4-21100/ A : -1 - Substi tut ed

am noal kanephosphoni ¢ aci ds The invention relates to conpounds of the
formula | H{oerr] in which Rlerr] is hydroxyl or an aliphatic,

aral i phat4@1¥%Aronatic radical, X isla divalent aliphatic, cycloaliphatic,
cycloal i phatic-aliphatic, araliphatic, heteroarylaliphatic or aromatic

radi cal, R2 i.s hydrogen or an aliphatic or araliphatic radical, alk is

| ower al KSHbstituted aminoaikanephosplionicacids,y Ry err] i ndependently of one anot her
are hydrogen, |ower alkyl, halogen, trifluoronethyl, cyano or nitro, and

or cpar at | IR RAERFaRRg F hehbolradBl R RRNRT o of the formiia 1 are, for

exanple, those in which &) R4 isg@ther than nitro when X is nethylene,
3- hydr oxybenzyl i dene HO3<nkt hoxyhenzyl i dene, 3-pyri dyl met hyl ene, et hyl ene,
oxoet hyl ene, ethylide e,/&,‘?:xb'r‘d}!wl ene, 1, 3-(1-carboxy)propyl ene,

cycl opropyl ene or 1, 4™utyl ene, R&@Kr],js hydroxyl, alk is methyl ene and
Rlerr], Rerr] and Rerr] are hydrenn or,gvhen X i s methyl e, Rierr] is

met hyl or benzyl, alk is netRy e gyd rr], Rerr] and err] are

hydr ogen, or when X is butyl ene, gLr] ids hydroxyl, alk is nethyl ene,
Rlerr] is methyl and Rlerr] gad RNeTT regnydrogen and bl) R4 is other
than brom ne when X is nethyl &ne qt etMylidene, Rlerr] is hydroxyl, alk is
nmet hyl ene and Rlerr], R err] and R%®rr] are hydrogen, [lacuna] for exanple,
those in which a2) X is other than nethyl ene, 3-hydroxybenzylidene,

3- met hoxyB¥MSN i dene, 3- pyri dyl net hyl ene, et hyl ene, oxoet hyl ene,
et hyl i derry is hydroRyi@Pxh@lighatit, draliphatic oRaiMaticpadieal) ene, cycl opropyl ene and

Y 1 R e R BRI o el BPSPrai oo
or aromatic radical,
Rz is hydrogen or an aliphatic or araliphatic radical,
alk is lower alkylidene and _
Ra, R4 and Rs independently of one another are hydrogen, lower alkyl, halogen,
trifluoromethyl, cyano or nitro,
and their salts, processes for their preparation and pharmaceutical preparations comprising
them.

Novel compounds of the formula | are, for example, those in which

a1) R, is other than nitro when X is methylene, 3-hydroxybenzylidene,
3-methoxybenzylidene, 3-pyridylmethylene, ethylene, oxoethylene, ethylidene,
1,3-propylene, 1,3-(1-carboxy)propylene, cyclopropylene or 1,4-butylene, R; is hydroxyl, alk
is methylene and Ry, R; and Rs are hydrogen, or when X is methylene, R, is methyl or
benzyl, alk is methylene and R, R; and Rs are hydrogen, or when X is butylene, R, is
hydroxyl, alk is methylene, R; is methyl and R; and R; are hydrogen and '

b1) R, is other than bromine when X is methylene or ethylidene, R, is hydroxyl, alk is
methylene and R,, R; and R; are hydrogen,

[lacuna] for example, those in which

a2) X is other than methylene, 3-hydroxybenzylidene, 3-methoxybenzylidene,
3-pyridylmethylene, ethylene, oxoethylene, ethylidene, 1,3-propylene, 1,3-(1-
carboxy)propylene, cyclopropylene and 1,4-butylene when R, is hydroxyl and R; is hydrogen,
b2) X is other than 1,4-butylene when R, is hydroxyl and R; is methyl,

and



-2 - c) X is other than nmethylene when Rlerr] is nethyl or benzyl.

Al i phatic radicals are, for exanple, |ower alkyl, |ower alkenyl or |ower
al kanoyl radi cal s. Araliphatic radicals are, for exanple, phenyl-Iower
al kyl or naphthyl -l ower alkyl radicals.-2-Aromatic radicals are, for
exanpl e, phenyl or naphthyl radicals. Di val ent aliphatic radicals are,
for exanple, |ower alkylene, oxo-lower alkylene oxo-lower alkenylene,

| over al KX igotfier thag WHW@DPWJ@P %I'%meﬂb’éﬁ'ébeftz&“ boxy- | ower al kyl i dene,

hydroxy | ower al kylidene, |ower al koxy-Iower alkylidene or |ower

cxcanpl o, RREEGFRIGEIS AR, B PrarmRle, WL (WS SRR of BYEr SkeRR) 1lsals or

cycl oal kenyl i dene radi cals, such as 3- to 6-nenbered cycloalkylene - to

e L T %ﬁé‘e

6- menber ed cycloalkyl-lomer al kyl ene or cycl oal kyl -1 ower - al kyl i dene

radi cal s. Bl ,%?g xanpl e, phenyl -1 ower
al kyl ene, Aro HQWF% oxo - Ieot\d/ergggl?.'kyf eneypalj p e&@r r{dg'r\?/lesre al kyl i dene radi cal s.

Di val ent het eroaryl aliphatic radicals are, for exanple, pyrrolyl-I|ower

al kyljl flelrmivarémral hbﬁb’\%ﬁllcalsiﬁt‘é | feegMam éﬂé] i6wer almwér oﬁdo lewer ERPrRNG) roxo-lowerI
pyriayly | C ar o di.cal s
are, for k%f\ls\/% Lﬂ '%@eoqdﬁ‘é&’raw]f’l”ﬁ?f @'?ﬁﬂ'qeaﬁﬂ ‘E?EIP@‘V'b q%ﬁfg?"% dX¥al s
are, for lewena]kﬁldehmmeradlm-lmﬂerl aliytiderse drdower alladthivalbwer alkylidene.
Divalent cycloaliphatic radicals are, for example, unfused or benzo-fused cyloalkylene [sic},
cycloalkylidene or cycloalkenylidene radicals, such as 3- to 6-membered cycloalkylene, 3- to

6-membered cycloalkylidene or 3- to 6-membered benzocycloalkenylidene.

Divalent cycloaliphatic-aliphatic radicals are, for example, 3- to 6-membered cycloalkyl-lower |
alkylene or cycloalkylHower alkylidene radicals.

Divalent araliphatic radicals are, for example, phenyl-lower alkylene, phenyl{oxo)-lower
alkylene or phenyl-lower alkylidene radicals.

Divalent heteroaryl aliphatic radicals are, for example, pyrrolyl-lower alkylidene, furyl-lower
alkylidene, thienyl-lower alkylidene or pyridylyl-lower [sic] alkylidene radicals.

Divalent aromatic radicals are, for example, phenylene or naphthylene radicals.
Aliphatic radicals are, for example, lower alkyl or lower alkenyl radicals.

Araliphatic radicals are, for example, phenyl-lower glkyl or naphthyl-lower alkyl radicals.
Aromatic radicals are, for example, 'phenyl or naphthyl radicals.

The ring system of the cyloalkylene [sic], cycloalkylidene, unfused or benzo-fused

cyloalkylene [sic], cycloalkylidene or cycloalkenylidene, cycloalkyl-lower alkylidene,
cycloalkyl-lower [sic] alkylidene, phenyl-lower alkylene, phenyl(oxo)-lower alkylene, phenyl-



Araliphatic radicals are, for exanple, phenyl-lower alkyl or naphthyl-Iower
al kyl radicals. Aromatic radicals are, for exanple, phenyl or naphthyl
radi cal s. The ring system of the cyl oal kyl ene [sic], cycloal kyli dene,
unfused or benzo-fused cyl oal kyl ene [sicPB,- cycl oal kyl i dene or :

cycl oal kenyl i dene, cycl oal kyl -1 ower al kyli dene, cycl oal kyl -1 ower [sic]

al kyli dene; pheny] -1 ower al kyl epne, phen ox0) -1l ower al kyl ene, phenyl -

-3- | omIQWeEP'EWHeHQHH{V"WP“WB%&P' !’si'f%ﬂ" Héhé’, lidene.Ryridylydewerdeiel | i dene,
pyri dyl yl alkglitehe,[phefjlené,sidph leae,fm Mbweealkylapdtnaphtapkows &Ky radicie

al kyl and_napht hyl - |.ower gt§§ a5 igiﬁ@ﬂgentioned can,. be %ggéﬁétituted or
subst i t ut MNIQFEcanbe Yisybstittpd ofsubstituted, Such g¢ mpnor, di-or i g Blnner ,

f or exanptustimaryovermes,|féryéxanipbensy lowniek alkyl, loplee alkeyy, phegnoyx ydroxyh hedpegen,
“trifluoro h -4 ! -am | anovl am Ir 0, carboxyl,
[ over i KERomet it - aRYSHIAS 0l NGHElIaIA B BThOG g,

benzocyc| akpresasponyeearbamoyliand/osgyans. e, | ndanyl i dene or

t et rahydr onapht hyl i dene, such as indan-2, 2-ylidene. 3- to 6-nenbered
cycl oal kylene is, for exanple, cyclopropylene, 1,2-cyclobutylene,

1, 2- cycl opelRtbymembersd benzoeyeioalieBylidenn is, Tor example, indadylidepear cycl oal kyl i dene

s, for ete&gp}'dronap]m&ymaémgm;}dg@mdaﬁ.ygz.?iaéhy_l | dene, cycl opentylidene or
cycl ohexyl i dene. 3- to 6-nenbered cycl oal kyl -1 ower al kylene is, for

exanpl e, 3- to 6-nmenbered cycloal kyl- Clerr]-Clerr]al kyl ene, in which
cycl oal ky8- toS-mémberedayploalkylene isp for exsginplec pydiapvopyléne, d)2etyajpbatyldnepr
cycl ohexyl »_ = 5 € al kyl -1 ower al kylidene is, for exanple,
3- to 6- ni,ﬁbcg?légelil@gﬁ%gfgeﬁ{y@@%%r@q err]al kylidene, in which cycloal kyl
is, for exanple, cyclopropyl, cyclobutyl, cyclopentyl or cycl ohexyl.
3- to 6-membered cycloalkylidene is, for example, cyclopropylidene, cyclobutylidene,
cyclopentylidene or cyclohexylidene.

3- to 6-membered cycloalkyl-lower alkylene is, for example, 3- to 6-membered cycloalkyl-
C,-Caalkylene, in which cycloalkyl is, for example, cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl.

3- to 6-membered cycloalkyl-lower alkylidene is, for example, 3- to 6-membered cycloalkyl-
Ci-C.alkylidene, in which cycloalkyl is, for example, cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl. - '

Above and below, lower radicals and compounds are understood as meaning, for example,
those which have up to and including 7, preferably up to and including 4, carbon atoms (C
atoms).

Carboxy-lower alkylidene is, for example, carboxy-C,-C,alkylidene, such as
carboxymethylene, furthermore 2-carboxyethylidene, 3-carboxypropylidene or
4-carboxybutylidene.

Di-lower alkylamino is, for example, di-C4-C,alkylamino, such as dimethylamino,
diethylamino, N-ethyl-N-methylamino, NépropyI-N-methyIamino, N-isopropyl-N-methylamino
or N-butyl-N-methylamino. |



Above énd bel ow, | ower radicals and conpounds are understood as neani ng,
for exanple, those which have up to and including 7, preferably up to and

i ncluding 4, carbon atons (C atons). Car boxy-1 ower al kylidene is, for
.exanpl e, carboxy-(err]- C[err]alkylideﬂé- such as car boxynet hyl ene,
cfurthernore 2-carboxyethylidene, 3-carboxypropylidene or
4 car boxybut yl i dene. D -lower alkylamno is, for exa
- er r¥0w|QWﬁ[ dkﬂ@eaﬁ{lwnakw-% alkylicleng| sushras, fueyl rT];:ylie@enfwthermore

.N— et hyl ng.: N-i sopropyl - N- et hyl am no or
N but yl - %@Fﬂ“yﬁf'ﬁéﬂe S-ulpRopyiideric srfuibiuiylideRe.

-4- Furyl -1 ower al kyI I dene [lacuna] furyl-Cerr]-(ferr]al kylidene, such

as furyl HEIE)F&HI Bfor ekanhplechdlogen &F-dtornie! rRimiber up & end hcludi nplasc SIOH asiuvEing)
4-furyl b | dene Hal ogen i s, for exanple, halogen of atom c nunber up
to and 1 3’%’3" such as fluorine, chlorine or brom ne. Hydr oxy- | ower
al kyl i dene | s, for exanple, hydroxy-C2-Cral kylidene, in particular hydroxy-

2, Shal NS D R hcBRe T LRI VAT, AR H BEAI ARRS2"
napht hyl éepealkwhd@p% rsl:l?laﬂ&?’rhymWeihylgieug,sﬁj yirbxypranylidenesaridshydranybutyidene.

I ndi cat ed, such as napht hyl net hyl, 2- naphthylethyl 3 naphthylpropyl or

4- napht h IbutyI Lower alkanoylan1no is, for ex

G or 1] apitpiquerloam, 1% sxamok. BRPTIECyCARIIG BunavReted o

butyryl asubsﬂtutecsadxnamaneuﬁénohcasmapmhvmhaw aczrhamhylethgmsr lthﬂPbdpyl 6r, for
as a

exanpl e, yl, preferably C3-C4al kenyl, suc but - 2-
enyl . L%%Pﬁéﬁbl@yc for exanple, C[err]-{err]al koxy, pref erably

Cerr]-derr]al koxy, such as net hoxy, ethoxy,
Lower alkanoylamino is, for example, C;-Cyalkanoylamino, such as acetylamino,
propionylamino, butyrylamino, isobutyrylamino or pivaloylamino.

Lower alkenyl is, for example, C,-Cralkenyl, preferably C3-C,alkenyl, such as allyl or but-2-
enyl.

Lower alkoxy is, for example, C1-Cralkoxy, preferably C,-Csalkoxy, such as methoxy, ethoxy,
propoxy, isopropoxy, butoxy, isobutoxy, secondary butoxy, tertiary butoxy, pentoxy or a
hexyloxy or heptyloxy group.

Lower alkoxycarbonyl is, for example, C4-Cralkoxycarbonyl, preferably C,-Calkoxycarbonyi,
such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyi or
butoxycarbonyl, but can also be isobutoxycarbonyl, secondary butoxycarbonyl', tert-
butoxycarbony! or a pentoxycarbonyl, hexyloxycarbonyl or heptyloxycarbonyl group.

Lower alkoxy-lower alkylidene is, for example, C4-C,alkoxy-C,-C,alkylidene, such as
2-methoxyethylidene, ethoxymethylene, 2-methoxyethylidene, 2-ethoxyethylidene,
3-methoxypropylidene or 4-methoxybutylidene.

Lower alkyl is, for example, C4-Cralkyl, preferably C4-Cialkyl, such as, in particular, methyl
or secondarily ethyl, propyl, isopropyl or butyl, but can also be isobutyl, secondary butyl,
tertiary butyl or a Cs-Cralkyl group, such as [lacuna] pentyl, hexyl or heptyl group.



propoxy, i sopropoxy, butoxy, isobutoxy, secondary butoxy, tertiary butoxy,
pent oxy or a hexyl oxy or heptyl oxy group Lower al koxycarbonyl is, for
exanple, Cerr]-(err]al koxycarbonyl, iferably

Cerr]-Cerr]al koxycarbonyl, such as nethoxycarbonyl, ethoxycarbonyl,

pr opoxycar bonyl , isopropoxycarbonyl or butoxycarbonyl, but can also be

bont oxyo 1Pl Weﬁ%‘ea o 951 B8 SRABBMAN SRR and it f%’#% P848iq Bosifion

al koxy- | cndris, etokguanm@tratght-ﬂmn ekmpcl@d C4-Caalkylene, such as, in particular, _

d err] - Angthlighé Rixa Féiz 1At ket loh 480 Ei o f, ,1”?%*?%2916‘&@&&.0'3”6’
fohygns e ona e o TR propTe o h e

et hoxynet oxy'et
3- nethoxypropylldene or 4- nethoxybutylldene Lomer aIkyI is, for exanple,

C err] - Clieywek alky Iidenel%ﬁfoérs?faight-gﬁaﬁﬁ bl bieh6tigd @ldodn bé?ﬁhnéﬂ‘y bdrideB# ameul ar,

Sobutyi  deSEESREsap iy Tor Byt phaia o hreaard Prepaioiens: 696 g.dup.

such as [pantioulzr] mpiglent, 1 ih@myllldaie heiploy 2,2gwropylidene or 1,1-butylidene.
- 5- Lower al kyl ene .can be straight-chain or branched and can be bonded in
any desired position and is, for exanple, straight-chain or branched

d er r] - ClLowey alkiifhietower alkylidens, is,ifor gxample;, (G1¢Calkyithiong€halkylidene hachmse

1, 2- et hyl ﬁ% " ; - Lower
al kyl i denrﬁ&@gtlﬂ%rﬁetgﬁéné %t' chai n “or ? an%%'ﬂ}éw%ertl@mdgﬁe %Eéggﬁén@gﬂ\ﬁe bdnded in
any desi r%@eﬁ‘tYBh'PPr@ﬁylmﬂePé*"!‘%?hylmlﬂﬂ"@en%tra| ght -chai n or branched
C[err] C err]al kyl ene, such as, in partl cul ar, nethyl ene 1 1 -et hyl i dene,

2l k! | e EwaF keRatiajs brefesebly onabes Pl gtortmatiend IfmuRiq B piom ne.
et hy T Dot I | et e UL B OB S T or e mot myl Tt obUt T | dene.
é(gEI ﬁmmag‘f‘i@r%ﬁ gﬁéb%%épéﬁgﬁe%atﬁ og(gél(rjl} eéﬁﬂ "he N at om ?/rar ked i nyf ormul a |

via the C atom bearing the oxo group and'is, for exanple, appropriate

ox0- C[err% oQo%FlalﬂinKﬁé‘ rabN’Eé‘l"c%&tokHé N%EJnH rie: |P*o i f\ﬁ&’tr?e@'&de’?”e or

1- oxobut l'ene is era to the N atom
mar ked i rpepapg,{n%p)qo areyp @%lsdoap@mple appropnate oxo-Ca-C4alky|ene such as, in

particular, 1-oxoethylene or 1-oxopropylene, furthermore 1-oxobutylene.

Phenyl(oxo)-lower alkylene is preferably bonded to the N atom marked in formula | via the C
atom bearing the oxo group and is, for example, appropriate bh_enyl(oxo)-Cg-C4alkylene,
such as, in particular, 1-oxo-2-phenylethylene.

Phenyl-lower alkyl is, for example, phenyl-C,-C,alky! which is unsubstituted or substituted as
indicated, such as benzyl, 2-phenylethyl, 3-phenyipropy! or 4-phenylbutyl.

Phenyl-lower alkylene is, for example, phenyl-C,-C,alkylene which is unsubstituted or
substituted as indicated, such as 2-phenylethylene, 3-phenylpropylene or 4-phenylbutylene.

Phenyl-lower alkylidene [lacuna] phenyl-C,-C,alkylidene, such as benzylidene, furthermore
2-phenylethylidene, 3-phenylpropylidene or 4-phenylbutylidene.

Polyhalo-ldwer alkylidene is, for example, polyhalo-C,-C,alkylidene, such as, in particular,
2,2,2-triflucroethylidene. '



bearing the oxo group and is, for exanple, appropriate
‘oxo-([err]-(err]al kyl ene, such as, in particular, 1 -oxoethylene or

1- oxopr opyl ene, furthernore 1- oxobutyleqf Phenyl (oxo) - ower al kyl ene is-
preferably bonded to the N atommarked ih formula | via the C atom bearing
the oxo group and is, for exanple, appropriate phenyl (oxo)-C2-C4al kyl ene,

such as, F‘yndmr:aw&tt aquegg&L@af@fjd95$ CRMyidend, S6AY as bitifiméthiidne, ' S-

for exanple err I'S unsu
substit utf'@'H‘eé@W idviethylidene, 38@’"9 M"d@em{érﬂwéylhvwhde@ephenyI propyl or
4- phenyl butyl . Phenyl -l ower al kylene is, for exanple,

phenyl - Cl err errlal kyl ene i ch i sybstituted or ut ed as

i ndi cat g&, &b&&gaw%\éﬁ%@{ pgf@yls%%ﬁ%eow y6'i° yjf“ﬁ‘h%ﬁ??'but yl ene.
Phenyl - | duthrermbley2-pyiesigethiylidenead-ppireipipropylidens] or @k myriolyibutylidesene, such as
benzyl i dene, furthernore 2-phenyl ethylidene, 3-phenyl propylidene or

4- phenyl but yl i dene. Pol yhal o-| ower al kylidene is, for exanple,

poI yhal o-Tojesykipwer alkylidan {la¢unehithjenyliGhrCaalkylidengy such g thianylmethylene,
, 2, 2-tr
- 6- Pylrrl|§rg+ﬁ'§/\8@%\/\méér i é ene lrnegglﬁropy‘l%ecngnor 4-thienylbutylidene.

pyridyl-Cerr]-Cerr]alkyli dene such as pyri dyI nmet hyl ene, furthernore
2-pyridy rmbf@bhipdem of3h®3orindld IJaf RO SRR bakeBYCbipblds)E titedfmula

e oy T oPBYHE RSP SfRPRan (P ol erRAtiE Rl & DL Cene. sueh

3-pyrrol yl propylidene or 4-pyrrolylbutylidene. Thi enyl - | ower aIkyIidene

[ acunal St 6606 b Skl it 08 o 3UEDoBdll BYLAR) i e

furthernore 1'en ene p’r opy
4-t hi enylpbamsaqeducmﬂy accemable bam: adch asf ncmi@xut metalsalts darivad frommetalsof wit h

ggfgsa dgﬁ]fpon SZ bff-"ga 'gﬁg llfaoé g‘-'én gzrli mH\%Yéaﬂ& irGsHrficuitr QBBRNT S botadshine saRy & form
alkaline earth metal salts |n particular calcium or magnesium salts, as well as ammonium
salts with ammonia or organic amines or quaternary ammonium bases, such as free or
C-hydroxylated aliphatic amines, in particular mono-, di- or tri-lower alkylamines, e.g.
methyl-, ethyl- or diethylamine, mono-, di- or tri(hydroxy-lower alkyl)amines, such as
ethanolamine, diethanolamine or triethanolamine, tris(hydroxymethyl)naphthyl radicals or
2-hydroxy-tertiary butylamine, or N-(hydroxy-lower alkyl)-N,N-di-lower alkylamines or
N-(polyhydroxy-lower alkyl)-N-lower alkylamines, such as 2-(dimethylamino)ethanol or
D-glucamine or choline, or quaternary aliphatic ammonium hydroxides, e.g.

tetrabutylammonium hydroxide.

Acid addition salts of compounds of the formula { are, for example, their pharmaceutically
acceptable salts with suitable mineral acids, such as hydrohalic acids, sulfuric acid or
phosphoric acid, e.g. hydrochlorides, hydrobromides, sulfates, hydrogensulfates or
phosphates, salts with suitable carboxylic acids, such as free or hydroxylated lower alkanoic
acids, e.g. acetic acid, glycolic acid, propionic acid, lactic acid or pivalic acid, lower
alkanedicarboxylic acids which are free or hydroxylated and/or substituted by oxo, e.g. oxalic
acid, succinic acid, fumaric acid, maleic acid, tartaric acid, citric acid, pyruvic acid, malic
acid, ascorbic acid, furthermore with aromatic, heteroaromatic or araliphatic carboxylic acids,
such as benzoic acid, nicotinic acid or mandelic acid, and salts with suitable aliphatic or
aromatic sulfonic acids or N-substituted sulfamic acids, e.g. methanesulfonates,
benzenesulfonates, p-toluenesulfonates or N-cyclohexylisulfamates (cyclamates).



