WO 03/ 092701 PCT/ EPO3/ 04466 New uses of substituted am noal kanephosphoni c
acids The present invention relates to new pharmaceutical uses of

substi t utwo o3am7noal kanephosphoni ¢ aci ds. More parti cul ar IPETtEPE3/0439€Nt | ON
relates to new pharnmaceutical uses for conpounds of fornmula H ~~ P-X-N Rl
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(C .6 al kylldene, . ¢l Shilokibe nEnic¥&heal kyl ene or (Cl. 6)al kyl ene-
(C3.6 ] ; ically acceptable salts,
hereafter referred to as "the conpounds”. The conpounds as well as their
production process are known e.g. from WO 98/ 17672, %’Pi s application also
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of NMDA receptors, for exanple of neurodegenerative disorders, stroke,
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has now e8r prisingly %een 1’Tound that the conpounds are al so useful in the
treattent of neuropathic pain. WO 03/092701 PCT/ EPO3/ 04466 -2 The activity
of the compounds in the treatnment of neuropathic pain is evidenced, for
exanple, in the follow ng nodel of neuropathic pain in the rat : Wstar
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wherein

R, is hydroxy or (Ci.4)alkyl,
" Ry, is (Cia)alkyl,
Rs; is hydrogen, (Ci.4) alkyl, fluorine, chlorine, bromine, trifluoromethyl, cyano or nitro, and
X s (Cye)alkylene, (Ci)alkylidene, (Cie)alkylene(Cse)cycloalkylene or (C,.G)alkylen‘e-‘
(Cag)cycloalkylidene,

and their pharmaceutically acceptable salts, hereafter referred to as “the compounds”.
The compounds as well as their production process are known e.g. from WO 98/1 7672.
This application also discloses the use of the compounds for the treatment of pathological
conditions which respond to blockade of excitatory amino acid receptors, such as AMPA
receptors, NMDA, kainate receptors and glycine binding sites of NMDA receptors, for

example of neurodegenerative disorders, stroke, epilepsy, anxiety and pain.

In accordance with the present invention, it has now surprisingly been found that the

compounds are also useful in the treatment of neuropathic pain.



thigh to expose the sciatic nerve. The nerve is cleared of connective
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1/2 of the nerve thickness is held within the Iigature. The nmnuscle and
skin are closed with sutures and clip3-and the wound dusted with antibiotic
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administration. Statistical analysis is carried out on withdrawal threshold readings using
ANOVA followed by Tukey’s HSD test comparing drug treated and time-matched vehicle

treated animals.

In this model, the compounds significantly reverse neuropathic mechanical hyperalgesia at
10 mg/kg p.o. With the compound {[(7-nitro-2,3-dioxo-1,2,3,4-tetrahydro-quinoxalin-5- '
ylmethyl)-amino]-methyl} —-phosphonic acid, for example, a maximal reversal of neuropathic
mechanical hyperalgesia of 35% is achieved after 3 hours on adminstration of 10 mg/kg p.o:

The activity of the compounds of formula | in the treatment of neuropathic pain can be
confirmed in clinical trials, for example in the following study aimed at evaluating the efficacy
of a compound in treating chronic pain in patients with diabetic neuropathy:

Patients are randomized to receive 2400 mg/day of the compound or placebo in a 1:1 ratio.

The study consists of a Pre-randomization Phase (1 week) and a Double-blind Phase (5
weeks). The double-blind Phase consists of three periods: a one week Titration Period, a



t hr ee- week Mai ntenance Period and a one-week Fol |l owup Period. During the
1-week Pre-random zation Phase, the eligibility of the patients is
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Period, usage of rescue medication during the Titration and Maintenance Period, and

average pain severity rating during the Follow-up Period (rebound pain), are used as

secondary efficacy parameters.

The SF-MPQ total pain score at the end of the Maintenance Period is analyzed using an
analysis of covariance model adjusting for the effect of treatment on post-treatment scores
by using the baseline SF-MPQ total pain score as a covariate. Average weekly pain severity
is analyzed using an analysis of covariance model with repeated measures using the
treatment week and the mean pain severity rating during the Pre-randomization Phase as
covariates. Usage of rescue medication during the Double-blind Phase is analyzed using the
Cochran-Mantel-Haenszel test controlling for center. The mean pain severity rating during
the Follow-up Period (rebound pain) is analyzed using an analysis of covariance model
adjusting for the effect of treatment on the mean pain severity rating of the Follow-up Period

with the mean pain severity rating during the Prerandomization Phase as a covariate.
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Test 1 : NMDA-antagonist induced locomotion:

