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This_ inventioA relates to 2,3(1 H, 4H)-qui noxal i nedi one derivatives which 5
are sel ective antagoni sts of N-nmethyl-D aspartate receptors. Mre ’
particularly, this invention relates to 5-triazolyl-2,3(1

H, 4H) - qui noxal i nedi one derivatives and to the preparation of,

“conposi tions containing, and themm%mm derivati ves.
L-Autamc acid is an excitatory amno acid neurotransmtter whose 10
physi ol ogical role in the brain involves interaction with four receptors,
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15 binding sites for dissociative anaesthetics ée. g. ketam ne), polyam nes
(e.g. stethe pepargtioreef sompesiionsgantaiging, and the pses)of, syehrr ] |

Zn[err]). Sidnﬁe tihe NIVDA receptor has an absolute requirenent to bind
gl yci ne for g Y?ﬂ/"ﬁﬁ‘on to occur, gl yci ne antagoni sts can act as

functional NVDA aD&RASRISAS is an excitatory hﬁgﬁ'&ﬁciﬂfiﬁd?&rﬁsrﬁiﬁ%%ﬁw&'
2 a I

i nfarct, anoxia, for exanple, causes normal [y high concentrati ons of
gl ut am ctoac physioldgical ebleds ¢k brein snvohasisinteraction with dowr reseptors athres obf NVDA
receptors resuylting in the degeneration and death of -neurones. Thus,

NVDA r ecept mhi%aeﬁgwgfi fteffie elestve peenisteiiivn 'HV-WthBHa@&Pﬁﬁ@fe),f |
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NVDA 25 r egeptfourth¢eteibl idteimied kite glttabéirdisic régeptérth.adoitfsirtes of such

conditions  include acute ne_urodeglenerat ive disorders arising from
event s suchbindirg site &or glutamie aaid, e NMIdAJeeepionpesssssep digh affisitiit i ve

nead | nj G y Briiion s B dieseciafivaandesthetes 63 keBinifel GRamrs (hhgon ot
2e seni ¢ dShenTine).Hycife oRg ceftel HStAI0Rs G, MB L, 21, Srhos MDA Shey
may al so haveceptor hay an mbsolute requirementthibirid glycine for activation to occur,
glycine antagonists can act as functional NMDA antagonists.
In the region of a cerebral infarct, anoxia, for example, causes
20 abnormally high concentrations of glutamic acid to be released. This leads to
an over-stimulation of NMDA receptors resulting in the degeneration and death
‘of neurones. Thus, NMDA receptor antagonists, which have been shown to
block the neurotoxic effects of glutamic acid n vitro and in vivo, may be useful
in the treatment and/or prevention of any pathologicai condition in which NMDA
25 receptor activation is thought to be important. Examples of such conditions
include acute neurodegenerative disorders arising from events such as stroke,
transient ischaemic aftack, peri-operative ischaemia, global ischaemia
(following cardiac arrest) and traumatic head injury to the brain or spinal cord.
In addition, NMDA antagonists may be of use in treating certain chronic
30 neurological disorders such as senile dementia, Parkinson's disease and

Alzheimer's disease. They may also have utility in conditions in which
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peri pher 8o s8238¥8s f uncti on has been inpaired such as reti nZCTERIBHEATE] ar
degeneration.” Furt hernore, NVDA ant agoni sts have been shown.to
possess anti- 5 convul sant and anxiolytic activity and may therefore be
used to treat epilepsy and anxi ety. JNVDA ant agoni sts may al so attenuate
the effects of al cohol wi t hdrawal from physically dependent animals '
(K. A. G anpedphetral neive functihaasmbeep. ifipaired s26b aslreétinal drebacutard t hus NVDA
ant agoni sts may be, of use in the treatnent of alcohol addiction and

pai n. NNDAdﬁﬁﬁée@gioé‘ts may al so 10 be useful in the treatnent of hearing

di sorders (e.g. d ,NREGA &yl ' [ ' 3
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qui noxals nedhoenieaftand ahkiohticustivity ahd mayhihetafors be nsedfto et éﬁm}ﬁr ative
I 1l nesses and neurotoxic disorders of the central nervous system 15
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2,3(1 H 4H) -qui ' ' deri ' W t t
ot sgon: o WArARE oy SRELY Bebident Ahiels U SRR dlpdor and AveA

t . A rUFet e ] T ed
receptor a%%tr—:g;?.?‘lﬂgr.l ?_syﬁ,qow 61'9@2?)bée'r‘§y\tm\ﬁ§w\lnm ag%tébbﬁ%&i r?hhy%ébéf! ute

conpounds are spe a descr her el n. nt er nati onal
Pat ent Applusean ithen treatrhentadfialcohod addiction aBd Pein.d NddiDAsetagonists may also

-5- het er oar %I - 2,5- (1 H, 4H) - qui nhoxal i_ne%'&gne derivativyes w th NVDA receptor
ant agoniGst badisefuliy thegreainentiorhesring isordars (e tinsyug). iraigeaing addscr i bes
t he pr ' : ' i
(-)-6, 7-di @E?%@ét’%{lf'g&r‘?g{%oxynet hyl - 5- ( 1- oxi dopyri di n-3-yl ) - 4H 1

;2,4-triazol - 4- BR-A205(28592 dedcribes pyvel-1 yedupsttutedonsyed 4H)Lr t her anal ysi s
of 25 the product of Exanple 114 shows the stated title conpound to be

bound t o aquinoxalinedinne serivativegussafulfor the teatment of seursiegesewtivexanpl e 1

herein). This sili ex h - have, di f f
o oper 11 cs NEBABEF BHOISLAOISARHIIBE o e eBliA e VUR Vel [y from the

stated {gitle co d@g@@ it hpﬁt i Dby ' e

di scl oses the p%grrg‘%sl on o ggo%%éfl' Ier gn 'c"(;‘rlr%%zlm %gﬁ?%gggsh%{tg%égﬂ title
conpound aR{3{6HgdH)-quinekalidediopedenivatives atithsglutamatetreaeptor antagonisingnpl ex
h i I | I h
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activities., However, no 5-triazolyl-substituted compounds are specifically

described therein.

20 International Patent Application Publication no. WO 97/32873 discloses
5-heteroaryl-2,3-(1H,4H)-quinoxalinedione derivatives with NMDA receptor
antagonist activity. Example 114 of that Application allegedly describes the
preparation of (-)-6,7-dichloro-5-[3-methoxymethyl-5-(1-oxidopyridin-3-yl)-4 H-
1,2,4-triazol4-yl]-2,3(1H,4H)-quinoxalinedione. However, further analysis of

25 the product of Example 114 shows the stated title compound to be bound to a
stoichiometric quantity of silica (see Reference Example 1 herein). This silica
complex has been shown to have different properties compared with, and to be-
distinct, analytically, from, the stated title compound. Example 114 of that
Application therefore discloses the preparation of a different compound to the

30 alleged title compound although the skilled person, realising that a silica
complex had been obtained, could readily apply common knowledge to prepare
the stated title compound therefrom.
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The preséﬂ%;%g%%unds are potent antagonists of the NVDA (lg)ﬁ:ycrne site)
receptor. In addition, they are highly selective antagoni sts for the NVDA
(glycine site) receptor in conparison to the AVPA receptor to which they
have 5 little, if any, affinity. -3~ The present invention provides

Terr) 1 SUPS O ibret RS mEGRIARS Batent anfaBnsE R YDA (alvsips, o

thereof. site) receptor! f MRtiohS Heyareshifhlyastiéaive \antagchists¥enthe RMDANPound -
.preferably is at | east of 90% w w purity, nore preferably is at |east

of 95% w W@uecineysite) degaptor in comparisondol the AMBA reeeptor tef whithhthey havei t y.
For the purpose of pharjraceutical 15 applications, the conpound woul d
nor nal | bgﬁﬁa?fﬁ'ycﬁ%ﬁﬂw' to at |east 99% W w purity. | The

phar maceuti cal | ,%%g dd$ Q'#Eq t f&wﬁ (1)
i ncl ude the aci 2— addi tlégﬁhg%@ﬂm@oggjse sgﬁ?gpt eré%tg."y ﬂ]ﬁe &Euﬁ abl e
aci d addi t tlenforaidis: are fornmed from aci ds which formnon-toxic 20 salts and

exanpl es are the hydrochl oride, hydrobrom de, hydroiodi de, sul phate,
hydr ogen sul phate, nitrate, phosphate, hydrogen phosphate, acetate,

mal eat e, fumarate, lactate, tartrate, citrate, gluconate, succinate,
benzoat e, met hanesul phonat%\ ’benzenNesHI phonat e and p-tol uenesul phonat e
sal ts. N -
{ YL N
—_— N T
: H
Cl N:EO
Cl N 0
H
M
10

or a pharmaceutically acceptable salt or solvate thereof.

The expression “substantially pure” means the compound preferably is at
least of 90% w/w purity, more preferably is at least of 95% w/w purity and most
preferably is at least of 98% w/w purity. For the purpose of pharmaceutical

15 applications, the compound would normally be manufactured to at least 99%
wiw purity.

The pharmaceutically acceptable salts of the compounds of the formula
(1) include the acid addition and the base salts thereof.

Suitable acid addition salts are formed from acids which form non-toxic

20 salts and examples are the hydrochloride, hydrobromide, hydroiodide, sulphate,
hydrogen sulphate, nitrate, phosphate, hydrogen phosphate, acetate, maleate,
fumarate, lactate, tartrate, citrate, gluconate, succinate, benzoate,

methanesulphonate, benzenesulphonate and p-toluenesulphonate salits.
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Sui t abl e yoaog3sa86ts are forned from bases whi ch form non- tRGE/EPISHNLS

and exanpl es are the calcium |lithium mgnesium potassium sodium zinc,

et hanol am ne; di et hanol am ne and triethanol amne salts. 5 For "a
review on suitable salts see Berge et aly J.Pharm Sci., 66, 1-19
(1977). Sui t abl e sol vates i ncl ude hydrat es. The

conpounds of t heSihitablebasé kaltsare formeddror bases whitky foriMmtadc salts
atropi soners. Atropjsoners are_ isoners that can be separated only because

100I r ot afj i cﬁmbmmpbsrﬂjeéhmalswditwguérﬂﬁgmsts&mdmawiyrgtsﬁ@dﬁun,(zilee, |
" A i i. " Thi L , J W

sons (15655 HaRRBy T Rigbaptagibe AP0 e bkfPEmR ¥ orr o’ correspond: ng.
optical ly pure ipde4 FREVRDR itable IHARUL BBt aft J PREFM. S BEU 819

containing the opposite stereoisoner. This can be achieved by H P.L.C
of the corr{d8pdhdi ng 15 racemate using a suitable chiral Support or by

fractional crystallisation of th | ast ereoi soneric salts fornmed by
reaction of the g@h@%ﬁ%ﬂﬁ‘%d"?’ﬂé@ﬂg@qﬁﬁt h a suitable optically active

by the fol I oni ng! SoeoRPHIE BFnSTBRAYEH &y siiche LErEbisamiery KhBn P °7)
tc:;:g ]pgr |ronrJ Ie ;@r@kdﬁﬂem | Ar6piSdmbRsare isomers that caié rs@Fgfért]ed @nlypbecapseind of
10 rotation about single bonds is prevented or greatly slowed (see
“Advanced Organic Chemistry”, Third Edition, Jerry March, John Wiley and
Sons (1985)). They may be prepared conventionally from a corresponding
optically pure intermediate or by resolution of a racemic mixture containing the |
opposite stereocisomer. This can be achieved by H.P.L.C. of the corresponding
15 racemate using a suitable chiral support or by fractional crystallisation of the
diastereoisomeric salts formed by reaction of the corresponding racemate with

a suitable optically active acid or base.

