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Description 

The present Invention is concerned with compounds of the formula I, 

ROJLA-Het 

bR' 
(I), 

10 wherein Rand R' Independently represent hydrogen, C1-C4alkyl, benzyl, benzyl substituted on phenyl by halo­
gen, C1-C4alkyl or C1-C4alkoxy, CrCralkanoyloxymethyl or CrCralkanoyloxymethyl substituted on oxymethyl 
by C1-C4alkyl or C:rC8cycloalkyl, A denotes C1-C4alkylene and Het represents a 2-R1-pyrrolldlnyl, 2-R1-2,5-
dihydropyrrolyl, 2-R'-1,2,3,6-telrahydropyridinyl, 2-R1-1,2,5,6-telrahydropyridlnyl, 2-R1-plperldlnyl, 2-R'-tet­
rahydroqulnollnyl, 2-R1-perhydroqulnolinyl, 2-R1-carboxy-2,3-dihydrolndolyl or 2-R1-perhydroindolyl group 

1s which may be additionally N-substituted by C1-C4alkyl, phenyl-C1-C4alkyl, Cx-Cralkanoyl, benzoyl, C1-

C4atkoxycarbonyl, benzyloxycarbonyl, phenylacetyl, 3-phenylpropionyl or a.-amino-Ci-C4alkyl, C-substituted in 
the heterocycllc 5- or 6-ring by C1-C4alkyl or phenyl-C1-C4alkyl and/or, If present, in the benzo or cyclohexano 
ring by C1-C4 alkyl, C1-C4alkoxy, halo or tritluoromethyl, and with salts thereof. 

The Instant invention is further concerned with processes for preparing said compounds, with pharmaceuU-
20 cal compositions comprising said compounds, and with their use for the manufacture of pharmaceutical compo­

sitions, especially for treating conditions and diseases in mammals responsive to blockade of the 
N-methyl-D-aspartate (NMDA) sensitive excitatory amino acid receptor. 

Phosphono-substiluted pyrrolldine- and piperidine-2-carboxylic acid derivative had previously been known 
from Chem. Pharm. Bull. 32, 3918-3925 (1984) and Chem. Abstr. 104: 69130a (1986). From GB-A1-

25 2, 104,0719 it had also been known that some 2-amlno-m-phosphono-alkanolc acids exhibit NMDA-antagonistlc 
activities. It has now been found that the compounds of the invention are active and useful In mammals as seleo-­
tive antagonists of the N-methyl-0-aspartate (NMDA) sensitive excitatory amino acid receptor. The compounds 
of the Invention are therefore useful, administered alone or in combination to mammals, for the treatment of 
disorders responsive to said blockade of the NMD/\ receptor, comprising e.g. cerebral lschaemla, muscular 

30 spasms (spastlclty), convulsive disorders (epilepsy) and anxiety. 

35 

One preferred aspect of the Invention relates to the phosphonic acid derivatives of the formula II 

(II) 

or a compound of formula II with a double bond present between C-3 and C-4 or between C-4 and C-5 of the 
plperidinyl ring, In which the phosphono bearing chain is attached at the 3-, 4-, or 5-posltlon of the piperidinyl 
or tetrahydropyridlnyl ring. and wherein R and R' independently represent hydrogen, C1-C4alkyl, benzyl, Cr 

45 C4alkanoyloxymethyl or CrC1alkanoyloxymethyl substituted on oxymethyl by C1-C4alkyl, cyclohexyl or cyc­
lopentyl, Rt represents carboxy, carbamoyl, N-mono- or N,N-dt-C1-C4alkylcarbamoyl or Ci-C4alkoxycarbonyl, 
R2 and R3 represent hydrogen or C1-C4alkyl and A represen~ C1-C4alkylene ; and salts thereof. 

Preferred are the compounds of formula II, wherefn Rand R' independenUy represent hydrogen, C1-C4al-
kanoyloxymethyl or CrC4-alkanoyloxymethyl substituted on oxymethyl by C1-C4alkyl, R1 represents carboxy, ~· 

so carbamoyl or C,-C4alkoxycarbonyl, R2 and R3 represent hydrogen and A is at the 4-position and represents 
C1-C4alkylene ; and phannaceutically acceptable salts thereof. 

Particularly preferred are the compounds of fonnula Ill Q 

5S 

2 
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(III) 
5 

10 wherein n represents the Integer 1, 2 or 3 ; R and R' Independently represent hydrogen, C1-C4alkyl, benzyl, 
Cz-C4alkanoyloxymethyl or CrC4-alkanoyloxymethyl substituted on oxymethyl by CrC4alkyl, R1 represents 
carboxy, C1-C4alkoxycarbonyl or carbamoyl and R2 represents hydrogen, C1-C4alkyl, CrC4alkanoyl orbenzoyl; 
and pharmaceutically acceptable salts of said compounds having a salt-forming functional grouping. 

Most preferred are the compounds of formula Ill wherein the 2- and 4-substituents are els to each other. 
0 15 Further preferred are the said compounds of formula Ill wherein n represents the Integer 1, 2 or 3 ; R and 

R' both represent hydrogen or CTC4alkanoyloxymethyl ; or one of Rand R' represents hydrogen and the other 
of R and R' represents ~-C4;Jlkyl, benzyl, Cz-C4alkanoyloxymethyl or Cz-C4alkanoyloxymethyl substituted on 
oxymethyl by C1-C4alkyl, R1 represents carboxy or ~-C4alkoxycarbonyl and R2 represents hydrogen ; and 
pharmaceutically acceptable salts thereof. 

20 A preferred embodiment relates to the compounds, preferably els, of formula Ill wherein n represents the 
\..../ Integer 1, 2 or 3 ; Rand R' represent hydrogen ; R1 represents carboxy or C1-C4atkoxycarbonyl ; 

R2 represents hydrogen ; and pharmaceutically acceptable salts thereof. 
Another aspect of the invention relates to the phosphonic acid derivatives of the formula IV 

25 

(IV) 
30 

orperhydro derivatives thereof, wherein Rand R' Independently represent hydrogen, C1~C4alkyl, benzyl, benzyl 
35 substituted on phenyl by halogen, C1-C4alkyl or C1-C4alkoxy ; CrC4alkanoyloxymethyl or CrC4alkanoyloxy­

methyl substituted o!l oxymethyl byCrC4alkyl orcycloalkyl, R1 represents carboxy, C,-C4alkoxycarbonyl, car­
bamoyl or N-mono- or N,N-dl-C1-C4alkylcarbamyl, R2 represents hydrogen, C1-C4alkyl, aryl.C,-C4alk'JI, 
CrC~lkanoyl, benzoyf, C1-C4alkoxycarbonyl, phenylacetyl, 3-phenylpropionyl or u-amlno-CrC4alkanoyl, R4 
represents hydrogen, lower alkyl, lower alkoxy, halogen or trifluoromethyl and A represents C1-C.ralkylene ; 

.fO and salts thereof. 

45 

50 

Preferred are the compounds of fonnula V 

(V) 

or the perhydroquinoline derivatives thereof wherein n represents the integer 1, 2 or 3 ; Rand R' independently 
represent hydrogen, C1-C4alkyl, benzyl, Ca-C4alkanoyloxymethyl or CrC4alkanoyloxymethyl substituted on 

55 oxymethyl by C1-C4alkyl, R1 represents carboxy, C,-C4alkoxycarbonyl or carbamoyl, R2 represents hydrogen, 
· C,-C4alkyl, CrC4alkanoyl, benzoyl or benzoyl substituted by C1-C4alkyl, by C1-C4alkoxy, by halogen or by trif­

luoromethyl ; and phannaceutically acceptable salts of said compounds having a salt-forming functional group­
ing. 

3 
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Most preferred are the compounds of formula V wherein the 2- and 4- substituents are cis to each other. 
!1'- preferred embodiment relates to the compounds, preferably els, of formula V and the perhydroquinoline 

derivatives thereof wherein n represents the Integer 1, 2 or 3 ; R and R' represent hydrogen ; R' represents 
carboxy or C1-C4alkoxycarbonyl, di-lower alkylamlno straight chain and R2 represents hydrogen ; and phar-

5 maceutically acceptable salts thereof. 
A further aspect of the invention relates to the phosphonic acid derivatives of the formula VI 

10 (VI) 

15 or a compound of formula VI with a double bond present between C-3 and C-4 of the pyrrolidinyl ring, wherein 
Rand R' Independently represent hydrogen, C1-C4alkyl, benzyl, benzyl substituted on phenyl by halogen, C1-

C4alkyl or C1-C4alkoxy ; CrC4alkanoyloxymethyl or CrC4alkanoyloxymethyl substituted on oxymethyl by C1-

C4alkyl or cycloalkyt, R1 represents carboxy, C,-C4alkoxycarbonyl, carbamoyl or N-mono- or 
N,N-dl-C1-C4-alkylcarbamoyl, R2 represents hydrogen, C1-C4alkyl, C:z-Cralkanoyl, benzoyl, C1-C4alkoxycar-

20 bonyl, phenylacetyl, 3-phenylproplonyl or a-amlno-CrC4alkanoyl, R3 represents hydrogen, C1-C4alkyl or aryl­
C,-C4alkyl and A represents C1-C4alkylene ; and salts thereof. 

Preferred are the compounds of formula VI wherein the phosphono bearing group is attached at the 3- or 
4-poslUon, Rand R' lndependendy represent hydrogen or C:rC4alkanoyloxymethyl, R' represents carboxy, C1-

C4alkoxycarbonyl or carbamoyl, R2 and R3 represent hydrogen and A represents C1-C3alkylene ; and phar-
26 maceutlcally acceptable salts ttiereof. 

The general definitions used herein have the following meaning In the context of the Invention. 
The tann "lower", when referred to hereinafter In connection with organic groups, radicals or compounds 

respectively, defines such with up to and including 7, preferably up to and Including 4 carbon atoms. 
C1-C,.Alkyl preferably represents for example ethyl, propyl, butyl or advantageously meth}i. 

ao C1-C,.Alkoxy preferably represents for example ethoxy, propoxy or advantageously methoxy. 
C:z-C7Alkanoyl preferably represents advantageously acetyl, propionyl, n-butyryl, lsobutyryl or pivaloyl. 
CrC,Alkanoyloxy represents advantageously acetoxy, proplonyloxy, n- or 1--butyryloxy or pivaloyloxy. 
Ca-C8Cycloalkyl contalns·preferably represents e.g. cyclohexyl or cyclopentyl. 
Halogen Is preferably ftuorine and chlorine, but may also represent bromine or iodine. 

35 Phenyl-C1-C4alkyl preferably represents benzyl or 2-phenylethyl. 
C1-C.cAlkoxycarbonyl contains 1 to 4 carbon atoms In the alkoxy portion and represents, for example, 

methoxycarbonyl, propoxycarbonyl, lsopropoxycarbonyl or advantageously ethoxycarbonyl. 
N-Mono-~-C4alkylcarbamoyl Is, for example, N-methylcarbamoyl, N-propylcarbamoyl or advantageously 

N-ethylcarbamoyl. "° N,N-Dl-CrC4alkylcarbamoyl represents, for example, N-N-dlmethyl-carbamoyl, N-ethyl-N-methylcar-
bamoyl and advantageously N,N-dlethyl-carbamoyl. 

Salts of the compounds of the Invention are preferably pharmaceutically acceptable salts, on the one hand 
metal or ammonium salts of the compounds of the invention having a free phosphonlc or carboxy group, more 
partlcular1y alkali or alkaline earth metal salts, e.g. the sodium, potassium, magnesium or calcium salt ; or 

45 advantageously crystalllzlng ammonium salts derived from ammonia or organic amines, such as methylamine, 
dlethylamlne, biethylamine, dlcyclohexylamine, trlethanolamine, ethylenediamlne, trls-(hydroxymethyl)amino­
methane or benzyltrimethylammonlum hydroxide. On the other hand the compounds of the Invention which are 
basic amlnesfonn acid additfon salts of preferably phannaceutlcally ac.ceptable Inorganic or organic acids, such 
as of strong mineral acids, for example hydrohalic, e.g. hydrochloric or hydrobromic acid ; sulfuric, phosphoric 

so or nlbic acid : aliphatic or aromatic carboxylic or sulfonic acids, e.g. acetic, propionic, succlnic, glycolic, lactic, 
mallc, tartaric, gluconic, citric, ascorbic, malelc, fumaric, pyruvic, pamoic, nicotlnic, methanesulfdnic, ethanesul­
fonlc, hydroxyethanesulfonic, benzenesulfonic, p-toluenesulfonlc or naphlhalenesulfonlc acid. 

For isolation or purification purposes, salts may be obtained which might not be useful for phannaceutical 
purposes. However, only phannaceutlcally acceptable salts are used for therapeutic purposes and these salts, 

65 therefore, are preferred. 
The compounds of the Invention exhibit valuable phannacologlcal properties, e.g. by selectively blocking 

the N-mathyl-D-aspartate sensitive excitatory amlnoacld receptors In mammals. The compounds are thus use­
ful for treating diseases responsive to excitatory amino acid blockade In mammals, comprising e.g. nervous 
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system disorders, particularly convulsive disorders (epilepsy) and anxiety. 
These effects are demonstrable In in vitro tests or in vivo animal tests using advantageously mammals or 

tls!Sues or enzyme preparations thereof, e.g. mice, rats, or monkeys. Said compounds can be administered to 
them enterally or parenterally, advantageously orally or transdermally, or subcutaneously, intravenously or 

s lntraperitoneally, for example, within gelatin capsules, or in the form of aqueous suspensions or solutions, re­
spectively. The applied In vivo dosage may range between about 0.01 to ·100 mg/kg, preferably between about 
0.05 and 50 mg/kg, advantageously between about 0.1 and 10 mg/kg. Said compounds can be applied In vitro 
In the form of e.g. aqueous solutions and the dosage may range between about 1 <>-'molar and 10-S molar con­
centrations. 

10 The Inhibitory effect on the NM DA-type excitatory amino acid receptors is determined in vitro by measuring 
the Inhibition of the NMDA-evoked 3H-acetylcholine (3H-ACh) release from corpus striatum tissue of rat brain, 
according to J. Lehmann and B. Scatton, Brain Research 252, 77-89 (1982) and Nature 297, 422-424 (1982). 

Antagonists of NMDA-type excitatory amino acid receptors competitively antagoniZeNMDA-evoked 3H­
acetylchollne (3H-ACh) release from corpus stria tum tissue of the brain. 

15 The lnhlblUon of the NMDA-evoked 'H-acetylcholine· (3H-ACh) release from rat sbiatal tissue slices by a 
compound of the Invention is expressed as% ofrelease of3H-ACh In response to stimulation. with 50 µM NMDA 
compared to control. Tests are two-tailed with a minimum of n = 4 In each group. IC60 values represent the con­
centraUon of test compound required to Inhibit the NM DA-Increased 3H-ACh release by 50%. 

Illustrative compounds of the invention have ICso-values as low as about 8 x 10-SM In the in vitro NMDA-
20 evoked 3H-ACh release test 

V The Inhibitory effect on the NMDA-type excitatory amino acid receptors Is demonstrated In vivo by Inhibition 
of NMDA-lnduced convulsions In the mouse. 

Illustrative compounds of the invention prevent NMDA-induced convulsions In the mouse at doses as low 
as about 2.3 mg/kg l.p. 

26 Further Indicative of the antlconvulsant activity, compounds of the Invention are effective in preventing au-
dlogenlc-induced seizures In DBA/2 mice [Chapman et al., Arzneim. -Forsch.34; 1261, (1984)). 

The effect Is determined as follows : Forty-five minutes following compound or vehicle administration, mice 
are pf aced Individually In a soundproof chamber. After a 30 second accommodation period, the mice are exp­
osed to a sound stlmulatlon of 110 dB for 1 minute or until the appearance of a tonic-clonlc seizure. Control 

30 seizures consist of an Initial wild running phase. The prevention of wild running Is indicative of an anticonvulsant 
effect. 

Test compounds in eltherdistllled water solution or in a 3% (w/v) colloidal cornstarch suspension containing 
5% (w/v) polyethylene-glycol 400 and 0.34% (w/v) Tween 80®, are administered by oral intubation or intraperl­
toneally In a volume of 10 ml/kg of body weight . 

35 Illustrative compounds of the Invention are effective in the audlogenlclnduced seizure model In mice with 
ao ED60 as fow as about 1.8 mg/kg on l.p. administration. 

Indicative of anxlolytlc activity, compounds of the Invention are effective In the Cook/Davidson conflict 
model (Psyc:hopharmacologla 15, 159-168 (1969)). 

The aforementioned advantageous properties render the compounds of the invention useful as antagonists 
\........I" 40 of the N-methyl-0-aspartate excitatory amino acid receptor In mammals and for the treatment of conditions res­

ponsive thereto, such as anxiety and convulsive disorders. 

45 

60 

The compounds of the Invention, I.e. the compounds cited herelnabove, may be prepared by conventional 
processes, e.g. by 

a) reducing a compound of the fonnula VII 

or a functional phosphonlc acid derivative thereof as defined above, said compound of formula VII being 
otheiwlse Identical to a compound of formula I but having one or more double bonds present In the five­
or six-membered heterocyclic ring Het' and/or within A' which represents A or lower alkenylene or lower 
alkanylldene with the double bond attached to the heterocyclic ring ; or 

55 b) condensing a compound of the formula VIII 

Het-A-X (VIII), 

5 
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wherein Het and A are as defined for fonnula I and X represents reactive esterified hydroxy, with a com­
pound capable of Introducing the phosphonlc acid moiety, having one of fonnulae IX or X. 

H-LOR" !:: (IX) P(R" I) 3 (X) 

10 wherein R" represents lower alkyl and R"'represents halogen or lower alkoxy and, If required, converting 
the resulting phosphonlc acid derivative to the phosphonlc acid or other ester derivative thereof ; or 
c) converting to R1 a substltuent other than R1 at position 2 of the heterocyclic ring In a compound otherwise 
Identical to a compound Of the Invention ; and carrying out the said processes while, If necessary, tempor­
arily protecting any Interfering reactive group(s) In these processes, and then liberating the resulUng com-

15 pound of the Invention ; 
and, If desired, converting a resulting compound of the Invention into another compound of the invention, 

and/or, If desired, converting a resulting free compound into a salt or a resulting salt into the free compound 
or Into another salt ; and/or separating a mixture of Isomers or racemates obtained Into the single isomers or 
racemates ; and/or, if desired, resolving a racemate obtained into the optical antipodes. 

20 Reactive esterifled hydroxy, In any of the herein mentioned processes, e.g. X in a compound of formula 
VIII, is esterified by a strong acid, especlaDy hydrohallc, e.g. hydrochloric, hydrobromic or hydroiodlc acid, or 
sulphuric acid, or by a strong organic acid, especially a strong organic sulfonlc acid, such as an aliphatic or 
aromatic sulfonfc acid, for example methanesulfonlc acid, 4-methylphenylsulfonlc acid or 4-bromophenylsul­
fonfc acid. Said reactive esterlfied hydroxy Is especially halo, for example chloro, bromo or lodo, or aliphatlcally 

26 oraromattcally substituted sulfonyloxy, for example methanesulfonyloxy, phenylsulfonyloxy or 4-methylphenyl­
sulfonyJoxy (tosyloxy). 

In starting compounds and intennedlates therefor which are converted to the compounds of the Invention 
in a manner described herein, fUnctlonal groups present, such as carboxy, amino (including ring NH) and hyd­
roxy groups, are optionally protected by conventional protecting groups that are common In preparative organic 

so chemlsby. Protected carboxy, amino and hydroxy groups are those that can be converted under mild conditions 
into free carboxy, amino and hydroxy groups without the molecular framework being destroyed or other unde­
sired side reactions taking place. 

