WO 98/ 04556 PCT/ EP97/ 04057

PYRI DAZI'NO [ 4, 5- B] - QUI NOLI NE 5= OXI DE DERI VATI VES, . THEI R PREPARATI ON AND
THEI R USE AS GLYCI NE ANTAGONI'STS . FI ELD OF | NVENTI ON New chepni_cal .
conmpounds whWOPSRE6py i do- pht al azi n di ones, phar naceut i calP Wﬁ‘g%ns
cont ai ni ng the sane, and their use against neur ol-ogi cal dlsorders
associated with excitotoxicity. and = .mal functioning of

gl utamatergic neur ot r ansmi ssi on. BACKGROUND OF THE

‘I NVENTI ON AND PRI OR ART Gutamate is probably the major excitatory

t ransm t pgRIDAZINO [415!BP-QUINULINE 5-OXIDE QERIVAYHESTHEIR PREPARATION ANIKEHBIR 'USE A€ GLYCINE
I nvol ved ANTAGE@NISTD at hol ogi cal and excitotoxi c processes. As such there
ts-a great deal of interest in the devel opnent - of gl utamate antagoni sts
for therapeutic use - (see Danysz et al., 1995 for review). G utamate
activates three major types of ionotropic receptor, namely [err]-am no-
3-hydr oxy- 5- net hyl - 4-i soxazol epr opi oni c acid =~ (AWPA), kai nate and .

N-net hyl - D- aFEELDaOF (INVBNTIONI several types of metabotropic receptors.

Ant agoni sm of NVDA recépt ors _potentially has a wi de range of therapeutic

-appllcatlonsN cﬁ% Analodobihid | gR:of DDA qmmﬂs aiBhé‘éEd
ilhodon 8 Eﬁ' clyridlall’ dSifeel ‘%ﬁ%s'égﬁ* m“gssﬁ ?‘ﬁ])
5na= Pﬁﬁ. REUTO SroeTs 8 1&%%

pol.yam ne SI
channel . E‘F@P‘idfééfé’nm @nsht | mmcrtémt a:fphyglav‘égm@‘éergm
process servhagratransedﬁsg.&:mus control nechanismto prevent | ong
term neurotoxic activation of glutanmate receptors but al | ow

their transient physi ol ogi cal activation. In the case of the NVDA
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Glutamate is probably the major excitatory transmitter in
the central nervous . system but is also likely to be
involved in many pathological and excitotoxic processes.
As such there is a great deal of interest in the
development of glutamate antagonists for therapeutic use
-(see Danysz et al., 1995 for review). Glutamate activates
three major types of ionotropic receptor, namely o-amino-
3~-hydroxy-5-methyl-4-isoxazolepropionic = acid (AMPA),
kainate and N-methyl-D-aspartate (NMDA) and several types
of metabotropic receptors. Antagonism of NMDA receptors
potentially has a wide range of therapeutic applications.
Functional inhibition of NMDA receptors can be achieved
through actions at different recognition sites such as
the primary transmitter site, strychnine-insensitive
glycine site (glycine,), polyamine site, and phencyclidine
site located inside the cation channel :

Receptor desensitisation may represent a physiological
process serving as an endogenous control mechanism ¢to
prevent long term neurotoxic activation of glutamate
receptors but allow  their transient ° physioclogical
activation. In the case of the NMDA receptor, the co-
‘agonist glycine is an endogenous ligand inhibiting such
desensitisation via activation of the glycine, site.
Interestingly, ischaemia increases not only the
concentration of extracellular glutamate but also that of
. glycine and, although this 1latter effect is 1less
pronounced, it actually persists for much longer. Hence,
some full glycine, antagonists could restore normal
synaptic transmission under such conditions by increasing
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We have now dim%t%lpbd a sadmipistretiopelic mpycven, phtsomei n gl:lycﬁae
Conpounds adntagonists | hawe e beenct meddrted| ated haveat

glycine[err] endpapautie qtndaﬁwaféifbwiﬂj’Asgvsﬁ:&ﬁ:Wa&hinﬂgtieBt%h ﬂass
|1 conmpounds x@é@ef&%fdﬁyﬂéft‘h&?@s‘iﬁsaﬁﬁ bRCanxaYIRAURS, and are not

di scl osed or suggested 1h the Zeneca patent. The Class Il conpounds are
al so potent glycine[err] antagonists in vitro and show a nmuch better in

. vivo systemc availability and /ﬁ Wtﬁ-’ﬁ% xone blood brain barrier
than. class |  conpounds. : tives of t hese
conpounds, nmde for exanple by additon of choline and

4-t et r anet hy (Wemy@ven now- Nipeelpped a series of tricyclic ''pyrido-
phtalazin diones''. Compounds of class I are

structurally related to patented glycine, antagonists of
Zeneca (ICI, EPA 0 516 297 Al, 02.12.92). Class II
compounds are N-oxide derivatives of these compounds and
are not disclosed or suggested in the Zeneca patent. The
class II compounds are also potent glycine, antagonists in
" vitro and show a much better iIn vivo systemic
availability and / or penetration of the blood brain
barrier than class I compounds. Moreover, salt
derivatives of these compounds, made for example by
additon of choline and 4-tetramethylammonium (4-NH,),
- improve bioavailability further.

The novel compounds of the present invention have
predictable utility in the  treatment of the following
disorders. 1. Acute excitotoxicity such as ischaemia
during stroke, trauma, hypoxia, hypoglycsemia and hepatic
encephalopathy. 2. Chronic neurodegenerative diseases
such as  Alzheimer’s disease, vascular dementia,
Parkinson’s disease, Huntington's disease, multiple
sclerosis, amyotrophic lateral = sclerosis, AIDS-
neurodegeneration, " olivopontocerebellar atrophy,
Tourette s syndrome, motor neurone disease, mitochondrial
dysfunction, Korsakoff syndrome, and Creutzfeldt-Jakob
disease. 3. Other disorders related to long term plastic
changes in the central nervous system such as chronic
pain, drug tolerance, dependence and addiction (e.g.
opioids, cocaine, benzodiazepines, and alcohol), and
tardive dyskinesia. 4. Epilepsy (generalised and partial
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SUMMARY OF THE mvm"rzon

The invention, | then, comprises the following aspects,
inter alia, singly or in combination:

"'A compound selected from those pyridyl-phtalazin dJ.ones
having the following formula: .

‘wherein Rl and R2 are selected from the group consisting
of hydrogen, halogen, and methoxy or wherein Rl and R2
together form methylenedioxy, and pharmaceutically-
acceptable salts thereof; such : '

a compound: wherein the salt is selected from a' choline
and a 4-tetramethyl ammonium salt thereof; such

A - | compound which is selected from

the group consisting of



apparent herelnafter and still other objects of the invention will be
apparent:to 6ne skllled in the art. : : "SUMMARY OF THE . _
| NVENTI-ON  $A@ oartMs81t i on, then,. conprises the fol I owing as pegiEpeTbdds e’
calia, singly or in conbination: A conpound sel ected fromthose

pyri dyl - phtal azi n di ones having the following formula:

[err] . wherein Rl and R2 are selected fromthe group conS|st|ng of
hydr ogen, hal ogen, and nethoxy or -wher.ei n Rl and R2 together form

met hyl enedi 0%y p f@l,é%zc gakt uch a
conpound _V\/nerel e e sa]'l s se o%f"c # é%dﬁa %Q{ﬁfgr hyI '
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-consi sting oB-chloro-42 -oxo-l 2-dih dropyridazinoidr 5~ b]-
PCT/EP97/0405& 1ihe? gﬂ&gﬁﬁi -0xo0-1, 2-di hydro-pyridazino|
-qui nol i ne 5- OXIg 8- chloro- 4- hydroxy 1- oxo- 1, 2- dlhydropyrlda2|no[4 5- b] -

qui nol i ne 5- Bxbdamd}dyhydrokYﬁ&kaHQbIL2»diﬂydrmpywﬂdap¥noQGzBmu}4-5 b] -
qgui nol i ne 5- qﬁﬁggaﬂ%glsuagxagrwdroxy 1- oxo-1, dlhydropyrlda2|no[4 5-b] -

8-fluoro~-4-hydroxy-1-oxo-1, 2-dihydropyridazino[4 5-b]-
guinoline 5-oxide, ' : '

7., 8-dichloro—4-hydroxy—l—oxo-l 2-dihydropyridazino-
- [4, 5-b]-qu1noline 5~oxide,

7-bromo-8-chloro-~4-hydroxy-1 -oxo-l 2~dihydropyr1dazino-
[4,5-b)l-quinoline 5-oxide, and .

- 7-chloro-8-bromo-4-hydroxy~l-oxo-l,Z-dihydropytidazino-_
[4,5-b]-quinoline - 5-oxigde, and . a pharmaceutically-
acceptable salt of any of the foregoing:; and such

a compound selected from the group consisting of

4~hydroxy-1-oxo-1 2—d1hydro-pyr1dazzno[4 5-b]-qu1noline
5—oxide choline salt,

8-chloro-4—hydroxy—l-oxo-l 2-dihydropyridazino[4 5-b]-
quinoline S5-oxide choline salt, :

~ B~bromo-4-hydroxy-l-oxo-1, 2-dihydropyridaz1no[4 5-b}-~
quinoline 5-oxide choline salt,
8-fluoro-4- hydroxy—l—oxo-l 2-dihydropyridazino{4 5-b] -
guinoline 5-oxide choline salt,

7, 8—dichloro-4-hydroxy-1-oxo-l 2-dihydropyridazino-
{4,5~b]J-quinoline S~oxide choline salt,

7-bromo-8~chloro-4-hydroxy-1-oxo-1, 2-dihydropyrldazino-
[4, S-b]—quinoline 5-oxide choline salt, and

7-chloro-a-bromo-4-hydroxy-1-oxo—1 2- dihydropyridazino-
[4,5-b])-quinoline 5-oxide choline salt.

Moreover, a pharmaceutical composition cohtaining ‘as
active ingredient an effective glycine, antagonistic
amount of such a compound:; such

a pharmaceutical composition containing as active
‘ingredient an effective glycine, antagonistic amount of
-such a compound in the form of a choline salt thereof;
such ' :
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2-di hydr Opyrﬂ—dﬁﬂdi%-i%ﬁd%xﬁuln@kd:nr 5-athgdropyridaziad[4 Hreb] -

7-chl or o- 8- gg -Iﬁﬁnnggéyl&éoxo 1, 2-di hydropyri dazi no- [4, 5-b]-quinoline
5- oxi de choli ne sa Moreover, a pharnmaceuti cal composi tion _containing

as active issduresicerd-hydroxy+teokeel , Jrdihpdrepyridaningld 211 amount of
such a conpqum@oxmﬁél5k¢*wueﬁceut|cal conmposi tion containing as active

ingredi ent an effective glycine[err an a ti c amount, of _conpound'
in the formBofimoxast4 TRYSEP¥Y THePXoTL é 8ﬁgy§ropyr Zin°[£¥gibf
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effective g ni St1 c anoun
(4,5~ b]—qulnollne 5-oxide,

7~-bromo-8- chloro-4—hydroxy-1-oxo—1 2—dihydropyr1dazino—
'[4,5-b]l-quinoline 5-cxide, and

7-chloro-8-bromo-4- hydroxy-l-oxo-l 2- dlhydropyridaz1no-
[4,5-b] quinoline 5-oxide, or. a pharmaceutically-
acceptable salt of any of the foregoing. and such

a pharmaceutlcal composition _contazning as active
~ ingredient an effective glycine, antagonistic amount of a
' compound selected from the group consisting of

4-hydroxy-1-oxo-1,2-dihydro-pyridazinof4, 5~ b]—qulnoline
5-oxide choline salt; :

- 8-chloro-4- hydroxy-l-oxo-l'Z-dihydropyridazinot4,5-b]-
quinoline 5-oxide choline salt,

8-bromo-4-hydroxy-l-oxo-1, 2-dihydropyridazzno[4 5-b]-
- quinoline 5-oxide choline salt,

8- fluoro—4—hydroxy- -oxo-1, 2-d1hydropyr1dazino[4 5 bl-
quinoline S5-oxide choline salt,

7 8-dichloro-4- hydroxy-l-oxo-l 2~ dihydropyrldazino—
[4 5-b]l]-quinoline 5-oxide choline salt

7-bromo-8- chloro-4-hydroxy-1-oxo-1 2~ dihydropyridazxno—
[4 5-b}-qguinoline 5-oxide choline salt, and

7-chloro—8-bromo-4-hydroxy-1-oxo-1 Z-dihydtopyridazzno-
(4, 5-b]-quinoline 5—oxide choline salt. :

Fur_ther, a method of combatting neurological d:.sorders_
. associated with excitotoxicity and malfunctioning of
glutamatergic neurotransmission in 2 1living animal
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excitotOX|c 4 oning . of glutanaterglc neurotransn155|on
in_ a |ivipgge1¥irelda-hydroxy-1-oxo-1, z-dihydmpyridézmo[ti 56198/ 04556
'PCT/EP97/O48§Znoline 5-oxide, .

