;e3e0(f),,,p<06r0TO 2 0 NOV 2002 DESCRI PTI ON CYANO M NQUI NOXALI NE

DERI VATI VES | *166166* Technical Field *cooooz* 5 The present invention
rel ates to novel cyanoi m noqui noxal i ne derivatives possessing antagonistic
effects on glutamate receptors of central neurons, in particular, NVDA
receptors and AMPA receptors. Background Art 10 Am no aci ds? QUMY 2e02

"L-glutamc acid and L-aspartic aci aﬁé@mbs\pensabl e as neurotransmtters
for activating neurons in the centrz \ S system However, excess
el e et to ! nues ny s MyoRApRcdRamerpentivas ner oS RN

di sorders such as Parkinsonism senile denentia, Huntington's di seasesssand

epi | epsy; and hyponoi a and 15 hypoki nesis found after ischem a, i
hypogl ycem a, or head and spinal cord trauma (see, MGCeer et al Ww\wm“““‘“mm
263, 517- SkehpfitgA8pld Si non et al. Science, 226, 850-852 (1984), el och .
Sci ence, 230. 681-683 (1985); Faden et al. Science, 244. 798-800 (IQQ@?O;b

Tur ski get al . fohte rEsenpiienttddtrtiBs ga}é&%ﬁ Qywbiﬁiﬁ%ﬁx}%&%ﬂn%ﬁ&m&@@t the

above-nenti oned excitatory am no acl ct" ont central nervous system

neurons Vi Iﬁ‘nsé’esghu E\ﬁf&%ﬁisﬁg E8RLO6n Ql'ﬁtzhﬁ‘?ce REHHEYIS of ctauS nEHIROYA glir icular,

conpetitively inhibiting the binding of the excitatory am no a s to such
a recept or NR@/ErRERBr CAHISAMPAGH dptorRe Useful as therapeutic or preventive
reagents for the above-nentioned di seases and conditions such as
antiepileptic, ischem c encephal opat hy, and Parki nsonism 25 The
above-nentioned gl utamate receptors can be classified into two groups: an
i on chann@ackypanardt a netabolismtype. The ion channel type is further
classified into three groups based on its selectivity with respect to

bi ndi 1§ to theAagonadsds suthas&-dlltaedc dcid add QL-ddpamicRDParariedispdnisalle as

N- et hyl - D-aspartate (NMDA) receptors,

2- am no- 3-ne8rdtyahsmitteSifet dnpivatiog agwiond in/thepropahmayeus(sistkyl. PNoweeeept or s,
and kainate receptors. The NNI DA receptors are selectively activated by
agoni st s seedss ascudatiemef thessteasitatorcaminotdgide sexoinding opurshs isronsiead
receptors allows a large amount of 5 calciumions to flow into neurons,
whi ch has thiéshice Bredreks @gion abnegironsh cagsing peurplogicahdisardenstsuglf aneur ons.
HithertofqQre, as antaggnists selectively binding to _the NVDA receptars,

D- 2- ami no-tar sEyVSSREe Q@]@ex%t@, ,&bgz)t}ngton's disease, and epilepsy; and hyponoia and

3-[ 2-car bgxypi.per.azi n-4-yl ] propyl - lphosphate (CPP), apd fhe like are known.

Fur t hat rglaé?kléeﬁl% G afey #@Wﬁ@p@%@eﬁm@%m chhed] Fbaraleod FatBaung

to glycine as |1 as site i, ZI t he abov O nmentj.opned i sts,

and t hat t?f‘?g' %ﬁéﬁa?fned a&)‘;&?tﬁﬁe’ ﬁ%@?g}h&gﬂg“{lﬁn 8 %jc#%"em?'e#ér g@o’?%% nces

t he funct i fothe e . I of a i the,.

o e o e Ss%l%necg'%%la@@%’ﬁl%gfff‘é F‘EEF‘S#:\E%%%?@%??‘S o 1054066
ur. J. : ) : e receptors are

sel ecti velegggg(tﬁ?@aet%%%g# é%%ﬁ?é@g such as AWPA, |5 glutamc acid, and

qui squal ic acid. Exanples of the antagonits to the AMPA receptors include

conmpounds havi drag bern kvt thabthetabore-theatioprd excitatony PpinpAcifgal ohEe?

3-dione derivatives such as 6, 7-di ni troqui noxal i ne-2, 3-dione

{ DNQXFP 6- eainglnerraussyefammeragnsaa 2 ghapatmigcqrtayyy the peurons.  Thus,

3-di hydroxy-6-vitro- 7 -sulfamoyl benzoqyi noxal i ne, (NBQX) . and.
6-i i dazo|cwpwqﬁ8tcp’@aaﬁlﬁﬁ%fim%ﬁgﬁzg éhe(algfffms Pos %&gPWI%ES’)%‘”dé,“’ 74 Ehi or o

20 8-vitro-1, 4-di hydroxyqui,noxal | ne- 2, 3- di one (ACEA1021). (Sci ence 41.
T01- 7051 FersBior het Do AR HERR o b RS s gheBaat ACI oS FererBis T fip A
63- 83074, - A 63-258466, JPA 1-153680 P-A 2-485 .78, \JP-A 2-221263, JP-A
2221264, BRY-DERHIIE Fhipsst R ST Do R s AnfR e by e REpSoathy,
conpounds t?gbegiused as therapeutic agents effective against the above25
ment i oned 28" S8RSBE MY di sorders, protecting neurons from death or
denaturation caused by the excitatory amno acids, are required to
ef fecbvel y wiTlhe @®venteadionddsglstanpath o¢deptofirs carebeNNazified Geipttor graupd: athe AVPA
receptors (Mosinger et al., Exp. Neurol., 113, 2

ion channel type and a metabolism type. The ion channel type is further classified into

three groups based on its selectivity with respect to binding to the agonist. These three



2 0 Noy 2002 10-1 r (1991)). Exanples of such conmpounds include

qui noxal i ne- 2, : 3-di one derivatives having a 4-o0xo-4H pyridyl group at the
7-position (JP-A 7-324084, USP 5,6 r r, 305),

qui noxal i ne-2, 3-di onederi vatives having an al kyl sul fonyl i@ BNOYr D at the
2-position (W97/32858). 5 Disclosure of Invention In general, nost of the
known excigtad Al P@Ee@@ylﬁ?—h%a@fh&@@@ﬂbﬂ)%ecemr%hz-ﬁﬁiﬁ%-ﬂﬁ'-m& y.f1e structures
therein, precipitate in renal, uriniferou tubule or the’likée to show

_si de- effe%&hﬁ%ﬂaﬁ?A%@?&ﬁh@ﬁ%ﬁM&@@ce!)ﬁn‘?é’ratn@@a%tm fey exanple (J.
Cerb Blood Flow Metab.” , Vol. 14, No. 2 (1994)). Thus, the antagonists are
difficult to eveIoP and 10 have not practically been utilized_as

NMDA egreptors g saleptdvely petpatedolil 28oBists sshiss DD ARgdome

medi ci nes. Fur e
The Tevel TbRERT Bt oHpGRrers rba ! (RSa MR, Geentat & lovi e inces MBORRC B 1 ed o
St r ot B o calntiisfs b A e RERsqviEF bRS beay andreed p5e ohe (reSAt: Bhvent or
o ear AU R Mo R W R
char act or FEEBEy TR M BREHENRY Hbed? O Dol Ll cad oo B W BT 2 )

the 2- an B | A~ i 8. C Lm.no (= [ E , et hods
for prepaﬂpﬁﬁ)ﬂgﬁe&;ﬁ?ggﬁhg&%oé%@ 050 'ag&r%%g}?p%{%ﬁﬁrgé |a§ttlées eéeof have

been foun Qecgb'foré Ba&cﬁoﬂwstﬁn slitlg BolhF ﬁ)eéﬁl%@ Xse{%l'l Qla §R9 MO%ﬁ&ﬁW’thé %Qeov -

conmpound having a qui noxal 1 ne structure ereln at |east e of - and

3posi ) ONgydnBioSitPsdont s, 6 d\thidtne bf:n}a@,xgo&f]gmggu&rtwsiﬁmrg%}c%fﬁeﬁfarmggr E g;i ; 0

as a cyanoil mi noqui noxal i ne derivative of the present invention),

conpound deB&lckPad fuRct@R\e tHINMDMFEEptBAS, ExRmbRE ofithtaSxAts RSt ructure, a
partial structure of the forrmula: 3 2 0 hov 2~2 N X NY wherein X and Y

each is i gieperiedihk ¥ités RelulENe., BroYicEetbidyRatendd adi®asd HA96s EurXJand Y is
NCN (hereinafter referred to as partial structure (1)), (3) a conpound of

t he for nmuPaarddeob, B1, R51-N63(1688)). N Y H wherein, X and Y each is
i ndependently O or NCN, provided that at least either X and Y is NCN, Ri,

R2, R3, d i\S. I d Ly fydr. ; | ' ; ,
o1 oS LASRSPERAL DY ogaR AR Tt S8 e

hydroxy, 10 optiona S anrno, ed | owner
al kyl 15 Op&lu%'xﬁlcla)éids, HQ& hhszﬁﬁg acid. Examples of the antagonits to the AMPA receptors

include compounds having a quinoxaline structure, particularly quinoxaline-2,3-dione
derivatives such as 6,7-dinitroquinoxaline-2,3-dione (DNQX), 6-cyano-7-
nitroquinoxaline-2,3-dione (CNQX), 2,3-dihydroxy-6-nitro-7-sulfamoylbenzoquinoxaline
(NBQX), and 6-imidazolyl-7-nitroquinoxaline-2,3-(1H, 4H)-dione (YM900), 6,7-dichloro-

20  8-nitro-1,4-dihydroxyquinoxaline-2,3-dione (ACEA1021) (Science,241,701-703(1988),
Eur.J.Pharmacol.,174,197-204(1989), W092/07847, JP-A 63-83074, JP-A 63-258466, JP-
A 1-153680, JP-A 2-48578, JP-A 2-221263, JP-A 2-221264, Exp. Opin. Ther. Patents

(1997) 7 (10), etc.).

Further, compounds to be used as therapeutic agents effective against the above-
25 mentioned diseases and disorders, protecting neurons from death or denaturation
caused by the excitatory amino acids, are required to effectively work as antagonists to

both of the NMDA receptors and the AMPA receptors (Mosinger et al., Exp. Neurol,, 113,



| ower cycl oal kyl, optionally substituted | ower al koxy, optionally
substituted | ower alkylthio, optionally substituted | ower al kyl carbonyl,
carbanoyl optionally substituted with lower alkyl, carbap@ylgyriy
optionally substituted with | ower al kyl, sulfanoyl optionally substituted
with lower alkyl, sulfanmoylam no optionally substituted with 15 | ower

“al kyl, opt.iC ubstit ut e I optignal |y substituted aryl.
optional | ylos ub 11{3 %{]t){sjt te%:(gi‘<a '?l etesrogcsz’yé(-:iﬁ élco%r})\gépg(lljsp?&%frae&blf’%éé‘?g 9 Vaélbqﬁlgtdleflﬁ%{%‘&%
_heterocycl I 04 -B5 4158 o) , ] - . pRalsl upshi-tut-ed-J ower

al kyl , optl?%%% EFA;‘/ o?ﬁé&lﬁq;{?ﬁcﬂgﬂﬁlﬁg%@eﬁ Eac()%({%no@? %gﬁ“ég% ’| ggf;&bés#t’i%?@f ed | ower
cycl oal kyl; . R1. 1oR_ 1 : aviee . R~ 3 , ch_.t.oget her
wth the SRR 23 tend ot o B A e AR e B R 2y B
substi t ut ?W 7,%@@3@ n a heteroatons(s), the pharmaceutically acceptable
salt, or the hydrat’e thereof (these hereinafter referred to as

conpoud( Ik esife of IReRtidPY Za~z (4) a conpound (I11) described in above
3), vvherer?ln q))(suigoNCN? \1/ is 0, (5 a conpound (I1) described in above (3),

wherein X is Oty gedeSalNaldst df@lle Bodv@RUAGr{ hinkin ASSELARBHiILE, APRYE hadd -
wherein both X and Y are NCN, (?) a conpound (I1) described in above (3),

wher ei N RyuifoxAliEls OFeturds thdeid psQMAHAth fdnh), 1WESRFIDRBuUIbrAROMBe fodhow
wherein X 1s NCN, Y is 0; RS is hydrogen, (9) a conpound (I1) described in
above (3) sidehetfecisbuld ak Sefhrdfoa@an, ad@bagenon NBQK fok exaigloXJ. Tee®BRRUND (1 1)
described in above (3), wherein R=is hydrogen, hal ogen, vitro, or
hal ogenat &Rlow deeab.al Vol 14, (Md)2 @9BHNPahed the bhtadesists dredifficulatbodeeelop and
wherein R3 is hydrogen, hal ogen, vitro, 10 hal ogenated | ower al kyl,
opt i orlél | yhage st priactiedlylretentbizel dsonglicdues. durdpt,ievealf the sidbeffedtubeld be
het erocyclylthio, (12) a conpound (I1) described in above (3), wherein R
i s hydr ogenhibied tgwme extenti itmas nptd Swags emaypowrdnaid yheddoemhdvdaidahefidrove
(3), wherein Rl is hydrogen; R2 is hydrogen, halogen, vitro, or hal ogenated
| ower al kyk;thRbvekanpjidellesnclinical veren Acodrdingly. hNahasgeandesireriso deveder al kyl |
optionally substituted heterocyclic group, or optionally substituted
het er ocycinpreliglgtamRte regepior ppigaepistyaiisly bas a gringxaling styughyreand sapbeind (1 1)
descri bed in above (3), V\/gerein Xis NCN; Yis O R is hydrogen; R2 is
hydr ogen, 2H@ipigtesed safely o bpmana) ogenat ed | ower al kyl: R3 is hydrogen,
hal ogep, vitro,, hal ogenated | ower. al kyl, optianal.ly sufstituted, .
ot erdBycl f ¢ oFBnresar Bpsen By e Lisbe Fttisidn Crent Beyera fhing i | <
hydr ogen, hal ogen, or vitro; RS is hydrogen,,(15), a conpoun ), descri bed
in above (5)'VAWAEPEPTESSPT e NEREOPISHY eg?“gef’nig%‘gtﬁ?a};eoréé"r??g’ﬁW‘ﬂ’é‘k&‘?“%‘gen,
vitro, or i,hal . : | |.qgen, Vi i 2nat,ed
et hyi , otriASH TSRO BE BRERL 0ol AhedElhng K kit LIRIRATARS
substi t ut hdRi Qe JFFhd \ el 14.5,04 3R3sit %’u gen, 25
eubst ut ot DEKEEQRGANIA (e Rind 5l QAR 00 3.0 oo el HAE gOor,
optional | y. sithstdd hednNeb &(@CY Phitfied iRodsForlprp ik tHeQsrfseQX Bompdhl AV
1-imdazolylI or 1-pyrrolyl; heterocyclylthio i's 2-imdazolylthio, (17)~ a
ﬁo (rijlzod (a%h kh&RS 6 daesteé theddd@UBved Fokn MIRY Ritho XedomplieNtheYpresen®@invahtib®
ydr ogen;

shown below.

(I) acompound having a quinoxaline structure wherein at least one of the 2- and 3-
positions is substituted with a cyanoimino group (hereinafter referred to as a
cyanoiminoquinoxaline derivative of the present invention),

25 (2) acompound described in above (1), which has, in the quinoxaline structure, a

partial structure of the formula:



2:0 No'~ 20p2 R is vitro; R3 is 4-oxo-1-pyridyl; R4 is hydrogen; RS is
hydrogen - (18) a conpound described in above (17), which is a nonosodi um
salt of 2-cyanoim no

1, 4-di hydro-7- (1, 4-di hydro-4-oxo-1-pyridyl)-6-vitro-3-qui 2oxapyngg (19) a
conmpound described in any one of above (1) - (18), which has an
'antagonistiﬁYS ef%ect on glutamate receptors w thout substantially show ng
nephr ot oxi ci n admnistration into the body, (20) a pharmaceuti cal
_conposition co taininqgﬁ conmpound described in any one of above (1) - (19),
(Z1) a pharmacgyti cal conposition having an antagonistic effect on
glutamate 1NTeceptors, which contains a conpound described in any one of
above (1) - (19), (22) a pharmaceutical conposition for preventing or

treating Qih3Ras KafiUe b RYRRLEXRNEHIO NEN, gmﬁ&mjﬁ 48 fs%ﬁeé éﬁX%ﬁa ¢h

contains a conpound described in any one of above (1

phar maceutd QaN GergestdrireRrdass bt padial Srakavea)22) . vvnere| n the di sease due
to 15 hyperexcitation of glutanmate receptors Is stroke, (24) a nethod for
prevent i ngs)ory donRthAgf HeIe@s@s: due to hyperexcitation of glutamate
receptors, which conprises adm nistering a conpound described in any one of
above (1) (19), (2p) usg of a conpound described in any one of above (1) -
(19) for prepar|n3 a 2 nedlcanent for preventing or treating di seases due
to hyperexchiatlo utagate receptors, (26) a nethod for preparing a

compound (I1- g a: R4 R3, NNCN (Il1-1) RR'"'H O wherein R1,

R2, R3 and R4 & e sa as dgﬁbned above, which conprises 25 1)
dealkylatin , H oz f a cohpound (I111-1) of the forrmula: 6 2 0 ~Ov
200z R4 R3 RN NC (IaNl) RY N OR6
5 R
wherein,

X and Y each is independently O or NCN, provided that at least either X and Y is
NCN;
R1, R2 R3, and R¢ each is independently hydrogen, halogen, nitro, cyano, hydroxy,

10 optionally substituted amino, optionally substituted lower alkyl, optionally substituted
lower cycloalkyl, optionally substituted lower alkoxy, optionally substituted lower
alkylthio, optionally substituted lower alkylcarbonyl, carbamoyl optionally substituted
with lower alkyl, carbamoylamino optionally substituted with lower alkyl, sulfamoyl
optionally substituted with lower alkyl, sulfamoylamino optionally substituted with