Salts of conpounds of the fornula | with bases are, for exanple, their
salts with pharmaceutically accept abI e bases, such as nontoxic netal salts
derived fromnetals of Goups |a, 7a and Il1b, e.g. alkali netal salts,
in particular sodiumor potassium saI ts,"alkaline earth netal salts, in
particular cal ciumor magnesiumsalts, as well as ammoniumsalts with
anmoni a or organi c amnes or quaternary ammoni um bases, such as free ar

C-hydroxyl ated aliphatic amnes, in particular nmono-, di- or tri-|ower
al kyl ani Beth ful agd pagiahsalts, aremcwdedolre Galts with 312 ae3, prefaably 2jjequiyalents of

tri(hydr ggyes mb@r"\‘ﬁble%f%?@c?ﬂ%é’ﬁﬁnulﬁ‘l‘%?sﬁ&wﬁiﬂ"ﬁ@&@é‘é al&Ht§t é‘f@ he or

triethanaol a tris(hydroxynet napht radi cal's or roxytertlary
but yl ami ﬁeequmaqqt @ paid pey molgiehb a&PI@}’ the.frmyulail-- | ower al kyl am nes or
N- (pol yhydroxy-1 ower al kyI )-N-1 ower al kyl am nes, such as

2- (di met am no ano r D-gl ucam hol i ne at er n | i phatic
ammoni um% "%1 ugsgta%aeeﬁl%mpﬁlsgﬁhmﬁqg HSofA %r'eP“%c?i 88&&6 €i on
salts of phanmm:entisllyhcd:émaﬁle,rnuutaxud saltseye bsed themppliically,midrare therefore

phar rrace%é gﬁ‘leéy acceptable salts with suitable mneral acids, such as

hydr ohal i"C aC|ds sul furic acid or phosphoric acid, e.g. hydrochlorldes
hydr obr om des, squates hydr ogensul f ates or phosphates salts with

t abl
5U1 1,201 © UMKl A fomBHOIHad8 vl PhalBLRIIUAT LRl B0y NG ©
pi val i ¢ Qdhgpingingatfinity WPWW?W@ a¢d wsen@ﬁr%ﬁum%s towagd &M%dr oxyl at ed
anfll or s%wptdthDMkanag) ﬁbcﬁpto@(éﬁd/ dg’lfduﬂb biRtAG sitesof MDA ré&ﬁ'ﬂét’scﬂf’é?l db
mal ei ¢ ac artarl C _acl VI C, aC ascorpi c
Teia Cr oy IS tdcbrfoes deafned'if aBhalr sBiRGIe, SoPSidhg ShinestEohiS poxyi | -
aci ds, SlSBIBd:E‘d doempooinds efthe fomulot inrpacticatar have a stronig bifinityior AMPfand/at t S

W th sul ﬁ\ﬁsh]ﬁs él’?dirjéa?@?& ?Qénnesé?{lf% le§ §HM &knﬁigﬁfg}s glﬁcf-igél g{}’rg@\fébs%é bHhE MDA

sul fam c aci enz

p- t ol uenéegept®nat es or N-cycl ohexyl suI f amat es (cycl amates). |

-7- Both full and partial salts are included, i.e. salts wth 1, 2 or 3,
preferabl_l_?éIer equi val ents of base per nole of acid of the fornula I or

salts wit d!‘Q)‘Pm’Be’é’(ﬁ thecamnouads preppesdancording:ig ihe lvention and their aaiﬁeqannm e
of 3afse bk dehibl nkPated |réd|d)gra?hlEﬁllyrlﬁ&mldnl branhlr:yemmneé ohiats [Sﬁ? %rﬁlcs a:atsy_bﬁgl be
used for |so a n or ur| | &P ut.i ccept.abl e,
nont oxi ¢ "EAP % "E"H‘é Pgﬁgtgp'gé%w kaipgte Pgi"ﬁﬁg@e@)ﬁ éic?)l%é)&wrgr&e The
conpou ndacldb Ot ﬁld] MDLrﬂ@lSaﬁw, thevasnoentatibh ¢Ced) aenessahigr 8 S0%displacemant belngey
have a hi ding affinity toward excitatory amno acid receptors, such

as towar ANPA receptors, NVDA (kainate) receptors and/or glycine binding
sites of NVDA receptors. The

For the determination of the binding affinity for AMPA receptors, it is possible to use, for
example, the radioreceptor assay experimental arrangement of Honore T., Lauridsen J. and
Krogsgaard-Larsen according to J. Neurochem. 38, 173-178 (1981), in which compounds of
the formula | show ICs, values of approximately 0.05 to approximately 5 uM. The binding
affinity for kainate receptors can be measured, for example, by means of the radioreceptor
assay experimental arrangement of Simon J.R., Contrera J.F and Kuhn M.J., J. Neurochem
26, 141-147 (1975), in which compounds of the formula | show IC5, values of approximately
0.5 to approximately 5 uM.

The binding power of compounds of the formula | to glycine binding sites of the NMDA
receptor can be determined, for example, in the radioreceptor assay experimental
arrangement according to Baron M.B., Siegel B.W. et al., Eur. J. Pharmacol., Molec.
Pharmacol. Section 206, pages 149-154 (1991) and Canton T., Doble A. et al., J. Pharm.



affinity for the receptors nentioned is global or selective, depending on
the structure. Sel ected conpounds of the fornula | in particular have a
strong affinity for AMPA and/ or NVDA (k%inate) bi nding sites and a | ess
strong affinity for glycine binding sites of the NVDA receptor. The

bi ndi ng power of the conpounds prepared according to the invention and
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or

di spl acenent Dbel ng determ ned. _ determ nation of the binding
affinity for AMPA receptors, it is possible to use, for exanple, the
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ormul a | ng sites of the NVDA receptor
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prot ect i vereRsal '%WEFQE@H%“PQ'%WS“@WM BS/‘@F'@EPF’S%%BE’R""&?' asghyXig o) e,

it bei ng dpaspticutiacks) Htﬁ\ﬁn tbA's camap)\ﬁhemesaaammm& discush| anystrdpigTouse
nodel or the or netraz r@ | nduced con U|SI pos aCCOde ng to

S et o JatBEa BRERE S Barie waftfn dnbisarard valme S oPppisohing B "1 990)

neurotoxins or addictive drug abuse, and of ischemic dlsorders of the eye, of vascular and
muscle spasms, such as of migraine or of local or general spasticity, of convulsions, such as
epilepsy, and of states of anxiety and pain, such as of trigeminal neuraigias.

The invention relates primarily to compounds of the formula |, in which

R, is hydroxyl, lower alkyl, lower alkenyl, phenyl-lower alkyl, naphthyl-lower alkyl, phenyl or
naphthyl, -
X is lower alkylene, lower alkylidene, oxo-lower alkylene, oxo-lower alkenylene, polyhalo-
lower alkylidene, carboxy-lower alkylidene, hydroxy-lower alkylidene, lower alkoxy-lower
alkylidene, lower alkylthio-lower alkylidene, 3- to 6-membered cycloalkylene, 3- to
6-membered cycloalkylidene, 3- to 6-membered benzocycloalkénylidene, 3- to 6-membered
cycloalkyl-lower alkylene, 3- to 6-membered cycloalkyl-lower alkylidene, phenyl-lower
alkylene, phenyl(oxo)-lower alkylene, phenyl-lower alkylidene, pyrrolyl-lower alkylidene, furyl-
lower alkylidene, thienyl-lower alkylidene, pyridylyl-lower [sic] alkylidene, phenylene or
naphthylene,

R: is hydrogen, lower alkyl, lower alkenyl, phenyl-lower alkyl or naphthyl-lower alkyl,



The conpounds of the formula | and their pharmaceutically acceptable salts
are thus especially suitable for the prophylactic and therapeutic treatnent
of pat hol ogi cal conditions which respond,to bl ockage of excitatory am no
acid receptors, in particular blockage of "one or nore of the nentioned
subt ypes of exci tatory amno acid receptors, for exanple of
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napht hyI albdsllw¢rmlmlldme@ncbne | ower al kyI i dene, oxo-lower al kyl ene,
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6- menber eghdansit eatsky! i dene, 3- to 6-nenbered benzocycl oal kenyl | dene, 3- to
6- menber ed cycl oal kyl -1 ower al kyl ene, 3- to 6-nenbered cycl oal kyl - | ower

al kyl i dene, phenyl -1 ower al kyl ene, phenyl (oxo)-1ower al kyl ene, phenyl -I ower
al kyl i derghe mwntlohyélaﬂeswspecadllyyd) bdapmndswfyﬂefokmman, iaMitidh dene,

napht hyi e ol ¢ oG ue & Inehiy BBy BBl An RIS 31y,
or napht tphenylower al kyl , _
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cycl oal k eGhin Qrdiranched G PW‘FdﬁF‘Bvﬁé’f"hésk& wlwlege, b?t?'b%l?mpyl"%@rmal kyl i dene
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S e X ke e, Shot S 4 SOBioRcAe RS O iBtatRy PanueRt sriahtchrin o
al kyl andrarhlet!CstGalikylene aduchlasy mdxadmular,naemylene,cpodmalob@-@udilsdldema &dchby
I I t hyl ,
o ma‘?“@f ar’2, 2 dipaRAene, WABGIC CIAGEHE, shotl &3 (0L DTEL 1Y

al koxyca metfe{leaanmrow@%lw@m& sueikas §'hV6Rﬂ§YPTQIP)R'§’PFQi ehe and R[err],
Rierr] angdhrétyblitidsHp Qﬂ(éealHe)hb%Fed)éy%lo%ﬂQlehérs@h%s*b\ﬁéﬁb?ﬂ)ﬁ?lené erer al kyl,
hal ogen, 1té Ic{/ékghexyrﬁe h:yltb 6- IXembere{:I cycloalﬁyhdengI stugﬁ as cygopropyhdene or
cyclohexylidene, 3- to 6-membered benzocycloalkenylidene, such as indan-2,2-ylidene,

a phenyl{oxo0)-C.-C,alkylene radical, such as [lacuna] 1-oxo-2-phenylethylene radical, or
phenyl-C,-C,alkylidene radical, such as [lacuna] benzylidene radical, which is unsubstituted
or substituted by C;-C,alkyl, such as methyl, C,-Csalkoxy, such as methoxy, phenoxy,
hydroxyl, halogen of atomic number up to and including 35, such as fluorine, chlorine or
bromine, trifluoromethyl, di-C+-C,alkylamino, such as dimethylamino, C,-Calkanoylamino,
such as acetylamino, nitro, carboxyl, C-C,alkoxycarbonyl, such as methoxycarbonyl, or
ethoxycarbonyl, carbamoy! and/or cyano; pyrrolyl-C,-C,alkylidene, such as
pyrrolylmethylene, furyl-C4-C,alkylidene, such as furyimethylene, thienyl-C,-C,alkylidene,
such as thienylmethylene, or phenylene,



The invention relates especially to conmpounds of the fornmula I, in which
Rlerr] is hydroxyl, Cerr]-Cerr]alkyl, such as nethyl or butyl,

phenyl -Clerr]-Cerr]al kyl, such as benzyl, or phenyl, X is straight-chain
or branched C[err]-Cerr]alkyl ene, such 95 net hyl ene or 1, 2-ethyl ene,
straight- chain.or branched CJerr]-Clerr]al kylidene, such as 1, 1-ethyl ene,

1,1 - or 2,.25 i 0 -but yl | , - C2- | kyl.ene, such as, in
parti cul a'%"’, 'gf%@gﬁ"h@%%gwéFaﬁﬁgggﬁm%ﬂ@ﬁ@rgﬁ’d%%&fké@r r]al kenyl ene,
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by CJerr]- err}sa kyl, such as nethyl, Cerr]-Cerr]al koxy, such as
met hoxy, phenoxy, hydroxyl, hal ogen of atom c nunber up to and i ncl udi ng
35, such pfeihleHtiohMates!i Partib@lafio dfripduREs of the FriNLITRY Whith

di-Cerr]- rr]al kyl am no, such as di et hyl am no,
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The invention relates in particular to conpounds of the formula I, in which

Rierr] i 2MMMPEHS: straight-chain or branched err]-Cerr]al kylidene,

such as nethyl ene, ethylidene, ethylene, 1,1- or

The invention relates first and foremost to compounds of the formula I, in which

R; is hydroxyl, '

straight-chain or branched C-C,alkylidene, such as methylene, sthylidene, ethylene, 1,1- or
2,2-propylidene or 1,1-butylidene, straight-chain or branched C,-Csalkylene, such as
ethylene, 1,2- or 1,3-propylene, 1,4- or 1,2-butylene, 3- to 6-membered cycloalkylene, such
as cyclopropylene or 1,2-cyclohexylene, or 3- to 6-membered cycloalkylidene, such as
cyclopropylidene or cyclohexylidene, _

R. is hydrogen or C4-C,alkyl, such as methyl, ethyl, propyl, isopropyl or butyl,

alk is C1C,alkylidene, such as methylene,



2,2-propylidene or 1,1 -butylidene, straight-chain or branched
Clerr]-Cerr]al kyl ene, such as ethylene, 1,2- or 1,3-propylene, 1,4 or
1, 2-butylene, oxo-C[err]-Clerr]al kyl ene, , such as 1 -oxoethylene or 1

- oxopropyl ene, 3- to 6-nenbered cycloafﬁ}Fene, such as cycl opropyl ene or
1, 2-cycl ohexyl ene, or 3- to 6-nenbered cycl oal kyl i dene, such as

| o . i I Lid i s hydro
Forr)- cbis e, catEaRUCS IR ey Sn At eBunal & BB Blpbere B | a
i-s (] er r incliiding 35 Iskgh asl ehlorines acliromineywrifluptonrethydyrcyand oenitrp ak, and Rferr],
' dent | f th hyd :
Rerr] a é?ﬁ%’g&%ﬁb@ﬁ@%ﬂ ently of one another are hydrogen

Cerr]- as nethyl or ethyl, [lacuna] of atom c nunber up
to and i @OHRITRANSS, such as chlorine or bromne, trifluoromethyl, cyano or
nitro, and their salts. The invention relates first and forenost to
conmpounds_of the fornmula I, in which Rerr] is hydroxyl, straight-chain or

br anched Topdveptien talatesnamelyde the camprayings ofbedomiula! mentigned e examplascne,

al- i)r %naﬂﬁ&ilf)ﬁltlhj plobesses rf}dr thdir fbt%biﬂaitidﬁ!,rﬁ{tanﬁédfeﬂtigéﬂ éﬂhﬁ\éﬁbln@rcobib?ﬁgbed .
err]-Clerrlal kvl ene, sych as ne - or 1,3-propylene, 1,4 or

, 2- but yI '?Fé",‘l“ﬁg e&"@ﬂ?&%‘éf’&ﬁ“%@ﬁ@éﬁﬁﬁ?‘gﬁé’fze%ch as. (F:)ycF)c/)propyl ene or 1

, 2-cycl ohexyl ene, o - to 6-nenbered cycl oal kyl i dene, such as

r 3

cycl opro [ v ' . :
S err] - e PrERs for tie BlepafEtith of B3 ConAchs of e S bnrcps detaghing;
i s d er r fromea cpmpeyndsdeinkof teifoimuia lhet hyl ene, Rlerr] is hydrogen,
Clerr]-(err]al kyl, such g nethyl F?ﬁr3 ethyl, [lacuna] of atom ¢ nunber up
to and including 35R,&@ch lbs chl or4 or brom ne, trifluoronethyl, cyano or
nitro, and R err] and R T&reledrogen, and their salts. The invention
relates nanely to the B npounds of die fornula | nmentioned in the exanples
and their salts, processes for theijr Qt_' on, phar maceygy,cal
preparations conprising thempgad s Bhar maceuti cal active
i ngredi ent s. The process for®t epar 4ti on of the conpounds of the
formula I conprises detachi NOm A

4

in which

Ra is hydrogen or a hydroxy protective group, Rg is a group R. or an amino protective group
and the radicals R¢ and Rp are identical or different hydroxy protective groups and Ri, X, Ra,
alk, R, R, and Rs are as defined, the hydroxy protective groups Re and Rp and a hydroxy
protective group R, which may be present and an amino protective group Rg which may be
present

and, if desired, in each case converting a compound obtained into another compound of the
formula 1, separating an isomer mixture obtainable according to the process into the
components and separating off the preferred isomer in each case and/or converting a free
compound obtainable according to the process into a salt or a salt obtainable according to
the process into the corresponding free compound.

Suitable hydroxy protective groups R are, for example, the hydroxy protective groups
customary for the intermediate protection of phosphono groups, such as, in particular, lower
alkyl, e.g. methyl, ethyl or isopropyl, furthermore substituted or unsubstituted phenyl-lower
alkyl groups, such as benzyl groups, as well as tri-lower alkylsilyl, such as trimethylsilyl.
Hydroxy protective groups R¢ and/or Rp are, for example, the hydroxy protective groups



[err] in which Rlerr] is hydrogen or a hydroxy protective group, Rerr] is
a group Rlerr] or an amno protective group and the radicals R err] and
Rlerr] are identical or different hydroxg protective groups and R err], X
Rlerr] alk, R3, R4 and R5 are as defi nad2-t he hydr oxy protective groups Rc
and RD and a hydr oxy protective group RA whi ch may be present and an am no
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separ at i gepups, suohrasrlowerdlkylpreferablymethyl.according to the process into the
conponents and separating off the preferred isoner in each case and/or

converting a free conpound obtai nable according to the process into a salt
or a sal Suiiablaiaming protestive giougs Re arédopexappiss theprotactive goupe shstomangfor r ee
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or i sopr pREhyl- |5wgrtdn@5<?§yr@o@u§@hp§ uted or unsubstituted phenyl -l ower alkyl
groups, such as benzyl groups, as well as tri-lower alkylsilyl, such as

trimethylsilyl. Hydroxy protective groups Rlerr] and/or R err] are, for
exanpl e, Thbdetaedmnyofnhehmntlbned grotestiee groups Rc, Ro and, if desired, Ra and/or Rg is
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tri-Iower
as temperatures in the range from approximately 50°C to approximately 110°C, may be

necessary.

Starting substances of the formula 1l are prepared, for example, by reducing, in an
appropriate compound of the formula Ili

H{
alk

R, NH, | | (i
R; NO,
RS

the nitro group to amino in a customary manner, for example by catalytic hydrogenation in
the presence of palladium or Raney nickel, condensing the resulting phenylene-1,2-diamine
under acidic conditions, for example' in the presence of hydrochloric acid, with oxalic acid to
give the corresponding quinoxalinedione of the formula IV



hal osi | ane, such as trinethyl bronosilane, or a hexa-lower alkyldisilazane,
such as hexanet hyl di sil azane, with subsequent addition of a |ower alkanol,
such as ethanol, which reacts with the silane conponent with rel ease of
hydrogen halide. Alternatively, the detdénnment of the protective group can
al so be carried out by treatnment wwth a Lewis acid, such as a tri-I|ower

al kyl hal osi | ane, wher ey however, nore drastic reaction condi tions, such as
tenperatures in the rangalif rom approxi mately 50[err] C to approxi mately
110[err] C, may be ngcessqry. H Starting substances of the fornula Il are
prepared, for exanpfg , in an appropriate conpq d of the
formula 111 ro group to amno in a custorfhry nmanner,
for exanple by cat u‘Stlon in the presence of palladium or
Raney ni ckel, condeTri4i ng|the fesu¥ti ng phenyl ene-1, 2-di am ne -under acidic
conditions, for exanple Rg the presence of hydrochloric acid, with oxalic
acid to give the correspondi ng qui noxal i nedi one of the fornula |V

-13 - converfirg thjs bycreactiant wittya halogemating @gent intoduicintg anhalegergdalator agamgent
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replacing the groups Hal in this in a customary manner, for example by reaction with an |
alkali metal lower alkanolate, such as sodium methanolate, by protected hydroxyl -OR¢ or
-ORyp, such as lower alkoxy, in partlcular methoxy, halogenating the resulting compound of

the formula VI
I oo
O'RD

with a halogenating agent mtroducmg a halogen Hal, such as N-bromosuccinimide, in the
presence of azoisobutyronitrile or dibenzoyl peroxide, in the side chain to give the
corresponding compounds [sic] of the formula VI

Hal\

ﬁ Io.nc "

and converting this by reaction with an azide, such as sodium azide, and subsequent
reduction, for example treatment with triphenylphosphine and water, into the corresponding
amino compound of the formula Viil




replacing the groups Hal in-this in a customary manner, for exanple by
reaction with an alkali metal |ower alkanolate, such.as sodi um net hanol at e,
by protected hydroxyl -ORc or -ORD, such as |ower al koxy, in particular

met hoxy, hal ogenating the resulting cor‘rﬂét]nd of the fornula Vi [err]
wi th a hal ogenating agent introducing a hal ogen Hal, such as _
N- br onosucci ni m de, jngt he presence of azoi sobutyronitrile or dibenzoyl

peroxide, in the side?chalkn to give the correspondi ng conpounds [sic] of
the formula VI and converting this by reaction with an azide,
such as sodi um azi Sk reduction, for exarrplal reatnment with
tri phenyl phosphi ne and ¢r, Ijnto the correspondi ng am no éby‘mound of the
formula VIII _ Z -14- [err]

and condensing thi RIS thgr WNh Oy bonyl conpound of the fornmula H X=0
(I'X) and then in the preBence of a base, such as tri-lower alkylamne, with
atri-lower alkylsilyl ether, such as the trinmethylsilyl ether, of a
conpoundsandsdontiersing ihés dithenwititaXarbonyl compound of the formula H-X=0O (1X) and then in

the presence of a base, such as tri-lower alkylamine, with a tri-lower alkylsilyl ether, such as
the trimethyilsilyl ether, of a compounds [sic] of the formula X

o)
R,-O- M - )
~
R H
or in the presence of sodium cyanoborohydride directly with a compound of the formula XI
RO
AT
P H
R” \ﬁ(/ )
O

This process variant is particularly suitable for the preparation of compounds of the formula |
in which X is a divalent aliphatic, cycloaliphatic-aliphatic, araliphatic, or heteroarylaliphatic
radical. '

In an advantageous modification of this process variant for the preparation of compounds of
the formula I in which X is lower alkylidene, in particular methylene, the amine of the formula
X is converted with formaldehyde or a formaldehyde-donating agent into the corresponding
triazinan of the formula Xii

R

. alk .
er R, Ne_-O-Ro
Xi);R= I
NN, ¢
R "R R: N°o-R,
RS

and reacting this, for example in the presence of a base, such as a tri-lower alkylamine, with
a tri-lower alkylsilyl ether, such as the trimethyisilyl ether, of the compounds of the formula X.

For the preparation of compounds of the formula Il in which X bears an oxo group in the
a-position to the amino group, the amine compound Vi is advantageously reacted in the



[err] or in the presence of sodium cyanoborohydride directly with a

conpound of the formula Xl [err] This process variant is particularly
suitable for the preparation of conpounds of the formula | in which Xis a
di val ent aliphatic, cycloaliphatic-alipRaric, araliphatic, or

het eroaryl al i phati c radical. I n an advant ageous nodification of this

rocess variant for, th reparati on of, conpoynds, of the fornula | in which
5)( is Iom@FesépR?P{ﬁgﬁaﬁ?ﬁ‘%éﬂepﬁéﬂFﬁﬁs Rt ﬁ%@ﬁ'@f“d?h%ga ine of the formula X
kS conveN-@imethilandinoprepyiiellyedieyicarbadiimidernydiedhichied with th agppfiate darboxylidie

correspondi triazipa t.he fo la X I [err] and reacting this,
for exanﬁlclgn(f%ﬁnﬂor‘l@af)&é‘ggﬂ@g%wlﬂaE)(gte, such as a tri-lower alkylamne, with
atri-lower alkylsilyl ether such as the trinethylsilyl ether, of the
conpounds of the formulg .y I For the preparation of cegmpunds of the

formula I'l in which X be‘%trs/&h\ Q"roup in the a-position to the am no
group, the amine conpoundR{l 11 ?s advantageously reacted in the
-15 - presence of a dehydrating agent, such as of a carbodil mde, e.g. of

N- (di met ky|ia MewRseme! df*a"ﬂ';asﬁ:tdbhbéﬁéirg? yerit] with & ysHchve bétivative th\éfréldﬂ, sugh as

appropri %%eacfoa};al?igé%lr'recacﬁ\% gstggrrpoun s |sic] of the formula Xl

For the preparation of compounds of the formula Hl in which X is a divalent cycloaliphatic or
aromatic radical, halogen compounds of the formula VIl are advantageously used as starting
materials and these are condensed in a customary manner with an appropriate amine
component of the formula XIV

0 Rs
RA-o\g 0 (XIV).
R” ~x~ H

Compounds obtainable according to the process can be converted into other compounds of
the formula | in a customary manner.

Thus aliphatic or araliphatic radicals, such as lower alkyl, lower alkenyl or lower alkanoyl
radicals, can be introduced in a customary manner into compounds of the formula | in which
R: is hydrogen, for example by reaction with a lower alkylating agent, such as a lower alkyl
halide or a reactive lower alkanoic acid derivative, such as a lower alkanoyl chloride, if
necessary in the presence of a customary basic condensing agent.

Furthermore, compounds of the formula | comprising esterified or amidated carboxyl groups
can be hydrolyzed to the corresponding carboxylic acids in a customary manner, or
compounds of the formula | comprising free carboxyl can be esterified or amidated in the
customary manner.

Furthermore, cyano can be converted into carbamoyl in a customary manner in compounds
of the formula | obtained.