7,8-dichloro-4- hydroxy-l-oxo-l 2-dihydropyridazlno—
[4,5-b]-guinoline S-oxide,

7- hromo-B-chloro-4-hydroxy-1-oxo—1 2- dihydropyridazino—
[4,5-bl~- quinoline 5-oxide, and

7-chloro-8- broma-4-hydroxy-1—oxo—l 2- dihydropyridazino—
(4, Sfb]-quinoline 5-oxide, or a pharmaceutically-~
acceptable salt Of_any of the foregoing; and such

a method of combatting neurological disorders associated
with excitotoxicity and malfunctioning of glutamatergic
neurotransmission in a living animal comprising the step
of administering to a 1living animal in need thereof an
effective glycine, antagonistic amount of a compound
selected from the group consisting of '

4-hydroxy-1-oxo-1 2-dihydro-pyridazino(4, S—b]—quinoline
5-oxide choline salt,

- 8-chloro-4- hydroxy-l—oxo-l 2—dihydropyridazzno[4 5—b]-
quinoline 5-oxide choline salt, ' _

8- bromo-4-hydroxy-1-oxo-1 2-dihydropyr1dazino[4 5-b}-
guinoline 5-oxide choline salt, :

8-fluoro-4- hydroxy- -ox0-1, 2-d1hydropyridazino[4 S-b}-
quinoline 5-oxide choline salt, :

7. 8-dichloro-4—hydroxy- l-oxo-1, Z-dihydropyridazino-
{4,5-b)-quinoline 5-oxide choline salt,



conpr|5|ng the step of adn1n|ster|ng to a I|V|ng animal in need thereof an
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8-f 1 uor o- 4- hydr oxy- 1- oxo- 1, 2- di hydr opyri dazi no[ 4, 5- ‘b] - ‘qui nol i ne 5-oxi de

choline salt ,Bngcd'm&Qufehl@f O’éz‘ia£s°X9 lartd d'I&ydEPE}ﬁﬂrbgﬂE nNorp yrido;3

[ 4, 5-b] - qui nol i ne 5-oxide choline sal
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m

Rl /R2 = H and / or Halogen
Rl /R2 = H and / or O-CH,
"Rl /R2 = H and / or Methylendioxy

CHEMISTRY

 General procedure for preparatioﬁ of dimethyl gquinoline-.
'2,3~dicarboxylate l-oxides (3). S

A cold (ice bath) solution of 2-nitrobenzaldehyde 1 (25
mM) and sodium (27 mM) in anhydrous methanol (40 ml) was
treated during 30 min with a solution of dimethyl
(diethoxyphosphinyl) succinate 2 (30 mM, prepared as
described by S. Linke et al., Lieb. Ann. Chem.,1980(4),
542) in anhydrous methanol (10 ml). The resulting dark
solution was stirred at 0-5°C for 1.5 h, the solvent was
evaporated under redut:ed pressure and the residue
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The foll ow ng Di scussion, Exarrpl es, and Pharnmacol ogy are given to :
illustrate the present invention, but are not to be construed as I i mting.

METHODS AND t f I -
\ETHOLS, ANl Honacridelf diiyd! fddtnd wild hai:é%lyc'i:éé th%}go/

or Hal ogen ?‘i@ =%as andd'fisfl 0- ’érzfoa /RiuLpll!Fgﬁd /
Met hyl endi oﬁyam?ﬁ YUDAT. Fe T8r epdh@ i oFest BFme

qui nol i ne- TERFYFEaLbbRedat Eromox EGBIQBPOJ- tO PrOVide the title
dimethyl quinoline-2,3-dicarboxylate l-oxide 3 as ‘an off

white (or light yellow) powder.

Physical properties and . 1!!-NMR spectral data of the _
compounds 3 are given in Tables 1 and 2

- a 5-Bromo-4-chloro-z-nitrobenzaldehyde (1f).

To a mixture of sulphuric acid (40 ml) and sodium
nitrate (2.66 g, 31.3 mM) at 0-5°C was added 3-bromo-4-

chlorobenzaldehyde (6.25 g, 28.5 mM). The _resulting
mixture was stirred at room temperature for 7 h and

- then diluted with ice water (300 ml). The precipitated -
- solids were filtered, washed with water and dried to
give a powder. Recrystallization of this material from
the mixture of isopropanol and water (2:1) provided the
title 2-nitrobenzaldehyde 1f (3.6 g, 51.5%) as a light
yellow powder, m.p. 81- 82 C. .

Analysis for C,H,BrC1NO;,
Calculated (%): C 31.79, H 1.14 N  5.30

Found (%¥): C31.55  HO0.98 N  5.09
lg-NMR (CDC1l,).6: = 8.22 (s,1H), 8.23 = s,1H),10.39
(s,1H). o '

b, .4-Broi_no-5-chioro-z-nitrébenzaldehyde (1g).

Using a procedure (a) except starting with 4-bromo-3-.
chlorobenzaldehyde (2.97 g, 13.5 mM) the title compound
lg was obtained ( 1.9 g, 53.0%) as . a light yellow
powder, m.p. 95 - 98°C. _

Analysis for C,H,BrCJ.Nb;,,

Calculated (%): C 31.79 H 1.14 N  5.30
Found (%): € 31.60 H1.0L N  5.11

l1H-NMR (CDCl,), &: 8.02 (s,1H), 8.43 (s,1H), 10.39
(s,1R). : S



A cold (ice bath) solution of 2-nitrobenzal dehyde 1 (25 mM and sodi um (.27

mV) i n* anhydrous nethanol (40 ml) was treated during 30 mn with a solution
of di nmet hyl xyphosphinyl) succinate 2 (30 nmM. prepar e@pcapepgRsdsyoed

by S. Li nké"é 8@4}2 Li eb. Ann. Chem, 1980(4), 542) in anhydrous nethanol
(10 mM). The resulting dark solution was stlrred at 0-5[err]C for 1.5 h,

t he sol vent was evaporated under reduced pressure and the residue

7 WD 98/ 04556 ' PCT/ EP97/ 04057
partitioned pet ate and h i ndll | ed
over sodi ur#ené%;ghgmé j}%ﬁé %g’ﬁ gVEﬁ%g ; eo r reay g% essure. gThe '
residue was 3 esL é&bbbi@d.atfdsmm)l sopropanol to provide the title

- di met hyl qui nol i ne- 2, 3-di carboxyl ate 1- OXIde 3 as an off white (or | i ght

yel | ow) powder Ph cal roperties rl H.NVR spect data of
t he conpoundd 31@2/ %T i de an ([:l:d k‘h and E’OSF' horus

"5- Br ono- 4- cr#ltiir@lkcﬁ ﬂPot(@erMdeea{thPO“S Thlgraterm £ 30 salphwas
acid (40 nl refluxeddi fior 7niksaSeliverds gasdlrémpVvpdat ufdet waredubked]
3-brono-4- predserebanudl dhby desidueSwas partitidned Thethisa t igthyl
m xture was a%éﬁé*@é a&nﬂooﬁ&ééfperﬁé”%zfﬁnﬂc hl%?@r wialseNge kel e%@ﬁzth
i ce water (35%(1{% -g?ﬁﬂi{aeé‘é éﬁ& %? arl th
wat er and drie Q'hé gﬁ er. “E% 2{ l{%tls rraterl
from  theBRSATHESof S1'Sofi P szlferﬁf
'2-ni t r obenz 3 ehyRECYLAL3 6 51t§r%13as %n3p' 81-
82 [err]C. dicawm3y$l§t¢07 Q‘Feim]lbfﬁrw]lstell quei-ight Yed;&bvl)l acmﬂe(:% C
31.79 H 1. 14 N 5.30 Found (%:  C 31.55 H 0.98 N 5.09
Physical properties and H-NMR spectral data of the
compounds 7 are given in rables 3 and 4. -

General procedure for preparation_ of 4-hydroxy-l-oxo-1,2-
dihydropyridazino[4, 5-b] -quinoline 5-oxides (5).

To a stirred solution (or -suspension) of dimethyl
quinoline-2,3-dicarboxylate l-oxide 3 (5 mM) in boiling
ethanol (25 ml) under an argon atmosphere was added
hydrazine hydrate (15 mM) and the mixture was refluxed
for 3 h during which time a dark precipitate formed.
After cooling to room temperature the reaction mixture
was filtered and the collected solids were washed with
ethanol and ether and dried to provide the hydrazine salt
4. This material was stirred at 70 -110°C for 3 h in
acetic acid (15 ml) and, after cooling to room
temperature, the mixture was diluted with water (45 ml)
and then filtered to collect the solids. The collected
solids were washed with ethancl and dried to provide a
dark-yellow s0lid. Several recrystallizations of this
material from dimethylformamide provided the title
pyridazino[4,5-blquinoline 5-oxide 5 as an orange powder.

Physical properties and - 1H-NMR spectral data of the
compounds 5 are given in Tables 5 and 6.

'General procedure for preparation of 1,4-dioxo~1,2,3, 4-
tetrahydropyridazzno[-i 5-h]-qu1nolines (9) . -



[err]HHNVMR (CDCl-e[rr]),[err]: - 8.22 (s,1H), - 8.23- s,1H),10.39 (s,

1H). b. 4-Brono-5-chl oro-2-nitrobenzal dehyde (1g)..  Using a procedure (a)

except stang‘h 4-bromo-3-  chl orobenzal dehyde (2.97 g,PCGEBWMPST he
title conpoun g was obtained (1.9 g, 53.0% as a light yellow :

- powder, mp. 95 - 98[err]C. - Analysis for..(Jerr]Herr]BrANJerr]. :

Calculated (%: C 31.79 H1 14 N 5. 30 o Found (%: C.31.60

H1l 01 N 5.1 1 [err]HNVMR (CDCl[err]), [err]:. 8.02 (s,1H),

8.43 (s,1Hpg 1% 39%tiftfedH) solution WQdiS/ Ogaspension) of dimethyl _
PCT/ EP97/ 040§g e_r—bal :E‘yié’ée pqqu qﬂqpnj_ﬁf b@lill&&i@”eweil ne-

2h3 dlhcar bo? t| %ﬁt&z §~;rj\/))
osphor us |n ro 0
pheconorus 1ftEn ooy ot ﬁduéé’%% and#ﬁz% .

resi due was puecipisate & rafé‘é? an THER cthyer
was -dri ed oveeastdionm mi#pmeema:i fhbneveépoﬁm ed=h§1d§911§§§§éd sptidare.

The resi due ﬂaﬁer stisd withd efthamols grid pethert and pdoiede to providec
i Irfft hg/' dutR zﬁe?sad.'tcw bq*h‘d.'satu&thaﬁaprwﬁfstﬁf@d(at boghbo he
el l ow) po r e s @yl r Lol e

%:lorrpoundg 7 go | v%n | ?,ﬁ_a%?géfg EE 3 Geinl'g aéi or tion
of 4-hydr oxyr‘?P’Bxa:ei“p? ’8‘6??1% (?50 esrig :
To a stirrsl) Mldﬁ‘a‘&or Eﬁ3| 8.

collected solids were was with ethanol and ether and -
dried to provide the title pyridazino[4,5-blquinoline 9_
as a yellow powder.

Physical properties and 'H-NMR spectral data ‘of the
compounds 9 are given in Tahles 7 and 8.