The compounds of the formula (l) can be prepared by the following
20 methods.

1)' The compounds of the formula (1) can be prepared by acidic or basic

hydrolysis of a compound of the formula:

R
cl N\ OR'
(m
~ 2
cl N~ “OR

wherein R is group of the formula:

25



wherein Ris group of the formula: WD 98/ 38186

PCT/ EP98/01

[err] 9%73§186 and R[err] and Rlerr], either when tPa Te’ﬁ”é‘f%ﬁé or-

t oget her, represent a group or groups that can be hydrol ytlcally
cl eaved under acidic or basic conditions 5 to provide a

qui noxal i nedi one of the fornula (I). Subh group or groups are
“conventional and suitable exanples will be well-known to the skilled
person. \Were FO\s a group of the formula (I?\) the reaction is foll owed
by separation of & at rNpiNsoner of the formulN=g) conventi onal
.conditions. 10 #/ N/ Nrﬁ@ramw Rerd] a erw\l\%r&,.plther each
i ndependent |y select gd f Cerr]- r] aNkyl preferably
methyl or ethyl) and benzyl, optionally ring- | “substituted by
from1l to 3 substituents each i ndependently sel ected from

Jerr]-Cerr] alkyl, Merr]-Cerr] alkoxy, halo, nf¥}o and trifl uoronethyl,
or, when taken

Glpheny!). G B sk R L) § Whe 18KEH Siohe g Sahty eBrasRRh RATPRP or
Preferably, eg ﬁ@_@%gg@ﬂ& ﬁ?ﬂ:}oﬁﬁgﬂg{/ ol gﬁ&'u%@r aéfﬁfcoéryﬁés?c eBnag.sﬂgpound

of the fornula procedure, a conpoun

fornulas(11) i stotpreeideca giinbxalinedione of the foamulaqlls Sudhugroup mfgraupsu tabl e

acid, e.g. a mneral acid such as
are conventional and suﬁable examples will be well-known to the skilled

person. Where R is a group of the formula (lll), the reaction is followed L
by separation of the atropisomer of the formula (I} using conventional
conditions.

10 Preferably R and R? are either each independently selected from
C,-C, alkyl (preferably methyt or ethyl) and benzyl, optionally ring-
substituted by from 1 to 3 substituents each independently selected from
C,-C, alkyl, C4-C, alkoxy, halo, nitro and trifluoromethyl, or, when taken
together, represent C,-Cg alkylene, CH(phenyl), CH{4-methoxyphenyt) or

15 CH(3,4-dimethoxyphenyl).

Preferably, the reaction is carried out by acidic hydrolysis of a compound
of the formula (1l).

20 In a typical procedure,'a compound of the formula (1) is treated with an
aqueous solution of a suitable acid, €.g. a mineral acid such aé
hydrochloric acid, optionally in the presence of a suitable organic co-

. solvent, e.g. 1,4-dioxane. The reaction is usually carried out by heating
the mixture at up to the reflux temperature of the solvent(s).

25

The intermediates of the formula (I} can be prepared by

conventional methods, for example,



hydrochl oric acid, optionally in the presence of a suitable organic co-
solvent, e.g. 1,4-dioxane. The reaction is usually carried out by heating
t he ni xtwoosasissp to the reflux tenperature of the sol venPCEEPIFEI2TS

The intermediates of the formula (11) can be prepared by

conventional nethods, for exanple, WD 98/ 38186 .
PCT/ EP98/ 01275 &~ ~ - 6- a) by the
route shown in Schene |: Schene |
[err] a) by the route shown in Schesfeckn R Rlerr] and Rlerr] are as
previously defined for a conpound of the formula (11).
In a typical procedure, a 5-am noqui noxaline of the formula (V) is
“- Scheme |
NH, ) NHCOCH,OCH, 1
cl N\ OR' CIKj[N\ OR
— X
/:[ 2 cl N > oR?
cl’ N” TOR
(Vi)
NHCSCH,OCH, R
cl cl N._ _OR'
— T — X
~
cl cl N~ “OR?
5 (vt an

wherein R, R' and R? are as previously defined for a compound of the
formula (lI).

In a typical procedure, a 5-aminoquinoxaline of the formula (V) is
reacted with a compound of the formula:

10 ' CH,OCH,COX!
wherein X' is a suitable leaving group, e.g. chioro or bromo, in a suitable-
solvent, e.g. toluene or dichloromethane, and optionally in the presence
of a suitable acid acceptor, e.g. pyridiﬁe, to provide an amide of the
formula (V1).

15 . An amide of the formula (VI) can be converted to a thioamide of
the formula (Vil) 'by treatment with 2,4-bis(4-methoxyphenyl)-1,3-dithia-
2,4-diphosphetane-2 4-disulphide (Lawesson’s reagent) in a suitable
solvent, e.g. toluene or tetrahydrofuran.



reacted with a conmpound of the forrmula: 10

CH ere] 64 45:9X[err] wherein X err] is a sui t?@'f&?bs‘?ﬁ‘é‘li‘g
group, e. €Rl'oro or brono, in a suitable sol vent, e.g. toluene
or dichl oronmethane, and optionally in the presence of a suitable
acid acceptor, -e.g. pyridine, to provide an am de of the formdl a
(V). 15 An anide of the fofmula (VI) can be converted to a
“t hi oam de of the formula (VII) bytreatnent W th

2, 4- bi s(4- met hoxyphenyl)-1, 3-dithi a-
2, 4- di phosphet ane- 2, 4 ghissinRlt SEthEUBHRSBAY! éﬁ%eeu
\sol vent, e.g. toluene or' tet raﬁ?d%of urano(lwﬁc rWthgtligg%JéérﬂBbﬁnd
PCT/ EP98/ 01275 of the formula (ll) by treatment with a compound of the formula:
A thi oangode of the formula (VII) can be converted to a conpound
f

of the rmula (I1) by treatnment with a conmpound of the forrmula: 5

[err] in the preggnce of nercury (Il1) oxide, optionally a
desiccant, e.g. 4A nolggﬁkar sieves, and a suitable solvent, e.qg.
n- but anol . 10 A conpound of ormula (I'l1) where Ris a group of
the formula (111) may be\ r esprve@NENH,r ovi de a compound of the
formula (I1) where Ris a oup of the formula (IV) using
conventional techniques, e.g. chiral HPLC,; or 15 b) by

using a simlar nethod to that shown in Scheme | to prepare the
in the presence of mercury (li) oxide, optionally a desiccant, e.g. 4A

molecular sieves, and a suitable solvent, e.g. n-butanol.

10 A compound of the formula (l1) where R is a group of the formula (1li)
may be resolved to provide a compound of the formula (ll) where R is a
group of the formula (V) using conventional techniques, e.g. chiral
H.P.L.C, or

15 b) by using a similar method to that shown in Scheme | to prepare the
corresponding pyridine compound of the formula:

RS
cl N OR!
NS
/I 2
cl N~ TOR
(vin)

20 wherein R® is a group of the formula:

(1X) )



~correspondi ng pyridine conmpound of the formula:

[err] 20 wherein R err] is a group of the fornula: [err]

WO 98/ 38486 98138186 PCTAERYBOMLIS/ 01275
arid Rlerr] and R err] are as previously defined for a conpound of the -
formul a (rr), followed by N oxidation thereof. .
The N-oxidation can be performed using 3.chl oroperoxybenzoic 5 aci d
in a suitable solvent, e.g. aqueous nethanol or acetone. O her

sui tabl e N-oxi dainddR' snd@®°tdreas previbusly definad fivyal cogwoupd rofthel ormulacet i ¢
acid, dinethyldioxirane in acetone, nonoperphthalic-acid in acetic
aci d/ met hanol , ¢Xofgtiqwadiby Nnexidatinythegeelum per oxynonosul phate) in

i tabl | vent , ' 0
Sodtum perborate i n- S X e Beftofthed LEMgRLANBI S LAERRT, |
fornula g11) WheicRi 18 4 Suitatdé @gWefﬁf, te}.]é;.eafqueous metlhla;lgr Shhcbtbhé. \?Aﬁ&if be

resol ved to provide a conpound o ormula ( ere Ris a

group of the fomsuitable(N-gxidatiod esoditived include using hydyogaroperoxidelin @jetic The
compounds of e LPLILLA, (1dxiRl B2l RaRSS it hos S 2Lan o
acid/methanol, OXONE (trade mark, potassium peroxymonosulphate) in
a suitable solvent such as water, acetone or dichloromethane, and
10 sodium perborate in acetic acid.
Again, a compound of the formula (ll) where R is a group of the
formula (Ill) may be resolved to provide a compound of the formula (if)

where R is a group of the formuia (V) as described in method (a) above.

15 2) The compounds of the formula (I) can also be prepared by N-oxidation of

a compound of the formula:

R’
H
cf N_ O
I {(x1)
Cl N o]
H
20 where R* is a group of the formula:

/
<__j->__47)\/OCH3 or <}_(T ..-\\/OCH:‘
(IX) X) |

The N-oxidation can be carried out using a suitable oxidising agent, e.g.

25 3-chloroperoxybenzoic acid, and a suitable solvent, e.g. methanol or



[err] 20 where R3 is a group of the formula: [err]

The N-oxidation can be carried out using a suitable oxidi sl; BRisss € 9
25 . WO9835186, oper oxybenzoi c acid, and a suitable sol vent, €. g. rmethanol
or WD 98/ 38186 -
PCT/ EP98/ 01275 acetone. O her suitable N-oxidation conditdons
I ncl ude using hydrogen per oxi deB4.n acetic acid,

“di net hyl di oxi rane i n acefone,, nqoper pht.halic ... . acid in acetic

aci d/ rrét hanol , BF&IRAS( tqthae,uss%ﬁﬂ??‘g-ei‘@gﬁ%ﬁp"%!ﬂons inclyde H§'9‘9’3W6£’99%at e) in
a suitable sol XRIAFH : ol : . | ane,

. andUIsodi um per \tgggz?t e |'ﬂ%§g i C?%anztféﬂﬁmsxﬂne In acetone, mgw&%@hﬁal}{' a

group of the foacidlinateid acidimethamol,i OXONE (trideowatk, motassium
separation of the atropisoner of the fornmula (I) using conventional 10
conditi 8ns. peroxymonosulphate) in a suitable solvent such as water, acetone or

dichloromethane, and sodium perborate in acetic acid.

Where R%is a group of the formula (IX), the reaction is followed by
separation of the atropisomer of the formula (1) using conventional

10 conditions.

The compounds of the formula (XI) may be prepared by acidic or
basic hydrolysis of the compounds of the formula (Vill) using the
conditions described in Method (1).

16
3) A compound of the formula (1) can be prepared from its corresponding

silica complex by treating a solution of the complex in a suitable solvent,
e.g. methanol, with a suitable acid, e.g. a mineral acid (e.g. hydrochloric
acid) or acetic acid. This acid treatment degrades the silica complex and

20 liberates a compound of the formula (l).

During the preparation of a compound of the formula (i), the
compound must not be treated with silica (e.g. during chromatography)
otherwise it will become bound with a stoichiometric quantity thereof to

25 form a different compound, i.e. a silica complex of the required
compound.

Accordingly, a compound of the formula (1) is preferably purified
by reverse phase gel chromatography.