[err] or, in the presence of a basic condensing agent, with a reactive
derivative thereof, such as an acid halide or reactive ester. For the
preparation of conpounds of the formula in which X is a dival ent
cycloaliphatic or aromatic radical, hal 6éen conpounds of the formula VII
are advant ageously used as starting materials and these are condensed in a
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al kyl ati pgadmdet. such as a lower al kyl halide or a reactive | ower al kanoic
acid derivative, such as a | ower al kanoyl chloride, if necessary in the
presence of a customary basic condensi ng agent. Furt her nore, conpounds of
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obt ai ned.
obt ai ned apd freple s@lfigelian-ed i nto the free compounds in a manner known per se,
e.g. by treating with a base, such as an al kali netal hydroxide, a netal

car bonat ¢ or o . . N
q’he compounds of the formula |, including their salts, can also be obtained in the form of
hydrates or include the solvent used for crystallization. '

As a result of the close relationship between the novel compounds in free form and in the
form of their salts, above and below the free compounds and their salts are analogously and
expediently to be understood as meaning, if desired, also the correspondlng salts or free
compounds.

On account of the physicochemical differences in the constituents, diastereomer mixtures
and racemate mixtures obtained can be separated into the pure diastereomers or racemates
in a known manner, for example by chromatography and/or fractional crystallization.

Racemates obtained can furthermore be resolved into the optical antipodes, for example by
recrystallization from an optically active solvent, with the aid of microorganisms or by
reaction of the resuiting diastereomer mixture or racemate with an optically active auxiliary

“compound, e.g. according to the acidic, basic or functionally modifiable groups contained in
compounds of the formula | with an optically active acid, base or an optically active alcohol,
to give mixtures of diastereomeric salts or functional derivatives, such as esters, separation
thereof into the diastereomers, from which the desired enantiomer in each case can be
released in the manner customary in each case. Bases, acids or alcohols suitable for this,
are, for example, optically active alkaloid bases, such as strychnine, cinchonine or brucine,
or D- or L-(1 -phenyl)ethylami'ne, 3-pipecoline, ephedrine, amphetamine and similar
synthetically accessible bases, optically active carboxylic or sulfonic acids, such as quinic
acid or D- or L-tartaric acid, D- or L-di-o-toluyltartaric acid, D- or L-malic acid, D- or



hydr ogencar bonate, or another salt-form ng base nentioned at the outset, or
with an acid, such as a mneral acid, e.g. with hydrogen chloride, or

anot her salt-formng acid nmentioned at the outset. Salts obtai ned can be
converted into other salts in a nmanner -Kdown per se, acid addition salts,
for exanple, by treating with a suitable netal salt, such as a sodi um
barium or silver salt, _of another acid in a suitable solvent in which an

i nor gani d-mandelicciee a1 P of krsamphersulfanic a¢ig,orioptically active alephals, SHEMas r eact i on

equi l i brlme@aﬂpbgﬁ@(ﬁgﬂ,g Jbﬁaﬁgttl ng free the free acid and fresh
salification. he conpounds of the fornmula I, including their salts, can

al so be obtai ned in the formof hydrates or include the solvent used for
crystall i‘n'mtlhwntlonal%@relatesstulthosefemHWImémsef thelpaddess abcqrding tovwhichtahe novel
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The novel pharmaceutical preparations contain, for example, from approximately 10% to
approximately 80%, preferably from approximately 20% to approximately 60%, of the active
ingredient. Pharmaceutical preparations according to the invention for enteral or parenteral
administration are, for example, those in unit dose forms, such as sugar coated tablets,
tablets, capsules or suppositories, and furthermore ampoules. These are prepared in a
manner known per se, e.g. by means of conventional mixing, granulating, sugar-coating,
dissolving or lyophilizing processes. Thus, pharmaceutical preparations for oral use can be
obtained by combining the active ingredient with solid carriers, if desired granulating a
resulting mixture, and processing the mixture or granules, if desired or necessary, to give
tablets or sugar-coated cores after addition of suitable adjuncts.

Suitable carriers are, in particular, fillers, such as sugars, e.g. lactose, sucrose, mannitol or
sorbitol, cellulose preparations and/or calcium phosphates, e.g. tricalcium phosphate or
calcium hydrogenphosphate, furthermore binders, such as starch pastes, using, for example,
corn, wheat, rice or potato starch, gelatin, tragacanth, methyicellulose and/or
polyvinylpyrrolidone, if desired, disintegrants, such as the abovementioned starches,



L-mandelic acid, or D- or L-canphorsulfonic acid, or optically active

al cohol s, such as .borneol or D or L-(1 -phenyl)ethanol. The i nvention
also relates to those enbodi nents of the process according to which a
conpound obt ai nabl e as an internediate-1®-any stage of the process is used
as a starting conpound and the m ssing steps are carried out or a starting
substance s used in the formof a salt or, ygartlcular f ormed under the

reaction Wﬁﬁp?recﬁ%bm‘ym?ﬂwl%%Ic"%ﬁsﬂ'?"ﬁdrﬁj’%’w Rlidane, agar- ARG acIdiR A | oped.

especi al kit theredf hﬁmﬁrael@adiatn al?man‘e adjenéts ﬁprmdénl?ﬂm rftbvﬂﬂaghlatlh@ @ndinvention,
in parti Iar t he sgs ect|
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i ngredi ent. Pharmaceutical preparations according to the invention for
enteral or parenteral admi nistration are, for exanple, those in unit dose
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sor bit ol par ations and/or calciump osphat es, e.g. tricalcium
phosphat e or cal ci um hydr ogenphosphate, furthernore bi nders such as starch
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- 18- suppository bases are, for example, natural or synthetic triglycerides, paraffin hydrocarbons,
polyethylene glycols or higher alkanols. Furthermore, it is also possible to use gelatin rectal

. capsules which contain a combination of the active ingredient with a base material. Possible

base materials are, for example, liquid triglycerides, polyethylene glycols or paraffm
hydrocarbons. '

For parenteral administration, aqueous solutions of an active ingredient in water-soluble form
are primarily suitable, e.g. of a water-soluble salt, furthermore suspensions of the active
ingredients, such as appropriate oily injection suspensions, suitable lipophilic solvents or
vehicles, such as fatty oils, e.g. sesame oil, or synthetic fatty acid esters, e.g. ethyl oleate or
triglycerides, being used or aqueous injection suspensions which contain viscosity-increasing
substances, e.g. sodium carboxymethylcellulose, sorbitol and/or dextran, and, if desired,
also stabilizers.



furthernore carboxynet hyl starch, crosslinked polyvinyl pyrrolidone, agar,
alginic acid or a salt thereof, such as sodium al gi nate, adjuncts are
primarily flow, flowregulating and lubricating agents, e.g. silicic acid,
talc, stearic acid or salts thereof, sudf-as magnesi um or cal ci um
stearates, and/or polyethylene glycol. Sugar-coated cores are provided with
‘sui tabl e_coatings, which nay_be enteric, usiqg, inter alia, concentrated
sugar sol (€998 &#‘Y&V’gi%"ﬂ’ﬁ ARPesis oy the warmiblgaded spegics. e 899 Aot theone,
pol yet th@Fﬂiti@’: yihé irkinddul ahd R YhamRgl o Adidlimistlation|UR thestdrithal Gade, an sui tabl e
organi c solven

or.solvent mxtures or . f t he eparatian of entecric
cost i ngs Poisipate Heing dosk i apRuticin o Al 8P e, 48 b8 RElAatsRh fhe se T
acet yl celdralladginigtretioalfort aepatienhwdighing@mbopt751kg.hy| cel | ul ose pht hal at e.
Col orants or pignents, e.g. for the identification or for the marking of
various active ingredient doses, can be adm xed to the tablets or
sugar - codthedolioting=exampies sryye to illysiratethe invemtipn; temperatures atel indipatad imceut i cal

pr epar at idépgeegr@elgﬁ@g,grgsgg,%éliﬁﬁ,ﬁgﬁde of gelatin, and soft, closed capsules
s IV

made of gelatin and a plasticizer, such as glycerol or sorbitol. The hard

capsul es can contain the active ingredient in the formof granules, e.g. as
a m xt UFG_EME'f:iNJ-lAeélQrNS(WQ_J'?OIﬁ5-2I.Sidibmﬁig@#-lféi_ﬁ_iﬂdr%UMBXélﬁ\-&t arches, and/ or
| ubri cant f h.as t oL prRanes| um stearate, and, 1f desired,
st abi | i z&f4€ & n active ingredient is preferably
di ssol ved00mg (s§emded) of dimethyldbheetylN(7-bromes 2 SHdimethoaydquinaxalirs-5-vimethyho-
paraffin gt 11 ol I & | ' add
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ol eate or triglycerides, being used or aqueous injection suspensions which
contain viscosity-increasing substances, e.g. sodium

car boxy ndthie\startihg miatesial carovd prephreainfbt exardphe inathe foowingirharthes:i r ed, al so
stabilizers. : -19-

a) 5-Bromo-2.3-diaminotoluene

A solution of 15 g (64.9 mmol) of 4-bromo-2-methyl-6-nitroaniline in 300 ml of ethanol is
hydrogenated at about 27° for 4 hours in the presence of 1.5 g of Raney nickel. The reaction
mixture is then filtered and evaporated. The title compound is obtained as a brown oil.
'H-NMR (250 MHz, CDCl); 5 = 6.76, 6.73 (2d, 2H), 3.22 (s, 2NH,), 2.14 (s, Me).

b) 7-Bromo-5-methvi-1,2.3 4-tetrahydroquinoxalin-2.3-dione

13.05 g (64.9 mmol) of 5-bromo-2,3-diaminot_oluéne and 6.42 g (1.1 eq.) of oxalic acid are
stirred under reflux for 16 hours in 2N hydrochloric acid. The mixture is cooled, and the solid
is filtered off and washed with water. The title compound is obtained as a brown solid.
'H-NMR (250 MHz, DMSO); & = 11.98, 11.32 (2s, 2NH), 7.13 (s, 2H), 2.33 (s, Me).




The dose of the active ingredient depends on the warm bl ooded species, the
age and the condition of the individual and the manner of adm nistration.

In the normal case, an approxi nate dai I%qdose of about 10 ngy to about 500
ng is to be estimated in the case of or&-adm nistration for a patient

wei ghing about 75 kg. ~ The follow ng exanples serve to illustrate the
I nvention;_ tenpe talres age lL.ndi cated in degrees Celsius, pressures I n
nbar . - 0 chloro-5-me uinoxaline

N- Acet yl 1Ng((66.BmﬁDI) 8f B-bebno-8-methyl3l, 2,3 j4etetrainydroquinoxeting, 3-diohe [sic] are
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trimethyl's roomte fter stirring a
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to slight turbidity and allowed to stand overnight in a refrigerator. The
preci pi t df 2Bromé-birhethgleR Bdimethoxyvadinogalineni gh vacuum and, for further

o ut 1 on22? 1P 5 KT Lot af® aSoal 810l ¥ o ethenet Ak OIRAHKdee o

aci d and1&PRigoiedd mmob oh AdromeSangthyi-2,8-dichlarbquinexaline in, 60vnkofauetbane! and

col orl esﬁea&é& gﬁ ll%ggf‘fo? zp%ofxg "iﬁg n‘M&hfehs cholkl %Fug ﬂ'leeB vﬂiﬁdl85dtf1l @quatéﬂc. ’I‘@ﬁgs the
itt

13
[sts ;ﬂ i ngs%!tle gred efiang ewqeheq)wte inethanol erggweteé Thenﬂﬂewemp@uneﬁ qhiainethasa:

a) 5- Broag g saliddi am not ol uene A solution of 15 g (64.9 mmol) of
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reaction mxture is then filtered and evaporated. The title corrpound S
obt ai ned CDCl[err]); [err] 6. 76,
b

)
7- Br ono- 5 gd53 yimdl) o Tabuormioe- mwemmqumn@a@nw%&g (1.95@8.)®f(64. 9 ol )
of 5-br Oﬁcbrgmasﬁﬂcﬁm\ﬂ?ta‘ﬁh%‘ieg ?6‘11 eg )%?aibléc;bu%yr&ﬂtrﬂe & d(i:’él%'gweﬁ iR ¢oSmpoe

stirred under ref roc | oric mxture is

cool ed, &#BoR ftraghiprige ard siiractinger fﬁfwxei?r 4 heisod wa!t"@red oft@nd th|
conpoundfilirated tinitae with SichlopsrAgthane)l It ig wa[sﬁécn bt N&Rh(wiiOwate andbiid. Theerr] =

1% 098 1c%rg nlc(p%aSe |s'\(!.|_9ed oz/érl r%a&nésnum sLIIfaQIe and %vaporat)ed The residue is recrystallized
using ethyl acetate and hexane. The title compound is obtained as slightly orange crystals.
'H-NMR (250 MHz, CDCls); & = 7.90, 7.68 (2d, 2H), 4.95 (s, 2H), 4.20, 4.13 (2s, 2Me).

f) 5-Azidomethyl-7-bromo-2,3-dimethoxyguinoxaline
743 mg (2 eq.) of sodium azide are added at 20° to 2.07 g (5.72 mmol) of 7-bromo-5-

bromomethyi-2,3-dimethoxyquinoxaline in 25 ml of dimethylformamide. After 3 hours, the
mixture is poured into water, extracted with diethyl ether, and the extract is washed with
water and brine and dried using magnesium sulfate. The solvent is evaporated.

"H-NMR (250 MHz, CDCly); = 7.92, 7.58 (2d, 2H), 4.80 (s, 2H), 4.18, 4.13 (2s, 2Me).

Q) 5-Aminomethvl-7i)rpmo-g,_3_-gi_methoxvguinoxaline

4.47 g (13.8 mmol) of 5-azidomethyl-7-bromo-2,3-dimethoxyquinoxaline are dissolved in

35 ml of tetrahydrofuran and 3.98 g (1.1 eq.) of triphenylphosphine are added. The mixture
is stirred at 20° for 4 hours. 746 mg of water are added and the mixture is stirred for a further



c) 7-Brono-2. 3-dichl oro-5-net hvl qui noxal ine 17 g (66.6 mmpl ) of
7-brono-5-nethyl -1, 2, 3, 4-tetrai hydroqui noxal i n-2, 3-dione [sic] are stirred
under reflux for 5 hours and at 20[err]  for 40 hours in 80 m of phosphorus
oxychloride. The m xture is evaporated and dried under a high vacuum The
r.esi due is cautiousl y treated with a saturated potassium carbonate
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tetrahydroturan and ine are a

mi xtur e 1838 (ememoad 15 -tmNr(aﬂqrgmo PPl Vel TAGT he
T moxture igarian/digd@hviedin 206 Ml biéHloroform. After stirring at room temperature for 16 h, the

suspension is poured onto ice-cold hydrochloric acid (0.1N in water) and treated with 3 parts
of ether. The organic phase is exhaustively extracted by shaking with 0.1N aqueous

| hydrochloric acid. The combined aqueous phases are adjusted to pH 12-13 with potassium
carbonate solution and extracted 6 times with dichloromethane. After drying over sodium
sulfate and concentrating the organic phase, 3.65 g of slightly yellow-colored crystals of the
titlte compound are obtained. |
*H-NMR (300 MHz, CDCls); & = 7.88 (d, 2.3 Hz, 'H), 7.54 (d, 2.3 Hz, 'H), 4.25 (s, 2H), 4.15
(s, 3H), 4.14 (s, 3H), 3.78 (d, 10 Hz, 6H), 2.95 (d, 13.1 Hz, 2H), MS(ES") 422, 420 (MH")

j) Dimethyl N-acc-_a_tvI-N-(7-bromo-2,3-dimethoxygpinoxalin-s#ylmethyl)aminomethyl-

phosphonate
The solution of 420 mg (1 mmol) of dimethyl N-(7-bromo-2,3-dimethoxyquinoxalin-5-

yimethyl)-a-aminophosphonate in 15 ml of tetrahydrofuran cooled to 02 is successively
treated with 0.18 ml (1.3 mmol) of triethylamine and 0.13 ml (1.1 mmol) of acetyl chloride.



-21 - 3 hours. The solid is filtered off and the filtrate is extracted
with ethyl acetate and sodi um carbonate solution. The organi c phases are
conbi ned, washed with brine, dried over gagnem um sul fate and evapor at ed.
The resi due i s chromat ographed on sili cg usi ng et hyl acetate/petrol eum
ether 1:1. [err] HHNWR (250 MHz, CDCI[err]) [err] = 7.85,-7.53 (2d, 2H),
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N-(7-bro 0X qumoxa a- am nophos tein 15 m
of tetralﬁ‘%ﬁﬁﬁr'ﬁﬁ géef%ed to O[err] is successively treated with 0.18 ni

(1.3 nmol) of triethylamne and 0.13 m (1.1 nmmol) of acetyl chloride.

b) 2.3,7-Trichloro-5-methylquinoxaline

155 g (0.74 mol) of 7-chloro-5-methyli-1,4-dihydroguinoxaline-2,3-dione and 321.8 g

(1.55 mol) of phosphorus pentachloride are stirred at reflux for 36 hours in 950 ml of
phosphorus oxychloride. The phosphorus oxychloride is distilled off and the residue is
poured onto 3 | of ice-water. The resulting suspension is stirred, filtered off on a suction filter
and washed with water. After drying the suction filter material in vacuo at 60°, the title
compound is obtained as brownish crystals, which is [sic] used without further purification.

¢) Z:Chloro-2.3-dimethoxy-6-methylquinoxaline

30 g (0.121 mol) of 2,3 7-tr|chIoro-s-methquumoxalme are introduced into 330 ml of
methanol under argon at room temperature. 67.9 ml (0.364 mmol) of an about 5.4 molar
solution of sodium methoxide in methanol is added dropwise to this and the mixture is stirred




-22- The col orl ess suspension is stirred for 16 h at firstly O[err] and
then at roomtenperature and finally concentrated. The residue is taken up
in dichloronethane and washed with 0.1 N hydrochloric acid. The organic
phase is dried over sodiumsulfate, con%%ntrat ed and purified on a silica
~gel colum using ethyl acetate as eluent. After concentrating and dryi ng,
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i rred, TPRHerERedeh o Sepb B e Abq b Y cBIOREITNEG, T
drying t lxamwlst1. Jheﬁr!ltenmedlataﬁamlaomeﬂnylf&tﬂwoa,sﬂw@hm}yqum&almetw beconmpound
s obtal Bebidiad Siage 8] cdil e higared!Rir eRamplel itfig 1d#BRfhaltharHert [ urt her

purifica et hoxy- 5- et hvl qui oxallne 30 g (0.121
nol ) of 2,3,7-trichloro-5-nethyl quinoxaline are introduced into 330 m of

net hanol ayg@em.ami fladrofohisiet errper atur e 67.9 m (0 364 mmol ) of ~an about
t5 hIAfsrrglnng?s@o‘]am Iﬁoféﬁléqrp—?r-rga yIO é(-nl 1oahiling In 25?)”0} of'tetraeh groqur%% M S€ to
hydrogenated at about 34°C for 2 hours in the presence of 8 g of Raney nickel. The reaction

mixture is then filtered off and concentrated. The title compound is obtained as a brown oil.
'H-NMR (200 MHz, CDCls); 5 = 6.32-6.38 (2H), 3.25 (s, 2NH,), 2.1 (s, Ms).

b) 7-Fluoro-5-methyi-1,2,3 4-tetrahvdroguinoxaline-2,3-dione
20 g (0.118 mol) of 2,3-diamino-5-fluorotoluene and 15.8 g (0.176 mol) of oxalic acid are
stirred at reflux for 16 hours in 4N hydrochloric acid. The reaction mixture is cooled, diluted

with water, filtered off on a suction filter and washed with water. The title compound is
obtained as beige crystals of m.p. >300°C.

c¢) 2,3-Dichloro-7-fluoro-5-methylguinoxaline

25 g (0.129 mol) of 7-fluoro-5-methyl-1,2,3,4-tetrahydroquinoxaline-2,3-dione are introduced
into 170 mol of phosphorus oxychloride. 56.3 g (0.27 mol) of phosphorus pentachloride are
added to this and the mixture is stirred under reflux for 16 hours. Excess phosphorus




-23 - at reflux for. 4.5 hours. After cooling to O[err]C, the suspension

is filtered off on a suction filter, and the filter residue is washed with
met hanol and dried in vacuo at 60[err]C The title conpound is obtained as
browni sh crystals of mp. 94-96[err]C. -24q)
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2 3-Di am°ﬁ‘§a‘§3§f' Oe?\(% o@ﬁ%ﬂﬁ%@%gﬁ Bn @Eﬁxfﬁ&k hlg%’?")aﬂgf\n;ﬁﬂgf(}vﬁh cold methanol, and the
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hydr ogen GHAY bbifHeR i1d7i1tRe@r esence of 8 g of Raney
ni ckel . ? ig?@g%t | oﬁb% xt urée's']\‘lﬁgI e%%%algfar@‘? e(r?7 ﬁ? gnd concentrated. The
title conpound is obtained as a brown oil. [err]H NWR (200 MHz, CDCl[err]);
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into 170 nol o orus oxychlorid phosphor us
pent achl BEXeNe- Jhgt'gﬂﬂ%’ﬂp?‘ﬁ‘d('ﬁpgtaéﬂ?ﬂ afsméh'mw% 8 ?g' %t1|2?ré’é mder reflux for

16 hours. Excess phosphorus

f) 5-Azidomethyl-2,3-dimetho -7-fluoro umoxalln

1.73 g (26.6 mmol) of sodium azide are added at room temperature to 4.0 g (13.3 mmol) of
5-bromomethyl-2,3-dimethoxy-7-fluoroquinoxaline in 50 ml of dimethylformamide and stirred
for 5 h. The reaction mixture is poured onto water, extracted with diethyl ether and washed
with water and brine. The organic phase is dried using Na,SO,, filtered off on a suction filter
and concentrated. The title compound is obtained as white crystals of m.p. 75-78°C.

g) 5-Aminomethyl-2,3-dimethoxy-7-fluoroguinoxaline
3.5 g (13.3 mmol) of 5-azidomethyl-2,3-dimethoxy-7-fluoroquinoxaline in 35 ml of

tetrahydrofuran are hydrogenated at room temperature for about 19 hours in the presence of
1.75 g of Raney nickel. The reaction mixture is filtered off and concentrated. The title
compound is obtained as yellowish crystals.

'H-NMR (300 MHz, DMSO); § = 7.3-7.5 (2H), 4.15 (s, 2H), 4.02 (s, 6H).



-24 - oxychloride is renoved fromthe reaction m xture by distillation.
The dark-brown residue is cooled and poured onto 1000 mM of ice-water. The
suspension is filtered off on a suction filter, washed with plenty of water
and the suction filter material is dri®®in vacuo at 60[err]C. The title
compound is obtained as brown crystals of mp. 116- 120[err]C d)
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concentrated. The title conpound is obtained as white crystals of mp.
75-78C. g) 5-Am norret th 2. 3- d| rret hoxy- 7- fI uoroqui noxal ine 3.5 g (13.3
ol ) of bt):xBrataore 8 ) aliveoqui noxaline in 35 m of

tetrahydpgiy E)Péhl"né aBMCHr?%&@& ?610@ aﬁ&@%‘ﬁ]@mﬁﬁﬁlﬁb ®t 5DrorAGbihy |193hour S in

the presence

of { and BTRRERUDERInG R 1D RUes AsrAduRer O AES sdgegn;heeéf oHiseRpRYIal 5
[ a)r r | H NiiRate36 (sidjldaide®ibditie hixturé isstifred-af 05C €atH) hout. T raikturé id pouteddntos,

ice, and the solid is filtered off and washed with water. The title compound is obtained as a
beige solid.
'H-NMR (250 MHz, ds-DMSO); 5 = 8.62, 8.40 (2d, 2H), 5.02 (s, 2H), 4.27, 4.19 (2s, 2Me).

10 g (30.5 mmol) of 5-bromomethyl-7-nitro-2,3-dimethoxyquinoxaline are dissolved in 50 mi
of dimethylformamide. 7.3 g (1.1 eq.) of di-tert-butyl iminodicarboxylate and 14.9 g (1.5 eq.)
of cesium carbonate are added and the reaction mixture is heated at 50° for 10 hours, then
cooled to room temperature and extracted with water and ethyl acetate. The combined
organic phases are dried over magnesium sulfate and concentrated. After column
chromatography using hexane/ethyl acetate (9:1), the title compound is obtained as a yellow
oil.