Male Wistar Kyoto rats (lffa Crédo, Lyon, France) weighing between 250 and 310 g are
used. In principle 4 treatment groups are formed: 1) the compound (doses 1, 3 or 10 mg/kg)
followed by the competitive NMDA receptor antagonist (S)-2-amino-3-(2'-chloro-5-
phosphonomethyl-biphenyl-3-yl)-propionic acid, hereinafter SDZ 220-581 (10 mg/kg), 2)
solvent-pretreatment followed by SDZ 220-581 (10 mg/kg), 3) solvent followed by solvent,
4) the compound (1, 3, 10 mg/kg) followed by solvent. Rats are randomly allocated to these
pretreatment groups (n=10/ dose group). Drugs are administered subcutaneous (s.c.), 15
miﬁ prior to SDZ 220-581. Immediately after the animals received SDZ 220-581, they are
placed into the activity monitor for a period of 60 min. Locomotor activity is analysed over the

initial 30 minutes.

Locomotion is recorded with a videotracking system (VideoMot2, TSE Technical and
Scientific Equipment GmbH, Bad Hombourg, Germany), using a closed circuit digital
videocamera (WV-BP.330/GE, Panasonic, Osaka, Japan). The video-signal from the
camera is digitized and used for data analysis. Animals are on a normal 12/12 h day-night
cycle, with light on at 06:00 H. Experiments are performed in a dimly lit room between 07:00



canera is digitized and used for data analysis. Aninmals are on a nornal

12/ 12 h day-night cycle, with light on at 06:00 H Experinents are
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H and 15:00 H Aninmals are placed in g_)round arena (dianmeter 42 cm height

32 cm made of grey polyvinylchlorideplastic. The canera is placed such,

that four animals (one per arena) can be recorded sinultaneously. In this

test, the conpounds.(1-10 ng/kg, s.c.) do not significantly alter |oconotor
act i vi tHyarab15:@®HpAnietld arevédced ip-atroead adna(diamabier 42 camheighh@2 chuf made a

256 S b BB B e SHRRT P Se AR RSP IRaRLLASRR o1
wher eagraraitaobe sstordddssimaltanemoplyoxi mat el y 8-10 mduring 30 nin, SDZ

220-581-treated ani mal s wal ked approximately 30 m This | oconotor response
IS reduced in a dose dependent manner by the conpounds. Wth {

[ ( 7- ni tin thitest, tHeoomploubds (1 0 tned/ka Isyady do optisigmifizbinty Atey lavetrioydractivity as
-am no] - et hyl.} - phosphoni ¢_aci 10 mo/ k@), the .eff
DA e BTdb VeARBRAaREa AR il TR ing b}2554 640 ml. HoWiRer i e
bl ockercompétitie NMIPA decapgr angagumibt SDZ220FER1 (M mig/kgrele) idisdesra $somgo r at s
(340 - 380 9. Iffa Credo, on. France) are_us ] | mal s
r andoml%cé’aqo?% BERENPB1 ﬁ?&(ﬁ' hif Xlietaggp H‘gﬂtang?ag%‘ﬁ’émﬁi’gf %8&%?6%% u:rﬁ'lb %‘8
conpoumgin S0 280-581-ti@ated drimaig/mkatRedf applaieately\30ph Tty icoohiotne r¢dpGRse N NIVDA
channel bl ocker, dosed O or' 10 kqg). . ; t .t 54 Tl 3), and PCP
(a1 = ey & peSe e ntmare iy BB R s Pt P dodt Bl 2
Vi deo- reteanydiongsnaxalinBeylmsihyiasibeimasthyilphasphonit beid{ed mudkd), the @fectiaf
foll ow,n re s . Ohserver who is unaware about the aninals
pr et reé?%@ﬁﬁ%@éﬁgﬁn'wﬁgg'ggg&QWSS&Wém\éPgﬁa' repeatedly by at |east 2 cm
|l eft and right) and circling (turning around by using the forepaws, .
wher eas_t he hindpaws r in nmore or, less on.the original position) are
scor edsr§§t %Q@@%fa{?}“egﬁ%gém W,hegaéwyfq%%"qof'ﬁgf'& for the duruation
of 1 mMdutttngale WiGapRPstoFatbdB40 N8B gdfialCredy, mpbrg France) areukaainThgacinalscor es
used for statistical faﬂal %Si S é}é test wi th Bonferr n;hn?correct i o@). dn this
test, MEPIEIMigsAlg thesfollowing gatraent GIolps s 10 RRRGTPHR): JIS-AmRaUnd gose
Pret r eay, giiti0Whd/kg) foiaveaypshemdgclidfedROPLan ND¥gchahinel Hloskegdosed artr 9
enhancer%g/ &?E%m%ggﬁg ka?"flr=a-|15 rrn(nin pgnraslgép t(§ t= 0 min) are administered s.c. in a volume

of 1 ml/kg. Video-recordings of the animals behaviour over the period 0 — 30 min following

