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Description

[0001] The invention relates to compounds of the general formula

wherein

R1 is hydrogen, halogen, C1-C4-alkyl or C1-C4-alkoxy;

R2 is hydrogen;

R3 is hydrogen, amino, ureido, C1-C4-alkylcarbonyl, C1-C4-alkyl-sulfonylamino, C1-C4-alkylcarbamoyl, car-
bamoyl, C1-C4-alkyloxycarbarnoyl, C1-C4-alkylamino or

R2 and R3 taken together are -(CH2)m-

X is methylene, hydroxymethylene, C1-C4-alkoxymethylene or carbonyl,

n is 1 or 2 and

m is 3 or 4

or pharmaceutically acceptable salts thereof.
[0002] The above described compounds and their salts are known compounds. In US 3.723.445 and DE 1 964 421
these compounds are stated to possess antiphlogistic, antiallergic, antitussive and analgesic agents. Furthermore,
structurally similar compounds have been described in DE 43 25 855 and in the Jour. Med. Chem., Vo. 31(8), 1988,
1621-1625, which compounds are useful in the treatment of psychosis, depression, anxiety and schizophrenia, and in
DE 21 28 836, wherein the compounds have psycho-sedative activity.
[0003] It has now surprisingly been found that compounds of the present invention are NMDA-receptor subtype
selective blockers.
[0004] NMDA receptors have a key function in modulating neuronal activity and plasticity which makes them key
players in mediating processes underlying development of CNS as well as learning and memory formation. Under
pathological conditions of acute and chronic forms of neurodegeneration overactivation of NMDA receptors is a key
event for triggering neuronal cell death.
[0005] NMDA receptors are composed of members from two subunit families, namely NR-1 (8 different splice vari-
ants) and NR-2 (A to D) originating from different genes. Members from the two subunit families show a distinct distri-
bution n different brain areas. Heteromeric combinations of NR-1 members with different NR-2 subunits result in NMDA
receptors, displaying different pharmacological properties.
[0006] Possible therapeutic indications for NMDA receptor subtype specific blockers include acute forms of neuro-
degeneration caused e.g. by stroke and brain trauma, and chronic forms of neurodegeneration such as Alzheimer's
disease, Parkinson's disease, Huntington's disease, ALS (amyotrophic lateral sclerosis) and neurodegeneration as-
sociated with bacterial or viral infections.
[0007] Compounds of the present invention are therefore useful in the treatment of acute forms of neurodegeneration
caused e.g. by stroke and brain trauma, and chronic forms of neurodegeneration such as Alzheimer's disease, Par-
kinson's disease, Huntington's disease, ALS (amyotrophic lateral sclerosis) and neurodegeneration associated with
bacterial or viral infections.
[0008] Objects of the present invention are the use of compounds of formula I for the manufacture of medicaments
for the treatment or prophylaxis of diseases caused by overactivation of respective NMDA receptor subtypes, such as
acute forms of neurodegeneration caused e.g. by stroke and brain trauma, and chronic forms of neurodegeneration
such as Alzheimer's disease, Parkinson's disease, Huntington's disease, ALS (amyotrophic lateral sclerosis) and neu-
rodegeneration associated with bacterial or viral infections.
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[0009] In another aspect, the present invention relates to the use in the manufacture of medicaments for reducing
acute or chronic forms of neurodegeneration of a compound of formula I.
[0010] The following definitions of the general terms used in the present description apply irrespective of whether
the terms in question appear alone or in combination.
[0011] As used herein, the term "lower alkyl" denotes a straight or branched-chain alkyl group containing from 1 to
4 carbon atoms, for example, methyl, ethyl, propyl, isopropyl, butyl and the like.
[0012] The term "halogen" denotes chlorine, iodine, fluorine or bromine. The term "lower alkoxy" denotes an alkyl
group, as defined earlier which is attached via an oxygen atom.
[0013] The term "hydroxymethylene" in the group -CH(OH)- and "alkoxymethylene" denotes the group -CH(alkoxy)-.
[0014] The compounds of formula I, in which X represents a hydroxy-methylene or lower alkoxymethylene contain
one asymmetric carbon atom. Accordingly, the formation of two enantiomers is possible. The present invention em-
braces racemic mixtures and their corresponding enantiomers.
[0015] Exemplary preferred compounds are:

[4- [3-[4-(4-Fluoro-phenyl)-3,6-dihydro-2H-pyridin-1-yl]-2-hydroxypropoxy] -phenyl] -urea,
N- [4- [3- [4-(4-Fluoro-phenyl) -3,6-dihydro-2H-pyridin-1-yl]-propoxy]-phenyl] -methanesulfonamide hydrochloride
(1:1),
N-[4-[3-[4-(4-Fluoro-phenyl)-3,6-dihydro-2H-pyridin-1-yl] -2-hydroxypropoxy] -phenyl] -methanesulfonamide,
[4- [3-[4-(4-Fluoro-phenyl)-3,6-dihydro-2H-pyridin-1-yl]-2-hydroxypropoxy]-phenyl]-carbamic acid ethyl ester and
N-[4-[3- [4-(4-chloro-phenyl)-3,6-dihydro-2H-pyridin-1-yl] -propoxy] - phenyl] -acetamide.