'H-NMR (CDCls, 250 MHz); & = 8.55, 8.08 (2d, 2H); 5.34 (s, 2H), 5.34 (s, 2H), 4.18, 4.16 (2s,
2Me); 1.47 (s, 2 t-Bu). |



-25 - Exanpl e 4:

N-(2,3-Di oxo-7-nitro-1, 2,3, 4-tetrahvdroqui noxal i n-5-yl nmet hyl) - a-

(et hyl am no) et hyl phosphonl c acid hydrobrom de 160 ng (0.37 mmuol) of

di met hyl N-(7-nitro-2, 3-di met hoxyqui nox8®rn-5-yl nethyl) - a-

(et hyl am no) et hyl phosphonate are dissolved in 8 m of dichloronethane and
stirred @t r .th019n1 (4 eq.) of

triethyl : e KEWE, cagent are evaporated and the
tesi due |1383g(29‘7 mmtﬂ) Gi($—ﬁdh(tanhu'@hycaib¢nyljanﬂ1mehylennitm-53m of an about

Tomper ar PEOBHRlsbaB L 18l oty ABbi nPhblpaB R AR BLEdin 4001 ety

et her, arifluohomcetit acid. |'Ehef rebctionguixtuié is ooncérdrited undedireducet peassare anddtherédd.
The titleg ?&W&P&P%d'ﬁoe %r%n@%ula\altﬁ? n?o%ssﬁiﬂ* bé}boﬁHtQ Th‘efft-iﬂﬁw(cﬂfs‘fa idare The

starting materi hTEQ manner :
al) 5- Br dheredwoffywashesl wit mmkgfqmtﬂbam 100umirpiea 1 7 mlétua%ﬁfpﬁmvlecefatew
pr epar ed hbkarg, andgkiey.! - 2, 3-di oxo-1, 2, 3, 4-tet rahydroqw noxal i ne in a manner

anal 0gous, ik 18RI 3EE RS, o ?ﬁmaﬁ?%%m} §0 b B 0. 484 (o ek d are

cooled to O[err]C and 9.5 g (33 55 mml) of 5-brononet hyl -2, 3-

o et oA BRUANLE 5-2 D RSt Gl Rt S’ ™ ¢
O[err] C %60 nig ﬁdlnmmoﬂmf Sﬁammomthybﬁmm-%,& dunemoxyqy,momamet. Ba4 310 03c7 eq;) of
filtered as a

bei ge. soltgneilth SAI 3o (FRE of ciischis oA 24 215 AN 2

2H), 5. 02ceial emq;e arg stirred &t nopny ;gglpegemén)e for73ggyrs in 15 mi of dlchloromethane he

5-[ D - (t esdctibh hipakifeAs AREYSH ofran@TheRitratel is évapdrated 2A Bokltiore b @32 fiI(N2%4l)iore 10

gl g:s),ol ve&"?té‘w‘?m'“ﬁi 03?8 n?gg?'ﬂ'étrfylpﬁﬁﬂhﬁﬁans()& 'Ea%q h°ﬂ"5?aﬂ"¥’$ﬁ?@ﬁfa%t yl

i hm nodi cggitide Y0 ol of dichiofioléhand is.stirred a) 0°ofbr onshoun, arsd thenresiduaisaddddesl and

the reac o room

tenper at dPIM bt metiahl Bhd o iy 1874 £hbire, Wavetis Ao vig BRciAP iR

or gani c pndslegoraamcmhaeejismeearammfé§"h§mqye¢ﬂsam@sarmenm¢mm<&wm After

col um clyipigibngihan ?gna'mer&nmﬁama_sﬁl%a@és%hﬁeé 8vér)ma%e;sw &mﬁt&(mound
ye err

I s obtained as a ow ol | . [err] £ err] =
8. 08 (2dt't'9F9mP@~'f§'AS€§ta'mas %Y@QW(@S'"ZH?V evappgption of the splvend \p) - 1 47 (s 2
t-Bu). 'H-NMR (CDCls, 250 MHz); & = 8.58, 8.34 (2d, 2H); 4.42, 4.34 (2d, 2H) 4.22,4.19 (2d,

2Me); 3.82, 3.80 (2d, 2Me); 3.04 (m, *H); 1.38 (dd, Me).

-q

alternatively be prepared in the following manner:

a2) 2.3-Dimethoxyguinoxaline-5-carbaldehyde:
17 ml (188 mmol) of 2-nitropropane are added to a solution of 3.7 g (163 mmol) of sodium in

- 700 ml of methanol. After stirring for 5 minutes, 35.5 g (125.4 mmol) of solid 5-bromomethyi-
2,3-dimethoxyquinoxaline are added. The mixture is heated to reflux for 1 hour, a
homogeneous solution resuiting. After cooling, the solution is concentrated under reduced
pressure. The residue is taken up in ethyl acetate and 1N hydrochloric acid, the phases are
separated and the organic phase is washed with water and brine, dried over sodium sulfate
and concentrated. The title compound is isolated in the form of white crystals by
crystallization from ethyl acetate. M.p. 137-140°; TLC (ethyl acetate/hexane 1:3): Rf [sic] =
0.45.



-26 - dl) 5- Am nonet hyl -7-nitro-2, 3-di net hoxyqui noxaline 13.8 g (29.7
nmmol ) of 5-[di-(tert-butoxycarbonyl)am no]nethyl-7-nitro-2, 3-

di met hoxyqui noxaline.is [sic] stirred a% room tenperature for 8 hours in 60
m of trifluoroacetic acid. The reacti®of’ i xture i s concentrated under
teduced pressure and the red oil is well stirred at O for one hour with 1 N
pot assi um carbonate. The yellow crystals are filtered off, washed with 100
m of water and 100 m of a 1:1 mxture of ethyl acetate and hexane, and
dried. [®B)y oxalre-Sdcaibaldebydd: = 8. 57, 8.29 (2d, 2H); 4.33

2H) ;

N (7N "%Q% fo ﬂ're%%%fm"%%%ﬁ. oot o7 Bl aoid and 44 mi of SRR o s00
my (1.9 enbydridgiwese éﬁtﬁ]ﬁd ﬁ;qcesswlm)aaolgthn o228 mrmalq ne, 834 ny

(3 7 eq. 5-HibmBRg@ 2%@1:%&1%2*&@&3%% dajml%f%lubréa‘cef?@&é}é oIy @@obemat e and

0.214 m (2 eq. acet a e are stlrred roomtenperature for 7
hour s m"!l‘f”‘?ﬁw [slfﬂ keptat Bnfor éd}?é'rs anebth PB&E‘E“P%’ﬁ'Yrﬂo}éﬁﬂ@tﬁ@ mixieAN of f and

the filtsadigmi r@dmtbd and 6 THE itgifipstatude SHoud nétlisd @dve 207, The mlxture
triethylam hite nd

tr ot byl B dREaEREd M3t o 5 G RS A Ha BT o, Oferr]
for one hqmqusaﬂrldsadmn thgdiiodide sohutiandeater andilfrinel anoif drigidciveosantioeh Isalfete.and

stirred et hfiaR0H 'b?the\é%d}r pr*:?u&%}%f&ehﬁslétﬁ 8 of Eﬂeﬁfsilee@)?ﬁo%ﬁd 808 g{,éﬂ?lg

organi c phase 1s se
di chl or oeliovaerystalsdMme= 4% d L@r@ﬁa Et%fdg@@nﬁr@)dﬁf Isic] 3\:25. magnesi um

sulfate. The title corrpound Is obtained as a yellow resin after evaporation
f th | t. ; 34 2d,
(2)H) 4. 482) Bimgig 8 23'51 nQxs ethyi Byione 3.04
§\I— m( 7[ ﬁl r { hsd mg](O%BQ(rdﬁllol) k2, 3-d|m9tl'm2$'-|75ﬂltroqunnoxallne-5~carbalde:'|¥]de Qr(]) mg (1.04 eq )
i tr e QS £ can
a1 t er nat PLAMPIE=FRBSRAAhBP AR L5t S0 i 723 B0 BEBhotedlin ey
2, 3- Di nedissalyediinfmbbi DMSE- arat siinted et yabm tétﬁ’peratu(elm2mmuns dhe zeau:tnom opr opane .
et hanol. Tispheds Hlyiof nB aivind stbvepiatdi i 8 ﬁ%g?ésﬂ'v P Fme
5- br omomsetianol. @QZ?mh@thgeWﬂﬁemqr(%eq dmeceﬁai@c@ncb’o‘ﬁ 5'9heat ed to
Sl Ut 1 on L e e b Coaure. e 7 S g Lom dhen o i n
uti | 1S, up i
othyl  actEReERIol R Ayt Jonrerchin oty it fetp b dRhiodii At 3870 1 he
or gani c ptidstfor 30 wislites and tHenwedshied avittl dbethyl @thetlr Thedaqueeus phakelisrendetad e and
concentr tals
- by cryst SRRy b nd AR el o Sy Bl i, 14 bipghod
acet at e/ Bthyhagetate phasew arpg:lng]i using bsipe and magnesmm sulfate and evaporated. e title
compound is obtained as a yellow resin.

300 mg (0.75 mmol) of dimethyl N-(7-nitro-2,3-dimethoxyquinoxélin-s-ylmethyl)-a-
aminoethylphosphonate, 0.482 mli (8 eq.) of ethyl iodide and 1.4 ml (11 eq.) of
diisopropylethylamine are stirred at 70° for 24 hours in 10 ml of acetonitrile. The reaction
mixture is evaporated and the residue is stirred in diethyl ether. The solid is filtered off,
washed with diethyl ether and the filtrate is evaporated. The title compound is obtained as a
brownish oil.

'H-NMR (CDCls, 250 MHz); 5 = 8.63, 8.54 (2d, 2H); 4.37 (s, 2H); 4.19, 4.17 (2s, 2Me); 3.88,
3.73 (2d, 2Me); 3.27 (m, 'H); 2.9, 2.7 (2m, 2H); 1.39 (dd, Me); 1.13 (t, Me).



-27 - b2) 2. 3-Di nmet hoxy- 7-nitroqui noxal i ne-5-car bal dehyde: 44 nm of 100
[lacuna] nitric acid, 44 mM of 97%sulfuric acid and 44 m of
trifluoroacetic anhydrlde were [sic] added successively to a solution of 22
g (100.8 mol) of 5-brononet hyl -2, 3-di "8 hoxyqui noxaline in 88 nl of
trifluoroacetic acid cooled to O[err] The m xture was [sic] kept at O[err]
for 2 hours a p d 'xture of 4N sodi um
hydrOX|d SOP 2 gAgtrahydroquinoxalin-b+ o above 20[err].
The m xt m‘m(edcthh et hyI acet ate and the organic phase

'ﬁfn[eséﬁkhﬁ’?ﬁ%ﬁgfae%#"% Bl 58 g 2 e ol L R Jekolho D pieide £

af f or ded afd dchut sBarngyfrom dimethyl N«E‘"m@wmﬂh@mblnghmlnﬁ-ym ow crystal s,
02) - m&ﬁ?ﬁiﬂyﬁhﬁﬁgdthylgﬂogpﬁﬁag%b] . oh&Ac/ hexane 1:3): R [sic] = 0.25.

N-(7-nitro-2,3-di met hoxyqui noxal i n-5-yl net hyl) - a- am noet hvl phosphonat e: 150

19 (0. SCgxplele: {disNe-T /B4 anbRANS: dghyde, 90 ny
(1.04 eq. ; | m noet hyl phosp g (7.3 eq.)
of magne ved in 5 mM of DMSO and stirred at room

t enper at 424 ¢ (9.9 EMndh)cmrd?rnetliyle(Ru-NaUmezm-ditneﬂmxquMﬂaﬂn%@;&ne{hi/l)-d- he

0. 027 nt eSSty kot Afe S HiE1d Bodth 60 1 o nirbnifris 854 1385
(1.2 eq. yeastios pukture s peapsirated and thekesidue iseldriad avith waiter. The tile eorhgoundiis r ed
at room ma%gi&éiﬁysfﬁrrehgﬁo(rggg reaction mxture is treat gad vmfth 1N

hydr ochl ori ¢ aci m nut es and then washed with diethyl
et her. The aqueous phase is rendered basic with a 2N sodi um hydroxi de

sol uti O”Tﬁggta?ﬂ?ylﬁﬁfeﬂgls%hlbe%&ﬂre@qéﬁé)Ia%le% f6iwet ned ethyl acetate

phases are d usi ng brine and nmagnesi um sul fate and evaporated. The
title conpound is obtalned as ayellowresm f) D|rrethyl
N- ( 7- ni t apDinéthyli(RBNA@xitep2 13cdimethoxyaumoxalitirBlyimethyiptia ldsphbpdtesphona

te 300 0.

N (7oni Bl @ﬁ&%‘im B i nethonymuinoRlng 5-carmeldenyde, 3590 (12 e of
0.482 n L(mloemc)alarﬁneedlmpthyi estevianchtii8 U.(8 eqi) of mgeqsuym(aulfate are stlrred at room
di i sopr OM%r%h@ﬂ A% otdfstin %b'rﬁlr& @lrﬁéthyl%uff«%d@ 4 h'é%é&loh '?'m)'hgréﬁs fiﬁéred off and

acetonit e reacfion mxture 1S eng)OI’a resi due If‘n rred

in di et hfvararated. Theesigye isdissolvad ip 4PR methﬁ&'ehéadwewddw@th%"@ ) and
the fi Itbislé@etnc&crah/3;204[{%6 owaIum Aéeﬁat@@mqwm%usmh haf Bédlums a brovvnl sh

. H NVR . 437
O e St SRR ey bacibn ikl gk bt ettt S A ndl el (°
(2m 2H) with .1391)(dmnhldvle)amd]am&)(traptemlth diethyl ether. The aqueous phase is rendered

- 28- basic using 4N sodium hydroxide solution and extracted with ethyl acetate. The combined

organic phases are dried over magnesium suifate and evaporated. The title compound is
- obtained as a brown oil;
MS (ES+): 801 (2M+1), 401 (M+1), 291.

b) Dimethyl (R)-N_(7-nitro-2,3-dimethoxyquinoxalin-5-vimethyi)-o.-
ethylaminoethylphospbhonate '

3.4 g (8.5 mmol) of dimethyl (R)-N-(7-nitro-2,3-dimethoxyquinoxalin-5-ylmethyl)-a-
aminoethylphosphonate, 8.9 ml (7.5 eq.) of ethyl iodide and 20.9 ml (14.5 eq.) of Hiinig’s
base are mixed in 18 ml of acetonitrile and stirred at 55°C for 18 hours. The reaction mixture
is evaporated and slurried with ethyl acetate. The deposited solid is filtered off and washed
with ethyl acetate. The title compound is obtained in the form of a yellow resin after



Exanmple 5: N-Acetyl-N(7-nitro-2.3-dioxo-1, 2,3, 4-tetrahydroqui noxal i n-5-

yl nmet hyl ) am noet hyl phosphonic acid The title conpound can be obtained in a
manner anal ogous to that described in Exanples 1 and 4, but starting from
di net hyl N-(7-nitro-2,3-di net hoxyqui nox&®fn- 5-

yl met hyl ) am noet hyl phosphonat e m p. = 248C. Exanpl e 6:

(R - N—(? Nitro-2. t et r ahydr oqui noxal

or hy! areHeERinT e B srcasiimn SubRalods e Virang ety a&ﬁ%@ﬁv%& @)

¢R) - I\I-(7a5|eluem2 3- di net hoxyqui noxal i n-5-yl nmet hyl ) - a-

et hyl am re Stk ; rs, d 0 )
hydr ochl ortc ‘%Hiﬁws @P@ﬁ' éﬁbé’tfg%t%’ %@aﬁ%ﬁéﬁréédI%ﬁ’&'ﬁe&i%ggda%‘e)'s
slurried M&BWZé;ZMﬂ@)& 3133 (dg, tiyB&8n2.7042wmb2H); 138 (dd, Mek dlidt.dfle)m p. =
218[err]C (dec.).” The starting materials can be prepared, for exanple, as
fol | ows: a) Dirrethyl ] _
(R) - N- ( 7 =220 : » u ! BRI phosphonat e
5. 14 g (1&n ﬂ méthﬂﬁh%gﬁbﬁ&gc@ 3 d| met hoxqu noxal i ne-5-car bal dehyde, 3.59
ani ne |rret ester an 8.
magnesi e i soapaE G bs BaPaEd 8 maRE 7 999@%@@3%5&@9 i EayBPIRG: of
di met hyl nspl£ @x9@De((déldle).reaction m xture is filtered off and evaporated.
The residue is dissolved in 100 m of methanol, and treated with 1.12 m (1
eq.) of acetic aC|d 3.2 g (2 eq ) of SOdI umacetate and 1 71 g (1.4 eq.)
of sodi ulxemplecdofR) ie-2.3 Bidetetre g alin ]

t enper at Wpn Syl |§ac|&'i1 %@ﬂ méh 1 N hydrochl oric aC|d and extracted
with die i s rendered basic using 4N sodi um

hydr oxi dér hg ditley FP'@H°‘&?QJI°%<‘?§ Bepagdip amanney analegqusite thatdes imE¥aBPIg i c

phases arbgtﬁnh&ﬂs@ggrb)rm@nggmmgubéy;e and evaporated. The title conpound
I's obtained as a brown oil S 801 (2M+1), 401 (M+1), 291. b)

Dinethyl (R -N-(7-nitro-2, 3-di nethoxqu noxal i n- 5-vi et hyl') - a-
et hyl am mxa@ﬁ g;[(SEEﬂGMtr@Q@-diom 4 2 H4-tatrahydoquitiorainks/imethyl)-o-

R -N-(7- 5-yl et hyl -
gam)noe'gh % hgﬁgé%w ﬂf’i‘éé'” 01}/ gfhy%ll)oglde and 20.9 m (14.5

eq.) of Hﬁnmt@e sompoundean b Rregated in g nmann@r apajegausite that desgripedin Fxarmplgt6,

55[ err] Cplppitddhit SRigeD); mipe="a8¢¢ {@8c.y).xture i s evaporated and slurried with
ethyl acetate. The deposited solid is filtered off and washed with et hyl

acetate. The title corrpound Is obtained in the formof a yellowresin after
-29 - Example 10: (R)-N-(7-Bromo-2,3-dioxo-1,2.3,4-tetrahydroguinoxalin-5-yimethyl)-a-

aminoethylphosphonic acid

The title compound can be prepared in a manner analogous to that in Example 6, but without
stage b), and starting from 5-bromomethyl-7-bromo-2,3-dimethoxyquinoxaline; m.p. = 272°C
(dec.).

Example 11: (S)-N-(7-Bromo-2,3-dioxo-1,2,3.4-tetrahydroquinoxalin-5-yimethy!)-c-

| aminoethylphosphonic acid _
The title compound can be prepared in a- manner analogous to that in Example 6, but without

stage b), and starting from 5-bromomethyl-7-bromo-2,3-dimethoxyquinoxaline; m.p. = 278°C
(dec.)°C [sic].

Example 12: The following can furthermore be prepared in a manner analogous to that
described under Examples 3 and 4:
N-(7-chloro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-
(methylamino)ethylphosphonic acid hydrobromide;



evaporation of the filtrate and col um chronmat ography usi ng et hyl

acet at e/ net hanol (95:5) as eluent. NVR (250 WHz,CDCl[err]); [err] (ppm =
8.60, 8.52 (2m 2H); 4.33 (br.s, 2H); 4,17, 4.16 (2s, 2Me); 3.83, 3.73 (2d,
2MeO); 3.23 (dg, 1 H): 2.88, 2.70 (2m ~3¥: 1.38 (dd, Me): 1.11 (t, Me).
Exanpl e 7:

S)- N (7 5-yl net hyl ) - a-
Ee% hyl <(31m ng t&ng?)% ?ﬁ&é@raﬁmy@%@b@t}ﬁl g'%MO&gan %b/eng; e%aa eg in a
ranner adamwgm)@fbylpgeﬁphamg@pidwdrqtmormfdanp| e 6; mp. = 219[err]C
((dec.). )N Jéﬁﬁamﬁtr&1 z(,ﬁh-téfrétﬁ/dwqﬁfrﬁxgmﬁs ety

.2.3.4- tet a ur noxal'i n-5 )-a- am noeth | phosphoni ¢ acid

hydrochl dF‘ieHB’ pojethylpbosRNaRis Arid B%O‘B'Q"’f‘ﬂeeﬂhPed $ &¢adnner anal ogous to
t hat des w-(maxcb-rz-r&:@mplﬂ@trahyarouuhbﬂrh-ﬁymmybhmnnairrethwpr%bﬁh@fé héid,

(SN (7T A0 Ged:

(S) - N-(?rNPtT Pdxo- 1. 2. 3. 4- t et rahydr oqui noxal i n-5-yl net hyl ) - a-

am noet hyN-{#)8djolxo+7-mitraxd |23, Ustelranydromuindzalif& yimethy)-eonpound can be prepared

LA grrg@n.?@ oggg@ghg iRl 4GP AYdrD A, FAIPL80-Bas el NVt St age B

(R) N- (78 rdtr@ﬂ@,aﬁ-zetsalwdtmmmm@qmﬂwl)am n-5-yl methyl ) - a-

am noet hylahfipd oY prepared in a manner
anal ogou}s( tgo haﬁd;)hfét@%ﬁr%ﬁg&né‘?h%g?&@m t hou?dg‘;tgglgeg) and starting from
5- br ononet hyl - 7- br ono- 2, 3- di net hoxyqui noxal ine; mp. = 272[err]C (dec.).

Exanpl e Ekample 13: N-(2,3-Dioxo-7-nitro-1,2.3.4-tetrahydroquinoxalin-5-

(S)-N-(7-Bronp- 2. 2.3, 42t et.rahydroqui noxal I n-5-yl nethyl) - a-
AUEARIOR 2GR QVLORIOMIBR pound can be prepared in a manner

anal ogou §' hieditle Icampomdixamlpé prefardaftormalintetiogl NGy dinsthoxyritinitroquinoxain{s- om

(oc. ) [ onP Ry Ep ARG opialdte KU PSR Rboclbb vt ki Zanden, oy
i n a nanrfesrysiatizeshiserns d!methwtxxrmaewwmwdnmf @meba&dlsﬂ‘uh@thw, m.p. =28

N- (7- chl Qiaorfa) daetiox0-1 , 2, 3, 4-t et r ahydr oqui noxal i n-5-yl met hyl ) - a-
(met hyl am no) et hyl phosphonl c acid hydrobrom de;

The starting material can be prepared, for:example, in the following manner:

200 mg (0.757 mmol) of 5-aminomethyl-7-nitro-2,3-dimethoxyquinoxaline, 547 mg (4.5 eq.)
of magnesium sulfate and 163 mg (1.3 eq.) of dimethyl 2-oxopropylphosphonate are stirred
at room temperature for 20 hours in 8 m! of dichloromethane. 4 ml of methanol, 0.095 ml of
acetic acid and 52 mg (1.1 eq.) of sodium cyanoborohydride are then added and stirred for

4 hours. The reaction mixture is then filtered and the filtrate is extracted with water and brine.
The organic phases are combined, dried over magnesium sulfate and evaporated. The title
compound is obtained as a brown oil.

Example 14: N-(2,3-Dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-2-
aminOghenlehosghonic' acid hydrobromide '

The title compound can be obtained from diethyl N-(2,3-dimethoxy-7-nitroquinoxalin-5-
yimethyl)-2-aminophenylphosphonate in a manner analogous to that described in Example 4;
m.p. = 191° (dec.).