15  lower alkyl, optionally substituted sulfonyl, optionally substituted aryl, optionally
substituted heterocyclic group, or optionally substituted heterocyclylthio;

R5 is hydrogen, hydroxy, optionally substituted lower alkyl, optionally substituted
lower alkoxy, or optionally substituted lower cycloalkyl;
R! and R, R? and R3, R3 and R4, and R¢ and R$, each together with the atoms adjacent

20  thereto may form a carbocycle which may be substituted or contain a heteroatom(s), the
pharmaceutically acceptable salt, or the hydrate thereof (these hereinafter referred to as

compound(II)),




Rl wherein R, R, R3 and R are the sanme as defined above; RS is a hydroxy
protecting group, or 2) hydrolyzing "Hal" portion of a conmpound (IV-1) of
the formula: R4 R3, N NCN (IV_.i>wR2 NHal RL wherein .. R2, R3 and R4
are the sane as defined above; Hal is halogen. (27) a co@i&dﬂd 2 31-1) or
conmpound (1V-1) described in above (26). A Cyanoininoquinoxallne derivative

“of the pregent |inventi ar | nore-cyclic
condensed% orrpoun%?s nﬁéﬁ?%scgg%%nn%xa ﬁ] ?llﬁlct bsr%CNtmgé?gi n at | east one of

carbon atosp ot &ﬁpgscﬁgp@ga;bogggg)ﬁe%&%%& ot M @ cyanoi mi no

group. W one ions is'su stl uted with

cyanoi i ngg, t:{‘@onﬁ’%o}ﬁ%ﬁ (15 ADREpSHASIELUES G Lo SURSE Ko lihiba group such

as oxo, ogen ano : oxy, et hoxy,

| - propoxy E).ljnﬁldfl?éé/s)mb&{mcﬁ)rc)pé)%w%ajran%ﬁlﬂxw&got@x{'yl am no_(e.g.,

met hyl sul fc?ny amn cyandi m noqui noxal i ne

deri vagi VQ?)OfaEJﬁ?ple%?H?Heacﬂ}{&ﬂtn' mv@gﬁ v@ﬂ'b‘?elit?@}’sqq RS¢5d BERs U 1@\,\83#\?%% oms in

structure Inthe qui noxal 1 ne structure. In suc a case

the partiady sfEdiedong A1) desBfiBed B%B@ed it ieReiniR! @Hgdr%gap%'alo'ggﬁl%r Qhro,

qui noxal i ne. The 'structure other than ‘he partial stracture (1) is a di- or

tri-val ent(q@0 MdogipRuidd (1) ddsakRua ih QBE¢NEY, Wekdln I8 hyMRodd A hRIBerf; Alkrd, QM A

condensed ring of ten or nore nenbers, and preferred is an optionally

substi t ut @édlogeNak&wedamizgne ring group. A cyanoi m noqui noxal i ne derivative
of the present invention is preferably the 2 0 NO~ 2p02 above-descri bed

conmpound ((11)) ,a doapousdiis) ddscrebed i0fabbvea3); avhieedin R3 (4 hydrbgere Xplogé) adtrfel ow,
Exanpl es of halogen include F, d, Br, and |. Exanples of |ower alkyl
i ncludé sthahiggiritedtower atigheag ticlalFosudkiliydted betetocadicnbdyy br ogtidmylly i - pr opyl ,
tert-butyl, pentyl, and hexyl. Preferred is Cl-C4 al kyl. Exanples of |ower
cycl oal kylsubstizhitedehe@FoG@lydshid, oal kyl , such as cycl opropyl, cycl obutyl,
cycl opentyl, and cycl ohexyl .
(12 ) a compound (II) escribed in above (3), wherein R4 is hydrogen, halogen, or nitro,
(13) acompound (II) described in above (3), wherein R!is hydrogen; R2is hydrogen,
halogen, nitro, or halogenated lower alkyl; R3 is hydrogen, halogen, nitro, halogenated
15  lower alkyl, optionally substituted heterocyclic group, or optionally substituted
heterocyclylthio; R4 is hydrogen, halogen, or nitro,
(14) a compound (II) described in above (3), wherein X is NCN; Y is O; R! is hydrogen,;
R2is hydrogen, halogen, nitro, or halogenated lower alkyl; R3 is hydrogen, halogen, nitro,
halogenated lower alkyl, optionally substituted heterocyclic group, or optionally
20  substituted heterocyclylthio; R4 is hydrogen, halogen, or nitro; R5 is hydrogen,
(15) a compound (II) described in above (3), wherein X is NCN; Y is O; R! is hydrogen;
R2is halogen, nitro, or trihalogenated methyl; R3 is halogen, nitro, trihalogenated
methyl, optionally substituted heterocyclic group, or optionally substituted
heterocyclylthio; R4 is hydrogen or nitro; R5is hydrogen,
25 (18) acompound (II) described in any one of above (13) - (15), wherein optionally
substituted heterocyclic group is 1,4-dihydro-4-oxo-1-pyridyl, 1-imidazolyl or 1-pyrrolyl;
heterocyclylthio is 2-imidazolylthio,

(170 acompound (II) described in above (3), wherein X is NCN; Y is O; R! is hydrogen;



Exanpl es of |ower al koxy include oxy bonding to the above-described | ower
al kyl , such as net hoxy, ethoxy, i-propoxy, tert-butoxy, pentyl oxy, and
hexyl oxy. 10 Exanples of lower alkylthio include thio bon? Nﬂﬁg
above-described | ower al kyl, such as nmethylthio, ethylthi Ithro
tert-butylthio, pentylthio, and hexylthio. Exanples of |ower alkylcarbonyl

ol | ud b d b | kyl h

ot h§: Car r%/’r‘l o R K {%%o%awgﬁﬁ épesg&r%%?bs s caf‘éﬁny?s i
Py oot R s BB uE e FRER R Mbue 35 By Bl SRR A e BURind 1] ¢
0pt'0na"w&;&t&ﬂ1{%}&1?49;00@@@@2@5%&9% Rlndtes, 2 k1 (eg. | mothyl.

et hyl , propy and onyi g., ‘acetyl), | ower

Lo B e LS Gt g R,
ang | bitedidh 3 QEAREC QYL PLEK: shESRacidly n%t%h%%%tgg&ogﬁlﬁg%é?é €.g.

CFs) opt i onal |tut amno (e.qg., anlno, and

benzoyl ama@%% sCY5Pintdtld Rdy car boxy, oxo, carboxynethyl, CHO PQ(CH)a,
OPQ(OH) a Foe Ip~, SOSF# SOzCHs, SQCaCFs, optionally substituted phenyl

(e.g., phegyl 4 p%a?h%éﬁ@ﬂ@lﬂ%hlpognaﬁt:@&h gy l':om dMedRiteiRLRPHRIN! ) ,
carbanoyl optionally substituted with ower al yl (e.g., carbanoyl and

met hyl car Rpsmyh) - 16yl f anmoyl optionally substituted with | ower alkyl (e.g.)
sul fanoyl , met hyl sul fanoyl ), optionally substituted acylamno (e.g.,

t hi enyl ace2ly! arphaemacdigicl @aypesition G GKE ah@nthgonfayit effbdt@nrhtamiabd ophenyl ,

i mdazolyl, tetrazolyl, norpholinyl), 2 D NO~i 20P2 phenyl am nocar bonyl ,
and beéfizoytmpiongettigi conExiasplcespaindsdebatbcdirnhg onanofabofo iyt (Idhcl ude | ower
al kyl (e.g.. nethyl, ethyl, propyl, and butyl), aryl (e.g., phenyl and
napht hyl ) (22and phermacayichl comgppsitipn fer.pgevenpipe pokiediing Hiseddes dpheny| |

i mdazolyl, tetrazolyl, and norpholinyl). 5 Exanples of aryl include phenyl
and napht hyperegitatiohof glotamateeeepiark.i vchigh canpaing e lcompownddestubed-iranp ened
aromatic or nonaromatic cyclic group containing 1 to 4, sane or different,
het er oat or{@ove&DedtBd from t he group consrstrng of 0 S and N. In the

| i ght of pharnacologrcal activity, preferred is - -menbered cyclic
group con{%® n|ar@amar%cal§@ewoe§°wrﬁca'§*rd ig rhoaeé?&P yrherale ttlr figogseriue to

pyr r ol g and er|d¥ and nore preferred is 1,4-di hydro-1-pyridyl,

1i mi da%ol §‘Vper§r¥1°dltail°ﬁ)? glé‘lt‘ifPateE%’éﬁfﬂréés $t°kket er ocycl yl thi o i ncl ude thi o

bondi t h b d hed het I h.
o AT AR TGS 5 AR D

f d daz | t hi 15 f tit
EEAE L DO LR o

4 group (EQ optionally selected fronrthe group consi sting of oxo, thioxo,
hal ogen, ? cyano, am no, acylamno (e.g., acetylam no, benzoyl am no,

and pyri d¥4 aa@&aw ?JZB;J?;QM d@&yrbgﬂilrrwmydfagﬁveqn @5EbY bAghnesEt hgl)

di (1 ower) al y am no am no), carbo | ower ~al ky
et hybg and,e@iciMleht for preventing or treating diseases due to hyperexcrtatlon of glutamate

receptors,

(26) a method for preparing a compound (II-1) of the formula:

R4
s H
R NINCN
1-1
R? N~ 0 (D
R H

wherein R!, R2, R? and R¢are the same as defined above, which comprises

25 1) dealkylating “R%” portion of a compound (III-1) of the formula:



20 hal ogenated | ower alkyl (e.g., trifluoronethyl), carboxy |ower alkyl
(e.g., carboxynethyl), |lower al koxy (e.g., nethoxy and ethoxy), hal ogenated
| ower al koxy (e.qg., tritluoronethoxy), |ower al koxycarbonyl (e.g.,

met hoxycar bonyl ), |ower al koxynethyl (e.g., nethoxynethyz%gik

al koxycar bonyl net hyl (e.g., nethoxycarbonyl nethyl), carb V\ﬁi"?lonally

“substituted with Eamer al kyl (e.g., nethyl carbanoyl), 25 carbanoyl am no
optionally substi with lower alkyl (e.g., nethylcarbanoyl am no),

sul f anoyl am p8_op ﬁl)/ stituted with | ower alkyl (e.g.,

“net hyl sul f anoyl 2 H, SO2NH2, NHCSNH2 NHCSH, NHSO2NH, NHSO2CF3,
optionally suBs Jed yl ée.g(HLﬁhlogenated phenyl),

pyri dyl car baf6yl mat hyN™ p azinylcarbonyl, and 2 0 NO S 7Q02
heterocycllc gr ouR (e,qg., pyridyl), and preferred is oxo. Exanples of
"carbocycl e contalnlng a hetero aton(s) which is formed by any conbination
of Rl and 1aagl 65 e

adj acent a“l{::ﬁ(_je}rr%lg%l nlgl lﬁgng%g-awgmr%f&me le?}él ri ngga% ﬁgﬁg{yl’g‘gﬂtgﬁh&g? to 4,
sanme or di &ﬁ;gpt 5 hetero atons) selected fromthe group consisting of O,
S, and N, such a, benzene, thiophen, pyrrole, pyrrolidine imdazole,

oxazol e, thpazQlk8lyzih8FHAE Obitii of aFoAPERAd dvm%f axagehindi ne, pyridine,
pyran, thiopyran, plperldlne pi peradi ne, norphorino, and triazole. These
groups may have aFgubstltutes) simlar to those nentioned as to the
abovedescri beg clic gkoup 10 Preferred exanpl es of each group are
shown bel ow. ably NCN and 0, respectively, Rl is
preferably hydr hal logen, V|@nmq met hyl sul f onyl am no,

(Ncar boxynet pel) l_gzaylamno nore preferably hydrogen, hal ogen, or

vitro, and p 1 hydt'ogen. 15 R - is preferably hydrogen, hal ogen

vitro, 5halogenate8 | oner al kyl (e.g., trifluoronethyl), cyano, carboxyl,

| ower al kyl (e.g., methyl), |ower al koxy (e.g., nethoxy), hal ogenated | ower
al koxy (e wjnereitlr’f*ilfIRU(IS%:3 @nétRHexwf}he sharees dafiked ahove Had ighjlogeat hyl t hi 0) ,

hal ogenated lower alkylthio (e.g., trifluoromethylthio di - | ower

al kyl am né2Pe, agcompaun%ﬂhgzl)mca@yomtﬁo@dhdescylbgdmsabom{&i aryl (e.qg,

4- chl or ophenyl ), optlonally substituted 20 heterocyclic group (e.g.,

1, 4- di hydr o- 4- oxo- pyridyl, 1-im dazolyl, 1- pyrronI and 3

boxy- 1- t | ubstj t het lthio, I
P T T omi " Ry ghsingh cia@x?o?aﬂeoiw?atfvs‘ﬁ siroeat RYPRHTHESR bRGTST &l g,

t hyl. ani 1fo f abl
trinalBgenie %a Oﬁﬁ%éwywcan ern?? %Pé%&ﬁéhﬁ?sa%aw%x iR R R Y 25
R3 is pr Efll%ats %’of CX an%%oxfxs atat ﬁlgl Bglabns 18 s%lﬁs%ﬁz Ee?l w1k19\a,\%%z‘ %illl§1¥1| (e.g.,

trifluoro owef aI opti on y SUbst it ut ed

L1t uor 6 ‘?‘W- “?“e’“ LEOdN e, PRy (‘é‘ysatm@% fsnRked; %t%v@?%ﬁé@‘é T
al kyl thi Oogﬁ%rgs nOttS{lbétktHdehﬁ%lt{l (lcmthg ok suclg %)O)golgal% #&B’(‘ﬁeﬁydroxy,

al kylam no (e.g., dinmethylam no) N-car oxynethy nethy sul onylanlno

optional | Yow%lﬁt&ﬂdxsrldé 8dmRENdx (&h&qy, i- ﬁm(f,myoraa@l@@rmsh)oxypm E&Baty1y substituted
het er ocycl i ¢ group, optlonar |y substituted heterocyclylthio, |ower

al kyl ggl f @Wﬂsuﬂi@nﬂamuﬁ@(egy|§éth§l@ﬁ‘hféﬁyla1ﬁ’ﬁnoj ower al kyl am nosul fonyl (e.g.,
met hyl am nosul f onyl) nore preferably halogen 5 (e.g., d), vitro,

tri hal ogenat edpei pisterted dnbodinédt] Al0¥@0BREAYYYinoR0ine GO 4 tivesdfiibd presdrad

het erocyclic group (e.g., 1,4-dihydro-4-oxo-1-pyridyl, 1-imdazolyl,

1- pyrr ol ylinvedtiod BaxiHe-abyvd-ddsytibed martiapstrwotadel §) iaubhs quinukdthelsatveturey dnyl t hi o
(e.g., l-imdazolylthio), particularly 1,4-dihydro-4-oxo-1-pyridyl. R 1is
pr ef er abl yudlydengemo Matoagan the partia)l structatd(l) ark-loetedoarcthy1; ail 4-ositions

t hi enyl acetyl am no, di nethyl am nonmethyl, or pyrrolidinylnmethyl, nore

pr ef er abl yf quido:adien, Tad sgetyremthar theo theaped tiphstraatuteai) ig akljdrdgeralen®s | s
preferably hydrogen, |ower alkyl (e.g., nethyl, ethyl, and propyl),

car boR§ megtoplp, whicHeekeh Gtge)leer voth theHMPQ] idp®, candoran prefdensdsl yndeidengen. A
cyanoi m noqui noxal i ne derivative of the present invention can be prepared
15 t hr ougmoremetiberss and ptefdenedivs ammpeiorpdbsmse'mwd eidalent bmem ting eroapof the
representative methods is a process converting "oxo" to "cyanoi m no" at the
2- and/ or 3- pdstranoimiopquindredinalderivativedf dhoprssensrinventionds prefirpblli thg e known
materials or easily synthesized by a person skilled in the art. Preferably,
a cyanoi m no groups) can be introduced to the 2and/or 3-position of a

1, 4- di hydr o- qui noxal i ne- 2, 3-di one derivéative, by hal ogenating the

on




20 oxo, parts at the 2- and 3-positions, followed by the reaction with 2
equi val ents of cyanoi m nating reagent. Ot herwi se, the introduction of a
cyanoi m no groups) at the 2and/or 3-position can be carriag out b
converting at | east one of the hal ogens in advance, follo (9 %@&@
reaction with an equival ent of a cyanoi mnating reagent. Further, the oxo

“at t 2 3, 13: Ay : : 25
AT 2 IRl Bth RRLLA AP° £3: RRSEAONEDE AR o BRLIPIN SERRS 0
_then an egyjual ent of a cyanoi m nating reagent is used to introduce a

cyanoi mi no groups) at the 2- or 3-position. Further, the obtained

cyanoi m noqui n@%‘eﬁﬁ%lﬁ§otdr?a'iég%Etiﬁéfl‘?clecﬂrblpﬁr,ca'ﬁﬁrﬂ cally nodified to give the

ot her conpound o e present 1nvention. In the above 11 Z a ~a~c 2002

described procgssgfes ﬁ%w&alﬁﬁqlﬁdﬁ@@ sé?!?iggﬁ)%}’lfr%hagd@l'@@gl@l Fﬁgh 5#‘?25%3 ﬁnt :

