnent of 13
DEC 2004 222R@htP65Rr éilings dexwrlae ngPitéd osiedilm 1s ulseital tedRiby saaCCl-t 65 C3
al kyl group,_a C3 to C4 cycloal kyl group, or a C2 to C3 al kenyl group, and
R2 is & hydrfbbgh dFeHP arctd helegeal ryorgroup, a C3 to 5 C6 cycl oal kyl
group, a substituted or unsubstituted aryl group, or a substituted or
unsubstitut ed heTBeoarydvwegt oapkeBylTrerourll cend f'broyrrevedkyoylamiroup”
treat nent of schi zophrenias according to claim2, wherein RLis a Cl to C3
al kyl grouphaveC® t 6tcaiondl oaf kydranchgy amdbon chain having 2 - 6

carbon atoms, and include, for example, allyl group, 1-
propenyl group, propargyl group, and 2-methyl-l-ethynyl
10 group.
The "cyclo-lower alken?l group" denotes a cycloalkenyl
group having 5 - 6 ;arbon atoms, such as cyclohexenyl group.
The "lower alkoxy group" and "lower alkoxy" moiety
denote a straight chain or branched chain alkoxy group
15 having 1 - 6 carbon atoms, such as methoxy group, ethoxy
group, propoxy groupf isopropyloxy group, butyloxy group,
isobutyloxy group, tert-butyloxy group, pentyloxy group,
and hexyl group.
The "aryl group" and "aryl" moiety denote a phenyl
20 group or a naphthyl group, and said ring may optionally
have 1 - 3 substituents selected from a halogen atom, a C,
- C; alkyl group, a trifluoromethyl group, a hydroxy group,
a C - C; alkoxy group, a trifluoromethoxy group, a cyano
group, an amino group, and a_nitro group.

25 The "heterocaryl group" denotes a 5- to 6-membered



10 R2 is a hydrogen atom a Cl to C3 alkyl group, a C3 to &4 cycl oal kyl
group, a substituted or unsubstituted phenyl group, or a substi{gtsd oD
unsubékituted heteroaryl group. 4. A nedicine for prevention and treatnent
of schi zophreni as conprising a 5-substituted-3-oxadi azolyl 15

1, 6- napht hyri di n-2(1H)-one derivative seltected from

3-(5-ethyl -1, 2, 4- oxadi azol - 3-yl )-5-(2-net hyl cycl o
propyl)-1, 6- napht hyri di n- 2( 1H) - one,

3-(5-methyl -1, 2, 4- oxadi azol - 3-yl ) -5-(2-net hyl phenyl ) 1, 6-naphthyridin-2 (
1H) -one, 28TrSUELigetiIRHerDCy skl ezl cenya)nsngdlnet Roxystenyl dtonms,

1, 6- napht hyri di ne-2( 1H) - one,

3- (5- et hyl - ¥h2ch. @&Ry akbe- Bape - or ( 2itffiesrent),- 1s6laapathyiriadi nr 2t tefyeone
3-(5-nmethyl -1, 2, 4- oxadi azol -3-yl )-5-(4-pyridyl)-1,6 25

napht hyri di ALeRiHPxXgAen atog PECsEar2&tom, and includes, for example,
3-(3-ethyl -1, 2, 4- oxadi azol - 5-yl ) -5-net hyl -1, 6napht hyri di n-2(1H) - one,
3-(3-et hyl - fugyd, oxthiiezpyl , 5-oM)ed-¥13- f loxarzodlydny| Jdo&anaphihyrpdibd2{ 1H) - o
ne, 5 3-(3-nethyl =1, 2, 4- oxadi azol - 5-yl ) -5-(3-net hyl phenyl )"

1, 6- napht hypydida2@inl,onend pyrimidinyl, wherein such heterocyclic
3-(3-nethyl -1, 2, 4- oxadi azol - 5-yl ) - 5- (3- met hoxyphenyl ) 1, 6- napht hyri di n- 2( 1H)
-one, 3-(3-¢rbyp-ma®, 4pviadedig hawnd )I- o 4 matdoxiphenyd )ddl deted from