PCP are scored by an observer who is unaware about the animals pretreatment. Head-

swaying (rocking the head repeatedly by at least 2 cm left and right) and circling (turning

around by using the forepaws, whereas the hindpaws remain more or less on the original

position) are scored as present (1) or absent (0), every five minutes for the duruation of 1

minute. The scores for individual animals is summed and group scores used for statistical

analysis (t-test with Bonferroni correction).

In this test, PCP (10 mg/kg, s.c.) induces weak head-swaying and circling. Pretreatment with
the compounds (3 and 10 mg/kg, s.c.) significantly enhances these behavioural responses to
PCP (P<0.05).

NMDA-antagonist induced locomotor responses reflect a mania-like state. Blockade of this
activity indicates an anti-manic activity. Furthermore, enhancement of head-swaying and
circling suggest a behavioural desinhibition (= anxiolytic-/antidepressant- like) and
sociotropic activity. Therefore, the compounds are useful in the treatment of affective



PCP (P<0.05). NMDA-ant agoni st i nduced | oconotor responses reflect a
mani a-l i ke state. Blockade of this activity indicates an anti-nanic
activity.wbwsiponor e, enhancenent of head-swayi ng and ciPCTlEPagj0BGEgest a
behavi oural desinhibition (= anxiolytic-/antidepressant- |ike) and
sociotropic activity. Therefore, the'ﬁ%hpounds are useful in the treatnent
of affective WO 03/092701 PCT/ EP03/ 04466 -6 disorders including bipolar
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principle 4 treatment groups are formed: 1) the compound (doses 1, 3 or 10 mg/kg) followed .

by amphetamine (1 mg/kg), 2) solvent-pretreatment followed by amphetamine (1mg/kg), 3)

solvent followed by solvent, 4) the compound (10 mg/kg) followed by solvent. Rats are

randomly allocated to these pretreatment groups (n=10/ dose group). Drugs are

administered subcutaneous (s.c.), 15 min prior to amphetamine. Immediately after the

animals received amphetamine, they are placed into the activity monitor for a period of 60

min. Locomotor activity is analysed over the initial 30 minutes.

Locomotion is recorded with a videotracking system (VideoMot2, TSE Technical and
Scientific Equipment GmbH, Bad Hombourg, Germany), using a closed circuit digital
videocamera (WV-BP.330/GE, Panasonic, Osaka, Japan). The video-signal from the
camera is digitized and used for data analysis. Animals are on a normal 12/12 h. day-night
cycle, with light on at 06:00 H. Experiments are performed in a dimly lit room between 07:00
H and 15:00 H. Animals are placed in a round arena (diameter 42 cm, height 32 cm) made
of grey polyvinylchloride plastic. The camera is placed such, that four animals (one per
arena) can be recorded simultaneously.
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performed in a dimy lit roombetween 07:00 H and 15:00 H Aninmals are
placed in a round arena (diameter 42 tht height 32 cn) nade of grey

pol yvinyl chloride plastic. The canera is placed such, that four aninals
(one per arena) can be recorded sinultaneously. WO 03/092701

PC/T /rT1 EPQs# ; _ineifdpéa%m@d RIPHySiologicel él,'?aﬁﬁé u@? riigrmm/amhgi?gﬁgtma s'ﬁ'iﬂ;j@_é as 1
ny and adni ni st er. s.c. in.a_. volume q ound is

di ssol Valmefd W@W-dﬁl‘}p%o"@ﬁo‘-'ﬂg@—p‘ﬁp?‘fdw adRy dFQHSt‘Pl}%]aO'ﬁfQ-Em"W?‘MPGT

physi oldigled aithHlykidfghtal s8R dseequiRdad bbiath SMititns @308 add1 mp/mntkid no/ m .
It is dm nistered s.c. in {al \r/r@l ume of 1 ml/kg. Conparison between groups
i s dond@dpiniptetgd jjenpagolupeet 1 mYsdr ected for nuitiple testing using the