I f necessary. Ceneral nmethods” of conpoun are shown Dbel ow. ods

and alg t ke, NavRbpiNest. |, 3bLF1, LRAMRRY1 aPRERePIRASeLdIKyD the present
i nventi on. npvlgu%}tj (1 I!I;ﬁ)? %%Inpoundse%l V-1), or theél ?keymi s useful as an

i nternedi ate fDfan?ﬁ@@&‘«l&dex(dyblbalk}?inclﬁe@tma%m&ylﬁdsukh as cftboprogyl O R2 ~
NV\OR-Ha (VMI) (5~ Ra RBN~ZR2 ~ NORs (v-1) (~ ~ (~ ~ R3/ N~
Hal R2 ~ RiydttutiRlcy3opBBtyl, INdNGNok&y1.R2 ~ N'ORg R (111-1) (3) Ra R3 N NCN R2
~ NHa R (IV-1) RaAe RB N~Hal (g) R ~ NHal R (~) (4 ~\. Rae NORB R2 N
Z R (v-7?) Examples of lower alkoxy include oxy bonding to the above-described lower alkyl,
such as methoxy, ethoxy, i-propoxy, tert-butoxy, pentyloxy, and hexyloxy.
10 Examples of lower alkylthio include thio bonding to the above-described lower
alkyl, such as methylthio, ethylthio, i-propylthio, tert-butylthio, pentylthio, and
hexylthio.
Examples of lower alkylcarbonyl include carbonyl bonding to the above-described
lower alkyl, such as methylcarbonyl, ethylcarbonyl, i-propylcarbonyl, tert-butylcarbonyl,
15  pentylcarbonyl, and hexylcarbonyl.
Each substituent on amino, lower alkyl, lower cycloalkyl, lower alkoxy, lower
alkylthio, or lower alkylcarbonyl is optionally selected from the group consisting of
lower alkyl (e.g., methyl, ethyl, propyl, and butyl), lower alkylcarbonyl (e.g., acetyl),
lower alkoxycarbonyl (e.g., methoxycarbonyl and ethoxycarbonyl), lower
20  alkoxycarbonylmethyl (e.g., methoxycarbonylmethyl), halogen (e.g., F, Cl, Br, and ),
halogenated lower alkyl (esp., trihalogenated methyl (e.g., CF3), optionally substituted
amino (e.g., dimethylamino, diethylamino, and benzoylamino), cyano, nitro, carboxy, oxo,
carboxymethyl, CHO, PO(OH)z, OPO(OH)z, PO(OCH2CHzs)2, SOsH, SO2CHs, SO2CFs,
optionally substituted phenyl (e.g., phenyl, p-nitrophenyl, p-methylphenyl, and m-
25  chlorophenyl), carbamoyl optionally substituted with lower alkyl (e.g., carbamoyl and
methylcarbamoyl), sulfamoyl optionally substituted with lower alkyl (e.g.. sulfamoyl,

methylsulfamoyl), optionally substituted acylamino (e.g., thienylacetylamino),

heterocyclic group (e.g., pyrrolidinyl, thiophenyl, imidazolyl, tetrazolyl, morpholinyl),



~Hal or OR6 Ra R3, NNCNR2 ~ N\NCN R~ H (I1-3) Ra R3/ N~~Hal RZ ~ ~ | H
NCN R (I V-2) (5) Ra R3, I~~ORg R2 R~ HNCN (I11-2) (1) conpound (VI1) -]

conmpound (VI) (l11-2a) Ra (6) R3, NORz ~ N "NCN R~ H (11-2) Hal ogenation
is carried out to oxo at the 2- and 3-positions of conpoundlD(NAVl 20§2

1, 4- di hydr o- qui noxal i ne- 2, 3-di one derivative, according to the nethod well

known to Nolg| i j € t anpl es of the hal ogenati ng
reagent i %g?%}ﬁgﬁlg %%130?@1 grgd B@nz{gﬁngnﬂ&)ethﬁx.

( us™oxychl oride, “thi onyl chloride, phosphorlljs .
Pt or . i, ARG R G Py 0 B
R~ H (3) Jpll)’opyl, and butyl), aryl (e.g., phenyl and naphthyl), and heterocyclic group (e.g.,
pyrrolidinyl, thiophenyl, imidazolyl, tetrazolyl, and morpholinyl).
5 Examples of aryl include phenyl and naphthyl.

Examples of heterocyclic group include a 5- to 7-membered aromatic or non-
aromatic cyclic group containing 1 to 4, same or different, heteroatom(s) selected from
the group consisting of O, S, and N. In the light of pharmacological activity, preferred
is a 5- to 6-membered cyclic group containing N atom, such as pyridyl, imidazolyl,

10  triazolyl, pyrrolyl, and piperidyl, and more preferred is 1,4-dihydro-1-pyridyl, 1-
imidazolyl, and 1-pyrrolyl.

Examples of heterocyclylthio include thio bonding to the above-described
heterocyclic group, such as pyridylthio, imidazolylthio, triazolylthio, pyrrolylthio, and
piperidylthio, and preferred is 2-imidazolylthio.

15 Examples of each substituent on the above-described aryl, heterocyclic group, or
heterocyclylthio include 1 to 4 group(s) optionally selected from the group consisting of
oxo, thioxo, halogen, nitro, cyano, amino, acylamino (e.g., acetylamino, benzoylamino,
and pyridylcarbonylamino), acylaminomethyl (e.g., acetylaminomethyl),
dillower)alkylamino (e.g., dimethylamino), carboxy, lower alkyl (e.g., methyl and ethyl),

20  halogenated lower alkyl (e.g., trifluoromethyl), carboxy lower alkyl (e.g., carboxymethyl),
lower alkoxy (e.g., methoxy and ethoxy), halogenated lower alkoxy (e.g.,
trifluoromethoxy), lower alkoxycarbonyl (e.g., methoxycarbonyl), lower alkoxymethyl
(e.g., methoxymethyl), lower alkoxycarbonylmethyl (e.g., methoxycarbonylmethyl),
carbamoyl optionally substituted with lower alkyl (e.g., methylcarbamoyl),

25  carbamoylamino optionally substituted with lower alkyl (e.g., methylcarbamoylamino),
sulfamoylamino optionally substituted with lower alkyl (e.g., methylsulfamoylamino),

SOsH, SO2NHs, NHCSNHs, NHCSH, NHSO:NH, NHSO:CF3, optionally substituted

aryl (e.g., halogenated phenyl), pyridylcarbamoylmethyl, piperazinylcarbonyl, and



2.0 HQY 2002 solvent may be used if necessary, such as benzene, tol uene,

N, N-di net hyl ani | i ne, nethyl ene chloride, and chloroform Further if
necessary, a reaction accelerating reagent may used, such as DVF

(N, N-di met hyl f or mani de). The reaction tenperature is usuald § N@¥oW2 0 to
200C, preferably about 50 to 150C. 5 Part of Conpound (VIIl) is known in the
~above-desgrti bed 1criroLr1 erts Su B as, Jrlg'fe’%‘rel_cpi7b§g4084’ JP- A HO8- 59660, and
W97/ 32858° 617t eggo?rgo%'rp can He %repar ed Ac¢cor di ng to the mnethods

descri bed thergjn. ,Some Q nd..(Vl r | Q- desGr. i,n . W97132858.
“In the above- angsdﬁql%seoge ?dég%cgl ?lgﬁgéghné%?)hfe ég%%ﬁ% ig'%?cgldﬁg%rg}egg bgfa he

qui noxal i ne st Of & Y kST b

conveni en?:oelflglél%&igh?haél dréjf)}gp%gg?! f fe{sgxé%Rt’ﬁaéldg%%gea i t@%eﬁ%gﬁg\é% &?%ent
conmpound r = ypg. - V= 2) . Fi ] - d
- posi 1 of iy ELERTRRAS ftaalteed e ehidh hFkod 0 00RT, Bl aiforBBl | o

el | ksﬂoygeﬁepo oRRHSeRSK il eGelRodEndlsting F¥ON®! £ 10Tk g b&RGENt 1 ncl ude

sodi um hydri del cyanam de, nonosodi um cyanami de, and di sodi um 15 ¢yanami de.

Exanmpl es af; sig Eﬁ]rglg,nnﬁqyrklﬂ%iﬁ@ﬁnid%e, YRR (Hia98b N gitblifK i €dazolidine,

Nmet hyl pyrrol 1 done, di met hyl acetam de. The reaction tenperature is
usual |y apeisblididl, fyRid@CoyRhei8sARhY, fipdrilird Gipdr$ins ANNGUHENJ, la¥d triado)es. 2) - >
conpound (Q)Ig#-l, Ilé}g) Eagf‘; hal og%ﬁ p(f?It) of C(%n%ound (I'v-1) and (I1V-2) is
hydr ol i ZzegheQR¢engs My hivel AuBs2htE¥)OsiBYlat Bethdsd Redtingllasks twraboge-a per son
skilled in the art. Exanples of the hydrolizing reagent include a base such
as NaOH anekckbl h&tsporpdlrsgrodp.t he sol vent include e.g., water and hydrated
al cohol. The reaction tenperature is usually about 0 to 80C, preferably
about 120 t o SPfsfereel) exaambesiofidach\drpup 2recahiopalbetbw(. V-1, V-2) 25 Each hal ogen at
the 2- and/or 3-position of conpound (VI) is converted into a protected
hydr oxy by t h¥ angfhiegrafelablyddCNrantl®, aespecmly.skilled in the art. In the
above reaction schene, Z neans hal ogen or OR6 and R6 is a hydroxy

prot ecting grBuis pré&xeabyt kwlredent hdogammgéne, metbylgdéonydimaiaei @m t - but oxi de,

sodi um net hoxi de, sodium 14 2 0 ii0' ~ 2002 ethoxide, sodium propoxi de,
sodi um i searbependthe)meathalssHendaminonmpropiedeablpbydisices hafogepeorgrirgcand
include t-BuOH, MeOH, EtCH, PrOH, i-PrOH, toluene, THF (tetrahydrofran),
and DVF. mirsicplaglytysiogednper ature is usual |y about -20 to 50C, preferably

-10 to_20C. 5 The hyd tecti h RS | t ticularl

it B and R epervay b ez balpra BUED BalRRtRg 0B elt Clor opyl -

R e A s et P A L P
ted,int I m by 1 t h ly K pled i

the art. ESRheGdrRReThAS 0 o MR TE iR e e R o P £ PP, o7 '
di . . . S ey _ I ¢

"l ude DRROVEREH s Bk SR AR o) A AR At 2V E01 ene.

The react Hf&gat%ﬁﬁlﬁ?ﬁcﬁ,t derm%nhS?y Utdatlid 2R ¢ 28 chBropBEny P B LA AR dbsthdtd 20C.

n -1 TT1- -] conp ( I ORS of

(6) conpou . ound (T1- I, 1T-2)" 15 conmpound
(111-49 Opetelddhciiderbdp 862! IWhﬁlglﬁfi)-&-Qx&@Jﬁyﬁﬁ%l, utimucratz&fqu;yb%mh@ndmt hods
well known to a person skilled in the art. In case of the de-al kyl ation

under aci gi6o6oNgiirbBNSopteaNP b@issti@htel Metar63IHMhid, e dikyhailfdByleigh as
hydr ogen chl ori de, and
methylsulfonyl), or lower alkylaminosulfonyl (e.g., methylaminosulfonyl), more
preferably halogen (e.g., Cl), nitro, or trihalogenated methyl (e.g., trifluoromethyl), and
particularly nitro.
25 R3 is preferably hydrogen, halogen, nitro, halogenated lower alkyl(e.g.,
trifluoromethyl), cyano, lower alkyl (e.g., methyl), optionally substituted lower alkoxy

(e.g., diethylaminoethoxy), halogenated lower alkoxy (e.g., trifluoromethoxy), lower

alkylthio (e.g., methylthio), halogenated lower alkylthio (e.g., trifluoromethylthio), di-

10



trifluoroacetic acid; exanples of the solvent include ethyl acetate,

tol uene, nethylene chloride, and chloroform and the reaction tenperature
is usually about -20 to 50C, 20 preferably -10 to 20C. In cg 6q
deal kyl ati on under basic conditions, exanples of the reagent inclu e

and KOH, exanples of the solvent include water, DVSO DM, and

N hyl I d th 100C,
or 61 er b %%o%l?y ieoa%oém‘?tz@?v B G SR g Wb 00
[1-2 25 R duc t [1-2
by the moCRBB O TORRB £ we‘f%bé?FOBE?ﬁDehgﬁq%aﬁlﬁéug%iﬁ“%%#df’%@ & the
Leagent | gg' ISy AL AR S ELRRL iR RRN S gyn;@%%(f@g, Reffll gﬁ?n puch as
chl or omet hiyh kb?sa % Glaltd fi & h Q q Gft% Snd 1 qre fo I3 12168
Exanpl es o0 e solvent 1nc g{’é’ Feact ' 8n eraﬂJre IS

| 1) ~
compoutd (TF: 5" E‘?mhQﬁ%ﬁﬂe&%?d%?k%yﬁz?g’% ﬁ@m g P?nogﬁfé?%co%%%t&f‘nfd (Vi) is
converted yoltgLyBlicYig! (é*lr”94tlbfh§dl?$’4r6% m%ﬂ@%‘!&l%ol Byrgysgn skilled in

the art. Exarrp he“teagent Inclu e so I'u e/ cyanam de>
monosodi U%%?jﬂﬁ@z ﬂ)mpﬁbﬁﬁw éﬂ%ﬁﬁé&@ﬁ%ﬁgocmﬁﬁ%ﬁ? ch? h@ﬁmid&%ol?ﬁh%?m

i ncl ude DMF met hyl pyrrol i done yl acet am de. The

reaction tpgp@@ﬁ;ﬁq)u[q diBydss4a)xb -yt -20 to 50C, preferably -10 to 20C. 10
In the above-described reactions, appropriate protection to a functional

group can be cR{ isipestefibly hyuragb\ﬂanﬂegenaa@tr@ f5.Memheb s Astyazolle3-depr ot ecti on
after the reaction(s), according to the method well known to a person

ski | | éd i nhiehglasgtylanfngiihetbhyinisahé thyhbr ayayhdiaymabyg mooxakicasolder i vati ve
of the present invention include various types which are formed with

i nor gani c higdsxgsn, tealogen) @, nitrogenl partieadedy hi8rogmor gani ¢ aci ds, organi ¢ aci ds,
basic am no acids, or hal ogen ion, and the inner salts. Exanples of the

i norgani ¢ baseBs ispeéfeaddlahidabgenniowar sliyé (egs., mpthyhmthyk)ardigeansilne- ear t h
netals (e.g., Ca and . Exanpl es of the organic bases include

trimethyl amibasymethybt GHEROGOH):2 @olHhBO (Prpcmoreeprefonable blidmetan ne.

Preferred is Na salts. Exanples of the inorganic acids include hydrochloric
aci d, hydr obr ofcyangiminoagigpraline degigpidve ofithe Presart igvemtonLan bp RERIFS i ¢ aci d.

Exanpl es of the organic i ds include ol uenesul fgni ¢ .aci d,
P g through reactions well inown to a parson Ekﬁled in the art. One of the representative

methods is a process converting “oxo” to “cyanoimino” at the 2- and/or 3-position of
quinoxaline-2,3-dione derivatives, which are known materials or easily synthesized by a
person skilled in the art. Preferably, a cyanoimino group(s) can be introduced to the 2-
and/or 3-position of a 1,4-dihydro-quinoxaline-2,3-dione derivative, by halogenating the

20  oxo parts at the 2- and 3-positions, followed by the reaction with 2 equivalents of
cyanoiminating reagent. Otherwise, the introduction of a cyanoimino group(s) at the 2-
and/or 3-position can be carried out by converting at least one of the halogens in
advance, followed by the reaction with an equivalent of a cyanoiminating reagent.
Further, the oxo atoms at the 2- and 3-positions can be converted to alkoxy groups,

25  followed by changing any of R! - RS groups to the other substituent(s), then an
equivalent of a cyanoiminating reagent is used to introduce a cyanoimino group(s) at the
2- or 3-position. Further, the obtained cyanoiminoquinoxaline derivative can be

chemically modified to give the other compound of the present invention. In the above-

11



met hanesul fonic acid, formc acid, trifluoroacetate) and nmal efic acid.
Exanpl es of the basic am no acids include |ysine, arginine, ornithine, and
hi stidi ne. The derivatives of the present invention may be hydrates (e.g.,
di hydrate) or sol vates. A Cyanoi m noqui noxal i ne derivative 8 Wie20pZ esent
invention may be various 25 kinds of steroisoners dependi ng upon

o e R 0SB A SRR R
seere camand (L M RSN S T RS,
~ N O Rz N' NCN,.R- ~B ?~ Ra R3 .N Rz N~NCN R~ H R3 ~ f+~NHCN RZ '
T h o RiphagtiEe ekt Mo baseip b ot mpnioR RPN R e
R3 ~ N-NHEHN, Rbuna v bEtaks obdtht 4s an BRefRediath 2 oBpolndin -NHON R Ra

5

12



R3 N-NHCN R2 I NJ'T-NHCN R Ra R3 N NCN R2
f~~HRz NNCN R~ H Ra R3 f~~NHCN RZ ~ |

~ Nl
N NCN R~ H ~I1-3)
(~-3 ~~7 A Cyanoi mi noqui noxal i ne derivative of the present
a 5 preventive or therapeutic agent for central
the binding of excitatory amno acids to the NN DA recep

'OHR (i _1..7 Ra R3 ~ |
~'3 ~ ~-3 ~~
i nventi on can be

nerve di?gegﬁpggﬁu§ed by

ticularly

“to glycine-binding sites and AVPA receptors ‘ﬁxanples of the central nerve
di seases i ncl ude Par nﬁonlsnl senile de Hunti ngton's di sease, and
_epi |l epsy, cerebr oon, stapke, i8 -'f:'N Haloral di sorder or the

i ke.. A conpositi f ﬁie present-rnventl S _preferably an injectable
solution or LO s stenYot hough it mayRbe -thEr fi8r mul at i ons such as
granul es, tablets, d dapsul es. The conp05|$|on y contain, if necessary,
various additives such 4&s ysi ol ogi ¢ saline, D-glucose, pH adjusting
agents, disintegrating agents, solubilizing agents, excipients, and

stabli zers.