6- napht hyridin-2 ( 1H) -one,

3- (3-ethyl -4, Badogradrapol, - 5- W,) -5¢( & Pyyl dytdud, 6aaphtibykiydgrorplHe ane,
and

3- (3-cycl oprofylallk@xvi-gxau aAzahd Say| ambnb63gkbupenyl ) 1, 6- napht hyri di n- 2( 1H)
-one, 15 or a physiologically acceptable acid addition salt thereof. 5. A
medi ci ne for preFenthem,anthér egtamsgernf sehi'zopkherieads €00BFi&ENTaton,
3-(5-nethyl -1, 2, 4- oxadi azol - 3yl ) - 5- ( 3- net hoxyphenyl ) -1, 6- napht hyri di n- 2( 1H)
-one D0 a pbysoelingi aabhy Beeaphablag cacicd addiildoomtgMt thereof. 20 6. Use
of the compound according to any one of clains 1 to 4 for the manufacture
of a medicine forhpr @eaipdeRANdrt ket estnela S¢hi Zopi epkagrepaddse B the
conpound according to claim5 for the manufacture of a medicine for
prevention and heeRbAEALsclosed in W099/03857. '

p} logical E .

The utility of the compounds of the formula (I) as the

15 medicine for prevention and treatment of neurodegenerative

diseases will .be illustrated by the following

pharmacological tests using a model for MK-801-induced

neuronopathy and the results thereof as to the typical

compounds of the formula (I). |

20 3-(5-Methyl-1, 2, 4-oxadiazol-3-yl) -5~ (3-methoxyphenyl) -

1,6-naphthyridin-2 (1H) -one (hereinafter, referred to as

"Compound A") was used as a test compound. Compound A can

be prepared according to the method disclosed in PCT
Publication WO 99/03857.

25 Further, MK-801 (dizocilpine maleate) is described in,



25 'of schi zophrenias. . A
CALLAALALA(FLAY@AF.ALAQA A A AL AYi , . AL. AY. A 13 DEC 2004

,E. AY@® AY. Ae. Any. A@V: **@5 *C
@t #. 22?2?2>2~| | | x?2~~| | | | ~?~???~??~87] oooooooooooooooo~| XX?px??22207x~| | ?|

>>>>>>>>>'7>>>>>'7>>>7>'7>>>>>>>>7>>>>'7>>>>>>>>S>>>>>>>>>>>>>7>>>>>>>>>>>><<><
| >| >| >| >>| >p>| | >>[ ~| | ~| | ~x| ?| ?| ?| | | ?8??<?<<<| | ?| | ~?~?~??270| | ~???27df ] kwy Q6} X
sni d_ZU] ca] ca] ca] ca] ca] Cgl] }i?aa] cal ca] cal calg] ca] cal] ca caD] cajcalc (]lca] cajc
a] ca] ca] ca] ERE] BXPERL €] MeFE ltlonr ), an
ISIT @ "i "#BS\ W% 96 *****| ++, wr nhc’\ ca] ca] ca] ca] ca] ca] ca] ca] cal ca]c
a] ca] ca] ca] Eﬁ%ﬁ]féa]aéa}’ca] cﬁ]’éa]-éﬁ €a] ca] ¢aPEa] caf¥aeafea] cal tH{Eadehl 9- o-
--- 40k [1*/-101112k2u233333041555Q6771 8] w mhc”Y] ca] ca] ca] ca] ca] ca] ca] c
aj ca] ca] caU]léa]lEa]:*éH]fég] by] Bgpeafed) Edlasdiamm]asa] da)teeqreal] talah) ca] ca] ca] ca]
caj ca! | 888888WD: ; a; k; p; };
:::::::>>>B@&@@W@Q@E%Ezupkf a\ Wrhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ¢
a] cal] ca] ca] ca] cal] cal] ca] ca] c*a] c”a] c*a] ca] ca] ca] ca] ca] cal] ca] ca] ca
E6FOFTSd GpGSER B L RRE Y OB£EGEQQONVWMIp RO Mindived [rfyrodegeneration: -
[[[[\~yto]j d*Xmhc”Y]]]c™a] c™a] c”a] ca] ca] ca] ca] cha] ca] c™a] ca] ca] ca]ca]ca]ca]c
a] ca] ca] cal ca] cﬁ]leAa]l@e:]r@a:]Od@]goa:]ada]teaﬁ]’@a\]I@a] carried out according to
\] .0 | Vcxcccc: d\dede=fgQy] g g
h[ hhhi 2i | i | £he] ratied i1 ]l]caFcan]rna]lca]e:ta] ga} cdpealica]Resjeaiatn] cada] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca]ca]ca!]
k- kgkkkkl #1 102} | pp>pgppdds (1996)1].
h[ hhhi 2ililjjjj|wmhc”Y]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalca]cal
ca] ] ca] ca] ca] ca] MEt88] ca] wakca] dilscalloadca] dal ca]ptad hfl@@0qa () -44D0M4&L" () -
P10% & ()- 10% (& ()- S$L0% (& ()-
T 10% B0 () - Medhg¥BYned 000& § )1 9'esMPA 0UB(AS( &ak) - QSubcutaneously (s.c.)
YmAd0%(a(& ()-9'''YnmdOo% (t (& ()-9' ! YnmdO% (& ()-9" Ynd0%l& ()-9' 8_=!
YZY% 0%00%' (3divih YZ¥E D@0 o( Jrhive el G422 (] Soll1Q8@8me)le hACekOE A #<1D9E& () -
rPl, s10%& ()-! 8% 10YR$IR$PE& ()- 10bGHO 10bCHO 10bCGhA [