General procedure .for preparation of 4-hydroxy—1-oxo-1 2-
dihydropyridazino[4,5-b]-quinoline 5-oxide choline salts
(6) and 1,4-dioxo-1,2,3,4-tetrahydropyridazino(4, 5-b]- |
quinoline choline salts (10) . '

To a stirred suspension of pyridazino[4,5-blquinoline 9
‘or N-oxide 5 (10 mM) in methanol (50 mi) was added
choline hydroxide (10.5 mM, 45 wt. % solution in
methanol). The resulting sclution was concentrated using
a rotary evaporator and the solid residue was
recrystallized from ethanol to provide the title choline
salt 10 or 6 as a hygroscopic orange (or red) powdexr.

Physical properties and ‘H-NMR spectral data of the

compounds 6 and 10 are given in Tables 9, 10 and 11, 12
respectively. - : _
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.qU|noI|ne 2,3- dlcarboxylate 1-oxide 3 (5 mM) in boiling ethanol (25 m)
under an -argon atnosphere was added hydrazine hydrate (15 and the . -
mi.xt ure WaWOr98#sseed for 3 h during which tine a dark preci pPEHERITOFR.
After cooling to roomtenperature the reaction mxture was-filtered and the
collected solids were washed with ethanol and ether and dried tg provide
the hydrazine salt 4. This material was stirred at 70 -110C for93 h in
acetic acid (15 nm) and, after cooling to roomtenperatf&e, the
m xture was diluted with water (45 nml) and then filtered to coll®ct the .
solids. The collected soligds were washed with ethanol and drieddsto provide .
a dark-yell ow solid. Seve§?| recrystalllzatlons of this naterlaE° from
di met hyl fgor mangde provi dzd the title pyridazi no 4, 5-b] qui nol®ne 5- oxi de
5 as an ange2 powder . Pﬁy5| (‘%al_lgr operties and zI— r] H NVR spé’gtraz- at a
of the npoghds 5 are gmye n _ables 5 and cner I-procqg
pr epar at©on ofP 1, 4- di oxo- P2 ' '

(9).
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| wer e washed

8. Thi-s materi al

~and,

washed with

pyri dazi no[ 4, 5-b] qui noline 9 as a yel | ow powder .

~after cooling to roomtenperature,
(45 n1) andwolpsm4ssel t ered to coll ect the solids.

with ethanol and ether and dried to provide the hydrazine salt-
was ‘stirred at 70-100 Cfor 3 h in acetic acid (15 n)

the mxture was diluted with water
The col | ect REKERITH405%er e
‘and ether and driced to provide the title
PhyS|caI

et-hanol

properties " and

[err]HHNVR spectral data of the conpounds 9 are given in Tables 7 and
- 8.. Ceneral procedure for preparation of 4-hydroxy-1-oxo-1, 2- o
di hydr opyri dazi no[ 4, 5- b] - qui nol'i ne 5-.o0xi de: chollne salts (6) and
1, 4-di oxo-1f 2, 3, 4-t trqbydr‘gpyrbdazbno[é 5- gi noline choline salts _
(20). To a stE}red squen5|on of r|da2|n b]quinoLine 9 or N-oxide 5
(10 mV) i'n et gagpl .(500n1)qwas:sad d cBol i droxide (10.5 nmM 45
w. % solpti i § methanol)._The resulting solution was concentrated
.using a  ro por@torg arﬁ tae goliﬁ rgsidue' was recrystallized
fromethano] to provideftheﬂtibﬁe oholi?e sel t or 6 as a hygroscopic
orange (or fed) wder .n Phgsi cal roperties @nd [err]H NVR spectral
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PHARMACOLOGY In vitro Receptor Binding Studies . Menbrane preparation and
protein det erm nation Tissue preparation was perforned according to Foster -
-and Wong J&W&%I e Sprague-Daw ey rats (200-250g) were des§rkpsines7and
their brains noved rapidly. The cortex was dissected and honpgeni sed
in 20 vol unps;of ijce-cold 0.32 M sucrose using a gl ass-Tefl on honbgeni zer.
The honbgenpt centrifuged at 1000 x g for 10 mn. The pellet was

.di scarded apd{4she |supernatant centrifuged at 20,000 x g for 20 mn. The
resulting ppl i® wJas re- suspended in 20 volunes of distilled water .
and centriflugg r 20 mn at 8000 x g. Then.the supernatant and the buffy
coat were cg ged three tines (48,000 x g for 20.mn) in the presence .

of 5 MM Trik pH 7. 4. Al centrifugation stegps were carrled out at
4err]C.. Aff usgensEdn B 550l une] of &5 n® Tris-HA, pH 7.4 the
menbr ane sup n fhs NLoz&h ra‘hl dly 9t G'O[err]C until .- the day of assay.
On the day y the rf'énbr‘bnes wer e Y‘haw@d am;d washed four tinmes by

resuspensiop ifn 5 nN@'rleHCle, plg§,7 4 aad c.entrﬁ ugation at 48,000 x g for
20 mn. Thejfi _ peld et gvas ysusig@nded gn @sayﬁbuffer The amount of
protein in al renbt ane: prepar ati.on was det ermi ned according. to the
nmet hod of Lp 951 with Sone Todi fiTations (Hartfree 1972). 50[err]l.
of Protein pa (intriplicateg) were diluted to Im with distilled
‘water and treatedjwith 0.9m of &solution containing 2g potassi um sodi um
tartrate ang Naferr]CJerr] @n 500m 1IN NaCH and 500m water. Bl ank
and standarf bovi n& serum aé bunmi n) were set up in the same way. The
t ubes were pl in a Wer bat kat 50[err]C for 10 min. and cooled at
room- tenpefature. 100[&r]l of= a solution containing 2 g potassium
~sodiumtartfafje and 1 g SJerrkx 5 Herr]Oin 90mM water and 10m 1N NaCH
wer e added. | Ihe sdgnpl es \‘ﬂére | eft™*at roomtenperature for at |east 10-m n.
then 3m of E i n-{G ocal &2u reagéht (1m of reagent diluted with 15m

wat er) was Byt apidly durl ng M.xing. The tubes were again heated at

50[err] C fof<10 mjn. andhg:ool ed t"é) roomtenperature. Absorbencies were then
read in 1 cphE ) < :
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cuvets at 650 nm The final prot ein concentration used for .our studies was
between 100 Bsgpg/ M . Incubation i'n both binding assays pefEper04057

termnated using a MIllipore filter system The sanples,

all in-triplicate,

fibre

were rinsed thlree?l s with 2.5m ice cold.assay buffer over gl ass
filters obtaijned Vfr m &chl eixchervn & Sghuel | under a constant vacuum
Fol | owi ng sepqr at i ‘§)n nd f;i nse"t he ,tl I t@;s were placed into scintillation
liquid (5 m; jUtPrma Qol d) and radloactlwty retai ned onth_efllters was
determ ned by U3 ng copn\ entienal ,li CLHI scintillation counter
(Hew ett Packard}“ Liegid i nt&}l at@dn Anal yser). 'Total binding was -
the absolute dnoute df Zddi ofifgard| bddfd in the - absence of any
addi ti ves wherjeas gnor}- spEdi fi%¥] biRdin s deternined in the presence of
a high concentiration.gf conpetitor. [[err]H 5, 7-DCKA binding assay :
Experinents Jerg forrred according: to the nethods nodified fr_om
. previous  grodpsj}. ltOnoc et qal. .8 19®; Yoneda et al. 1993) .
Menbranes werle | endeg  ar®l ingdbategl in 10 M Tris-Hd | pH 7. 4.
| ncubatiog ti e pas mn at 4[err] C. Non-specific binding of" '
[[err]H 5&-DJKA wes diefined by the addition of unlabeled glycine at 0.1
M The st®p-gol S joa contual ned 10eM Tihs-HC and 10 nM nagnesi um
sul phate, $H 1. 4L iT{rat@on s p&for§ed as rapidly as possible.
Di spl ace t exp ment s were perforned vmthaflxed[[err]H]SYDCKA :
concentr aty on| of %= Test conpounds were diluted in water or DVBO and
added in @ IJeaast 5 diffaesent concentratdons. [[err]H glycine binding
assay [[asr]H>gl yeiyhe HEndi @ aspys fre performed according to
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t he nmethod descri bed by Kessler and co-wor kers (1989). Rat cortical
menbranes were prepared as previously described and the final pellet was .
-suspended in 50 mM Tris-acetate, pH 7.4. At least 5 different )

concentr at i qng 984586t conpounds were incubated with 20nM [ [ erckhoriosesTne
for 30 min at 4[err]C in the presence of 100[err]M strychnine. All

conpounds werg [disqolved &n snater -or DVBO, respectively. Non- speC|f|c
bi ndi ng was defefm ndd by i Rcl uaing 100[err] M gl ycine in the incubation
m_xture. The ipcdbatijon vvascferm nated by diluting the sanples with 2m of
stop solution {5 nMTris-I—@- @cl uding 10 nM magnesi um sul phate, pH 7. 4,
cooled to < 2[erd] © foIIovve-d by~ _ 25 - WO
98/ 04556 _ g I . PCT/ EP97/ 04057 . a further
rinse with 2{5 tuf:ier.sa.:Fi ration was performed as rapidly as o
possi ble. Resylts Hi gl ogthe,tested conpounds. had 1C50s in the [[err]H -
- DCKA assay [efr 1[err]"M (see table 13). The potency of six selected
conmpounds in the [[err]H] gB/CI a:] aSSay appears at -first sight to be
greater but thisfis rfot-Feflgctes i n.l arge differences in Kds (not shown).
O the pairs o onpqung@s Kpach% interest, class Il conpounds had a -
greater affinigy|than. @asgl gprrpaunds in the [[err]H] DCKA assay. This
difference wap ot g0 gvi dgnt i=n tl-re [[err]H -glycine assay. Tabl e 13a
Mz -~ Substangteis [[e::r]l—mz[[ar]H]Gyc 2/ '
ICerr] [err] M 'g'i ng o w o
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576 8-A-11 (Chol) 0.45 Patch clanp Methods Superior colliculi were .
-obtained fromrat enbryos (E20 to E21) and were then transferred to cal ci um
and magnesi um free Hank's buffered salt solution (G bco) onice. Cells were
mechani cal |y giated in 0.05* DNAase: / 0.3% ovonucoi d ( SICEE97/04057
follow ng a 9 m nute pre-incubation with 0.66%trypsin / 0.1% DNAase

(Si.gma). The digsogiateg cells weve tden centrifuged at 18G for 10 mi nutes,
re- suspended i rr ni nugn essent i=al nﬁl um (G bco) and plated at a density -
of 200,000 cellq cphferr] onto pQ#y-L-&ysine (Si-gma) - precoated pl astic
petri dishes Fa} con) The cehl s w&re nourished with
NaHCO[ er r]/ HEPE$- bpf f er ¢d i ni ma:n esgenti al medi-um suppl enented with 5% _
-foetal calf serygm gand 5% horse & um4G bco) and incubated at -37[err]C with
50 err] at 95% hiim di §y. The rmdi utEwas exchanged conpl etely foll ow ng ’
i nhibition of fyrther glhial mtegis vgSt h cyt osi ne-[err]-D-arabi nof uranosi de
(-20[ err] M Sigma)| ajter @bout 7 days mﬁ vitro. Thereafter the nmedi um was
exchanged partiglly tw ¢e weekl 34_. The,,sup%l or colliculus culture was
chosen for thesg ekperigents as 45t prgvi des very stable recording
- condi tions which afe an}jabsol ut prerEqui site for vol t age- dependency
and ki netic exqpefinenfs. MoregQver S t haw relatively .small neurones
(soma 15-20 [err]]m([err]) are |cf§aIIﬁSU| t°ed to mnimse problens of
buf fered di ffUsi pig or cor@entrati o clanp experinents. Patch
~clanp recordings war:;e de fromThese..neurBnes with polished gl ass
el ectrodes (4-6nfeg])|in the vﬁolezell gode at roomtenperature
(20-22[err] Q) wifthlghe aid of aniEPCG-W anphifier (List). Test substances
were applied Hy 5@ tcml ng charﬁiel S g.f a 'gustom made fast superfusion
27 WO 98/ Q45 Sg _ 2 _ 3 = ) & PCT/ EP97/ 04057
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systemw th a conmmon outflow (10-20 nms exchange tines).. The -contents of
the intracellular solution were as follows (mMM: Csd (120), TEAQ -
(20), EGTAW&(;)W‘MG[err] (1), Cad[err] (0.2), glucose (10)pcriErs7/040s7
CAMP (0.25); pH was adjusted to 7.3 with CsOH or 'HC. The extracellular
sol utions had the follow ng basic conposition (mM: Nad (.140), Kd (3),
CaCl[err] (0.2), glucose (10), HEPES (10), sucrose (4.5), tetrodotoxin (TTX
3*10-4). For nost experiments glycine (1[err]M was present in all
solutions. Experinments to test the glycine- dependence of 'the
tricyclic "WWZI n diones" were performed in the conti nuous -
presence of i ncreasi ng concentratlons of glycine (1 10[err]M. Results
Five pairs of tricyclic "pyrido-phtalazin diones" had IC[err]s agai nst
i nward cur r &Rt ¥HEEFONVDA (200[err] M in the low [err]Mrange and cl ass |
conpounds. were general |y about 2-3 tines nore potent than class | conpounds
. (table 14a) e were Mz 2/502 and Mz 2/514. This
effect was §E§tg8$taat Qﬁ}g%léfa nelerr] site as evidenced by the parall el
shift in the concentration-response curves.in.the presence of increasing
- gl yci ne conMembraneo preparasidne atd prfotedn Adeterminatiensed according to
t he Cheng-Prusoff relationship were simlar in glycine 1, 3 and 10[err]M