The purpose of Introducing protecting groups is to protect the functional groups from undesired reactions 
with reaction components and under the conditions used for canying out a desired chemical transformation. 

as The need and choice of protecting groups for a particular reaction Is known to those skilled In the art and 
depends on the nature of the funclfonal group to be protected (carboxy group, amino group, etc.), the structure 
and stabDlly of the molecule of which the substltuent Is a part. and the reaction conditions. 

Well-known protecting groups that meet these conditions and their Introduction and removal are described, 
for example, In J.F.W. McOmie, "ProtecUve Groups In Organic Chemistry", Plenum Press, London, New York 

40 1973, T.W. Greene, "Protective Groups in Organic Synthesis", Wiley, New York 1981, and also in "The Pep­
tides", Vol. I, Schroeder and Luebke, Academic Press, London, New York 1965, as well as in Houben-Wey!, 
"Methoden derOrganlschen Chemie•, Vol.15n, Georg Thieme Verlag, Stuttgart. 1974. 

The preparation of the compounds Of the Invention according to process {a) relating to reduction of a com­
pound of fonnula VII Is e.g. canted out by methods known In the art for the reduction of pyrrole, pyridine, indole 

45 and quinollne rings. For example, the reduction of the pyridine or qulnoline nng Is advantageously carried out 
with an organometallic reducing agent or by catalytic hydrogenation e.g. in the presence of platinum oxide and 
an acidic solvent such as acetic acid to give corresponding plperldines, 1,2,3,4-tetrahydroqulnollnes or 
perhydroquinollnes of the Invention, I.e. of formula II or IV and derivatives thereof. Quaternary quinolinlum and 
pyrfdlnlum compounds, e.g. in which R2 Is lower alkyl or aryl-lower alkyl, may be similarly reduced. 

60 These starting compounds of formula VII, wherein Her has one or more double bonds, e.g. the qulnoline 
and pyridine derivatives, wherein Het denotes an optionally substituted R1-pyridyl or R1-quinollnyl group and 
A is c,-C4alkylene, are prepared, e.g. by first condensing a compound of the fonnula Her-A-X (Vila) e.g. in 
form of a halide, such as a chloride or bromide, with a dlester of fonnula IX in the presence of a strong base, 
e.g. as described In ·chemical Abstracts 61, 10703, or with a tri-(lower)alkyl phosphlte of fonnula X to give the 

55 .corresponding R3 -substituted-(3-, 4- or 5-pyridlnyl)-A-P(= 0)(0-lower alkylh or R4-substltuted-(3- or 4-quinoli­
nyl)-A-P(= 0)(0-lower alkyl)2 compound in which A, R3 and R4 are as defined herelnabove. 

Subsequent treabnent with e.g. a peracld, such as m-chloroperbenzoic acid gives the corresponding pyri­
dlne-N-oxldes or quinollne-N-oxfdes. Condensation with a reactive cyanide, e.g. a trialkylsilyl cyanide such as 
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trimethylsllyt cyanide, preferably under basic conditions, e.g. in the presence of triethylamine, gives the corre­
sponding 2-cyanopyrldlne or 2-cyanoqulnollne derivatives. The cyano groups In the 2-cyanopyridine and 2-
cyanoqulnollne derivatives are then converted, by methods known in the art, to the 2-R1-substituted pyridine 
and qulnollne derivatives as defined herelnabove. 

6 The preparation of the compounds of formula I and derivatives from compounds offormula VH, wherein A' 
represents lower alkenylene or lower alkanylidene with the double bond attached to the heterocyclic ring, 
according to process (a) Is camed out by e.g. catalytic hydrogenation. 

These starting materials of formula VU may be prepared, e.g. by reacting an aldehyde or ketone (including 
oxo derlvatlzed heterocyclicflve- or six-membered rings) with e.g. a tetra-lower alkyl ester of methylenedi-phos-

10 phonic acid under basic conditions, thereby adding the phosphono-methylidene grouping to obtain a compound 
of formula VII wherein A: represents trivalent methylidene with the double bond attached to the heterocyclic 
ring. 

The condensation according to process (b) of a compound of formula VIII with a compound of formula X, 
e.g. trlethyl phosphlte, Is carried out, e.g. by heating in an inert solvent, and under conditions known in the art 

1s for a Mlchaells-Arbuzov reaction according to Angew. Chem. Int. Ed. 16, 477 (1977) and Chem. Rev. 81, 415 
(1981). Slmllarly, condensation with e.g. phosphorus trichlorlde and subsequent hydrolysis gives a compound 
of formula I. 

The condensation according to process (b) ofa compound of formula VIII with a compound of formula IX, 
e.g. dlethylphosphonate (diethyl phosphlte), is carried out e.g. In a strong basic medium, for instance in the 

20 presence of an alkali metal, e.g. sodium, an alkali metal hydride, e.g. sodium hybride, an alkali metal alkoxide, 
e.g. potassium t-butoxlde, tn an inert solvent e.g. toluene or dlmethylformamide. 

The starting materials of formula VIII are either known In the art or are prepared by methods known in the 
art, e.g. by reduction of the corresponding pyrldlnyl, lndolyl and qulnollnyl compounds. 

lnterconverslons according to process (c) are carried out by methods well-known in the art. 
25 Groups convertible Into R1 are, for example, carboxy groups In form of anhydrides or acid halides, cyano, 

amldlno groups, Including cyclic amfdlno groups such as 5-tetrazolyl, lmlnoether groups, Including cyclic imin­
oethergroups, e.g. dlhydro-2-oxazollnyf or dlhydro-2-oxazollnyl groups substituted by lower alkyl, and also hyd­
roxymethyl, etherlfled hydroxymethyl, lower alkanoyloxymethyl, trialkoxymethyl, acetyl, trlhalo-acetyl, 
halomethyl, carboxycarbonyl (COCOOH), formyl (CHO), dl(lower)alkoxymethyl, alkylenedloxymethyl or vinyl. 

so Certain terms used in the processes have the meanings as defined below. 
Lower alkenylene preferably contains 2 to 4 carbon atoms and represents for example ethenylene.- pro­

penylene or butenylene, e.g. 1,2-ethenylene, 1,3-propenylene or 1,4-but-1-enylene. 
Lower alkanylldene preferably contains 1 to 4 carbon atoms and represents for example ethanylldene, 

propanylldene, butanyltdene, or, preferably methylldene. 
35 Trlalkoxymethyl represents preferably tri(lower alkoxy)methyl, particularly trlethoxy- or trimethoxymethyl. 

Etherffied hydroxymethyl represents preferabyl lower alkoxymethyl, lower alkoxyalkoxymethyl, e.g. 
methoxyrnethoxymethyl or 2-oxa- or 2-thlacyclo-alkoxymethyl, particularly 2-tetrahydropyranyloxymethyl. 

Halomethyl represents especially chloromethyf but rnay also be bromomethyl or lodomethyl. 
An alkali metal represents preferably lithium but may also be potassium or sodium. 

40 Groups convertible Into R1 representing carboxy Include esterified and amidated carboxy and such are not 
limited to esterlfied and amldated carboxy as defined herein for R1. Conversion to carboxy Is generally accom­
plished by solvolysls, with acid or base. 

Benzyloxycarbonyl or nltrobenzyloxycarbonyl may be converted Into carboxy by catalytic hydrogenation, 
the latter also with chemical reducing agents, e.g. sodium dithionite or with zinc and a carboxylic acid. In add!-

45 tlon, tert-butyloxycarbonyl may also be cleaved with trifluoroacetic acid. 
Acetyl may be oxidatively cleaved to carboxy by conversion first to trihaloacetyl, e.g. tribromo or 

frllodoacetyl, by treatment e.g. with sodium hypobromlte, followed by cleavage with e.g. an aqueous base, e.g. 
sodium hydroxide. Formyl, dl(fower)-alkoxymethyl or alkylenedioxymethyl (fonnyl protected in the form of an 
acetal), e.g. the dimethyl acetal, are oxidized with e.g. sRver nitrate, pyrldlnlum dlchromate or ozone to carboxy. 

60 Vinyl may be converted to carboxy by ozonolysis to fonnyl, which is In tum oxidized to carboxy. 
Hydrolysis of lrialkoxymethyl to carboX)' Is advantageously carried out with inorganic acids, e.g. hydrohalic 

or sulfuric acid. Hydrolysis of etherified hydroxymethyl to hydroxymethyl is preferably carried out with solutions 
of Inorganic acids, e.g. a hydrohallcacld. Hydroxymethyl is in tum oxidized to carboxywlth an oxidizing agent, 
e.g. pyrkHnlum dlchromate. 

65 Hatomethyl may also be converted to the corresponding carboxaldehydes with e.g. dimethylsulfoxide fn 
·the presence of trlethylamine and silver tetrafluoroborate, or with chromium trioxide and pyridine In methylene 
chloride. 

The conversion of cyano to CrC4alkoxycarbonyl Is advantageously carried out by treatment first with a 
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lower alkanol, e.g. anhydrous ethanol, in the presence of a strong acid, e.g. hydrochloric acid preferably at reflux 
temP.erature, followed by hydrolysis with water. 

Furthermore, the conversion of cyano to carbamoyl is preferably carried out by treatment with an alkali 
metal hydroxide, e.g. dRute sodium hydroxide, and hydrogen peroxide, preferably at room temperature. 

s C1-C~koxycarbonyl may be amidized with ammonia or a N·mono- or N,N-di-C1-C4alkylamlne e.g. 
methylamlne or dimethylamlne In an Inert solvent, e.g. a lower alkanol, such as butanol, to unsubstituted, N­
mono- or N,N-di-C1-C4alkylcarbamoyl. 

The compounds of the Invention may thus also be converted to other compounds of the Invention by e.g. 
functfonal group transformations well-known In the art 

10 For example, conversion of carboxyllc acid esters and amides to carboxyllcaclds Is advantageously carried 
out by hydrolysis with Inorganic acids such as a hydrohallc or sulfuric acid or with aqueous alkalies, preferably 
alkali metal hydroxides such as lithium or sodium hydroxide. 

Free carboxyllc acids may be esterified with C1-C4alkanoJs, such as ethanol, In the presence of a strong 
acid, e.g. sulfuric acid, or with diazo C,-C4alkanes, e.g. dlazomethane. In a solvent such as ethyl ether, advan-

15 tageousty at room temperature. to give the corresponding lower alkyl esters. 
Furthermore, the free carboxyllc acids may be converted via treatment of a reactive Intermediate thereof, 

e.g. an acyl halide such as the acid chloride, or a mixed anhydride, e.g. such derived from a lower alkyl halocar­
bonate such as ethyl chloroformate, with ammonia or an N-mono-orN,N-di-C1-C4alkylamine, In an Inert solvent 
such as methylene chloride, preferably In the presence of a basic catalyst such as pyridine, to compounds whe-

20 rein R1 represents unsubstituted, N-mono or N,N-di-C,-C4-alkylcarbamoyl. 
Phosphonlc acid esters are converted to the corresponding phosphonlc acids by treatment with acid, such 

as aqueous hydrochloric acid or hydrobromic acid In glacial acetic acid, or with bromotrlmethylsllane according 
to J. Chem. Soc. Chem. Comm. 1979, 739. Benzyl esters may be converted to the acids by hydrogenolysls. 

Phosphonic acids are converted to esters, e.g. C,-C4alkyl or CrCralkanoyloxymethyl esters, e.g. by con-
25 densation with a C,-C4alkyl halide or0rC7alkanoyloxymethylhallde preferably In a basic non-aqueous medium, 

such as In the presence of trlethylamlne. 
The compounds of the Invention wherein the heterocyllc ring represents optionally substlbJted tetrahydro­

quinolinyl, dihydrolndolyl or dlhydropyrrolyl) and derivatives thereof are converted to the corresponding 
perhydroqulnoJlnyl, perhydrolndolyl or pyrrolfdlnyl compounds, respectively, e.g. by catalytic hydrogenation. 

30 The above-mentioned reactions are carried out according to standard methods, In the presence or absence 
of dlluents, preferably such that are Inert to the reagents and are solvents thereof, of catalysts, of condensing 
or said other agents respectively and/or In Inert atmospheres, at low temperatures, room temperature or ele­
vated temperatures, preferably at the boiling point of the solvents used, and at atmospheric or super-atmos­
pheric pressure. The preferred solvents, catalysts and reacUon conditions are set forth In the appended 

35 lllustraUve examples. -
The Invention further Includes any variant of the present processes, In which an Intermediate product 

obtainable at any stage thereof Is used as starting material and the remaining steps are carried out, or the pro­
cess Is discontinued at any stage thereof, or In which the starting materials are fonned under the reaction con­
ditions, or in which the reaction components are used In the form of their salts or opUcally pure antipodes. 

40 Mainly those starting materials should be used In said reactions, that lead to the formation of those com-
pounds indicated above as being especially preferred. 

The Invention also relates to any novel starting materials and processes for their manufacture. 
Depending on the choice of starting materials and methods, the new compounds may be In the fonn of 

one of the possible isomers or mlxbJres thereof, for example, depending on the number of asymmetrical carbon 
45 atoms, as pure optical isomers, such as antipodes, or as mixtures of optical Isomers such as racemates or as 

mixtures of dlastereolsomers or of geometric Isomers. The aforesaid possible Isomers or mixtures thereof are 
within the purview of this Invention ; certain particular Isomers are preferred as Indicated above. 

Any resulting mixtures of diastereolsomers, mixtures of racemstes can be separated on the basis of the 
physlcochemlcal differences of the constituents, In known manner, Into the pure Isomers, dlastereoisomers, 

so racemates, or geometric Isomers, for example by chromatography and/or fractional crystallization. 
Any resulting racemstes can be resolved Into the optical antipodes by known methods, for example by e.g. 

reacting an acidic end product with an optically active base that forms salts with the racemlc acid, and separat­
ing the salts obtained In this manner, for example by fractional crystallization, Into the dlastereolsomeric salts 
from which the optically active free carboxylic or phosphonlc acid antipodes can be liberated on acidification. 

55 ·The basic racemlc products can likewise be resolved Into the optical antlpod•s, e.g. by separation of the dlas­
tereo-lsomerlc salts thereof, with an optically active acid, and liberating the optically active basic compound by 
treatment with a standard base. Racemlc products of the invention can thus be resolved Into their optical anti­
podes, e.g., by the fractional crystallfzatlon of d- or t-(tartrates, mandelates, camphorsulfonates) or of d- or-
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f(a-methylbenzylamlne, cinchonldlne, cinchonlne, quinine, quinidine, ephedrine, dehydroabiethylamine, 
bruclne or strychnine) salts. The acidic compounds of the invention can. also be resolved by separating dias­
tel'eomeric ester or amide derivatives prepared from an optically active aicohol or amine, and regenerating the 
resolved optically active compound. Advantageously, the more active of the two antipodes Is isolated. 

5 Finally the compounds of the Invention are either obtained In the free form, or as a salt thereof. Any resulting 
base can be converted into a corresponding acid addition salt, preferably with the use of a therapeutically useful 
acid or anion exchange preparation, or resulting salts can be converted into the corresponding free bases, for 
example, with the use Of a stronger base, such as a metal or ammonium hydroxide or a basic salt, e.g. an alkall 
metal hydroxide or carbonate, or a cation exchange preparation, or an alkylene oxide such as propylene oxide. 

10 A compound of the Invention with a free carboxyllc or phosphonlc acid group can thus also be converted Into 
the corresponding metal or ammonium salts. These or other salts, for example, the prlcrates, can also be used 
for purification Of the bases obtained ; the bases are converted Into salts, the salts are separated and the bases 
are liberated from the salts. 

In view Of the close relationship beween the free compounds and the compounds In the form of their salts, 
15 whenever a compound Is referred to In this context. a corresponding saltls also Intended, provided such Is poss­

ible or appropriate under the circumstances. 
The compounds, Including thefr salts, can also be obtained In the form of their hydrates, or Include other 

solvents used for their crystallization. 
The pharmaceutical compositions according to the Invention are those suitable for enteral, such as oral or 

20 rectal, transdermal and parenteral administration to mammals, Including man, for blockade Of the N-methyl-0-
aspartate sensitive excitatory amino acid receptor and for the treatment Of diseases responsive to blockade of 
the N-methyl-D-aspartate sensitive excitatory amino acid receptor, such as convulsive disorders and anxiety, 
comprising an effective amount Of a pharmacologically active compound of the Invention, alone or In combi­
nation with one or more pharmaceutically acceptable carriers. 

25 The pharmacologically active compounds Of the Invention are useful In the manufacture of phannaceutlcal 
compositions comprising an effective amountthereOf In conjunction or admixture with exclplenls or camers suit­
able for either enteral or parenteral application. Preferred are tablets and gelatin capsules comprising the active 
lngredlenttogetherwlth a) dlluents. e.g. lactose, dextrose, sucrose, mannltol, sorbltol, cellulose and/or glycine: 
b) lubricants, e.g. slllca, talcum, stearlc acid, Its magnesium or calcium salt and/or polyethyleneglycol ; for tab-

30 lets a!so c) binders e.g. magnes~ aluminum slllcate, starch paste, gelatin, tragacanth, methylcellulose, 
sodium carboxymethylcellulose and/or polyvlnylpyrrolldone ; If desired d) dlslntegrants, e.g. starches, agar. 
alglnlc acid or Its sodium salt, or effervescent mixtures ; and/ore) absorbents, colorants, flavors and sweeten­
ers. Injectable compositions are preferably aqueous Isotonic solutions or suspensions, and suppositories are 
advantageously prepared from fatty emulsions or suspensions. Said compositions may be sterilized and/orcon-

35 taln adjuvants, such as preserving, stablllzlng, wetting or emulsifying agents, solution promoters, salts for regu­
lating the osmotic pressure and/or buffers. In addition, they may also contain other therapeutically valuable 
substances. Said compositions are prepared according to conventional mixing, granulating or coating methods, 
respectively, and contain about 0.1 to 75%, preferably about 1 to 50%, of the active Ingredient. 

Suitable formulations for transdermal application Include an effective amount of a compound or formula I 
40 with carrier. Advantageous carriers Include absorbable pharmacologically acceptable solvents to assist pas­

sage throught the skin Of the host. Characteristically, transdermal devices are In the form of a bandage com­
prising a backing member, a reservoir containing the compound optionally with carriers, optionally a rate 
controlling barrier to deliver the compound to the skin of the host at a controlled and predetermined rate over 
a prolonged period Of time, and means to secure the device oflhe skin. 

45 The Invention also relates to a method of blocking the N-methyl-D-aspartate sensitive excitatory amino acid 
receptor In mammals, and to a method Oftreabnent of disorders In mammals, e.g. such responsive to blockade 
Of the N-methyl-D-aspartate excitatory amino acid receptor, such as convulsive disorders and anxiety, using 
an effective amount of a compound Of the Invention as a pharmacologically active substance, preferably in the 
fonn of above-cited pharmaceutical compositions. The dosage of active compound administered is dependent 

liD on the species of warm-blooded animal (mammal), the body weight. age and Individual condition, and on the 
fonn of administration. 

A unit dosage for a mammal of about 50 to 70 kg may contain between about 5 to 100 mg of the active 
Ingredient. 