-The conpounds of the fornula (XI) nmay be prepared by acidic or
basi ¢ hydrolysis of the conpounds of the formula (VIIIl) using the

condi ti oomwodgssigs bed i n Method (1). 15 3) A conpoundPCI/EPROIRZT nul a
(1) can be pirépared fromits correspondi ng silica conpl ex by
treating a solution of the conplex in a suitable solvent, e.g.

nmet hanol, with a suitable acid, e.g. a .rﬂorjeral acid (e.g. hydrochloric
acid) or acetic acid. This acid treatnment” degrades the silica conpl ex and

20 - |'i ber at exj| 8f theratvvetreattibme ah@the! breparations of novel starting Buri ng
the preparation of a conmpound of the fornmula (1), the conpound

must not benatesialsused inthei preceding.methodsiang conventiinadjang appropriate :
otherwise it wil] begcone _bound wth_a stoichjonetric quanti thereof to 25
Form a di 1 1ERERDIS AN AArON copdtion, for et s BanGe o Aeshargtivn eg well as |
compound procegures for isolatin§%he deisipel o&’u&ﬁWﬂPHé‘Wéﬂfl%ﬁo% QhBYs %kﬁllaéi 'S
preferably puriftie by reverse phase gel chronmatography.

WD 98/ 38186n the art with reference to literature precedents and the Examples and
PCT/ EP98/ 01275 . -10-
Al of the Picpaeationsdiereles and the preparations of novel starting

Feagents and' r edsPATMBESTIEEN, RoEFABleath SRR R Yot BRRB AN "o
wel | as 5 d?'tﬁé'%’r%ﬁnﬂéi(gﬁti%% sglr@%%rbbaréaeﬁy frmdngmlsg&tﬁéﬁsmmiénéoﬁ yel | known

to those skilled reference to Iiterature precedents and
t he Exam®l eompelnd of hedpemalai (Hranchtheedesired acid or base, faspagpropriate i The |y

may be- T eadily Bl EORHEERBIIOR 20NN b FolHEH PR LraSonPr 0aE bipound of
the fornmul %&6\)&?3%&4%\%&?&&?9&‘@@Q)l\%r}tbase’ as appropriate. The salt

may precipitate tro offutron and be collected by filtration or may be
recovered by evdliws binding affinityref sempeoihd of the formula (IjTfoe th giycing sifd bhi ty of

conpound of the formula (1) for the glycine site of

the NMDA receptor may be measured by testing its ability to displace a

15 selective glycine site radioligand from rat brain membranes as described in Brit.
J. Pharm., 104, 74 (1991). in a variation of this method, thoroughly washed
membrane protein is incubated with [*H]-L-689,560 (Mol. Pharmacol., 41, 923
(1992)) for 90 minutes using tris-acetate buffer (pH 7.4). Displacement of the
radioligand, using a range of test compound concentrations, is used to derive

20 ICsp (50% inhibitory concentration) values.

Functional jn vitro glycine antagonism is demonstrated by the ability of
the compounds to inhibit the depolarisations in rat cortical slices induced by
NMDA by a similar method to that described in J. Med. Chem., 33, 789 (1990)
and Brit. J. Pharm., 84, 381 (1985). In a variation of the procedure, the

25 response to a standard concentration of NMDA is measured in the presence of
a range of test compound concentrations and the results obtained are used to
derive ECy, (50% effective concentration) values.

The binding affinity of the compounds of the invention for the AMPA
receptor may be measured by testing their ability to displace the radioligand

30 [PH}-AMPA from rat brain membranes. Membrane homogenate is incubated



the NVDA receptor may be nmeasured by testing its ability to displace a 15

selective glycine site radioligand fromrat brain nenbranes i bed in
Brit. ,W(g?gl@ﬁ%@m, 104, 74 (1991). In a variation of thi%cﬁé]t’ﬁgﬁgs

t hor oughl'y washed menbrane protein is incubated with [[err]H]-L- 689, 560
(Mol . Pharmacol ., 41, 923 (1992)) for 90 mnutes using tris-acetate.
buffer (pH 7.4). Displacenent of the -11¢radioligand, using a range of test

- conpound concentrations, is used to derive 20 I C50 (50% i nhibitory
concent r at W ragipligand (10 nM) in the presrRceRTAbseRceof test gompaundsatagoni smi s

dopotar atryRlsiceRcBftratidns 4°C tor B3R SR At bARPIdcidBBeLarg | o
met hod to tapbratagdy rapi filttaton XRd -ra%ﬁﬂ%jvity%g’ mga%%réégz%?ﬁesczi@ﬂﬂﬁtﬁhi t. J.

Pharm, 84, 381 (1985). In a variation of the procedur response
to a st ahdaodntingcentrati on of NVDA is neasured in the presence of a

range of test cqgpound concentrations d the resul.ts obtained, are used to
derive EC50 (509 F%PPU@%B%@HPFHP'?&S})CH\F&P%Egmm's'[ere to a subject i hEi ng

ffinity of . - i . . t b
measur et by FRe AT BF pedigl BESRRApead i QamANiG win g 750P © ™ °°
[ [ er r ] H - Aiyharinaeautiedliykiceeptabiartilwart or chiigriselectédbwitheagari fosthencubat ed

WO 98/ 38186 _ . _
PCT/ EP98/ 0 imtepded route of administration and standard pharmaceutical practice;-For with

radi ol i gand _(10.,n I n_the presence pr_absence. of st conmpoynds at

vari ous'to mmﬁ%@fs“'a& & @PH%%&&@@Y#PQH?@&S@ESU%{ o '%ﬂ?ﬁ]ﬁ’%ﬂﬁ ol abel
are se i bt il | "
qui d soi ORI EoRAIIARslct biapiBhisds SRfCH SPRARE, U1 I o R bR o
(1) can be eititer aicrtecorid ddmiztuseibjtbexcipierts, or in the éerme df alixirse soludionsidr!
generally be adm ni stered .in_adm xture rmaceut i cal |

d. ith a p Yy
accept abl e SYSPEBSIPNS Coptaining flaveuring @HC%E'WQ agents. (lheykan be njeetedded

cxarpl o, REyRGrAR, S RERING FEAR Iy WRER Rl & ftdifeolv 1 1 o,

form of 15 Fdrarehtersiciindniztration, thby exs bestuserl inthe feme bf arstériet ose, or in
capsul es or ovul es either alone or in adm xture with excipients, or in

the form ofaquieoxsrselution which mayogontain athepeuhstanaese fartenamplg, enewgur i ng or
c0l our1 9 BRAE URt B bR coronu U B | 1, oL SxaPle
admi ni stration, THeYorRpSukBshaveSetehflal fBeabssrftion troGgRthé ©
gastrointestinal tract and thus administration by slow release formulations is
20 also possible.

In general, a therapeutically effective daily oral dose of the compounds
of formula (1} is likely to range from 0.1 to 100 mg/kg body weight of the subject
to be treated, preferably 1 to 20 mg/kg, and an intravenous or subcutaneous
daily dose is likely to range from 0.01-20mg/kg body weight of subject to be

25 treated, preferably 0.1-20 mg/kg. The compounds of the formula (l) may also
be administered by intravenous infusion at a dose which is likely to range from
0.01-10 mg/kg/hr.

Tablets or capsules of the compounds may be administered singly or two

or more at a time, as appropriate.



~aqueous sol ution which may contain other substances, for exanple, enough
salts or glucose to nake the solution isotonic with bl ood. The
conpoundwdesysigwt enti al for absorption through the gRSUYERIROESS | nal
tract and thus adm nistration by slow release fornmulations is 20 also.
possi bl e. In general, a therapeutically effective daily oral
dose of the conpounds of formul a (L%_is likely to range from0.1 to 100
ng/ kg body wei ght of the subject tC)%matreated, preferably 1 to 20

ng/ kg, and an irrhéqw-gam Wi Fei&onihatng Wetual doside Whithswillie idsel y to range
body wei ght of subject to be 2 treated, preferably

from 0. 01- ZO.W%kgo ect

0. 1- 20 ny/ Kyjtable dorcamprdividisal gratientand itwill yary witnthe age,aveight and adni ni stered -
by intravenous i nfusion at dose Lch is likely to range fro 0.01-10
ol kgl hr - Fesponisd ot thégticuler GeRent e ebye HHgads ATa e Hiay Bhtne

\6/‘\% mgg; :5), tssi‘g%ﬁ'e@g@g&éée? "THM® can, ofoutBE foé individudlthstaiced \RhERY high€r or

PCT/ EP98/ Oltwer dosage ranges are merited and such are within the scope of tHig-

The physicjan will determ ne the actual dosage which w |l be nost
sui t abl e f#WVEBHON ndi vi dual patient and it will vary with the age, weight

of ‘the 5 aver aouBnaERTid Eotndtuidy bERk ot RN SR Bl RS e o
hi gher or inhaldtRedr ifl B8 &S amgﬁp%éﬁtdwb'r p&sbarp CorHey nidyebdabplied t he scope

of this i nventi on. ternatively, the conpounds of the

f or mul &0( | fopicailylin thelform eft @ ladionpgolution, eraamaciniment o dusting pawdenfAn @

i h . l.ied 10 i.cally i f of
2 Tor on. - SuseRlR e, oh rassETERL A nAIEtPRdS BRHES T aaion patity (Eonat  ve
means of t i‘é‘ﬁxg%'i'@éey é&'r%@'iﬁ&dr?%ﬂg?éh irito Derda® Bhskting 'of aﬂaécﬂéonﬁor

exarrpl e, they I NCOr pora INto a cream consisting ol an aqueous

emul si on oémuigiye ofipblyathyidnecglysols or liguidi phrafiinalMhey.cafaigo ben al so be
i ncorporated, at a concentration of_ between 1 ando 10% by weight, into an 15
oi nt nent cinesrRAraiRg. ot aLopsepisatipnoibeiweend ard 10%buweightprieanoget her

1t i 8 oMY RRISor nl 8RR GbE Sort el DR RARKAE Mty 1 axi s as
well as thgueh bRibilRktPan® preehadtivies RRImay Betreqired. t he di sease.

It is to be appreciated that reference to treatment includes prophylaxis as

well as the alleviation of established symptoms of the disease.
Thus the invention further provides:-

20 i) a pharmaceutical composition comprising a compound of the formula (1),
or a pharmaceutically acceptable salt or solvate thereof, together with a
phamaceutically acceptable diluent or carrier;

ii) a compound of the formula (1), or a pharmaceutically acceptable salt,
solvate or composition thereof, for use as a medicament;

25 iii)  the use of a compound of the formula (1), or of a pharmaceutically
acceptable salt, solvate or composition thereof, for the manufacture of a
medicament for the treatment of a disease by producing an antagonist
effect at a NMDA receptor;

iv) use as in (jii) where the disease is an acute neurodegenerative or a

30 chronic neurological disorder;



.Thus the invention further provides:- 20 i) a pharmaceuti cal
conposition conprising a conpound of the forrmula (1),
phar maceu _”&Gaccept able salt or solvate thereof, toget ﬁé:tﬂ%g?ﬁbgg :

pharmaceutical ly acceptable diluent or carrier; i) a conpound of the
formula (1), or a pharmaceutically acceptable salt, sol vate or
conposition thereof, for use as a nedicgyent; 25 iii) the use of a
‘conpound of the fornul aq&l ), or of a pharmaceutically _acceptabl e
salt, sol va¥ke oradesibediof treatmert efa mamamal tedreataidisease dydqiroducing an

medi canent for the. tr n f i . I n,ant.agoni st
effect at a NvVDAS tgggﬁﬁ)g,ﬁeét aqqswﬁﬁgégpégxlvﬂ{@?#ﬁ#‘%\%ﬁ%é'%lahggcﬁ ase is
an acute neur odegRiRhal Wit af'effecife amount OFaBNTPALMY 6 thaiferhuld @Psder ;
PCT/ EP98501275 with a pharmaceutically acceptable salt, solvate or compdsition theradf: a
net hod of treatnent of a ma regt a dj sease by rs&quci n(%

|t
ant agoni st W’fec@"&?th_ﬂdm?‘rfsgﬁwo e Qﬁ?'ﬁ&ﬁﬁ‘f‘gﬁgeﬁf gef¢ §§‘?%I°"a
manmal with an e%*g'%ﬁfﬁ&fafé@#gg for@e,corrpound of the formula (1) or 5

wi th a pharnmaceutically ac e salt, solvate or conposition thereof,

vi) a nmetVi)d ag compouhdwWighe farrrila(ihpraere R isa group of tiesforarde (1) oF i ve or
a chroni ¢ neurol ogi cal disorder; vii) a conpound of the
formula (11) wheff¥);Rnds a group of the fornula (111) or - (1V): and