A conpound of the prqsent |nvent|on cqn be adm nistered orally

or parenterally) 15 esp. intrav ? hump The dose nay be varied
dependi ng upon the age, wei Qﬁ expect ed
effects, or the adm nistrati L1 B, the dose for ora
adm nistration i s about ferab?y 715db ng; and for

parenteral use Bt is abdut 1 - 0

I@fﬂ,l) per

an adudl t

aqq 17 day. The conpound

17 2 0 NDRA 28Q2Nga# be adni ni stered i@ gne togpﬁveral di visions a day or
conti nuously. ﬁﬁﬂ pﬁ@sent |nvent|on IS ﬁfﬁ?ained Ih nore detail by the
fol | owi ng eR&mmp esN “WBREh are ript o li t he sqppgﬁof t he present

i nvention. (AbbRevicati on) 5RMes
t-Bu=tert-butyl ;

: NCN=t =et hyd
q¥ f or mam de;

|Pr—| opyl
tEIEﬁ%QI?etLyIsquoxide

DI VI F N, N- of
Exanple 1 H F(4§‘ N~ CI !\ﬁ% 1 a
av-n (11-1a)
R* R
3
R jé[N\IHa' ® R N._-NCN
2 P
R )¢ N~ "Hal R2 l[\-ll/ NCN
1
M R @)
C) I
R* R4 ﬁ§5
R2 Hal 3
- 6 Nj; R N:EO
\ ;Ij r' H at H
R g NT 2z (Iv-2) A3) ] (1129
(V-Z) (5 (7)
Z=Hal or OR® 8 R*
al or j¢[ OR 6 Rs HIO
N NCN R2 N~ "NCN
R1 H

(111-2)

(1) compound (VII) = compound (VI)

Halogenation is carried out to oxo at the

(1-2)

2- and 3-positions of compound (VII),

1,4-dihydro-quinoxaline-2,3-dione derivative, according to the method well known to a

5 person skilled in the art.

Examples of the halogenating reagent include phosphorus

oxychloride, thionyl chloride, phosphorus pentachloride, and phosphorus tribromide. A
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\.l ~~\V 02N ~NC 02Nv -NC Na HF/ NNCNF/ NNCN\ I ~~\ 02N v ~N
O 02N ~N O Na H 10 (1) 2-chloro-3-cyanoi m no-6-fl uoro-

i -vitro-4H qui noxaline To a solution of cyanam de 2.31 g i12 ONBYV1Q® nL, was
added sodi um hydride (60% suspension in oil) 4.40 g under ice-cooling. The
m xture was stirred at roomtenperature for 30 m'n to which 2,

~3-di chl oro-6-fl uor ui noxal,i ne 13. 10 i ce-cool ing,
f ol | owed ﬁ%lv?%tirg?% g?eg\hf’)’?e %Sa%](?ﬁ?}{% SF et uenfh t;ﬁlyﬁfé‘ line. i xt ur e
t d

vater Léﬁﬁftﬁlﬁ%@%@@”‘%ﬁﬁgﬁw e S me@e%%fre aﬁ?%caos.df% Foftens

|l ected_ b | trat d I
compound 120" 2 it Tull Sl arhm e T hquhl P iitecs *8n Yt g v%ﬁ“é ’
JHF=12.8 bp) oy 330&% %OC]E‘F& of1yHbbos BB Cyanoi i no-1, 4-di hydr o-
i -1 uor o- 62 Vi ¥ro ui noxal’i rum sa

2- Cnl 0F O- . 3- Cy {;?(E})% ufnhlfw(}?ls noWn f{l%%quggﬁ%ﬁ)le%gﬁf)ﬁaﬁgs&hoﬁtﬂj Red in

t he above descri was ‘a € m Xt ure was

stirred atHOSIOSCELLR %ﬁ» &Eos%@sd“aﬁ& N%é?%z%‘éa,%%ﬁ%mﬁé@ﬁg%?k lb??l'e%%éﬁy

filtration W t Pr OH wat er I-PrOH, and
i -PrQa, ang.ddingdo b lﬂ@tﬂﬁ'd&% Eﬁ’bﬁ' %6reid€ Sotle®f 300C
THNVIR & Eroflin R SR TR R ¥ =t b oY BB e %llflgd%m?ﬁii; =8. 2

Hz) . (3) ?ﬁ%@%%@o Ih, tﬂe dbélﬁédie@cnb%dfrééé@ﬂbﬁ-s@he\ﬁhé Eﬁk&aﬁwnﬂﬂi@ﬂ)érﬁﬁo@tﬂ'& a
solution of the disodiumsalt (300 ng) of above (2) di ssolved in water 3

L, was addp@xdlihe¥etuct@reatcstBhoundqVIhis @it asldhowRra®6vetof ednveRic s agd! | ect ed
by filtration, washed with water and nmethanol, and dried, to give the title

conpoufd 1Rrulgapplies @ 8 Bobati¢abaherngpf.) El enentary anal ysis for CsH-NsGOsF
10 Calcd.:C, 43.39; H 1.62; N) 28.11; F, 7.62 (% . Found:C, 43.18; H,
1.80; N, Z2ZEompdynd<(VIy 280fappundl@VNVR/Lis- DIVI SO) ~ @ 7.Z6 (112 H, br-d,
JHF=12.2 Hz), 1.85 (112 H, d, JHF=7.4 Hz), 7.94
Either halogen at the 2- and 3-positions of compound (VI) is converted into
cyanoimino by the method well known to a person skilled in the art. Examples of the
reagent include sodium hydride/cyanamide, monosodium cyanamide, and disodium
15 cyanamide. Examples of the solvent include, DMF, DMSO (dimethylsulfoxide), N-
methylpyrrolidone, and N,N-dimethylacetamide. The reaction temperature is usually
about -20 to 50°C, preferably 0 to 20°C.
(3) compound dV-1, IV-2) = compound (I-1, II-2)
Each halogen part of compound (IV-1) and (IV-2) is hydrolized converting it into
20  oxo by the method well known to a person skilled in the art. Examples of the
hydrolizing reagent include a base such as NaOH and KOH. Examples of the solvent
include e.g., water and hydrated alcohol. The reaction temperature is usually about 0
to 80°C, preferably about 20 to 50°C.
(4) compound (VI) = compound (V-1,V-2)
25 Each halogen at the 2- and/or 3-position of compound (VI) is converted into a
protected hydroxy by the method well known to a person skilled in the art. In the

above reaction scheme, Z means halogen or OR® and R#is a hydroxy protecting group.

Examples of the reagent include potassium t-butoxide, sodium methoxide, sodium
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(112 H d, JHF=12.8 Hz), 8.65 (112 H, d, JHF= 7.8 Hz), 9.44 (312 H, br),
12.40 (112 H, br). Exanple 2 ONa F / NNCN\~N/ NNON\~ ONNO?2 Na 02N
N'OHHNNONONa\ | ~\-NNNNONHOL 02NNOI5 H{Doo

2- cyanoi m no- 1, 4- di hydr o-
7- (1, 4-di hydr o- 4- oxo- 1- pyri dyl)-6-vitro-3- qui noxal i ne (Met hod A)

2- Cyanoi m no- 1, 4- di hydro- 7-fluoro-6-vitr. ui noxal i ne, dj so aIt 147
3 obtai nearhowdsx%?ﬂw%piwfldan% R P By  a ra et bR T

The H‘EL PLRG B 2 g e o o el Ral? lyece a\é\?ﬁs?d?ﬁg Eﬂ d
3. T 0 ' '
vashed i (RoRarErbERl 3B dhe e ehlipmat e e ot o0 B e

m xture was r u r heating at 120C for 30 m n. The m xture was
col | ect edpE)eterf‘l [t?gtt? Jg(%i@ washed with DMF and acetone, and dried, to give

(he 1512 COPRUR i L S e Y
(30 11 NV o PG R0 ey B 5e91 Bty o, ofp o 1
2- cyanoi m(gjqogmg,ugl dwgivoz) £- gdwgdqnyll:tﬂpgﬁ qui noxal i ne 249 ngy
Z part (halogen or OR5) of compound (V-1) or (V-2) is converted into cyanoimino
by the method well known to a person skilled in the art. Examples of the reagent

10 include sodium hydride/cyanamide, monosodium cyanamide, disodium and cyanamide.
Examples of the solvent include DMF, DMSO, N-methylpyrrolidone, N,N-
dimethylacetamide, and toluene. The reaction temperature is usually about-20 to 50°C,
preferably -10 to 20°C.

(6) compound (III-1, II1-2) = compound (II-1, II-2)

15 ORS5 of compound (III-1) or (III-2) is dealkylated to convert it into oxo by the
methods well known to a person skilled in the art. In case of the de-alkylation under
acidic conditions, examples of the reagent include acids such as hydrogen chloride, and
trifluoroacetic acid; examples of the solvent include ethyl acetate, toluene, methylene
chloride, and chloroform, and the reaction temperature is usually about -20 to 50°C,

20  preferably -10 to 20°C. In case of the dealkylation under basic conditions, examples of
the reagent include NaOH and KOH; examples of the solvent include water, DMSO,
DMF, and N-methylpyrrolidone, and the reaction temperature is about 0 to 100°C,
preferably about 20 to 80°C.

(7) compound (II-1, II-2) = compound (II-1a, II-2a)

25 Rs is introduced to the 1-N-position of compound (II-1) or (I11-2) by the method
well known to a person skilled in the art. Examples of the reagent include various
electrophilic reagents having the R5 group, such as alkyl halide (e.g., Mel and EtBr),

alkyl phosphonate (e.g., diethyl chloromethylphosphonate), and ethyl chloroacetate.
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obtained in Exanple 1(3) in DVMSO 2.5 nL, were added 4-hydroxypyridi ne 190
nmg and powder KOH (purity 86% 130 ng at roomtenperature. The m xture was
heated at 15 120C for 2 hr and allowed to stand for cool iz, NO¥hg002 pour ed
into ice water containing 1IN HO 1.6 nL. The precipitation was col | ected by
filtration and washed with water and acetone. The obt ai ned solid was

“ ded d
i L L T U S R R T R A
acet one, a%o%d@ %d@gfaeEekﬁlygm%%%s 260> M. 20 (2)

2- cyanoi m no-

7-(1, 4-di Q )dd'ﬂmé)% g{fmpggr&%o%n@gy_giro 3- qui noxal i ne nonosodi um salt The

conmpound 1. 62 ed 1 n abov ) was dissolved into the m xed sol ution

O O N NaCH DBolHsABg Ak e 250 pocilf APLAL pmgdgqu $ LAMetBE Ry aPor at ed

to dryness bel ow res e was Ssus o a mxture of water

10 m. gnd ckralgcﬁm ﬁoqslf 4 n@éthocpmalll ﬁﬁ&@ﬁl t(pé/ géz‘s!)ri Elﬂflécpﬂl th@ . W@ﬁ(?ﬁ le‘é"o? fhe! - Pr oA,

to give the title conpound enentary ana

G aH~-NsNaQazophde @nc?tgie so&m@n W1C%Jc9agax§1d@%8£josodl§m &)%ngl&de"'andrzdlg&hux!hl Z1. 98;

Na, 6.01: H2°o 9.4 Found: C Na, 6.01; H2O
10.02 (99 ¢ khMmbR E%nﬁb@@thgsolﬁerﬂt‘}n&ladré DMF bﬁs@ Ih‘lzﬁethil gﬁolﬁcﬂdde & - r3
(2H, d, 1=7.8 Hz). r.90 (1H, s), 11.9 (1H br). Exanple : 27E Cc F, N

OBu-t -w Q2ZN- dNnﬁlth}QQd\dtanﬁb H e neaNioxﬂBurpterd’cuNn@u&Q%HduN@N tabb"B, NCN (1)
2-tert-butoxy-3-chloro-7-fluoro-6-nitroquinoxaline To a solution of 2,

3- di chl or gréfefdblypr10-td 209iCt r oqui noxal ine 5.24 g in tetrahydrofran (50 ni),
was added dropw se a solution of potassiumtert-butoxide 2.51 g in
tert-Hdat anol 1o 6@ abovetlescliBed @ae@hsf apprafxdate ptothetionAbtadundth@abgidnp cam, t he
m xture was stirred at 0C

be carried out in advance, and if necessary, the deprotection after the reaction(s),

according to the method well known to a person skilled in the art.

Examples of salts of a cyanoiminoquinoxaline derivative of the present invention

include various types which are formed with inorganic bases, ammonia, organic bases,

15  inorganic acids, organic acids, basic amino acids, or halogen ion, and the inner salts.
Examples of the inorganic bases include alkali metals (e.g., Na and K), alkaline-earth
metals (e.g., Ca and Mg). Examples of the organic bases include trimethylamine,
triethylamine, coline, procaine, and ethanolamine. Preferred is Na salts. Examples of
the inorganic acids include hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,

20  and phosphoric acid. Examples of the organic acids include p-toluenesulfonic acid,
methanesulfonic acid, formic acid, trifluoroacetate, and maleic acid. Examples of the
basic amino acids include lysine, arginine, ornithine, and histidine. = The derivatives of
the present invention may be hydrates (e.g., dihydrate) or solvates.

A Cyanoiminoquinoxaline derivative of the present invention may be various

25  kinds of steroisomers depending upon conditions, and all of the theoretically possibe

steroisomers and mixtures thereof are included within the scope of the present

invention. For example, compound (II) wherein R5is H may be in the equilibrium

state shown below.
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15 20 for 1 hr, to which toluene 100 nL and a solution of 0.1M sodi um
di hydrogen phosphate 20 nL were added, then which was poured into a
separatory funnel. The organic |ayer was washed with water gqp"ﬁﬁgﬁgated
saline, dried over NI gSGa, and evaporated under reduced preSsure
residue was purified with silica gel colum (120 g, toluene: hexane=1:1), to
"give the titl 4conpound (pale yellow crystal) 4.19 g. np: I414— 143C 1H NWR
(dsDVBO) ~.a ﬁ(r\?{{N :8.93 (1H d, JHF- 2.2 Hz 8. 31K d, JHF =
1.8 Hz). (% toxf‘ ~JNH o- i Nt r o i aNi ne
Sodi um hal 4 § USTENSI2 0% Bl Eg hedF%ﬁ exane
t hen whi ch wag' sdspended |nto diHret yIfor m ge ) Sodlun1 yanha f'de 128
ng, which was repared fron1cyanan1de and sodi ummet hoxi de, was added
thereto with éﬁl?rlng at roomMdhperature. Fur®Adr, 2-tert-bu(®xy)-3-chl oro-
r-fluoro-6 21_, 2 0 NO-i 2aU2 n|trqu|noxaI|ne 600 ng obtained in the
above-desq?ib ditl), was added?} ‘thereto belog/-HOC and the nj xtfire was war ned
slowy to nerate Ogas no OAfter F j *eitlon of
the gas, t# N, T X @%EF\ A g E é
ice water, ang ethyl acetate,gthen i'ch \Was r dnsfardd t a jsepar ?%ry 5
funnel . The organic |l ayer was washed with a saturated saline, dr|ed over
MySO4 and evaﬁ%r Ated. The obt &Aed resi due waslddrified with §-2Dca gel
colum (50 g),.,and the portion eluted with nethanol/chloroforn(l 20) gives
t he t'tler% ound &ggher poviler) 404 ng. mp:Rt61 - 164C 10 1 NNR ( dh- DVSO)
‘~”N9N12 2R AN 14, R NHCN

~: 1.68 ( ) (1B~ ;Egnﬁlon N

(3) 2- cyanaoge JZ VUT Q265 3

2-tert- bu?%xynB Uyaﬁgrnlno- r.fluoro % VIFFO- F#quﬁﬁ%lal
obtained in thﬁ above-described (2) in ethyl acetate 20 nL mas added
dropwi se a solli} on of 4N hydr®Bgden chl ori del et®$D acet at e (1 gI-31)) under
ice-cooling. The 15 m xture was warmed to roomtenperature, stirred for 30
mn, and ice-cooled again. The m xture was collected by filtration and
mashed wi th cool ed ethyl acetate. The obtained residue was added to a

m xture of ice Webtrsnoinioeningralyealesivative ¢fahe nrisedt ingentiontcrade ed with et hyl

acetate. The extract was washed with water and a saturated saline, dried
over MySORrevERHVROLSFaReaHc peertighreatral werve diseaseheansed v dhred IRAne9H

suspended in a mxture of ethyl acetate and chloroform (1:4). then which
was pvva e §X§itatory amino acids to t yNM A receptors, particularly to Or1ycx(ne buzdmg sites and

AMPA receptors. Examples of the central nerve diseases include Parkinsonism, senile
dementia, Huntington's disease, and epilepsy, cerebral infarction, stroke, ischemic
cerebral disorder or the like..
A composition of the present invention is preferably an injectable solution or
10  suspension, though it may be other formulations such as granules, tablets, and capsules.
The composition may contain, if necessary, various additives such as physiologic saline,
D-glucose, pH adjusting agents, disintegrating agents, solubilizing agents, excipients,
and stablizers.
A compound of the present invention can be administered orally or parenterally,
15  esp. intravenously, to humans. The dose may be varied depending upon the age,
weight, and condition of patients, expected effects, or the administration route or time.
In general, the dose for oral administration is about 1 - 1000 mg, preferably 10 - 500 mg;

and for parenteral use it is about 1 - 500 mg, per an adult and a day. The compound
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60C, allowed to cool, and collected by filtration, to give the title
conmpound (yel |l ow powder) 752 ng. np: >300C El enentary anal ysis for
COH4NSGsF 25 Calcd.:C, 43.39; H 1.62; N, 28.11; F, i.62 (% . Found:C,
43.29, H 1.82, N, 2 7.86, F, 7.35 (% . 1H NVR (ds-DVSO + RORBND20)2 8 :
6.69 (1H, d, JHF = 14.4 Hz), 7. 70 (1H, d, JHF = 8.6 Hz). 22 2 0 NOv 2002

" EX | 4 .. ) C )
2 oyanoi mi°AB.2E admipiatearbizeone fo sevarphAirisions By & SSBARHOIIY 2 vi t r o- 3- qui noxal

- :\Eﬁl EOEFgSZI gg} 'E «,:etgaelg%:g i\nvé:nt{onl\lls gq;[lailx_lleh inNm/oreNde?ai\l b)lf the fBllov%nlgle!\}Iaryggs,z H 02N K