Bonferroni procedure. In this test, the conpounds reduce the

anphet am ne-j nduced | oconotjon at doses of about 1 to about 10 ngy/ kg
s.c. | PYRRarison befyyaeRdrouRgs dongwvith RiGeNES et icRuerier dor myifipla desting

sur pri sjsitglie BepfbriopHpdctiat. t he conpounds are al so useful in the
treatnent of tinnitus. The activity in tinnitus of the conpounds is

indicated in standard tests, e.g. in the salicylate- induced tinnitus

nodel . hthid st RS BorflpomitE reati@cthE emheBaigs-indlicad locorieidn &tdioBes epdisdut 147
(2000) 175-182] that chronic salicylate exposure causes upregul ati on of

gl ut ami"ed KARPUHAL MBEXFiCase (GAD) expression in the rat inferior
colliculus (1C), associated with the devel opnent of tinnitus. Furthernore,

el ectrophysi ol ogi cal recordings from auditory neurons usin atch cl anp
r ecor di'R§tilt @BHRICHBEReqt Bf thegrgssnt iInventign, itnag ﬁé@&'ﬁ@aweﬁoiow‘%dgﬁ)thaos- 416, X

Lin et @hpound®siendbo Géeiiantipferstinehos inAus 1998) 2503-2512] and singl e
neuron recordings [J.J. Eggernont and M Kennochi, Hearing Research 117

(1998) 149-160] showed that the excitability of neurons is changed

f ol | owiThg &abityCiK iiRhRuLEth8 BbMpBehds!ie Maidattd in Atimdaldies Rt é.9Nindhe Sallchiaid-at e or
qul Nl ne caused an | ncrease In the firi ng rate audi tory neur ons
induced tinnitus model.

It has been demonstrated [C.A. Bauer et al., Hearing Research 147 (2000) 175-182] that
chronic salicylate exposure causes upregulation of glutamic acid decarboxylase (GAD)
expression in the rat inferior colliculus (IC), associated with the development of tinnitus.
Furthermore, electrophysiological recordings from auditory neurons using patch clamp
recording techniques [D. Peruzzi et al. Neuroscience 101 (2000) 403-416, X. Lin et al.,
Journal of Neurophysiology 79 (1998) 2503-2512] and single neuron recordings [J.J.
Eggermont and M. Kenmochi, Hearing Research 117 (1998) 149-160] showed that the
excitability of neurons is changed following salicylate and quinine treatment.

Administration of salicylate or quinine caused an increase in the firing rate auditory neurons
measured by extracellular electrophysiological recording techniques. Using in vitro
electrophysiological recording techniques superfusion with salicylate increases the
excitability of the recorded neurons. On administration of the compounds at concentrations

of about 1nM to 100 uM, the effects of salicylate were reversed.

For the treatment of the above mentioned indications, appropriate dosage will of course vary
depending upon, for example, the compound employed, the host, the mode of administration



measured by extracel lul ar el ectrophysiol ogi cal recording techni ques. Using
invitro electrophysiological recording techniques superfusion with

sal i cyl atwoimpyrases the excitability of the recorded newCIEPO3/@I66

adm ni stration of the conpounds at concentrations of about 1 nMto 100 M
the effects of salicylate were revers&t. For the treatment of the above
nment i oned indications, appropriate dosage will of course vary depending
upon, for exanple, t he conmpound enpl oyed, the host, the node of

adm ni ghd el rcu’tlur\é\lan@?s/eﬁ)@r&’t?%hrBQBh&B@@b@lﬂg%ateoB HWbveh n aneraicsatithcieryer i ty
of the condition being treate eral, sati sf act o%ugr esults

i n ani FAsUs Byanimalgiara inckrated tB(?ecﬂ?(t%l'i‘%@t aafja'B( @aﬁg%otjfmg@%tr o Bout 1

to abopy/gPaniml Bctyamndigrl 1» er\fﬁérﬁﬂhbls, {0 ekamprMuNRINEBArS indicatededeayp! e
humans, "an indicatéd daily n the range from aboyt 10 to about

1000 vHoRAgeds Bukpsane HRESPavHY BEbPHE1040DE et AGRMPeHR ReRoERg fp the

adm ni §,8hish, chiVenforABbRinidtéred] 6 Bt sleSiAivided doskoup té fdﬂ?ﬁn@s@&i& In a
further aspect of the present invention, it has surprisingly been ound

that the conpounds are also useful in the treatment of nyopi a and ot her

ocul ar )} spiHée 'é§pec'§'é¢{hequ§é¥n@ Pr‘l'i/éntldhc It Wel§ suipvibingly HeBR foundthataHe t O,
age-rel ated macul ar degeneration di abetic refi nopat h st0| d macul ar

edenma FOREPUNgsAIA @FS@gJS@fH‘rWBP dreaimans of aypRipaadoNey OSBIFFG'SO W& opat hy,
retinitis pignmentosa, and other hereditary retinal degenerations. The

activity against nyopia of the conpounds is indicated in standard tests,
e.g. ﬁ’UP'hgﬁofﬁﬁéﬁl“%‘éé(ﬁlﬂ|aFR;“‘?td'"Pieﬂt° K9srielatqd @pculfrp?e(g@nefqun ‘?ﬂlﬂ'ﬂ Sci .