(80, 124 ang;4i8BMd-RoRaCidH YhasF EE&%&%@,aéé&ﬁﬁ Cks 9o g1 and

2/ 502 :
T e R T e 'iC‘?éW%%?renéﬁéiﬁ ot o
currents. 31:? a?’?‘g N FEIVE aC| ein

vitro (Tabl EPEERX W%Sc&ﬂf-tsls@ﬁ eq hPE Wﬁ%@er&n |H@F-§F‘FF of

ant agoni st sigereodd Q.3 WM \autcose a@mgte otassnTeflom homegeniZ2ePA

(100[err] M Thét hchidfhatd Sédsanbrvrifuged] €] 4000 Rgy NSéxr padk AdRA

i nduced curpgrat pedfiedb,wads af8cadakar and rﬁs@egﬁpéehatahtt wireeessegeaal | y

inactive againgip Mgy eRY %zen é %L«J 'qﬁérlt%sﬁl;\:g. %Mééawa% %@l

Thi s profi Igugéeﬁaghon, 14 \%n \% | sdiigi?? %9 etijlye

-AMPA rece Qni ref eren bl oc pea

non- desensﬁgg ﬁi&'gFa at% f'Hf?t 9 e ®f9th R?é’éa _

et al.’ 1992? the buffy coat were centrifuged three times (48 000 x
g for 20 min) in the presence of 5 mM Tris-HCl, pH 7.4.
All centrifugation steps were carried out at 4°C. After
resuspension in 5 volumes of 5 mM Tris-HCl, pH 7.4 the
membrane suspension was frozen rapidly at -80°C until the
day of assay. On the day of assay the membranes were
thawed and washed four times by resuspension in 5 mM
Tris-HCl, pH 7.4 and centrifugation at 48,000 x g for 20
min. The final pellet was suspended in assay buffer.

ons’

The amount of protein in the final membrane preparation
was determined according to the method of Lowry (1951)
with some modifications (Hartfree, 1972). 50pl of Protein
samples (in triplicates) were diluted <to 1ml with
distilled water and treated with 0.9ml1 of =a solution
containing 2g potassium sodium tartrate and 100g Na,CO, in
500ml 1IN NaOH and 500ml water. Blank and standard (with
bovine serum albumin) were set up in the same way. The
tubes were placed in a water bath at 50°C for 10 min. and
cooled  at room te_mperéture. - 100pl  of ' a  solution
containing 2 g potassium sodium tartrate and 1 g CuSO,x 5

" . H,0 in 90ml water and 10ml 1N NaOH were added. The samples
were left at room temperature for at least 10 min., then
3ml of Folin-Ciocalteu reagent (1lml of reagent diluted
with 15ml1 water) was added rapidly during mixing. The
tubes were again heated at 50°C for 10 min. and cooled to
room .temperattire. Absorbencies were then read in 1 cm
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Table 14a Mz Subst ance Peak - Pl ateau. Peak Pl ateau AVPA
NIVDA NVDA _ AVPA _ 2/ ' i

| err] [er?‘f%ms‘ : j . Lderr] [err]I\/I-PFEfEePrgr 057
[err]MICerr [err]M 585 I 65.9 19.1

499 SN 1.2 13.8 . 501 8-ad -1 2.3
0.7 502 8-d-I1. . 0.8 0.3 25.0 150.0 :

503 . = 8-Buvets at 550 nm.0.The final pridtein Sobicdrtration Oused

glé _' 72 7 for o 97sQ:udies was %em ﬁodf and 250 pgdmi.. glg

7;8-Dd - Inc Z ion 7both bindi 3575/4%) %ﬁl lt: n%g;%g usf)tag

7-d , 8- Br oy E 6%
538 7-Br, §41 poregsf ter sygtem.The %%@1 . dn | frirlicate,
15 werg ringeg dijxee )| times yith Zomi . ce cold assay buffer
' over glass fibre filters obtained from Schleicher &

Schuell under a constant vacuum. Following separation and
rinse the filters were placed into scintillation liquid

(5 ml; Ultima Gold) and radiocactivity retained on the
filters was determined by using conventional 1liguid
‘scintillation counter  (Hewlett Packard, Liquid
Scintillation Analyser). 'Total binding' was the absolute
amount of radioligand bound in <the absence of any
additives whereas 'non-specific' binding was determined
in the presence of a high concentration of competitor.

[*H]5,7-DCKA binding assay

Experiments were performed according to the methods
modified from previous groups (Canton et al., '1992;
Yoneda et al., 1993). Membranes were suspended and
incubated in 10 mM Tris-HCl, pH 7.4. Incubation time was
45 min at 4°C. Non-specific binding of [?H])5,7-DCKA was
defined by the addition of unlabeled glycine at 0.1 mM.
The stop-solution contained 10 mM Tris~-HCl1 and 10 mM
magnesium sulphate, pH 7.4. Filtration was performed as
rapidly as ' possible. Displacement experiments were
performed with a fixed ([3H]5,7-DCKA concentration of 10
nM. Test compounds were diluted in water or DMSO and
added in at least 5 different concentrations.

[3H]}glycine binding assay

{3H]glycine binding assays were performed according to
the method described by Kessler and co-workers (1989).

Rat cortical membranes were prepared as previously'
described and the final pellet was suspended in 50 mM
Tr;i.s-acetate, pH 7.4. At least 5 different concentrations
of test compounds were incubated with 20nM [3H]glycine
for 30 min at 4°C in the presence of 100uM strychnine.
All compounds were dissolved in water or DMSO,
respectively. Non-specific binding was determined by.
including 100uM glycine in the incubation mixture. The
~incubation was terminated by diluting the samples with
2ml of stop solution’ (50 mM Tris~HCl including 10 mM
magnesium sulphate, pH 7.4, cooled to < 2°C) followed by -
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Tabl e 14b 7. _ Mz Subst.ance “Peak NVMDA - Pl ateau.
NVDA WO 98/04556 2/ I - -I'C_:[err] [err]M pkﬁ{,ﬂrgwm;{serr]M
- 569 '8-CI-I‘_?Cho.I) 2.0 ' 0.5 _ _ 8-d-1II
(Chol) =~ - 1.1 0.5 586 - 8-Br-1 (.Chol) 2. 2 0.6
570 8-Br-11 (Chol) 06 0.1 - 572 8-F-1 _
- (Chol) - 12.4 8-F (Chol) - 4.9
1.0 a furthez7g r:@pqga CI—\F-‘étlil] Rr §@ﬂo| )bqfﬁer. Filt:pay;ion was

575 7-0O Cl-ﬁerfq:rmed:hab) ra@d.day as posSd.bae. _

_ Results

- Eight of the tested compounds had IC,5 in the _[3H} ~-DCKA
assay < 1pM (see table 13). The potency of six selected
compounds in the [’H]-glycine assay appears at first sight
to be greater but this is not reflected in large
differences in Kds (not shown). Of the pairs of compounds
of particular interest, class II compounds had a greater
affinity than. class I compounds in the [’H]-DCKA assay.
This difference was not so evident in the [SH]-g'lycine

assay.

Table 13a
Mrz | Substance | [*H]DCKA |[*H]Glyc
2/ _ ' ICs, pM ine |

| - IC, pM |

499 |  II ' 16.0
501 - 8-C1-I 1 0.120 0.080
502 | -8-Cl-II 0.020 0.013
503 8-Br-I 0.250. | 0.013
514 | = 8-Br-II ' 0.010 | 0.004
519  B-F-I ©1.100 0.015
516 8-F-II 0.300 | 0.017
'515| 7,8-DIC1-I |  0.530
518 | 7,8-DiC1-II | 0.650
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Exci to_toxi city invitro Mthods . Isolation of cortical neurones was
simlar® to?®that described for patch clanp recordi ngs except for the use-
of foetal 19 days gestation. Neurones were plated igp '
24- ITU|'[IV\B||W%?‘%%G) at -a density of 300,000 cells / well coat e,cf:mmwﬂ
poly-D-1ysine 0.025ng/m. Cells were cultured in Dul becco's nodified
essential nmedium (DVEM G BCO) suppl enented with 10% heat inactivated -
foetal calf serum (G BCO. Cultures were naintained at 37[err]C at 5%

qurr] The nedi um was chanfablei A8b after one week and then every 3 days
by repl acing half of the nmedi- um wi h fresh nedium Cultures aged 17 days

were used for experinents. Exposure jt qd ¢ ree
‘MEMN2 nmedi um (Bottenstein 1979) cont g m e¢£:i/?a:§‘c ne and
the drug to be tested. Cells were prga Ml drurq el | M-

gl ycine for 15 m nutes before addit.iq
~effect was norphol ogi cal |l y exani ned |
m croscope and biochem cally quanti
- The activity of LDH was determ ned i
to the nmethod of Wobl ewski and La
super nat ant was added to 0.9m sodi - .
cont ai ni ng sodi um pyruvate (22. 7 mV) and NADH (O 8rrg/ 10I‘T1) at room
30 WD 98/ 04556 : PCT/'EP97/ 04057
tenperature. The conversion of pyruvate to |l actate was recorded at 340nm
over 10 m nutBatel @la®ptron Spec- trophotoneter.