YZ9%8.0% Cb 08y ( p£ MOBEY OB H Y » Mih| ¥ZH0EXR' 6F- Bhn nl ZP11Y- 1O &ddy

" $10%b& () - $10%&' ()- ! $10%0b& ()- P10 ()-  &LO0%E& ()-C(M z[ I\/Pl
10z} z} 10z}weidle}z}.400217hg/kY-! okl W Wds 'dubpended in a 0.5 %
Y- 810%-Xx~X& ()-'Y-&10% & ()-"!]|Y-&L0%X& ()-"}[9wW1
10z! | I - &10%c &gaddhyh- EHA%E i(Qrr 31hDlar &3O/ EE&L L4+ 3dh! d%loﬁ/Q?&m@)/n@l 19%& () -
%@0% ()- /ghij kw~ @10z!|s10%& ()-%0%& ()- 10%& () L 10
10! - &19%R' (§h31rebu&ia%R’ (Srspk SFwf® orall .0. admlnlstered to
10z! ! BLOYE<E<& ()-!10%& ()-!' @ $109%<&' () -! @%10 V<& ()
109%& () - ! 1006 &mli e lRVhdRo 1@E0ZE £ Q0 . Y QI8EEY-"10 g of body weight,

i.e., 1 mg/kg, 30 minutes before MK-801 administration.
Five hours after MK-801 administration, mice were perfused
with physiological saline and fixed with 10 % neutral
20 formalin buffer solution under etherization. The cerebrum
was cut transversely from the anterior termination at
approximately 4 mm to the posterior termination, and then
embedded in cold polymerized resin (Technovit7100,
manufactured by Kulzer in Germany). The slices containing

25 the PC/RS cortex were obtained at four Anterior-Posterior



C 0% ()-" O%& ()-" WOW& ()-" %O%& ()- !'10%& ()- qr~_@_@10z!!"
CUMO0%R&, () - (" YO0%& ()- (" YO%& ()- (" YOU& ()-(" YWOU& ()-)I7hDPEE B4 @
1021 1" TU0Y<& () - (" %09%& ()-(" MO0W%& ()-(" %UOU& ()-("