10 V1112 GO ol LSRRI YhD WS R Lol 'S e Bia o e
PCT/ EP98/ 01275 - 14- .



The follow ng Exanples illustrate the preparation of the conpounds of
the formula (1) and a conposition thereof. 5 Melting points were
det'er ni newoussiasggsa Buchi apparatus in gl ass capi |l | ary POFEPI&ALR7ar e
uncorrect éd.  Low Resol uti on Mass Spectroscopic (LRVS) data were '
recorded on a Fisons Trio 1000 Mass Spectroneter (thernospray using.
anmoni um acetate in agueous net hanol as_,w_e carrier or at nospheric
pressure chem cal ionisation (APClI) using 97.5:2.5, by volune, 10

net hanol : aceti ¢ JhedfollowingBempsiesillustratenthespreparationrofthie corgdumdsfver e
recorded on a Varian Unity 300 or_a Varian |Inova 400 NVR instrunment (300
and 400 Mz the forpuda (1) angia eprapostion hereelkt ent with the assi gned |
structures. Proton NVMR shifts are quoted in parts per mllion downfield
from tetranethyl sifane. The purity of the conpounds was carefully

assessed gisi ng 1Heinag Yoirks efd Sotlindnian MG pblthSir glassechni que

was used to cal cul ate t he anobunt of solvent present in solvated
sanpl es. Theapillary tubesiahdedrenmnedrrected. Lavwh Resolution MasssBpectrscapiali cat es

h [ I | al I ni fol |l ow ' i.e, th
tnoﬁ_ ]E Fzggg(ﬁﬁﬁigq%@&eerg%&rggd ﬂ%a::) i,vsmgggg’g'o 10%%%22& b?)gbtrbm%ter ©
PCT/ EP98/ 01 : ; : ST L —
BXAVpLE 1 hermospray using apmprib Gestate n pguseys, mehangl s he;carier or
- oxi dopyr i diatm8sptherictptebsuid éhemical ionisation (APCI) using 97.5:2.5, by volume,
triazol 4-yl]-2.3(1H, 4H) - qui noxal-i nedi one hydrate 5, ;err

10 methanol:acetic acid and gaseous nitrogen as the carrier). NMR data were
recorded on a Varian Unity 300 or a Varian Inova 400 NMR instrument (300
and 400 MHz, respectively) and were consistent with the assigned structures.
Proton NMR shifts are quoted in parts per million downfield from
tetramethyisilane. The purity of the compounds was carefully assessed using

15 analytical TLC and proton NMR and the latter technique was used to calculate
the amount of solvent present in solvated samples. The term “residue” used in
the microanalysis data indicates the residual material remaining following

combustion, i.e. the non-flammable material.



.Concentrated hydrochloric acid (1m) was added to a stirred sol ution of
(-)-6;7-dighl oro 5-[ 3- net hoxynet hyl -5- (1 -oxi dopyridin-3-y
, 2, 4- trla"¥9I 8/3818¢ yl']1-2,3(1 H, 4H) - qui noxal i nedi one, si Iikgwéégg&’ 1e2>25(8

Ref er ence Exanpl e 1) (2.39, 4. 64mmol ) in methanol (40m) and t he
m xture stirred for 2 hours. The solid precipitate was col |l ected by.
filtration to afford the title corrpound-1§s a. white solid (1.4g, 65%.

18.18; residue O. 3.12
(3H, s), 4.36 (2H

np 264-265[err] C. Found: C, 44. 1; N, 18.14; residue, 0.00. 15
C[err]H[err]CI[err]N[err]Qerr] 1. reqwres C, 44. 17 H, 3.21; N, .
a _] P by ’ ” A 3

err] =

Jlerr] = 9.5Hz), 7.42- {riddoldyl}-R3PHH AH)uitoxali d '8.30 (1H, s),
12. 22 (1H s), 12.24 (1H, s) 20 _rrlz (therrmspray) 435 (M—I[err])
[a][err]®-235[err] (c=0.1, water) WD 98/ 38186
PCT/ EP98/ 01275 - 16-
EXAMPLE 2 O (-)-6.7-Di chl oro- 5- [Q\r_;ethoxynethyl 5-(1
-OX|dODYr|dIN cyl ) NAHNL . 2. 4- ) \\\/ocn
-triazol-4-¥]- H, A\H) oxal i nedi one hy@_{
[err] — w N
: H
cl B o cl N__o
I ARHSIO, I -1.5H,0
Cl N 0 4
cl N7 o N ;

Concentrated hydrochioric acid (1mi) was added to a stirred solution of
(-)-6,7-dichloro-5-[3-methoxymethyl-5-(1-oxidopyridin-3-yl)-4H-1,2 4-triazol-4-
10 yl}-2,3(1H,4H)-quinoxalinedione, silica complex (See Reference Example 1)
(2.3g, 4.64mmol) in methanol (40ml) and the mixture stirred for 2 hours. The
solid precipitate was collected by filiration to afford the title compound as a
white solid (1.4g, 65%). mp 264-265°C.
Found: C, 44.34; H, 3.21; N, 18.14; residue, 0.00.
15  C47H2CLNgO,. 1.5 H,0 requires C, 44.17; H, 3.21; N, 18.18; residue 0.00%.

1ﬂMB (300 MHz, d¢-DMSO): 8 = 3.12 (3H, s), 4.36 (2H, m), 7.18 (1H, d, J =
9.5Hz), 7.36 (1H, dd, J, = J, = 9.5Hz), 7.42 (1H, s), 8.24 (1H, d, J = 9.5Hz),
8.30 (1H, s), 12.22 (1H, s), 12.24 (1H, s).

20
m/z (thermospray): 435 (MH").

[a}z-‘; -235° (c=0.1, water)



‘A solution of 3-chloroperoxybenzoic acid (50-55%w w in water

cont ai ni ng 3-chl orobenzoic acid inpurity, 16.1g, 47mmol) in methanol
(200rﬁ) "wo o¥Bssedded to a solution of PCT/EP98/01275
(-)-6,7-dichloro-5- 3-net hoxynet hyl - 5- (3-pyridyl)-4H 10
1,2,4-triazol-4-yl]-2,3(1 H 4H) -qui noxal i nedi one (see Preparation 1) (1

3. 89, 31lmmol) in rret hanol (400m) at‘@ oomtenperature. The reaction

m xture was stirred at roomtenperat'ofre for 3.5 days. The reaction

m xture was pre- absor bed on re%&%@ze gel (MIl Gel CHP20P [trade
mar k], 75-100[err]) and purlfle y chromat ography on reverse phase gel
(™M Gel CHP20P [ t(£)eB1g g-méethokinet Togxidor gh-¢

wat er : net hanol (3:1 changl n to 2: 1 b | ume) S the eI uent to give,
after conbinati on and é@%g RON IR UrGe SPALSIREE fractions, a

i ght yellow solid which was recrystal I [ s d from met hanol to give the
title conpound (7.6g, 54% as a colourl es olid. 265- 267[err]C. 20
Found: C, 45.01N 3. 8TRN, 18Cﬁ,,5' derr] r] r]N err]qerr] Herr]O
requires C, 45.05; W \\8\1,1 }  18. 54%

PCT/ EP98/ 01275 N - 17-

[err] HHNMR (300 I\/|—|z‘_,:l dl e r]-?l\/BOb | denti cal apect um t obtained for
t he conmpound of  Exafphe 5 mz (therm) M—I[qq;d)
[a][err] -224[err] (c @ r) 10—

EXAMPLE3 6N hl or o- 5-[ 3-

-OX|dopy5|d|n3yI) 4H—1 ZH- l-trlazol4 yl]- 23(1

H, 4H) - qui'noxal i nedi one 15
(-)-6,7-Di chl oro-5-[ 3- met hoxynet hyl -5-(3-pyridyl)-4H 1, 2, 4-tri azol -4-yl ] -
A solution of 3-chloroperoxybenzoic acid (50-55% w/w in water
containing 3-chlorobenzoic acid impurity, 16.1g, 47mmol) in methanol (200mi)
was added to a solution of (-)-6,7-dichloro-5-[3-methoxymethyl-5-(3-pyridyl)-4H-
10 1,2,4-triazol-4-yl}-2,3(1H,4H)-quinoxalinedione (see Preparation 1) (13.8g,
31mmol) in methanol (400ml) at room temperature. The reaction mixture was
stirred at room temperature for 3.5 days. The reaction mixture was pre-
absorbed on reverse phase gel (MCl Gel CHP20P [trade mark], 75-100u) and
purified by chromatography on reverse phase gel (MCl Gel CHP20P [trade
15 mark], 75-100p) by gradient elution using water:methanol (3:1 changing to 2:1,
by volume) as the eluent to give, after combination and concentration of the
appropriate fractions, a light yellow solid which was recrystallised from
methanol to give the title compound (7.6g, 54%) as a colourless solid. mp 265-
267°C.
20 Found: C, 45.01; H, 3.08; N, 18.65. C4;H;2Cl.Ng04.H,0 requires C, 45.05; H,
3.11; N, 18.54%.



.2, 3(1H, 4H) - qui noxal i nedi one (see Preparation 1) (412.2g, 0.98 nol) and
OXO\IE (trade mark) (1.44 kg, 2.3 nol) were slurried in water (4.13 L) and

t he _WQOBRHSEt i rred at ambient temperature for 60 hour 8€T &N
agueous sodi um t hi osul phate solution (2.2 L) was added and the slurry
stirred for 1 hour 20 before being filtered under reduced pressure. The
filter cake was slurried at anbi entqyenperature for 4 hours in 1:1, by
“volune, is prop | al cohol : di chl oronet hane (111 L) and the solid

col | ect ed 63@D|MHZ, dDMSO):r Identigakspectr ugy tpthad obtained éor theduced
pressure to ve the“.:t Q'orrpound as a colourless - solid (366 g). 25
EXAMPLE 4 ©0 pound xam e

(-)-6,7-Dichloro-5-[3-nmet hoxynet hyl - 5- (1- oxi dopyridin-3-yl)-4H1,2,4-triazo
| - 4- yl'1-2,3(1 H, 4H) - qui noxal i nedi one, sodium salt,

hydr at e 5 Bﬂz(thermospmyl):rrﬁﬁﬁqwrkbde (9.72m of a 1 molar aqueous sol ution,
9. 72mol ) was added to a stirred suspension of’

(-)- 67dich|or05[3 met hoxynet hyl - 5- ( 1- '
oxi dopyri d égzl%ﬁ 12%51%? azol -4-yl]-2,3(1H, 4H) - qui noxal i nedl one

hydr at e 4069, 9. 72rrrm|) in water (60m ) and the
m xture stlrredfor WO 98/ 38186
PCT/ EPSg/ 01275 L - 18- 5

EXAMPLE 3
m nutes. The resulting sol utlon was filtered and the filtrate freeze-dried
D " "“ % q q

to gi ve the : -a%Lgﬂy'fqyﬁ%g %4-rrp
303[err]C ( np. ). :
Clerr]H err]d [err] N err]itNaghled | inexalinadione 41. 40 H, 3= 07
N, 17.04% [ err] H NWVR (400 M—Iz d[err]6 DI\/SO) [err] = 3.08 (3H s)

(ih 518 8"b0 (T fPinesste- mtﬁﬁrs‘mg'lhvf’g IR IR
2,3(1H,4H)-quinoxalinedione (see Preparation 1) (412.2g, 0.98 mol) and
OXONE (trade mark) (1.44 kg, 2.3 mol) were slurried in water (4.13 L) and the
mixture stirred at ambient temperature for 60 hours. Saturated aqueous
sodium thiosulphate solution (2.2 L) was added and the slurry stirred for 1 hour

20 before being filtered under reduced pressure. The filter cake was slurried at
ambient temperature for 4 hours in 1:1, by volume, isopropyl alcohol:
dichloromethane (111 L) and the solid collected by filtration. The filtrate was
evaporated under reduced pressure to give the title compound as a colourless
solid (366 g).