[0016] The present compounds of formula I and their pharmaceutically acceptable salts can be prepared by proc-
esses, described in the above mentioned references, for example, in DE 1 964 421 is described a process which
comprises reacting a compound of the general formula

wherein R2, R3 and X are as described above and Z is a leaving group, such as halogen,
with a compound of the formula

wherein R1 is as described above.
[0017] A further process is described in US 3.723.445 which process comprises reacting a compound of the general
formula

wherein R1, R2, R3, X and n are described above,
with a mineral acid, such as concentrated hydrochloric acid.
[0018] As described above, the compounds of formula I can contain one asymmetric carbon atoms and the formation
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of two enantioners is possible. The racemates can, if desired, be separated into their optical antipodes by methods
known per se, for example, by fractional crystallization of the salts with optically active acids, such as α-tartaric acid,
dibenzoyl-α-tartaric acid or α-camphorsulfonic acid.
[0019] The compounds of formula I can be converted into pharmaceutically acceptable acid addition salts. These
salts can be manufactured according to methods which are known per se and which will be familiar to any person
skilled in the art.
[0020] The activity of compounds of formula I can be demonstrated by the following:

3H-MK801 (Dizocilpine) binding in vitro
[0021] The whole brain from 150-200g male rats, without cerebellum and without medulla oblongata was dissected
on ice. The tissue was then homogenized with an Ultra-Turrax maximum speed during 30 seconds at 4°C in 50 volumes
of cold Tris HCI 50mM, EDTA disodium 10mM, pH=7.4 buffer (wet weight/v). The homogenate was centrifuged at
48'000 x g (20'000 rpm, SS34, Sorvall RC5C) for 10 minutes. The pellet was rehomogenized with the same volume of
buffer and the homogenate incubated at 37°C for 10 minutes. After centrifugation as above, the pellet was rehomog-
enized with the same volume of buffer and frozen at -80°C in 35 ml fractions for at least 16 hours and not more than
2 weeks.
[0022] For the binding experiment, the homogenate was centrifuged as above and the pellet was washed 3 times
by homogenization in 25 volumes of cold Tris HCl 5mM, pH=7.4 buffer (Ultra-Turrax, maximum speed, 30 seconds)
and centrifugation as above. The final pellet was rehomogenized in 25 volumes of buffer (original wet weight) and used
as such in the assay. The final concentration of membrane in the assay was 20mg/ml (wet weight).
[0023] The incubation was performed in the presence of 1nM glutamate, glycine and spermidine. MK-801, (+)-[3-3H
(N)], NEN (New England Nuclear) (NET-972) 20Ci/mmol, was used at 5nM final concentration. Non specific binding
was determined in presence of 100NM TCP ((1-(2-thienyl)cyclohexyl)piperidine). After 2 hours of incubation at room
temperature, the suspension was filtered (Whatmann GF/B, soaked in 0.1% polyethylenimine for 2 hours) and washed
5 times with 3 ml of cold Tris HCl 5mM, pH=7.4 buffer. The air-dried filters were counted with 10ml of Ultima-gold
(Packard) in a Tri-Carb 2500 TR scintillation counter after agitation.
[0024] The DPM (disintegration per minute) were transformed in % of specific binding and these values were treated
by a non linear regression calculation program (BINDING, H. Affolter, Switzerland) which provided the IC50 values for
the low and high affinity binding sites (= concentrations producing half maximal inhibition at the respective sites). Each
experiment was repeated at least three times and the final IC50 values were calculated as the mean +/-standard de-
viation of the individual experiments.
[0025] Reference: R.W. Ransom and N.L. Stec. Journal of Neurochemistry 51, 830-836, 1988.

Electrophysiology on recombinant NMDA receptors.