Methods

Superior colliculi were obtained from rat embryos (E20 to
E21) and were then transferred to calcium and magnesium
free Hank's buffered salt solution (Gibco) -on ice. Cells
were mechanically dissociated in 0.05% DNAase / 0.3%
ovomucoid (Sigma) following a 15 minute pre-~incubation
with 0.66% trypsin / 0.1% DNAase (Sigma). The dissociated
cells were then centrifuged at 18G for 10 minutes, re-
" suspended in minimum essential medium (Gibco) and plated
at a density of 200,000 cells cm onto poly-L-lysine
(Sigma)-precoated plastic petri dishes (Falcon). The
cells were nourished with NaHCO,/HEPES-buffered minimum
essential medium supplemented with 5% foetal calf serum
and 5% horse serum (Gibco) and incubated at 37°C with
5%CO, at 95% humidity. The medium was exchanged completely
following inhibition of further glial mitosis with
cytosine-f-D~arabinofuranoside (20pM Sigma) after about 7
days in vitro. Thereafter the medium was exchanged
partially twice weekly. The superior colliculus culture
was chosen for these experiments as it provides very
stable recording conditions which are an absolute
prerequisite = for voltage~-dependency  and kinetic
experiments. Moreover, the relatively small neurones
(soma 15-20 pm @) are ideally suited to minimise problems
of buffered  diffusion = for concentration clamp
‘experiments. : :

. Patch clamp recordings were mede from these neurcnes with
polished glass electrodes (4-6 m2) in the whole cell mode
at room temperature (20-22°C) with the aid of an EPC-7
amplifier (List). Test substances were applied by
switching channels of a custom made fast superfusion
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"Results Full ‘concentration- response curves are not yet avail abI e. However,' -
| ow [er M concentrations of Mz 2/501 and Mz 2/502 were effective - -
neur opr ot.ect Wat9B/4ss6vi tro, with Mz 2/502 seeming to be nore pRgHEpoTdlesNi S

regard (see table 15). Table 15 - o Mz Subst.ance
Cytotoxicity in : 2/ : . vitro :
IClerr] [err]M ' : 501 8-d-1I ' <5 ' -

502 8-d-I1 - <<b : 503 8-Br-I . - >20 - I'n

vivo - Anti corsgstemn ewithi & t gommpm optfloseslONZ mec gxchangeadiimes ) .c
properties offHdie dmstentsagelft s they iatracellinlant isobutionVewetle edss.
Addi tional ly gdl%,,;g e(mM)Qr 9ests a(qzrb)t radpgﬂgj_t q20) D Eemrae! (100D at imgcisom

the brain of en Si I\nhi Pr be id,
on the durati o n? nvﬁé Eaagéigiv% I\gg E&S:) |BI no QJ}P
mce (19-21 %@Z ﬁl§ Aratiular, o
(Leander et <'§° “ ° FP'PEPﬁirﬁiR,‘bd(“‘Hénv ns
mal e al bi no $#4) i 361(26334 @QCJIQOMM'O gbucgage (BB X 38 HEPES) (Ud)s
used whil e i mudmsxi (Al52| ecttedsodotoiinS) X no8310-4dai r NFot t evist NIVR
femal e mce Ekpetln@nt®UgEedcinge! ( BAYE »egepwﬁa@y@dinAldmnbesahuw%e
kept W th welegipedithdrtas aféol | Dedgn URHR" PIycihdldebeHlblice of the
' - tricyclic ' 'pyrido-phtalazin diones ' were performed in
the continuous presence of increasing concentrations of

glycine (1- IOpM)

Results

Five pairs of tricyclic' “''pyrido-phtalazin diones'' had
- IC,s against inward currents to NMDA (200pM) in the low
- ' " ‘UM range and class II compounds were generally about 2-3
times more potent than class I compounds (table 14a). The
‘most potent of these were Mrz 2/502 and Mrz 2/514. This
effect was mediated at the glycine, site as evidenced by
the parallel shift in the concentration-response curves
in the presence  of increasing glycine concentrations.
Thus the Kbs of Mrz 2/502 as assessed according to the
Cheng-Prusoff relationship were similar in glycine 1, 3
and 10uM (80, 124 and 118nM respectively). Furthermore,
- the effects of Mrz 2/501 and 2/502 were not voltage-
dependent. All compounds tested were about three to ten
times more potent against steady-state currents than
against peak currents. Choline derivatives had similar
potencies to the free acids in vitro ('rable14b)

In contrast, three of these potent glycine, antagonists
were only very weak antagonists of inward currents to
~AMPA (100pM). Mrz 2/502, 2/514 and 2/516 had ICsS against
peak AMPA induced currents of 25, 73 and 18 uM
respectively but were essentially inactive against
plateau currents all IC,s > 100puM (table 1l4a). This
profile of action, although very weak, is typical for
competitive AMPA receptor antagonists which
preferentially block the peak non-desensitised state, low .
affinity state of the receptor {see Parsons et al.,
1994).
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WD 98/ 04556 _ ' ' . PCT/ EP97/ 04057 cycle
(light: on rat- 6 a.m), and at -a controlled tenmperature (20
0.5[err]C peri ments were perforned between 10 a. m gpg/Epotrodis7
Tested ag e injected 15 mn. i.p before the induction of convul sions
if not stated otherw se (see below). Mz 2/502 was dissolved in saline
added with NaOH Mst ot her agents were dissolved in the follow ng :
solution: 0.606g Tris; 5.0g. glucose; 0.5g. Tween 80; and 95 m water. The
choline and tetranet hyl ammonium salts were dissolved in distilled water.
I'n the NVDA-induced convul sions test in mce, a dose- response
rel at i_onshiggtflior gI\/DA was first perforned to deternine the EDerr] dose
whi ch was t €388 for testi ng of antagonistic properties. After injection
of the EDferr] d BAAA oy p - o o v STIET 1] Cave
(20x28x14 cn) and Migge| vedShbstancei n. | DResk p|flasenyy Reaki [Plakeans AMES
~and by tonic seizurgs vas the pharnmacol oNMDA ¢ _ . AMRAt | en? eti&zol
was. i njected at g dose| of 90 ng/ kg (i.p)._ The gresence lof. geneyal ToHi -
convul si ons was then skored for 30 ninl&Ese i &CISS‘FE e sensitive

R I o .
to NVDA receptor gpni sts than clonfc é‘sorglul si pgsy The pharpacol ogi cal
end-point was ta st-t-he—preSence—ofTtonus Tt HE o T TSI wWTh

stretching. MNES} 4960 siEdedi2 dyrd3:8o 1 =0 o chock

He QIS5 sec
intensity, 0.9 npul se o dyyration, | Ug Bagi | was applikd through
corneal el ectrodgs? m&%%—mrmz&nw%s cor

£0 (Ol C
ext ensi on of hin it hBDERrERm anhl 00pB 1o O, e 2Bp0 1, aJ-Srb.o
addi ti onal experi ' ' bd i, bh Hbro@_@ci d (200 hn/ kg) 30 nin

bef ore adni ni str e 1e PNt 0 gssess, the Jplpe pf or i$
acid transport | N ATa = - - W
ED{err]s for all pgnaneters gepred usi qu_m_l___itcl_ﬁ.iael Wlcoxlon ((1949)
test for quantal (g3 | espoRsgs.py Resullsg 3 1.6 | 17.6 >100
| 515| 7.8-pici-1 | 3.7 0.9 -

518 7,8-DiCl-11 3.8 | 0.8

539 7=-Cl_ 8-Br-1 5.3 0.7

551 | 7-Cl,8-Br-II 2.4 0.6

538 | 7-Br.8-Cl-1 | 93.9 | 2.5

568 | 7-Br,8-Cl-II 10.0 1.5

554 ~0-CH.~1 . 170 § 6.2
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o the"corrpotJnds tested,
when given irp. in the ME.
2/514 see iy bgodsse)

only four conpounds,’
test (Mz 2/499, Mz 2/502, ‘Mz 2/516 and Mz o
conpounds were PGWBMSNI

S.

The associ ated cl ass |

al |

class |1,

were effective

‘Due (1955).

‘cells / well coated with poly-D-lysine 0.025mg/ml.

( DMEM,

f our conpounds apparently. had very short half lives in
32 WD 98/ 04556 PCT/ EP97/ 04057
vivo. .The PTZ test seerred to be a nore sensitive rodel for activity of
glyci ne[err! g agjr ists given i.p. and, indeed, the sanme class |1 -
conpounds : t at 2-4 fold |ower 'do_ses wher eas class |
.conpounds remai ned inacti . ooy -
N- oxi de derivatives (struc 1) Sabsitange anti oﬁeeksmhatﬂlﬁtqmt rNMDA
all three nodels, while th |2/ndn N-oxi de derivatijes pere either ipnactiye,
or weak (Table 16b) Mor eo o SCEIE, t hat choljinb g Have 1o | Br
duration of action. Probenpcigh ilnj eciiQ! DeHpped| consydgrabl y the . _
duration of anticonvul sive, Iy agel BET ea. - GTTpT'e"Pﬂ‘g"—
hal f |ives of 2/514 and 2/‘% O =lbnhd HONE 210 anrlQ rednectj@eby g
t he absence of probenicid.}!I He @ ~ 30y obleni ci he hdlf |ige
wer e prol onged to around 1 53 ZWU ) ?%m, i ﬁ'éﬁ'rr_'s—‘
t hat organi c acids transpojs b L 8oBrall Egj.u.s ] aaa.n—é.hgﬁ._
an inportant role in the stﬂz(c A LE 861 nhon fof tgg gpnpoynds tassed. .
Probenecid at the dose use 5(.)21 0 epen E% effgct on, o '
. MES-i nduced convul sions pepse——rFab-e—t6e g S S OS]
MES i.p. . NVDA i.np. PTZ1iS%8 | 8-0-CH,23I(Chol) 101 (IMerr]70d/kq) |
(1Derr] my/kg) (1D0ferr] np/ged | 9-0-cH,-I (Chol) 94.0 . . 14.5

. Excitotoxicity in vitro

Methods |

Isolation of cortical neurones was similar to that
described for patch clamp recordings except for the use
of foetal rats at 17-19 days gestation. Neurcnes were
plated in 24-multiwell (Greiner) at a density of 300,000
Cells
were cultured in Dulbecco's modified essential medium
GIBCO) supplemented with 10% heat inactivated
foetal calf serum (GIBCO). Cultures were maintained at
37°C et 5% CO,. The medium was changed first after one
week and then every 3 days by replacing half of the medi-

- um with fresh medium. Cultures aged 17 days were used. for

experiments .

Exposure to EAA was performed in serum-free MEM-N2 medium
(Bottenstein 1979) containing 0.5mM NMDA/1luM glycine and
the drug to be tested. Cells were pre-incubated with
drugs and 1ipM glycine for 15 minutes before addition of

- NMDA. After 24h the cytotoxic effect was morphologically
examined

under a phase contrast microscope and
biochemically quantified by measuring the efflux of LDH.

. The activity ¢of LDH was determined in the supernatant

after 24h according to the. method of Wroblewski and La
Briefly, 0O.lml of the supernatant was added
sodium-phosphate buffer (pH=7.5) containing
and NADH (0.8mg/10ml) at room

to 0.9ml
sodium pyruvate (22.7 mM)
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585 ' | >100. 0 . 58.9 59.0 ' 499 : '||

g7.0 - - 18. 6 501 . 8-d-1I >100. 0 _
>100. 0 >40. 0 | 502 8-a-11- 47.6

8.3 WOPB04556 g pr.| J00.0 s 1000  SRgEEgsmsst
514 . 8-Br-|| 202 99.0 . 12.8 519 8-F- |
>60.0- -~ >100.0 >100.0 . 516 8-F-11 16. 6

40. 0 . 7.9 - 515  7,8-DiC-I >100.0 - 98.0

>100. 0 -. temﬁéﬁatui-efi DS - bonversidi). 6f pyruvd®é. Go lactatgowas
/-d, 8-Br- ordel Cat_ 34oririLOQer 10, aiﬁ%Qes in a SRéntrénBr sBe6-- |
>60.0 | 88D meted 0-CH err]-1I- >100..0
-33-b| ) b PBH858 < - PCT/ US97/ 04057
Tabl e 16 ) I\/rz . Substance - MES i.p. (IDerr

2/ ‘Results my/ kg) - 577 I ((g[hol )]
23.7 569  8-C -1 (Chol) >50

576 8-C - IruLI:hcb}ncentratio'n-i'esponse curves are pet¢ vetr mvailshie)
>50 However, loWw/ @M coridertrd#ionsg of Mrz 2¥803 and Mrz 2/502

572 8-F-1- (@PE) effect;_v nei tectants i.n vitr®,/ lwitB- Md2 2%02)

| &1'_385 8- O CH EPFPLPE( EﬁoP% MOZLHB! i‘fg"gei (t%cg regard é%e TaRle LSy -

(Chol) ~ >100.0

Table 15
Mrz | Substance | Cytotoxicity- in
2/ : vitro )
| ICs, PM
501 8-Cl-I - <5
502 8-Cl-1II <<5
503 | 8-Br-I | >20

In vivo

Anticonvulsive activity
. Adm

To assess NMDA receptor antagonistic properties of the
‘tested agents by assessing - anticonvulsive = effects.
'~ Additionally the role of organic acid transporters in the
elimination from the brain of tested agents was assessed
by using an inhibitor, Probenicid, on the duration of
anticonvulsive activity. '