WOU& ()-)?a)¥B{Z9~_ @10z 510N & ()-( 010N & ()- . WO & ()-

(1109 & ()-" HMO0%& ()-)?a)wU4 1 O -&10YB$9& ()-41( [-&10%$>& ()-41(

, S1099&' ()-( & @O%& ()-(10)%0)10) 8l %U0N & ()-!*!+1,1-191| obU4 1
%aAL0%& ()-(10pl0pl0p |-&10%& ()-41 z |-&10UB& ()-41 i |-&10%& ()-41

|- &10%& ()-419!;!SI1@GT"|[:bUWA 1 ° 10% & ()- ~ 10%3G& ()- s$1098& ()-
1 10984& ()- levedggat) -integwaks (PLT300 "Ut#BRSHN : bhd expolst WA ¢r) -of *
%0%& ()- b$10%B& ()- <$109& ()- Z109®& ()-

10% % & () - BESSVIBYKIN oY) HrUkach level two slices (3 pm in thickness)

were consecutively obtained. The histological change (on

Hematoxylin and eosin stain specimen) and the number of

5 vacuolized neurons {on Nissi stain specimen) were obéerved

by a light microscope for each 4 slices, respectively. The
resuits are shown in Table 1.

Table 1 shows the number of vacuolized neurons in the

PC/RS cortéx in the non-treated control group, the group

10 treated with MK-801 alone, and the group treated with

Compound A before MK-801.

As shown in Table 1, in the group treated with MK-801

(1 mg/kg) for 5 hours, the vacuolization was remarkably

observed in the neurons of layers III-IV, and the mean

15 number of the vacuolized neurons per mouse remarkably

increased from 0 (in non-treated control group) to 30.8 per

slice. On the contrary, in the group treated with Compound

A (1 mg/kg) prior to MK-801, the number remarkably

decreased to 4.3, and in some of them no vacuolization was

20 observed.
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As 1is clear from the above results, Compound A
exhibited a potent retardation or inhibition of
neurodegeneration in the PC/RS cortex induced by MK-801.

5 Accordingly, the compounds (I) of the present invention are
useful for the treatment of Alzheimer's disease ‘or
schizophrenia, as a medicine for the prevention and
treatment of neurodegenerative diseases on the basis of
inhibitory effect on neurodegeneration, through the

10 different mechanism from that of the current medicines for
the improvement in neural hypofunction via the activation
5f cﬁolinergic function.

Usage Of Compounds Of The Invention As Medicine

The compounds of the formula (I) can be used as a

15 medicine for the prevention and treatment of
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neurodegenerative diseases. They can be administered
through any of oral, parenteral and intrarectal routes,
preferably oral route. The dosage thereof may vary
depending on the administration route, kinds of diseases to
be treated, symptom/age of patients, deal mode (prevention
or treatment), etc., but it is usually in 0.01 to 10
mg/kg/day, preferably 0.02 to 5 mg/kg/day, which may be
administered at one time or dividedly in several times.

The compgunds of the formula (I) can be used ‘as a
medicine for the prevention and treatment of
neurodegenerative diseases alone or in the form of a
pharmaceutical composition, which is generally prepared by

mixing with a pharmaceutically acceptable carrier. The

pharmaceutical composition may be in the dosage forms such

as tablets, capsules, granules, powders, syrups,
suspensions, suppositories, gels, sustained release
preparations, and injection preparations. These

pharmaceutical compositions can be prepared by a
conventional method. The pharmaceutically acceptable
carrier may be any conventional ones, which are commonly
used in the pharmaceutical field and do not react with the
compounds of the present invention. Suitable examples are
lactose, glucose, mannitol, dextrin, starch, corn starch,
sucrose, polysaccharide, magnesium aluminometasilicate,

synthetic aluminum silicate, crystalline cellulose, sodium
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carboxymethylcellulose, calcium carboxymethylcellulose,
hydroxypropyl starch, ion exchange resiné, methylcellulose,
gelatin, acacia, hydroxypropylcellulose, low-substituted
hydroxypropylcellulose, hydroxypropylmethylcellulose, poly-
5 vinylpyrrolidone, polyvinyl alcohol, light anhydrous
silicic acid, magnesium stearate, talc, carboxyvinyl
polymer, titanium oxide, sorbitan fatty acid ester, sodium
lauryl sulfate, glycerin, glycerin fatty acid ester,
purified lanolin, glycerogelatin, polysorbate, macrogol,
10 vegetable o0il, wax, 1liquid paraffin, white petrolatum,
nonionic surfactanty propylene glycol, and watef.