(USA)  8&inopQhy,/QRtdid RBGlkr em ﬁma Pgﬁﬁolm%plm%bas héregitadepes in

chicken, on adm'nistration of 1 to about / in eye drops. -
Ef fi ca@?uroﬁaihb(er atieidie pigmantesaupng OWF’EB‘?@@F%W retiet dwnggatﬂagﬂ shed for exanple
in the fol |l ow ng anl mal nodels: 1) Spont aneous devel opnent of a secondary
form of glaucona (e.g. pigment dispersian, | e cl osure or an%se :

A 2],

dysgend&p gptivity agatst (rwepla@im;ﬂowpoanﬁis ﬁd*@d'%@éeqi us%te'éwd test$, Sighdn

DBA/ ZN'Mc%l’el é‘&‘i‘)rdN@(E?ﬁ/ATBStéﬂeC& AAS[FI6S NatibREad. BoIOSAS 98, 7)4-As. (19@]3 Genet ics
2001; 2: Chang et al., Nature Genetics 1999; 21: 705- 409, ag%t

| nvest wf@fﬁw RERaFBIeNtalimayopicie produgegin ahtskensan sdpinistaionafakdut 911 t°
Ani mal 1$R4/kg HPERs drbpsS08- 518)

Efficacy in the described ocular disorders might be established for example‘in the following

animal models:

1) Spontaneous development of a secondary form of glaucoma (e.g. pigment dispersion,
angle closure or angle dysgenesis) in mice (for example, but not exclusively, strains DBA/2J,
DBA/2Nnia, and AKXD28/Ty mice as described in Anderson et al., BMC Genetics 2001; 2:1,
Chang et al., Nature Genetics 1999; 21: 405-409, John et al., Invest. Ophthalmol. Vis. Sci.
1998; 39: 951-962, Sheldon et al., Lab. Animal Sci. 1995; 15:508-518)

2) Genetic animal models for retinal degeneration, e.g. rd mouse (as described in Li et al.,
Invest. Ophthalmol. Vis. Sci. 2001 ; 42: 2981-2989), Rpe65-deficient mouse (Van Hooser et
al., PNAS 2000. ; 97: 8623-8628), RCS rat (Faktorovich et al., Nature 1990; 347:83-86), rds
mouse (Ali et al., Nature Genetics 2000, 25 : 306-310), rcd1 dog (Suber et al., PNAS 1993;
90: 3968-3972)

3) Experimental retinal degeneration induced by



2) Cenetic animal nodels for retinal degeneration, e.g. rd nouse (as
described in Li et al., Invest. Ophthalnol. Vis. Sci. 2001 ; 42:

2981- 2989w 0RoesBE def i ci ent nouse (Van Hooser et al., PNRETAPOD044p6 97:
8623-8628), RCS rat (Faktorovich et al., Nature 1990; 347:83-86), rds
mouse (Ali et al., Nature Genetics 2009; 25 : 306-310), rcdl dog (Suber et
al ., PNAS 1993; 90: 3968-3972) 3) Experinental retinal degeneration

i nduced by WD 03/092701 PCT/ EP03/04466 -9 - |light exposure in mce (as

gg; g r ilgﬁghli dxpYéurzeh rrlﬁzﬁe @k des¢rlbﬁd$rﬁ Welsa:-zbt %Iédl.mvestyophthfgﬁgozl. \21?23@3 250??1 3567)

- r S aktqrovich et , J. Neuroscl ; ; -

adnt i 4B 35458 SR RHSRYIER of o duMeuiobrd T84 161 S35 - Eye Res.

308 g ;9 ﬁlag)n?nﬁ%aa%)of I\Pmeﬁ@ﬂT\lUﬁﬂ%d@fl%ae(K(L?ﬁr st Exm;;éi nt:% 2Vo$;im3§®392)(190%)2;

: 139- . 4), i men odel for injur e optic nerve -

by ON & ﬁewuﬁdoﬂ%gzé?fg&E}'\ﬂf&gﬁt‘(féwﬂﬁ?se?g%?.2,1 1%%3@%%. Opht hal mol . Vi s.