Methods

Male albino Swiss mice (19-21 g) housed 10-15 per cage
were used for the NMDA 1lethality test (Leander et al.,
1988). For pentylenetetrazol (PTZ)-induced convulsions
~male albino Swiss mice (25-34 g.) housed 40 per cage
(58x38x20 cm) were used while in the maximal electroshock
(MES) and motor impairment tests NMR female mice (18-28
g) housed 5 per cage were employed. All animals were kept
with water and food ad libitum under a 12-h light-dark
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M cr oel ect rophoret ic appli cat ion of EAA agom sts to spi nal neurones
in vive - The ability of these gl yC| ne[err] antagonists to act as NVDA . -~
receptor aRy@98B4ssEsS in vivo was . assessed using i.v. adm ni Yatro®04057
agai nst responses of singre'neurones in the rat spinal cord to _

- m croel ectrophoretic application of AMPA and NMDA. The class Il conpounds
Mz 2/502 and Mz 2/516 were potent NVDA receptor. antagonists in vivo with '
IDferr]s of 1.2 and 1.8 @/kg i . V. respectlvely whereas the parent class |
conpounds weF¥<déhpl CHEGYE| n@Rt i #& ad uR1®- L6 nBPHg BY,. &hr €entzoided
fol d higher tesperatwrani20otGd&aC)lesphhlcexperivents| wereyhperformed
apparent | aclhetweistl €10 iaihy &edt5apim.Wrektelde agents wers sinjectetl ¢5
17a). Tablemifd 1.p beforeM €hel §haaeewhc ragl eebhoia1l¥ns’ 0gleeChperho

(2{ Derr] Ty /.Egam rvI;:L e zﬁirﬁ 1ow). Mrz 2/502 was dissolvéﬁ/D

V) line Pther agents, yeye dissolve 502
_ B— a -1 in 1the follo_wing 4sglution. 0 606g9 Trig:r-_ F.0g. glucgse:
>16.0 @ =~ 0.5g. 5Meeers-B0;] and 95 8ml water. The choline and
34 VOtetrfifethylammonium salts were dissolved 0T/ dP8¥401887

The chol i ne gakdes. were about equipotent as the free acids in this nodel
following i.v. admnistration but were somewhat nore sel ective for NVDA

~versus ANPA £habtRe L AiMpA THcfucdd2cBnvul M ond¥"theeX #8 ofitdd Vol V85se-

(Cl ass response relationsh:.p for NMDA was first performed to
determine the ED;; dose which was then used for testing of
antagonistic properties. After injection of the ED,, dose
of NMDA the animals were placed in a small cage (20x28x14
cm) and observed for 20 min. Death preceded by clonic
. convulsions and by tonic seizures was the pharmacological
end-point.

Pentylenetetrazol was injected.at a dose of 90 mg/kg
" (i.p). The presence of general tonic convulsions was then
scored for 30 min as this parameter is more sensitive to
NMDA receptor antagonists than clonic convulsions. The
pharmacological end-point was taken as the presence of
tonus in the hind limbs with stretch:.ng.

MES (100 Hz, 0.5 sec shock duration, 50 mA shock
intensity, 0.9 ms impulse duration, Ugo Basile) was
applied through corneal electrodes. The presence of tonic
convulsions was scored (tonic extension of hind paws with
minimum angle to the body of 90°). In an additional
experiment mice were injected with Probenicid (200 mg/kg)
30 min before administration of the tested agents to
assess the role of organic acid transport in elimination
(duration of action). The aim was to aobtain ED,s for all
parameters  scored using the Litchfield Wilcoxon (1949)
- test for quantal dose responses. :

Results

. Of the cbmponnds tested, only four compounds, all class
II, were effective when given i.p. in the M.E.S. test
(Mrz 2/499, Mrz 2/502, Mrz 2/516 and Mrz 2/514 see table
16a). The associated class I cdmpounds were inactive. All
four compounds apparently had very short half lives in
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~conpounds) were inactive. Table 17b Mz _Substahce

M croel éctrophor M croel ectropho _ 2/ etic-
re'; |kc WO 98/04556 NVDA (1D err] ng/kg ANPMM&-,

mg/ kg . L - i V.

577 11 (Chol) : 34.0 . >32.0 - 569 8 a-r . -
(Chol) . >16.0 _ >16.0 = - 576 8-d-11 (Chol) 2.8
>16.0 586 8-Br-1 (Chol) >16.0 = > 16.0°

570 8-Br-1| ¢f¥ol) The PT% Fest seemed tolcbe a more sensgitives mogel
(Chol) fainﬁctivity of >g@yBine, antagonfgits Sgfveh (Lhpl) and,

4.7 de8d? thd SeksS|&lasdherl Bbmpdwsds | Wwet@pactiiveMat 22499,

2501, 2/51443 2{g;graraggg¥p q&h%%&%hswiﬂﬂﬁ“fifsédh dihdsANfeRiadyfied

- nuch better n v g%gi & aval lability than their
associated p XFa conpo nds (Mz 2/585, 2/501, 2/503 and 2/519).

- Access to the CNS is-a major problemfor alnost all glycine[err] _

ant agoni st s giggetRpEdnko sddits diitHdEe gume N-ansidé @erpoatdvebas overcone

this major hiogrgeegrasd 1ane rﬁ@@l@ﬁg%ﬁhﬂmﬁﬂa@@l éatieheyamh all

o e bty wind Gl N?‘ﬁ frdre
h bef
e Smrieﬁf%ﬁ g & il

tetraethyl a pave; g T 3GELPRe), or.

quat er nary Pmbmagids inJ@@"-‘Q-OH prrimmged |Mﬁ$ﬁ%’é¢b )thecdbraﬁéoand

4-tetranet hypfinanbiconvidsive action of all agents testé&d. For
example the half lives of 2/514 and 2/570 were around 40
and 80 minutes respectively in the absence of probenicid.
In the presence of probenicid the half lives were
prolonged to around 180 and 210 minutes respectively.
Thus, it seems that organic acids transport in the
.choroid plexus out of the brain plays an important role
in the short duration of action of the compounds tested.. .
Probenecid at the dose used (200 mg/kg) has no '
independent effect on MES-induced convulsions perse.

Table 16a

Mrz Substance MES i.p. NMDA i.p. | PTZ i.p.
2/ (1D;, mg/kg) | (IDs, mg/kg)|(IDs, mg/Kg)
| 585 I >100.0 58.9 __59.0
499 II 87.0 : : 18.6
501 B-Cl-I >100.0 >100.0 >40.0
502 8-C1-II 47.6 ~ 26.0 8.3
503 8-Br-1 | >100.0 | > 100.0 >100.0
514| . 8-Br-II 20.2 - 99.0 12.8
519 __8-F-I ~360.0 . >100.0 5100.0
516 B-F-1I 16.6 40.0 7.9
515| 7,B-picl-I >100.0 _ 98.0 >100.0
518 | 7,B8-DiCl-II _ >60.0 >100.0 |
539 7-Cl,B8-Br-1 »60.0 >100.0 >100.0
538 | 7-Br,B8-Cl-I >60.0 106.0 >100.0
554 8~0-CH,-I >100.0 . -
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V\D 98/ 04556 ' S A PCT/ EP97/ 04057 NH[err])
sal ts i‘nprove bi oavai | abl lity substantlal ly and are preferred. . - '
PHARMACEUT iwi&\b8/6a886°CSI TI ONS  The conpounds’ according to the ﬁ@g&@p}mmw
invention may be processed into pharmaceutical conpositions conprising a
pharmaceutical l y-acceptable <carrier - or- . diluent - in addition to the
active conpound of the present invention.  Such conpositions can be -
adm ni stered#& &#@VI ng animal, especially a living human, by the oral or
t he par ent.er@Pleo For exarrpl e, solid preparations or pharnaceutical
conpositions for oral admnis i

tablets, pills, powders, or gfsgullates. Subkttagieh SO |dxgg3t1arﬂraqe!5|c I

fornul.ations, the active sphsignce or a prodrug thereforgho, )Xe th
at | east one pharmaceuti cal e -
sugar, |actose, starch, tal dr _synipetCch natufal gu e bi nde '
such as gelatin, a Iubri cant as éogiuﬁ ii%aiiz e, ] and/or a rant -
such as sodi.um b| carbonate. - —— e-l-e—a-s-e-m-e{——-a- S
substance such as a. hydrocol | |gBd6dr (Ghol Jmayl be i ncarporated Into

t he pharnmaceutical conpositi /ddiﬂ"é! ang-ﬁ%ﬂijt anges such_ags Tubrifants
or buffers may al so be added, 1B ' trr—tjre—art—22rhe—tabl ot 5,
-pills, or granulates may be {841 c8-Br I3 (Cholbai i f12ieBired. | o
Li.quids for oral application be i g_ fe | posorresﬂgéry SI oan,- _
sol utions, or suspensions, cdn Tng, C Pn - U ' N as
‘water. Additionally, such |i ched Bk GO e Ll an. S
contain wetting, enul si fyi 4|d pNOT (cR&LIgneral |y, face-aftive -
agents as wel |l ~as sweet eni ng, or| or _rragr - ces.
Sui tabl e preparations for pa == . :

sterile aqueous or non-aqueo [ uZ-OrE€H.snspehsdgnd, | i , or

enul sions. . Addi ti onal substances, o I ch there are many, already

known for this form of presentation of —a pharnmaceuti-cal

conposi ti omcx.rmeeeroﬁnafeﬂé app1RkARGEEU bgal lnm aCQ&BﬁiQkE didgrent

or carrler mat eri al
‘spinal neurcnes in vivo e

The ability of these glycine, antagonists to act as NMDA
receptor antagonists in vivo was assessed using i.v.
administration against responses of single neurones in
‘the rat spinal cord to microelectrophoretic application
- of AMPA and NMDA. The class II compounds Mrz 2/502 and
Mrz 2/516 were potent NMDA receptor antagonists in vivo
with IDs,s of 1.2 and 1.8 mg/kg i.v. respectively whereas
the parent class .I compounds were completely inactive at
up to 16 mg/kg i.v. Three to four fold higher doses also
antagonised responses to AMPA, although this apparent
lack of selectivity contrasts with the in vitro assays

(Table 17a).

Table 17a
Mrz |Substance [Microelectropho Microelectrophb
1 2/ ' retic - retic
NMDA (IDs, mg/kg|AMPA (ID,, mg/kg
. . i.V. ) . i’v' ) l .
501 | 8-ci-1 | 516.0 >16.0 1
502 | B8-C1-II | 1.2 4.9 '
519 8-F-1 |  >16.0 >16.0
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Dependl ng upon t he |ntended node of appl i cation and duration of treatnent,
the. exact dosage of the active conmpounds .in the preparations of the
i nvention wRyegRasser i ed, espeC| ally as deemed appropri ate bypCrmpetivssti ng

physi cian or veterinarian. = The active . agents of the
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present invention may obviously be conbined for adm nistration

W th ot her phar macol ogi cal | y-active agents. In the conpositions of

‘the present invention, the proportions of the active agent or agents in
the conposi- tion may be varied wdely, it being necessary only that the
- active ingreHeegholfinehGadlte Mars aboatpequipoteher asortinftretueids
‘provide an ghfeghixe aaReD!, félfowiﬁgchiwat wmﬂa@f&t%hecbu\te dage Wil

e ot o T e LR e el b
adni ni st er e9RGE o ¢t S anBol Wd&/endﬁﬁ f"ﬁ?}?&ﬁa pﬁ%‘rﬁ%ut Tcal

conmposi t i onC@P‘PPBPﬁﬁI)ai"PG'ﬁ inmmm} OF- TREATING As previously indicated,
‘the conpounds of the present invention are suitable, especially in the form
of phar ma- ggi bCghpconpositions or formulations thereof, for oral or.

a

parenteral mnistration, the exact individual dosages as well as
daily dosages in a parffrcarar case or _ i
wel | - est abl i shed nedi da¥TAnd/ oPUbSEENSRar i mcrafr‘? SFEQPhAT MiGTaereCetIopho
directions of the phy,iéﬁ/an.or veterinariah in chet§e. |In additi aetde oral
and parenteral admnigqtratijon, rectal and/ pNMDAt { aDg s/ Yeg HAMPAL ( DL Mgydg
be enpl oyed, the _ ' ' i.v.) i.v.)
| 577 | 11 (Chol) 34.0 >32.0 |
569 | 8-C1-I (Chol) >16.0 > 16.0 :
576 |8-C1-II (Chol) 2.8 > 16.0
586 | 8-Br-1 (Chol) >16.0 > 16,0
570 |B~-Br-II (Chol) 4.5 : > 16.0
572 | 8-F-I (Chol) >16.0 >16.0
571 { 8-F-II (Chol) 4.7 9.2
DISCUSSiON

The four class II compounds Mrz 2/499, 2/501, 2/514 and
2/516 are glycine, antagonists in vitro and have a much
better in vivo systemic and / or CNS availability than
their associated parent class I compounds (Mrz 2/585,
2/501, 2/503 and 2/519). Access to the CNS is a major
problem for almost all glycine, antagonists developed to
date, but this new class of compounds has overcome this
~major hindrance and are accordingly therapeutically
relevant glycine, antagonists. '

.ADDITION SALTS

By using methods as outlined hereinbefore for compounds
5, 6, 7, 8, 9, an@d 10, addition salts are prepared with
quaternary amines (e.g., 4-tetramethylammonium, 4-
tetraethylammonium), quaternary aminoalcohols (e.g.,
. choline), or. guaternary  aminoacids (e.g., N,N,N-
trimethylserine). Choline and 4-tetramethylammonium (4-
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dosages generally being considerably reduced wher e parenteral
admni stratfon is involved, . although “oral administration is preferred.