Liquid preparations may be in the form, which is
dissolved or suspended in water or other appropriate medium
when used. Further, tablets and granules may be coated in

15 a conventional manner. In the case of suppositories, the
base for them includes cacao butter, glycerin saturated
fatty acid ester, glycerogelatin, macrogol, etc., and in
the preparations, a surfactant or a preservative may
optionally be added. Injection preparations may  be

l20 prepared by dissolving a physiologically acceptable acid
addition salt of the compound of the formula (I} in
distilled water for injection or physiological saline, and
thereto may be optionally added a solubilizer, an isotonic
agent, a pH adjusting agent, a buffering agent, a pain-

25 reducing agent or a preservative.
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These pharﬁaceutical compositions may usually contain
the compound of the formula (I) as an active ingredient in
an amount of at least 0.01 % by weight, preferably 0.05 -
70 % by weight. These pharmaceutical compositions may
optionally contain other therapeutically effective
compounds.

Preparation

The pharmaceutical compositions of the medicine for
the prevention and treatment of neurodegenerative diseases
according to the present invention are illustrated by the
foilowing preparations.

Exepa:atign_l: Capsules:
3—(5—Methyl—1,2,4—oxadiazol—3—yl)—

5-(3-methoxyphenyl) -1, 6-naphthyridin-

2 (1H) -one 5 g
Corn starch 57 g
Lactose ' 10 g
Crystalline cellulose 25 g
Hydroxypropylcellulose 2 g
Light anhydrous silicic acid 0.5 g
Magnesium stearate 0.5 g

Amongst the above components, the active ingredient,
corn starch, lactose and crystalline cellulose are blended,
and thereto is added hydroxypropylcellulose being dissolved

in water, and the mixture is kneaded, dried and granulated.
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To these granules are added magnesium stearate and light
anhydrous silicic acid and mixed. These are filled in 1000
capsules to prepare the capsule preparations weighing 100
mg each.
Preparation 2: Tablets:

3-(5-Methyl-1,2,4-oxadiazol-3-yl) -

5= (3-methoxyphenyl) -1, 6-naphthyridin-

2(1H)~one 5 g
Corn starch 20 g
Lactose : 19 g
Crystalline cellulose 10 gl
Hydroxypropylcellulose _ 5 g
Low-substituted hydroxypropylcellulose 10 g
Magnesium stearate 0.5 g
Light anhydrous silicic acid 0.5 g

Amongst the above components, the active ingredient,

corn starch, lactose, low-substituted hydroxypropyl-

cellulese and crystalline cellulose are blended, and

thereto is added hydroxypropylcellulose being dissolved in

water, and the mixture is kneaded, dried and granulated.

Thereto are added magnesium stearate and light anhydrous

silicic acid, and the mixture is compressed to give tablet

cores having the active ingredient weighing 5 mg content

(alternatively indicated as the weight of 70 mg each

tablet). Then, said tablet cores are coated to form film-
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coated tablets by a conventional method, using
hydroxYpropylmethylcellulose, macrogol, titanium oxide,
talc and light anhydrous silicic acid.
Preparation 3: 1 % Powders:
5 3—(5—Methyl—l,2,4—62adiazol-3—yl)—
5—(3-methoxyphenyl)—l,6—naphthyridin—

2 (1H) -one- 5 g

Corn starch ' 150 ¢

Lactose 250 g
10 Hydroxypropylcellulose 20 g
_ Lighf anhydrous silicic acid 75 g

In a conventional manner, above components are blended,
granulated and regulated using a high-shear granulator, and
then thereto is added light anhydrous silicic acid to give

15 1 % powders.
INDUSTRIAL APPLICABILITY

As explained above, the compounds of the formula (I)
show remarked potent retardation or inhibition of
neurodegeneration due to the hypofunction of glutamic acid