Sci. 2000; 41: 4169- 4174) and rats (Yoles and Schwartz, Exp. Neurol. 1998;

153:1-7) - by ONtransectjon.in rats (as described in Martin et al.,

vest 2 ExmeNRHEl MOt 451 tas Turd ghBie omignepseNInas, | Sol oron et al. ).

Neur oscCiby dfRchefsn ARGS(Levikbvidh-Yeibin ebal., ExRer. iIOphfHaholl VRNSEIED00N; A LA FY9-

retinal ischem a 4\}1 rats after o%q\?l mc vessel ligature (as described in

Laf uent®d 78} ang rats rﬂ%%%ﬂd%m\f%‘éi - Naygrdl. 1998 153401 42: 2074-2084) or

cannul albych tansdiion M eitd @6 deBarmaerin (VRliembt A1 Iivlest. OptHalAbINVIsOgLiIC200091;

203: 138- | nt raocul a ndot h;' | n-dlS | réjsect Lon_in rats (Stokely at
T4

47) - b
at ., Irﬁ?ég?.e'@)%‘?%ﬁzﬂl‘?%‘?n. ehgl-¢). Nggfosci. 80531-8580) or rabbits (Takei

tet a{ : b?f émﬁerﬁépﬂl‘ans?nit Fﬁu@jpeti@ﬁbﬂ;@hmh 99 Rer opmia'hﬁiéareét géll)ligat’aeé_ltlhe f
reat nen or ny la an (0] er ocu r 1 SO rs, . appropri ate osage w (0]
Cour s6 (55 drsrREAhERTG 8 Bbt 1P B0 Ve Seb ABBTi At 2Paho t he host.

t he nodanpdiaticiion thé Shfefibl eHanfiRd (Blishi BBAIY ChhatmeleYies by 1,03t 18- 1mpi a.
However, in general, t1sfactor results in apinal ﬁre | qkica ed to be
obt ai ne‘dPYé‘B"%PCH?Fdeﬂg‘g%‘;'”ﬁct'f’? aly kezb{ galy E‘Vaﬁoép thf"‘f‘fﬂf § 3fi mal body
wei ght .2obp; 4R32e8-3780Y& rabbifsqTake 48, &G i e Srch.aClinl Bdb.CadIRRalfal 1993; dosage

is in the range from about 0.25 to about 10 of a conmpound according to
t he 237:478.451). m w J

For the treatment of myopia and other ocular disorders, appropriate dosage will of course
vary depending upon, for example, the compound employed, the host, the mode of
administration and the nature and severity of the myopia. However, in general, satisfactory
results in animals are indicated to be obtained at a daily dosage of from about 0.01 to about
1 mg/kg animal body weight. In larger mammals, for example humans, an indicated daily
dosage is in the range from about 0.25 to about 10 mg of a compound according to the
invention, conveniently administered, for example, in divided doses up to four times a day.

For the above mentioned indications, the compounds may be administered in any usual
manner, e.g. orally, for example in the form of tablets or capsules, or parenterally, for
example in the form of injection solutions or suspensions.

For the treatment of myopia and other ocular disorders, the compounds may be
administered topically in or around the eye, for example as eyedrops, ophthalmic
suspensions or ointments, subconjunctival, peribulbar, retrobulbar or intravitreal injections,
possibly with the use of slow-release devices, such as conjunctival inserts, microspheres or

other periocular or intraocular depot devices.



i nvention, conveniently adm nistered, for exanple, in divided doses up to
four times a day. For the above nentioned indications, the conpounds may
be adm niwDes®ek70n any usual rmanner, e.g. orally, for exaopiEPod/mibbhe form
of tablets or capsules, or parent erally, for exanple in the form of

i njection solutions or suspensions. FdP-the treatnent of myopia and ot her
ocul ar di sorders, the conpounds nmay be adm nistered topically in or around
the eye, for exanple as eyedrops, ophthalmc suspensions or ointnents,
subconj unctival, peri bul bar retrobul bar or intravitreal injections,

possi bls_% with the use g{ | ow rel ease devi ces, ,such as conjunctij val

i nsert s "CHCEIPGSRPRAIELTBIETA ﬂé‘?"eﬂé‘PF?"EﬂilMlt%Fhecﬁye imER-AHER rcad@8Pe devi ces. WO
03/ 092 ﬁthamélE@@a/s@mﬁ&@s Thé%pﬁmlrﬁierveﬁiérm sBEtethBf BE2bARPboYndRhARRiIned

topically to eye in ca, 002 to ca. 0.02% opht hal nol ogi cal sol utions.
The ophl ﬁ%ﬂtﬁ?td""ihéh?é’ﬂéa'i%Ufgﬁ&éﬁort%ﬁ‘ﬂff'?'ﬁ@ t@&ﬁ%l?ﬁdolaﬂo"f’rﬁ?%@%‘m ¥®n contact