2- cyanoi m _no- - di ro-6-flugroe?-vitrao-:3-qui noxaline 249 ng obtained in
Exanpl e 3( C}%%I%déjdr?g%{ﬁﬁ?ts%le gc%%(?gﬂie %%env%é?vee%glaﬁ'ed 4- hydr oxypyri di ne 190 ny
and povvder(A evﬁ%@? 136 nmg with stirring at 120C for 3 hr. After cooling,

et hanol 6 was added thereto, and the precipitaion was collected by

filtraki ong.d L . SRL suspended . X M t d
cthanol (15 5Bt Rr L P TS TRECRPE A BN MR IBLERR PR,
col l ected MSbE?M(ﬁhg,lgﬂlfoxT&be obt ai ned product 153 ng was dissolved into
water, and purified Wth colum using Sephadex G 10, to give the title
conpound (ocher powder) ?5 ng. np: >300C El enentary analysis for G aH7Nn04K
| .5H20 15 Calcd.:C, 43.19; H 2.59; N, 21.58; K, 10.04; HzO 6.93 (%
Found: C, 48aafble . 2.78, N, 21.78; K, 9.90; HzO ?.23(% 1H NWVR (ds-DVSO d
: 6.16 (2H, d, J = ?.6 Hz), ?.05 (1H, s), 7.7?8 (2H, d, J = ?.6 Hz), 7.8?
(1H, s), 12.08'__(1H, brsh%. I%xlarrple 5

H
4 =
O,N N Cl O,N N Cl
Na H
O,N N~ o O,N N Yo
Na H

10 (1) 2-chloro-3-cyanoimino-6-fluoro-7-nitro-4H-quinoxaline
To a solution of cyanamide 2.31 g in DMF 100 mL, was added sodium hydride
(60% suspension in oil) 4.40 g under ice-cooling. The mixture was stirred at room
temperature for 30 min, to which 2,3-dichloro-6-fluoro-7-nitroquinoxaline 13.10 g was
added under ice-cooling, followed by raising slowly to room temperature. The resulting
15  mixture was stirred at room temperature for 20 min, then which was poured into ice
water containing 1N HCI 110 mL under stirring. The precipitation was collected by
filtration and washed with water and i-PrOH to give the title compound 12.80 g.
mp: 195-205°C (decomp.)
H1-NMR (ds-DMSO) ' : 7.49 (1H, d, Jur=12.8 Hz), 8.46 (1H, d, Jur=8.0 Hz).
20  (2) 2-cyanoimino-1,4-dihydro-7-fluoro-6-nitro-3-quinoxaline disodium salt
2-Chloro-3-cyanoimino-6-fluoro-7-nitro-4H-quinoxaline 2.68 g obtained in the
above-described (1) was added to 2N NaOH 50 mL and the mixture was stirred at 50°C

for 3 hr. The precipitated crystal was collected by filtration, washed with i-PrOH-water
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Cys ~NONI &@N\ HO20 YS/ NNCNN\I 02N NC NH~S/ N~ C \ | 02N
NC YS/ NNCNNO2N\ H O 23 2 0 NOvV 20p2 (1) 2,
3-dichloro-6-(2-imclazolylthio)- 7-nitroquinoxaline Phospzlgr’ﬂgv mchl ori de
6 mL was added to 1, 4-di hydro-6-(2-imdazolylthio)- 7vitro-2,

3- qui noxal i ne- 2, 3-di one 305 ng which was prepared according to the nethod
"used in I f JP-A-.8-59660, . with stirr.in t.,105C for 4.5 hr. The

m xture \%‘gﬁg"&éﬁ%&féﬁ@%aﬁﬁ?gﬂ%é‘} VEes Uk L5 Ve g?eﬁté%eecoglwng\éésédded, t hen
_evapor at eqnpag,%b¢ to dryness. To the obtained m xture was added ice water
with stirring. Ee obt ai ned m xture was collected by filtration, and the

resi dual sgly S Vv, i | aet b mé‘?f{{hd , n.Lhen i ch was
conbi ned Wﬁtﬂﬁﬁﬁv@b Pﬁ??@?{ 'e,'&% dOIFJIIt gﬂ/\'gd(fqg%“gé’r'ad ' ohﬁ\/\ﬁh'ifﬁg(“:klf*z\@'r of orm sever al
times. Thegex {was M wat.er o dried er MgSH4, 10 and
evapor at e ?) %gglglﬁgaém@mggﬂmméﬁoﬁﬁoe% ﬁ@lbggaé%t\éate, to give the title
conpound (pal eryeLiiQueesy Eais})r%ﬁf’ 30 Rig) 3 ~ CMEOs mr,: 7 Lo
(1H S?, 7.4 7 (50 igg, 8@97 (11H, gaglp@{)%ﬁlb)ogmger%vg(gﬁl p)imL,
2- chl or 0- 43 GYaNOi NHNG 16 alifst (HeQRZR) 4! tritle Phacigitatidn 4s QA ALKALINRiIA> TO @
sol ution of S2, 3-di chl or o?(f‘_(sz-i % dazol yl teﬁlfﬁi)teoc_)u-71 a;t ﬁ%%sggg%r%oxal |1r212£1f%0 ngy
obt ai ned iWashdtewRR WiRe08RIChstR8RL]( ddd dedNedNeidh BRS Mfd EQN SRHAS0 hhed ML, Were
added sodi um cyanam de 24 ng and sodi um hydri de (60% suspension in oil) 15
ng under wGEeEHREMG @BEhnst) rring for 1 hr. The mixture was poured into a
m xed solution of IN HO 0. 73 nL and ice water | OrL, then the
preci pi t aBlatemtas aallyscied.BN::Ft rati on, washed 20 with water, i-propyl
ether, and dried under heating, to give the title conpound (orange powder)
116 mij0 mMBalcd30043. AHHINVR2( Ns2OMS®), 7:62:(%6. 44 (1H, s), 7.88 (1H, s), 8.55
(1H, s).

Found:C, 43.18; H, 1.80; N, 27.71; F, 7.28 (%).

1H-NMR (de-DMSO) ¢':7.26 (1/2 H, br-d, Jur=12.2 Hz), 7.85 (/2 H, d, Jur=7.4 Hz), 7.94
(1/2 H, d, Jur=12.8 Hz), 8.65 (1/2 H, d, Jur=7.8 Hz), 9.44 (3/2 H, br), 12.40 (1/2 H, br).

Example 2
(o)
Na o H
L — Yo
O,N N (0] I
2 N O,N N"So

H \
N._-NCN O\
I N Na NCN
O,N N o ~ j@[ I
H
O,N N” 0
H

(1) 2-cyanoimino-1,4-dihydro-7-(1,4-dihydro-4-oxo-1-pyridyl)-6-nitro-3-quinoxaline

15

(Method A)
2-Cyanoimino-1,4-dihydro-7-fluoro-6-nitro-3-quinoxaline disodium salt 1.47 g
obtained in Example 1(2) and 4-hydroxypyridine were added to DMSO 7 mL and the
20  mixture was stirted at 130°C for 3 hr. Water 30 mL was added to the mixture under

ice-cooling, to which 1N HCI was added to adjust the pH to 3. The precipitation was
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(3) 2-cyanoi m no-1, 4-di hydro- 7-(2-im dazolylthio)-6-vitro-3-quinoxaline 25
A sol ution of 2-chloro-:3-cyanoi m no-6-(2-imdazolylthio)-
7-vitro-1H qui noxal i ne 15.3 ng obtained in the above-descr i2®aV 2002

di ssolved in 1IN NaOH 4 nL was stirred at 50C for 30 mn. Under ice-cooling,
IN HO 4 nL and ice water were added thereto to adjust the pH 2-3, then the

“precipit atcgl?erg:te Sy ﬁl?laltleo%ta%g v@éh%{ \lzv}tilaw;'itgrn%n Qc%to%strﬂeeg SM\%ptepil?ng 1@&0 ﬁf\@’nﬁp\/

2012 5 watér ‘and™~acet one.” The obt al hed proauct STCcrysta

o Sa00Cts ShABE ABLUALFL 8-t tftel BepRid A ARG iinb) TUPRRRYEELAG D 1
29. 7 7; 0. o : "2 N .29 39 S 9. 68 (9

1H NVR (d§9lﬁ%§é{ 2 ﬂﬁd_’)&"%&%@f%@%gﬁ(ﬁﬁ acéﬁﬁ‘ef”éle r(%‘H,“’ %)"? th‘/’.gtl El/()H s).
Exanpl e GCE}E{)‘N&Iﬁ&E/ "N~ O\ ~~~\ 02N NC 02NN OV N/ N- Owve
02N N Ove “RFP7 N- Na NON ON N Ove \ 02N N O H 10 (1)

2, 3- di get hax¥shgtf uoro- 7- ni troqui noxal ine To a sol ution of sodi um net hoxi de
whi ch was prepared fromdried nmethanol 75 nL and netallic sodium 1.332 g,

was added o mdndir Ay 89S B+ 10 18MR0, 7- ni troqui noxal i ne 4. 778 g under
ice-cooling and tthe m xture was stirred at roomtenperature for 1 hr. 15

The react icedmxtsurss; Wag 4p.Qurssd4i(ho ice water, then the resulting
precipitation was col I'ect ed ‘and washed with water. The aqueous | ayer was

extract ed Fouhlt CB10M0HPRNS: N esmB4t(e conbi ned product was purified with
al um na col um chromat ography and crystallized from acet onel hexane, to give

the titl e!HaWd®uide DMBO tralsplyyiding) )& 36.33ERH) d, 5%97.8 HAY 7IBICH2S, 7.72(FH,Np' s 2002
IHIWIR (CDCI3) ~: 4.1 r (3H s), 4.19 (3H, s), i.58 (1H, d, JHF = 11.6
Hz), 8049J€1BH4), 7.9 sY. 4 Hz) .

(Method B)

To a solution of 2-cyanoimino-1,4-dihydro-7-fluoro-6-nitro-3-quinoxaline 249 mg
obtained in Example 1(3) in DMSO 2.5 mL, were added 4-hydroxypyridine 190 mg and
powder KOH (purity 86%) 130 mg at room temperature. The mixture was heated at

15 120°C for 2 hr and allowed to stand for cooling, then poured into ice water containing
IN HCI 1.6 mL. The precipitation was collected by filtration and washed with water
and acetone. The obtained solid was suspended into DMF 3 mL with stirring at 120°C
and allowed to stand for cooling, then the mixture was collected by filtration and washed
with acetone, to give the title compound 205 mg.

20 (2) 2-cyanoimino-1,4-dihydro-7-(1,4-dihydro-4-oxol-pyridyl)-6-nitro-3-quinoxaline
monosodium salt

The compound 1.62 g obtained in above (1) was dissolved into the mixed solution
of 0.1N NaOH 50 mL and water 150 mL. The obtained solution was evaporated to
dryness below 50°C, and the residue was suspended into a mixture of water 10 mL and i-

25 PrOH 20 mL, collected by filtration, and washed with i-PrOH, to give the title compound
161g.
mp: >300°C

Elementary analysis for C1aH7NsNaOq4-2H20
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(2) 2,3-dinethoxy-6-(1-imdazolyl)- 7-nitroquinoxaline To a solution of
i mdazole 1.362 g in clinmethylsul foxide 25 nL, was added sodium5 hydri de

(60% suspension in oil) 607 ng and the m xture was stirreggh rm
tenperature for 1 hr. 2,3-Di nethoxy-6-fluoro- 7-nitroquin Y, 53:3 ¢

~described above (1) was added thereto and the m xture was reacted at room
was mout SR dp R B Beat® anRenEOratl Biadfur oci pi tati on was col | ect ed
Win silERRET R Sl kol Efm& 3{3904@%%2'@5‘% e conpound (yel | ow-
(il b d *H%*@Ii‘@gﬁﬁ%%ﬂvﬁ% SR 4T e AT TR 8 g . T

2- cyan0| J; Llrﬁ/g 7-(1-im dazol yl)-6-nitro-3-quinoxaline sod| um
salt. oﬁ sodi um hydride (60% suspension in oil) 280 ng in
di rreth If ; 10 nL, was added cyanani de 146 ng under ice-cooling and
stirri ng n. 2, 3-Di net hoxy-6-(1-imdazolyl)- 7-nitroqui noxaline 9

70 ng describpd ghovr was addegl_th remo ond-tt he m xture was reacted for
6 hr. To the %‘; ;ﬁdxtur-e-.zo vver fide toI uene 20 nL, water 40 nL, and
IN HO 3.6 ng for 3% |ch was separat ed. The

resul ting yeP T‘ow aqueous Iayer vva% evaporat e8 to dryness and the residue
was dried under reduced pressure to give yellow solid 1.392 g

(2- cyanoi m no- 3- net hoxy conpound). The product was added to 1N sodium

hydr oxi de 20 mL without purification and the m xture was stirred at 80C for
80 min. The 2,5 act,;I onogmture wasrJ cg | ed, foll owed by addi ng acetic
acid 2.5 rrL was adj ust ed pH 4- 5. The orange precipitation
was col | ect o wash : @ *» gnd met hanol ) and dried
under reduc press gl ve cru e produq:t 8 nmg. The product was

di ssolved into 0. 1N SOdI um hydroxide 22.4 nL and water 40 ni under 26 20
110. v 200R)2-téfx-thBoxyedchloen-7Hloomké-altraminokaliaar bon was added, then the

m xture was collected by filtration. The filtrate was evaporated to the

wei ght of aboutlo& splutiom ofili3edichlsmps-Gpamel-nBroyuinvaslimedii2dlg irotestahpdroditanl | .
The precipitation was collected by filtration, dried at 100 C under reduced
pressur e, (38rmaLkagwndded dropvisaad Saltutwogcofrpoteﬁq@emaeufb@tw@dea%m gietert-butanol
hygroscopl city equilibrium whereby the title conpound (orange powder) 54 r
ng wadl obﬁ%P%Iref& 190 BZ‘TQéOWBEtwéco%@z)thaaéW@maqhy naﬁ%ﬂrwagsmmd €19M@sN7Cs Na
| . 5Ha0 Calcd C, 41.6;3; H 2.62; N, 28.32; Na 64; HaQ, m Found:
c 21, 66 TR 1 By, gy whigh lgérs 10 and aolutipof Oule@d{% dlilmdmvﬂl@bssp ESO) 6 :

.03 (1H, OH, brs mpl e 7
NO2 H( CI ?(?Nidv?fle a]aﬁ?é I{F@ M{‘N%i"aﬁPellre/d(lﬁi‘%\mpé%amylfuﬂiﬁ“il ‘l%%‘c YeF NG

a -1 wEsT wglshe Vgltlll_l w%er anh‘~sa urated sahne |Xmed over MgSOQs, and evaporated under

reduced pressure, The residue was purified with silica gel column (120 g,

15  toluene:hexane=1:1), to give the title compound (pale yellow crystal) 4.19 g.
mp: 141 - 143°C
IH-NMR (ds-DMSO) 6:1.71 (9H, s), 8.03 (1H, d, Jur = 12.2 Hz), 8.73 (1H, d, Jur = 7.8
Hz).
(2) 2-tert-butoxy-3-cyanoimino-7-fluoro-6-nitro-4H-quinoxaline

20 Sodium halide (60% suspension in oil) 80 mg was washed with dried hexane,
then which was suspended into dimethylformamide 5 mL. Sodium cyanamide 128 mg,
which was prepared from cyanamide and sodiummethoxide, was added thereto with

stirring at room temperature. Further, 2-tert-butoxy-3-chloro-7-fluoro-6-
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(1) 5-vitro-2,3,6, r-tetrachl oroqui noxaline To 6,

i -di chloro-1, 4-di hydro-8-vitro-2, 3-qui noxal i nedi one 1.932 g, were added
thionyl chloride 14 nL and DVF 0.14 nL with and the m xt uge) wo 206f | uxed
for 2 hr. The reaction m xture was evaporated to dryness, and toluene 5 niL
was added thereto with further evapor ati on to dryness; these procedures

ﬁiﬁe&eﬁfé’n’vse&%ﬂéﬁﬁﬁiﬁ S0 AP éﬁ%‘ﬁggﬁf S <aﬁtv%se=‘f sﬁfﬁg%?f 'eﬁ(slo%'e?“ "
~MgSH. Th s evapor at ed a tl ta e d

Pom i ol UGB éi BrEF BRI BRG hfes Pt AucRe A, FOdH %yg o
118-120 C ds- DI VI SO

2- cyanoi mAﬁ&gr ete NQ%{IO(?O %het?'e}b’g%qeorre%& ) qwlrllrgxa Slpﬁgr%o goo%fnb‘{r%uﬁ%/o ri de (60%
SUSpeHSI 0 dn?§%1h%méqva% %&Qﬁ\%}lx\éettﬂeht%)éﬁ%léhnwyztra gr%d%;geg%q 2m‘ and

successi ve y SO m'cyanam d room ure was

| - cogl eq Ay %he&rngmag,%, ngswgﬂem'tﬂ rg%gl 1dle aRLd 00 19DEG] N above

(1) was a theretd an e mxture was stirre The

reaction @La&;ovaedwh@mmgd Eebticgle'v?fs HatRd vemlﬁwsmoﬂqhm% o -ald gimpand the

precipitation was collected by filtration with water. The obtai ne r oduct
was puri fisedioM difte@ i tHTR e MO B8RRIV 2 Wi RG tﬁé titie @oxﬂﬁdun@Qo&’er BbWder)
crystallized with acetone fromthe portion 10 el uted

chl or of or mhaeizshanol (10 : 1), to give the title conpound (yeIIOM/crystaI)
110 ng. np: 245 - 255C 1H NMR (ds-DVBO) ~ : 8.11 (1H, s). (3)

2- cyanoi mmieid, - 164:@li chl oro-1, 4-di hydro-8-vitro-3-qui noxaline 15

2- Cyanoi mino-8-vitro-3,6, 7-trichloro-1H quinoxaline 318 ng obtai ned above
(2) wag suKpeMitads-DMIORN : S@8i(BF) §)ydeoKiHiel, I0r wil2.adk) (& (tikbrg).e was
stirred at 50C for 10 m n. The obtai ned solution was ice-cooled, and 1N HCG
20 nlL and (3)2eyavatiminodeldhgadidedifl odre7-@itoo3-quiadfaise t he pH 3-4, then which was
extracted with acetic acid. The extract was washed with water and a
saturated sal i i®,a dspetsiove2-RSOtoxaddy 20imirapoil atre d-titroght] neisgxalifiee
residue was crystallized with acetanelisopropanol to give the title
conpound (i me Obra}eqdam)thqsbpwqgieScmbedi%)oe@tmlen@nteaii%h.nwwdsd fleppwise

COH3NSCGBC 2 Calcd.: C, \ , 23.63 (9 o 25 Found:
c 35 99, ajsplutiongf 4NhYQe>azschlerlde/2§JYAece(t%e <1§|rp1p~z|1\wdp<r {ca§0%1950) The 8.45 (1H,
§17 (1H, brs), (} (1H, brs). Exanple ? %
mixture was warme to room temperature stirred for 30 min, and ice-cooled again.