- An anount ofoagiMss&i mately one to three grans per day in thepcarEposbdosr

. repeated or divided dosages is suitable. Broader ranges of about 0.5 to
about 10 grans per day may al so be enployed dependi ng upon the

ci rcunst ances of an individual case. Although 500 ng of active prlnC|pIe
has been found especially suitable for use in tablets, individual dosages -
may vary frNHy hbsedtsooirpraveobiegvaidablid tyocswestanybeildy fand uswei n

t abl et s naypoéefemmreske be adm ni stered orally; for exanple, fromone to
three tines a day. It goes without saying that nore than one tablet nmay be
adm nistered in 'a single dose, as would be required to attain the above-

identified Bngmcm mawuoustratlon anmounts. of one to three
grans per 37 WD 98/ 04556

PCT/ EP97/ 04 7 . al . C ound. of | nv=nt | on or a
pr odr ug the? F%Rgo‘fféé ﬁPf?a'ng % ﬁﬂn% PreS rlf ge
| i ving humeRFPHeSRP RAATIAReWE Rel fGP‘“B?&i&‘-Qn%r EPPP‘%W a
capsul es orphapmaceutigaddyeragaeptablehe fGATTIRT st ePX| ¢ dddnentms oin

suspensi onsaddithenpaio dthe Mtivet compowndl 0ff theepreseht MKeesBOOslY in
the form of sa&Rr cbMpo@ititics. carﬁwrammwseﬁ@deﬁo% fa.(imﬂhétéﬁixhﬂ' are .
cut aneousl| YesﬁééﬁﬂiEQe@JSi%i Y CRUmYn, | By Q:Wéscd!&ii ntera :
i ntraper it opgaly. poAik Pabiik ,faé Hpde. 8 a@f? RRogpetiay 2
usual be se |c S nart an N ¥ +%% hus
seen t hat t‘ﬁ%m ?ﬁ%g#’nﬁn lpﬁfg? 'bﬂ Yot oI R
conpounds %%H ulesy e ?‘Eﬁlr t iROWEeTifor B, ﬂ%‘ﬂ%ﬂ-jﬂt@@a nekmod of
conbat i ng neuch| ogtﬂeﬂd di mmlat eflommubationsot oxthet y ackive
mal funct i onsulpstanée oy uhapatodmig thereforr Assnmigeédn with at least
. one pharmaceutically-acceptable diluent or carrier such
as cane sugar, lactose, starch, talc, or synthetic or
- natural gums, a binder such as gelatin, a lubricant such
as sodium stearate, and/or a disintegrant such as sodium
bicarbonate. To enable a sustained-release effect, a
substance such as a hydrocolloid or other polymer may be
incorporated into the pharmaceutical composition. Addi-
tional substances such as lubricants or buffers may also
be added, as is conventional in the art. The tablets,
pills, or granulates may be subjected to enteric coating,
if desired. Liguids for oral application may be -in the
form of liposomes, emulsions, solutions, or suspensions,
" containing commonly-used inert diluents such as water.
Additionally, such liquid pharmaceutical compositions may
also contain wetting, emulsifying,  dispersing, or
generally surface-active agents as well as sweetening,
flavoring, or fragrance-imparting substances. |

Suitable preparations for parenteral application may be,
among others, sterile aqueous or non-agueocus solutions,
- suspensions, liposomes, or emulsions. Additional
substances, of which there are many, already known for
this form  of presentation  of a pharmaceutical
composition, may be employed = as pharmaceutically-
acceptable diluent or carrier material.

Depending upon the intended mode of application and
duration of <treatment, the exact dosage of the active
compounds in the preparations of the invention may be
varied, especially as deemed appropriate by the ' attending
physician or veterinarian. The active agents of the
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therewith, these collectively providing a | ong-awaited solution to a

previ ousl y-exi sting probl em not adequately solved by the prior art. It is
to be unders‘&ﬁg}gma t the present invention is not to be I|m1t@ﬁnmm4§§3e
exact- - conpo onposi tions, methods, or procedures disclosed, as
nunmerous nodifi- cations and changes there| n wll imediately becone
apparent to one skilled in theyart to which this invention '
~pertains, wherefore the present invention is to be understood as limted
only by the fpresempe dmvention bembygal bpviousiged be t heompimeded for

cl ai s, administration with other  pharmacoBSgically-#Btive
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39 pellet lantation and so cases intravenously in
the form of sterile solutions. Other obvious modes of
administration are cutaneously, subcutaneously, bucally,
intramuscularly, ' and ~ intraperitoneally, and  the
particular mode of administration will as usual be

. selected by the physician or veterinarian in charge.

It is thus seen that the present invention provides novel

pyrido-phtalazin dione compounds and pharmaceutical
- compositions thereof, as well as a method of -combating

neurological disorders associated with excitotoxicity and

malfunctioning of glutamatergic - neurotransmission

therewith, these collectively providing a long-awaited

solution to a previously-existing problem not adequately _
solved by the prior art.

: It'is to be understood that  the present invention is not

~to be 1limited to the exact compounds, compositions,
methods, or procedures disclosed, as numerous modifi-
cations and changes therein will immediately become
apparent to one sgkilled in the art to which this
invention pertains, wherefore the present invention is to
be understood as limited only by the full scope which can
be legally accorded to the appended claims.
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the foll ow ng fornula: ‘ _ y - [err
wherein RL al® 3% sel ected from the group consisting of-hygFEGEﬁ?mw57
~hal-ogen, and nethoxy or wherein Rl and R2 together form nethylenedioxy, or

a phar maceut i BEEQrengespt abl e salt thereof.” 2. A conpound of Claim1 -
wherein the salt is selected froma choline and a 4-tetranethyl amoni um

~ salt thereof. 3. A conpound of O aj hisch is sel d from the .group
consi sting of'%9593P5§$g§>g%o-%?fpdﬁﬁggﬁgy%Qri d%?ﬁbrﬁgéfb]éﬁﬁgkoggﬁe:

5- oxi de, 8-chlusa-#6hyppox$id-640-.1, 2- di hydr opyri dazi no[ 4, 5-b] - .qui nol i ne

5..0xi de, 8-bronp-4-hydroxy-1-oxo-1, 2-di hydropyridazino[4,5-b]- quinoline
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7- chl or o- 8- br ono- 4- hydroxy 1- oxo- 1, 2- dlhydropyrlda2|no- [4,5- b] qU|noI|ne -

" 5-oxide, and a pharnaceu iC table salt of any .of the
f or egoi ng. _wogsm ' - WO 98/ pdirrpor04057
'PCT/ US97/ 04057 4. HMH!I’HHM’ m 2 sel ected fromthe group
consi sting .of 4- hydroxy 1*oxn pyrlda2|no[4 5-Db] - qU|noI|ne

5-oxi de choline salt, o
8-chl oro-4- g%gr%§¥-1 oxo-1, 2- dlhydropyrlda2|no[4 5-b] - qui.nol i ne 5-oxi de
chol i ne sal Bho- 4- hydr oxy- 1- oxo-1, 2- dlhydropyrldazino[4 5-Db] - -

quinoline 5 ~oxi deachghiy | t cted oge pyridX P azin
St o i Bl Rl T TS

5-'b] - qui nol i ne 5-oxi de choline salt,
7- br ono- 8- chl or o-4- hydroxy 1-oxQ;1 2.
5-oxi de choline salt, and 7-chl Bf g8
2-dihydropyridazino--[4,5-b]-quino
phar maceuti cal conposition contai 3
glycine[err] antagoni stic anounRiof “a compound~pf Cl aim 1 together with a
pharmaceutical | y- acceptable carrier 8or dilLuent} 6. - A pharmaceuti cal
conposition containing as active |ngred|eﬂ:zﬂ1Qﬂfect|ve glycine[err]
ant agoni stic anpbunt of a compound of Claim1 in the formof a choline saltj
thereof together with. a pharmaceutically-acceptable carrier or diluent.
wherein Rl and R2 are selected from the group consisting
of hydrogen, halogen ‘and methoxy or wherein Rl and R2

together form methylenedioxy, or a pharmaceutically-'
'acceptable salt thereof.__

~|hydropyr|da2|no- [4 5- b] qU|noI|ne'
Qxy- 1- oxo- 1, - -
qQl'ine salt. 5. A
'vg/lngredlent an effective

2. A compound of Claim 1 wherein the salt is selected
from a choline and a 4-tetramethyl ammonium salt thereof.

3. A compound of Claim'l_which is selected from
the group conSisting of -

4-hydroxy-1-oxo—l 2- dihydro-pyr;dazino[4 5- b]-quinoline
‘5-oxide, : . _

8-chloro-4- hydroxy-l-oxo-l 2-d1hydropyridaz1no[4 5-bJ-
quinoline 5-oxide,

8-bromo-4-hydroxy-1-oxo-1, 2-dihydropyridazino[4 S-b]-_
quinoline 5-oxide, '

8- fluoro-4-hydroxy—1-oxo-l 2—dihydropyr1daz1no[4 S—b]-
gquinoline 5-oxide,

7, 8-dichloro-4-hydroxy—1-oxo-l,2-dihydropyridazino—
{4,5-b]-quinoline 5-oxide, |

7—bromo—8-chloro—4-hydroxy—1-oxo-l 2-d1hydropyridazino-

{4,5- b]-quinoline 5-oxide, and

7-chloro-8- bromo-4-hydroxy- ~-oxo~-1, 2-dihydropyridazino-_
[4,5-b]-quinoline 5-oxide, and a pharmaceutically-
--acceptable salt of any of the fOregoing.j
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7.0 A pharnaéeutlcal conp ntalnlng as active: |ngred|ent an
effective gl ycine[efr] ﬂimmn @r’ﬁ t of a conmpound selected fromthe
group con5|s 4- hy i hydr o- pyri dazi no[ 4, 5
5- oxi de, hhggﬁa& ydroxy - 0xo-1 dlhydropyrlda2|no[4 - 5- brgkﬂﬂgh@ﬁFk

5- oxi de, 8 br ono- 4- hydroxy-l-oxo-1,2 di hydropyri dazi no[ 4, 5-b] - qui nol i ne

5- oxi de, 8-f laior 0- & hyxhmpourid o)af 1 ,Q-adighy & OBedietst=id o[ 2xdm b]thejui gobupe

5 oxide 7, 81ﬂnﬁ£1§t£n§-bgdroxy 1- oxo- 1, 2-di hydr opyri dazi no-
WD 98/ 04556 PCT/EP97/04057

_[ 4 5- b] - qui ndwhﬁ@mh@m-%ranéiBYéﬁPopxrédmmﬁ B d%-quino ine
2- dlhydropynﬁﬁnzida ¢hobing- galtoel i ne 5- OXIde and

5 oxi de. - of-Ehic f‘%nﬁ%%%ﬂ?i‘?aﬁz Gt g ALl e Els gy o e
f.or egoi ng. Q¥1n QﬁwﬁT@%ﬁ@?lﬁaP B®p8&eLtion containing as active
i ngr edi ent a%'qgi 14 5hPd, Bi36&5—ﬁnéﬂﬁﬁﬂkﬁkbﬁy§mﬁﬂﬁidg[éiSiﬁTound

selected fro rou :
4- hydr oxy-1 Q@dgp #§§%$%8[ﬁa%tb] qui nol i ne 5-oxi de choline

salt; 8-chl omﬂdmds-m%ﬂdﬁﬁy-ll2oﬁoh1dzea£hydeapwibéﬂﬂa[4 SuBTw0! i ne
5- oxi de chol iR nHAline SB{bLide ‘ehyliReYsd19X0-1, 2-di hydropyridazino[ 4,

5-b]- - quinoline 5-oxide choline salt, 8-flUoro-4-hydroxy-1-oxo-1,

2- d|hydropyrVd&mdiﬂﬂlDrQ?iﬁhYdtp#nnlTm%°51oirdéhrﬂvbpwtidazindh

8-di chl oro- 4 op Z|no- 4 5-b] - qui nol i ne 5- oxi de
chol | ne sal t ‘?%r%’?% g ‘Péb‘ﬁ xéﬂﬁfg dl hydr opyri dazi no- -

7-bromo-8—chloro-4 -hydroxy-l-oxo-1, 2-d1hydropyridazino-
[4,5-b]~quinoline 5-oxide choline salt and :

7-chloro-8-bromo~-4-hydroxy-1-oxo-1, 2-dihydropyr1dazino-
- [4,5-b]~quinoline 5-oxide choline salt.