25

30 Sodium hydroxide (9.72ml of a 1 molar aqueous solution, 8.72mmol)
was added to a stirred suspension of (-)-6,7-dichloro-5-[3-methoxymethyi-5-(1-
oxidopyridin-3-yl)-4H-1,2,4-triazol-4-yl}-2,3(1H,4H)-quinoxalinedione hydrate
(see Example 2) (4.406g, 9.72mmol) in water (60mi) and the mixture stirred for



.EXAMPLE5 15 |Intravenous formnul ation of
(-)-6.7-Dchloro-5-[3-nmet hoxynet hyl - 5- (1-
oxi dopyr vl pg/SB196 ) - 4H- 1. 2. 4-tri azol - 4-yl ] -2, 3(1H. 4H) - qui nBGI/EPRE@IBHFe.

sodium ~ salt, hydrate A formul ation suitable for
adm nistering a 20ng/ M dose of the active 20 conponent by intravenous -
injection was prepared using (-)-6, 7-di gl oro-5-[ 3- met hoxynmet hyl -5-(1

- oxi dopyridin-3-yl)-4H1, 2, 4-triazol - 4°y1]-2,3(1 H, 4H) -

qui noxal i ngdhipiges. svﬁe tﬂésmﬁdng solatiBR m(a%emtel?é@aabqnéhtfaaa fréBBeRftfedudi t dose),
sodi um chloride (9.0ng per unit dose; and water for -injections (to 1.0m).
25 Toiveribeditle compoundi(4.29.i %) 85 @i pale yellowiseddi mpi3e3 ved in 75% of
t he total volune of water in a suitable vessel w th m xing.

(-)-6,7- Di HFEBR2-[3-"

met hoxyget hyl - 5- (1- oxi dopyridin-3-yl)-4H1,2,4-triazol-4-yl]-2,3(1 H, 4H)-
qui noxal'i nedi one, sodiumsalt, 2Herr]Ois then added and di ssol ved by

m xi ng. Folihd: €p44140pH, |3$05 fNarrlemsleCl{;H{,Gl Nam; 2HLO regliees end1f40;t er ed
through a 30 clarif mcron filter. 2'I'he filtrate is filled into
sterile 10H, 3P&N, b%ﬁé%i es under aseptic conditions using a term nal

clarifying filter and the anpoul es seal ed. - WO 98/ 38186
PCT/ EP98/ 01275 -19-

Part (i)o%&gqgw } FERDAY. Ay i on of
t he conpoun 9‘;&@?2?@; nat | naI ?gﬁ(tz Apﬁgf ?gg@ﬁ rﬁdbl I cation
no. WO 197/ 3Z38/GlH,|dd, Elar:th(# B)oHZ) h&.0Rr(dHi, s}, BJN {iHenh) W66 €tiHys). al | i sed fraom
5 aqueous acetone. REFERENCE EXAMPLE 1
(-)-6.7-Di ]zpr t hgxymet hyl -5- (1 -oxidopyridin-3-yl)-4H1, 2, 4-

ol G TR | neat one 417

noxal i nedi one. silica conpl ex

triazol -4-
[err]

15

A formulation suitable for administering a 20mg/ml dose of the active
20 component by intravenous injection was prepared using (-)-6,7-dichloro-5-[3-
methoxymethyl-5-(1-oxidopyridin-3-yl)-4H-1,2,4-triazol-4-y1]-2,3(1H,4H)-
quinoxalinedione, sodium salt, 2H,0 (see Example 4) (22.7mg per unit dose),
sodium chloride (9.0mg per unit dose) and Water for injections (to 1.0ml).

25 To prepare the formulation, sodium chioride is dissolved in 75% of the
total volume of water in a suitable vessel with mixing. (-)-6,7-Dichloro-5-{3-
methoxymethyl-5-(1-oxidopyridin-3-yl)-4H-1,2 4-triazol-4-yl}-2,3(1H,4H)-
quinoxalinedione, sodium salt, 2H,0 is then added and dissolved by mixing.
The solution is then made up to volume with water and filtered through a

30 clarifying 0.2 micron filter. The filtrate is filled into sterile 10ml glass ampoules

under aseptic conditions using a terminal clarifying filter and the ampoules
sealed.



(i) A sol ution of 3 chl or oper oxybenzoi ¢ acid (0.85g, 4.93 nml) in
acetone . (20m ) was added in one portion to a su |

(-)-6, 7- dw&‘ﬂs@Pb%S [ 3- WS&R)IHS

met hoxynet hyl -5- (3-pyridyl)-4H1,2,4-triazol 4-yl]-2,3(1 H, 4H)-

qgui noxal i nedi one (see Preparation 1) (1.0g, 2.24 mmol) in acetone 15
(40m ) Wiich caused all the solid to dis4®dve. The reaction was stirred at
Toomtenperature for 40 minutes after which tinme a white solid began to

form The reacti &tark{iketihe fabawing Refetence Examplgt! ns(ﬁ)fﬁne@trp@mraﬂ@nfoér 3

P L e S e T L N T

flash 20  no, VROIromraLETs. amWa:Q'(h)StHé produet obtainzd was rec stalllsed from
di chl or onet hane: net hanol : gl aci al acetic acid (90: by

vol une) & Eueolsacetang.gi ve, after "‘conbi nation and
concentration of the appropriat racti | e conpound as a
white solid, (0.16g). mp. >31 FER 8gwﬁé—i[err]H—NNR(300 VHz
dierr]-DVMBO): [err eJe o 21 :0: (4 y
s), 4.32 (2H, m,
WD 98/ 38186

PCT/ EP98/ 01275
m z (thernospray):

2\ ?H\'\\/ocu ) '7_"
\ 3 \ OCH, w
Q( N \\/ ”
H
ci N__©O
I — :@ I . 1/2 H,Si0,
cl o

N
H

10
() - A solution of 3-chloroperoxybenzoic acid (0.85g, 4.93 mmol) in acetone

(20ml) was added in one portion to a suspension of (-)-6,7-dichloro-5-[3-
methoxymethyl-5-(3-pyridyl)-4H-1,2 4-triazol-4-yl}-2,3(1H,4H)-
guinoxalinedione (see Preparation 1) (1.0g, 2.24 mmol) in acetone

15 (40ml) which caused all the solid to dissolve. The reaction was stirred at
room temperature for 40 minutes after which time a white solid began to
form. The reaction mixture was allowed to stir at room temperature for 3
days. The white solid was collected by filtration (this solid contained less
than 90% w/w of the N-oxide produc:t)1 and subjected to flash

20 chromatography on silica gel using dichloromethane:methanol:glacial
acetic acid (90:10:1, by volume) as the eluant to give, after combination
and concentration of the appropriate fractions, the title compound as a
white solid, (0.16g). m.p. >310°C.

25 IH-NMR (300 MHz, ds-DMSO): 6 = 1.90 (s, acetic acid 0.3 eq), 3.10 (3H,
s), 4.32 (2H, m), 7.22 (1H, m), 7.40 (2H, m), 8.10 (1H, m), 8.22 (1H, 'm).



5 [a] [err] -235 (c=0.1, ethanol)* (*1't should be noted
that a clerical error occurred when stating the [a][err] val ue

I - ExanmplwobsAdsigs | nternational Patent Application Publicagcrmpesmi2rs
WD 97/ 32873.7 The stated "c = 1.0" value is incorrect and this should 10

have read "c = 0.1"). (i) Recrystallisation of this solid from
aqueous acetone gave the title corrpound as a white solid. np
>310[err] C 15 Found: C, 41.2; ?P 1; N, 17.0; residue, 8.25.
CerrJHerr]d[err]Nerr]derr]. 0.5 H[err]S|Qerr] 1.2 Herr]Orequires:
C, 41.18; H 3.13; N, 16. 95; re5|due787%
[err]l—l—NI\/R(300anIz(thaﬂ|[mspl] VBEE. [err] 3.05 (3H, s), 4.37 (2H, m, 7.16
(1H, 20 d, —95Hz) 7.32 (1H, s), 7.32 (1H, m, 7.98 (1H, s), 8.18
(1H, d, [a][err] -199[err] (c=0.1,

met hanoly 25 [“]Eoﬁot Z‘I’izaj'q_thaml}he met hod of Reference Exanple 1 (i)
was repeated exactly and the precipitated white solid was col |l ected by

filtration (0.5 gmétnaé 5N
(-)-6, 7-di chl or @%9%%“"’ 28 "‘m?‘?fhaty%‘%""rl@?fﬁ%gg‘ﬁ@%%yr. AR @%r@gﬁf

, 2, 4-tri alzol 4dwbl#e3nf§x%ni¢|él1l)14 of Inteﬁ%bECWaPaf&ﬁA@?ﬁSCéﬁtﬁﬂPabg%atﬁﬁﬂn@y hi gh
pressure i quid chromat ogra usin cm X cmi

Magel | en (trade W@rgy)BZﬁ% Eh%uﬁi‘af%mcba'l " Vajlﬁ%ttﬁ isnorrectandthieshouvidi ng t he
fol |l ow conbi nations, pf _ %04 yent A (acetonitrile) WO 98/ 38186

pCT/ EP9® 01275 haveread 'c=0.17). ,

(i)  Recrystallisation of this solid from aqueous acetone gave the title

compound-as a white solid. mp >310°C.

15 Found: C, 41.2; H, 3.1; N, 17.0; residue, 8.25.
C17H12C|2N604. 0.5 HzSiOa. 1.2 Hzo requwes: C, 41.18; H, 3.13; N,
16.95; residue 7.87%.

1H-NMR (300 MHz, d-DMSO): 5 = 3.05 (3H, s), 4.37 (2H, m), 7.16 (1H,
20 d, J = 9.5Hz), 7.32 (1H, s), 7.32 (1H, m), 7.98 (1H, ), 8.18 (1H, d, J =
9.5Hz).

[a]”o -499° (c=0.1, methanol)

25
Footnote
1. The method of Reference Example 1 (i) was repeated exactiy and the
precipitated white solid was collected by filtration (0.507 g).

This was found to contain 57.7% wiw (-)-8,7-dichloro-5-[3-

30 methoxymethyl-5-(1-oxidopyridin-3-yl)-4H-1,2 4-triazol-4-yl}-2,3(1H,4H)-
quinoxalinedione when analysed by high pressure liquid chromatography
(HPLC) using a 15 cm x 0.46 cm i.d. Magellen (trade mark) C18 column and. a
gradient elution employing the following combinations of solvent A (acetonitrile)



- 21-

sanpl es of

. 3-chl or oper

98/ 38186

and sol vent B (8.3 nmM phosphate buffer adjusted to pH3.7 using

acid).
PCT/ EP98/ 0127
The fol I 8w ng Preparations describe the manufacture of certain

i paRERTY Tﬁ?. i e BheF Bpls ARl M e B BhbSoRorc

- 22

I nt er medi g aYA=Yo¥=Ya = ence nplg N
PREPARATI QN 1 Time (min.) - % (b)ﬂ,yglume)A % (by volume) B Duration (mm)
(+) 6. 7- Dc...u.u-S{Sﬂ%"ex TOXYITET YI'J \o-pylluy B e e O
4-yl]1-2.3()1 H. 4H)-qui noxa} i nedi o? 98 (lﬁiﬁaf)
[err] 0 2 30

35 2 98 1

45 (Finish)

at a flow rate of 1 mi/min. and at ambient temperature.