The mixture was collected by filtration and washed with cooled ethyl acetate. The
obtained residue was added to a mixture of ice water and ethyl acetate, then which was
extracted with ethyl acetate. The extract was washed with water and a saturated
saline, dried over MgSOQq, and evaporated to dryness. The obtained residue was

20  suspended in a mixture of ethyl acetate and chloroform (1:4), then which was warmed to
60°C, allowed to cool, and collected by filtration, to give the title compound (yellow
powder) 752 mg.
mp: >300°C
Elementary analysis for CoeH4NsO3F

25 Caled.:C, 43.39; H, 1.62; N, 28.11; F, 7.62 (%).
Found:C, 43.29, H, 1.82, N, 27.86, F, 7.35 (%).
IH-NMR (ds-DMSO + NaOD/D=0) &:6.69 (1H, d, Jur = 14.4 Hz), 7.70 (1H, d, Jur = 8.6

Hz).
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2.0 NaV 2002 NOy N0o2 C / N C C / N~ OBu-t G\ NI 'C \ A "~ 'NC NX
NOZHCI / N OBu-t CI / I N'"O~r C \ N'NCNC \ NNCN HH (1)
2-tert-butoxy-8-vitro-3,6,7-trichl oroquinoxaline To 5-vit2@-Mv 3gp26, r-to
trachl oroqui noxal i ne 1608 ng obtained in Exanple 7 (1), was added dropw se
a solution of potassiumtert-butoxide 644 ng in tert-butanol (15 nL) at 5
"5 to OC !Ije rgaﬁtion m xture was stirred at 0OC for 30 min, and tol uene 50
mL, 0.1 NE&X &tn di hydrogen phosphate 5 niL, and water were added thereto

at urated sareagdng o sl GRaRB St o B b Bl e vas

subj ect ed tt% clol u chromato (silica gelltoluene) and crystallized from
acet one, 8 aw%li e title conpound (colorless crystal) 10 109 2 ng

173 - 175C (deconp. ) 1H NWR (ds- 1.61 (9H, s), 8.58 (1H, s). (2)
2-tert-but oxyg 3- |m 0-6, 7- dlchi)orgmtro 4-H-qU|noxaI|ne To a
suspensi on of m drlde (60%;us 9 40 ng in DWF 2.5 nL, 15
was added mpnos ~o .n de 84 ny at erature. The m xture was
cool ed to - 98¢, and but oxy-8-vio - NCRI or oqui noxal i ne 351 ng
descri bed above (1) was added thereto with sIO\My warmng to 0C, followed

by stigring for g nbiydd osz.eof% &ﬁoamo P@‘é@&d‘r%ldh%r&e&%' RRuidh¥1e ©49 W Ch

was nade about pH 6 wt m_, 'and ‘extracted wth éthyl acetate. The

extract \A@ﬁtamhﬁm%;phe 3@ ﬁfdlﬁlﬁﬁhﬁﬂllﬁaﬁlwz%ﬁdw&@ddﬂ&i 4-a0@odyby@ehi R 630
anhydrous MgSO4. After evaporation, the residue was washed wth chl oroform

and cryst ald dEshwded KGIE e36%)6 38 1tk mhuaﬂena L019°C €ort DEr. t iAftee c6cdimigound (pal e
yel | ow crystal) 279 nmg. np: 276 - 280 C (deconp ) 29 2 0 Hov Q2
ethanol 6 mL was added thereto, and the precipitaion was collected by filtration. The
obtained solid was suspended in a mixture of water and ethanol (1:3) 12 mL, which was
10 warmed to 60°C and allowed to cool, then collected by filtration. The obtained product
153 mg was dissolved into water, and purified with column using Sephadex® G-10, to
give the title compound (ocher powder) 75 mg.
mp: >300°C
Elementary analysis for C1sH7NsO4K 1.5H20
15  Caled.:C, 43.19; H, 2.69; N, 21.58; K, 10.04; Hz20, 6.93 (%)
Found:C, 43.54; H, 2.78, N, 21.78; K, 9.90; H=20, 7.23(%)
IH-NMR (ds-DMSO) ¢:6.16 (2H, d, J =7.6 Hz), 7.05 (1H, s), 7.78 (2H, d, J = 7.6 Hz),

7.87 (1H, s), 12.08 (1H, brs).

Example 5
NH H NH
E )5 N0 [ )-s Ne_C!
N - N P —
ON N O O,N N~ i

[NH s NCN NH H o nen
P — G
P N
O,N N el O,N N"o
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1H N1~IR (ds-DylSO ~ : 1.60 (9H, s), 8.00 (1H, s). (3) 2-cyanoi mno-G
7-di chl oro-1, 4-di hydro-5-vitro-3-qui noxal i none To a suspensi on of
2-tert-but oxy- 3-cyanoi mi no- 6, 7- di chl or o- vi t r o- 4H qui noxal 2 §eNO\0: 2852
obtained in the above-described (2) in chloroform2 nlL, was added 5
trifluoroacetic acid 0.4 nL under ice-cooling. After stirring for 15 mn,

“th i xt as. tdt th h id di | ved i nt

byl acot B leBeRE Gog e eh R e elSal B vater . and saturated

saline) and dri ver anh t t h

vvashed)with ch:PgerBH Ogﬁﬁfg’&%zt‘gﬁwaiéﬁ(‘?‘f%ﬂ?%@’gg@%eé %’c’in é"l”i??yyflt @g’tjgt \gasto
the titl St 85C EI t

Chatysrs i @C@% HIRGATC I ek o e e

5.0 (111 8 SR 5%60Exanprla“§=§3 EA ST ‘%‘%%BN“?"‘%O) o
H Cl /
a NG o ileowﬁléy %Y%ﬁ] 0 VBB AP Sibieh Fetpsteg Rl hmshed

w th hexapge, and sySRenge: admtw o oldlieq {10 2% T BRRR LN THELSraRAC
28 LR

nmonosodi um cyanam ny, d'q hen -vitro-

7-tetrachlaroguiao (ﬁ#écﬂe% b]yﬁﬁtﬂgﬁoﬁ)f e BEPALa vl %311&‘»09@&1s§o%d9%' ing. The

m xture was stirre or 1 hr, was warnmed to roomtenperature W th

further siiféthYGornfimide then m@chr»eawdommedw& Wi e, Ifafow@a%%sécraa%a ce
water 10 nL was added thereto. After extraction with ethyl acetate to

renove neylittddhl@ofrRasisralBhREl ake oxtet WEIRLORD RRRNKS, drddieiveMRESORDE PHOE
with 1IN HO and further 25 extracted with ethyl acetate. The combi ned
extraqd wasdweslesel tThavabidie aad washdd ditBdtl5ahidigte, hdiadthe\Rle BRPYEEDUS
MySCa, and evaporated. The residue was 30 2 0 NO~ Q2 crystallized from
et hanol t @pae ydlowh@yétal)l283e@pound (pal e yell ow crystal) 124ng. np: >300C
(slowy deconp. >100C) El enmentary anal ysis for CLOH3N702CI 2 Calcd.:C, 3
r.06; H @W330C 30.25; A, 21.88 (9. 5 Found:C, 36.92; H, 1.18; N,

29.88; d, 21.58 (%9. 1HNWR (ds-DVMBO) ~ : 8.4 r (114 H, s), 8.58 (314 H,
s), 9.6; 31HMRudspME@0aﬁpre10m{0s)d 47 (AL spB. A (LH, 8~ ~N / N~ ~ . ~~~ -t
i~ ON-N-Cl ON_v N "O@®N"' N Oz ' z O\ O~NN- NHCN \~N Na NCN ~
\ ~ ~ 2H22@qhlarofy-cyangigpNpey6 (R-imidazolylthio)-7-1H-nitroquinoxaline

15 To a solution of 2,3-dichloro-6-(2-imidazolylthio)-7-nitroquinoxaline 120 mg

obtained in the above-described (1) in N,N-dimethylformamide 1.5 mL, were added
sodium cyanamide 24 mg and sodium hydride (60% suspension in oil) 15 mg under ice-
cooling and stirring for 1 hr. The mixture was poured into a mixed solution of 1N HCl
0.73 mL and ice water 10mL, then the precipitation was collected by filtration, washed
20  with water, i-propyl ether, and dried under heating, to give the title compound (orange
powder) 116 mg.
mp: >300°C
IH-NMR (ds-DMSO) &:6.44 (1H, s), 7.88 (1H, s), 8.55 (1H, s).
(3) 2-cyanoimino-1,4-dihydro-7-(2-imidazolylthio)-6-nitro-3-quinoxaline
25 A solution of 2-chloro-3-cyanoimino-8-(2-imidazolylthio)-7-nitro-1H-quinoxaline
153 mg obtained in the above-described (2) dissolved in 1N NaOH 4 mL was stirred at
50°C for 30 min. Under ice-cooling, 1N HCl 4 mL and ice water were added thereto to

adjust the pH 2-3, then the precipitation was collected by filtration, and washed with
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H.(1) 6-chloro-2, 3-diisopropoxy-7-nitroquinoxaline 10 To_a sol ution of
sodi um i sopropoxi de prepared fromnetallic sodium4.25 g SN 2082
i sopropyl al cohol 200 nmL, was added dried tetrahydrofran 30 ni, and further
added dropwi se a solution of 7-nitro-2,3,6-quinoxaline 18.93 g in dried
tetrahydrofran 120 nL at 10 to 15C. The m xture was stirred at the sane
“tenperature for 20 mn oure cool ed sol ution
of sodi um &lt?{fdlfloﬁgwnﬁhot Oral}t‘éme(i%m\gﬁ‘ét &%%ﬁ?%&h{zeﬁfng\? was extracted with
_tol uene, drie nd e a ed. The,r due was
crystalli z &w? f?fm%m ﬁt?r tgﬁhvgqh?g {blr?vf'%p%% g%ﬂ‘b( pal e yel | ow
crystal) %81—12380 np: Zl4 - Z16C 1H-N1VIR (ds DVBO s (ppm : 1.41 (3H x 2,
d, J =6. )g48(2H m, 8.01 (1H, s), 8.38 20 (1H, s). (2)

6- (1, 4-di | di i sopropoxy- 7-ni troqui noxal i ne A
_ Ll R G A R

m xture o di ne sodr um sal t 202 ng, the conmpound 1.63 g 31 2
0 t~ 2902 C?xmiabn@ﬂ a,blg‘vg a%%rg"_ﬁeq {,}) and dried dinethylformam de 3.5

m. was stirred at 12 Ctor e resultant mixture was added to an

i ce- cool egh,gQ).bt k:DR,.qf SPAdNUBY gk y draaqes phosphate, then the precipitate
was col | ectoed by f||trat| on’ vgmgt% wat eg 5]The obt ai ned product was dried and

crystal | i zgaNiIRQm- @W@mqvmm&yf& h@doﬂi 9, ¢8RN, P7é gc”ﬁ,%).br own crystal)
1.02 g. np: 21? - 219C 1H NWR (ds s (ppm : 1.43 ( H' d, J = 6.2 Hz),
1.44 (3H, mamdle®s 6.2 Hz), 5.52 (2H, rr) 6. 21 (2H, d, J = ?.6 Hz), ?.84 (2H,
d, J =7.6 HZ), 8.07 (1H, s), 8.51 (1H, s). (3)

2- cyanoi m no-R- 4- pji hyglr o- 4- oxo- 1gpyr i dylpy - 3gpsPpPr opoxy- 6-ni troqui noxal i n
e 10 To a sol ut ﬁe conpound 7?69 obtyi ned in above described (2)
dissolvedia 6!@ édrled di methyl £°6 de 7 nl and dried

t et r ahydr of 7m_ ldded nmond&Ndi um cyhna@Me 256 ng and the mixture

was stirred at 50Cfor 3 hr. The m xture was ice-cooled, and ice water 28
m. was added thereto, then which was acidified with 1IN HOJ to adjust the pH
about 4. Thq(p*pm pitate was collected by 15 filtration, washed with water
and acet one, N QMee the title conpound (yellow brown crystal)
563rrgrrp>300 NVR|(ds-DMBQ.. b (ppn) : 1.40 (3H d, J = 6.2 Hz), 5.44
(1H, septet . 28 (2H, d, J = 7.4 Hz), ?.?2 (1H, s), 8.33 (2H,
d. J = 2.4 HzY?'8.36 (1H ST 20 (4)

2-cyan0| m no- 1, 4- di hydr o- ?- (1, 4-di hydr o- 4- oxo- 1- pyri dyl ) - 6-vi tro- 3- qui noxal
i ne monosodium salt To a mxture of the conpound 366 ng obtained in the
above-descri hgd(3) andydried di net hyl OXI de m_ was added powder

sodi um hydr ox N Chhe mi xt Bfe_ t| ednaly 45C for 2 hr. The

m xture was al |l owe nd fox cool | ng, ch s neutralized by

addi ng wat er Sgiy: N/ md- 8 i, E"E‘ was nodified to pH :3
a

to 4 with 1IN HCT. Theresultant pr eci pi e was cted by filtration,
washed with water and acetone, dried, then the obt al ned product was

di ssolyed into sodium hydroxide 2 ml at roomtenperature, and 1N HCO was
added dropw se to adjust 32 ~ '0 Nov zoo02

(1) 2,3-dimethoxy-6-fluoro-7-nitroquinoxaline

To a solution of sodium methoxide which was prepared from dried methanol 75
mL and metallic sodium 1.332 g, was added 2,3-dichloro-6-fluoro-7-nitroquinoxaline
4.778 g under ice-cooling and the mixture was stirred at room temperature for 1 hr.

15  The reaction mixture was poured into ice water, then the resulting precipitation was
collected and washed with water. The aqueous layer was extracted with chloroform,
then the combined product was purified with alumina column chromatography and
crystallized from acetone/hexane, to give the title compound (white crystal) 3.342 g.

mp: 137-139°C
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the pH 8. The precipitated crystal was collected by filtration and washed
with water and isopropyl alcohol, to give the title conpound 170 mi. The

physi cal data was identical with that of the conpound obt arleNOV R2xanpl e
2(2). 5 Experinent 1 (recept or affinity) As to 2-cyanoi m no-1, 4-di hydro-

7- (1, 4-di hydr o- 4- oxo- 1-pyridyl)-6-nitro-3 qui noxal i ne nonosodi um sal t

arrinity ror TR 2R BTt h e G A B R RdoRiE
_receptor was d_e%grm ned as follows. 10 (1) AN PA receptor Cerebral cortex
of Sl c-W\Qﬁé body wei ght: 2507-300g) was honogeni zed with 10 times

R el A B T2 s SO
t . 80C i ) h

1£r )c()ze sluggz)nsi 0 glslu tag&@%g% nfg& m@%@iﬁ%éﬂﬁ% %gﬁég‘gé@? s‘iefn 3-(|)- renvl
Tr I'S- a%et %ﬁa e 4()@)’ \ES?BHDSYIOHJI-.%]D Olﬁ_@b'a.I ma%% tﬁe lxture WaS Sgrrgu%gg-ggl Vn\m Esggl n}vlo

glveama rac nefrac I on was

[2H TR Gl OO T BAS OSBRI 20D

IOI’]WI

filter to %%%@Eg a(tlcréﬂ tﬁgl%gc; 5%&[&?&1‘% K’ﬁs r@}fyt ﬁtﬂo}ﬂntté/m grag‘lﬁe%& fl_ﬁztml ned

on the filter determ ne Iquid scintillation ounter € non

speci fic Ringhig vdﬁ@%d?jé?lt t%rtHé Pé%@nb&? phtule, WMidORaE ﬁéﬂt?é’}%él WRthH N HTBhen L ©

cal culate the 1C50 va A ycine-binding site of NVDA receptor conplex

Cerebral qpit&axtalg ﬁeam\é\ﬁﬁ&@wag @hleéRQTY NRhEH anwRéed QLEN wi@s. heHEpgeni zed
with 25 20 tines volunme of 5 mNI Tris-acetate buffer (pH 7.4) containing

| MM EGFA, oBrdinedd fyBictand priibdoshacdilicaagi Bol (2@, B86m XtoPrapBY t6Eive tidtle

re-suspended ( x 4 tinmes). The resultant suspension was restored at -80C
unti | use.colhbeudd @eBovs thiSpemsi.ad gvas t hawed at room t enperature and
i ncubated at 2C in 0.08%triton X-100 solution for 10 mn, 33 2'0 11~
20f, 12 mp: 160-162.5 °C
IH-NMR (ds-DMSO) &:4.11 (6H, s), 7.12 (1H, brs), 7.48 (1H, brs), 7.98 (2H, brs), 8.48
(1H, brs).
15  (3) 2-cyanoimino-1,4-dihydro-7-(1-imidazolyl)-6-nitro-3-quinoxaline sodium salt.

To a solution of sodium hydride (60% suspension in oil) 280 mg in
dimethylformamide 10 mL, was added cyanamide 146 mg under ice-cooling and stirring
for 30 min. 2,3-Dimethoxy-6-(1-imidazolyl)-7-nitroquinoxaline 970 mg described above
(2) was added thereto and the mixture was reacted for 6 hr. To the reaction mixture

20  were added toluene 20 mL, water 40 mL, and 1N HCI 3.6 mL with stirring for 30 min,
then which was separated. The resulting yellow aqueous layer was evaporated to
dryness and the residue was dried under reduced pressure to give yellow solid 1.392 g
(2-cyanoimino-3-methoxy compound). The product was added to 1N sodium hydroxide
20 mL without purification and the mixture was stirred at 80°C for 80 min. The

25  reaction mixture was ice-cooled, followed by adding acetic acid 2.5 mL, then which was
adjusted to pH 4- 5. The orange precipitation was collected by filtration, washed with

water and methanol, and dried under reduced pressure to give crude product 666 mg.