The starting material can be prepared, for example, in the following manner:



-30 - N-(7-fluoro-2,3-dioxo-1 , 2,3, 4-tetrahydroqui noxal i n-5-yl net hyl ) - a-
(et hyl am no) et hyl phosphoni ¢ acid hydrobrom de; N-(2,3-dioxo-7-nitro-1

, 2,3, 4-tetrahydroqui noxal i n-5-yl met hyl ) - 3. (rret hyl am no) et hyl phosphoni c
aC|d hydrobrom de, mp. = 191[err] ((dec?‘
N (7-dioxo-7-nitro-1, 2,3, 4-tetrahydroqui noxal I n-5-yl met hyl ) am nonet hyl phosp
honi ¢ acid, mp. = 272[err]C (dec.); N (2,3-dioxo-7-nitro-1

,2,3,4-tet r ah dr oqui noxal i n-5-yl net hyl ) -a- (et hyl am no) met hyl phosphoni c
aci d hy d rRiethyiii-(2,3-dimethoxy-7-pitromainpxalintS=vimethyly2-aminophenyiphosphonate:

N-(2, 3- d'%%%gﬁﬁ?é Rméon?of% Kok ety 7L EWﬁBtﬁax%ttdAdi?H&’ (]L-g?ng (12g9, ?;1

t hyl
PARIVAR U IR SUMBAU IR B S Y I L ARG =
am nopr opit réfRISM B hSurd i sininbﬁé&lwmmderha P&c\ubﬁ hﬁxtﬁt%ﬂ@@bﬁ}fbr&téﬂ ah8 tiy epar ed

Ul o byl yesitie £ ediniiad Wi e g e Eotls. TR chibired ougasiehases sra died 1

Exanpl e msirrgcbrmlemmdrma)gn,esmm suifatdarid evapdrated. [Theftitie campdandhistobtainke 48 an of
et hanol % ether; mp. = 282 [lacuna] (dec.). The starting
material ‘can epared, for exanple, in the follow ng manner: D net hyl
N- (2. 3-di hlﬁNMBA?%ﬂmZSQU&M)rﬁm&anBQQﬁMH)WﬂS{E%]G ahiGRhdomAHI N8B Kmnat e

200 nmg ( 5 t iy di met hoxyqui noxal i ne, 547
ng (4.5 %56 ng?rg% %s?ﬁrr%y‘?uwgﬁeﬁz ki rﬁOZGZI—ﬁB eq.) of dinethyl '

2- oxopropyl phosphonate are stirred at roomterrperature for 20 hours in 8 m

<()f1 f' chl ;E:@ d e eThedodwing cﬁefuhﬂa@horefseq»‘.?éparféd P a MaAhérarafdgéus ithal Ny
eq.

bor h e then added and stirred for 4
hour s. Hj@?@f@t‘f"gﬁr% ﬁ %XL’% c”’i“fli'tered and the filtrate is extracted
wi t h wat eN-(Zbebmn-2, B&ilothEZ,GrAtjtetrahydmmnwaané -yimethyi}ecamitobertyiphesphoagnesi um
sul fate ?}% ﬁ\vgpgﬁted The title conmpound is obtained as a brown oil.
Exanpl e
N- (2. 3- DiNskBbrome-2,8esliaxoz1,2,3¢4- teyahxediywwﬂlnéwmemy&wam@pw) 2-

am ”Opherfﬁétﬁﬁﬁét?lgﬂaéﬁoﬁ&'%m&ﬁ%ﬂmed% a'h.ezg4.égga conpound can be obt ai ned

fromdiet ni t roqui ngxal i n- 5-
yl met hyl N am%%ﬁeﬂl'en%h%@ Gﬁahlédw'%m?ﬁﬂﬁéﬁmaww SRgoEgbYtHRhoBRIC; bed
I n Exanplaeidd m.prp249-281 (dec.). The starting material can be prepared,

for ex anm-??-briorr}uot-g,g-tjigxlol-ﬁ&fap&g-te%gﬁyfréduinoxalin-5-ylmethyl)-a-amino-B—
benzyloxyethyliphosphonic acid, m.p. >280°C, MS (ES-): 484, 482 (M-1);
N-(7-bromo-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-aminopropylphosphonic
acid, m.p. = 264-266°;
diethyl N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-4-
aminobenzylphosphonate hydrochloride, MS (ES’): 461 (M-H)";
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-o-amino-(3-
hydroxybenzyl)phosphonic acid hydrobromide, m.p. >280°;
N-(2,3-dioxo-7-nitro-~1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-amino(isopropyl)phosphonic
acid hydrobromide, m.p. = 212° (dec.);
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-4-aminobenzylphosphonic acid
hydrobromide, TLC (tbutylOMe, MeOH, AcOH (80:18:2)); R; = 0.27;
trans-2-[N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-
yimethyl)aminolcyclopropylphosphonic acid;
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-c-
methylamino(isopropyl)phosphonic acid hydrobromide, m.p. = 212° (dec.);




-31 - Di et hyl

N- (2. 3-di net hoxy- 7-ni t roqui noxal i n- 5- yI nmet hyl ) - 2- am nophenyl phosphonat e:

190 ng (0.579 mol ) of 5-brononethyl - gétro-Z,S-di met hoxyqui noxal i ne, 159
ng (1.2 eq.) of diethyl 2-am nophenyl phgSphonate and 0.2 m (2 eq.) of

dllsopropyl ethylam ne are stirred at reflux for 20 hours in 8 m of

acet oni t(rqjabmg_?ﬂf\ll' 53@5&”?\H{%&?h%%tﬂaﬁg&&%%ﬁl ﬁ%_and the residue is

extracte nd e e Co ned organi c phases are
dri ed usymptiylaminciextlopsepyiphosphaenit acid bydnobirosvdgon.pt =3R0°{thee.X i t | e conpound

1,203 68 Ao VB SR I 80 L1 -
4.24, 4. 28‘"('%Boxvmeqvl)phowoomacﬁtﬂd&hrwidelmz #65°2CH err]) . Exanpl e 15:

The foll NMZ@d:@ﬁ@?fmtfd-lﬂQESMé%réh?dﬁgelhak&ﬂ B-ﬁn\%tﬁﬂ)f&lef anal ogous to that
descri bed under

N- ( 7- br oftB¥ @%dﬂhwgpithép@sﬂgf’@f’P&'ﬁ)rﬂ'a&?{ﬁ’ﬂ'ﬁ'famrq\ =257 38Ry ) - a- ani nobenzyl
phos phoniNs(2:Bsdidxo-Fnitro-+.213)4-tetrahydroquinoxalin-5-yimethyl)-a-amino-n-butylphosphonic
et hyl bubGFNAeBIEe me: TRph eI o mp. = 254356 oo
N-(7-bro -@Om-ﬁmroﬂ ,2,324-1lett8@vdranyujoxé!mﬁmmhyﬁ-tﬁamimie@-hyI ) - a- ani noi sobut
| ph h fobldri — o
KI—F?OEPOW@IM%Q‘o%hemgagﬁﬁdetra éro ui r1202>(<)a ‘ljn 5- | met hyl ) -a-am no-[err]
- benzyl bk‘?e"r wﬁd‘#&b@p%ﬁﬁﬂa@yﬂmwno we-dmettyl)- m@saqnzyaobqsm;zw(m)
N;](7- ﬁro rabl%nﬁ@d é))fﬁ)pl=§0§° Pg{/rahydroqw noxal i n-5-yl net hyl ) - a- am nopr opy!l
on Ci
N ?ng i< 9‘0?9‘?%@’01132334 IF% %P’&!ﬂ %&ﬁhvn ~&2aNeBny | ) - 4-
b & msaﬂ’sytpms cid hirdrobidenid ES2p5° @ed.);( M
al\tl_rr1(go3e3w Ehd%‘vgaﬁl v !ﬂ!ﬁaéﬁilb by R M T yI)-a-am' no- ( 3-
hydroxyblle\ﬁgzc% %’ (&{m?c a%’ e&}aﬁ%'%g%' ol 51)%%% N} Oﬁgét
N-(2, 3- dmﬁtlmxycarbomxﬂaen,zzl)mosph@m amqbwqbtmdalm 9-6270‘1‘ret hyI) a- am no(i sopr
| ) ph -
&)yz)g 3W{%%jglﬁx@‘?'rﬂr&‘i’@@?Z&f%ﬁ&oHUh%%"ﬂlﬁzn%lxa |yqr?1%£ﬁﬁﬁ’ &hhyl) 4-am nobenzyl
phosphonicema&rh?nﬁxlmhebﬁhﬂwt‘c&c'd hl@*e@mﬂﬁm%>2%@4 AcOH (80:18:2));

Rlerr] =NY2Zdioxo-7-nitro-1,2,3 4-tetrahydroqumoxalm- Imethyl)-a-ammo-(s-
trans- 2- 7-nit 4-tetr gq:lnoxalln 5-

MR e e e

N- (2, 3- dNe(@cB-dioxa-7mitrat 1 2.334-ﬂsttahydmhyndoxalmﬁayimthyi)—c&aminw(elrl}yld)o)@-s-
et hyl anjaidSa8HIsBhGRR AOR GaRBrSBY th@PLegdle, m p. = 212[err] (dec.);

N-(7-chloro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-2-aminophenylphosphonic
acid hydrobromide, m.p. >250°;
N-(2,3-dioxo-7-nitro-1,2,3,4- tetrahydroqumoxalln-5-ylmethyl)-a-ammo-2-
pyrrolyimethylphosphonic acid hydrobromide, m.p. >320°;
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-a-amino-(3-
methylsulfanylpropyl)phosphonic acid hydrobromide, m.p. 252°C (dec.);
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-amino-(2-hydroxy-2-
methylpropyl)phosphonic acid hydrobromide, m.p. >256°C;
N-(7-nitro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-2-aminophenylphosphonic acid
hydrobromide;
N-(7-chloro-2,3-dioxo-1,2,3 4-tetrahydroqumoxal|n-5-y|methyl)-a-ammoethylphosphomc acid
m.p. >270°C, MS (ES-): 332 (M-1), 250, 207;



-32 - trans-2-[ N- (2, 3-dioxo-7-nitro-1, 2, 3, 4-tetrahydr oqui noxal i n- 5-

yl met hyl ) am no] cycl opr opyl phosphoni ¢ aci d hydrobrom de, mp. >320[err]
.(dec. )

N (2, 3-dioxo-7-nitro-1, 2, 3, 4- tetrahydroaﬁl noxal i n-5-yl et hyl ) - a- am no- ( 3, 4,
5- trinet hoxybenzyl )phosphonl c acid hydrobrom de, mp. = 265[err]

N aooy N RRr e Siorn T2 Setan R iRl Tyl s aietibighiogphanic agid. |

N (2, 3- dlrmpo>25mCt FH}-UMR (0,0, 260 wmzyc&(pqm) ama(mreﬁ) wlaTE( 2H); 39.4a(mm:!-l)n but
yl phosphqn (@%ﬁﬂ hydrobrom de, mp. = 230[err] (dec.);

N- (2, 3-di 6Xo* tro-1, 2, 3, 4-tetrahydr oqui noxal i n-5-yl net hyl ) - a- am no- 3-
met hyl but yl phosphoni c acid hydrobrom de, mp. = 220 (dec ) ;

N (2, 3-di
Iphosphor‘%"gﬁ# . de, T [eT T [<Jo

N- (2, 3- did5NEQMERYIPy robromide oqui noxal i n- 5- yI met hyl )-a -am no- ( 3-
t hi enyl ) mehink @Bm‘pami %rqsaréd hm»rd:&hﬁm Béhz yINR2,3=dirieth mlt}oqumoxalm-s-

B oy s R R ML AT i B g (-

N-(2,3-dioxo-7-nitro-1, 2, 3, 4-tetrahydroqui noxal i n-5-yl net hyl ) - a- am no-(4-

b b = >280C; _
mzoéydﬁg‘é s_kafﬁﬁﬁ'%’fb‘?i%l %”gﬁé gm@%&é’ﬁ@dgg%'ﬂ BodtfRlowsE Pt 1) - a- ani no- ( 3-
ni trobenzyl ) phosphoni c acid hydrobrom de, mp. = 205[err] (dec );
N-(2,3-d : | 3 2-h
dr(()x - -Ia?)E%YQ ég% qu‘@ Q@( g
N- (72 chi G08.7mg 6. 19&RB10D, of SAmInpwety - aitSeR: el PASINgKalinen 13 m1.@ 9 Sbheny

| phos phoracétaafehgldélmts@ﬁg gsnéqd)eof rﬁh@mesgz%&ﬁlfaté and 204 mg (1 .3 eq.) of potassium
r.o noxa

Dyr ol y1 1TBPPIE AT Bt BT eRpRRNPA MBS e T 3h o lprqmethars. He o *

N- (2, 3- direadtiort mmixtureois filté@red off-anelt 0. zoﬁmit acmeqmq)niaﬂnethylinymmm mi @-5eq.pof ( 3-
t hyl sul
rrNe( 2y3sgltﬂég%ygh@@éklg@wﬂnét( Hqé?? | noxa I'n- glm ﬁate%ﬁg%ciegﬁar‘#eno (2-hy
- droxy- 2- fﬁtﬁt%ymprl‘gﬁﬁgtioﬁp'wﬁ%lm@rﬁtlﬂ’ed(fﬁrd BH;qulrwd)thea@xtrmtgd th w@faranficC;
N-(7-nit rdibh?orém@tfﬁﬁ@ ﬂh@orﬁaﬁcbﬁ&ée%@f@'b@ﬂuﬁin@exéﬂédbv'ér ¥lagRb&ivm)sulfad Engopheny|

hosphonic acid h

R (70 chl SvBpoatsd T Bl compptindlis obtainge o8 auieley 4691 MSEESH 5% 53 MrDoet hy)
phosphonic acid mp. >270[err]C, M5 (ES-): 332 (M1), 250, 207;
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phosphon ideseritied under Examples 1 and 16:
P-methyl-N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a.-
aminoethylphosphinic acid, m.p. 226° (dec.); |
P-benzyl-(7-nitro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yl)aminomethanephosphinic acid;
P-methyl-(7-nitro-2,3-dioxo-1 ,2,3,4-tetrahydroquinoxalin-s-yl)aminomethanephosphinic acid.

A1 no- benzy

Example 18: N-L?-Nltro-2,3-d|oxo-1 ,2,3,4-tetrahydrogumoxalm-5~v|methvll4-

phosphonobutyramide
The title compound can be prepared as under Example 4, but from N-(2,3-dimethoxy-7-

nitroguinoxalin-5-yimethyl)-4-(dimethylphosphono)butyramide; m.p. = 220:240° (dec.).

The starting material can be prepared, for example, as follows:



"mp. >250[err]C, [err]H-NVR (Dlerr]O 250 MHz): [err] (ppm =7.1 (m 2H);
4.57 (m 2H); 3.42 (m 1H); 1.47 (m 3H). Exanpl e 16:

P- Benzyl - N- (2. 3-di oxo-7-ni tro-1. 2. 3. 4-t et rahydr oqui noxal i n-5-yl net hyl ) -

am nonet hyl phosphi ni ¢ acid hydrobrom de3fe title conpound is prepared from
di et hyl P-benzyl - N- (2, 3-di net hoxy- 7- ni t r oqui noxal i n- 5-

yl met hyl ) am nomet hyl phosphi nate as described in Exanple 1; mp. = 196
(dec.). The starting materi aI can be prepared for exanpl e, as fol |l ows:

a) Et hyl a)N-(2.3-Dimetho i

e 500" ooy B eI NdibhGH ﬁéﬂ#'fﬂ’-eﬁﬁ%@%ﬂ%@o&%ﬂ%iﬁﬁfﬁQi "
0.13 m (a;ideq a} rapim tempresdtues ip desol8®Bd of 50 Brg{(§.5680nhmet ghEsiminemethyl?.3- and
204 ng (derl]r?lgﬁ'n‘gﬂﬁg'ﬁt d&%ﬁ@éﬁﬁé@@é&%@&@v@é mnfdl) S ﬁéth@ﬁﬂ&[)?’lﬁﬁ&ﬁﬁlg db” e for

2 hours ronet e reaction

and 0. 205G in@mbofagetyighe chipdegnchiie feixtuge isstrrad fqr BOhapgs. )Thgmixture is then

tri met hyl gibtearvag hamweae dhidfide ﬂﬁh w&sm witPh. 2ntHyu+ocmohe agklamadripBiangt e are
addedtotheflltciate ereac xturgls ti,rred.for 18 hours, and

then ext riQ0PRYipd AP dLetay %{’ﬁﬂ% %‘h? eHdyRis digd inp fighy vacywms the e,
conbi ned,cothpoard is/abtainedjas aiyelove résimt e and evaporated. The ‘title conpound
is obtained as a yellow resin; MS(ES+): 353,537 (M1l)+. Exanpl e 17: The
following can furthernore be prepared in a manner anal ogous to that
descri beExample 1%:xkEhefpliawing aanifuttbermore be prepared in a manner analogous to that

P- et hyl - G@b Exdmpiel1go- 1. 2, 3, 4- tetrahydroqw noxal i n-5-yl net hyl ) - a-
am noet hy 5 %@ﬁ )e(lcrlhgl m 226[err] (dec

P- benzyl hdﬂ-mtrpr?ea-glosod.,%éw-tgp qhvslrmm%wmhwhaspapswhoaoa¢9tamid¢em~ﬁanep
h hi ®

P?rsrgt Ih;: Ccz?ezngjat r((i)eép é 2H tetr [ C{H 518 gm)pam nonet hanep
hosphi ni fhitro-2,3 éﬂglé %gefra ydfoqumoxa n methyl osp 10no enic acid

N- ( 7- Ni t ramide 3mgh. ameao?(dac;t t et rahvdr oqui noxal i n-5-yl net hyl ) - 4-

phosphonqls KhAS Sigthe 3 bl BRSNS Yindh iR2RdsonRER X 2TP! © 4.

but from

ni t r oqui m@mm@m ne‘laﬁyzgﬂ 4dga; et hyl phosphono) but yrani de; mp. =

220: 240[err] (dec.). The starting material can be prepared, for exanple,
asfollovEx:aml ) . . . . =34 -

yimethyhaminomethylphosphonic acid hydrobromide

0.7 g (1.4 mmol) of diethyl N-benzyl-N-(2,3-dimethoxy-7-nitroquinoxalin-6-yimethyl)-a-
methylphosphonate and 1.1 mi (8.3 mmol) of trimethylsilyl bromide are stirred at room
temperature for 16 hours in 7 ml of methylene chloride. 7 mi of ethanol are then added and
stirred at room temperature for a further 24 hours. The reaction mixture is evaporated, the
residue is dissolved in 7 mi of acetic acid, 7 ml of 33% HBr in acetic acid are added and the
mixture is stirred at room temperature for 4 hours. After addition of 60 ml of ether, a |
suspension is formed, which is filtered off on a suction filter. The suction filter material is
washed with ether and dried at 60° in vacuo. The crystals are then stirred in ethyl acetate
and filtered off again. The title compound is obtained as grayish cyrstals of m.p. 238-240°
(decomposition). . |

The starting material can be prepared, for example, as foliows:



a)

N- (2. 3-Di net hoxy- 7-ni t roqui noxal i n-5-yl net hyl ) - 4- (di net hyl phosphono) but yram
ide 163 ng (0.851 mml) of N-(dimethylam nopropyl)-N -ethylcarbodiimde
hydrochl ori de are added at room tenperaBfire to a solution of 150 ng (0. 568
nmol ) of 5-am norret hyl -2, 3- di net hoxy-7-nitroqui noxal ine and 165 ng (0.738

and the : i : ethyioho 2
net hyl eng mbl(:@os @hm@l)ldf &aﬂimhewllz @dﬁrh\étmrmvtrqummamem agc(sleslmmmaoﬂ

vacuum - iy BenBd BB BB Ghare AVt lSye sty v E8 Rl 18" e

f ol | owi ndN-ethyidiisopréppiarcine abeestjyredat rash temperatuna for abowt! 18deuss and atB(°C for a

descri be h fﬁ@ﬂg
N-(7-ni t?om%qé | 0XO- {ﬁﬂ'@ dl{n ‘ft“Y'F%ﬁ‘aH’r'%e qur?cg)?g 0|nnA & ?dd'tot??f etryl IE etatehonoac
et am de, the pmxtwezss@d@@!q@mm waigeand brine, (e aqueoys phasem HR (gla§hed with ethy!

m2p3 345%%%%%’%8% &%ﬁé%{pﬁﬁ&é’é@%&hﬁﬂeﬁ@ﬁ%@éﬁ@%nﬂ%ﬁ%é fieteh gk de,
2,3, 4- téPFw&'Pbael‘i' ﬁ%@&ﬂtfﬁteé The-exappration regidus is sheamalegraphed.an silicaee!de
m B. 28?1:3 r(edance-bthyl adexate i :¢). 871 g (46%) of dlhetl'(xjyl N-benzyl—N l(g 3-démethoxy-7-

. enz vV oxall n-o-
A R o s e BRI

di et hyl N-benzyl -N-(2, 3-di met hoxy-7-nitroqui noxal | n- 5- yI met hyI) a-

nmet hyl ph

ot rred SanpEat Thaolbwind borhSboutgl R, die8 broridiih el andle BB HE
m of et H’&ﬁ@!bedﬂ@EKWéﬁlea'@ded and stirred at .roomtenperature for a further

24 hour s.N-B&fzy I—ﬁg(?lﬂr&ﬁoiﬁ‘SiBMR@J'Essﬁiféﬂ?&fyaﬁdﬁ@mok&lﬁa-&es' due is dissolved in 7
m of acetic aci QHBr in acetic acid are added and the m xture

is sti rré’H“%ﬁ‘y)ec%ﬁ?'f‘EW'Eg%? BIcAGd 4 hours. After addition of 60 m of
eth her, awbémnﬂl-(wchlo?oﬁwm1\2tB¢-tedtiahyﬂriohbﬁbﬁlm€8‘-1(‘j gn adsuct i6 8? fii ter.
Tesuctl e an ried at err] in
vacuo. | ate and filtered off
TRy rine b RrercBic ERL e radra i (6keuf
agai n. TfN}bemztyl- -(@@Bgioxord-flueroeh 2. 8idatetrabydrgquindxalin-Syr st al s of m p.
238- 240[‘?irﬁétp@ﬁ%ﬂ%@t?&bh%}}honic:am.Starti ng material can be prepared, for
OWs: :

% h

exanpl e, -35
- a) Diethyl

N- benzvl ﬂ‘){ale’SzzilNrgg A -phosphon
ate 1.0 g [ . . yl- -nltroqw noxal i ne,

1.1 g (355" . iy benzyl am norret hanephosphonat e hydr ochl ori de

and 1.9 rﬂhe(tme c@&pcmmrl )n pf 254-257 [lacuna] (dec.), can be obtained starting from
5-bromomethyl-2,3-dimethoxy-7-nitroquinoxaline and diethyl
2-benzylaminoethanephosphonate in a manner analogous to that described in Example 1.

Example 23: N-{2.3-Dioxo-7-fluoro-1,2,3.4-tetrahydroguinoxalin-5-yimethyl)-o-

aminoethylphosphonic acid
The title compound can be obtained by solvolysis of dimethyl N-(2,3-dimethoxy-7-

fluoroguinoxalin-5-yimethyl)-a-aminoethyiphosphonate in a manner analogous to that
described in Example 1. The starting material (dimethyl N-(2,3-dimethoxy-7-fluoroquinoxalin-
5-yimethyl)-a-aminoethylphosphonate) can be prepared in a manner analogous to that

. described in Example 4, e1):
'H-NMR (CDCls, 300 MHz); 5 = 7.2-7.4 (2H), 4.2-4.4 (2H), 4.12 (s, 6H), 3.75 (6H) 3.0(m,
1H), 1.28-1.45 (m, 3H).