The components of the eluted mixture were detected at a wavelength of

220 nm and samples of the compounds of Examples 4 and Preparation 1 and

10 of 3-chloroperoxybenzoic acid were used as reference standards.

phosphorij c . acid): 5 Time (mn.) % (by vol une) 0

vol ure) . BVO 9838488 i on (min.) féT/EP;g/SB);S

98 (Initial) 0 98 2

30 35 2 98 1 -

45 21- (Fi ni sh) at a
“flowrate of 1 ni/min. and at anbient tenperature. The conponents

of the eluted m xture were detected at a wavel ength of 220- nm and

W



(a) Met hoxyacetyl chl oride (27.3m, 32.4g, 0.30nol) was added to a stirred
m xture of 5-am no-6, 7-di chl oro-2, 3-di net hoxyqui noxal i ne (Preparation
2)-'(73. 8gwo0sa%i8®! ) and pyri dine (26.4m, 25.8g, 0.33n0l) POWEBISNILTS

dichl oronkthane (1.2 litres) at roomterrperature under nitrogen. After :

18 hours stirring at roomtenperature, the m xture was washed with 2M
aqueous hydrochloric acid solution foll Q}Q‘Ed by brine, then dried (I\/gSO4)
and concentrated under reduced pressuré<“The residue was triturated

WD 98/ 38186

PCT/ EP98/ 01275 T -23-

Wi t h et hanol ankhe fdl!own@Ptapamhmsaie‘smibeﬂhemmammemﬁ ¢eriain 5-

et hoxyacetm @rr%%g%gtgg ﬁgtlaé inth precgdinS%Qamaes and He V\r@ntcg %lnlzp e. P

5
o 3
OCH .
NH, HNJK/ 3
cl N._ _OCH, cl N _OCH,
—_—

s -

cl N~ “ocH, ci N~ “ocH

8 N N-N
o O O—QNK/OCH’
c —
cl @:N\j:o Hyy  C ﬁw\i[ocu3 @
—_— —
i~ >
ci N" OCH, cl N~ TOCH,
N N-N , N N-N
()43 o O—«R"" (O
_ N
H H
——

ci N~ O Cl N
10 H H

(a)  Methoxyacetylchloride (27.3ml, 32.4g, 0.30mol) was added to a stirred
mixture of 5-amino-8,7-dichloro-2,3-dimethoxyquinoxaline (Preparation
2) (73.8g, 0.27mol) and pyridine (26.4ml, 25.8g, 0.33mol) in
15 dichloromethane (1.2 litres) at room temperature under nitrogen. After
18 hours stirring at room temperature, the mixture was washed with 2M
aqueous hydrochloric acid solution followed by brine, then dried (MgSO,)

and concentrated under reduced pressuré; The residue was triturated



171-173[err] C. Found: Cz 44.97; H, 3.75; N, 12.03.
f[zerlzf%A)H[err]gﬂéggr]N[err]CIerr] requires C, 45.11; H, rerEpostidd N
2, 4- Bi s(4- met hoxyphenyl ) -1, 3-di t hi a- 2, 4- di phosphet ane- 2, 4- di sul phi de 10
(Lawesson S reagent) (19. 59, 48. 2rrrm|) was added to a sol ution of 6,7-

di chl oro- 2, 3- di met hoxy- 5- net hoxyacet am do¢p3-noxal i ne (27g, 78muol)

in tetrahydrofuran (480m ) and the m xture was stirred for 18 hour s at

room t enper at ur Withymethanphaad fltergd tegive Belrdichipr BTQQ@UT‘@ OXH-

el uti on vt ng e HeRRAORRRRTRG 16108 0B Ry TSt e dpil ey

as the eluent taqygi4mgeg, 7-dichloro-2, 3-di met hoxy- 5-
nmet hoxyt hi oacet am doqui noxal i ne (29.1g, >100% as a white solid, np

198-200[err] C, containing a m nor |rrpur|t Found: C 43 06; H,

H o362 N 11 Bov: & sdeefl, 378 fz&bé%ﬁml&z&s&%q%%egc44% Hin,
6, 7-di chl oro- 2, 3-+4H. 5- met hoxyt hi oacet am do- gui noxal i ne
(25.3g, 69. 9rrrm§)7cb F ﬁ)ﬁhl(c acid hydrazide (19.3g, 25 140. 8mol ),

mercury(l1) oxi de, (15.1g, 69. 7muvl) and 1, 4-di oxane (600M ) was
heated under reflux for 18 hours. After cooling, the mxture was

filtered t{ougR, %E&O&Eﬂetbpxmwﬁrk?-dlthla-aﬂ-dlmoahhletane-zédlsulphlde
\gg/s ggg i th di C&a%gsrg%nhsal%%genﬁ%g 'ég, 4 fmmo?) v%gsn g c»t S Osloyur}%%rof 6,7-
rPng{J 5538{0 (r) égﬁr g cth(l)or% 3—d etqoxg tho acefanald Wﬁumoxahne &327%, |7t8|%§‘r?8'
bet ween et hyl atretetrraaydmium (aanm)ummm mixiler was atiired $orl 18 hoors dthe
room temperature, then evaporated under reduced pressure. The
residue was purified by flash chromatography on silica gel by gradient
15 elution using hexane:dichloromethane (1:1 changing to 1:4, by volume)
as the eluent to give 6,7-dichloro-2,3-dimethoxy-5-
methoxythioacetamidoquinoxaline (29.1g, >100%) as a white solid, mp

198-200°C, containing a minor impurity.

20 Found: C, 43.06; H, 3.65; N, 11.59. C;3H,3Cl,N3;0,S requires C, 43.11;
H, 3.62; N, 11.60%.

(¢) A mixture of 6,7-dichloro-2,3-dimethoxy-5-methoxythioacetamido-
quinoxaline (25.3g, 69.9mmol), nicotinic acid hydrazide (19.3g,
25 140.8mmol), mercury(ll) oxide (15.1g, 69.7mmol) and 1,4-dioxane
(600mi) was heated under reflux for 18 hours. After cooling, the mixture
was filtered through ARBOCEL (trade mark) filter aid and the residue

washed with dichloromethane. The filirate was concentrated under

)

u



|l ayers were separated and the aqueous |ayer was extracted with 5

di chl or onet hane (2x500m , 4x100m ). The conbi ned di chl or onet hane
extracts’ werm/siseed (l\/gSO4) and concentrated under reducedPCREPIPRTS

The residue was-crystallised fromethyl acetate/nethanol to give ()-6, Z-
di chl oro- 2, 3-di et hoxy- 5-[ 3- net hoxynet hyl -5- (3-pyridyl)-4H1 , 2, 4- .
triazol -4-y| )] qui noxal i ne (11.6g, 37% asgﬁpal e yell ow soli d. np 189- 10
191C. Found: C, 50.10; H, 3 N, 18.53.

err]Herr] A [ erédudedrpreédietd affordhllight bRwesslid WhichWas partitioned  50. 01;
H 3.76; N, 18.42% 5 (d) A mxture of -

()-6, 7-di chl or o- bemezﬁmeﬂwmkﬁqetate[and@uhaqmﬁydr@cMmc acid solution. The

dyl | al
D ounl ot ¢ o) (el WEfe senarateld BALHR a8fedis Banvad SRPadteg iR 0, o0
under refl ux for gRnpEmRthaiR2IE00MN UEDDRAN TR eémaggsgnqlﬁmgmet ang

pressure. The residue was dissolved'in 1M agueous so r oXI

sol ution and aci ekiraets weve gried .(Mg8Q) anuncontentrated thndiarmedjthmd presrsucbt 0
afford a thick whjte precipitate. This was |lected by filtration and

washed with wat efnesegjdye was. czgy&taursemmem?sc%ﬁ{ Beanal §o give @)-6,7-

pyridyl)-4H 1, 2, k &3 %A 68%)

as an off-white écﬁd&gﬁ%d@%ﬁééﬂslrﬁgﬂ%%tm@@ W{'ﬁgeé 46 23 H,

293 N 1900 gleeihhipuiéidine *N[ag; em)eersra paﬁbl\)z&lb‘apsdli@q

C, 46.22; H 3.31 t hyl ephedri ne (0 88g,

4. 9nmol )10and t he9#E.hanol (66m) were 30 added to a stirred

suspensi on of ()-6, 7-dichloro-5-[ 3-nmet hoxynet hyl - 5-

(3-pyridyl)-4H1,2,4-triazol -4-yl]-2,3(1H, 4H) - qui noxal i nedi one (1. 9q,

WD 98/ 38186 . . . o

PCT/ EP98/ 01275 Found: C, 50.10; H, 3.57; N, 18.53. C19H1§CIZNGO3. 0.5H,0 reqyires: C,
50.01; H, 3.76; N, 18.42%.

N

15 (d) A mixture of (2)-6,7-dichloro-2,3-dimethoxy-5-{3-methoxymethyl-5-(3-
pyridyl)-4H-1,2,4-triazol-4-yljquinoxaline (3.0g, 6.7mmol), 2M aqueous
hydrochloric acid solution (10ml) and 1,4-dioxane (50ml) was heated
under reflux for 9 hours, cooled, and concentrated under reduced
pressure. The residue was dissolved in 1M aqueous sodium hydroxide

20 solution and acidified to pH 4.5 with concentrated hydrochloric acid to
afford a thick white precipitate. This was collected by filtration and
washed with water to give ()-6,7-dichloro-5-[3-methoxymethyl-5-(3-
pyridyl)-4H-1,2 4-triazol-4-yl]-2,3(1H,4H)-quinoxalinedione (2.0g, 68%)
as an off-white solid. mp 230-232°C.

25
Found: C, 46.23; H, 2.83; N, 18.00. C,;H;,Cl:NsO3. 1.25H,0 requires:
C. 46.22; H, 3.31; N, 19.02%. |

(e) (i) (-)-N-Methylephedrine (0.88g, 4.9mmol) and then methanol (66ml) were
30 added to a stirred suspension of (+)-6,7-dichloro-5-[3-methoxymethyl-5-
(3-pyridyl)-4H-1,2,4-triazoi-4-yl]-2,3(1H,4H)-quinoxalinedione (1.9g,



4.3mmol) in ethyl acetate (400m ) at roomtenperature. The m xture

was heated .to its boiling point. The m xture was filtered, fi te
cancent r.a¥@A8BH8E hr ce quarters of its volunme and then cool 859&59#/&%&? 5
tenperature. The solid obtained was collected by filtration and washed -
with ethyl acetate. The solid was crystallised from et hyl .
acetate/ met hanol to give a single di ast@Sem sonmer of the

‘qui noxal i nedi one starting material as g-)- N- net hyl ephedri ne salt

(1.28g, 43% . npft-3emalpi]ethyl acetate (400ml)a room fgyuperature. sEhermixture 5. 38; N, |

e es: °c. | 6L uh R e il i THRAML ST Bl PRl (.

(c=0.1, ethanol )conk‘éntrated to thide qAaRERASTIE WIURE dritithen)codisitdidamhedr i ne
salt (1.2g, 1 .7mol) from part ( R(I) in water (1 3m) at room

tenperat&ire was temmaratueel Toesalig obtained was collected byfiltration anedwashed
hydr ochl ori ¢ aci d, an SUs SIO was stirced . for 1.2 hour. The
sgl i d obtai ned WD @g'fyl éE?’@ge p@'“ ?ﬂQ%‘nys@g@ﬁgérqm Pﬂ“a/at er

and crystallise or o- 5-[ 3-

et hoxymet hyl - 6968 %fy@!*%*ﬁ%?ﬁ@”@f ol diesterdoiCoiebbihe” O > |

qui noxal i nedi On%dlﬁo@medmstﬂﬁmg mbtdrial aelth@l(f |@pReédring Galt 25
Found: C, 45.49; H 3.21; N, 18.7 Clerr]Herr]d[err err](err].