The product was dissolved into 0.1N sodium hydroxide 22.4 mL and water 40 mL under
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then the m xture was washed ~ tines and suspended into 50 mNI Tris-acetate
buffer (pH 7.4), to give a nenbrane fraction . The nenbrane fraction was
incubated with 100 nlVI [3H glycine and a test conpound of varj
concentrations at OC for 10 min. The mixture was diluted akd \?u@@t ed by
filtration with Wiatman GFI C paper to termnate 5 the reaction, then the
“radioactiyity of 3H remained on the filter s determn Wt h qui d
scinti | | attieBHe Jo MR aﬁlﬁ%c%ﬂwﬁéeﬂsﬁqd&tﬁnﬁﬁa P A heie IR fﬂgraﬂanl v

he. |.Cso_val u The results ﬁre shown

di | t t
T Tabl o ne (Bl RSBy YBieSFETAUEAL B wTehich PHEBi L
Ex t t effect Al d .
ant i convuieddit BarEbib; 1 TR 52 solsgpey Riitce. 86 @%&2 15
det d._.A to th bed i d w G
e Cor oh oA e e ideb iS5 °Wifgt°1§ Syrromipmvarin © |aef¥19993 L vas

intrac gl ovoenot rlcl1 u %rhb"%drﬂ'l nlhst ﬁ%‘%lec e 83{1 raI ventr|)§I4e of Sl c-ddy
nouse y\?\ééaﬁs? r¥tﬁqe} e 1Es oun8 P VorRe 61F { M Vs 10g,
was i ntravg&%ﬁdl y adm ni stered 1 m n before the AI\/PA adm ni stration. The
convul si on"was éxani ned by observing and checking, for 20 15 min fromthe

AVPA adm ni.stbabhef (hbignsgveal of junping, w ld-running, chronic
convul si on Ign tgonl c( convlft sion, then the ED50 val ue was cal cul ated by

Probit metiodendaResatisis gp@q }{Smgbma 15009 Experinment 3 (inhibition effect

on cerebral infarction) 25 As to conpound 2(2), the inhibition effect on

cerebral igfi@r.at isem3vEase exaviaed: Ngl €£edNEsar g1ak) (14- 15 weeks, 294-:364 b
wei ght, SLC Japan) had an operation accordi ng to the nethod described in

Nagasawna Houadd, o®ar H, K67; N, 2388) Na .89 Ke:26.031087- 1043. Briefly the
animal's were anesthetized wth hal ot hane (FLUOTHANE, Takeda Chem cal 34 2
0 NOV 20a2HINBIRS@s-DasSO d.: )7.03AL HebrsygdioanH| heesh, 0. 3828 bisher Sueel, skd.n, the
right external carotid artery (ECA) was carefully dissected. A coated nyl on
t hread (#4x@mple/75mm Nitcho Kogyo Co. Ltd.) was inserted fromthe |umen of
the ECA to the right internal carotid artery to occlude the origin of the
right mddle ceyehjal artery. AfterN§urgery 5 anesthesia was i mredi atel y
di scont i nuetll~_Fhe-Nat® exhi bit geurflogicgl deficits characterized by

| ef t - si ded h eﬁs anmd—ani malﬁ Jhowi ng—heni paresi s were excl uded.
After 1 hr © cc@ usion, the, removed to all ow reperfusion
under hal ot hane anesthesia. Body tenperature was nmaintained at 37Cwith a
heating pad during ischenic and reperfusion surgery. 10 The test conpound
was adninisteredNsem | 5mn after rMm fusion for 1 hr by continuous

i nfusion via @& cid ay Ad inserted into the fenoral vein
in a vol une of kgl hr . Aftrer
occl usi on, rad S PeriCused w t@ p

reperfusion followng 1 hr of MCA
A i cal saline containing heparin
under pent obar bi tal anesthesia and the brain 15 were renoved after
decapi tat h | cut. 12 coronal sections at 1 mmintervals
using ti s ESS% Eﬁ r\é\@é\? umo l|mr(1a’mer sed in saline containing 2/ 2, 3,

Striphgnyl Let r%%tmﬁmtw ychrsemga- B8 A1EnE 9Daa kel e hidfeg!S M -

The stained brain sections were fixe O/o ormal i n neutr ered

sol ution r st em
(P s, SRR ﬁ@?ﬁ%@*’%ﬁF%‘3%“?%@3%‘%‘%%et%t%taﬁf%’é%@f°ﬁ%ﬁr osul t

i's shown imeTalkign %mt(ﬁ@b)aee@polat@@tmh&tssmtdmﬁ G mBHER adlle CORNE al

cortex(via intravenous) (nal h) (% of saline, neanstandard

error) Sal ingfliedePeva o%%ﬁﬁ%%s@(tﬂés@ﬁ&%@u@@ wekd r&9d1883 thks. 1The/ 7* 3850. 34
10. 14**10546. 71 15. * 01 (ANOVA-Dunnett's test conpared

to sal i nerédi@at @k dERURN ididRhRespat, rwlhl@tt Wk SEREd W itM eddtv B, walbdinded
dose-dependently the rat's cerebral

20  saturated saline, and dried over MgSQs. The solvent was evaporated and the obtained

solid was crystallized from toluene/hexane to give the title compound (white crystal)

1.69g.

mp: 118-120 °C
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35 2 0 NOV 200Z infarction. Experinment 4 (nephrotoxicity) (Method)
Compound 2(2) was intravenously adm nistered by a bol us of 100rr%/k to 5 SD
rat (9-10 weeks), which was killed 24 hr | ater. The both- sid 3@;5 wer e
imedi ately extracted fromthe rat. After neasuring the weight, one kidney
was enmbedded in paraffin to give a tissue preparation. The other kidney was

“h i bjected to | d ch t hy t

det o7 mt ne TR DRE R o TS S(l;ujngcz((a 2)° 10" (Resul 1) The wel ght  of

t he kidn t h t h h | The kid t
“ h_ag nlo pgi(ﬁgﬁsﬁggg’flgﬁ H&'Ig%on}d)t Ebg?*FBo hd" lg“f)v ’*Iﬁgseng{ Oggt ect gd : nnteﬁe | ssue
Ki dney. | ndustydal; (X nﬁgle Vidide %ﬁ%@u@@é@%ﬁqg off] 48 I vPJsﬁg(? r]h' S 1,90, LR d1sef ul

as a pr eventive or apeuti c a or varl OliS cen nervous dl seases

caused by Jgeql Bivirdi 09, a&g %\8/% éxf%ﬁg%o‘(h&%?&aﬁﬁhg& & VRN t&ﬁﬁegé&rrg-’ ’%ﬁépNo\/

gl yci ne- b|n ng site an ceptors’in central® nervous

2002 Cé' ﬁt;'ure ’%@9 %QQM@&I aﬂ@g' (G083 ‘306“' W%gﬂ&%ﬂ%%@ﬁg 13§2 M}ed’bﬂlﬂec%bovgas'[

one of "t he 2and positions is SUBST1 T Ut e a cyanoi mno group,

character i B%Maaé@mhétta%newamqré #adQrrl bdisH 1NNECY 12 Pre AITRAMING

described 'n daim1, whi has, in the quinoxaline structure, a partial
structure 3kt drb&ab ﬁBxﬁ?éH@nto’\E%vHeF c&d@ﬁhﬁior‘lbx}@lq 5Ym§ﬁa<ixh th§ piedeRenseasl y O

or NCN, provided that at |east one of X “and Y CN. 3. A conpound of the
formul a: Bdllected by filtration with water. The obtained product was purlﬁed with column

chromatography using silica gel 10 g, and crystallized with acetone from the portion

10  eluted with chloroform/methanol (10 : 1), to give the title compound (yellow crystal) 110
mg.
mp: 245 - 255°C
IH-NMR (ds-DMSO) 6':8.11 (1H, s).
(3) 2-cyanoimino-6,7-dichloro-1,4-dihydro-8-nitro-3-quinoxaline

15 2-Cyanoimino-8-nitro-3,6,7-trichloro-1H-quinoxaline 318 mg obtained above (2)
was suspended into 2N sodium hydroxide 10 mL and the mixture was stirred at 50°C for
10 min. The obtained solution was ice-cooled, and 1N HCI 20 mL and ice water were
added thereto to adjust the pH 3-4, then which was extracted with acetic acid. The
extract was washed with water and a saturated saline, dried over MgSOy, and

20  evaporated to dryness. The residue was crystallized with acetone/isopropanol to give
the title compound (white crystal) 180 mg.
mp: >300°C
Elementary analysis for CoHalNs03Cl2
Calced.: C, 36.03; H, 1.01; N, 23.34; Cl, 23.63 (%).

25 Found: C, 35.99, H, 1.18, N, 23.25, Cl, 23.40 (%).
IH-NMR (ds-DMSO) & 8.45 (1H, s), 9.47 (1H, brs), 9.61 (1H, brs).

Example 8
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wherein, R5 1 N X NY H X and Y each is independently O or NCN, provided
that at |east one of X and Y is NCN, 37 2 d NOv 2002 R, R2, R3, and R4
each is independently hydrogen, halogen, vitro, cyano, h¥drk8%)208ptional |y
substituted am no, optionally substituted | ower alkyl, optionally
substituted | ower cycloal kyl, optionally substituted | ower al koxy,
“optionally subshbtuted | ower al kylthio, optionally substituted | ower

, al kyl carbopyl , caﬁbagnyl optional¥8z substituted with |ower alKkyl,
_carbannylanlno ally syUbsEint p~edNyi-®8-l ower al kyl) sul f anoyl
optionally 5 kyll) sulTambyl ami no optionally
substituted mﬁth | oner al kyl) &PptionalNl yCisubstituted sul fonyl, optionally
substituted aryl, optionally substituted heterocyclic group, or optionally
substituted heterocyclylthio; 37a 2 0 NOV 20Q2 - RS is hydrogen, hydroxy,

optional Iy substifQited | ower aIk #onal |y substituted | ower al koxy, or
optionally subs OEmter cyc N and R2, R2 and R3, R3 and R4,
and R4 and R5, =@ ken t egether e adjacent atonms may forma

car bocycl e whE aubst it ufed or MayNdbntain a heteroaton{s), 5 the
pharmaceutical l'y acceptable salt, or the hydrate thereof. 4. A conpound

descri bed hyn.(d2bm SVH}ﬁBgld’lqééhii &% 0. 5. A conpound described in
Claim 3, w%erefn Xo?g 0, Y 1s N Oéggﬂaoég%%ound described in Caim3,

wherein both XT@BQut\fo 2%, ‘N@i‘racﬁlor&uﬁ%ﬁﬁ@‘%‘ Cg'bb@&?ﬁ%d' i Fagipe ’gi) %@r e' n

RS is hydrogen. 10 8. A conpound described in aim 3, wherein
is O RS ia8dby@fopaan.a SlutAned pPRasidmdesyuthede 641 1@%% BRrébutdAer @b @nIBJatI S

hydrogen, hal ogen, or vitro. 10. A conpound described in Oaim3, wherein

R2 is BydmogerC. IEHeagadtion\thixtwre wais shiadedQ€ 083 €t Joouer, aad kdllienelsb.mF @owpound
described in Cdaim3, wherein R3 is hydrogen, halogen, vitro, 15

hal ogenat eddiuavdihyddokar phasphateBahl,yansluxaér feiectdldBe tisre@ )it shalix®up Ther
optionally substituted heterocyclylthio. 12. A conpound described in Caim
3, wher ei préxhic hybydaogearatéthivageet wioh waitdrrand shBurafedcaaiipewnd ddegdorébed in
Claim3, wherein Rl is hydrogen; R2 is hydrogen, hal ogen, vitro, or

hal ogenat &g3@weAftal kydporaRn thelrpsidogwns suhadadereto, colzintr chrofvato@idrat ed | ower
20 al kyl, optionally substituted heterocyclic group, or optionally

subst i t ut @al/tebreapbandcirystaliized frrap degtong.de @ijerthe bisle sgenoumnst (colprless.crystal)

10 1092 mg.
mp: 173 - 175°C (decomp.)
IH-NMR (ds-DMSO) &:1.61 (9H, s), 8.58 (1H, s).
(2) 2-tert-butoxy-3-cyanoimino-6,7-dichloronitro-4H-quinoxaline
To a suspension of sodium hydride (60%suspension in oil) 40 mg in DMF 2.5 mL,
15 was added monosodium cyanamide 64 mg at room temperature. The mixture was
cooled to -10°C, and 2-tert-butoxy-8-nitro-3,6,7-trichloroquinoxaline 351 mg described
above (1) was added thereto with slowly warming to 0°C, followed by stirring for 2 hr.
Ice water was added to the reaction mixture, which was made about pH 6 with 1N HCl
ImL, and extracted with ethyl acetate. The extract was washed with water and
20  saturated saline, and dried over anhydrous MgSO4. After evaporation, the residue was
washed with chloroform, and crystallized from acetone and toluene, to give the title
compound (pale yellow crystal) 279 mg.

mp: 276 - 280 °C (decomp.)
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14. A .compound described in Claim3, wherein Xis NCN;, Yis O; Rl is
hydrogen; R2 is hydrogen, halogen, vitro, or halogenated |ower alkyl; R3 is
hydr ogen) hal ogen, vitro, hal ogenated |ower al kyl, optionall 52@!{@& ted
het erocyclic group, or optionally 25 substituted heterocyclyl

hydr ogen, hal ogen, or vitro; R5 is hydrogen. 15. A conpound descri bed |n

ot ot SRR AR R0y SR BT 0 U r i hal ogenated nethyl
) ﬁgt :;gglyg l_?%%&%ggghﬁ rocmhzﬂg ?é‘%ﬁ@g S‘E’ﬁ‘ g’rrl]a‘{?: %/rEUbSRtSI ;[gt ﬁSdr ogen.

16. A d bed |
subst | 'f 8?23”22? e??ﬁs)‘gsryl(%’llsﬁ%n I ott?ﬁ'y?%toiy 2 Cﬁ’i‘%f‘% %)?S%g}ofb FS’;‘;‘F?& qmgg)xalhona y

1-im dazogégcﬁogéﬁgéq d&)gabovge err“b%‘(l‘i'@f’ ctﬂi NI ﬂ1vgazo Ith| o. 17. A

conmpound wher e | S hydr ogen R2
t
Iczm\;:)ugn 3 gﬁ%érﬁ%égg)ﬁgldétf)%ﬂ@ﬁ t 105%061 J‘y%%%t!‘rnﬁ?’ ol‘ 35 W?Ttgg fn{] éture was

nonos I um sa yan0| m no

1. 4-di hyd ohtg%tod'd%@%/ Elfénlkhgi‘e% diluge z{s cﬂ%sjo Jeﬁlﬁ/ﬂote'&?y'l:f’xgéf'aﬁoéﬁgllieﬁg | or

di hydr ate Her €d A conmpoun ScCri I'n any ‘one o0 -

whi ch has,, t t r

subst anti a ow ﬁ:};c%r%% rg{agegl %@Fifﬂh%gn a %enﬁf%ﬁ%ﬁ%%%% e Bo . 20.
A phar miCQPJelr G?Apo?e@cmﬁoﬁietﬂegiﬂuQ%E HiaThdU0 2h COBRPNRE adaSeydtNaLkd foRNY one of
Claims 1 - . A pharmaceutical conposition having an antagonistic

ef fect ona&!téﬁeamte&hymem@rt@gwmé:mw@dml%u&a (#haeepatdgiagcri bed in any
one. of Cains 1 - 19. 22. A pharmaceutical conposition for preventing or

treatihg dipsessesssdtie to hyperexcitation of glutamate receptors, which
contains a conpound described in any one of Clains 1 - 19. 23. A

phar maceuEilensdntayrpadysid fonCadéNeOsOrd i n C aim 22, wherein the di sease due
to , hyperexcitation of glutamate receptors is stroke. 24. A pharnaceuti cal
conposi ti Galcde€cia.tied, 1H1ONA2IBR L], /E3r@)n t he di sease due to
hyperexcitation of glutamate receptors is cerebral infarction. 25. Use of a
conpound Hewad:Ch330, i, 1@G2aNn®3.19, CLEF B(%pr epari ng a nedi canent for

preventi n or treating di seases due to h %erexmtatl on of glutamate
receptors? NMB (dﬁﬁ\DMﬁhoéiﬁéﬂ (H’Léba‘}-‘%@}é gdnpound (11-1) of the fornula:
39 2 0 NOV 20p2 R4 H- R3 NNCNw~ (Il_i ) RR~HOwherein Rl, R2,

R3 andd RaEsampleh sane as defined above whi ch conprises 1) deal kyl ati ng
Rs" portion O]:’» blas(gy(z)lngl%lilgg ,’% IchchI](')ro 2,3- chﬂydro%rmtroqumoxahne

NO, NOz
Cl N Ci Cl N NCN
1 — X
Z
Cl N Cl Cl 'P:ll NCN
Sodium halide (60% suspension in oil) 48 mg was washed with hexane and
suspended into DMF 2 mL. To the suspension were added monosodium cyanamide 77
20 mg, and then 5-nitro-2,3,6,7-tetrachloroquinoxaline 156 mg of Example 7(1) under ice-
cooling. The mixture was stirred for 1 hr, which was warmed to room temperature
with further stirring for 2 hr. The resultant mixture was ice-cooled and ice water 10
mL was added thereto. After extraction with ethyl acetate to remove neutral and basic
materials, the remained aqueous layer was made pH6 with 1N HCl and further

25  extracted with ethyl acetate. The combined extract was washed with water and

saturated saline, dried over anhydrous MgSOs, and evaporated. The residue was
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R4 R3, NNCN (m-1) R NOR6 R- 5 wherein Rl, R2, R3 and R4 are the sane
as defined above; RS is a hydroxy protecting group, or 2) hydrolyzing "Hal"
portion of a compound (IV-1) of the formula: R4 R3 , N NCN (\?\{H‘%%f N~

Hal R wherein R, R, R3 and R4 are the sanme as defined above |1

hal ogen. 10 2 i. A corrpound (I'11r-1) or compound (IV-1) described in Caim

N A A st Vg esbnedl it the S04 Soposl Gy el T2¢me

&L. A A9[ &R. Al
<O o<q[# #nb’%égz@l(ﬁg“%éyﬁ%gé%@?<888’>8x’>8x’>8x88’> 8<<??2?22?72?| 2?2228<?<?>??