The followlng examples are Intended to illustrate the Invention and are not to be construed as being limi-
55 tations thereon. Temperatures are given In degrees Centigrade. If not mentioned otherwise, all evaporations 

are performed under reduced pressure, preferably between about 2 and 13 kPa. 
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Example 1: 

A mixture of 1.19 g of 4-(diethylphosphonomethyl)-2-pyrldine-carboxamlde and 0. 75 g of platinum oxide 
In 30 ml of acetic acid is hydrogenated at 300 kPa for 6 hours at room temperature. The reaction mixture is 

5 filtered and the solvent is removed In vacuo. The residue Is dissolved In methylene chloride and washed with 
a small volume of saturated sodium bicarbonate solution. After drying over magnesium sulfate, a methylene 
chloride solution of a 2 : 1 mixture of cis and trans 4-(dlethylphosphonomethyl)-2-plperidinecarboxamide Is 
obtained. Within 3 days at room temperature this mixture isomerizes to the more stable els Isomer. Removal 
of the solvent In vacuo affords cis-4-(diethylphosphono-methyl)-2-piperidlnecarboxamlde as an oil, which Is 

10 converted to the hydrochloride salt, melting at 155-158°. . 
The starting materlal is prepared as follows: A miXture of 2.2 g of 4-(diethylphosphonomethyl)pyrfdlne 

[Rocznikl Chem. 38, 625 (1964); Chem. Abst 61, 10703], 2.2 g of m-chloroperbenzolc acid and 30 ml of 
chloroform is stirred at room temperature for 16 hours. The solvent Is removed In vacuo and water Is added. 

·\..J, After washing the aqueous layer with ether, the water Is removed in vacuo to afford 4-(dlethylphos-
15 phonomethyl}-pyridine-N-oxide. 

A mixture of 1.2 g of 4-(diethylphosphonomethyl)pyridlne-N-oxide, 1.35 ml of trlethylamlne and 2.6 ml of 
trlmethylsilylcyanlde is heated at 90°for 1 hour. The volatiles are removed In vacuo and the residue is dissolved 
Jn ethyl acetate and washed with a small volume of aqueous sodium bicarbonate. After drying over magnesium 
sulfate the solvent Is removed in vacuo to afford 2-cyano-4-(dlethylphosphonomethyl)pyridine as an on. 

V 20 A mixture of 1.10 g of 2-cyano-4-(dlethylphosphonomethyl)pyrldine and 4.5 ml of concentrated sulfuric acid 
is heated at 90° for 5 minutes. The reaction mixture is poured onto Ice and neutralized with 10% sodium hyd­
roxide. The resulting precipitate is collected to afford 4-(dlethyl-phosphonomethyl)-2-pyridinecarboxamlde 
melting at 140-142°. 

25 Example 2 : 

A solution of3.0 g of cis-4-(diethylphosphonomethyl)-2-plperldfnecarboxamlde in 90 ml of20% hydrochloric 
acld is heated under reflux with stirring for 16 hours. After removal of the solvent, the residue Is crystallized 
fTom ethyl acetate/ethanol to afford cis-4-phosphonomethyl-2-piperldlnecarboxylic acid hydrochloride, melting 

30 at 284-285° (dee}. 

V Example3: 

A mixture of 330 mg of 4-phosphonomethyl-2-pyrldlnecarboxyllc acid, 150 mg of platinum oxide, 20 ml of 
35 acetic acid and 100 ml of water is hydrogenated at 300 kPa at room temperature tor 20 hours. The solvent Is 

removed ln vacuo to afford a 2 : 1 mixture of els and trans 4-phosphono-methyl-2-plperldtnecarboxylic acid. 
The· residue is dissolved In aqueous hydrochloric acid and the solvent removed In vacuo to afford a 2 : 1 mixture 
of els and trans 4-phosphonomethyl-2-piperldlnecarboxyllc acid hydrochloride melting at 145° (dee). 

The starting material Is prepared as follows : A mixture of 350 mg 2-cyano-4-dlethylphosphonomethylpyrl­"° dine and 10 ml of20% hydrochloric acid is refluxed for 16 hours.After removal of the solvent In vacuo the residue 
Is trlturated with 95% ethanol to afford 4-phosphonomethyl-2-pyridinecarboxyllcacld melting at 265-268° (dee). 

Example4: 

45 Prepared essentially according to the procedures described in the previous examples are : 
a) cis and trans 5-phosphonomethyl-2-plperldlnecarboxyllc acid hydrochloride, m.p. above 250° ; 
b) els and trans 3-phosphonomethyl-2-plperidlnecarboxyllc acid hydrochloride, m.p. above 250° ; 
c) cls-3-(2-phosphonoethyl)-2-plperldlnecarboxylic acid, m.p. 160-1900 (dee) ; 
d} cJs-5-(2-phosphonoethyl)-2-plperidlnecarboxyllc acid hydrochloride, m.p. 125° (dee) ; 

so e) cis-4-(2-phosphonoethyl)-2-piperldlnecarboxyllc acid ; 
f) cls-4-(3-phosphonopropyl)-2-plperidlnecarboxyllc acid, m.p. 287° (dee); 
g) cls-4-(1-rnethyl-1-phosphonoethyl)-2-plperldlnecarboxyllc acid hydrochloride, m.p. 2500 (dee) ; 
h) cls-4-(1-phosphonoethyl)-2-piperidinecarboxyllc acid, m.p. 2200 (dee), e.g. via 4-(1-phosphonoethyl)-2-
pyridinecarboxylic acid, m.p. 264-265° (dee) ; . 

55 i) 5-(3-phosphonopropyl)-2-plperldinecarboxyllc acid, e.g. via 5-(3-phosphonopropyl)-2-pyridinecarboxyllc 
acid hydrochloride, m.p. 210-220° (dee); 
j) cis-3-(3-phosphonopropyl)-2-piperidinecarboxylic acid, via 3-(3-phosphonopropyt)-2-pyrldlnecarboxylic 
acid, m.p. 230-235° (dee) ;. 
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k) 3-methyl-4-phosphonomethyl-2-plperidlnecarboxyllc acid, m.p. 325° (dee). starting from 3-methyl-4-
chloromethylpyridlne via reduction of 3-methyl-4-phosphonomethylpyridinecarboxyllc acid ; 
I) cls-6-methyl-4-phosphonomethyl-2-plperldinecarboxyllc acid, m.p• 260-265°, starting from 2-m9thyl-4-
chloromethylpyrldine ; 
m) cis-5-methyl-4-phosphonomethyl-2-plperldlnecarboxyllc acid, m.p. above 250°, starting from 3-methyl- · 
4-chloromethylpyridlne via reduction of 5-methyl-4-phospl)onomethyl-2-pyridlnecarboxylic acid. m.p. 295° 
(dee). 
Certain starting materials are prepared as follows : 
1. Treatmentof 3-(dlethylphosphonomethyl)pyrldine (Biochemistry 19. 3400) with m-chloroperbenzolc acid 
followed by trlmethylsllyl cyanide gives both 3-(dlethylphosphonomethyl)-2-cyanopyrldine and 5-(dlethyl­
phosphonomethyl)-2-cyanopyrfdlne, the starting materials for compounds under a) and b). 
2. SlmDarly, 3-(2-dlethylphosphonoethyl)pyrldfne (Biochemistry 19, 3400) Is converted to the correspond­
ing starting materials for compounds under c) and d) ; 4-(2-dlethylphosphonoethyl)pyrldlne (Chem. Abst. 
89, 35665) Is converted to 4-(2-dlethylphosphonoethyl)-2-cyanopyrfdlne, the starting material for com­
pound under e). 
3. Reaction of 3-(4-pyrfdlnyl)propyl chloride with diethyl phosphlte (diethyl phosphonate) and sodium hyd­
ride In toluene yields 4-(3-dl-ethylphosphonopropyl)pyridfne which Is converted to 4-(3-dlethyl-phos­
phonopropyl)-2-cyanopyrldlne according to the procedure described herelnabove, the starting material for 
compound under f). 
4. A mixture of 1.0 g of 4-(diethylphosphonomethyl)pyridlne and 0.5 g of 50% sodium hydride in 4 ml of 
dlmethylformamlde and 16 ml of tetrahydrofuran Is heated under reflux for 30 minutes. Methyl Iodide (0.52 
ml) Is added and heating under reflux Is continued for 30 minutes. The reaction mixture Is evaporated to 
dryness and the residue Is chromatographed on sftlca gel with methanol/methylene chloride (1 : 10) as the 
eluent to give 4-(1-methyl-1-diethylphosphonoethyl)pyridlne which is converted to 2-cyano-4-(1-methyl-1-
dlethylphosphonoethyl)pyrldlne, the starting material for compound under g). 
5. Similarly treatment of 4-(dlethylphosphonomethyl)pyridlne as above with 1 mole equivalent of methyl 
Iodide ylelds 4-(1-dlethylphosphono-ethyl)pyrldlne, the starting material for compound under h). 

Example5: 

a) A solution of 370 mg of cls-4-phosphonomethyl-2-plperldlnecarboxyllc acid In 15 ml of saturated 
ethanollc hydrochloric acid Is heated under reflux for 16 hours. The solvent Is removed .In vacuo. A solution 
of the residue In ethanol Is treated with 0.21 ml of propylene oxide and evaporated to dryness to yield cls-
4-phosphonomethyl-2-piperidlne-carboxyllc acid ethyl ester, m.p. 230-235° (dee). 
Slmffarly prepared are : · 
b) cls-4-phosphonomethyl-2-plperldinecarboxyllc acid methyl ester, m.p. 198-200°; 
c) cls-4-phosphonomethyl-2-plperidlnecarboxyllc acid n-bulyl aster, m.p. 241-244°; 
d) cls-4-(3-phosphonopropyl)-2-plperidlnecarboxylic acid ethyl ester, m.p. 197-202°; 
e) cls-4-phosphonomethyl-2-plperldinecarboxyllc acid n-propyl ester, m.p. 245-249° ; 
f) cls-4-phosphonomethyl-2-piperldlnecarboxyllc acid Jsobutyl ester, m.p. 254-259°. 

Example6: 

A solution of 278 mg of cls-4-dlethylphosphonomethyl-2-piperldlnecarboxamlde In 5 ml of methylene 
45 chloride to which Is added 0.43 ml of trimethylsllyl Iodide is stirred at room temperature for 16 hours. The mixture 

Is evaporated to dryness, the residue Is dissolved In water. and the solution is evaporated to dryness. A solution 
of the resulting solid In ethanol ls treated with 0.21 ml of propylene oxide to yield cls-4-phosphonomethyl-2-
plperidinecarboxamfde, m.p. 295-298° (dee). 

50 Example 7 : 

a) To a solution of 200 mg of cls-4-phosphonomethyl-2-plperldlne-carboxyllc acid, 96 mg of sodium car­
bonate Jn 5 ml Of water and 2.31 ml of 1 N aqueous sodium hydroxide Is added 119 mg of benzoyl chloride. 
The reaction mixture ls stirred at room temperature for 16 ho ... rs and the solvent Is removed In vacuo. The 

55 residue Is dissolved in ethanol, the solution Is filtered and evaporated to dryness. Crystalllzatlon from 
ethanol/ethyl acetate affords cls-1-benzoyl-4-phosphonomethyl-2-plperldlnecarboxyllc acid, m.p. 135-
1450 (dee). 
b) Similarly prepared Is cls-1-benzyloxycarbonyl-4-phosphonomethyl-2-plperldlnecarboxyllc acid methyl 
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ester. 
~)Similarly prepared is ciS-1-(3-phenylpropionyl)-4-phosphonomethyl-2-piperidinecarboxamide, m.p. 95-
100°, via cis-4-phosphonomethyl-2-piperidlnecarboxamide. 

s Example 8: 

A mixture of 357 mg of cls-1-benzyloxycarbonyl-4-phosphono-methyl-2-piperldinecarboxyllc acid, 550 mg 
of diisopropylethylamine and 600 mg of chloromethyl pivafate In 2 ml of dimethylformamide Is heated at 60° 
for 2 hours. The reaction mixture is evaporated to dryness at 70°/13 Pa. The residue is dissolved In ethyl ace-

10 tale, the solution is washed with water and evaporated to dryness to yield cls-1-benzyloxy-carbonyl-4-[dl{piva­
loyloxymethyl)phosphonomethyl]-2-piperidinecarboxyiic acid pivaloyloxymethyl ester (after chromatography 
on silica gel using ether/methylene dichloride as the eluent). The product is dissolved In 40 ml of ethanol and 
hydrogenated In the presence of 10% palladium on charcoal to yield cis-4-[dl(plvaloyloxymethyl)phos­
phonomethyl]-2-piperidlnecarboxylic acid pivaloyloxymethyl ester. 

15 The starting material is prepared by treatment of cis-4-phosphono-methyl-2-plperidlnecarboxyllc acid with 

\.._.../ 20 

25 

35 

60 

55 

benzyl chlorofonnate under standard amino acid acylation conditions, e.g. as described in example 7. 

Example9; 

a) A mixture of 500 mg of 4-(dlethylphosphonomethyl)qulnoline-2-carbox-amide and 1 g of 10% palladium 
on charcoal In 75 ml of methanol is hydrogenated at 300 kPa for 24 hours, filtered and evaporated to dry­
ness. Chromatography on silica gel using methanol/methylene chloride (1 : 10) as eluentylelds cfs-4-(dleth­
ylphosphonomethyl)-1,2,3,4-tetrahydroquinoline-2-carboxamide. 
The starting material Is prepared as follows : To a stirred solution of 10 g of 4-qulnollnecarboxaldehyde In 
400 ml of absolute ethanol at room temperature is added 2.4 g of sodium borohydrlde. After 45 minutes, 
20 ml of water is added and the reaction mixture is stirred for an additional 20 minutes. Acetic acid (20 ml) 
Is added slowly. The reaction mixture is evaporated to a small volume and partitioned between water and 
methylene chloride. The organic layer is washed with saturated potassium carbonate, saturated sodium 
chloride solution, dried over sodium sulfate and evaporated to dryness. The residue is purified by 
chromatography on silica gel using methanol/methylene chloride {1 : 10) as eluent to yield 4-hyd­
roxymethylquinollne ; R, = 0.59. 
A solution of 4.84 ml of methanesulfonyl chloride in 20 ml of methylene chloride is slowly added over 20 
minutes to a solution of S.29 g of 4-hydroxymethylquinoline and 11 ml of trlethylamtne In 200 ml of 
methylene chloride at 0°. After completion of the reaction at room temperature, the reaction mixture is par­
tJtloned between methylene chloride and saturated potassium carbonate solution. The organic layer is· dried 
over sodium sulfate and evaporated to dryness to yield 4-(methanesulfonyloxymethyl)qulnollne as an oil. 
To a solution of 1.62 g of sodium hydride (from 3.24 g of a 50% sodium hydride dispersion In mineral oil) 
in 100 ml of toluene Is added dropwlse a solution of 8 ml of diethyl phosphlte In 20 ml of toluene. The reaction 
mixture Is heated to 80°, a solution of the above obtained 4-(methanesulfonyloxymethyl)qulnollne In 90 ml 
of toluene and 10 ml of methylene chloride is added. After 20 minutes a second portion of 1.2 g of sodium 
hydride is added and the reaction mixture Is stirred for an additional 10 minutes. The reaction mixture is 
then evaporated to dryness, the product is partitioned between water and ethyl acetate. The ethyl acetate 
extract Is washed with saturated sodium chloride solution, dried over sodium sulfate and evaporated to dry­
ness. The residue is chromatographed on silica gel using methanol/methylene chloride (5 : 95) as eluent 
to yield 4-(dlethylphosphonomethyl)quinoline ; R, = 0.3. 
To a solution of 5. 7 g of 4-(dfethylphosphonomethyl)quinoline in 100 ml of methylene chloride at room tem­
perature is added 3.2 g of m-chloro-perbenzoic acid. After 45 minutes an additional 1.5 g portion of m­
ch!oroperbenzolc acid is added, and the reaction mixture is stirred for one hour. The reaction mixture Is 
washed with saturated potassium carbonate solution, dried over sodium sulfate and evaporated to dryness 
to give 4-(dlethylphosphonomethyl)quinoline-N-oxide. 
A mixture of 5.9 g of 4-{diethy!phosphonomethyl)quinoline-N-oxide, 15 ml of trlmethyfsllyl cyanide and 7 
ml of lriethylamlne is heated at 80° for 1 hour and evaporated to dryness. The residue is purified by 
chromatography on silica gel using methanol/methylene chloride (5 : 95) as eluent to yield 4-(dlethylphos­
phonomethyl)-2-cyanoquinollne as an oil. 
A solution of 5.9 g of 4-(diethylphosphonomethyl)-2-cyanoqulnollne In 24 ml of concenlrated sulfUric acid 
Is heated at 80° for 5 minutes, cooled to 0° and added slowly to an ice-cooled mixture of 50 g of sodium 
carbonate in 50 ml of water and 100 ml of methylene chloride. The organic layer Is separated, dried over 
sodium sulfate and evaporated to dryness to yield 4-(dlethylphosphonomethyl)quinollne-2-carboxamlde. 
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b) Similarly prepared is cls-4-{3:.ctiethylphosphonopropyl)-1,2,3,4-tetra-hydroqulnoline-2-carboxamlde. 

EXample 10: 

5 a) A solution of 220 mg of cis-4-{diethylphosphonomethyl)-1,2,3,4·tetra-hydroqulnollne-2-carboxamlde In 
50 ml of SN aqueous hydrochloric acid Is heated under reflux for.14 hours, and evaporated to dryness. 
The residue is dried under high vacuum at 100°for48 hours to yield cls-4-phosphono-methyl-1,2,3,4-tet­
rahydroquinoline-2-carboxyllc acid, m.p. 171-173°~ 
b) Similarly prepared is cis-4-(3-phosphonopropyl)-1,2,3,4-telra-hydroquinollne-2-carboxylic acid hyd-

10 rochloride. 

15 

20 

Example 11: 

a) Treatment of cis-4-phosphonomethyl-1,2,3,4-tetrahydroqulnoline-2-carboxylic acid first with benzyl 
chloroformate and then with chloromethyl plvalate under conditions essentially as described In example 8 
including hydrogenolysls yields 4-[dl-(pivaloyloxymethyl)phosphono-methylJ-1,2,3,4-tetrahydroqulnollne-
2-carboxyllc acid plvaloyloxymethyl ester. 
b) Treatment of cis-4-phosphonomethyl-1,2,3,4-tetrahydroqulnoline-2-carboxyllc acid with ethanolic hyd­
rochloric acid under conditions essentially as described In example 5 yields cls-4-phosphonomethyl-
1,2,3,4-tetrahydroquinoline-2-carboxylic acid ethyl ester. 

Example 12: 

A mixture of 400 mg of 4-phosphonomethylqulnoline-2-carboxyllc acid hydrochloride, 150 mg of platinum 
25 oxide, 20 ml of acetic acid and 100 ml of water is hydrogenated at 300 kPa at room temperature for 20 hours 

to afford cis-4-phosphonomethylperhydroqulnollne-2-carboxylic acid ; the hydrochloride salt melts at 230-250° 
(dee). 

The starting material Is prepared as follows : A solution of 4-(d-lethylphosphonomethyl)quinollne-2-car­
boxamlde In SN hydrochloric acid Is heated under reflux overnight to yield 4-phosphonomethylqulnollne-2-car-

30 boxylic acid hydrochloride, m.p. 218-221°. 

Example 13: 

A mixture of 2.0 g of 4-(diethylphosphonomethylldene)-N-t-butoxycarbonylpyrrolldlne-2-carboxyllc acid 
35 methyl 1:1nd ethyl ester, and 800 mg of 10% palladium on charcoal catalyst in 30 ml of ethanol ls hydrogenated 

at 300 kPa and room temperature for 18 hours. The reaction mixture Is filtered free of catalyst, the catalyst Is 
washed with methylene chloride, the combined filtrate is evaporated to dryness to yield a· mixture of N-t­
butoxycarbonyl-4-diethylphosphonomethyl-pyrrolldlne-2-carboxyllc acid methyl and ethyl ester. 