1.5H err] O r equi (162Bg-43%). mp 162-1645C76; H, 3.39; N, 18.83%
[a][err% -214 (c=0.1, ethanol). 30 (iii) The conbined filtrates from
part (eJ{i) were concentrated to dryness, the resi due di ssol ved

t 20 . . Ny t 98/ 38186
0 vater (20m) . F@idlic ig874,H 168, N, 14.0CSLEINGS,. CHCO,Cf,

requires: C, 55.98; H, 5.43; N, 14.28%.

[o]?® -135° (c=0.1, ethanol).
15 D

(i) A suspension of the (-)-N-methylephedrine salt (1.2g, 1.7mmol) from part
(e)(i) in water (13mi) at room temperature was acidified to pH 5 with
concentrated hydrochloric acid and the suspension was stirred for 1
20 hour. The solid obtained was collected by filtration, washed with water
and crystallised from water/ethanol to give (-)-6,7-dichloro-5-[3-
methoxymethyl-5-(3-pyridyl)-4H-1,2,4-triazol-4-yl}-2,3(1H,4H)-
quinoxalinedione (0.48g, 62%) as a white solid. mp 220-222°C.

25 Found: C, 45.49; H, 3.21; N, 18.72. C4;H,CLNgO4. 1.5H,0 requires C,
45.76; H, 3.39; N, 18.83%.

[a]zs -214° (c=0.1, ethanol).

30
(i) The combined filtrates from part (e)(i) were concentrated to dryness, the
residue dissolved in water (20ml), acidified to pH 3 with concentrated



- 26- hydrochloric acid and the solid obtai ned was col | ected by

filtration, washed with water and dried. (+)-N Methyl ephedrine
(0.370, Wd%%0 and then net hanol (28m ) werrcTAERYSM1276 a
stirred suspension of this 5 solid (0.80g, 1.87mmol) in ethyl:
acetate (170m ) at room tenperature and the m xture was heated
to its boiling point. The m xture was f%étered concentrated to
three quarters of its vol urre and then ¢®9l ed to room

| hed
w T et byl eacet ate a%diﬂo H 4 e sond Ob i seya%ér 0 léétbatqyong%h neene

wi th ethyl |d was crysta m.et h
acet at e/ net hanolwashegi Wlﬂ"l wa&rrajidedmhchsﬁé{wetbylephedrmm@ 37g, 2.06mmol)

O e o ek A sl TASBIRE il
55. 88: 5. 40:
CH err] Ch?q err] Cfglr“rj W&r %[Zgr{rﬁl;ﬁ'h?é{h&%é&a{é H?@%%@We@’%?m’ﬁ 14. 66%

[a][err] +127 (em@ the mmewais heat8@ to :té biling PTAE IndiRtLPé watiltered,
(+)-N-met hyl ephedrine salt (0.90g, 1.35mol) from part (e)

(iii) in water @ponen)rtrahedrto eqqa@teasafésvdymcam thaerdcadleg ko soom

th trat d hI d, th for 1
hour . The. sol | d G éé;ﬁq‘-’ee @%%g obtafte iR oikRed B il A beshed g ve
+)-6, 7-di chl 2, 4-t | - 4-yl
b5 5 H) Sy ECa TR YIRS TREIREd it eyl Bt Lo o 202-

224C. 10 acetd%elm@thaﬁbl té@l\fbﬁla shhgléidih&terébnséﬁméabfthe o
CerrJHerr]dJ[err]Nerr]Jerr]. 1.25Herr]O requires 46. 22,
H 3.31; N, 19. Geégoxafnedione starting matedaligs the {3)- Ncm@ﬂhylememm salt

WO 98/ 38186 (0.93g, 32%) as a white solid. mp 165-167°C. PCT/ EP98/ 01275

Found: C, 55.88; H, 5.40; N, 14.31. Co3H,ClLN;O,4. 0.8 CH,CO,C,H;
15 requires: C, 56.01; H, 5.33; N, 14.66%.

[a]zs +127° (c=0.1, ethanol).

20 (iv) A suspension of the (+)-N-methylephedrine salt (0.80g, 1.35mmol) from
part (e) (jii) in water (10ml) at room temperature was acidified to pH 5
with concentrated hydrochloric acid and the suspension was stirred for 1
hour. The solid was coliected by filtration and washed with water to give
(+)-6,7-dichloro-5-[3-methoxymethyl-5-(3-pyridyl)-4H-1,2,4-triazol-4-yl]-

25 2,3(1 H,4Hj—quinoxalinedicne (0.41g, 69%) as a white solid. mp 222-
224°C.

Found: C, 46.44; H, 3.18; N, 19.01. C47H,,Cl,N¢Os. 1.25H,0 requires C,
46.22; H, 3.31; N, 19.02%.

30
[af: +212° (c=0.1, ethanol).
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5--Am no- 6, 7-di chl oro- 2. 3- di met hoxyqui noxal i ne

A mi xt ur-e’ 819 %81 S di chl oro-5-nitro-2, 3(1H, 4H) - qui noxal i nedi one/EFg{m”
chl oride (840m ) and

1 of WO A-94/00124, 84 g, 0.34 nol), thionyl
di met hyl f ormam de (0.5m ) was heated under refl
and concentrated under reduced pressure27Et hyl
added and renoved by evaporation L
procedure was then repeated mnth pet
solid residue was recrysipal: »

Nino-5s
give 2,3,6,7-tetrachl oro-5-ni

PREPARATI ON 2

[err] a)

ux for 3 hours, cooled 10
acetate (300m) was
pressure and this
r (bp 100- 120CG). The

b, 100- 120[err]C) to
a light yellow 15

solid.
(b)

of 20
et hyl

Tin(ll) chloride dihydrate (346.3g,
2,3,6, 7-teN(D@chI or o- 5-ni t r oqui no

acetate
]
cool ed:

for 4 hours,

aqueous saturated sod
filtered through Cigh REg cl

10

15

20

(a)

(b)

[err] H-NVR (300 Mz, CDCI[err]) [err] =86 (1 H s).

1.541g!) was added to a solution
atine (96.2g, 0.31 nol) in

Blrges) refl ux

X s s.@leat ed under
slyS |nto afpb)excess of
~biTar bopk dol yli on. The i xture was
N Cl

H

- N Gl cl Ny_-OCH,
L2 i |
P,
Z ci N~ OCH,

A mixture of 6,7-dichloro-5-nitro-2,3(1H,4H)-quinoxalinedione (Example
1 of WO-A-94/00124, 84 g, 0.34 mol), thiony! chloride (840ml) and
dimethyiformamide (0.5ml) was heated under reflux for 3 hours, cooled
and concentrated under reduced pressure. Ethy! acetate (300ml) was
added and removed by evaporation under reduced pressure and this
procedure was then repeated with petroleum ether (bp 100-120°C). The
solid residue was recrystallised from petroleum ether (bp 100-120°C) to
give 2,3,6,7-tetrachioro-5-nitroquinoxaline (78g, 73%) as a light yeliow

solid.
1H-NMR (300 MHz, CDCL): 5 = 8.6 (1H, s).

Tin(ll) chioride dihydrate (346.3g, 1.54mol) was added to a solution of
2,3,6,7-tetrachloro-5-nitroquinoxaline (86.2g, 0.31mol) in ethyl acetafe
(1.8 litres). The mixture was heated under reflux for 4 hours, cooled and
poured cautiously into an excess of aqueous saturated sodium
bicarbonate solution. The mixture was filtered through CELITE (trade



‘WO 98/ 38186

PCT/ EP98/ 01275 - 28-

mar k)~ fi.lwews/asids washing wel | with ethyl acetate. The fil tRCT/ERISOIRS
macerated with further ethyl acetate and the solid material filtered off.
The conbi ned ethyl acetate phases were dried (MgS™4) and 5 .
concentrated under reduced pressure to giyg 5-amno-2,3,6,7-

tetrachl oroqui noxal i ne (73.4g, 84% as a yellow solid. [err]H
NVR (300 MHz, Citérkgfitténaid washing Wenivmféihytucetstb Thedfiitdrddkeyas 10

mz (therrmspray) 385 (MH err]). al ternative
preparation, t hlraawatﬁétwﬂhf@ﬂ*@pe&mé %@Fﬁtﬁrﬂﬁ’ééh9§9@mate"a' filtered pffen

(25% i w Sof it 1 Q% GTNRA RGN spstats BhasEd were'Ry g T andC Gl 10 a

suspensigpn of StaRteftrated Uhdér reduced pressuk&bFMSQnﬁiﬁuleQWJ ne (72.4g,

0.256nol) in dry nethanol (1 litre) resultlng m xt ure
was heat ed underteﬂrmmmoqﬂmoxam\er('ifﬂ,uég,sm%hesraayellawasohd was cool ed,
concentrated under reduced pressure, and the residue 20 partitioned
bet ween water and ethyl acetate (total of 8 litres). The organic

extracts were dn 2k} u

pressure. The crm@ﬂmwlm T tﬁra%gﬁqéH Epﬁgtﬁﬁgm en di ssol ved

in dichloronethane (2 litres) and filtered. The filtrate was concentrated

under reduced pressure to give the title conpound as a yellow soli d 25

(55. 0g, 107999 . m/Z(theWnOSPrqyérﬁﬁﬁKMbR)(soo , CDA[err]): [err] = 4.13 &

(3H, s), 4.14 (3H, s), 5.07 (2H, br s), 7.26 (1 H s). 3
(in an alternative preparation, this reduction step was performed using

iron filings in aqueous acetic acid).

15 (c) A solution of sodium methoxide (25% w/w solution in methanol, 274mil,
1.28mol) was added to a suspension of 5-amino-2,3,6,7-
tetrachloroquinoxaiine (72.4g, 0.256mol) in dry methanol (1 litre) and the
resuiting mixture was heated under reflux for 30 minutes. The mixture
was cooled, concentrated under reduced pressure, and the residue

20 partitioned between water and ethyl acetate (total of 8 litres). The
organic extracts were dried (MgSO,) and concentrated under reduced
pressure. The crude product was triturated with methanol then dissolved
in dichloromethane (2 litres) and filtered. The filtrate was concentrated
under reduced pressure to give the title compound as a yellow solid

25 (55.0g, 79%).

IH.NMR (300 MHz, CDCL): & = 4.13 (3H, s), 4.14 (3H, s), 5.07 (2H, br s),
7.26 (1H, s).

30 m/z (thermospray): 274 (MH").
(In an alternative preparation, toluene was used as a co-solvent with
methanol).



.30 mz (thernospray): 274 (MHerr]).
preparation, toluene was used as a co-solvent wth
WO 98/ 357H@ 58138186 :

-29- Sol ubiliy data
conpounds of Exanples 1 and 2 and Reference Exanple 1 were

for their solubility in water and nethaBBd at anbient tenperature.

"The results are shown in the Table bel ow. Ref er ence
Solubility in water at Sol ubi I'i tgﬂm&hﬁbﬁw&nol -
pH 7.3 (mg/ m) (mg/ M) Exanmple 1 "and 2 >20
g/ m <l mg/m Ref erence Exanple 1 <l mg/m
ca. 15 ng/m The compounds of Exampies 1 and 2 and Réfefsndel Exarmplel fiwere
The lipophilicities of the conpounds of Exanple 2 and Reference Exanpl e
1 were tlested biested ferdhaissolukdityin water andmethanebat ambient temperature. -
Ref erence |l og D Exanple 2
-1.7 -0.6

(I'n an alternative

PCF&??’*@B%&?B

The
tested

Ref erence Exanple 1
The results are shown in the Table below.