W th ”b%né‘l%’tle&lﬁe §é’rhéﬁ%dfnﬁ’cérrﬁll Pad st(‘df% eyd. TRe Bﬂéﬂn%eh@ca% |a@<%ﬂt$‘tﬁe conmpound
to penetrate’ the corneal and internal regions of the e

phar rraé’@UE'TaHBJPW '8'@6%?% bgeg- aB‘E)Ht"HBP'?ﬁ ¥e lepib OﬁﬁS)C%Ué‘“QQ "lﬂﬁ%r'%l nt ment,
vegetable oil, or encapsulating material. Suitable corrpounds for t he
treat nent of the above nentioned indications include {[(7-nit

2, 3- di oxaklezompeupds fon MpdFRAtRantRfiae phresngtioped jndjc ﬁ‘i‘%tﬁ‘]:'-uﬁﬁt{[lﬁrﬂ}tmphospho

ni ¢ acixg- dfo% AN 3,4-tetrahydro-quinoxaline-5-ylimethyl)-amino]- methyl} phosphonlc acid, (R)-N-
(2, 3-di 0x0- 7-ni tro- 1234tetrahydroqumoxal|ne5 z‘la- (et hyl ami no)
y

- et hyl F{ﬁ,@%?-@ltroab,?@, -tetrahydroquinoxaline-5-yimethyl)-o- ethylammo) -et phosphonlc
(S)-N- |of)§ﬁ Fﬁ RS- 9@%,37(@1 2, %Att&?a{ B% %%Iﬁ%gﬁ-’g{lh@ﬁy@ sl methyl) -a-

am noet onic acid and tHeir ceutic eptable salts. The
pr esentanineaihylphosphprio apidanddesr phmme@walhceacembmlts: ons conprising a
conpound of formula | in association with at | east one pharnmaceuti cal
carrier or diluent, for use in the treatnent of neuropathic pain,

af f ect ihe paeseniinventianoaisalproyidge pbarmaseutieah hempositionsi aenprigng a coyregsiuad ahd

ot her qgr‘r“ Iﬁin'a%%ggﬁoa wrﬁpgﬂegﬁm 'thQ uﬂ%c%ew&l u@ﬁf 'ﬂ#rqge if'the
convent | onal manner ni't dosage or e treatnmen neur opat hi c
pai n, dfetroentyd nawepathicaysin, mﬁfectn\resmotmmtiorsdhowermselmmpmma,ttnnnrius,us nay

For ml P L Lot REREUL, Soch heldanBHE by bpWalliadieckiFSRERGNEE, 17,
di sor den@neawrajtmsagﬁfdrms femnme@tmemimf abwpaiblowwrgaffegtn@mmdtat@nh@ of the
disorders, schizophrenia and tinnitus may contain for example from about 2.5 mg to about
500 mg of the compound of formula I. Unit dosage forms for the treatment of myopia and
other ocular disorders may contain for example from about 0.05 mg to about 5 mg of the

compound of formula [.

The invention further provides the use of a compound of formula | for the manufacture of a
pharmaceutical composition for the treatment of neuropathic pain, affective and attention
disorders, schizophrenia, tinnitus, myopia and other ocular disorders.

The invention furthermore provides a method for the treatment of neuropathic pain, affective
and attention disorders, schizophrenia, tinnitus, myopia and other ocular disorders in a
subject in need of such treatment, which comprises administering to said subject a
therapeutically effective amount of a compound of formula I.



conpound of forrmula I. The invention further provides the use of a conpound
of formula | for the manufacture of a pharnmaceutical conposition for the

t r eat mrentwofosnearropat hi c pain, affective and attention diPSOrEPes/84466

schi zophrenia, tinnitus, nyopia and other ocul ar disorders. The invention
furthernore provides a method for the treatnent of neur opat hi ¢ pain,
affective and attention disorders, schizophrenia, tinnitus, myopia and

ot her ocul ar disorders in a subject in need of such treatnent, which
conprises adm nistering to said subject a therapeutically effective anount
of a compound of formula |I. WO 03/092701 PCT/EP03/04466 -11- CLAIMS 1. The
use of a cdrb®R of formulal HK""OIl ",,R2 /P-XxNR / NOI | R3\ N
O wherein RL is hydroxy or (Cl_4)alkyl, R2is (Cl_4)alkyl R3 is hydrogen,
(G .4 aIkyI fluorine, chlorine, bromne, trifluoromethyl, cyano or