The above product is treated with 10 ml trlftuoroacetlc acid for5 minutes, the trifluoroacetlc acid Is removed 
4-0 under vacuum. A solution of the residue in 30 ml of SN hydrochloric acid is heated under reflux for 6 hours and 

evaporated to dryness. A solution of the residue In 15 ml ethanol ls treated with 1 ml of propylene oxide. The 
resulting precipitate Is filtered off to yield 4-phosphonorriethylpyrrolidlne-2-carboxylic acid (4-phos­
phonomethylproline); 1H-NMR (020): 4.53, 3.82, 2.88, 2.80, 2.0 ppm. 

The starting material Is prepared as follows : A mixture of 10.0 g of 4-hydroxyprollne, 13 ml of 6N sodium 
45 hydroxide solution and 19.0 g of di-t-butyl carbonate is stirred vigorously at room temperature for 24 hours. 

Concentrated hydrochloric acid (6.5 ml) Is added and the reaction mixture Is extracted with 30 ml of chloroform. 
The chloroform is discarded, the oil ls separated from the aqueous layer to give N-t-butoxycarbonyl-4-hydroxyp­
rollne. A solution thereof in 70 ml of methanol ls treated with ethereal dlazomethane (prepared from 20 g of 
N-methyl-N-nitrosourea, 60 ml of 40% aqueous potassium hydroxide and 200 ml of ether) to give N-t-butoxycar-

60 bonyl-4-hydroxyproline methyl ester. 
A mixture of 12.7 g of N-t-butoxycarbonyl-4-hydroxyprollne methyl ester and 44.7 g of pyrldinium chloroc­

hromate In 150 ml of methylene chloride is stirred at room temperature for 30 hours, dOuted with 200 ml of ether 
and filtered through Florisll washing with ether (500 ml). The solution is evaporated to dryness, the residue Is 
purified by flash chromatography on silica gel using ethyl acetate/hexane (4 :6) as eluent to give N-t-butoxycar-

55 bonyl-4-oxoprollne methyl ester. 
A solution of 2.28 M n-butyl lithium (4.6 ml) Is added at -78° to a solution of 3.07 g of bls(dlethylphos­

phono)methane in 50 ml of dry tetrahydrofuran. After 5 minutes, a solution of 2.5 g of N-t-butoxy-carbonyl-4-
oxoprollne methyl ester Is added. The reaction mixture Is heated under reflux for 20 hours. The volume Is 
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reduced to 20 ml and the product is partitioned between methylene chloride and 2N hydrochloric acid. The 
metl)ylene chloride extract is dried and evaporated to dryness and the residue is purified by flash 
chromatography on silica gel eluting with methylene chloride/methanol (95 : 5) lo obtain a mixture of 4-ldieth­
ylphosphonomethylldene}-N-t-butoxycarbonylpyrrolidine-2-carboxylic acid methyl and ethyl ester. 

Example 14: 

Preparation of an injectable formulation containing 10 mg of the active ingredient per 5 ml of solution having 
a formula as follows : 

cis-4-phosphonomethyl-2-piperidine­
carboxy lic acid hydrochloride 

Propylparaben 

Water for injection q.s. 

10.0 g 

o.s g 

5000.0 ml 

The active ingredient and preservative are dissolved In 3500 ml of water for Injection and the solution is 
20 diluted to 5000 ml. The solution is filtered through a sterile filter and filled into injection vials under sterile con­

ditions each vile containing 5 ml of the solutfon. 

Example 15: 

25 A solution of 2.0 g of cis-1-benzyloxycarbonyl-4-phosphonomethyl-2-piperidlnecarboxyltc acid Jn 1 O ml of 

30 

methylene chloride is treated with ethereal dlazomethane until a persistent yellow color ls obtained. After 
removal of solvent the triester Is heated at 50° In 10 ml of tetrahydrofuran and 10 ml of 1 N sodium hydroxide. 
After acidification the product Is extracted with ether, the organic layer dried and evaporated to yield cis-1-ben­
z;yloxycarbonyl-4-dhnethylphosphonomethyl-2-plperldlnecarboxyllc acid. 

Example 16: 

A solution of 1.0 g of cls-1-bonzyloxycarbonyl-4-dimethyl-phosphonomethyl-2-plperidinecarboxylic acid In 
30 ml of eihanol is hydrogenated at 300 kPa over 500 mg of 10% palladium on carbon catalyst in 30 ml of 

35 ethanol. Fiitration and removal of solvent affords cis-4-di-methylphosphonomethyl-2-piperidlne-carboxylic acid 
as an amorphous solid. 

Example 17: 

"" A solution of 3.38 g of cls-1-benzyloxycarbonyl-4-dimethyl-phosphonomethyl-2-plperidlnecarboxyllc acid 
In 35 ml of methylene chloride is treated with 1.42gof1,1'-carbonyldilmidaz.ole and 1.3 g of (+}·a.-methylben­
zylamlne. After stirring for 16 hours, the reaction mixture Is washed with 1N hydrochloric acid and saturated 
sodium bi-carbonate solution, dried, and the solvent removed. Separation of the resulting diastereomers by high 
pressure liquid chromatography (HPLC) using a reverse phase C18 column and acetonitrlle/water (2 : 3) as 

45 eluent affords the two diastereomers of cis-1-benzyloxycarbonyl-4-dlmethyl-phosphonomethyl-2-piperidine­
(N-1-phenylethyl)carboxamide. 

Hydrogenation of the first eluted diastereomer in ethanol with palladlum on charcoal catalyst for 4 hours 
at 300 kPa affords the corresponding cis-4-dimethylphosphonomethyl-2-plperidlne-(N-1-phenylethyl)car­
boxamide. Treatment with SN hydrochloric acid under reflux for 24 hours affords (-)-cis-4-phosphonornethyl-

50 2-piperldlnecarboxylic acid, [a] ~ = -5.93° (H20), the pharmacologically more active enantiomer of the 

compound of example 2. 
The corresponding (+}-cls-4-phosphonomethyl-2-piperidinecarboxylic acid, the less active enantlomer, is 

similarly obtained. 

55 Example 18 : 

A mixture of 600 mg of cis-1-benzyloxycarbonyl-4-dimethyl-phosphonomethyl-2-plperidinecarboxylic acid 

14 
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methyl ester in 1 O ml of methylene chloride is treated with 538 mg of trimethylsilyl iodide at room temperature 
to yield cis-1-benzyloxycarbonyl-4-phosphonomethyl-2-piperidinecarboxylic acid methyl ester as an oil. 

Example 19: 

A mixture of 500 mg of cls-4-diethylphosphonomethyl-2-plperidinecarboxamide, 3 ml of 37% aqueous for­
maldehyde, 50 ml of methanol and 500 mg of 10% palladium on carbon catalyst Is hydrogenated at 300 kPa 
for 16 hours. The solvent is removed and the residue chromatographed on silica gel with 10% 
methanol/methylene chloride as the eluent to afford cis-1-methyl-4-diethylphosphonomethyl-2-piperldinecar-

10 boxamlde. This product is refluxed for 16 hours in 6N hydrochloric acid followed by treatment with propylene 
oxide to yield cis-1-methyl-4-phosphonomethyl-2-piperidinecarboxyllc acid, m.p. 256-260°. 

Example 20: 

1s A solution of 1.0 g of cls-4-diethylphosphonomethyl-2-piperidinecarboxyllc acid ethyl ester Is reacted with 

20 

552 mg of N-t-butoxycarbonylglycine In the presence of N, N'-dicyclohexyl-carbodilmide In 1 O ml of methylene 
chloride of room temperature for 16 hours to yield cis-1-[a-(t-butoxycarbonylamlno)acetyl]-4-diethylphos­
phonomethyl-2-plperldlnecarboxyllc acid ethyl ester as an oll. Treatment with trimethylsilyl Iodide yields cis-1-
(a-amlnoacetyl)-4-phosphonomethyl-2-piperidinecarboxylic acid ethyl ester, m.p. 150-155° (dee). 

Example21: 

a) N-t-butoxycarbonyl-4-(2-diethylphosphonoethyl)pyrrolidine-2-carboxyllc acid methyl ester (0.45 g) Is 
hydrolyzed as described in example 13 to yield 4-(2-phosphonoethyl)pyrrolidine-2-carboxylic acid; 1H-

25 NMR (Dz(>): 4.22, 3.45, 2.95, 2.54, 2.4 ppm (1H each). 
The starting material is prepared as follows: To a suspension of 3.44 g of benzyloxycar­
bonytmelhyltriphenylphosphonlum bromide In 20 ml of tetrahydrofuran is added 10 ml 0.65 M potassium 
hexamethyldlsllazide solution in toluene followed by 1.5 g N-t-butoxycarbonyl-4-oxoprollne methyl ester in 
4 ml of tetrahydrofuran. After refluxing for 72 hours the solvent is evaporated and the residue flash 

30 chromatographed with ethyl acetate/hexane (2 : 8) to afford a mixture of els and trans N-t-butoxy-carbonyl-
4-(2-oxo-2-benzyloxyethylldene)pyrrolldine-2-carboxylic acid methyl ester. 
A solution of 0.58 g of the above product in 15 ml of methanol is hydrogenated at 300 kPa for 3 hours In 
the presence of 400 mg of 10% Pd/C. The reaction mixture is filtered through Celite, the solvent evaporated 
and the residue flash chromatographed with methanol/methylene chloride (1 : 9) to afford N-t-butoxycar-

35 bonyl-4-(carboxymethyl)pyrrolidine-2-carboxylic acid methyl ester. 
To 0.67 g N-t-butoxycarbonyl-4-(carboxymethyl)pyrrolidine-2-carboxylic acid methyl ester In 1 ml THF Is 
added at 0° 3.5 ml of borane (1 M) in THF. After stirring 0.5 hour, 1 ml of water Is added, the solventis evapo­
rated and the residue is flash chromatographed with ethyl acetate/hexane (75 : 25) to afford N-t-butoxycar­
bonyl-4-(2-hydroxyethyl)-pyrrolldlne-2-carboxylfc acid ~thyl ester. 
To a solution of 0.58 g N-t-butoxycarbonyl-4-(2-hydroxyethyl)pyrrolldine-2-carboxylic acid methyl ester fn 
6 ml methylene chloride Is added at 0° 0.577 g triphenylphosphine followed by 0.388 g N-bromosucclnl­
mlde. After stirring 0.5 hour, the solvent is evaporated and the residue flash chromatographed using ethyl 
acetate/hexane (35 : 65) to afford N-t-butoxy-carbonyl-4-(2-bromoethyl)pyrrolidlne-2-carboxyllc acid 
methyl ester. 

45 A mixture of 0.60 g N-t-butoxycarbonyl-4-(2-bromoethyl)pyrrolldine-2-carboxyllc acid methyl ester and 3 
ml triethyl phosphlte is refluxed for2 hours. The excess triethyl phosphite is distilled off under vacuum and 
the residue is flash chromatographed with methylene chloride/methanol (95 : 5} to afford N-t-butoxycar­
bonyl-4-(2-diethylphosphonoethyl)-pyrrolidine-2-carboxyllc acid methyl ester. 
b) Similarly obtained Is (+}-cis-4-(2-phosphonoethyl)pyrrolldine-2".'carboxyllc acid, [a]~= +23.7°, starting 

so with the D- praline derivative. 

55 

c) Similarly prepared is 3-(2-phosphonoethyl)pyrrolidine-2-carboxyllc acid. 

Example22: 

a) A stirred solution of 5.3 ml of bls(diethylphosphono)methane In 30 ml of anhydrous tetrahydrofuran (THF) 
under nitrogen is cooled to -78° and 8.5 ml of 2.5 M butyl lithium is added dropwlse. After stirring 5 minutes 
a solution of 4.64 g of 1-ethoxycarbonyl-3-oxopyrrolldine-2-carboxylic acid ethyl ester [J. Am. Chem. Soc. 86, 
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5297 (1964)) In 30 ml dry THF Is added dropwlse rapidly. The solution is heated at reflux for 18 hours, cooled 
to room temperature and concentrated: 40 ml of 1N hydrochloric acid Is added and the mixture is extracted 
with. 100 ml of methylene chloride. The organic fraction Is washed with 25 ml water, dried over sodium sulfate, 
filtered and concentrated. Purification by flash chromatography using ethyl acetate as solvent yields 1-

5 ethoxycarbonyl-3-(diethylphosphonomethyl)-2,5-dihydropyrrole-2-car.boxylic acid ethyl ester. 

Example23: 

A solution Of2.75gOf1-ethoxycarbonyl-3-(dlethylphos-phonomethyl)-2,5-dihydropyrrole-2-carboxylic acid 
10 ethyl ester In 35 ml ethanol and 1.5 g 10% Pd/C is hydrogenated at 300 kPa to yield cis and lrans 1-ethoxycar­

bonyl-3-(dlethylphosphonomethyl)pyrrolldlne-2-carboxyllc acid ethyl ester. 

16 

20 

26 

30 

Example24: 

a) A solution Of 2.7 g of cis and trans 1-ethoxycarbonyl-3-(dlethyl-phosphonomethyl)pyrrolidine-2-car­
boxyllc acid ethyl ester Is heated under reflux with SN hydrochloric acid for 6 hours to yield 3-(phosphono­
methyl)pyrrolidine-2-carboxyllc acid hydrochloride; 1H-NMR (020) : 4.78, 4.40, 3.95, 3.83, 3.72, 3.20, 
3.01, 2.78, 2.69 ppm. 
b) Sfmllarly hydrolysis of 1-ethoxycarbonyl-3-(dlethylphosphonomethyl)-2,5-dlhydropyrrole-2-carboxylic 
acid ethyl ester affords 3-(phosphono-methyl)-2,5-dihydropyrrole-2-carboxylic acid hydrochloride which on 
treatment with propylene oxide yields the free amino acid, m.p. 215° (dee) 

Cl alma 

Claims the Contracting States: BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. A compound of the formula I, 

RO-~-A-Het 
6R' (I)• 

35 wherein Rand R' independently represent hydrogen, C,-C4alkyl, benzyl, benzyl substituted on phenyl by halo­
gen, C1-C4alkyl or C1-C4alkoxy, Cz-C7alkanoyloxymethyl or CrC,alkanoyloxymethyl substituted on oxymethyl 
by C1-C4alkyl or C,.Cacycloalkyl, A denotes CrC4alkylene and Het represents a 2-R1-pyrrolfdinyl, 2-R1-2,5-

\ dlhydropyrrolyl, 2-R'-1,2,3,6-tetrahydropyridinyl, 2-R'-1,2,5,6-tetrahydropyridinyl, 2-R'-piperidinyl, 2-R1-tet-
U rahydroqulnollnyl, 2-R'-perhydroqulnollnyl. 2-R'-carboxy-2,3-di-hydrolndolyl or 2-R'-perhydroindolyl group 

4" which may be additionally N-substltuted by ~-C4alkyl, phenyl-C1-C4alkyl, CrC-,alkanoyl, benzoyl, c1-

C4alkoxycarbonyl, benzyloxycarbonyl, phenylacetyl, 3-phenylproplonyl or a.-amino-~-C4alkyl, C-substituted In 
the heterocycllc 5- or 6-ring by C1-C4alkyl or phenyl-C1-C4alkyl and/or, If present, In the benzo or cyclohexano 
ring by ~-C4alkyl, C1-C..allcoxy, halo or trlftuoromethyl or a salt thereof. 

2. A compound according to claim 1 of the formula II 

(II) 

55 · or a compound of fonnula II with a double bond present between C-3 and C-4 or between C4 and C-5 of the 
plperldlnyl ring. In which the phosphono bearing chain Is attached at the 3-, 4-, or 5-positlon of the piperidinyl 
or tetrahydropyrldlnyl ring, and wherein R and R' independently represent hydrogen, C1-C4alkyl, benzyl, C2-

C4alkanoyloxymethyl or CrC4alkanoyloxymethyl substituted on oxymethyl by C1-C4alkyl, cyclohexyl or cyc-

16 
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5297 (1964)) In 30 ml dry THF is added dropwfse rapidly. The solution is heated at reflux for 18 hours, cooled 
to rQOm temperature and concentrated: 40 ml of 1N hydrochloric acid Is added and the mixture is extracted 
with 100 mf of methylene chloride. The organic fraction is washed with 25 ml water, dried over sodium sulfate, 
filtered and concentrated. Purification by flash chromatography using ethyl acetate as solvent yields 1-

s ethoxycarbonyl-3-(diethylphosphonomethyl)-2,5-dihydropyrrole-2-camoxylic acid ethyl ester. 

Example23: 

A solution of 2.75gof1-ethoxycarbonyl-3-(dlethylphos-phonomethyl)-2,5-dihydropyrrole-2-carboxylic acid 
10 ethyl ester In 35 ml ethanol and 1.5 g 10% Pd/C is hydrogenated at 300 kPa to yield cis and trans 1-ethoxycar­

bonyl-3-(diethyfphosphonomethyl)pyrrolidlne-2-carboxylic acid ethyl ester. 

15 

25 

35 

50 

Example 24: 

a) A solution of 2.7 g of els and trans 1-ethoxycarbonyl-3-(dlethyl-phosphonomethyl)pyrrolidine-2-car­
boxylic acid ethyl ester is heated under reflux with SN hydrochloric acid for 6 hours to yield 3-(phosphono­
methyt)pyrrolidine-2-carboxylic acid hydrochloride; 1H-NMR (O~) : 4.78, 4.40, 3.95, 3.83, 3.72, 3.20, 
3.01, 2.78, 2.69 ppm. 
b) Similarly hydrolysis of 1-ethoxycarbonyl-3-(dlethylphosphonomethyl)-2,5-dihydropyrrole-2-carboxyllc 
acfd ethyl ester affords 3-(phosphono-methyf)-2,5-dlhydropyrrole-2-carboxyllc acid hydrochloride which on 
treatment with propylene oxide yields the free amino acid, m.p. 215° (dee) 

Claims 

Clalms the Contracting States: BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. A compound of the fonnula l, 

RO-~-A-Het 6a• (I), 

wherein Rand R' lndependenUy represent hydrogen, C,-C4alkyl, benzyl, benzyl substituted on phenyl by halo­
gen, c,-c.atkyl or C1·C4alkoxy, CrCralkanoyloxymethyl or Crelalkanoyloxymethyl substituted on oxymethyl 
by C,-C4alkyl or C3""C8cycloalkyl, A denotes C1-C4alkylene and Het represents a 2-R1-pyrrolidinyl, 2-R1-2,5-
dlhydropyrrolyl, 2-R'-1,2,3,6-tetrahydropyridlnyl, 2-R'-1,2,5,6-telrahydropyridinyl, 2-R'-piperidinyl, 2-R1-tet­
rahydroqulnoUnyl, 2-R'-perhydroqulnollnyl, 2-R'-carboxy-2,3-dl-hydrolndolyl or 2-R1-perhydroindolyl group 
which may be additionally N-substftuted by ~-C,alkyl, phenyl-C1-C4alkyl, CrCralkanoyl, benzoyl, C1-

C,alkoxycarbonyl, benzyloxycarbonyl, phenylacetyl, 3-phenylproplonyl or a-amino-~C4alkyl, C-substituted in 
the heterocycllc 5- or 6-rfng by C1-C4alkyl or phenyl-~-C,alkyl and/or, if present, in the benzo or cyclohexano 
ring by C1-C4alkyl, C1'~C,alkoxy, halo or triftuoromethyl or a salt thereof. 

2. A compound according to claim 1 of the fonnula II 

(II) 

55 or a compound of fonnula II with a double bond present between C-3 and C-4 or between C-4 and C-5 of the 
piperidlnyl ring. In which the phosphono bearing chain is attached al the 3-, 4-, or 5-positlon of the piperidinyl 
or tetrahydropyrldlnyl ring, and wherein R and R' Independently represent hydrogen, C1-C4alkyl, benzyl, C2-

C,alkanoyloxymethyl or CrC4alkanoyloxymethyl substituted on oxymethyl by C1-C4alkyl, cyclohexyl or cyc-

16 
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lopentyl, R1 represents carboxy, carbamoyl, N-mono- or N,N-di-C,-C4alkylcarbamoyl or C1-C4alkoxycarbonyl, 
R2 and R3 represent hydrogen or C1-C4alkyl and A represents C1-C4alkylene ; or a pharmaceutically acceptable 
salt thereof. 