N-et hyl di i sopropyl am ne are stirred at roomtenperature for about 18 hours
and at 80[err]C for a further 3 hours in 10 n of dinmethylformam de under
argon. After addition of ethyl acetate, the mxture is extracted with water
and brine, the aqueous phases are washe®6with ethyl acetate, and the
Qrganic phases are conbl ned, dried using sodiumsulfate, filtered on a

suction ter con ntrated. The evaporati o reS| due is, chro r aphed
on si |1 o Exainble S8 e alioied Somprunilere AeS piebarsd i armaiar Asaiooars fh beby
N-benzyl désérﬁ)eihdlexahbmsyﬂﬁ 23:

1. Tho 1B RElREe Eorbk e BT oaPgERa Fhbuh e Rl Evpn et Rl ..

descr i bedddhyereahidricle20n.p. = 293°C (dec);
N-benzyl (§?nf\l7(g ‘32?]§x6“1 4- ietr%hédr%q&ﬁ&ﬁh@i}l%ﬂyﬂ%%ld&pﬁ)pylphosphomc

yl met hyl )'a osphonhr’
N- benzy| -aqid 2"‘31 d’l?%o(‘iec) 3, 4-t et rahydr oqui noxal i n- 5-

yl met hyl )N‘-’(Q %ﬁ&b@hlﬂbﬁ@@@%ﬁa \' uuinth-g 4imelfiy) &%ﬁn&propylphosphomc acid
N- benzyl - | 0X0- 7- -tetrahydroqui noxal i n-5-

yl met hyl )'Héwbwgﬁyﬂ@m@&ﬁome& )acid.  Exanple 22:
N- Benz vl -NN{Z,3-dibxd+ 7emitro-1; ,213,t4Ftetré.hy21rd%quhdxeﬁﬁ-alyuﬁétbﬂp&mm(mraﬁydﬂomhw ) -a-

oo oS ARG M b & ABERUY, m . 2o¢-257 [1 acuna
5- br oo meN-(R;8-dioxe-7dnitret 12 yl-tetrahndronwnqxamaﬁ1yh’eetlaymafarmn¢(plpe ridin-4-

éxg(rargzyl %H@\Bﬂﬂ%@%ﬁ&ldenmap NESEYOR (3@@* .ogous to that described in

N- (2. 3- DiNA3 'F’qupﬂoﬁ'ﬁo‘]j:%33‘@"@MWW5TYMhthaWF¢@WW) a-

am noet h ?Hm,g héld hb@rothiblide;conpound can be obtai ned by sol vol ysis
of di met%]v'ﬁ l\?I plorie bo ‘

1 uor oquﬁ%‘&geﬁ‘ldf%oﬁ Q'Frﬁét%ﬂ)teﬁa'yﬁf%mq’@!"bﬁdEBﬂBHbP@mW “® manner anal ogous
to that dneboxyedyiphodphaniglagidihydidohlosiey ting material (di nethyl

- L 1. [ hyl ph h
can be. prelrdR e dri e ERE R B R Moy B AR, L Bt e 4, el )
[ er r] H- N\RcloDGidthylptiospBatic eidhydioghlotide;7. 2-7. 4 (2H), 4.2-4.4 (2H), 4.12
(S 6H) ., N g §. o{o@?)?’-mﬁﬁ é,%tétréﬁ c;qu%xéhrflgy(rﬂé y?l ~aminoiso ro;():ylphosphonlc

conpounds are al so prepare manner
anal ogousacl%hlfq“ﬁﬁh‘ﬂ@&rl bed in Exarrpl es 1 to 23: (R-N(7-nitro-2,3-dioxo-1

, 2, 3, 4- t NH2BYROX0UNIrENG, B,ﬂ-tEtrdHyadeTuWo)(alﬁrﬁsMm@cﬁ?lﬁﬂ-l@hﬁrmt}yﬂbﬁé){%msphm d

hydr ochl or Ladhydrocrpond:e, 293[err] C (dec);
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-2-amino-2-
methylpropylphosphonic acid hydrochloride; |
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-2-aminobutylphosphonic acid
hydrochloride;
N-(2,3-dioxo-7-nitro-1,2,3,4- tetrahydroqunnoxalln-5-ylmethyl)-2-ammoheptylphosphomc acid
hydrochloride, MS(FB+): 415 (M+1);
N-(2,3-dioxo-7-nitro-1,2,3 ,4-tetrahydroquinoxalin-5-ylmethyl)-2-amino—3-
phenoxypropylphosphonic acid hydrochloride, m.p. = 234°C (dec.);
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-2-ethylaminoethylphosphonic
acid, m.p. = 286°C (dec.);
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-2-benzylaminoethylphosphonic
acid, m.p. = 225°C (dec.);
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-2-amino-2-p-
tolylethylphosphonic acid hydrochloride;



(S)-N-(7-nitro-2, 3-di oxo-1
, 2,3, 4-tetrahydroqui noxal i n-5-yl methyl)-[err]-am nopropyl phosphonic acid
hydrochl oride, mp. = 295[err] (dec);
N- (2, 3-di ox0- 7-nitro-1, 2, 3, 4- tetrahydroéﬁl noxal i n-5-yl met hyl ) - a- ani nopr opy|
‘phosphoni ¢ aci d hydrochl oride, mp. = 235[err] (dec.);
N- (2, 3-di l=nitra-1 . . .
"5 3. 4.t OERIRE LA - e or e S PRI R ATIRR ARy  an- 4-
W ) phos phwethaxypbenyl)ettiphokphoniciacid hygrochiorgied[ err] C (dec. ) ;

N_Z(CZ*} ?1 '(tj I“ﬁé]%aéﬁ gtiﬁgé)géﬁ34tgtraqydrc%%uqoi(alm-s X‘metle)b]-Z-amm Z(ﬁ yl ) phosphoni c
aci d di hylgp®p emﬂ)eﬂwlphwmoma@qpndwgcmmdﬁec ); N-(2,3-dioxo-7-nitro-1

,2,3,4-19§ (@ﬂ%&@%-ﬂ@ﬁ, a.térr #E%dﬂlﬂokalﬁw-@glnﬁaﬁﬁl}&%ﬂu@d-z-
P @3@5&&%@%&0 AT T~ B aR:

, 2,3,4-t

m;t QOZV% m—hwtmhﬂqrztmmmo-awtfb-hzwow ﬁzdlrd@amBka(havSSylﬁiemyg-zzamIner) 1

e UI noxal i

cycl ohex th ﬂéﬁq’ giﬂ%‘HH?éc'QBM%ﬁ@eP%% Brfggé%d(%ﬁ)ﬂ di oxo-7-nitro-1

, 2,3, 4- tdd—(Zameoqmmomﬂsn-tétrghyldmdmyio)(alires-ly]methyl) 2ramingt-opyl phosphoni ¢

d hyd t 1 o

agl 3, 4 %n’(m'g‘fﬁ‘?@ﬁu?%%%@W‘?"“@’@b ')E’%z aznqzn% ?/ec )(‘Jhexyl phosphoni ¢ acid
hydr ochl - (aj@—dlopqo zmtgo-d ;a;&,&-tetrahyprqgumoxalm 5-yimethyl)-2-amino-1-(furan-2-

g| E’;} 4- tq,])éﬁ,%sﬁlg, RBEH hydiréehidridet hy!l ) - 2- am no- 2- et hyl pr opyl phosphoni c

N- (2, 3 difs 3'?'1%9%'?}1"9'12? 3 4fetrahydmauinoxalin-Sryimathyl-2-aminrst 441 ) - 2- ani nobut yl p

Rf?ghgn :j _Cfluawpderliw)@ttwmoephdim acid hydroc(:jhlonde, 2. oot vl
, 3-di ro 0 am nohepty

phosphoni@@%‘dﬁxﬁy&?'ﬁ%ﬂ?%?qgrﬁwgméﬂ° Py F‘Rﬁl‘lﬂ) Eﬁ-y't"}o g%‘ | OXO-7-nitro-1

, 2, 3, 4- t enethdxyphenyllethylphiosphdhic/acid hydroghli@ridesi no- 3- phenoxypr opyl phosphoni c

a(Z:Ig Zyd ‘\ﬁé“ﬁ%{ rxgefarlnﬁ?gg 34%§%ﬁ%ﬁwalyégﬁ1@hfnoe hy?g osphonl c acid,

m p. ZSE%tb@?beefM)@ﬂ"Y}PhOSP"(OZ“QﬁQﬁ bydsoghleride; o- 1
, 2,3, ten-tp )ﬂﬂv&@%uﬂ@%fﬂﬁ 8,8:t6traft )Ho)(alar Solrethy)>aRfdry(@hosphoni ¢ acid,
X

2
m2p3 thég Pﬂﬁﬁﬁwwﬂ&%a?pg‘ﬁﬁh@" ;:nong 2-p- tolylethyl phosphonic
h

aci d hydms(8-dioxd&-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-2-amino-1-(4- -37

2, 3N;1(t2 @Y@%%@"é&ﬂﬁ'&égfﬁ Aygroghlorde: ) - 2- ani no- 2- ( 2-
et hoxyp%h?ﬂ'éyéNl'(Wbmmg-@;ﬂydlpKO-dcﬂ %4ﬁmdmwmwln-5d¥@mmoxo 7-nitro-1

, 2, 3, 4- t eirdpteyisKbsbAGiabER: 5- ! et hyl ) - 2-ami no- 2- (4- :
/ HSL R honllc acid hydrochl oride; N-(2,3-dioxo-7-nitro-1

f1 uor opheni/q)
,2,3,4-1 4t H 811%35"‘?‘!'?@@%”}“023'&}75110 2- phenyl et hyl phosphoni c

gm d Ey flWﬁéthﬂ)arﬁiﬁo]cml6propylﬁ>ﬁ8£;ﬂfdh]&&d1fmP) = 295°C (dec);
met hy

"o ot bamyENgz R 2 568 22 eahvdrogningeals-5-yimethyi)-o-

aminoethylphosphonic acid;
N-benzyl-N-(2,3-dioxo-7-fluoro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-o.-
aminoethylphosphonic acid.

Example 25: Starting from 7-cyano-5-methyl-2,3-dimethoxyquinoxaline, the following
compounds can also be prepared in a manner analogous to that described in Examples 1 to
23:



phenyl et hyl phosphi nic acid hydrochloride, mp. = 258[err]C (dec.);
N-(2,3-dioxo-7-nitro-1 ,2,3,4-tetrahydroqui noxal i n-5-yl nethyl)-2-am no-1 -
phenyl et hyl phosphoni ¢ aci d hydrochlorid mp. = 262[err]C (dec.);
N-(2,3-dioxo-7-nitro-1 , 2,3, 4-tetrahydrotjui noxal i n-5-yl net hyl ) - 2-ami no-1
--(furan-2- yl)ethyl phosphonic acid hydrochloride; N-(2,3-dioxo-7-nitro-1

Fuor oo nTRYSHOAIRER & 3 iekaiidlinordiic Sy Bathy)-pminggthyighosphopic acig,
-2, 3, 4- t oNiPa AYEEq ti-NURADME G, 360 MHR)y B )= (Ppaa)i=17e62, 7(47- (2m, 2H); 4.50, 4.40 (2d,
rret hoxyp@w?kgtﬁyhgz Qﬂgﬂh@)am d hydrochl ori de N-(2,3-dioxo-7-nitro-1

234tetra rogul éémethl )-2-amno-1 -(3-
met hoxypH %n HsPrshipxephdaidcteliahydreguinelin-§ryimethyl)-o-ethylaminoethylphosphonic

N-(2, 3- dlé&@hym&méﬁaelnzp&ﬁoi@tm d(nm \l i n-5-yl nethyl)-2-am no-1
-(2- chlorophenyl)ethylphosphonlc aci d hydrochl ori de;

N-(2,3-dioxo-7-nitro-1 ,2,3,4-tetrahydroqui noxal i n-5-yl net hyl)-2-am no-1
- (4- tol yfheestantihg Irmﬂ@hab - be obthiriérdifor eRdmpledin;the following manner:
N-benzyl [ N-(7-brono- 2, 3-di oxo-1 , 2, 3, 4-t et rahydr oqui noxal i n-5-yl met hyl ) - a-
am noet hyl phosphonl c aC| d; {1 [(7 br ono- 2, 3- di oxo-1
: )ahoe 2|3-dimsth indxalineanm no] cycl opr opyl ) phosphoni ¢ aci d,

’ ’ ’ = | Z
QR T e
N- benzy!| W‘(Q%ZGF&(@'C}E f1l4t§§rf6m9') 32‘d3' Qt(@Prfemwpbqw noxal i n- 5 yl met hyl ) - a-

f;mcngﬁym_bﬁil?ﬂ&mhéhﬂ I?cﬁeggtnﬁo Xaﬁédﬁlji’ﬁo gf?gg&lﬁéd i'nnl@ofrﬁlQiTDMlz degassed and Al so
b Sy R el Ugada npos Amssahere, he muirgdS thendieatad A BRG B a8 hours, Adet

-38 - cooling, the reaction mixture is treated with 2N hydrochloric acid and extracted with ethyl

osphon; gty e esfingstohudi BhadiSiiesd Ml rpsRa i b grd qvePsdint ™ °
7.62, 7. @If@@rgnd&\r,apomtem The, residge i, chegipatographed on silish geliusBey gtoyl Me) :
N-(7- cya g*é??éqg‘ﬁ £1 #elhﬁﬁtrﬁrb’qﬁggﬁb‘@@%%cér égf%é% ;)-lerr]-ethylam

I noet hyI on| c acid S+): 353 (M+l).
The start H‘l@ ﬁh@é? MHz, CRCIYD 55194 (Hed=3, f‘bﬁ 2Rhih =3, 1H), ¢18 (s 3eotilBdSnmanner

a) 7- CyarsH)p2/eBis\3H)ZMS(ESHERS®XYqui noxal i ne

Example 26: Starting from 7-trifluoromethyl-5-methyl-1,4-dihydroquinoxaline-2,3-dione, the
following compounds can also be prepared in a manner analogous to that described in
Examples 1 to 23:
(R)-N-(7-trifluoro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-aminoethylphosphonic
acid, [a]D [sic] =-19.6° (c = 1, MeOH);
(S)-N-(7-trifluoromethyl-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-
aminoethylphosphonic acid, [a]D [sic] = +17.7° (c = 1, MeOH);
(R)-N-(7-trifluoromethyl-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-o-
(ethylamino)ethylphosphonic acid, [a]o = +74° (¢ = 0.1, H.0), m.p. >270°C;
N-(7-trifluoromethyl-2,3-dioxo-1 ,2,3,4-tetrahydroquinoxalin-5-yimethyl)-B-
(ethylamino)ethylphosphonic acid, m.p. = 230°C (dec.); .
(S)-N-(7-trifluoromethyl-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyi)-o.-
(ethylamino)ethylphosphonic acid, [a]o = -78° (¢ = 0.1, H,0), m.p. >270°C, MS(ES-): 394 (M-
1);

(R)-N-(7-trifluoromethyl-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin- 5-ylmethyl) B-
aminopropyliphosphonic acid hydrochloride, m.p. = 282°C (dec.);



A solution of 7 g (24.72 mmol) of 7-brono-5-nethyl-2, 3- dlnethoxqu|noxaI|ne
(Exanple 1d), 1. 74 g of zinc cyanide (14.83 mol) and 1.1 g (0.9 muol) of -
tetraki s(triphenyl phosphi ne) pal | adi um(0) are dissolved in 100 m of DWF,
degassed and brought under a nitrogen aB¥osphere. The mixture is then
heated at 80[err]C for 16 hours. After cooling, the reaction mxture is
treated wiith 2N hydrochl oric,_ acid and extracted cetate. The

|
combi ned &) b'aﬂ’rtt' ety RHliQxer h2.stetrayqrPayin ' -y? ?%QSQT over sodi um
sul fate aminspropypldspHonic hbid mcﬁmaesn(phemtc)gfe@ hed on silica gel using

et hyl hexan =11 | uent 179-180[ err] C (et hyl _
acet ate/ ﬁiﬁﬁ@'}' M’?’i‘%—%ﬂﬁ“&@? ? ra?'@ff@ﬁt"ﬁ'gﬁ' g[err] = 7.94 (d, J=3,
1H), 7. 5yirethyljerBindmiejhylphodghohic acihim.pd= 381-823°Gdec.)2. 64 (s, 3H); MS(ESH):
230 Exanpl e 26: Starting from

7- trlfluororrethyl 5 rrethyl 1 4 d| hydroqw noxal i ne- 2 3 d| one, the follow ng
conpoundsthe g mals be B a forexample; llowingd gr: described in

noethylp et |4- thyiphe! =1, IVEG-l)
(S)-N-(7-A 5¢|ﬁﬂnom¢fm Q 1-42mﬁroﬂIwzméthﬂrﬁtrﬂubﬁmeﬁyjﬁiﬂml@li@%bﬂ70 Atyariet hyl )

(R o T DR o vy amibg I e cnESr st Blethtee ShobR s sF G REMGRR ohy

- a- ( et hydndioebail).dthyl lophlybgitiaritded26.2inl, 2355 frenol) is-slowlyladded-dropwise lsp énat ity ,
>27
% D7 T e 1 ApfiBerelre does potyise above 119°G, The mixture is hen stired out fsiclfor a further |
r]- (ethy ?mrﬁdjr@tmyttm isdaated withwater, wnqbledﬂvm@ol@ﬁ uapqpqwd)um
(S)-N-(7- deeH@érBHﬁ‘étQ\ébmﬁmr?’aﬁd A biind, e ol SRS @ Eﬁ’éé&dd&nﬁaﬂéh”ﬁt hyl )

-a- (et hyI amno)eth hosphoni ¢ acj d ]lé 1 -78 (cC 1, Herr]O
mp. >270¢¥stal lggthvg(f @gtyrudgg@dymaf@fds 2.75 g of the titie compound as white crystals.

(R - N-(7 Npl ﬁtmwgoﬁqﬁ? achtateMerate)1, 2, 3, 4-t et rahydr oqui noxal i n-5-yl nmet hyl)
B ?m NARE IR BBO ML Boi feich: 3L 88 hbr 465 8.98 &, 028, ARG £551E SLE8GH),
(S) N- ( 7-7.49 (4, ab),chdd oy U=2, 2H)d2.4Qd¢s, BH), B4 (t, d+7.8M)dr oqui noxal i n- 5- yl net hyl )
- p- am nopropyl phosphoni ¢ acid hydrochloride, mp. = 281 [err]C (dec.);
N-(7-trifluoronethyl -2, 3 d| oxo-1, 2, 3, 4- tetrahydroqw noxal i n- 5-
yl et hy| )R dtind Melnpetanl-pitrord-trifly oromethyiphenvlioxamat®s[ err] C (dec.)  The
s; arE E Ih nlg ﬂm zmsﬁﬁﬁbl | 1 Eﬁ@ﬁ'itrafe‘lire%&é@ﬂlpgnesmawqdrf@lsfté|ah% eéibwsmnne{5

a y - riflu oxanat e on_ o .59
- (214 moIP P"? SFhe i b spmal LS et i ety o atamate o
concentrated sulfuric acid. After stirring at 0°C for 1.5 hours, the mixture is cautiously poured
onto 900 g of ice. The white suspension is extracted with ethyl acetate. The organic phase is

washed with brine, dried over sodium sulfate and concentrated under reduced pressure in a

rotary evaporator. Crystallization from ethyl acetate/hexane affords 35.5 g of the title
compound as white crystals.

M.p.: 118-120°C.

'H-NMR (200 MHz, CDCla): 8 = 9.94 (br s, NH), 8.17 (s, 1H), 7.81 (s, 1H), 4.45 (g, J=7, 2H),
2.41 (s, 3H), 1.43 (t, J=7, 3H). |

c) 7-Trifluoromethyl-5-methyl-1.4-dihydroguinoxaline-2,3-dione
355 ml of a 15% titanium trichloride solution in aqueous hydrochloric acid are dissolved in

850 ml of water and 850 ml of acetone under a nitrogen atmosphere at 0°C. A solution of
35.5 g (110.8 mmol) of ethyl N-(2-methyl-6-nitro-4-trifluoromethylphenyl)oxamate in 1.7 | of
acetone is slowly added dropwise. The resulting violet solution is stirred at 0°C for 16 hours.



44. 7 m (321 mmol ) of triethylamne in 750 ml of ethyl acetate is cooled to
+3[err]C by neans of an icebath. Ethyl oxalyl chloride (26.2 m, 235.5
mmol) is slowy added dropw se so that the tenperature does not rise above
+10[err]C. The mixture is then stirred out [sic] for a further 2 hours. The
mxture is treated wwth water, washed with a 10% aqueous sodi um

mx . N . 1 : i} g
concent r dezarf FEBAAS Boiauh i shlledle frochioh G Re S Rkt SEloRyAl
title corpddMNMBanalsiscstartipg material was [sial ng-langer deteciable, &ha yeaction mixture is

acetat g/ ggé%g‘i?ﬁJcli_rgé &Ji&ibwl‘rﬁer(, ggg)ﬁlgﬁié,is_ g@@fhﬁm@h ?hg ita blépdlsﬁ‘éd l;o@ i% gﬁé}ea Bg_;
ZH)H? ' 4@93& drgqﬁsgc’:tigpéiﬁ%f(. h | ,Zé §:_u;l§-: Prpguct is \l@sl%g i d?lut(esﬁydrocmdric hcidand =7
N (2- net hwateS The titl® cémpaourid is obinedius sphhkity sdiidxamat e 14.4 g (142.3 mol ) of
pot assi uﬁ%@’ﬁ%@? e ded in small portions to an ice-cool ed solution of
32.6 g ( 3 Wﬁh ethyl N-(2-nethyl-4-trifluoronethyl phenyl)oxamate in
concent r dHNMBUROQ MHz, BMSO-ddf § er12st (s; NH) g1 185 (HNH)r 7.80{sr1H), D28 (s)r1$l), 2.42
m xture iéé ﬁ_puti ously poured onto 900 g of ice. The white suspension is

W

extracte h ethyl acetate. The organic phase is washed with brine, dried
over sodium sul fate and concentrated under reduced pressure in a rotary

IS i b AN S M PO
[ S, Whi S S. . ~ JC. [err :
00a1 [ v+ TRranyBraapinbRgings: Vit )-oappndlisopppyapTopRionic séid oy & SEiLi 8. 16 4. (4
J=7, 2H) hydrobtortide, thebeof ¢artBe pteparkd/as folifws: C)

7-Tri fluoromet hyl - 5- net hyl - 1. 4- di hvdr oqui noxal i ne-2. 3-di one 355 m of a 15%

titaniumtrichloride solution in aqueous hydrochloric acid are dissolved in
850 nm ofComasitioar(10,080tabllets)f acet one under a nitrogen atnosphere at

Olerr]C. Ausobuti of ?Srbfﬂgb (110.8 mmol ) of et hyl
N- ( 2- net hy '—égkn#‘%&r?%!t&trl ['udr onet hyl phenyl ) oxamate in 1.71 of acetone is
sl owl y addst¥sgropwi se. The resulting violet solution is 809Pr&8d at Q[err]C

for 16 hqagisto starch ' o _ 3520 g -40 -  15%
titaniumgtrichloride solution in aqueous hydrochloric acid_is then added

until, aceRrd ng to 1H NMR anal ysis, starting materi al vvasa'Psﬁc] no | onger
det ect ablale The reaction m xture is filtered off on a sucédongfilter, the

filtrate . d and the deposited solid is filte ff again on a
igrERllitRebdle 50,8

suction fIT . > ude product is washed with dilute hloric acid
and wat erSilicer{bighlvtdispersgipound i s obtained as a white sol i 8-OM8(ES+): 245
(MtH) + [ ofhdddt NVR (200 MHz, DMBO-d[err]): [err] = 12.1 (s,q_gl_l—l), 11.5 (s,
NH), 7.30 (s, 1H), 7.28 (s, 1H), 2.40 (s, 3H).

The active ingredient is mixed with the lactose and 292 g of potato starch, and the mixture is

moistened with an ethanolic solution of the gelatin and granulated through a sieve. After

drying, the remainder of the potato starch, the magnesium stearate, the talc and the silica

are admixed and the mixture is compressed to give tablets of weight 145.0 mg each and

50.0 mg active ingredient content, which, if desired, can be provided with breaking notches

for finer adjustment of the dose.

Example 28: A sterile-filtered aqueous gelatin solution with 20% cyclodextrins as solubilizer,
comprising 3 mg of N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-
amino(isopropyl)phosphonic acid each or a salt, e.g. the hydrobromide, thereof as active
ingredient is mixed with warming with a sterile gelatin solution, which as preservative
contains phenol, under aseptic conditions such that 1.0 mi of solution has the following
composition:



Exanpl e 27: Tablets each conprising 50 my of N-(2,3-dioxo-7-nitro-1, 2,3, 4-
t et rahydr oqui noxal i n-5-yl nmet hyl ) - a- am no(i sopropyl ) phosphonic acid or a

salt, e.g. the hydrobronide, thereof can ﬂe prepared as foll ows:
Conposition (10,000 tablets) Active i ng'r% 1 ent 500.0 g Lactose
500.0 g Potato starch

352.0 g Gelatin

8.0 g Talc

60.0 g Mafelivsiingredientr at e 3 mg
10.0 g Si k| (highly disperse)

20.0 g Et (elefin 1500 mg

g.s. ThBherdlj ve ingredient is mxed with the | actose and4279'2‘gg of potato
starch, apit.tiweerwitt 20% cySlodextrfriseizagbluilizBr an et hanol i ¢ sol utg aip of the

gelatin and granul ated through a sieve.- After drying, the remainder of the
potato starch, the nagnesium stearate, the talc and the silica are adm xed

and t he nExample 29sForthp pespreation®f gistarile diyl stbstante Miirgé&tiomﬂgorﬁprmgeaguidg andh
0.0 1 . . ; ont : : : . i
T T

br eaki ng notch neradj ustne _ le 28: A
st eri | e- f amingfiseprappilpbosphpsicadichorsmsalt, iedh tha hysdrolyomides theseof Srme of ene of the

sol ubi | | Zggmp&SRiERof fHe temiuldY mightioned in the pr_ecedin? examples is di?]solved as active
N-(2,3-dioxo-7-nitro-1, 2,3, 4-tetrahydroqui noxal i n-S,-YI net c,yl )-a-

ani no(i sofreessiant %b%ﬁffm BAuRAUg seltien with 204mg of mannjtol and-208% syelpdextiingas

t her eof agoldlilizer STHe €l RIDNGS btetife-fiereelany filled WRHER ax@pti¢ EdhdRtionb &itb ke @El ati n

sol ution, _which .a reservati cont aj ns. phenol nder. _asept.ic, condijtions
such t hat *iPPBSIR iNBReuR RRoPa AN fropRiest BRIdRRne tae HBRElsts f dissnadit 1 i3t
-41 - distilledavatergreidinkoftphysiological saline solution. The solution is administered

3 nmg Cel
150. 0 nmg Phnen
4.7 ny Di injectiomempovles.h 20% cycl.odextrins as sol ubilizer 1.0 m
Exanpl e 29: For the preparation of a sterile dry substance for injection,
conprising 5 each of : . i

N- (2, 3- i Bxameie.30; Foy the preparmtionaf [} 4090 RILaTsCHaBIe, RRMRYFNa 100 mg each

of N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-a-
amino(isopropylphosphonic acid or a salt, e.g. the hydrobromide, thereof, can be prepared

%%ﬁ\gﬁcularly or intravenously. This formulation can also be dispensed in double-chamber

- as follows:

Active ingredient 1000 g
Cornstarch 680 g
Colioidal silicic acid 200 ¢
Magnesium stearate 20 g
Stearic acid 50 g
Sodium carboxymethylistarch - 250 ¢
Water g.s.