P~ 72°27?7 XXXXXXXXXXXXXPXPPPXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxx%&ﬁ? §§££§£§2§§§§§£§§§§§i§§xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXX X22727°2229272272 <, ?2<| <| KX?<X??<X<X?<P<<?<KL????2??2?7?7
>’><<’><x<x@§i§é§é§<9@>%’%%§lx%§gb Séﬁéh e\45 C
e\e\ (\ e#. # p<sl~3735 | N b 23 7?? P??27?27?27?°27?27?27??27?27?27??20?7?78xX?X
0’78<| | I |TLF|°FP§I‘] [3? Pr|fg’<i<¥<ﬁ<&'!2%§ ¢<§2 %Z>)>>>>>>>>>>>>>>>>>>>>>>>| BERERE R
~~~~~~ >73R 2029 ooo 27
$| wa gb] X] ca %]gs]’b ca] C/’é ('f/]4§—i s? ]és%%"f" %Aa?gaﬁ}%a)fgalﬂ cal calca]ca]calc
Aa]ca]cAakggh%@]F%]caU]c(a]c(a]ca]ca]ca r*ILCKacq

a

#%' z' | ' “Zup cal] ca] ca] ca] ca] ca] ca] ca] c&a] caDZ] ca] ca] ca] ca] ca] ca] cajc

a]J ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c "H#( b +* 1 40+ 3 - X- -
------ E.O.......|wnmhc”Y]c]ca]ca]cga]ca]cal ca ca] cal %@] cal U] ca] cajc
a) ca] ca] ca] &h %] cajcalcajca e ca cal cal iii 2$3233333*
414 444Gbph5 / 888| wr mhc” a] cal ca] ca], ga] ca] ca] ca
] ca] ca] ca] cd] ca] ca ca‘iJ] cal ca] ca] cg’ca] caJc

aljca] ca] ca] ca caj cal! 8)

@GA@NDXHILLLL" QMQRv Ul UUUWVWVWWINAZ Uoj e [ V] ca’}Jﬁ] calcalcalca]ca]tT caU] ca] ca
] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal Ww

VWYWAWANANNNNKBXT XaXi XXXXXYdYYZ. Z292?ZQZNZ_ZyZ~ZZ} xsni d_Z] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] cxCa) ca] ca] ca] ca] ca] cal® ] ca] ca] ca] ca] ca] cal] ca]ca]ca] ca
] ca] ca! ZZZ\ F* bbbbbsgBd{ adeiNgPNRGNQggYh i i i i AN C@ f [ V] ca] cal] ca] cal] ca
] ca] ca] ca] ceatfeeapcal caj alca] cateatlea] cal caa cal-ggbcal] ca] ca] calcalc
al cay] ca] ca!j , kPkkk PNmBnAN9Bo<ppBgqq, r{r roenT sOsTsW| vgl gb] W V] ca]
ca] ca] ca] ca] caV] ca] ca] cal] ca}ts] ca] ca] ca] ca] ca] ca] ca] cal ca]ca]calcalcaJca]c
ajcalcalc Lca] cal ca%vcaI Wsss{s~ssssssssst 7t 2t Bt W\t]t txt}tttWvvwxl yrytyvy
zupkf a[ V] éRGrddqred ; é?%?@]@&]%ﬁ]%ﬁ?@a}l@@]l@a] ca] ca] caV] ca] ca] ca] caV] ca] ca] ca]
ca] ca]lca] ca] ca]ca] ca] ca] caV].ca]ca]calv {yyyzC)z"zzzzzzI {+{ DX{{lul]"}}}%s~~n
t n{valeb] X] ] ca]’od ko] ¥ & a?d%ﬂpé%a%]%@af%f%é? eljlapearrape apad] cal cal

[ cal cal caftiaf ity b v pIEpLEU T el Bl Fed et ERRFatd aly ] Bl e bas

] ca] c™a] ca

bt aé%%ﬁwsf@ sz\u@isw&ar'ta%ascﬁét}rema&aalé3]%@dfelmammef@ma] cal ca
]CJ(::’?%)? g]S(lil?]l tq\E?)]\fif q}Sca] %%%?‘ &la} ¥ %Q}rea}a a}"ca m&}%@ ¢ af % I] cal ca] C

BEFJzt ni d
8 cal oo ol seloaloplaglalokcoliald fﬂ*fﬂ ol AL AL gaEper et o
n | 9] Z

] ol o o € P o b B A e 2l ¢ ca
] ca] cal] cg}pRladallmakhiaae wab boy@llized with isopropyl ether to give the title

#8&zupkf a\ V\]] ] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca])ca] ca] ca] ca] ca] cal] ca] ca] caj
ca] ca] ca] gghsaindapsle g@dvc@,]ygﬁ])q@]g:%} c"aI $&/ 39 CEGKNUZ® gi ~xsmgb\ WQzU] ca] cal]
ca] cal] cal] ca] calU] ca] cal] cal] ca] cal] cal] ca] cal] ca] caU] cal] cal] ca] cal] cal] ca

] caU] cal] eql ¢f4] emvca] ca] cai nR0dH{ ~ysnhc] X] ca] | cal] ca] cal] ca] caU] ca] cal] ca
U] ca] cal] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

'H-NMR (ds-DMSO) 8 (ppm) : 1.41 (3H x 2, d, J = 6.2 Hz), 5.48 (2H, m), 8.01 (1H, s), 8.38
*NYxsmhc”Y] ca] ] ] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calc
a] ca] e@] calital)] cal] ca] cal] ca] caU] ca] caUlca ;*, Owf 3;
al ngs| wgl fa[ V] ca] cal] ca] ca] c”a] caV] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca
U] ca] caU] @pj-¢biiilalleal oral-pa]dyd) 2 3fdtisdpeagoxg] Tedmtopnitbxaline
B| w mhc”YS] U] c$a] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal] cal] ca] caU]
cal] ca] cal] ca] dabixtajecd d}jydtdxypyrddint sadicmlgatrarOR nd, plhi dintiband 1.63 g
{vqgl fa\Wc$] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca
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m), 6.21 (2H, d, J = 7.6 Hz), 7.84 (2H, d, J = 7.6 Hz), 8.07 (1H, s), 8.51 (1H, s).
(3) 2-cyanoimino-7-(1,4-dihydro-4-oxo-1-pyridyl)-3-isopropoxy-6-nitroquinoxaline

10 To a solution of the compound 769 mg obtained in above described (2) dissolved
in a mixture of dried dimethylformamide 7 mL and dried tetrahydrofran 7 mL, was
added monosodium cyanamide 256 mg and the mixture was stirred at 50°C for 3 hr.
The mixture was ice-cooled, and ice water 28 mL was added thereto, then which was
acidified with 1N HCI to adjust the pH about 4. The precipitate was collected by

15 filtration, washed with water and acetone, and dried to give the title compound (yellow
brown crystal) 563 mg.
mp: >300°C
1H-NMR (ds-DMSO) 8 (ppm) : 1.40 (3H, d, J = 6.2 Hz), 5.44 (1H, septet, J =6.2 Hz), 6.78
(2H, d, J=7.4 Hz), 7.72 (1H, s), 8.33 (2H, d, J = 7.4 Hz), 8.36 (1H, s).

20  (4) 2-cyanoimino-1,4-dihydro-7-(1,4-dihydro-4-oxo-1-pyridyl)-6-nitro-3-quinoxaline
monosodium salt

To a mixture of the compound 366 mg obtained in the above-described (3) and

dried dimethylsulfoxide § mL, was added powder sodium hydroxide 412 mg, and the
mixture was stirred at 45°C for 2 hr. The mixture was allowed to stand for cooling,

25  which was neutralized by adding water § mL and 5N HCl 1.8 mL, then the mixture was
modified to pH 3 to 4 with 1IN HCl. The resultant precipitate was collected by filtration,
washed with water and acetone, dried, then the obtained product was dissolved into

sodium hydroxide 2 ml at room temperature, and 1N HCl was added dropwise to adjust
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quinoxaline monosodium salt (hereinafter referred to as compound 2(2)) obtained in
Example 2(2), the affinity for the AMPA receptor and glycine-binding site of the NMDA
receptor was determined as follows.

10 (1) AMPA receptor

Cerebral cortex of Slc-Wistar rat (body weight: 250~300g) was homogenized with

10 times volume of 30 mM Tris-acetate buffer (pH 7.1) containing 2.5 mM CaCls, then
the mixture was centrifugalized (30,000 X g, 15 min) and re-suspended (X 3 times). The
resultant suspension was restored at -80°C until use. The froze suspension was thawed

15  atroom temperature and suspended into 30 mM Tris-acetate buffer (pH 7.1) containing
2.5 mM CaClz2and 100 mM KSCN, to give a membrane fraction. The membrane
fraction was incubated with 30 nM [BH]AMPA and a test compound of various
concentrations at 0°C for 30 min. The mixture was diluted and collected by filtration
with Whatman GF/C filter to terminate the reaction, then the radioactivity of 3H

20  remained on the filter was determined with a liquid scintillation counter. The non-
specific binding was determined using 1 mM non-radioactive glutamate to calculate the
ICso value.
(2) Glycine-binding site of NMDA receptor complex

Cerebral cortex of Slc-Wistar rat (body weight: 250~300g) was homogenized with

25 20 times volume of 5 mM Tris-acetate buffer (pH 7.4) containing 1lmM EGTA, 0.1mM
PMSF and 0.01% bacitracin (50,000 X g, 30 min) and re-suspended (X 4 times). The
resultant suspension was restored at -80°C until use. The froze suspension was thawed

at room temperature and incubated at 2°C in 0.08% triton X-100 solution for 10 min,
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Experiment 2 (anticonvulsant effect on AMPA-induced seizure)
The anticonvulsant effect of compound 2(2) on AMPA-induced seizure was
15  determined. According to the method described in J. T. Haley and W. G. McCormich,
Br. J. Pharmacol. 12, 12-15(1957), AMPA 2 nmol /5 & L was intracerebroventricular
administered to the cerebral ventricle of Slc-ddY mouse (4-5 weeks, male). The test
compound, in a volume of 0.1 mL / 10g, was intravenously administered 1 min before the
AMPA administration. The convulsion was examined by observing and checking, for
20 15 min from the AMPA administration, the reveal of jumping, wild-running, chronic
convulsion and tonic convulsion, then the EDso value was calculated by Probit method.
(Result)
EDso (mg/kg) = 6.9
Experiment 3 (inhibition effect on cerebral infarction)
25 As to compound 2(2), the inhibition effect on cerebral infarction was examined.
Slc-Wistar rat (14-15 weeks, 294-364 g weight, SLC Japan) had an operation according
to the method described in Nagasawa H. and Kogure K., (1989), Stroke 20, 1037-1043.

Briefly the animals were anesthetized with halothane (FLUOTHANE, Takeda Chemical
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After 24 hr of reperfusion following 1 hr of MCA occlusion, rat was perfused with
physiological saline containing heparin under pentobarbital anesthesia and the brain
15  were removed after decapitation. The brain was cut into 12 coronal sections at 1 mm
intervals using tissue chopper (McLWAIN) and immersed in saline containing 2% 2,83,5-
triphenyltetrazolium-Cl (Wako Pure Chemical Industries, Ltd.) for 15 min. The stained
brain sections were fixed by 10% formalin neutral buffered solution and infarct areas

were quantified by an image analyzer system (OPTIMAS, Ver6.0) following scanning

20  (Scantouch210, Nikon). The result is shown in Table 2.

(Table 2)
Treatment Dose n= Infarct area at cerebral cortex
(via intravenous) (mg/kg/h) (% of saline, mean *standard error)
Saline 4 15 100 + 7.61
compound 2(2) 0.3 8 79.556 £ 13.99
1 9 55.99 + 11.77*
3 8 50.34 * 10.14**
10 5 46,71 + 15.24*

*p<0.05, **p<0.01 (ANOVA-Dunnett's test compared to saline-treated group)

The compound of present invention inhibited dose-dependently the rat’s cerebral
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Industrial Utility

15 A compound of the present invention is useful as a preventive or therapeutic
agent for various central nervous diseases caused by the binding of excitatory amino
acids to NMDA receptors, esp., glycine-binding site and AMPA receptors in central

nervous.
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2. A compound described in Claim 1, which has, in the quinoxaline structure, a

partial structure of the formula:
N X
I (I)
N Y

wherein X and Y each is independently O or. NCN,'provided thét at least one of X and Y
is NCN.

8. A compound of the formula:

R* RS
l
R . N X
R2 N Y
H e
R1
wherein,

X and Y each is independently O ox NCN; provided that at least one of X and Y is

NCN;
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()- "10%& ()-nzPdEmV Y10%6 @ 2 0 NOV 2002
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] [9b@ X&$1 %’5 & ()-- FI #10%&' ()- I #10%‘@% #1099 () -
) | 61 #109%& ( 5% yglﬂg% 9\91, W @s@fg l((»yerzalkyl optionally subst1tutec1

D, $10% & $10% 109 )--1 0%& () --11&$10983& () - - ehi i k
5\16 a5 1%7@&"‘3 oy, @’8’%&)&2’ ?‘)%%F%@/g&‘g( fYCl‘%’;}’ 10Z (12)zf =109Z& ()-! ;() =
%) J &'

"$10%2Z8&! ( Rfﬁl}%lé*ff/&n?% B ong /%P‘P?#%’?‘( fy5b %‘Za&‘ fogether with the adjacent

S A 50 S o i 3

S{: l_ : 19 %&Itl(u; pharmla%gg/gé‘a }'accepta%?e(ysaga{lt( })r ﬁl eh drate tljl'gr%gf () FI.110% () - 0>?@8Ds_?

S 1090 - LB bl PR B ARBNONABRA ) 1100 () ST <

3FI 9 v& o
ﬁow&! (19 /% ;)ﬁf p°@ddf%%%§(%ggl¥d 8«%&%7&3(5 ‘éﬁq dr?)Fl elsigég&'(%) s
Y U4 % %t &
(s PORBAIe AR PO SN WAED),

m' 109%6#& ()-- - 'm&&;/édnd(desé%xt(eh D BEER WheldYORE € hodrdS@ 10% & () - L ~10%°
Y- A0 ho& () "1008& (). 10% 108qy| [ AATO# ©334510% & ()-

10% &16) - 8F( m%lgpdtﬂrrd de€&elRU0i & Claim FHhbOdh &K 6 INGN WL Q@& 5(i3 hydrogen.
| _RESO#10' 10' 10", +10% & ()- S, 10% & ()- 36 10% & ()- *1098& () -

*108 " & (p:-t|A Wﬁiﬁﬂdl@h&ﬁied?ﬂ%&, @Whereid ih¥drogen, hd1d&8n%of hitro.
| "10%8 & ()-- Y'&0%W & ()-*dRL|[: NAAO10 Yt!10% $!' & ()- Yt!10%! && () -
, #109% & ()1e. , A taREound-de&dritil&h Claifn 3, WBr&n (R2-is hydrogen, halogen, nitro, or
halogenated lower alkyl.
11. A compound described in Claim 3, wherein R2 is hydrogen, halogen, nitro,
15  halogenated lower alkyl, optionally substituted heterocyclic group, or optionally
substituted heterocyclylthio.
12. A compound described in Claim 3, wherein R is hydrogen, halogen, or nitro.
13. A compound described in Claim 3, wherein Rlis hydrogen; R2is hydrogen, halogen,
nitro, or halogenated lower alkyl; R3 is hydrogen, halogen, nitro, halogenated lower
20  alkyl, optionally substituted heterocyclic group, or optionally substituted
heterocyclylthio; R4 is hydrogen, halogen, or nitro.
14. A compound described in Claim 3, wherein X is NCN; Y is O; R! is hydrogen; R? is
hydrogen, halogen, nitro, or halogenated lower alkyl; R3 is hydrogen, halogen, nitro,
halogenated lower alkyl, optionally substituted heterocyclic group, or optionally
25  substituted heterocyclylthio; R4 is hydrogen, halogen, or nitro; RS is hydrogen.
15. A compound described in Claim 3, wherein X is NCN; Y is O; Rt is hydrogen; R? is

halogen, nitro, or trihalogenated methyl; R3 is halogen, nitro, trihalogenated methyl,

optionally substituted heterocyclic group, or optionally substituted heterocyclylthio; R4
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administration into the body.

20. A phar;nac.eutical compositi'on containing a compound ciescribed in any one of
Claims 1 - 19.

21. A pharmaéeutica.l composition havin'g an antagonistic effect on glutamate receptors,
which contains a coipomd described in any one of Claims 1 - 19,

22. A pharmaceutical coniposition for preventing or ﬁeaﬁng diseases‘ due to
hyperexcitation of glutamate receptors, which contains a cor.:npou.nd described in any one
of Claims 1 - 19.

23. A pharmaceutical composition described in Claim 22, wherein the disease due to

hyperexcitation of glutamate receptors is stroke.

24. A pharmaceutical composition described in Claim 22, wherein the disease

due to hyperexcitation of glutamate receptors is cerebral infarction.

25. Use of a compound described in Claims 1 - 19 for preparing a medicament for
_preventing or treating diseases due to hyperexcitation of glutamate receptors.

26. A method for preparing a compbund (1I-1) of the formula:
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R4
3 H
R NINCN
-1
R2 N0 -
=Y H

wherein R}, R?, R3 and R+ are the same as defined above, which comprises

1) dealkylating “R%” portion of a compound (III-1) of the formula:

NCN
2 ] )
N"oR

1

5  wherein R}, R2, R23 and R+ are the same as defined above; R5 is a hydroxy protecting
group, or

2) hydrolyzing “Hal” portion of a compound (IV-1) of the formula:

R4
5 H
R N _NCN
I av-1)
R N~ “Hal
R1

wherein R!, R2, R3 and R+ are the same as defined above; Hal is halogen.

10 27. A compound (III-1) or compound (IV-1) described in Claim 26.
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