Reference - Solubility in water at Solubility in methanol
pH 7.3 (mg/mi) (mg/ml)
Example 1 and 2 >20 mg/ml <1 mg/mi
Reference Example 1 <1 mg/ml ca. 15 mg/mi
Lipophilicity dat

The lipophilicities of the compounds of Example 2 and Reference

Example 1 were tested by the octanol/water patrtition method.

Reference logD
Example 2 -1.7
Reference Example 1 -0.6
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Phar nacolvwgbg/asiselat a The binding affinities for tPEI/EPIBAIAY site
of the NNDA Téceptor and the functional in vitro glycine antagoni sm of
t he conpounds of Exanple 2 and 5 Reference Exanple 1 were neasured by the
net hods descri bed on page 10. 3‘61e results were as follows:

Binding affinity
| err] = 2.4 nm | err]

= 3. ur N |

Exgmi 2”‘2 ' The binding affinities for the gl&%iga%pq%te-ofgag hiMBAgre%g;I:trc]:? a%rclipig g[‘;ﬁ? e
PCT ’ E:DSB /1 ofunstional in vitro glycine anth§eREM ofthé ¥BnPBunds of ﬂgnﬁﬁé?&ﬁc?

CLAIMS 5 Reference Example Jubsreanéasired byuthe methipay deserfibéden fpagad @

[err]
The results were as follows:

Binding affinity
Example 2 IC50=2.4 nNm

Reference Example 1 ICsp = 3.8 nm

Functional in vitro glycine antagonism
Example 2 ICs0 = 140 nm

Reference Example 1 1Cs5 = 190 nm




.or a pharmaceutically acceptable salt or solvate thereof. 2. A
corrpound dinclaiml that is at |east of 90% W Wpcr/Epebbidsy. 10
3.- &%9%\ ggclalnedln claim2 that is at |east of gg/EP?

puri ty 4, A conpound as cI ainmed in claim3 that is at | east

of 98% w w purity. 5. A compound as cl ainmed in any one -of
clains 1 to 4 wherein the 15 pharnmaceut retd | y acceptable salt is a sodium

“salt. 6. A phar maceuti cal sition conprising a conmpound of
t he formula (1), or a pharmaceuti c%%@gccept able salt or-solvate

thereof, as claiffed A substantiallp pare tosipound oftlﬁ@f&muﬂé’get her with a
.pharnaceutlcally accept abl e di | uent or carrier. 20 7. A
conmpound of the formul'a (1), or a pharnaceutically acceptable salt,
solvate or conposition thereof, _.as clained in any one of clains 1 to 5 and
6, respectively, for use as a i canent . 8. The use of a
conpound of the formula (1), or 3 ‘ ;ceutlcally acceptabl e salt,
sol vate or conposition thereof, RFHene of clains
-32- 1 to 5 and 6, respectively,

the treatnment of a disease by produ?lng a annago | st effect at a NVDA
receptor. 9. Use as claine 3 z&ere the di sease is an
0

acut e neurodegenerative or a chronic ng pgi cal di sorder,

Cl
H

5 )

or a pharmaceutically acceptable salt or solvate thereof.

2. A compound as claimed in claim 1 that is at least of 30% w/w
purity.
10 3. A compound as claimed in claim 2 that is at least of 95% w/w
purity.
4. A compound as claimed in claim 3 that is at least of 98% w/w
purity.
5. A compound as claimed in any one of claims 1 to 4 wherein the

15 pharmaceutically acceptable salt is a sodium salt.

6. A pharmaceutical composition comprising a compound of the
formula (1), or a pharmaceutically acceptable salt or solvate thereof, as claimed
in any one of claims 1 to 5, together with a pharmaceutically acceptable diluent
or carrier.

20 7. A compound of the formula (1), or a pharmaceutically acceptable
salt, solvate or composition thereof, as claimed in any one of claims 1 to 5 and
8, respectively, for use as a medicament. '
8. The use of a compound of the formula (1), or of a pharmaceuticaily

acceptable salt, solvate or composition thereof, as claimed in any one of claims

AR RO



.neur odegenerative or a chronic neur‘ol’iogl'c’éﬂdfb’o#dé\#;

of the fornul a: EPLACER ,

cl[‘éerr] woosssisse Wherein Ris group of the formilra: [ ermdI/EP98/01275 and
Rerr] and R érr], either when taken alone or together, represent a group
or groups that can be hydrolytically cleaved under acidic or basic
conditions to provi de the correspondl:}‘% qui noxal i nedi one.

- 33- 11. A conpound of the for (11) as clained in claim10
wherei n R ¢rpl5 @WG%S@@@U\%I% er trRAmRINLRARRR ST Thbllica Rl FGdhbr om

Cerr]-Cerr] alkyl (preferabl
treatment of a disease by producmg an antagonist effect at a NMDA receptor.

10. A compound

S. Use as claimed in claim 8 where the disease is an acute
5 neurodegenerative or a chronic neurological disorder;

10. A method of treatment of a mammal to treat a disease by

producing an antagonist effect at a NMDA receptor, which comprises treating

said mammal with an effective amount of a compound of the formula (I) or with

a pharmaceutically acceptable salt, solvate or composition thereof, as claimed

10 in any one of claims 1 to 5 and 6, respectively. S

11. A method as claimed in claim 10 where the disease is an acute i

neurodegenerative or a chronic neurological disorder.

12. A compound of the formula:
fhis Sheet Has Been Replaced

o il

ci
N
(i
L oe
15 ct N~ TOR
wherein R is group of the formula:
O. 8]
P e
/ \ / N\ OCH‘.’ or . <}——LN ..\/OCH
|
(i) (Iv)
20

and R’ and R?, either when taken alone or together, represent a group or
groups that can be hydrolytically cleaved under acidic or basic conditions to

provide the corresponding quinoxalinedione.

LR



methyl or ethyt)-and benzyl, opti B'Hﬁli‘ﬁy-}'-r*i*"f‘iSiub‘ét’;gi tuted by from1l to 3
substi.tuents each i ndependently |sel ecﬁeﬂiﬁﬁrg}n Cenr]-d err]P algﬁ,\é%
Clerr]- QWPR81%oxy, hal 0, nitro &Rd TFTTTUEromet hyl, or, P& FAIRIR
together, represent CJerr]-Cerr] al kytene, CH(phenyl),
CH( 4- nmet hoxyphenyl ) or CH(3, 4-di nmet hoxyphenyt) .
the fornmul a: -33- .
d Rerrl and

wherein R3is a oup.of the forywl aq: er . ) . an
3 nedATTomACHNG, Q%Hsﬁom[ﬂa (M as claimed in glaipstewbereip Rhe

Rlerr] are as de :

Rccopt abl o 2 [ FEERAYECAS iriepepaeity Soiebied fRim Gy BIGI BRERIBHIE, 1)

acidi c or bmethyl oy etyiiyandbehzy, eptiorilipdingfsubatituted byliom 1 to 3

Lerr] 5 substituents each independently selected from C,-C, alkyl, C4-C, alkoxy, halo,
nitro and trifluoromethyl, or, when taken together. represent C,-Cg alkylene,
CH(phenyl), CH(4-methoxyphenyl) or CH(3,4-dimethoxyphenyl).

14. A compound of the formula:

12. A conmpound .of
[err]

This Sheet Has Been Replaced

. IZI . WA

10 (v

wherein R® is a group of the formula:

N N—N
INLX e
=
X)
15 and R' and R? are as defined in claim 12 or 13.
15. A process for the preparation of a compound of the formula (I), or

a pharmaceutically acceptable salt or solvate thereof, as claimed in claim 1
comprising acidic or basic hydrolysis of a compound of the formula:

R .
cl N OR!
N
P
ci N~ TOR?

20 wherein R is group of the formula;

W



wherein Ris group of the forrrul a*w SHEET HAS BEEN - 34-
[err] and Rlerr] aqld Rl eriLACEDt her when taken al one or
t oget her , woegsssssnt a group or  Gr oUPSThat—can be hydr oPFITEPSSNRTE| eaved
under acidic or basic conditions to provide the corresponding
gui noxal i nedi one, said process being fol |l oned by: Thid shel > Bee laced
conpound of the formula (11) wherein R Lgg.a group of the ﬂi Hmﬂm iﬁte
i s used, separation of the atropisoner of the formula (1); !
(i) , optionally, conversion of a conpound of the for rrul
pharmaceutically acceptable salt or solvate t her eof .- A process for
the preparation © a conpound of the fornmula Q\l) or a phar maceutical ly
acceptabl e salt ornsgl ateNHNereof, as claimnmed i | ai ri}l-tl{l conpri si ng
N- oxi dati on of a —rip un /:f»t\hiéaiarrula [err _ N.»\\/oc"’s
I
(i) (V)

5 and R' and Rz, either when taken alone or together, represent a group or
groups that can be hydrolytically cleaved under acidic or basic conditions
to provide the corresponding quinoxalinedione, said process being v
followed by:
0) when a compound of the formula (1) wherein R is a group of the
10 formuia (lll) is used, separation of the atropisomer of the formula (I);
and/or
(i) , optionally, conversion of a compound of the formula (I) to a
pharmaceutically acceptable salt or solvate thereof. _
16. A process for the preparation of a compound of the formula (1), or
15 a pharmaceutically acceptable salt or solvate thereof, as claimed in claim 1

comprising N-oxidation of a compound of the formula:

R3
H
o] N 0
cl N o]
H

where R® is a group of the formula:

| Q—J\ S och, o @—ETSIF\/ocH,

20 (1X) (%)

) )



boim ariee LT
where. Rlerr] is a group of the forrru! a''q é‘r’_ﬁj' finiv ‘-”—"“ﬂ

-35- oMW, wor k-up of thelreactln tilder sijl i ca- f rRSUERYS®I2MS0ns,
sai d ~ process being fol | owed by: (1) when a conpound of the -
formula (XI) wherein Ris a group of the formula (1 X) is used, .
‘separation of the atropisonmer of the formH3s.(1); and/ or (1) ,

-optionally, conversion of a conpound of the fornula (1) to a

phar maceuti cal | y acédlowsil by wenkeupof thel reaetion tnderflica-free canditions) saicbcess

as claimed in claiml4 wherei 3 hhe N- oxi dation is carri-ed out using OXONE

(trade mark) in a r BIRGESSbengieliowsd byn: . A process as clai ned

16.
i n claim215 wherei ng§ he | & ' : :
process for the preS?ar at i‘@%ﬁg‘é@n%%p%%ﬁgég§ﬁélﬂ%v2?&nﬁrgm(%ﬁ ac?r'&‘;" Oﬂ‘he
phar maceut i &al | y actorpiuid(1X) Baisedpseparation ef thecatespisorasr of therfermula (pt ai m 1
conprising acidic treatnent of a silica conplex of a conpound of the
formula (1), said p?B@lé’is being optionally foll owed by conversion of a

S P ee TOT ' @ ( btidrbug, ERIGHRGT Ut & EBpbuRE SPHE arhuRel 1%
pharmaceutically acceptable salt or solvate thereof.
17. A process as claimed in claim 16 wherein the N-oxidation is
10  carried out using OXONE (trade mark) in a reaction-inert solvent.
18. A process as claimed in claim 17 wherein the reaction-inert
solvent is water.
19. A process for the preparation of a compound of the formula (1), or
a pharmaceutically acceptable salt or solvate thereof, as claimed in claim 1
15 comprising acidic treatment of a silica complex of a compound of the formula
(1), said process being optionally followed by conversion of a compound of the

formula (1) to a pharmaceutically acceptablé salt or solvate thereof.

Chis Sheet Has Been Replaced
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