A mixture of one of the compounds of the formula | mentioned in the preceding examples as
active ingredient, 50 g of comnstarch and the colloidal silicic acid is processed with a starch
paste from 250 g of cornstarch and 2.2 kg of demineralized water to give a moist mass. This
is forced through a sieve of 3 mm mesh width and dried at 45°C for 30 minutes in a fluidized
bed dryer. The dried granules are pressed through a sieve of 1 mm mesh width, mixed with



am no( i sopropyl ) phosphonic acid or a salt, e.g. the hydrobrom de, thereof 5
ng of one of the conpounds of the forrmula I nentioned in the preceding
exanpl es is dissolved as active ingredtﬁgg in 1 m of an aqueous sol ution
with 20 ng of mannitol and 20% cycl odextftins as solubilizer. The solution
i.s sterile-filtered and filled under aseptic conditions into a 2 m

anpoul e, |, \v i A ) : ilisate is
i Ssol ved Heigady HefREinBRep tEnint SRS dr S8 o gfesiefrth fadsieSiuby slate, 2

sol ut i on stepwie asidl and; sediumscariexymesihvistarehiandicampsessed o give slightly chived dallets.
This fornulation can al so be di spensed in doubl e-chanber injection

| es. Ex le 30: For th ti f i 10,000 | d
? ggfgt gs Eég_mggg?gﬁﬂga Mnﬁgé@dﬁp ][tg hat described in E)S(z:lrgazles 27 to 30, further .
N- (2, 3- diph¥fmacentiéal prebafatidnd chmprigiiy Bhetter cumisunt -ateordingtid vhe oRExamples 1
anlno(lsgggggéékgho%Pq%glc acid or a salt, e.g. the hydrobrom de, thereof,

can be p "8 T Bws : Acti ve ‘i ngredi ent

1000 g Cornstarch

680 g Colloidal silicic acid 200
g Magnesi um stearate 20 g
Stearic acid 50

Sodi um car boxynet hyl starch : ' 250 ¢
Wt er ' g.s.

A m xture of one of the conpounds of the formula |I nentioned in the
precedi ng exanples as active ingredient, 50 g of cornstarch and the
colloidal silicic acid is processed with a starch paste from 250 g of
cornstarch and 2.2 kg of demi neralized water to give a noist mass. This is
forced through a sieve of 3 nmnmesh width and dried at 45[err]C for 30
mnutes in a fluidized bed dryer. The dried granules are pressed through a
sieve of 1 nmmesh width, mxed with

-42 - a previously sieved mxture (1 mmsieve) of 330 g of cornstarch,
magnesi um stearate, stearic acid and sodi um car boxynet hyl starch and
conpressed to give slightly curved tablets. Exanpl e 31: In a manner

anal ogous to that described in Exanples 27 to 30, further pharnaceuti cal
preparations conprising anot her conpound according to one of Exanples 1 to
26 can be prepared.



WHAT IS CLAIMED IS: 1. A conpound of the forwlM/—in
which Rl err] is hydroxyl or an aliphatic, araliph mat1 ¢ radical,

X is a divalent aliphatic, cycloaliphat%& cycloall a L

aral i phatic, heteroarylaliphatic or aro i c radic M\\S“gﬁgam or an
al'iphatic or araliphatic radical, alk is |lower alk R4 and RS
| ndepende her are hydrogen, | ower aIkyI hal ogen,
trlfluorog@%§§$§C£ﬁgﬁgﬁg$ nitro, with the proviso that al) R err] is other
than nitro when X is nethyl ene, 3-hydroxybenzylidene, 3-nethoxybenzylidene,
3 pyri dyl qephushipefind 8f helismtula pxoet hyl ene, et hylidene, 1,3-propylene,

, 3-(1 -carboxy)propyl ene, cyclopropylene or 1,4-butylene, Rerr] is
hydroxyl alk is nethylené)and Rleg], Rerr] and R err] are hydrogen, or
when X is methyl ene, RO |s nevﬁ% or benzyl, alk is nethylene and R2,
R3 and R5 are hydrogeglB \IS butylene, R err] is hydroxyl, alk is
net hyl ene, Rerr] is 1 hyl and F{éﬂk] nd R err] are hydrogen and bl)
Rlerr] is other than brom ne when 2 t hpl ene or ethylldqn , Rlerr] is
hydroxyl, alk is nmethylene a ) an 5 are hydrogen, or a salt
t her eof . 2. A conpound accordi clagm 11, in which Rerr] is hydroxyl,
| ower al kyl, lower alkenyl, phe ar®yl, naphthyl -1 ower al kyl,
phenyl or naphthyl X is |ower® 1 | ower al kylidene, oxo-I|ower
al kyl ene, oxo-IOmer al kenyl ene, pof¥hal o- | ower al kylidene, carboxy-I|ower
al kyl i dene, hydroxy-|ower al kylidene, |ower al koxy-Iower alkylidene, |ower
al kyl t hi oinwhieh al kyl i dene, 3- to 6-nmenbered cycl oal kyl ene, 3- to

R is hydroxyl or an aliphatic, araliphatic or aromatic radical,

X is a divalent aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, araliphatic, heteroarylaliphatic
or aromatic radical, _

Rz is hydrogen or an aliphatic or araliphatic radical,

alk is lower alkylidene and

Rs, R4 and Rs independently of one another are hydrogen, lower alkyl, halogen,
trifluoromethyl, cyano or nitro,

with the proviso that

a1) R, is other than nitro when X is methylene, 3-hydroxybenzylidene,
3-methoxybenzylidene, 3-pyridylmethylene, ethylene, oxoethylene, ethylidene,
1,3-propylene, 1,3-(1-carbbxy)propylene, cyclopropylene or 1,4-butylene, R, is hydroxyl, alk
is methylene and R, R; and Rs are hydrogen, or when X is methylene, R, is methyl or
benzyl, alk is methylene and R, R3 and Rs are hydrogen, or when X is butylene, R, is
hydroxyl, alk is methylene, R; is methyl and R; and Rs are hydrogen and

b1) R, is other than bromine when X is methylene or ethylidene, R, is hydroxyl, alk is
methylene and R, R; and Rs are hydrogen,

or a salt thereof. |

2. A compound according to claim 1, in which

R; is hydroxyl, lower alkyl, lower alkenyl, phenyl-lower alkyl, naphthyl-lower alkyl, pheny! or
naphthyl,

X is lower alkylene, lower alkylidene, oxo-lower alkylene, oxo-lower alkenylene, polyhalo-
lower alkylidene, carboxy-lower alkylidene, hydroxy-lower alkylidene, lower alkoxy-lower
alkylidene, lower alkylthio-lower alkylidene, 3- to 6-membered cycloalkylene, 3-to
6-membered cycloalkylidene, 3- to 6-membered benzocycloalkenylidene, 3- to 6-membered



6- menber ed cycl oal kyl i dene, 3- to 6-nenbered beniazygraarﬁéﬁyTTaéﬁé"3- to
6- menber ed cycl oal kyl -1 ower al kyl ene, 3

cycl oal kyl -1 ower al kyl i dene, phenyl-1lo Vel _al kyl ene um ME

al kyl ene, phenyl -1 ower al kyl i dene, pyrrolyl-lomer afkyﬂldené ury | ower
al kyl i dene, thienyl-Ilower alkylidene, pyridylyl-lower [sic] alkylidene,

henyl Y |,
bhenyl - | o0 aﬁﬁwgﬁé‘ﬁﬁﬁ"%?ﬁﬁ?ﬁ% R R cioeMiflondl Eikyiden fiien ?‘éﬁ?iﬁ t he
cyl oal ky|aémer[espgﬁ}nv'(e§@r'e enalkylenes gh eQWﬂqx‘éeéa"deqasnamlmr néy fusyle
[sic], cmswaéukwbeﬂhame?l-lmlaﬂ@h %bﬁh@l};ﬁlcmfeﬂdné]&i wdeﬁeownymnk»drl dene,

cycloalkyl h r alkylidene [sic], phenyl-1ower alkylene, phenyl(oxo)-Iower
al kyl ene™ @W\Afﬂ" | ower al kyl i dene furyl -1 ower al kyI i dene, thienyl-I| ower
alhkyl : dlermys hydrogsn, yowércaiiad, Iémrdlkaiykphet?(w{mvermr?ﬂ repbthyRiapiet alkylene,

Cubst i ¢ uribre e et Bk Yoah AR Ik SeicaRSlifer yTEBAd o b Bihed”

trifl uor myisalisylene@sicll eyolnalieylidgrecoricydoalkenydidens, Icacloglk)dﬁtbwm aligylidens, car boxyl ,
| ower al @MSRYIQB\M ané\gﬁéﬁéﬁfby' phaRfLSWeHRfidhe, ahg'?})'@x e)QWFr élk)héﬂ% gﬁ?ﬁ'yland

R3, R4 a ndepen one anot her” are rog ower
hal ogen, wwa‘%ﬁmﬂwwowewmdsm thigpy-lowsr asmawe pmdywower [sic] A

conmpound NEMHaérH, aaeﬁyverfd ﬁbﬁhtﬁylelhé‘ ﬁﬁbh)ﬂfbvﬁir&zn ah@nﬁpﬁiﬁ yloWer alkyl radicals

I | kyl ,
SEAIRE AT TRACT Ry %ﬁrakaﬁwqﬁal BRG PhBPSHYe hisdrows. Raidgin,
d e[) r]- C[tﬂiludrahhtytyledeloweualhylammmetomr alka?]mmarﬁli]almtrdta,%darmwyl fweri ght - chain
as e ene
8>r<o gng%%x%%éérlyl &J"g@l gﬁ{bg |t3|ugr 1 -oxoet hg;l ene or 1
- oxoprop;ﬂllelsdqwmaﬂmmﬂmei}mt[ err] aI kenyl ene, such as 1 -oxoprop-2- enyl ene
or 1- OXOt]#'a,Rzaﬁ@ﬂsﬁiﬁpeﬁéérﬁxgrén&%tﬁbﬁre hg&%ﬁ&?qoﬁreaﬂly I'Eid'ij’eh] al kyl ene,

such as, in partic ene , yl T dene,
2, 2-pr opyiriflugseraetsyl, EY@I‘O—QM!“WH dene, polyhalo- CJerr]-(er r] aI kyl i dene, such

as, 1in pagrtd saltltRéreoR, 2, 2-trifl uoroet hyl i dene,
carboxy-Cerr]-(err] aI kyl i dene, such as carboxynet hyl ene,

hydroxy-Clerr]-C err]al kyli dene, such as 3-hydroxypropylidene or
4- hydr oxymwtgdmphund,aceerdmmchmrtbememmycl oal kyl ene, such as cycl opropyl ene

or 1,2-cyg Q ar&@[&.cﬁ%%uﬁﬁ thyF gr Bqtgll gﬁérﬂ;yy ngé@eﬁﬁyl S PasBenzyl, or

cyclopropyll exyI ene,
benzocycl|Rb@M¥enyl i dene such as indan-2, 2-ylidene,

pheny |2( OEOk'sl‘ﬁ[a t-théih OF blankked GP@AI%&? buclP4e hreﬁvg[énbaﬁ Y r11ﬁ<1>th§‘lene strralgéllt-c ol
e AR RS 2SRt bl S o Dok Sict By ot o
by [ er r |paticutar] Bbkgsthylenecdr ‘aexmﬁy}éne, &@Cg-mﬂkeﬂylldmL kachyas Hogdpraps-2-

et oY AR YL RS Mg 2 RS0 S e TSRS g, AR TR 1 70

- { er r |pagjcyiar] raethyleam' hi-ethylidénead, 1d pnemegrbayhdnoe or1 1-buty||dene polyhalo-

C[ err] - A Ld fiylidehey 56 40 in particular, 2,2,2-triflucroethylidene, carboxy-C4-Caalkylidene,
such as carboxymethylene, hydroxy-C,-C,alkylidene, such as 3-hydroxypropylidene or
4-hydroxybutylidene, 3- to 6-membered cycloalkylene, such as cyclopropylene or
1,2-cyclohexylene, 3- to 6-membered cycloalkylidene, such as cyclopropylidene or
cyclohexylidene, 3- to 6-membered benzocycloalkenylidene, such as indan-2,2-ylidene,

a phenyl(oxo)-C,-C,alkylene radical, such as flacuna] 1-oxo-2-phenylethylene radical, or
phenyl-C,-C,alkylidene radical, such as [lacuna] benzylidene radical, which is unsubstituted
or substituted by C;-C,alkyl, such as methyl, C,-C,alkoxy, such as methoxy, phenoxy,
hydroxyl, halogen of atomic number up to and including 35, such as fluorine, chlorine or
bromine, trifluoromethyl, di-C,-C,alkylamino, such as dimethylamino, C:-C,alkanoylamino,



45 such as acetylanino, nitro, carboxyl, (err]-Cerr]al koxycar bon I,
such as net hoxycar bonyl, or ethoxycarbonyl carba I
pyrrolyl-Clerr]-Clerr]al kylidene, such afcﬁ pyrrol ymﬂlmnﬂlﬂ ||Hﬂmmll
furyl-Clerr]-Clerr]al kylidene, such as TUfyl methylent, ¢ *
thienyl-Clerr]-Cerr]al kylidene, such as thienyl nethylene, or phenyl ene,

Sopr opyt LA EMarnG: fio, GeOyE L oA ECH oo mEbBYcarlthGR Rt
Unsubstit ethewo@rb@ubgarbambamr@yam.]pyc;plukéi Gualyiidens, SHOmaS it hy|
Jerr]-C @fﬁdé Héﬂrglénesfdﬁlc'%‘fm?ﬁtlmh& sdau%qesaplmethﬁéﬁa%ewl-cammkgndauaber up

to and in orine, l'orine or bromn
trifl uor oRAAH '%VWY‘%B "yeOFerr] C[ err] al koxycar bonyI such as

net hoxycanpmwdr gar@acwkngwﬁgg m‘étﬁgﬂoethﬂ' opﬂ,ié‘ép Idﬂshtydene such as

G or 51 " EheiviBrCeatin, gich 28 henpy WiiGh 'san%yﬁstxtftﬁaeaﬁ@ﬁs?ﬁ?efg'&%a AIREACD

to and i na$ methy) G35C,alikoxy) sash as methaxy, lydrésod) hatogen tof afokmc)nmnbelh;d to angdano or
nitro, { L ' i n which
e} iRyt PR muord, oY Mng SALLRRR il iy 0
such as net- @ﬁl@wca@pnxu $L!!:Bm§ ,methexycarpenyl] carbamoyla %W@)ﬂ i dene or

1, 1-butyl hﬂqglg,_c%mﬁagﬁg sggﬁhgﬁlgeth{,@ng%g C[err] Clerr]al kyl ene, such as
et hyl ene, - but yl ene, oxo- C2- C4al kyI ene,

such as 1R 3@6@&’@4‘@?’@9695%'3' QJPGEFGBW&H'@ hVS"'OQRS' E1-fruliod, sugh @saethylioy| ene,

such as cgmyp paamh] éMoMic number Uped ahe ifcluding, 35) such ad ehibrinedHiraihe,
cycl oal ky| i.dene ch as oy ﬁ'l opropylidene or cycl ohexylidene, R err] i's

hydr ogen” B 8131“'] -EYRPT Pt such as methyl, ethyl, propyl, isopropyl or

butyl, al &ra salChereof.- C[err] aI kyI | dene, such as net hyl ene or 1, 1- et hyl ene,

and Rlerr], Rerr] and R err] independently of one another are hydrogen,

Cerr]- C[err]al kyl, such as nethyl or ethyl, [lacuna] of atom c nunmber . up

to and |nélﬁ90mgowa®9tdmga@%lfb1r imwhish brom ne, trifluoronethyl, cyano or

nitro, orpa xphereof 5. A conpound according to claim 1 I n which
h droxy

err] is strai ght - cha br anched err | i dene,
coeh ns név%wteqh@m ISR o CRLIARBR B a8 el viant Sviapnd. dtmlens: 14 or

, 1-butyl i d,eﬁm'opﬁiﬂéﬂe oht, 1£Hilqmderﬁnf straght;dmh 6 leran¢hed G+Clalitylenlepsuch ssuch as
et hyl ene, F&\Méne,g‘{)% r3| :? Epﬂleﬁg% 4- 0r41 z%ﬁly?En% 9)‘(3 &ﬁ)nﬁkylg’ne tsBcP?aém ber ed

cycl oal kyl'e
1-oxoethylene or 1-oxopropylene, 3- to 6-membered cycloalkylene, such as cyclopropylene

or 1,2-cyclohexylene, or 3- to 6-membered cycloalkylidene, such as cyclopropylidene or
cyclohexylidene, :
Rz is hydrogen or Cy-Cjalkyl, such as methyl, ethyl, propyl, isopropyl or butyl,
alk is Cy-Calkylidene, such as methylene or 1,1-ethylene, and
Rs, R4 and Rs independently of one another are hydrogen, Cs-C,alkyl, such as methyl or
ethyl, flacuna] of atomic number up to and including 35, such as chlorine or bromine,
- trifluoromethyl, cyano or nitro, '
or a salt thereof.

5. A compound according to claim 1, in which

R, is hydroxyl,

straight-chain or branched C1-C4a|kyhdene, such as methylene, ethylidene, ethylene, 1,1-or
2,2-propylidene or 1,1-butylidene, straight-chain or branched C,;-C,alkylene, such as
ethylene, 1,2- or 1,3-propylene, 1,4- or 1,2-butylene, 3- to 6-membered cycloalkylene, such



-46 - as cyclopropylene or 1 ,2-cyclohexylene, or 3- to 6-nenbered

cycl oal kyl i dene, such as cycl opropyl i dene or cy m' mﬁ err] is
hydrogen or Cferr]-Cferr]alkyl, such as_ pethyl, Hm" ,sopropyl or
butyl, alk is CJerr]Cerr]-al kylldene suth as rreth | éne,* Rser*] is
hydrogen Jerr]-Cerr]al kyl, such as net hyI or ethyl, [lacuna] of atomic

nb
(1T uor oge frdipdto @G&*Mo"ﬁ’élﬁ?‘? Kife B EH Bridibiib BYSoRBRcane, sungs
salt ther cmOprops@dew @@Yﬁbbﬂwhdemﬁ)r ding to claim1, selected from
| -
N-acety h\}akSq;éB &Oﬁﬂh%losdcha?srﬁeﬂ\yi %ﬂr?rﬁ?)’dﬁp%bm% Hhtyg di oxo. 1

yl met hyl )am ngnethyl phosphoni ¢ aci d N-(7-chloro-2

.2, 3, 4- t eBkIRCelrorflylidene, suph gs "WWW]I ) ami nomet hyl phosphoni ¢ aci d;
N-acet y! - Fh(s?nyfdhsgwpe?-caaw steh hs rﬁetﬁyl/brte i, Bmﬁ'fa?ﬂmtaﬁﬁ@ﬂlum&-up to and

ylzngt Zy![ éﬁ%ﬁm%%v‘ﬁﬂ %n@cv%m!\; 'ﬁ"'{’ﬁﬁiﬁ&ﬁ?ﬂ%’ﬁ'ﬁ%ﬂmsphom c acid;
N-acet yl - Rs aiid R reohyzirGge, 0x 0- 1

,2,3,4-te noxal i n- 5-yl nmet hyl ) ami noet hyl phosphonl c acid;
(R) N (7- %{%Qé’li’@%gé!i& I oxo-1 , 2,3, 4-tetrahydroqui noxal i n-5-yl met hyI) a-

(et hyl am no) et hyl phosphoni ¢ acid CGP79356; (S)-N-(7-nitro-2, 3-di oxo-1

23t )eérﬁbaﬁtbe&wM?é.ﬂagﬁroiﬂarh{mtsmdcieﬁmnﬁet hyl ani no) et hyl phosphoni c
aCI

, 2,3, 4-teblr NOéLP"ﬂB‘??ﬁ Aol 23 Arigtrghydroguing¥aini phosphoni ¢ aci d;
(S)-N-(7- AnietigamhomaMipHosphonic acid;

23l RSP EAREAS & oo s gy Phosphoni o aci

, 2,3, 4- teyln'wlﬂw»anmnnmmphospﬁembaadhyl) a- am noet hyl phosphoni ¢ aci d;
( S) -N-(7-

, 2,3, 4- tep %& gufﬂir?gég’l-slldﬁo? thé‘% hetﬁarydrogl#]n%%aél{lhyl phosphoni ¢ aci d;
N—(7 chl oylmethyBaminpomethylphosghanie ecldahydr oqui noxal i n-5-yl net hyl ) - a-
( rret hyI a”Nlei]se&B)Yd‘?J?\ﬂﬁPhQ@ &te@ﬁh?dro&hlﬁgxéllhlﬁoilﬁeﬁvyﬁ o e%ﬂﬂhn%no)ethylphosphomc

-t etraahydr.oqui noxal I n- )-a- (et hyl’am no)et hyl phosphoni c
aC| d _
-acetyl-N-(7-nitro-2,3-dioxo-1-,2,3,4-tetra‘hydroquinoxalin-s-ylm'ethyl)amihoethylphosphonic '

acid;

(R)-N-(7-nitro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-
(ethylamino)ethylphosphonic acid CGP79356;

(S)-N-(7-nitro-2,3-dioxo-1 ,2,3,4»-tetrahydroquinoxalin-s-ylmethyl)-a-
(ethylamino)ethylphosphonic acid;
(R)-N-(7-nitro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-aminoethylphosphonic
acid;
(S)-N-(7-nitro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-aminoethylphosphonic
acid;

(R)-N-(7-bromo-2,3- dIOX0-1 ,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-a-aminoethylphosphonic
acid;
(S)-N-(7-bromo-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-aminoethylphosphonic
acid;

N-(7-chloro-2,3-dioxo-1 ,2,3,4-tetrahydroquihoxalin-s-ylmethyl)-a-
(methylamino)ethylphosphonic acid;
N-(7-fluoro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-o.-
(ethylamino)ethylphosphonic acid;



N-(2,3-dioxo-7-nitro-1 , 2, 3, 4-tetrahydroqui noxal im=5=ytmethyt)-a-
(met hyl am no) et hyl phosphoni ¢ aci d; :
N-(2,3-dioxo-7-nitro-1, 2, 3, 4-t et rahydr oqw' noxal i n- HI“MHI"‘"'HMIH‘HH hyl pho
sphoni¢c acid; N-(2,3-dioxo-7-nitro-1 ~7° * ¢ L M s =*

, 2,3, 4-tetrahydroqui noxal i n-5-yl nmet hyl)-a- (ethyl am no)met hyl phosphonic

aC| d, N (ﬁr‘%’)a %%'Zﬁosp 41_18“3%;6 éq&r?&aﬁﬁ%%rﬂ&%l?&xal I n-5-yl net hyl ) - a-

(et hyI am
N- (2, 3- du@)@shvxaminp)qthmt@sghmm e@d,ahydr oqui noxal i n-5-yl met hyl )-[err]-ani nopr

opyI phos F’N—gﬁ BCiGHo- 'ﬂ-mtrfd 2,3,4- tetrah %qu dnoxalm-5 Oy ?thxl)ammomettwlphosphomc acid;

,3-di o -nit roqui n am nophenyl|
phosphonl - (a,ér(ﬂoxq\i pitrot, %ﬁ*ﬁ‘- ‘2"3 yﬂrggg.gn%alm-s-ylmethy -0
, 2, 3, 4-t efe ﬁmtwﬁispﬁorﬁcyhaet hyl) -a-am nobenzyl phosphoni ¢ aci d;
N—(? bro

et hyl but"@ﬁ SR PO 23 4 e sy agyia: Y Tt Y1) - a-am no-3-
bgng foie@ﬂawmmmmwphosmnwlam hyl') - a am no- [err]
NS uor SRS PRARL o 8(H-Giraldrdo i SRR 2y S R dmineropyiposehonic agic:

N- ( 7- br onﬁHa,33:l|onaZ<-mtrp-1 2,3 4-tetrahydroqumoxalln-5-ylmethyl)-2-am|nophenylphosphomc acid;
, 2,3, 4-t eyl . . Wols
9N ﬁJB &\é&ﬁlﬂ &IS%@H '2*1{ 5}& ﬁ&&&bhoﬁaliﬂy d\?loqu y& ngﬂf}hﬁhotéﬁl?/ i,

d| et hyl N— | 0XO0- /- - 4-tetra oxa
ani nobenz%ﬂ'%hosphonate N-(2 3-di oxo-7-nitro-1