nitro, and % i sTheamseaia copmraved of rmeladl kyl i dene,

(Cl1. 6) al kyl ene(C3_6) cycl oal kyl ene or (CL. 6) al kyl ene( C3. 6) cycl oal kyl i dene,
in free or in pharnaceutlcally acceptable salt form for the treatnent of
neur opat hi c pain, affectl attentign disorders, schizophrenia,
tinnitus, myopia and othe Iag d%Fé ers. 2. The use according to claim
1, mhereln t he conpound of

{[(7-nitro-2, 3-di oxo-1, 2, 3 tetrahydro qU|§oxat;ne 5-yl met hyl ) - am no] - met h

yl'}- I
I

R; N~ o
H

wherein

Ry is hydroxy or (Cy.5)alkyl,

Rz is (Ciq)alkyl

Rs is hydrogen, (Cy.4) alkyl, fluorine, chlorine, bromine, trifluoromethyl, cyano
or nitro, and

X is (Cig)alkylene, (Cy.g)alkylidene, (Cy.¢)alkylene(Cs.¢)cycloalkylene or
(Ci.e)alkylene(Cs.g)cycloalkylidene,

in free or in pharmaceutically acceptable salt form, for the treatment of

neuropathic pain, affective and attention disorders, schizophrenia, tinnitus,

myopia and other ocular disorders.

2. The use according to claim 1, wherein the compound of formula | is
{[(7-nitro-2,3-dioxo-1,2,3,4-tetrahydro-quinoxaline-5-yimethyl)-amino]-methyl}-
phosphonic acid, (R)-N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxaline-5-
ylmethyl)-o-(ethylamino)-ethylphosphonic acid or (S)-N-(7-bromo-2,3-dioxo-
1,2,3,4-tetrahydroquinoxaline-5-ylmethyl)-a-aminoethylphosphonic acid, in free
or pharmaceutically acceptable salt form.

3. A pharmaceutical composition which incorporates as active agent a compound
of formula | according to claim 1 in free or pharmaceutically acceptable salt
form, for use in the treatment of neuropathic pain, affective and attention
disorders, schizophrenia, tinnitus, myopia and other ocular disorders.



phosphonic acid, (R -N(2,3-dioxo-7-nitro-1, 2,3, 4-tetrahydroqui noxal i ne-5-
yl met hyl ) - a- (et hyl am no) - et hyl phosphoni ¢ acid or (S)-N-(7-brono-2, 3-di oxo-
1, 2, 3, 4- tworoahyzinpqui noxal i ne- 5-yl et hyl ) - a- am noet hyl phoeph@Podosesé d, in
free or pharmaceutically acceptable salt form 3. A pharnmaceuti cal

conposi tion which incorporates as actlidre agent a conpound of fornula |
according to claiml in free or pharmaceutically acceptable salt form for
use in the treatnent of neuropathic pain, affective and attention

di sorders, schizophrenia, tinnitus, nyopia and other ocul ar disorders. WO
03/092701 PCT/ EP0O3/ 04466 -12 4. The use of a conpound of fornula I

accor dftng to cThe wselof 4 epmpasadf formniay | Agerrginadaicdiamde befieedll e salt form

for the manuf aglafGcalticanPARepRBER Yl SéHn, FGARP AftinLiaefuré Of a bhamidceaticgent  of
neur opat hi ¢ pal n, a?fe'gti ve aﬁ% attention disorders, schirpzolﬁ)hr eni a,

tinnitus, nmyoptenRasiiopterdhe yeatment af dyraRataic pgin, affecive GRdrlde
of neur opat hi Cuigciupre, SéHiRfphtetfa, BAAL koBbh BRdbHRAAGP disoreiefs. ZOPNT eni ,
tinnitus, nyopia and other ocular disofders in a subject in need of such
treatment, which conprises admnistering to said subject a therapeutically
effective am“ﬂ%é%ﬁo@fo?ﬂtalongéﬁsigleﬁﬂ‘?ffn%fwbﬁhid pdf feliilaricPattdndbmdibotderd, " ee or

phar maceutically accepta orm . . .
schizophrenia, tinnitus, myopia and other ocular disorders in a subject in need of

Yo treat ment

such treatment, which comprises administering to said subject a therapeutically
effective amount of a compound of formula | according to claim 1 in free or

pharmaceutically acceptable salt form.