3. A compound of formula II according to claim 2 wherein R and R' independently represent hydrogen, Cr 
5 C4alkanoyloxymethyl or C2-C4alkanoyloxy-methyl substituted on oxymethyl by C1-C4alkyl, R1 represents car­

boxy, carbamoyl or C,-C4alkoxycarbonyl, R2 and R3 represent hydrogen and A is at the 4-position and 
represents C,-C4alkylene ; or a pharmaceutically acceptable salt thereof. 

4. A compound according to claim 2 of the formula Ill 

10 

(III) 

15 

wherein n represents the Integer 1, 2 or 3 ; R and R' Independently represent hydrogen, C1-C4alkyl, benzyl, 
20 Cz-C4alkanoyloxymethyl or ~-C,alkanoyloxymethyl substituted on oxymethyl by C1-C4alkyl, R1 represents 

carboxy, C,-C4alkoxycarbonyl orcarbamoyl and RZ represents hydrogen, C1-C4alkyl, CrC4alkanoyl or benzoyl; 
or a phannaceutically acceptable salt of said compound having a salt-forming functional grouping. 

5. A compound of formula Ill according to claim 4 wherein n represents the integer 1, 2 or 3 ; Rand R' both 
represent hydrogen or Cz-C4alkanoyloxymethyl ; or one of R and R' represents hydrogen and the other of R 

25 and R' represents C1-C4alkyl benzyl, Cz-C4alkanoyloxymethyl or CrC4-alkanoyloxymethyl substituted on 
oxymethyl by Ct·C4alkyl, R1 represents carboxy or Ct-C4alkoxycarbonyl and R2 represents hydrogen ; or a 
pharmaceutically acceptable salt thereof. 

6. A compound of formula Ill according to claim 4 wherein n represents the integer 1, 2 or 3 ; R and R' 
represent hydrogen, Rt represents carboxyor C1-C4alkoxycarbonyl and R2 represents hydrogen ; or a phar-

30 maceulically acceptable salt thereof. 
7. A compound according to claim 6 being cls-4-phosphonomethyl-2-plpe-ridlnecarboxyllc acid or a phar­

maceutically acceptable salt thereof. 
8. A compound according to clatm 6 being cls-4-(3-phosphonopropyl)-2-piperidlnecarboxyllcacid ora phar­

maceutically acceptable salt thereof. 
35 9. A compound according to claim 6 being cis-4-phosphonomethyl-2-pipe-rldinecarboxyllc acid ethyl ester 

45 

or a pharmaceutically acceptable salt thereof. 
10. A compound according to claim 1 of the fonnula IV 

(IV) 

or a perhydro derivative thereof, wherein R and R' independently represent hydrogen, C1-C4alkyl, benzyl, ben­
zyl substituted on phenyl by halogen, C1-C4alkyl or C1-C4alkoxy ; Cz-C4alkanoyloxymethyl or CrC4alkanoyloxy-

so methyl substituted on oxymethyl by C,-C4alkyl or cycloalkyl, R1 represents carboxy, C1-C4alkoxycarbonyl, 
carbamoyl or N-mono- or N,N-dl-C1-C4alkylcarbamyl, R2 represents hydrogen, C1-C4alkyl, aryl-C1-C4alkyl, Cr 
Cralkanoyl, benzoyl, C1-C4alkoxycarbonyl, phenylacetyl, 3-phenylproplonyl or a.-amino-Cz-C4alkanoyl, R4 rep­
resents hydrogen, lower alkyl, lower alkoxy, halogen or lrlfluoromethyl and A represents C1-C4alkylene ; or a 
pharmaceutically acceptable salt thereof. 

65 11. A compound according to claim 10 of the formula V 

17 
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(V) 

or a perhydroquinoline derivative thereof wherein n represents the integer 1, 2 or 3; Rand R' independently 
represent hydrogen, C1-C4alkyl, benzyl, ~-C4alkanoyloxymethyl or CrC4alkanoyloxymethyl substituted on 
oxymethyl by ~-C4alkyl, R1 represents carboxy, ~-C4alkoxycarbonyl or carbamoyl, R2 represents hydrogen, 
CrC48lkyl, CrC4alkanoyl, benzoyl or benzoyl substituted by C1-C4alkyl, by C1-C4alkoxy, by halogen or by trif-

16 luoromethyl ; ora pharmaceutlcallyacceptable.sattof said compound having a salt-forming functional grouping. 
12. A compound of formula V according to claim 11 wherein n represents the integer 1, 2 or 3 ; R and R' 

represent hydrogen, R1 represents carboxy or C1-C4alkoxycarbonyl and R2 represents hydrogen ; or a phar­
maceutically acceptable salt thereof. 

13. A compound according to claim 12 being cis-4-phosphonomethyl-1,2,3,4-tetrahydroqulnoline-2-car-
20 boxyllc acid or a pharmaceutically acceptable salt thereof. 

14. A compound according to claim 1 of the formula VI 

26 {VI) 

30 or a compound of fonnula VI with a double bond present between C-S and C4 of the pyrrolldinyl ring, wherein 
Rand R' independenUy represent hydrogen, Ci-C4alkyl, benzyl, benzyl substlbJted on phenyl by halogen, c,­
C4alkyl or C,-C4atkoxy ; CrC4alkanoyloxymethyl or CrC4alkanoyloxy-methyl substituted on oxymethyl by C1-
C4alkyl or cycloalkyl, R1 represents carboxy, C1-C4alkoxycarbonyl, carbamoyl or N-mono- or N,N-di-C1-C4 
alkylcarbamoyl, RZ represents hydrogen, C1-C4alkyl, Cz-Cralkanoyl, benzoyl, C1-C4alkoxycarbonyl, 

35 phenylacetyl, 3-phenylproplonyl oru-8mfno-~4alkanoyl, RS represents hydrogen, C1-C4alkyl or aryl-C1-C4al­
kyl and A represents C1-C4alkylene ; or a salt thereof. 

15. A compound of formula VI according to claim 14 wherein the phosphono bearing group Is attached at 
the 3-or4-posltlon, Rand R' Independently represent hydrogen or CrC4alkanoyloxymethyl, R1 represents car­
boxy, ~-C4alkoxycarbonyl or carbamoyl, R2 and R' represent hydrogen and A represents C1-C3alkylene ; or 

40 a phannaceutically acceptabJe salt thereof. 
16. A compound according to claim 15 being 4-phosphonomethylpyrrolldlne-2-carboxyllc acid or a phar­

maceutically acceptable salt thereof. 
17.Acompound according to anyone of cfalms2 to5, 7to9, 11to13, 15and16foruse In the therapeutic 

treabnent of the human or animal body. 
46 18. A compound according to any one of claims 1, 6, 10 and 14 for use in the therapeutic treatment of the 

human or animal body. 
19. A pharmaceutical composition comprising a compound claimed In any one of claims 2 to 5, 7 to 9, 11 

to 13and17 fn admixture or conjunction with one or more pharmaceutlcally suitable carriers. 
20. A pharmaceutical composition comprising a compound claimed in any one of claims 1, 6, 10, 14 and 

60 18 in admixture or conjunction with one or more pharmaceutically suitable carriers. 
21. A compound claimed in any one of claims 1 to 16 as an antagonist of the N-methyl-0-aspartate (NMDA) 

sensitive excitatory amino acid receptor. 
22. Use of a compound claimed In any one of claims 1 to 16 for the manufacture of a phannaceutical compo­

sition. 
55 23. Use of a compound claimed In any one of claims 1 to 16 for the manufacture of pharmaceutical compo-

sition fortreatmentof diseases responsive to blockade of the N-methyl-D-aspartate (NMDA) sensitive excitatory 
amino acid receptor. 

24. Process for the manufacture of a compound of formula I as claimed In claim 1, or of a salt thereof, which 

18 
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consists In 

a) reducing a compound of the formula VII 

6 RO-~-A'-Het' 6R 1 

(VII) 

said compound offormula VII being otherwise Identical to a compound of formula I but having one or more 
10 double bonds present In the five-or six-membered heterocyclic ring Het' and/or within A' which represents 

A or lower alkenylene or lower alkanylidene with the double bond attached to the heterocycllc ring ; or 

15 

20 

b) condensing a compound of the formula VIII 

X-A-Het (VIII) 

wherein Hetand A are as defined for formula I and X represents reactive esterifled hydroxy, with a com­
pound capable of Introducing the phosphonic acid moiety, having one of formulae IX or X, 

H-La" 
!~ 

(IX) P(R'" h . (X) 

26 wherein R" represents lower alkyl and R"' represents halogen or lower alkoxy and, if required, converting 
the resulUng phosphonlc acid derivative to the phosphonic acid or other ester derivative thereof ; or 
c) converting to R1 a substltuent other than R1 at position 2 of the heterocycllc ring In a compound otherwise 
Identical to a compound of the Invention : and carrying out the said processes whRe, If necessary, tempor­
arily protecting any Interfering reactive group(s) In these processes, and then liberating the resulting com-

30 pound of the Invention ; and, If desfred, converting a resulting compound of the Invention Into another 
compound of the Invention, and/or, If desired, converting a resulting free compound Into a salt or a resulting 
salt Into the free compound or Into another salt; and/or separating a mixture of Isomers or racemates 
obtained Into the single Isomers or racemates ; and/or, If desired, resolving a racemate obtained into the 
optical antipodes. 

36 

Claims for the Contracting State : AT 

1. A compound of the formula I, 

RO-R-A-Het 
6R' 

(I), 

45 wherein Rand R' Independently represent hydrogen, CrC4alkyl, benzyl, benzyl substituted on phenyl by halo­
gen, ~-C4alkyl or C1-C4alkoxy, CrCralkanoyloxymethyl or CrCralkanoyloxymethyl substituted on oxymethyl 
by ~-C4alkyl or CrCacycloalkyl, A denotes C1-C4alkyfene and Het represents a 2-R1-pyrrolidlnyl, 2-R1-2,5-
dlhydropyrrolyl, 2-R'-1,2,3,6-tetrahydropyridlnyl, 2-R'-1,2,5,6-tetrahydropyridlnyl, 2-R'-piperidlnyl, 2-R1-tet­
rahydroqulnollnyl, 2-R1-perhydroqulnollnyl, 2-R1-carboxy-2,3-di-hydrofndolyl or 2-R1-perhydrolndolyl group 

60 which may be addltlonally N-subs6tuted by ~-C4alkyf, phenyl-C1-C4alkyl, Cr~alkanoyl, benzoyl, C1-
C4alkoxycarbonyl, benzyloxycarbonyl, phenyfacetyf, 3-phenylpropionyl or a-amino-Ci-C4alkyl, C-substltuted in 
the heterocycllc 5- or 6-ring by C1-C4alkyl or phenyl-~-C4alkyl and/or, if present, in the benzo or cyclohexano 
ring by ~-C4alkyl, C1-C4alkoxy, halo or trifluoromethyl, or of a salt thereof, which consists In 

a) reducing a compound of the fonnula VII 
55 

19 
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RO-R-A '-Het' 
iR' 

(VII) 

said compound of formula VII being otherwise Identical to a compound of formula I but having one or m~re 
double bonds present in the five-or six-membered heterocyclic ring Het' and/or within A' which represents 
A or lower alkenylene or lower alkanylldene with the double bond attached to the heterocycllc ring ; or 
b) condensing a compound of the fonnula VIII 

X-A-Het (VIII) 

wherein Het and A are as defined for formula I and X represents reactive esterlfled hydroxy, with a com-
15 pound capable of Introducing the phosphonlc acid moiety, having one of formulae IX or X, 

20 

25 

35 

H-LR .. 
x~v 

(IX) P(R" ') 1 (X) 

wherein R" represents lower alkyl and R"'represenls halogen or lower alkoxy and, If required, converting 
the resulting phosphonlc acid derivative to the phosphonlc acid or other ester derivative thereof ; or 
c) converting to R1 a substltuent other than R1 at position 2 of the heterocycllc ring In a compound otherwise 
Identical to a compound of the invention ; and carrying out the said processes whHe. ff necessary, tempor­
arily protecllng any Interfering reacllve group(s) in these processes, and then liberating the resulting com­
pound of the lnvention ; and, if desired, converting a resulting compound of the Invention Into another 
compound of the Invention, and/or, ff desired, converting a resulting free compound Into a salt or a resulting 
salt Into the free compound or into another salt; and/or separating a mixture of Isomers or racemates 
obtained Into the single Isomers or racemates ; and/or, If desired, resolving a racemate obtained Into the 
optical antipodes. 
2. Process according to claim 1 for the manufaclure of a compound of the formula II 

(II) 

or a compound of formula II with a double bond present between C-3 and C-4 or between C-4 and C-5 of the 
45 plperldlnyl ring, in which the phosphono bearing chain Is attached at the 3-, 4-, or 5-posltlon of the plperldlnyl 

or tettahydropyridinyl ring, and wherein R and R' lndependenUy represent hydrogen, Ci-C4alkyl, benzyl, Cr 
C4alkanoyloxymethyl or CrC4alkanoyloxymethyl substituted on oxymethyl by C,-C4alkyl, cyclohexyl or cyc­
lopentyl, R1 represents carboxy, carbamoyl, N-mono- or N,N-dl-C1-C4alkylcarbamoyl or C1-C4alkoxycarbonyl, 
R2 and R3 represent hydrogen or C1-C4alkyl and A represents C1-C4alkylene ; or of a pharmaceutlcally accept-

50 able salt thereof. 
3. Process according to claim 1 for the manufacture of a oompound offOrmula II according to claim 2 whe­

rein R and R' independently represent hydrogen, Cz-C4alkanoyloxymethyl or Cz-C4alkanoyloxymethyl substi­
tuted on oxymethyl by C1-C4alkyl, R1 represents earboxy, carbamoyl or C1-C4alkoxycarbonyl, R2 and R3 

represent hydrogen and A Is at the 4-posttion and represents C,-C4alkylene ; or of a pharmaceutically accept-
55 able salt thereof. 

4. Process according to claim 1 for the manufacture of a compound of the fonnula Ill 

20 
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11/lllf /Ill~ I~/ Ulm g /If 
s .. 

(III) 
5 

10 wherein n represents the Integer 1, 2 or 3; Rand R' independently represent hydrogen, C,-C4alkyl, benzyl, 
CrC4alkanoyloxymethyl orCrC4alkanoyloxymethyl substituted on oxymethyl by C1-C4alkyl, R' represents car­
boxy, C,-C4alkoxycarbonyl or carbamoyl and R2 represents hydrogen, C1-C4alkyl, CrC4alkanoyl or benzoyl ; 
or of a pharmaceutically acceptable salt thereof. 

5. Process according to claim 1 for the manufacture of a compound of formula Ill according to claim 4 whe-
U 15 rein n represents the Integer 1, 2 or 3 ; Rand R' both represent hydrogen or CrC4alkanoyloxymethyl ; or one 

of R and R' represents hydrogen and the other of Rand R' represents C1-C4alkyl, benzyl, CrC4alkanoyloxy­
methyl or CrC4alkanoyloxymethyl substituted on oxymethyl by c1-C4alkyl, R1 represents carboxy or C,-C4al­
koxy-carbonyl and R2 represents hydrogen ; or of a pharmaceutically acceptable salt thereof. 

6. Process according to claim 1 for the manufacture of a compound of formula Ill according to claim 4 whe-
1 20 rein n represents the Integer 1, 2 or 3; Rand R' represent hydrogen, R' represents carboxy or C,-C4alkoxy-
\.....; carbonyl and R2 represents hydrogen ; or of a pharmaceutically acceptable salt thereof. 

I 

v 

7. Process according to claim 1 for the manufacture of cls-4-phosphonomethyl-2-plperidlnecarboxylic acid 
or of a phannaceutlcally acceptable salt thereof. 

8. Process according to claim 1 for the manufacture of cls-4-(3-phosphonopropyl)-2-piperfdinecarboxylic 
25 acid or of a pharmaceutically acceptable salt thereof. 

30 

36 

9. Process according to claim 1 for the manufacture of cfs-4-phosphonomethyl-2-plperldlnecarboxyllc acid 
ethyl ester or of a pharmaceutically acceptable salt thereof. 

1 O. Process according to clalm 1 for the manufacture of a compound of the formula IV 

(IV) 

or a perhydro derivative thereof, wherein Rand R' Independently represent hydrogen, C1-C4alkyl, benzyl, ben-
40 zyl substituted on phenyl by halogen, C1-C4alkyl orC1-C4alkoxy ; CrC4alkanoyloxymethyl orCrC4alkanoyloxy­

methyl substituted on oxymethyl by C1-C4alkyl or cycloalkyl, R' represents carboxy, C1-C .. alkoxycarbonyl, 
carbamoyl or N-mono- or N,N-dl-C1-C4alkylcarbamyl, R2 represents hydrogen, C1-C4alkyl, aryl-C1-C4alkyl, Cr 
Cralkanoyl, benzoyl, c,-c .. alkoxycarbonyl, phenylacetyl, 3-phenylpropionyl ora.-amino-~·C4alkanoyl, R"' rep­
resents hydrogen, lower alkyl, lower alkoxy, halogen or trifluoromethyl and A represents c,-c .. atkylene ; or of 

4S a pharmaceutically acceptable salt thereof. 

50 

65 

11. Process according to claim 1 for the manufacture of a compound of the formula V 

(V) 

or a perhydroqulnoline derivative thereof wherein n represents the Integer 1, 2 or 3; Rand R' Independently 

21 
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represent hydrogen, C1-C4alkyl, benzyl, C2-C4alkanoyloxymethyl or C2-C4alkanoyloxymethyl substituted on 
oxyf!lethyl by C1-C4alkyl, R1 represents carboxy, C1-C4alkoxycarbonyl or carbamoyl, R2 represents hydrogen, 
C1-C4alkyl, C2-C4alkanoyl, benzoyl or benzoyl substituted by C1-C4aikyl; by C1-C4alkoxy, by halogen or oy trlf­
luoromethyl ; or of a phannaceutically acceptable salt thereof. 

s 12. Process according to claim 1 for the manufacture of a compound of fonnula V according to claim 11 
wherein n represents the Integer 1, 2 or 3 ; R and R' represent hydrogen, R1 represents carboxy or C1-C4al­
koxy-carbonyl and R2 represents hydrogen ; or of a pharmaceutically acceptable salt thereof. 

13. Process according to claim 1 for the manufacture of cis-4-phosphonomethyl-1,2,3,4-tetrahydro­
qulnoline-2-carboxyllc acid or of a pharmaceutically acceptable salt thereof. 

10 14. Process according to claim 1 for the manufacture of a compound of the formula VI 

(VI) 
15 

or a compound of formula VI with a double bond present between C-3 and C-4 of the pyrrolidinyl ring, wherein 
20 Rand R' Independently represent hydrogen, C1-C4alkyl, benzyl, benzyl substituted on phenyl by halogen, C1-

C4alkyl or CrC4alkoxy ; CrC4alkanoyloxymethyl or CrC4alkanoyloxy-methyl substituted on oxymethyl by C1-

C4alkyl or cycloalkyl, R1 represents carboxy, C,-C4alkoxycarbonyf, carbamoyl or N-mono- or 
N,N-di-~-C4alkylcarbamoyl, R2 represents hydrogen, C,-C4alkyl, CrCralkanoyl, benzoyl, C,-C4alkoxycar­
bonyl, phenylacetyl, 3-phenylproplonyl or a.-amln~-C4alkanoyl, R3 represents hydrogen, C1-C4alkyl or aryl-

25 C1-C4alkyl and A represents C1-C4alkylene ; or of a pharmaceutically acceptable salt thereof. 
15. Process according to claim 1 for the manufacture of a compound of formula VI according to claim 14 

wherein the phosphono bearing group Is attached al the 3- or 4-positJon, R and R' Independently represent 
hydrogen or C.rC4alkanoyloxymethyl, R1 represents carboxy, C1-C4alkoxy-carbonyf or carbamoyl, R2 and R3 
rspresent hydrogen and A represents C1-C8alkylene ; or of a phannaceutlcally acceptable salt thereof. 