20 receptor and also exhibit low toxicity, and hence,.it can
be used for the prevention and/or treatment of
neurodegenerative diseases such as Alzheimer's disease or
schizophrenia in mammals (inclﬁding human beings) as a
medicine for the prevention and treatment of

25 neurodegenerative diseases.
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1. A medicine for prevention and treatment of
schizophrenias comprising a '5—substituted—3—oxadiazolyl—

l,6—naphthyridin—2(lH)—one derivative of the following

formula (I):

@

wherein:

Het is an oxadiazolyl group;

R! is a hydrogen atom, a lower alkyl group, a cyclo-
lower alkyl group, a trifluoromethyl group, a lower alkenyl
group, a lower alkynyl group, a lower alkoxy group, a lower
alkoxy-lower alkyl group, a hydroxy-lower alkyl group, a
substituted or unsubstituted aryl group, or a substituted
or unsubstituted heteroaryl group; and

R? is a hydrogen atom, a lower alkyl group, a cyclo-
lower alkyl group, a cyclo-lower alkylmethyl group, a lower
alkenyl group, a cyclo-lower alkenyl group, a lower alkynyl
group, a substituted or unsubstituted aryl group, or a
substituted or unsubstituted heteroaryl group,
or a physiologically acceptable acid addition salt thereof.

2, The medicine for prevention and treatment of
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Cs alkyl group or C; to C4 cycloalkyl group, and
10 - R? is a hydrogen atom, a C; to Ca alkyl group, a Cs; to
Cq cycloalkyl group, a substituted or unsubstituted phenyl
group, or a substituted or unsubstituted heterocaryl group.
4. A medicine for prevention and treatment of
schizophreniaé comprising a 5-substituted-3-oxadiazolyl-
15 1, 6-naphthyridin-2 (1H) -one derivative selecfed from
3-(5-ethyl-1,2,4-oxadiazol-3-yl)-5-(2-methylcyclo-
propyl)—l,6—naphthyridin—2(1H)—one,
'3—(5—methyl—1,2,4—oxadiazol—3—yl)—5—(2—meﬁhylphenyl)—
1, 6-naphthyridin-2 (1H) -one,
20 3-(5-methyl-1, 2, 4-oxadiazol-3-yl)~-5- (4-methoxyphenyl) -
1, 6-naphthyridine-2 (1H) ~one,
3—(5—ethyl—1,2/4—oxadiazol—3—yl)—5—(2—thienyl)—l,6—
naphthyridin-2 (1H) -one,
3-(5-methyl-1,2,4-oxadiazol-3-yl)~5~(4-pyridyl) -1, 6-

25 naphthyridin-2 (1H) -one,
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1, 6-naphthyridin-2 (1H) -one,

3—(3—methyl-1,2,4-oxadiazol—5—yl)—5—(3—methoxyphenyl)—
1, 6-naphthyridin-2 (1H) -one,
3—(3—ethyl—l,2,4—oxadiazol—5—yl)—5—(4—methoxyphenyl)—

10 1, 6-naphthyridin-2 (1H) -one,

| 3—(3—ethyl—l,2,4—oxadiazol—5—yl)—5—(4—pyridyl)—1,6—
naphthyridin—Z(iH)—one, and
3-(3—cyclppropyl—1,2,4—oxadiazol—5—yl)—5—(3—thienyl)—
1, 6-naphthyridin-2 (1H) -one,

15 or a physiologically acceptable acid addition salt thereof.
5. A medicine for prevention and treatment of
schizophrenias comprising 3-(5-methyl-1,2,4-oxadiazol-3-
yl)—5—(3—methoxyphenyl)—1,6—naphthyridin—2(lH)—one or a
physioclogically acceptable acid addition salt thereof.

20 6. Use of the compound according to any one of
claims 1 to 4 for the manufacture of a medicine for
prevention and treatment of schizophrenias.

7. Use of the compound according to claim 5 for
the manufacture of a medicine for prevention and treatment

25 of schizophrenias.