5. A pharmaceutical composit;on containing as active
ingredient an effective glycine, antagonistic amount of a
compound of Claim 1 together with a pharmaceutmcally-
acceptable carrier or diluent.

6. A pharmaceutical composition containing as active
ingredient an effective gl&cineb aﬁtagonistic amount of a
- compound of Claim 1. in the form of a choline salt'thereof

together with a pharmaceutically~acceptab1e carrier or

diluent. '

7. A pharmaceutical -comPoSition containing as active
- ingredient an effective glycine, antagonistic amount of a
compound selected from the group consisting of

4-hydroxy—1-oxo-1 2-dihydro-pyridazino[4 S-b]-quinoline
5-oxide o

_ 8-ch10ro-4-hydroxy—l—oxo-l 2-dihydropyridazino[4 5-b]-
- quinoline 5-oxide,

8—bromo—4-hydroxy-l-oxo-l 2—d1hydropyridazino[4 5-b}-
quinoline 5-oxide,

8- f1uoro-4-hydroxy—1—oxo-1 2-dihydropyridazino[4 5-b]l-
quinoline 5-oxide,

.7,8-dichloro-4-hydroxy-1-oxo-l,2—dihydropyridazino- .
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"[4 5-b] - qui-nol.i ne 5- OX|de—c—heH—ﬁe—sa1—t——amd

7- chl or e- 8- bk onp- 4- hydrogr 1- oxo @ ci ﬁldropyrl dazi no- [4,5-b] - qui noI I ne
5- oxi de chol l ctonbatti ng neur ol :
- di sorder's asdgom ated with uluj l! L H nd mal functioning o 704057 .

gl utamatergic neurotransmission in a living animal conprising the step of
adm nistering to a living animal in need thereof an effective glycine[err]
ant agoni sti ¢ anount of a conpound of Cdaim1. - 10. A nethod of

conbatting Muﬁebdgmmohﬂeoﬁ}méassoci ated with excitotoxicity and - o

e %S\rdﬁ e a”s”‘ 55 Bndrodrribtb el

ef fective gl%r éggf“ﬂ]u of a corrpound of daim1linthe .

formof a Chi’léﬁfoi-éua-%h%%-nydmxy-i-oxo-i 2-dih ? %@i&gzmo— wo
ate

98/ 04556

met'hod of [:%h% l{:lr cé:‘]xi orgders socC
exci t ot oxi Ci??cﬁﬂ @ﬁg‘t I%ﬁaﬁgﬂpréﬁ neurotransnission in

~a living. animal conprising the step of adninistering to a |iving aninal
in need thereof an effective glycine[err] antagonistic anmount of a conpound
sel ected frdnthh gpbapmeceuticady compositdiony- cootaining as active
2- di hydro- pyingradfient arbleffigdtive yiycinedantagonistic amount of a

8- chl or 0- 4- hyslipsind- @edettédd ichna AR | ' Q{oq'xéi-éaiingllléﬂm i ne 5-oxide,.
8- br ono- 4- hydr !& 1- oxo-1,2-di hydr opyri dazi-no qﬂ gui nol i ne 5-oxi de,
YOXYoRgOXO21d Rhidhypgyerpari %]S-Qimmrp%ieeom de,

8-fl uoro- 4-

- : 5-oxide choline salt; _
8-chloro-4-hydroxy-1-oxo-1, 2-dihydropYridazino [4,5-b]-
- quinoline 5-oxide choline salt,

8-bromo-4-hydroxy-1l-oxo-1, 2-dihydropyridazino [4, 5-b] -
‘quinoline 5-oxide choline salt,

8-fluoro-4-hydroxy-1-oxo-1, 2-dihydropyridazino[4, S-b]-
quinpline 5-oxide choline salt,

7,8-dichloro-4-hydroxy-1-oxo-1, 2~-dihydropyridazino-
[4,5-b]-quinoline 5-oxide choline salt, '

7~ bromoés-éhlor044—hydroxy-1-oxo~1 2-dihydropyridazino-
[4,5-b] —quinoline 5-oxide choline salt, and

7- chloro—s—bromo-d-—hydroxy-l-oxo-l 2-dihydropyridazino-
[4,5-b]-quinoline 5-oxide choline salt.

9. A method of combatting neurological disorders
associated with excitotoxicity and malfunctioning of
glutamatergic neurotransmission in a 1living animal

- comprising the step of administering to a living animal
in need thereof an effective glycine, antagonistic amount
of a compound of Claim 1.

10. A method of combatting neurological disorders .
associated with excitotoxicity and malfunctioning of
glutamatergic neurotransmission in a 1living animal
comprising the step of administering to a living animal
in need thereof an effective glycine, antagonistic amount
of a compound of Claim 1 in the form of a choline salt
thereof . :



7,. 8-dichl oro-4- hydroxy'l oxo-1, 2- dlhydropyrlda2|no- [ 4, 5-b] - qui noline
5- oxi de, *7- br onp- 8- chToro-4- nyaroxy t=oxo-1, 2-di hydropyridazi no-

[ 4, 5- b] - qui Q) dgitsis OXI ﬁ!l} iﬂm.m - 8- br ono- 4- hydroxy 1- 011@"}_”-,,04057 -'
e sa

- 2-di hydr opyri a2|no- 5- oxi de, or

pharmaceutical |l y- accepb y of. the fore90|ng 12. . A
method of conbatting neurologlcal dlsorders associated wth
excitotoxicit and nalfunctlonln | ut amat er eurotr nsn1 si on
in a |IWI%£( Pﬁ&“@ﬁﬁﬁﬁ giﬂgzmﬂﬁq#aﬁQg fgs

ani mal in nﬁsmhiaat@ﬂ aﬂithf eM&WQﬁé{Yer@m&nt’agbﬁ%Ftémt of a
conpound selgml-minatengid:e geunptransmissipn! in a living animal
~.4- hydr oxy- 1&&@:11& hfﬂéoﬁ?dé dagi @dﬁxﬁdﬂ otbn% S1Hviflg Erimar
Ealo;. dg gﬂlol | i fie éfo& f?f Ogygr ﬁ% gl % OHiSt&?gl no?m% b] -
"quinoline 5- 3§|de C |ne %@?%ct a o §¥¥H§

8- f | uor o- 4- diyeyolity Ox-coxo 21 ,dzkaﬂimmﬂgﬂaakinti{h], 5-pJi-eflirs] bnaxi de
chol i ne sal t5-cssf3éli chl or o- 4- hydr oxy- 1- oxo-1, 2-di hydropyridazi no-

. 43 WO 98/ 04556 PCT/ EP97/ 04057

[ 4, 5- b] - qui Bolahdor vkihrdroxy+ircoxert1, 2-dihydropyridazino[4,5-b] -
7-bronD<8>cduinbl&ﬁawﬁinqidepxo-1,2-dihydropyridazino- [ 4,5-b]- qU|noI|ne-
5-oxi de choline salt, .and 7-chl oro- 8- bropo-4-h

"1~ oxo- 1, 2- BriRFARSRA TREET Y %?’?b}‘ﬁnﬁlﬂaﬂiﬁépybéiiaénem Skai .

gquinoline 5-oxide

8-fluoro-4- hydroxy-l-oxo-l 2-dihydropyridaz1no[4 5-b]-
quinoline 5-oxide,

7,8-dichloro-4- -hydroxy-1-oxo-1, 2-dihydropyr1dazino--'
[4, 5-b}-qu1noline 5-oxide,

7- bromo—B-chloro-4-hydroxy-140ko;1,2-dihydro§yridazino- '
[4,5-b]-quinoline 5-oxide, and -

‘7-chloro-8-bromo-4-hydroxy-1-oxo-1, 2~ dihydropyrzdazzno- _
[4,5-b]-quinoline 5-oxide, or a8 . pharmaceutically-
acceptable salt of any of the foregoing. ' R

12. A method of combatting neurological ' disorders
associated with excitotoxicity and malfunctioning of
glutamatergic neurotransmission in a ‘living animal
comprising the step of administering to a living animal
in need thereof an effective glycine, antagonistic amount
of a compound selected from the group consisting of

4-hydroxy- -oxo—l Z—dihydro—pyridazino[4 5- b]-quinoline
5-oxide choline salt,

8-chloro-4-hydroxy-1-oxo-1 2-dihydropyridaz1no[4 5-b]~
quinoline 5-oxide choline salt,

8-bromo-4-hydroxy-1-oxo-1, 2- dihydropyrldazino{4 5- b]-
quinoline 5-oxide choline salt,

8-fluoro-4-~ hydroxy-l-oxo-l 2- dihydropyridazino[4 5~ b]-
quinoline 5-oxide choline salt,

7,B-dichlo:o-4-hydroxy-1-oxo-l,2-dihYdropyrida2ino-
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' . A process for the pLepaFa%ron”Uf“é_Z_ﬁydroxy 1- oxo- - '

1 2 dlhydropyrlda2|no[4 5-b xide (5). com prising the step
of convert] met hyl jmw ‘ “mgar boxyl at e 1-oxi dectrBpeigdes7he

~ hydrazi ne by rea nhyelr azi ne hydrate and hydrol yzing the

result- ing hydrazine salt (4) to produce the desired 4-hydroxy-1- '

oxo- 1, 2-di hydropyri dazi no[ 4, 5- b] - qui nol i ne 5-oxi de (5). 14. The process

~of Caim13 wherein the 4-hydroxy-1-o0xo-
1, 2- dlhydro&ﬁwﬁnﬁzTﬂﬂ alifie (Brasidacchglinedsales) t hus produced is

om0 0 a5 o b B TS

44 [4,5-b]-quinoline 5-oxide choline salt, and.

7-chloro-8-bromo-4-hydroxy—l-oxo-l 2-dihydropyridazino-
- [4, 5-b]-quinoline S5-oxide choline salt..

13. A process for the p:eperation of a 4-hydroxy~1-oxo-
1,2-dihydropyridazino[4,5-b]-quinoline S5-oxide (5) com-
prising the step of converting a dimethyl quinoline-2,3-~
dicarboxylate l-oxide (3) to the hydrazine salt (4) by
‘reaction with hydrazine hydrate and hydrolyzing the'result-_"
' ing hydrazine salt (4) to produce the desired 4-hydroxy-1- -
oxo-l,2-dihydro§yridézino[4,5-b]-quinolinee5—oxide.(5).

14. The process of Claim 13 wherein the 4-hydroxy-l-oxo-
1,2-dihydropyridazino[4, 5-b]-quinoline 5-oxide (5) thus
produced is converted to its choline salt (6) by reaction
with choline;hydroxide. B
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