30 16. Process according to claim 1 for the manUfacture of 4-phosphono-methylpyrrolldine-2-carboxylic acid 

45 

or of a pharmaceutically acceptable salt thereof. 
17. Process for the manufacture of pharmaceutical composition wherein a compound obtainable according 

lo any one of claims 1 lo 16 Js admixed lo one or more pharmaceutJcally acceptable carriers. 

Anspriiche 

Patentanspriicha fiir BE, CM, DE, FR, GB, IT, LI, LU, NL, SE 

1. Verbindung derfonnel I 

RO-tA-Het 
Aa· 

(I)• 

worin Rund R' unabhangig Wasserstoff, C1-C4-Alkyl, Benzyl, Benzyl, das am Phenyl substituiert isl durch Halo­
gen, C1-C4-Alkyl oder C1-C4-Alkoxy, CrCr-Alkanoyloxymethyl oder ~-CrAlkanoyloxymethyl, das am Oxyme­
thyl substituiert ist durch C1-C4-Alkyl oder Ca-Ca-Cycloalkyl, darstellen, A C1-C4-Alkylen bezeichnet und Het 
eine 2-R1-Pyrrolidfnyl-, 2-R1-2,5-Dihydropyrrolyl-, 2-R1-1,2,3,6-Tetrahydropyridlnyl-, 2-R1-1,2,5,6-Tetrahydro-

so pyridinyl-, 2-R1-Piperidlnyl-, 2-R1-Teb'ahydrochlnollnyl-, 2-R1-Perhydrochfnollnyl-, 2-R1-Carboxy-2,3-dlhydroin­
dolyl- oder 2-R1-Perhydroindolyl-Gruppe darstellt, die zusatzlich N-substltuiert seln kann durch C1-C4-Alkyl, 
Phenyl-C,-C4""alkyl, ~lkanoyl, Benzoyl. C1-C4-Alkoxycarbonyl, Benzyloxycarbonyl, Phenylacetyl, 3-Phe- a 

nylpropionyl oder a.-Amino-~-C4-alkyl, C-substltulert tm heterocycllschen 5- oder 6-Rlng durch C1-C4-Alkyl 
oder Phenyl-C1-C4-alkyl und/oder, falls vorhanden, im Benzo- oder Cyclohexanorlng durch C1-C4-Alkyl, C1-C4-

55 -Alkoxy, Halo oder Trlfluormethyl, oder ein Salz davon. 
2. Verbindung nach Anspruch 1 mit der fonnel II 

22 
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(II) 
5 

oder elne Verbindung derforrnel II mit elner Doppelbindung zWlschen C-3 und C-4 oderzwischen C-4 und C-5 
10 des Piperidlnylringes, worin die Phosphono-tragende Kette an der 3-, 4- oder 5-Posltlon des Plperldlnyl- oder 

Tetrahydropyridinylringes gebunden 1st, und worln Rund R' unabhanglg Wasserstoff, C,-C4-Alkyl, Benzyl, Cz­
C4-Alkanoyloxymethyl oder C2-C4-Alkanoyloxymethyl, das am Oxymethyl substitulert ist durch C1-C4-Alkyl, 
Cyclohexyl oder Cyclopentyl, darstellen, R1 Carboxy, Carbamoyl, N-Mono- oder N,N-Dl-C1-C4-alkylcarbamoyl 
oder C,-C4-Alkoxycarbonyl darstellt, R2 und R3Wasserstoff oder C,-C4-Alkyl darstellen und A fOr C1-C4-Alkylen 

V' 15 steht ; oder ein pharmazeutisch annehmbares Salz davon. 
3. Verblndung derfonnel II nach Anspruch 2, worln Rund R' unabhanglg Wasserstoff, Cz-C4-Alkanoyloxy­

methyl oder am Oxymethyl durch C,-C4-Alkyl substituiertes CrC4-Alkanoyloxymethyl darstellen, R1 Carboxy, 
Carbamoyl oder C1-C4-Alkorycarbonyl darstellt, R2 und R3 Wasserstoff darstellen und A an der 4-Posltlon 1st 
und C1-C4-Alkylen darstellt; oder eln pharmazeutlsch annehmbares Salz davon. 

1 20 4. Verblndung nach Anspruch 2 mlt der Formel Ill 
v 

j 

v 

25 
(III) 

30 worin n die ganze Zahl 1, 2 oder 3 darstellt: Rund R' unabhinglg Wasserstoff, CrC4-Alkyl, Benzyl, Cz-C4-

Alkanoyloxymethyl oder am Oxymethyl durch C1-C4-Alkyl substltulertes Cz-C .... Alkanoyloxymethyl darstellen, 
R1 Carboxy, C1-C4 Alkoxycarbonyl oder Carbamoyl darstellt und R2 Wasserstoff, C1-C4-Alkyl, Cz-C4-Alkanoyl 
oder Benzoyl darstellt; oder ein pharmazeutlsch annehmbares Salz bzsagter Verblndung, die etne salz­
blldznde funktionelle Gruppe hat. 

35 5. Verblndung der Forrnel Ill nach Anspruch 4, worln n die ganze Zahl 1, 2 oder 3 1st : Rund R' belde Was-
serstoff oder Cz-C4-Alkanoyloxymethyl slnd ; oder elnes von R und R' Wasserstoff 1st und das andere von R 
und R' C1-C4-Alkyl. Benzyl, CrC4-Alkanoyloxymethyl oder am Oxymethyl durch C1-C.r-Alkyl substttutertes Cr 
C4-Alkanoylorymethyl 1st, R1 Carboxy oder C,-C4-Alkoxycarbonyl darstellt und R2 Wasserstoff 1st; oder eln 
pharmazeutisch annehmbares Salz davon. · 

40 6. Verbindung der Fonnel Ill nach Anspruch 4, worln n die ganze Zahl 1, 2 oder 3 fst i Rund R' Wasszrstoff 
sind ; R1 Carboxy oder C1-C4-Alkoxycarbonyl ist und R2 Wasserstoff darstellt; oder eln pharmazeutlsch 
annehmbares Salz davon. 

7. Verblndung nach Anspruch 6, die cls-4-Phosphonomethyl-2-piperidlncarbonsaure oder eln phannazeu­
tisch annehmbares Salz davon Isl. 

46 8. Verbindung nach Anspruch 6, die cis-4-(3-Phosphonopropyl)-2-plperidincarbonsaure oder eln pharrna-

50 

55 

zeutlsch annehmbares Salz davon ist. 
9. Verbindung nach Anspruch 6, die cls-4-Phosphonomethyl-2-plperldlncarbonsaure-ethylester oder eln 

pharmazeutlsch annehmbares Salz davon ist. 
10. Verblndung nach Anspruch 1 mit der Fonnel IV 

(IV) 

23 
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oder ein Perhydro-Derivat davon, worin Rund R' unabhanglg Wasserstoff, C1-C4-Alkyl, Benzyl, am Phenyl 
durc:;h Halogen, C1-C4-Alkyl oder C1-C4-Alkoxy substltuiertes Benzyl : Ca-C4-Alkanoyloxymethyl oder am Oxy­
methyl durch C1-C4-Alkyl oder Cycloakyl substituiertes CrC4-Alkanoyloxymethyl darstellen, R1 Garboxy, C1-

C.rAlkoxycarbonyl, Carbamoyl oder M-Mono- oder N,N-Di-C1-C4-alkylcarbamyl ist, R2 Wasserstoff, 
s C1-C4-Alkyl, Aryl-C1-C4-alkyl, C2-Cr-Alkanoyl, Benzoyl, C1-C4-Alkoxycarbonyl, Phenylacetyl, 3-Phenylproplo­

nyl oder u-Amino-Cz-C4-alkanoyl ist, R4 Wasserstoff, niederes Alkyl, niederes Alkoxy, Halogen oder Trifluor­
methyl 1st und A filr C1-C4-Alkylen steht ; oder ein pharmazeutisch annehmbares Salz davon. 

10 

15 

11. Verbindung nach Anspruch 10 mit der formel V 

(V) 

oder eln Perhydrochlnolin-Derivat davon, worin n die ganze Zahl 1, 2 oder 3 ist; Rund R' unabhanglg Was­
serstoff, C1-C4-Alkyl, Benzyl, CrC4-Alkanoyloxymethyl oder am Oxymethyl durch CrC4 Alkyl substituiertes Cr 

20 C4-Alkanoyloxymethyl ist, R1 Carboxy, C1-C4-Alkoxycarbonyl oder Carbamoyl 1st, R2 Wasserstoff, C1-C4-Alkyl, 
CrC4-Alkanoyl, Benzoyl oder durch C1-C4-Alkyl, CrC4-Alkoxy, Halogen o.der Trifluormethyl substituiertes Ben­
zoyl ist ; oder ein pharmazeutisch annehmbares Salz dieser verblndung, die eine salzbildende funktionelle 
Gruppe hat. 

12. Verbindung der fennel V nach Anspruch 11, worin n die ganze Zahl 1, 2 oder 3 darstellt; Rund R' 
25 Wasserstoff darstellen ; R1 Carboxy oder C,-C4-Alkoxycarbonyl ist und R2Wasserstoff darstellt ; oder eln phar­

mazeutlsch annehmbares Salz davon. 

30 

35 

13. Verblndung nach Anspruch 12, die cis-4-Phosphonomethyl-1,2,3,4-tetrahydrochinolin-2-carbonsaure 
oder efn pharmazeutisch annehmbares Salz davon isl 

14. Verblndung nach Anspruch 1 mlt der formal VI 

·-· f R'-t_,{~~- ;a• (VI) 

oder eine verblndung derformel VI mit einer Doppelblndung zwischen C-3 und C-4 des Pynolidinylringes, worln 
Rund R' unabhangig fOrWasserstoff, C1-C4-Alkyl, Benzyl, am Phenyl durch Halogen, C1-C4-Alkyl oder C1-C4-

Alkoxy substllulertes Benzyl ; CrC4-Alkanoyloxymethyl oder am Oxymethyl durch CrC4-Alkyl oder Cycloalkyl 
40 substitulertes CrC4-Alkanoyloxymethyl 1st, R1 Carboxy, C1-C4 Alkoxycarbonyl, Carbamoyl oder N-Mono- oder 

N,N-Di-C1-C4-alkylcarbamoyl 1st, R2 Wasserstoff, C1-C4-Alkyl, CrCrAlkanoyl, Benzoyl, C1-C4-Alkoxycarbonyl, 
Phenylacetyl, 3-Phenylproplonyl oderu-Amlno-CrC4-alkanoyl ist, R3 Wasserstoff, C1-C4-Alkyl oder Aryl-C1-C4-

alkyl ist und A C1-C4-Alkylen darstellt; oder eln Salz davon. 
15. Verblndung der fonnel VI nach Aospruch 14, worin die Phosphono-tragende Gruppe an der 3- oder 

45 4-Position gebunden ·1st, R und R' unabhangig Wasserstoff oder CrC4-Alkanoyloxymethyl sind, R1 Carboxy, 
C1-C4-Alkoxycarbonyl oder Carbamoyl 1st, R2 und Ra Wasserstoff sind und A C,-C4-Alkylen 1st ; oder eln phar­
mazeutisch annehmbares Salz davon. 

16. Verblndung nach Anspruch 15, die 4-Phosphonomethylpyrrolidin-2-carbonsaure oder ein pharmazeu­
tisch annehmbares Salz davon Isl 

so 17. Verbindung nach irgendeinem der AnsprOche 2 bis 5, 7 bfs 9, 11 bis 13, 15 und 16 zurVerwendung 
bei der therapeutischen Behandlung des menschlichen oder tierischen Korpers. 

18. Verbindung nach irgendeinem der AnsprOche 1, 6, 10 und 14 zur Verwendung bei der therapeutischen 
Behandlung des menschlichen oder tierlschen Korpers. 

19. Pharmazeutische Zusammensetzung, die eine in lrgendelnem der Anspriiche 2 bis 5, 7 bis 9, 11 bis 
ss 13 und 17 beanspruchte Verblndung unter Beiffigung oder Zumlschung von einem oder mehreren pharmazeu­

tlsch geelgneten Tragem enthB!t. 
20. Pharmazeutische Zusammensetzung, die elne In irgendeinem der Ansprilche 1, 6, 10, 14 und 18 

beanspruchte Verbindung unter Beifugung oder Zumischung von elnem oder mehreren phannazeutisch geel-

24 
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gneten Triigern enthalt. 

21. Verbindung, die In lrgendeinem der Anspruche 1 bis 16 beansprucht wird, als Antagonist des N-Me­
thyl-0-aspartat (NMDA)-empfindlichen Aminosaurerelzrezeptors. 

22. Verwendung einer In irgendeinem der Ansprilche 1 bis 16 beanspruchten Verbindung zur Herstellung 
s einer pharmazeutischen Zusammensetzung. 

23. Verwendung einer in irgendeinem der Anspruche 1 bis 16 beanspruchten Verblndung zur Herstellung 
einer pharmazeutlschen Zusammensetzung zur Behandlung von Erkrankungen, die auf das Blockleren des N­
Methyl-D-aspartat (NMDA)-empfindlichen Amlnosaurerelzrezeptors ansprechen. 

24. Verfahren zur Herstellung einer Verbindung der Formel I, wie Im Anspruch 1 beansprucht, oder elnes 
10 Salzes davon, welches Verfahren umfaBt : 

15 

20 

a) Reduktion einer Verblndung mlt der Formal VII 

ROJ-A'-Het' 
ba• 

(VII) 

wobei benannte Verbindung von Fonnel VII sonst ldentlsch mlt elnerVerblndung der Formel I lst, Jedoch 
mit elner oder mehreren Doppelblndungen in dem heterocyclischen Filnf- oder Sechsring Het' und/oder 
innerhalb von A', das A oder ein nlederes Alkenylen oder nlederes Alkanyllden darstellt, wo die Doppel­
bindung an dem heterocyclischen Ring gebunden ist ; oder 
b) Kondensation einerVerbindung der Formel VIII 

X-A-Het (VIII) 

2s worin Het und A wie fur Fonnel I definiert sind und X ein reaktlonsfahlges verestertes Hydroxy bezeichnet, 
mil einer Verblndung, durch die die Phosphonsaureeinheit eingefilhit warden kann, die elne der Formeln 
IX oder X aufweist 

30 

35 

45 

H-R--OR" 
·11l" 

(IX) P(ll" 1 )1 (X) 

worln R" niederes Alkyl bezeichnet und R"' ein Halogen oder nlederes Alkoxy 1st, und erforderllchenfalls · 
Umwandlung des entstehenden Phosphonsaurederivats In die Phosphonsaure oder andere Esterderivate 
davon; oder 
c) Umwandlung zu R1 eines anderen Substituenten als R1 In Stellung 2 des heterocycllschen Rlnges In 
einer Verblndung, die sonst mlt elner erfindungsgemiBen Verbfndung ldenUsch ist; und Durchftihrung der 
benannten Verfahren erforderfichenfalls bel vorubergehendem Schutz aller st5renden reakttonsfihlgen 
Gruppen In diesen Verfahren, und anschlleBend Freisetzung der entstehenden erfindungsgemaBen Ver­
blndung ; und gewilnschtenfalls Umwandlung elner entstehenden erflndungsgemiBen Verbfndung in elne 
andere Verblndung der Erfindung und/oder gewunschtenfalls Umwandlung elner entstehenden frelen Ver­
blndung In eln Salz oder elnes entstehenden Salzes in die frele Verbindung oder eln anderes Salz ; und­
/oder Trennen eines erhaltenen Gemisches von lsomereri oder Racematen in die elnzelnen lsomere oder 
Racemate ; und/oder gewunschtenfalls Auflosung elnes entstandenen Racemats In die optlschen Antlpo­
den. 

Patentanspriiche fiir AT 

so 1. Verfahren zur Herstellung einerverblndung der Formel I: 

55 

ROJLA-Het 
6R 1 

(I), 

worln Rund R' unabhinglg Wasserstoff, C1-C4-Alkyl, Benzyl, Benzyl, das am Phenyl substitulertlst durch Halo­
gen, C,-C4-Alkyl oder C1-C4-Alkoxy, Ca-~lkanoyloxymethyl oder CrCrAlkanoyloxymethyl, das am Oxyme­
thyl substltuiert 1st durch C1-C4-Alkyl oder C..-Ca-Cycloalkyl, darstellen, A C1-C4-Alkylen bezelchnet und Het 

25 



\J 

(_; 

EP 0 203 891 B1 1111\1111\11\\ Ill\\ \\Ill \\ \II\ 
* C L M S * 

eine 2-R'-Pyrrolidinyl-, 2-R1-2,5-Dihydropyrrolyl-, 2-R1-1,2,3,6-Tetrahydropyridinyl-, 2-R1-1,2,5,6-Tetrahydro­
pyrlctinyl-, 2-Rt-Plperidlnyl-, 2-R1-Tetrahydrochinollnyl-, 2-Rt-Perhydrochinolinyl-, 2-R1-Carboxy-2,3-dihydroin­
dolyl- oder 2-R1-Perhydroindolyl-Gruppe darstellt, die zusatzllch N-substituiert sein kann durch C1-C4-Alkyl, 
Phenyl-C.-C4-alkyl, Cz-CrAlkanoyl, Benzoyl, C1-C4-Alkoxycarbonyl, Benzyloxycarbonyl, Phenylacetyl, 3-Phe-

5 nylproplonyl oder u-Amino-C2-C4-alkyl, C-substitulert Im heterocyclischen 5- oder 6-Ring durch C1-C4-Alkyl 
oder Phenyl-C1-C4-alkyl und/oder, falls vorhanden, Im Benzo- oder Cyclohexanoring durch C1-C4-Alkyl, C1-C4-

Alkoxy, Halo oder Trmuonnethyl, oder elnes Salzes davon, welches verfahren umfaP..t : 

10 

15 

20 

25 

30 

35 

60 

a) Reduktion einer verbindung mit der Formel VII 

Ro-i-A '-Het' 
6~· (VII) 

wobel benannte verbindung von Fonnel VII sonst ldentisch mit etner verbindung der Formel 1 lst, jedoch 
mil einer oder mehreren Doppelbindungen In dem heterocyclischen Funf- oder Sechsring Het• und/oder 
innerhalb von A', das A oder ein nlederes Alkenylen oder niederes Alkanyliden darstellt, wo die Doppel­
blndung an den heterocyclischen Ring gebunden ist ; oder 
b) Kondensation einer verbindung der Formel 

X-A-Het (VIII) 

worin Het und A wie fur Fonner I deflnlert slnd und X eln reaktionsfahlges verestertes Hydroxy bezeichnet, 
mlt elner verblndung, durch die die Phosphonsiiureelnheit elngefuhrt werden kann, die eine der Fonneln 
IX oder X aufweist 