, 2,3, 4-1 ey ?-deiﬁ@-Q@-dl@X@'l 218, 6t aﬁ?@ﬂgbl}\oﬁallﬁm-y’lﬁreﬂ'@l)-a-amlno-&

hydroxybenz‘é‘N g{;’ ni c acl a; N di oxo-7-nitro-1
2,3, 4-t NP g’i’@? 2995 yI net hyl ) - a- ami no(i sopr opy! )phosphom c acid;
N- (2, 3- di NXD-bromo-213adidxd21,2,3}4-tattahgdinpduinoxalinebegimethyl-o-amiricdd ) - 4- am nobenzyl

phOSphon'l?en%ﬁl'o%{eﬂt&{ﬂ{b%gﬁ?r[l&\l'aéa 3-dioxo-7-nitro-1

2,3,4-t | met hyl ) ani no] cycl opr opyl phosphoni c aci d;
N- (2, 3- di Nx(6-brome-2;3edigxo- 2,,2$,41rtet@hvmuingv@pjmrﬁa)dmethvl)sx-gmmsvpuwlmosphomc
rrethyl ammcglsopropyl)phosphomc acid; trans-2-[N-(2,3-dioxo-7-nitro-1

, 2,3, 4-tetrahydroqui noxal i n-5- yl met hyI ) am no] cycl opr opyl phosPhonl c acid;
N- ( 2. 3- di ¥x{Gbrame-2,3.digxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-aminopropylphosphonic

, 2, 3, 4- t eddigghydr oqui noxal i n-5-yl met hyl ) - a- ani no- (3, 4, 5-
tr2I gezh?eqﬁéxﬁr(%gtﬁ)‘?&yw R 1?9(1&8{};’4 ; B%Qnogﬁﬁi%'é’i}hétbﬂg%yl nmet hyl phosphoni ¢
aci d; aminobenzylphosphonate; - 48 -
~ N-(2,3-dioxo-7-nitro-1 ,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-amino-(3-

hydroxybenzyl)phosphonic acid;
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-amino(isopropyl)phosphonic
acid;
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-4-aminobenzylphosphonic acid;
trans-2-[N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-
yimethyl)amino]cyclopropylphosphonic acid;
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-
methylamino(isopropyl)phosphonic acid;
trans-2-[N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-
yimethyl)amino]cyclopropyiphosphonic acid;
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-amino-(3,4,5-
trimethoxybenzyl)phosphonic acid;
N-(2,3-dioxo-7-nitro-1,2,3,4- tetrahydroqumoxalm-s-ylmethyl)-a-
aminocyclohexylmethylphosphonic acid; -



N-(2,3-dioxo-7-nitro-1

, 2, 3, 4-tetrahydroqui noxal i n-5-yl met hyl ) - a-am no-n I ' cid;
N-(2 3-dioxo-7-nitro-1 , 2,3, 4-tetrahydroqui noxal i ;lumlmlllmmﬂﬂmlﬂﬂ m no- 3-
met hyl but yl phosphoni ¢ aC|d -48 - # C L K- s %
N-(2,3-di oxo-7-nitro-1, 2, 3, 4-t et rahydr oqui noxal i n-5-yl net hyl ) - a- am nobenzyl

phosphoni c e J 2..3-dj s(-pitro-.1 . . .
P3P b e Mot R Y EiefRisihifosalifyimetny)-c-amino-n-butyiphosphonic
t hi enyl ) neadigi phosphoni ¢ acid; N-(2,3-dioxo-7-nitro-1
,2,3,4-t et ]
met hoxycar bo n%gﬁ%’/ W@dgb%héoﬁ% %}‘“Plﬁ @@y @eﬁég-o%armn,? F30 1
, 2, 3, 4- t et MEHW| '¢ﬂ0|9r yl rret hyI ) -a-am no(4- carboxybenzyl ) phosphonic
acid; N 2N3(2@-dl6)€b '7hﬂid—f Q;i?4—tetrahydroqu1noxahn-5-ylmet l)-a-amlnobenzylphosphonlc acid;

' 2,3, 4 tet& 2 LA rlj‘oxa n-4_£ ¥raHEc}ro&/u1?mxalm-rg-yrllgle{hyl)-ar-]één%g- g 2yl) phosphonie
acid: N(2f HRXR--nfifor 1.8:3¢4-t€
, 2'& ﬁ 4- 'lt)et nﬁwqﬁeﬂmphogpﬂdnr@&ndgl met hylhl) a-am nod_( 2- hy(iroxy 3-
n oni ¢, aGi d: -chlora-2, 3-djoxo-1 .
T 5o bt AR SIRRE Rt 23 EreyPhis e S imE S ambeoni ¢ aci o
N- (2, 3-di omth‘bxmarbmybenzmbhaspmrcaao)djroqui noxal i n- 5-yl nmet hyl ) - a- am no- 2-
pyrrol yl ”ENZE lﬁ%—ﬂﬂf@- zgtelhl'ﬁﬁé ﬁqtﬁtn%ﬂn g)ﬁl’h&?‘@n A-amino(4-

,2,3,4-tetr roqui noxa a- amno-
met hyl sul f &y P Swl)PBMFHGrﬂC@ acid; N-(2,3-dioxo-7-nitro-1

,2,3,4-tet Na(bm!.@;wmmai 2'3'43teY|Ja rbdd.a.oﬁnhisoywauwwamoaa-
met hyl prop'}/h%q hos on| aci d -nitro-2, 3-di oxo-1

. 2,3, 4-tet @‘%ﬂzﬂ %’P'?ﬁc'g yI rret hyl ) - 2 ami nophenyl phosphoni ¢ aci d:
N- ( 7-chl or N-(Z,SB’dlﬁbthX—thlh-1?,23.44tehﬁh}’c&bq1ﬂn©wuh45€y(mblhlyb-'&=afhmt(bwy&iro&y@m noet hyl
phosphoni c |
N-(7-fl uor@%&loﬁ%qngybohfsah@lc a‘f'%t r ahydr oqui noxal i n-5-yl met hyl ) - a- am noet hyl
phosphoni cNe@ichlore2Sedioxd-1 ﬂ,q%te;raby@nqunﬁoxalm150ylmethyl)-2-ammophenylphosphomc

, 2,3, 4- te}\é?%ydroqui noxal i n- 5- yI met hyl ) am norret hyl phosphi ni ¢ aci d;

P-rreth | - 3-di oxo-7-nitro- 234tetrahydrqu|noxaI|n5y|rrethy|) a-
am noet hy| NH3SoHexa-E-nitker 12.3.4- tetrah ydroquinoxalin-5-yimethyl)-a-amino-2-

P-benzyl - ( gyrfol Iﬂh@th?lpﬁoébr@m@'abc? 3, 4-t etrahydr oqui noxal i n-5-yl ) am nonet hanep
hosphi ni c

P- met hy| - (@%? r9ioxoy7-5itegr 1,23 Arterahydroquingxafin-FrimeibesmiRed3y | ) ani nonet hanep
hosphi ni c metr’dlsulfar(y‘iprwyl)pbeépribnntlamd; 1
N—2 (‘;’ f\' Eregﬂgﬂgdcgm-ﬂﬁ%ai b 3. Pte¥rh M SylinoxaliR B HRERYH AN B hyifroxy-2-

.2, 3, 4- t et mgihytreRyllPhespEPNIE A8y | net hyl ) - 2- phosphonoacet ani de;

N-(7-nitr ON -?mfb-@axu]ama 8,3%- kﬁhi;??&ﬂﬂ%hﬁ@%éﬁy@zﬁﬁﬁ&ﬁh@@mﬁo@&ﬁbﬁmIOr

753, 4t ot WAl sy 135 sbrdighyinasayiseyMethy rsaaingsthyiphosphonic aic

N-(7-fluoro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-a-aminoethylphosphonic acid;
P-benzyl-N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-
yimethyl)aminomethylphosphinic acid;
P-methyl-N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-o.-
aminoethylphosphinic acid;
P-benzyl-(7-nitro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-ylJaminomethanephosphinic acid;
P-methyl-(7-nitro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-ylJaminomethanephosphinic acid;
N-(7-nitro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-4-phosphonobutyramide;
N-(7-nitro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-2-phosphonoacetamide;
N-(7-nitro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-3-phosphonopropenoic acid
amide;




car boxam de; :
N- benzyl - N- (2, 3-di oxo-7-nitro-1, 2, 3, 4- tetrahydro ui_nox nonet hyl
phosphoni ¢ acid; N-benzyl-N-(7- br ono- 2, 3-di oxo-1 |U\ !‘“ﬁm‘“ “r

, 2,3, 4-tet rahydr oqui noxal i n-5-yl)am norreﬂﬂyl phos

N-benzyl N-(7-chl oro-2, 3-di oxo-1

N-2 bgnﬁyf e f;' i go%rolgl 15%[ #ﬂgiﬁt}{aﬁygpaqﬂ%g%lmé elpne?t?yrsoélpﬁosp%onémdan-z-

, 2,3, 4- tetcaﬂio)(dmmul noxal i n- 5-yl )-am nonet hyl phosphoni ¢ aci d;

N Denzy - eIy N 2. ymhvtonnquple S amnmstyehosehric g
N- (2, 3-di cb\kbenzyf-Nu Frhromo-2, Bdioxe-312% Zivjetrahydioquinakalin-Syaminemethylpsospioniset hy |
phosphonl GeRel d; (R -N-(7-nitro-2, 3-di oxo-1

, 2,3, 4- tetrahydro ui noxal i n-5- Irre hyl )-[err]-am nopropyl phosphoni ¢ aci d;
(S) N ( 7- AN-berzybNg7-ghloxer2 8- dloxo-1 234¥etrahydroqumoxalm- ~yl)aminomethylphosphonic

, 2, 3, 4-t etgcyhydr oqui noxal i n-5-yl met hyl) -[err] -am nopropyl phosphoni c aci d;
N- (2, 3-di
(2 O B PE S o Tduaroct 23 phshsraptinaiai Sy RS Rhespheri
N- (2, 3-di axcigk 7- n|tr01 .
ﬂ/izj ghgsgﬁon 35 3@{;834-3-% it -7, b%‘;&-{wph%&‘iéu%&& ih BLyiRBNYH- 3N hRABefane-
, 2,3, 4- tetphamfmnwldioxal i n-5-yl net hyl ) - a- ami no(pi peridi n-4- yl)phosphonic

aci d; N ( - 8lgiR%6-74idkd- '1(2314 tetrahydro umoxalm-5- Imethyl)-a-aminoethylphosphonic acid;
, 2,3, 4- tetrg% Hroqw noxal | n- 5- mg q - a- am%o fuwaa 2- yiphosp

yl net hyl )éﬁb@ldﬁm%zg«-gl@(o-NZ( ga_tr@h gqqmﬂ);thé Imethyl)-B-aminopropylphosphonic
, 2,3, 4- t etgeghydr oqui noxal i n- yI met hyl ) - a- am no- (2- net hoxy) et hyl phosphoni c
3. 3. a1 oS BN APIAAGSIT 128 B YPgUBOG Fapsthy) B-aminopropylphosphonic

cycl ohexylaeidayl phosphoni ¢ acid; N (2,3-dioxo-7-nitro-1

2,3, 4-1 eg\i ?‘%—9{098- 7:5]9&-‘?'1 é‘ﬁetYAHTB bR &y Ayl SRMPIyRIFRSPRGHR &oid;

acid;, N I 0XO0-

, 2,3, 4-t etN-éa#quertm-ala ih45etyahyétqqylnpxaiwrvmw‘bﬁm@n(mbmewren-&c| d;
N (2, 3- d| spﬂbﬁub%cﬂ! 2 3, 4-tetrahydr oqui noxal i n-5-yl net hyl ) - 2- am no- 2-
met hyl prow ni.c 3-dj 0x0-7-n

,2,3,4-te &Pga 'HE‘R r% %4éet{ﬁ(ﬂ¥€E99§>‘I"Px§" W%W‘W&H&%H'Bﬁﬁ"?ﬁ" i d;
N- (2, 3- di ghphosphoticacit; 2, 3, 4-t et rahydr oqui noxal i n-5-yl met hyl ) - 2- am noheptyl
phosphonl S } ; . T o

N- ( 2*!3@%“ g;%(o; nltr? 1,2 :i4 tetrahydroquinoxalin-5-ylmethyl)-o-amino(furan-2
2 3, 4- tewmpﬂ)nhqapmmqm 5-yl net hyl ) - 2- ami no- 3- phenoxypr opyl phosphoni ¢
aci d; N ( Ry olkRk870ifo 1103 tetrah lin-5-yimethyl)-a- 2-
, 2,3, 4- tetrgzhy I‘OQUIrI":OX&ﬁ)IS’I- ?tra r¥gr uwofglnesxwean%!)n%eaﬁn? |(ohosphon| c acid;
N- (2, 3- di GReIbaxy)sthylghosphonic acid!

, 2, 3, 4- t eiN-@3-dioR6-T-MDS-a |3, 314 JetyaHyatdtuinoxaline piydtayl)-2-aaiintyLphos phoni ¢
cyclohexylethylphosphonic acid;
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-B-aminoisopropylphosphonic
acid;
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-2-aminocyclohexylphosphonic
acid; _

N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-2-amino-2-
methyipropylphosphonic acid;
N-(2,3-dioxo-7-nitro-1,2,3,4- tetrahydroqumoxalm-5-y|methyl)-2-ammobutylphosphomc acid;
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-2-aminoheptylphosphonic acid;




acid; N-(2,3-dioxo-7-nitro-1 e ——

, 2,3, 4-tetrahydroqui noxal i n-5-yl net hyl ) -2-am no- 2 hosphoni c
acid; N-(2,3-dioxo-7-nitro-1 ""ﬂ”’”ﬁ"ﬂﬁ’ﬁ
, 2,3, 4-tetrahydroqui noxal i n-5-yl met hyl )=9@ami no- (2-*

met hoxyphenyl ) et hyl phosphonl c acid; N (2,3-dioxo-7-nitro-1

i o R e b 9 o

, 2, 3, 4- tebha’@@pmpwplmphbnin-a'&ldyl met-hyl ) - 2- am no- 2- phenyl et hyl phosphoni c
aci d; P-

S 4t R APk T L 2 e inkdBadinoxain-S-yimethyl)-2;ettwiaminaetyiphosphonic

acid; N-(2¢i8 di oxo-7-nitro-1

2, 3, 4-t e A R0 Rﬁw Bt BoRindxeind YRR thyl)-2- PRt Sy REPRSHIE C
DG Y8 P e

aC| d; N-( di oxo-
, 2,3, 4- te?ﬁ'&hydroqw noxal | n-5-yl met hyl )-2-am no-1 - (furan-2-
yl) et hyl PRO@EhgiBks-7aft sl zl‘ir L%t%hvumsgmaxdlmts ﬁnkthfrl)-z-zmino-zp-

,2,3,4-tetr ui noxal | 5-yl et hyl ) - 2- am no
fl uoropheWﬁ?‘éY q§ﬂ'i‘8§'ﬁl?8 c acid; N(2,3-dioxo-7-nitro-1

, 2, ﬁ 4- tﬁN—(&t&tdbm-mmtm(-aJZl,3)4&t5dhyﬂltoh§|<ji_h)»§a']ig$d¥ylmetHyI)—Z—émino—(Z-
met hox ' | ds. -7-nitro-1
.2, 3, fidd eﬁ%@@@%ﬁ@i@ﬁ%@" %‘r’g’{’ hyl §-2-am! ho-1 ? 3
met hoxyph eh@Lsfemwmpiacaﬂ{eetmydroqwnpzalm-sjvlmmmmmz_-@-
, 2,3,4-t dret hyl) - 2- 1 2-
chi oroph:nﬁ?%mﬂ%mr?g@hﬁéoﬂn@gﬁam d N}/()Z 3- Slmogg 7- nl(tro 1
,2,3,4-te @%{G‘P&Q{uTWF&(&J%Q:4@1WW6’(°H§PYX@WG§TWH@IW) -2-3mino-2-
toI yl)eth hmﬁﬁﬂmsﬁhamcdmdil -[(7-brono-2, 3-di oxo-1
, 2,3, 4-t hyd I th hosph d;
\- benzy| eh”* thy e ot D 2 S hahiodk g AR 2 AR Bt hy ) o
am noet hybp&m&hﬂmnsphmiochmdﬂ- benzyl - N- (7-chl oro- 2, 3-di oxo-1 _
30 A AS1 ot ST L < 261 o
, 2, 3, 4- t epheimyethylphdspbenrit @aids- yI net hyl ) - a- ami noet hyl phosphoni ¢ aci d;
N- ( /- cyanw.(% @di@k@-’ﬂhlt}o ?,vz,%,ﬁlTétPéh&éMgan%Iin@%lﬁ‘ie'tﬁiﬂ)@-!ﬂn%thﬁmanaz-am noet hyl p

hosphonl c acid
3,4-teV %3H¥'H? PWS)@&!dr n- 5 yI rret hyI ) - a- et hyl am noet hyl phosphoni ¢ aci d;
(R) N- ( 7- N-(2£3-dioxo-Taiithy-1 ;223 84atrahydroguinoxalin-5-ylmethyl)-2-amino-1-(4-

(é) BAf(;e%PWM%’}y@#@Yﬁ@SI I,N- %Gél%[get hyl ) -a- am noet hyl phosphoni ¢ aci d;

. 2,3, 4-t eN(@kgfdlpwafmmmz,3;4-5et;amé|tolqyinpxaim-5-ylmethyl)-2-am|no-1 -(4-
methoxyphenyl)ethylphosphonic acid;
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-2-amino-1-(3-
methoxyphenyl)ethylphosphonic acid;
N-(2,3-dioxo-7-nitro-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-2-amino-1-(2-
chlorophenyl)ethylphosphonic acid;
N-(2,3-dioxo-7-nitro-1,2,3 4-tetrahydroqumoxahn-5-y|methy|)-2-am|no- -(4-
tolyl)ethylphosphonic acid;
{1-{(7-bromo-2,3-dioxo-1 ,2,3,4-tetrahydroquinoxalin-5-y|methyl)amino]cyclopropyl}-
phosphonic acid;
N-benzyl-N-(7-bromo-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-
aminoethylphosphonic acid;
N-benzyl-N-(7-chloro-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-
aminoethylphosphonic acid and



am noet hyl phosphonic acid; (R -N(7-trifl uororret hym
, 2, 3, 4-tetrahydroqui noxal i n-5-yl nethyl)-a- (ethyl a m m/m honi ¢

aC|d N-(7-trifluoronethyl-2,3-dioxo-1 “w
, 2,3, 4-tetrahydroqui noxal i n-5-yl met hyl )= ?brr] (et hy phoni c
agld (S)-N-(7-trifluoronethyl-2,3-di oxo-1 _
oo O OB i S A Biod O U4 Prosehon
, 2, 3, 4- t eamirioethyiphospleonid aodd;5- yl net hyl ) -[err] - am nopropyl phosphoni ¢ aci d;
S)-N-(7-
(N Nl RN 1 2 S ohpirorale Yol P EANBOSHRIATS 3
N-(7-trif huarcyaeo-lﬂ;a-dlgxo}i 2, H4-tetmahydroquinoxalin-5-yimethyl)-a-ethylaminoethylphosphonic

, 2, 3, 4- t ehg; ?hydr oqw noxal I n-5-yl net hyl ) am nomet hyl - phosphonic acid, or a
salt t her eo onpound according to any one of clains 1 to 6 in free

formor i ﬁﬁ)aNﬁﬁ'&?fWﬁl‘%‘ERthﬂ?ﬂif glioge-d 23 éﬁe@atyarqquwﬂrr%wlmﬁ%yl)-w a process for
t he t her apgkidethyiphRspRENs add; t he human or ani mal body. 8. A

o e o AR SRR R m ore

cust omar yapimeﬂqdmbspmﬁcmh! uncts and carriers. 9. A process for the

\%iegﬁ-r. at | o) Q7 LRBRMERyIY 3-518%0-1% 84 18irdhydroquinoxalin-5-yimethyl)-£:E" F1 1N
(ethylamino)ethylphosphonic acid;
N-(7-trifluoromethyi-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)-B-
(ethylamino)ethylphosphonic acid;
(S)-N-~(7-trifluoromethyl-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-a-
(ethylamino)ethylphosphonic acid;
(R)-N-(7-trifluoromethyl-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-ylimethyl)--
aminopropylphosphonic acid;
(8)-N-(7-trifluoromethyl-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-yimethyl)-B-
aminopropylphosphonic acid;
N-(7-trifluoromethyl-2,3-dioxo-1,2,3,4-tetrahydroquinoxalin-5-ylmethyl)aminomethyl-
phosphonic acid,
or a salt thereof.

7. A compound according to any one of claims 1 to 6 in free form or in a pharmaceutically
acceptable salt form for use in a process for the therapeutic treatment of the human or _
animal body.

8. A pharmaceutical preparation comprising a compound according to any one of claims 1 to
7 or a pharmaceutically acceptable salt thereof in addition to customary pharmaceutical

adjuncts and carriers.

9. A process for the preparation of compounds of the formula |



Rlerr] is hydroxyl or an aliphatic, araliphatic or aromatic r adi cal, Xis a
dival ent aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, arallphatlc

het eroaryl ali phatic or aromatic radical, R2 is hydro Wﬁ—ph&t—l—e—or

aral iphatic radical, alk is |ower alkyl |%ne and R[err err|

i ndependent |y of one another are hydrogen, |ower alkyl m ,Eﬂ ﬂ ! l,
her

trifluoronethyl, cyano or nitro, with the proviso that

than nitro when X is | ene, 3.Fydroxybenzylidene, 3-methoxybenzylidene,
3= pyridyl met hyl ene, et hyl ene, ethylidene, 1, 3-propylene,
1,3-(1 -carboxy)propy §cl

I?yl ene or 1,4-butylene, Rerr] is
R err] and Rlerr] are hydrogen, or

&zyl alk i s methylene and
n, when X is butylene, Rerr] is

nbl] and Rlerr] and Rlerr] are
hydrogen and bl) Rlerr] is o] ro e when X is nethyl ene or

ethylidene, R err] is hydroxyl, alg is nmethylene and R err], R err] and
Rl err] are hydrogen, and their sdlts, which conprises detf@ghing, froma
conmpounds [sic] of the formula Il [err] Rierr] is
hydr ogen jghwhicHydr oxy protective group, Rerr] is a group R2 or an am no

tecti dth di dent | _
G 1 or ent RS VARG SoeUphale, BRI AR Al IR RIGK, | R err] . al k. Ro. Re and
RS are asX k4 divaldnt liphatic) dyciaaliphatid, epdloaliphgticaliphatif, edratliohaﬂuj hB{eeoarylakiphatie

hydr oxy p up RA which may be present and an am no protective
group RB é\/r#@ﬁ&h%%d%gﬂpresent and, if desired, in each case converting a

conpound Bbisdiydrogen ot an aliphatieor aliphaticdaditali he fornula |, separating an
i somner m %REISWQP&I@M@R& gn@ccording to the process into the
Rs, R;and Rs ihdependently of one another are hydrogen, lower alkyl, halogen,
trifluoromethyl, cyano or nitro,
with the proviso that
a1) R, is other than nitro when X is methylene, 3-hydroxybenzylidene,
3-methoxybenzylidene, 3-pyridylmethylene, ethylene, oxoethylene, ethylidene,
1,3-propylene, 1,3-(1-carboxy)propylene, cyclopropylene or 1,4-butylene, R, is hydroxyl, alk
is methylene and Ry, R; and Rs are hydrogen, or when X is methylene, R, is methyl or
benzyl, alk is methylene and R, R; and Rs are hydrogen, or when X is butylene, Ry is
hydroxyl, alk is methylene, Rz is methyl and R; and R;s are hydrogen and
b1) R, is other than bromine when X is methylene or ethylidene, R, is hydroxyl, alk is
methylene and R, R3 and Rs are hydrogen,

hydroxyl alk is nmethy ne and R §
when X is nmet hyl ene, Rl err] és

Rlerr], Rerr] and R err] ar®es
hydroxyl al k is nmethyl ene,

and their salts, which comprises detaching, from a compounds [sic] of the formula Il

R
R,-O II s B
P—X—N_
R; alk
o- (i,
T
s
R4 X N O-RD
RS

in which



conponents and separating off the preferred isonem«a—andLor

converting a free conpound obtai nabl e according t l"” into a salt
or a salt obtainable according to the process int ﬂlm"g;’ ”a’ g free
conpound. 10. The use of a conpound ac®3rding,;to*any one 4 l1to6
for the treatnent of pathol ogical conditions which respond to bl ockage of

eXci tatory o B el & & FdhBh brstecie Group Hicis ¥ SOS R, 8Mar? b et ot

S and the radicals Rc and Rp are identical or different hydroxy protective groups and R;, X, R,,
alk, Rs, R, and Rs are as defined, the hydroxy protective groups R¢ and Rp and a hydroxy
protective group Ra which may be present and an amino protective group Rg which may be
present '
and, if desired, in each case converting a compound obtained into another compound of the
formula 1, separating an isomer mixture obtainable according to the process into the
components and separating off the preférred isomer in each case and/or converting a free
compound obtainable according to the process into a salt or a salt obtainabie according to

the process into the corresponding free compound.

10. The use of a compound according to any one of claims 1 to 6 for the treatment of
pathological conditions which respond to blockage of excitatory amino acid receptors, or for
the production of a pharmaceutical intended therefor.