B-LJl .. 
i;- (IX) P(Jl" ') s (X) 

worln R" nlederes Alkyl bezelchnet und R'" eln Halogen oder nlederes Alkoxy ist,und erforderlichenfalls 
Umwandlung des entstehenden Phosphonsiurederivats in die Phosphonsaure oder andere Esterderlvate 
davon; oder 
c) Umwandlung zu Rt eines anderen Substituenten als Rt in Stellung 2 des heterocyclischen Rlnges In 
efnerVerblndung. die sonst mit elner erfindungsgemaBen Verbindung ldentlsnh 1st ; und DurchfUhrung der 
benannten Verfahron erfordertichenfalls bel vorubergehendem Schutz aller srorenden reaktlonsfcihigen 
Gruppen In diesen Verfahren, und anschlieBend Frelsetzung der entstehenden erfindungsgemaBen Ver­
bindung ; und gewilnschtenfalls Umwandlung elner entstehenden erfindungsgemaBen Verblndung in eine 
andere Verbindung der Erflndung und/oder gewunschtenfalls Umwandlung elner entstehenden freien Ver­
blndung In eln Salz oder elnes entstehenden Salzes In die freie Verbindung oder ein anderes Salz; und­
/oder Trennen eines erhaltenen Gemisches von lsomeren oder Racematen in die einzelnen lsomere oder 
Racemate ; und/oder gewunschtenfalls Auflosl.ing eines entstandenen Racemats In die optlschen Antipo­
den. 
2. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel II 

(II) 

oder einer Verbindung der Fonnel II mil elner Doppelblndung zwlschen C-3 und C-4 oder zwischen C-4 und 
C-5 des Plperidinylringes, worin die Phosphono-tragende Kette an der 3-, 4- oder 5-Positlon des Piperldlnyl-

ss oderTetrahydropyridlnylrlnges gebunden 1st, und worln Rund R' unabhangig Wasserstoff, C1-C..r-Alkyl, Benzyl, 
CrC4-Alkanoyloxymethyl oder CrC.rAlkanoyloxymethyl, das am Oxymethyl substltuiert isl durch C1-C4-Alkyl, 
Cyclohexyl oder Cyclopentyl, darstellen, R1 Carboxy, Carbamoyl, N-Mono- oder N,N-Dl-~-C4-Alkylcarbamoyl 
oder C1-C4-Alkoxycarbonyl darstellt, R2 und R3 Wasserstoff oder C,-C4-Alkyl darstellen und ~ rur C1-C4-Alkylen 

26 
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steht ; oder eines phannazeutisch annehmbaren Salzes davon. 
3. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formal II nach Anspruch 2, worin R 

und R' unabhangig Wasserstoff, ~-C4-Alkanoyloxymethyl oder am Oxymethyl durch C1-C4-Alkyl substituiertes 
C2-C4-Alkanoyloxymethyl darstellen, R1 Carboxy, Carbamoyl oder C,-C4-Alkoxycarbonyl darstellt, R2 und RS 

s Wasserstoff darstellen und A an der 4-Position ist und C1-C4-Alkylen darstellt ; oder eines pharmazeutisch 

10 

15 

annehmbaren Salzes davon. · 
4. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel Ill 

(III) 

worin n die ganze Zahl 1, 2 oder 3 darstellt ; R und R' unabhangig Wasserstoff, C,-C4-Alkyl, Benzyl, ~-C4-
Alkanoyloxymethyl oder am Oxymethyl durch C1-C4-Alkyl substitulertes Cz-C4-Alkanoyloxymethyl darstellen, 
Rt Carboxy, C1-C4-Alkoxycarbonyl oder Carbamoyl darstellt und R2 Wasserstoff, C1-C4-Alkyl, CrC4-Alkanoyl 

20 oder Benzoyl darstellt : oder elnes pharmazeutisch annehmbaren Salzes davon. 
\._) 5. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formal Ill nach Anspruch 4, worin n 

die ganze Zahl 1, 2 oder 3 ist ; R und R' beide Wasserstoff oder CrC4-Alkanoyloxymethyl sind ; oder eines 
von Rund R' Wasserstoff ist und das andere von Rund R' C1-C4-Alkyl, Benzyl, C2-C4-Alkanoyloxymethyl oder 
am Oxymethyl durch C1-C4-Alkyl substituiertes CrC4-Alkanoyloxymethyl ist, Rt Carboxy oder C1-C4-Alkoxy-

25 carbonyl darstellt und R2 Wasserstoff ist ; oder eines pharmazeutlsch annehmbaren Salzes davon. 
6. Verfahren nach Anspruch 1 zur Herstellung elner Verbindung der Formel Ill nach Anspruch 4, worin n 

die ganze Zahl 1, 2 oder 3 Jst ; R und R' Wasserstoff sind ; Rt Carboxy oder C1-C4-Alkoxycarbonyl ist und R2 
Wasserstoff darstellt ; oder eines pharmezeutisch annehmbaren Salzes davon. 

7. Verfahren nach Anspruch 1 zur Herstellung von cis-4-Phosphonomethyl-2-plperldincarbonsaure oder 
30 elnes pharmazeutlsch annehmbaren Salzes davon. 

8. Verfahren nach Anspr.Jch 1 zur Herstellung von cls-4-(3-Phosphonopropyl)-2-plperldincarbonsaure oder 
eines pharmazeutlsch annehmbaren Salzes davon. 

\._ ... / 9. Verfahren nach Anspruch 1 zur Herste!lung von cls-4-Phosphonomethyl-2-piperidincarbonsaureethyl-
ester oder elnes phannazeutisch annehmbaren Salzes davon. 

35 10. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel IV 

(IV) 

45 oder eines Perhydro-Derivats davon, worin Rund R' unabhangig Wasserstoff, C1-C4-Alkyl, Benzyl, am Phenyl 
durch Halogen, C1-C4-Alkyl oder C1-C4-Alkoxy substitulertes Benzyl ; C:rC4-Alkanoyloxymethyl oder am Oxy­
methyl durch C1-C4-Alkyl oder Cycloalkyl substituiertes C:z-C4-Alkanoyloxymethyl darstellen, R1 Carboxy, C1-

C4-Alkoxycarbonyl, Carbamoyl oder N-Mono- oder N,N-Di-C,-C4-alkylcarbamyl ist, R2 Wasserstoff, 
C1-C4-Alkyl, Aryl-C,-C4-alkyl, CrC,-Alkanoyl, Benzoyl, C1-C4-Alkoxycarbonyl, Phenylacetyl, 3-Phenylproplo-

50 nyl oder a.-Amlno-CrC4-alkanoyl ist, R4 Wasserstoff, niederes Alkyl, niederes Alkoxy, Halogen oder Trifluor­
methyl ist und A fOr ~-C4-Alkylen steht ; oder elnes phannazeutisch annehmbaren Salzes davon. 

11. Verfahren nach Anspruch 1 zurHerstellung einerVerbindung der Formel V 

55 
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6 
(V) 

oder elnes Perhydrochinotin-Derivates davon, worln n die ganze Zahl 1, 2 oder 3 ist ; R und R' unabhanglg 
10 Wasserstoff, C1-C4-Alkyl, Benzyl, ~-C4-Alkanoyloxymethyl oder am Oxymethyl durch C1-C4-Alkyl substituler­

tes CrC4-Alkanoyloxymethyl 1st. R' Carboxy, C,-C4-Alkoxycarbonyl oder Carbamoyl 1st, R2 Wasserstoff, C1-

C4-Alkyl, CrC4-Alkanoyl, Benzoyl oder durch C1-C4-Alkyl, C1-C4-Alkoxy, Halogen oder Trifluormethyl 
substltufertes Benzoyl 1st ; oder elnes phannazeutlsch annehmbaren Salzes davon. 

12. Verfahren nach Anspruch 1 zur Herstellung einer verbindung der Formel V nach Anspruch 11, worin 
1t1 n die ganze Zahl 1, 2 oder3 darstellt ; Rund R' Wasserstoff darstellen ; R' Carboxy oder C1-C4-Alkoxycarbonyl 

1st und R2 Wasserstoff darstellt ; oder elnes pharmazeutisch annehmbaren Salzes davon. 

20 

13. Verfahren nach Anspruch 1 zur Herstellung von cls-4-Phosphonomethyl-1,2,3,4-tetrahydrochlnolin-2-
carbonsiure oder elnes pharmazeutlsch annehmbaren Seizes davon ist. 

14. Verfahren nach Anspruch 1 zur Herstellung elnerverblndung der Formel VI 

(VI) 

oder elner verbindung der Formel VI mlt elner Doppelblndung zwischen C-3 und C-4 des Pyrrolldlnylrlnges, 
worln R und R' unabhingig fllr Wasserstoff, C.,-C,,rAlkyl, Benzyl, am Phenyl durch Halogen, C,-C4-Alkyl oder 
Ct-C4-Alkoxy substftulertes Benzyl ; CrC4-Alkanoyloxymethyl oder am Oxymethyl durch C1-C4-Alkyl oderCyc-

30 loalkyl substltulertes CrC4"'Alkanoyloxymethyl 1st, R' Carboxy, C1-C..-Alkoxycarbonyl, Carbamoyl oder N­
Mono- oder N, N-01-C,·C~lkylcarbamoyl 1st, R2 Wasserstoff, C1-C4-Alkyl, ~-CrAlkanoyf, Benzoyl, 
C,-C..-Alkoxycarbonyl, Phenylacetyl, 3-Phenylproplonyl oder a.-Amtno-CrC4-alkanoyl 1st, R3 Wasserstoff, C1-

C.rA!kyl oder Aryl-C1-C4-alkyl ist und A C1-C4-Alkylen darstellt; oder elr:es pharmazeutisch annehmbaren Sal­
zes davon. 

36 15. Verfahren nach Anspruch 1 zur Herstellung elner verbindung der Formel VI nach Anspruch 14, worin 
dle Phosphono-tragende Gruppe an der 3- oder 4-Posltion gebunden ist, R und R' unabhangig Wasserstoff 
oder CrC4-Alkanoyloxymethyl sind, R1 Carboxy, C1-C4-Alkorycarbonyl oder Carbamoyl 1st, R2 und R3 Was­
serstoff slnd und A C1-Ci-Alkylen 1st ; oder elnes pharmazeutlsch annehmbaren Salzes davon. 

16. Verfahren nach Anspruch 1 zur Herstellung von 4-Phosphonomethylpyrrofidln-2-carbonsaure oder 
40 elnes pharmazeullsch annehmbaren Salzes davon. 

17. Verfahren zur Herstellung phannazeutischer Zusammensetzungen, worin elne nach irgendeinem der 
AnsprOche 1 bis 16 erhallllche verblndung mlt elnem odermlt mehreren pharmazeutisch annehmbaren Tragem 
vermischt wlrd. 

Revendlcations 

Revendlcations pour las Etats Contractants BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

so 1. Compose de formule I, 

55 

R.o-i-A-Het 
iR' 

(I) 

oil R et R' representent, lndependamment l'un de l'autre, l'hydrogene, ou un groupe alkyle en c, -C4, benzyle, 
benzyle substltue sur le radical phenyle par un halogene, un radical alkyle en C1-C4 ou un radical alcoxy en 

28 
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C1-C49 alcanoyl(C:rCr)oxymethyle ou alcanoyl(C2-C7)oxymethyle substitue sur le radical oxyml!thyle par un 
radical alkyle en C1-C4 ou cycloalkyle en C3-C8, A represente un groupe alkylene en C1-C4 et Het represente 
un· groupe 2-R1-pyrrolidinyle, 2-R1-2,5-dihydropyrrolyle, 2-Rt-1,2,3,6-tetrahydropyrldinyle, 2-R1-1,2,5,6-tetra­
hydropyridinyle, 2-R1-piperidinyle, 2-Rt-tetrahydroquinoleyle, 2-R'-perhydroquinolfyle, 2-R1-carboxy-2,3-dihy-

5 drolndolyle ou 2-R1-perhydrolndolyle, qui peut aussi etre N-substltue par un radical alkyle en C1-C4, 
phenylalkyle en C1-C4, alcanoyle en C2-C7, benzoyle, alcoxy(C1-C4)carbonyle, benzyloxycarbonyle, phenyla­
cetyle, 3-phenylpropionyle ou a-amlnoalkyle en C2-C4, C-substitue sur l'heterocycle a 5 ou 6 chainons par un 
radical alkyle en CrC4 ou phenylalkyle en C1-C4 eUou, s'il est present, sur le cycle benzo ou cyclohexano par 
un radical alkyle en C1-C4, alcoxy en C1-C4, halogeno ou trifluoromethyle, ou un sel de ce compose. 

10 2. Compose selon la revendlcation 1, caracterlse en ce qu'll repond a la formule II 

15 

20 

(II) 

ou compose de fonnule II avec une double liaison presente entre les atomes de carbone 3 et 4 ou entre les 
atomes de carbone 4 et 5 du cycle plperidlnyle, dans lesquels la chaine portant le groupe phosphono est flxee 
sur la position 3, 4 ou 5 du cycle plperidlnyle ou tetrahydropyridlnyle, et ou R et R' representent, independam­
ment run de l'autre, l'hydrogime ou un radical alkyle en CrC4, benzyle, alcanoyl(~-C4)oxymethyle ou alca-

25 noyl(CrC4)oxymethyle substltue sur le groupe oxymethyle par des radicaux alkyle en C,-C4, cyclohexyle ou 
cyclopentyle, R' repr6sente un radical carboxy, carbamoyle, N-mono- ou N,N-di-alkyl(CrC4)carbamoyle ou 
alcoxy(C1-C4)carbonyle, R2 et R3 repr6sentent l'hydrogene ou un radical alkyle en C1-C4 et A represente un 
radical alkylltne en C1-C4 : ou un sel phannaceutlquement acceptable de ce compose. 

3. Compose de formula II salon la revendlcation 2, caracterfse en ce que R et R', lndependamment l'un 
30 de l'aub'e, representent l'hydrogene OU un radical alcanoyl (CrC4)oxymethyle OU alcanoyl(~-C4)0xymethyle 

substltue surle groupe oxymethyle parun radical alkyle en CrC4, R' represente un radical carboxy, carbamoyle 
ou alcoxy (C1-C4)carbonyle, R2 et R3 repr6sentent l'hydrogltne et A est sur la position 4 et represente un radical 
alkylene en C1-C4 : ou un sel pharmaceutiquement acceptable de ce compose. 

35 
4. Compose selon la revendicaHol'! 2, caracterise en ce qu'il repond ~ la fcrmule Ill 

(III) 

ou n repr6sente l'entier 1, 2 ou 3 : R et R', lndependamment l'un de l'autre, representent l'hydrogene ou un 
radical alkyle en C1-C4, benzyle, alcanoyl(Cz-C4)oxymethyle ou alcanoyl(Cx-C4)oxymethyle substitue sur ie 
groupe oxymethyle par un radical alkyle en C1-C4, Rt represente un radical carboxy, alcoxy(C1-C4)carbonyle 
ou carbamoyle et R2 represente l'hydrogene ou un radical alkyle en C1-C4, alcanoyle en CrC4 ou benzoyle ; 

50. ou un sel phannaceutiquement acceptable de ca compose ayant un groupement fonctionnel saliflable. 
5. Compose de formule Ill salon la revendlcatlon 4, caracterise en ce que n represente l'entier 1, 2 ou 3 ; 

R et R' representent chacun l'hydrogene ou un radical alcanoyl(C2-C4)oxymethyle ; ou l'un des groupes R et 
R' repr6sente l'hydrogene et l'autre de ces groupes R et R' represente un radical alkyle en C1-C4, benzyle, 
alcanoyl {C:rC4 )oxymethyle ou alcanoyl{Cz-C4)oxymethyle s.ubstitue sur le groupe oxymethyle par un radical 

55 alkyle en C1-C4, R' represente un radical carboxy ou alcoxy(C1-C4)carbonyle et R2 represente l'hydrogene ; 
· ou un sel phannaceutlquemant acceptable de ce compose. 

6. Compose de formula Ill selon la revendlcation 4, caracterise en ce que n represente l'entier 1, 2 ou 3 ; 
R et R' representent l'hydrogene, R' represente un radical carboxy ou alcoxy(CrC.c)carbonyle et R2 represente 
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l'hydrogene ; ou un seJ pharmaceutlquement acceptable de ce compose • 
. 7. Compose selon la revetidication 6. caracterise en ce qu'il est l'arilde cls-4-phosphonomethyl-2-piperidi­

necarboxylique ou un sel phannaceutlquement acceptable de celui-cl. 
8. Compose selon la revendication 6, caracterise en ce qu'll est l'acide cis-4-(3-phosphonopropyl)-2-plpe-

5 ridlne-carboxylique ou un sel pharmaceutiquement acceptable de celui-ci. 

10 

15 

9. Compose selon la revendicatlon 6, caracterlse en ce qu'il est rester ethyllque de raclde cls-4-phospho­
nomethyl-2-piperidinecarboxyllque ou un sel pharmaceutiquement acceptable de celui-cl. 

10. Compose selon la revendication 1, caracterise en ce qu'll repond A la formule IV 

(IV) 

ou un derive perhydro de celle-ci, ou R et R', lndependamment l'un de l'autre, representent l'hydrogene ou un 
\ .... ./ 20 radical alkyle en C1-C4, benzyle, benzyle substitue sur le groupe phimyle par un halogltne ou un radical alkyle 

en C1-C4 ou alcoxy en C1-C4 ; alcanoyl (CrC4)oxym6thyle ou alcanoyl (CrC..)oxymethyle substltue sur le 
groupe oxymethyle par un radical alkyle en C1-C4 ou cycloalkyle, R1 represente un radical carboxy, alcoxy (C1-

C.4)carbonyle, carbamoyle ou N-mono- ou N,N-dl-alkyl (C1-C4}carbamoyle, R2 represente l'hydrogene ou un 
radical alkyle en ~-C4, arylalkyle en C1-C"' alcanoyle en ere,, benzoyle, alcoxy (C1-C4)carbonyle, phenyla-

\ : .-.,...-

25 cetyle, 3-phltnylpropionyle ou a-amlno-alcanoyle en CrC4, ~ represente l'hydrogene ou un radical alkyle lnfe­
rieur, alcoxy lnferfeur, halogime ou trmuoromethyle, et A represente un radical alkylene en C1-C4 ; ou un set 
pharmaceutiquement acceptable de ce compose. 

11. Compose selon la revendlcatlon 10, caract6rls6 en ce qu'U repond a la formule V 

30 

(V) 
35 

U ou un derive de perhydroqufnotelne de celle-cl, ou n represente l'entier 1, 2 ou 3 : R et R', lndependamment 
40 l'un de l'autre, representent l'hydrogene ou un radical alkyle en C,-C4, benzyle, alcanoyl (~-C4)oxymethyle 

ou alcanoyl(CrC4) oxymethylesubstltue surle groupe oxymethyle parun ra~ical alkyle en C1-C4, R1 represente 
un radical carboxy, alcoxy(~-C4)carbonyle ou carbamoyle, R2 represente l'hydrogene ou un radical alkyle en 
C1-C4, alcanoyle en CrC4• benzoyle ou benzoyle substitue par un groupe alkyle en C1-C4 , alcoxy en C1-C4, 

halogene ou triftuoromethyle : ou unset phannaceutiquement acceptable de ce compose ayant un groupement 
45 fOnctionnel sallflable. 

12. Compose de formufe V selon la revendication 11, caracterlse en ce que n represente l'entler 1, 2 ou 
3 ; R et R' representent l'hydrogene, R1 represente un radical carboxy ou alcoxy(C1-C4)carbonyle et R2 repre­
sent& l'hydrogene ; ou un sel pharmaceutlquement acceptable de ce compose. 

13. Compose selon la revendlcatlon 12, caracteris6 en ce qu'U est l'acide cis-4-phosphonomethyl-1,2,3,4-
so tetrahydroqulnolelne-2-carboxyllque ou un sel pharmaceutlquement acceptable de celui-cl. 

14. Composlt selon la revendicatlon 1, caract6rise en ce qu'D rltpond a la formule VI 

(VI) 

30 
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ou un compose de fonnule VI ayant une double liaison enlre les atomes de carbone 3 et4 du cycle pyrrolidinyle, 
dans lesquels R et R', fndependamment l'un de l'autre, representent l'hydrogene ou un radical alkyle en C1-C4, 

be'nzyle, benzyle substltue sur le groupe phenyle par un halogime ou uri groupe alkyle en C1-C4 ou alcoxy en 
C1-C4 ; alcanoyl(CrC4)oxymethyle ou alcanoyl(C2-C4)oxymethyle substitue sur le groupe oxymethyle par un 

s radical alkyle en C1-C4 ou cycloalkyle, R1 represente un radical car~oxy, alcoxy(C1-C .. )carbonyle, carbamoyle 
ou N-mono- ou N,N-dl-alkyl(C1-C4) carbamoyle, R2 represente l'hydrogene ou un radical alkyle en C1-C4, alca­
noyle en CrCr. benzoyle, alcoxy(C1-C4) carbonyle, phllnylacetyle, 3-phllnylpropionyle ou a-aminoalcanoyle 
en Ci-C4, Ra represente l'hydrogene ou un radical alkyle en C,-C4 ou arylalkyle en C,-C4 et A represente un 
radical alkylene en C1-C4 ; ou un sel de ce compose. 

10 15. Compose de fonnule VI selon la revendlcation 14, caracterlse en ce que le groupe portant le radical 
phosphono est flxe sur la position 3 ou 4, R et R', lndependamment run de l'autre, representent l'hydrogene 
ou un radical alcanoyl(CrC4)oxymethyle, R1 represente un radical carboxy, alcoxy(C1-C4)carbonyle ou carba­
moyle; R2 et R3 representent l'hydrogene et A represente un radical alkylene en C1-C3 ; ou un sel pharmaceu­
tlquement acceptable de ce compose. 

15 16. Compose selon la revendlcatlon 15, caracterise en ce qu'U est l'aclde 4-phosphonomethylpyrrolldine-
2-carboxyllque ou un sel pharmaceutlquement acceptable de celui-cl 

17. Composll selon l'une quelconque des revendications 2 a 5, 7 a 9, 11 a 13, 15 et 16 pour utilisation 
dans le traitement therapeutlque du corps humain ou animal. 

18. Compose selon l'une quelconque des revendlcations 1, 6, 10 et 14 pour utilisation dans le traltement 
20 therapeutique du corps humaln ou animal. 

19. Composition pharmaceutlque, caracterisee en ce qu' elle comprend un compose selon l'une quelcon­
que des revendlcations 2 a 5, 7 a 9, 11 a 13et17 en melange ou en combinaison avec un ou plusieurs vehicules 
pharmaceutlquement approprles. 

20. Composition phannaceutlque, caracterlsee en ce qu' elle comprend un compose selon l'une quelcon-
25 que des revendlcatlons 1, 6, 10, 14et18 en melange ouen comblnaison avec un ou plusieursvehicules phar­

maceutlquement approprles. 
21. Compose selon l'une quelconque des revendlcatlons 1 a .16 en talit qu'antagoniste du recepteur 

d'amlno acide excltatolre sensible au N-methyl-D-aspartate (NMDA). 
22. Utfllsation d'un compose selon l'une quelconque des revendlcatlons 1 a 18 pour la preparation d'une 

30 composition phannaceutlque. 
23. Utilisation d'un compose selon l'une quelconque des revendicattons 1 a 16 pour la preparation d'une 

composition pharmaceutlque pour le traltement des maladies lndultes par le blocage du recepteur d'amlno 
aclde excltatofre sensible au N-methyl-D-aspartate (NMDA). 

24. Precede pour la preparation d'un compose de formula I selon la revendlcation 1, ou d'un sel de celui-ci, 
35 caract6rlse en ce qu'll conslste en 

a) la reduction d'un compose de fonnule VII 

RO-tA'-Het' 
ia· (VII) 

ledlt compose de formule VII etant ldentique par aDleurs a un composll de formule I, mais ayant une ou 
plusleurs doubles liaisons presentes dans l'het6rocycle a clnq ou six chainons Het' et/ou dans A' qui repre-

45 sente A ou un radical alcenylllne lnfllrieur ou alcanylldene inferieur avec la double liaison fixee sur l'hete­
rocycle; ou 

60 

65 

b) la condensation d'un compose de formula VIII 

X-A-Het (VJll) 

oO Het et A sont tels que definls pour la fonnule I et X represente un radical hydroxy esterifie reactif, avec 
un compose capable d'introdulre la fraction aclde phosphonique, ayant l'une des formulas IX ou X, 

H-LR .. 

k 
(IX) P(R"') l (X) 

31 
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oil R" represente un radical alkyle inferieur et Rmrepresente un halogene ou un radical alcoxy lnferieur et, 
~i nl!icessatre, conversion du derivl!i d'acide phosphontque resultant en l'acfde phosphonlque ou en un autre 
derive de type ester de celul-ci ; ou 
c) la conversion en R1 d'un substituant autre que R1 sur la position 2 de l'heterocycle dans un compose 

5 par ailleurs identique a un compose de !'Invention ; et mise en .oeuvre desdlts procedes tandis que, si 
necessaire, on protege temporairement tout(ou taus) groupe(s) r6actif(s) lnterf6rant dans ces procedes, 
et ensuite liberation du compose resultant de !'invention; et,-si on le souhalte, conversion d'un compose 
resultant selon !'invention en un autre compose de !'Invention, et/ou, si on le souhaite, conversion d'un 
compose resultant llbre en un set ou d'un sel resultant en le compose libre ou en un autre sel ; etlou sepa-

10 ration d'un melange d'isomeres ou de racemlques obtenus en les lsomeres lndlvlduels ou les racemlques; 
etlou, si on le souhaite, dedoublement d'un racemique obtenu-en ses inverses optlques. 

15 

20 

Revendicatlons pour l'Etat contractant AT 

1. Compose de fonnule I 

RO-~-A-Het 
ba• 

(I) 

ou R et R' representent, independamment l'un de l'autre, l'hydrogene, ou un groupe alk:yle en C1-C4, benzyle, 
benzyle substllue sur le radical phenyle par un halogene, un radical alkyle en C1-C4 ou un radical alcoxy en 
C1-C4, alcanoyl(CrC,)oxymethyle ou alcanoyl(~-Cr)oxymethyle substltue sur le radical oxymethyle par un 

25 radical alkyle en Ci-C4 ou cycloalkyle en Ca-Ce. A represente un groupe alkylene en C,-C4 et Het represente 
un groupe 2-R1-pyrrolidlnyle, 2-R'-2,5-clihydro-pyrrolyle, 2-R1~1,2,3,6-tetrahydropyrfdlnyle, 2-R'-1,2,5,6-telra­
hydrcpyridinyle, 2-R1-pfperidlnyle, 2-R'-tetrahydroquinoleyle, 2-R'-perhydroqulnoleyle, 2-R1-carboxy-2,3-dihy­
drolndolyle ou 2-R'-perhycrolndolyle, qui peut aussi etre N-substitue par un radical alkyle en C1-C4, 

ph6nylalkyle en C1-C4, alcanoyle en ~-Cr. benzoyle, alcoxy(C1-C4)carbonyle, benzyloxycarbonyle, phenyla-
30 cetyle, 3-phenylpropionyle ou u-amlnoalkyle en CrC4, C..Substltu6 sur l'heterocycle fl 5 ou 6 chatnons par un 

radical alkyle en C1-C4 ou ph6nylalkyle en C1-C4 et/ou, s'll est present, sur le cycle benzo ou cyclohexano par 
un radical alkyle en C1-C4, alcoxy en Ci-C4, halogeno ou trlfluoromethyle, ou un sel de ce compose, caracterlse 
en ce qu'il consiste en 

35 

a) la reduction d'un compose de fonnule VH 

RO-R-A'-Het' 
bR' 

(VII) 

ledit compose de formule VII etant identique par aDleurs a un compose de formule I, mais ayant une ou 
plusleurs doubles liaisons presentes dans l'heterocycle a clnq ou six chatnons Her et/ou dansA' qui repre­
sente A ou un radical alcenylene inferieur ou alcanylldene inferieur avec la double liaison fixee sur l'h6te­
rocycle; ou 

45 b) la condensation d'un compose de formule VIII 

X-A-Het {VIII) 

ou Het et A sont tels que definls pour la formule I etX represente un radical hydroxy esterlfie reactlf, avec 
so un compose capable d'introduire la fraction acide phosphonique, ayant l'une des formules IX ou X, 

55 
H-Lll .. 
~ 

(IX) P(R."') 1 (X) 

ou R" represente un radical alkyle infllrleur et R"'represente un halogene ou un radical alcoxy lnferieur et, 
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si necessalre, conversion du derive d'acide phosphonlque resultant en l'aclde phosphonique ou en un autre 
derive de type ester de celul-ci ; ou 
c) la conversion en R1 d;uii substituant autre que Rt sur la position 2 de l'heterocycle dans un compose 
par allleurs ldentique a un compose de J'inventlon ; et mlse en oeuvre desdlts procedes tandls que, si 

s necessaire, on proU,ge temporalrement tout(ou tous) groupe(s) reactif(s) lnterferant dans ces procedes, 
et ensulte liberation du compose resultant de !'invention ; et, si on le souhalte, conversion d'un compose 
resultant selon !'Invention en un autre compose de !'Invention, et/ou, si on le souhaite, conversion d'un 
compose resultant llbre en un sel ou d'un sel resultant en le compose llbre ou en un autre sel ; et/ou sepa­
ration d'un mlllange d'lsomeres ou de racemlques obtenus en les Jsomeres indlviduels ou les racemlques; 

10 et/ou, sl on le souhaite, dedoublement d'un racemfque obtenu en ses inverses optiques. 
2. Procede seJon la revendlcatlon 1 pour la preparation d'un compose de formula II 

15 

20 

(II) 

ou un compose de fonnule II avec une double liaison presente entre les atomes de carbone 3 et 4 ou entre les 
atomes de carbone 4 et 5 du cycle plperldinyle, dans Jesquels la chafne portent le groupe phosphono est frxee 
sur la position 3, 4 ou 5 du cycle plperldlnyle ou tetrahydropyridlnyle, et oo R et R' representent. lndependam-

25 ment l'un de l'autre, l'hydrogene ou un radical atkyle en C.-C4, benzyle, alcanoyl(0rC4)oxymethyle ou alca­
noyl(C2-C4)oxymethyle substltue sur le groupe oxymethyle par des radlcaux alkyle en C1-C4, cyclohexyle ou 
cyclopentyle, Rt represente un radical carboxy, carbamoyle, N-mono-ou N,N-cll-alkyl(C1-C4)carbamoyle ou al­
coxy(C1-C4)carbonyle, R2 et Ra representent l'hydrogene ou un radical alkyle en C.-C4 et A represente un radi­
cal alkylene en CrC4 ; ou un sel phannaceutlquement acceptable de ce compose. 

30 3. Procede selon la revendlcatlon 1 pour la preparation d'un compos6 de fonnule II selon la revendlcatlon 
2, oo R et R', lndependamment l'un de l'autre, representent l'hydrogene ou un radical alcanoyl(~-C4)oxyme­
thyle ou alcanoyl(CrC4) oxymethylesubstiluesurle groupe oxym6thyle parun radical alkyle en C1-C4, R1 repre-

~ sente un radical carboxy, carbamayle ou alooxy{CrC4)carbonyle, R2 et Ra representent l'hydrogene et A est 
sur la position 4 et represente un radical alkylene en Ct-C4 ; ou d' un set phannaceutlquement acceptable de 

' \ ..... ./ 

35 ce compose. 

40 

45 

4. Procede selon la revendlcation 1 pour la preparation d'uri compose de fonnule Ill 

(III) 

oO n represente l'entler 1, 2 ou 3 ; R et R', lndependamment run de l'autre, representent l'hydrogene ou un 
radical alkyle en C1-c.., benzyle, alcanoyl (CrC4)oxymethyle ou alcanoyl (CrC.Joxymethyle substltue sur le 

so groupe oxymethyle par un radical alkyle en C1-C4, R1 represente un radical carboxy, alcoxy (C1-C4)carbonyle 
ou carbamoyle et RZ represente l'hydrogene ou un radical alkyle en C1-C4, alcanoyle en CrC4 ou benzoyle ; 
ou d'un set phannaceutrquement acceptable de ce compose. 

5. Procede selon la revendicatlon 1 pour la preparation d'un compose de formule Ill selon la revendicalion 
4, oO n represente l'entier1, 2 ou 3 ; R etR' represententchacun l'hydrogene ou un radical alcanoyl (CrC4)oxy-

55 methyle ; ou l'un des groupes R et R' represente l'hydrogen19 et l'autre de ces groupes R et R' represente un 
radical alkyle en C1-C4, benzyle, alcanoyl (~-C4)0xymethyle OU alcanoyl (CrC4)oxymethyle subslitue sur le 
groupe oxymethyle par un radical alkyle en C1-C4 , R1 represente un radical carboxy ou alcoxy (C1-C4)carbonyle 
et RZ represente l'hydrogene ; ou d'un sel pharmaceuliquement acceptable de ce compose. 
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6. Procede salon la revendication 1 pour la preparation d'un compose de formula Ill selon la revendlcatlon 
4, oµ n reprl!sente l'entier 1, 2 ou 3; R et R' representent l'hydrogene, R1 represente un radical carboxy ou 
alcoxy (C1-C4)carbonyle et R~ represente l'hydrogene ; ou d'un sel pharmaceutlquement acceptable de ce 
compose. 

5 7. Procede salon la revendication 1 pour la prl!paration de J'acide.cls-4-phosphonomethyl-2-plperldlnecar-
boxylique ou d'un sel pharmaceutlquement acceptable de ce compose. 

8. precede selon la revendication 1 pour la preparation de l'aclde cis-4-(3-phosphonopropyl)-2-plperfdlne­
carboxylique ou d'un sel pharmaceutiquement acceptable de ce compose. 

9. precede selon la revendlcation 1 pour la preparation de I' ester ethylique de l'acide cis-4-phosphonom&-
10 thyl-2-piperidinecarboxylique ou d'un sel pharmaceutiqueme'1t acceptable de ce compose. 

15 

20 

10. procede selon la revendication 1 pour la preparation d'un compose de formula IV 

(IV) 

ou d'un derive perhydro de celle-ci, oil R et R', independamment l'un de l'autre, representent l'hydrogene ou 
un radical alkyle en C1-C4, benzyle, benzyle substitue sur le groupe phBnyle par un halogene ou un radical 
alkyle en C1-C4 ou alcoxy en C1-C4 ; alcanoyl(~-C.)oxymethyle ou alcanoyl{CrC4)oxymethyle substftue sur 

2s le groupe oxymethyle parun radical alkyle en C1-C4 ou cycloalkyle,R1 represente un radical carboxy, alcoxy(~1-
C4)carbonyle, carbamoyle ou N-mono- ou N,N-dl-alkyl(C1-C4)carbamoyle, R2 represente l'hydrogene ou un 
radical alkyle en C1-C4, arylalkyle en C1-C4, alcanoyle en C2-Cr, benzoyle, alcoxy (C1-C4)carbonyle, pheriyla­
cetyle, 3-phenylpropionyle OU a-amino~alcanoyle en CrC4, R4 represente l'hydrogene OU un radical alkyle lnf&­
rieur, alcoxy lnfarieur, halogene ou trlfluoromethyle, et A represente un radical alkylene en C1-C4 ; ou d'un sel 

30 phannaceutiquement acceµtable de ce compose. 

35 

40 

11. Procede seton la revendication 1 pour la preparation d'un compose de fonnule V 

(V) 

ou d'un derive de perbydroquinolelne de celle-ci, ou n represente l'entler 1, 2 ou 3; R et R', lndependamment 
l'un de l'autre, representent l'hydrogene ou un radical alkyle en C1-C4, benzyle, alcanoyl(CrC.c)oxymethyle ou 

45 alcanoyl (C:rC4) oxymetbyle substitue sur le groupe oxymethyle par un radical alkyle en C1-C4, R1 represente 
un radical carboxy, alcoxy(C1-C4 )carbonyle ou carbamoyle, R1 represente l'hydroglme ou un radical alkyle en 
CrC4, alcanoyle en C1-C4, benzoyle ou benzoyle substltue par un groupe alkyle en C1-C4, alcoxy en C1-C4, 
halogene ou trifluoromethyle ; ou d'un sel pharmaceutlquement acceptable de ce compose. 

12. Procede selon la revendication 1 pour la pr{!paration d'un compose de formula V selon la revendlcation :-
so 11, oil n represente l'entier 1, 2 ou 3; R et R' representelit l'hydrogene, R' represente un radical carboxy ou 

alcoxy {C1-C4)carbonyle et R2 represente l'hydrogene ; ou d'un sel pharmaceutlquement acceptable de ce 
compose. .(lo 

13. Procede salon la revendlcatlon 1 pour la preparation d'aclde cls-4-phosphonomethyt-1,2,3,4-tetraby­
droquinoleine-2-carboxyllque ou d'un sel pharmaceutlquement acceptable de ce compose. 

65 14. Procede salon la revendlcatlon 1 pour la preparation 'd'un compose de fonnule VI 
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(VI) 

ou d'un compose de formula VI ayant une double liaison entre les atomes de carbone 3 et 4 du cycle pyrroll­
dinyle, dans lesquels R et R', independamment l'un de J'autre, representent l'hydrogene ou un radlcal alkyle 

10 en C1-C4, benzyle, benzyle substilue sur le groupe phenyle par un halogene ou un groupe alkyle en C1-C4 ou 
alcoxy en C1-C4 ; alcanoyl(C;z-C4)oxymethyle ou alcanoyl(CrC.Joxymethyle substltue sur le groupe oxyme­
thyle par un radical alkyle en C1-C4 ou cycloalkyle, R1 repr6sente un radical carboxy, alcoxy(~-C4)carbonyle, 
carbamoyle ou N-mono- ou N,N-dialykl(C1-C.Jcarbamoyle, R2 repr6sente l'hydrogene ou un radical alkyle en 

15 

20 

C1-C4, alcanoyle en C:z-Cr, benzoyle, alcoxy(C1-C4)carbonyle, phenylacetyle, 3-phenyfproplonyle ou a-amino­
alcanoyle en C2-C4, R3 represente l'hydrogene ou un radical alkyle en C1-C4 ou arylalkyle en C1-C4 et A repre­
sente un radical alkylene en C1-C4 ; ou d'un sel phannaceullquement acceptable de ce compose. 

15. ProcMe selon la revendication 1 pour la preparation d'un compose defonnule VI selon la revendlcatlon 
14, ou le groupe portant le radical phosphono estflx6 surla position 3 ou4, Ret R', lndependamment l'un de 
l'autre, representent l'hydrogene ou un radical alcanoyl(Ca-C4)oxymethyle, R1 represente un radical carboxy, 
alcoxy(C1-C4) carbonyle ou carbamoyle, R2 et R3 representent l'hydrogene et A represente un radical alkylene 
en C1-C3 ; ou d'un sel phannaceutlquement acceptable de ce compose. 

16. Procede selon la revendication 1 pour la preparation de l'acide 4-phosphonomethyfpynolldine-2-car­
boxyllque ou d'un sel pharmaceutiquement acceptable de ce compose. 

17. Procede pour la preparation d'une composition phannaceutlque, caracterise en ce qu'on melange un 
25 compose qui peut etre obtenu selon l'une quelconque des revendications 1 a 16 avec un ou plusleursv6hicules 

pharmaceutiquement acceptables. 

30 
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