[0026] cDNA clones coding for the subunits NMDAR1C and NMDAR2A of the NMDA receptor (see Hollmann and
Heinemann, 1994, Annu. Rev. Neurosci. 17: 31 for nomenclature of NMDA receptor subunits) were isolated from a rat
brain λgt11 cDNA library as published elsewhere (Sigel et al., 1994, J. Biol. Chem. 269:8204). The clone for the subunit
NMDAR2B of the rat brain NMDA receptor was obtained from S.Nakanishi (Kyoto, Japan). The cDNAs were tran-
scribed, capped and poly(A+)-tailed as described previously (Malherbe et al., 1990, Mol. Brain Res. 8: 199). Oocytes
of South African frogs (Xenopus laevis) were used for expressing either a combination of the NMDAR1C and NMDAR2A
subunits or the NMDAR1C and NMDAR2B subunits. Approximately 3 fmol of a 1:1 mixture of the respective mRNA
species were injected into every oocyte. Four to five days later the ion current through the NMDA receptor channels
was measured in voltage clamp experiments (see Methfessel et al., 1986, Pflügers Arch. 407: 577 for the methods of
oocyte expression and voltage-clamping). 'The membrane potential was clamped to -80 mV and the receptors were
activated by applying a modified Ringer's solution containing the NMDA-receptor agonists L-asparatate (Asp) and
glycine (Gly). Different agonist concentrations were chosen for either subunit combination to account for the different
agonist sensitivities of the two types of receptors (70 µM Asp plus 2.5 µM Gly for NMDAR1C - NMDAR2A and 15 µM
Asp plus 0.2 µM Gly for NMDAR1C - NMDAR2B). The agonists were applied for 15 s intervals once every 2.5 min by
rapid superfusion of the oocyte with agonist containing solution and the amplitude of the agonist-evoked current was
measured immediately before the end of each application. After a series of initial control applications increasing con-
centrations of the antagonist to be tested were added to both, the basal Ringer's and the agonist containing solution.
The antagonist concentration was usually increased in decade steps and the oocyte was exposed to any concentration
for at least 5 min. For the data analysis the amplitude (y) of the agonist-induced current was plotted versus the con-
centration (x) of the antagonist and the logistic function y = A/[1 +(x/IC50)H] was fitted to the data to estimate the 50 %
inhibitory concentration (IC50). Three to six oocytes were tested for every antagonist and, if possible, at least 3 con-
centrations embracing the IC50 were applied to every oocyte. However, in the case of the NMDAR1C plus NMDAR2A
subunit combination 50% inhibition was not reached at the solubility limit of the compounds (20 - 30 mM). In this case
the highest tested concentration preceded by a "larger" sign (">") is given in the table "Test Results". Figures for the
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IC50 in all other cases are arithmetic mean values of individual IC50s determined by the logistic curve fits.
[0027] Tested compounds of formula I

R1 R2 R3 X n compound No.

p-F H p-NH-CO-NH2 -CH(OH)- 1 A

p-F H p-NHSO2CH3 -CH2- 1 B

p-F H p-NHSO2CH3 -CH(OH)- 1 C

p-F H p-NHCOOC2H5 -CH(OH)- 1 D

p-Cl H p-NH-CO-CH3 -CH2- 1 E

p-F H p-NH-CO-CH3 -CH2- 1 F

p-F H p-CONH2 -CH(OH)- 1 H

H H p-NH-CO-CH3 -CH(OH)- 1 I

p-F H p-NH2 -CH2- 1 J

p-OCH3 H p-NH-CO-CH3 -CH2- 1 K

p-F H p-NHCOC2H5 -CH2- 1 L

H H H -CH(OH)- 1 M

p-F together-(CH2)3 -CH(OH)- 1 N

H H p-COCH3 -CH2- 1 O



EP 0 885 004 B1

5

10

15

20

25

30

35

40

45

50

55

6

[0028] By screening compounds of formula I could be identified as NMDA receptor subtype selective blockers and
- for selected compounds - the preference for NMDAR-2B subunits could be demonstrated by electrophysiological
characterization using cloned NMDA receptor subtypes expressed in oocytes.
[0029] The compounds of formula I and their salts, as herein described, can be incorporated into standard pharma-
ceutical dosage forms, for example, for oral or parenteral application with the usual pharmaceutical adjuvant materials,
for example, organic or inorganic inert carrier materials, such as, water, gelatin, lactose, starch, magnesium stearate,
talc, vegetable oils, gums, polyalkylene-glycols and the like. The pharmaceutical preparations can be employed in a
solid form, for example, as tablets, suppositories, capsules, or in liquid form, for example, as solutions, suspensions
or emulsions. Pharmaceutical adjuvant materials can be added and include preservatives, stabilizers, wetting or emul-
sifying agents, salts to change the osmotic pressure or to act as buffers. The pharmaceutical preparations can also
contain other therapeutically active substances.
[0030] The daily dose of compounds of formula I to be administered varies with the particular compound employed,
the chosen route of administration and the recipient. Representative of a method for administering the compounds of
formula I is by the oral and parenteral type administration route. An oral formulation of a compound of formula I is
preferably administered to an adult at a dose in the range of 500 mg to 1.5 mg per day. A parenteral formulation of a
compound of formula I is preferably administered to an adult at a dose in the range of 5 to 1000 mg per day.
[0031] The invention is further illustrated in the following examples.
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EXAMPLE 1

[0032]

[0033] Manufacturing Procedure:

1. Mix Items 1, 2, 3 and 4 and granulate with purified water.
2. Dry the granulation at 50°C.
3. Pass the granulation through suitable milling equipment.
4. Add Item 5 and mix for three minutes; compress on a suitable press.

EXAMPLE 2

[0034]

[0035] Manufacturing Procedure:

1. Mix Items 1, 2, and 3 in a suitable mixer for 30 minutes.

2. Add Items 4 and 5 and mix for 3 minutes.

3. Fill into a suitable capsule.

EXAMPLE 3

[0036]

Tablet Formulation (Wet Granulation)

Item Ingredients mg / tablet

5 mg 25 mg 100mg 500 mg

1. Compound of formula I 5 25 100 500
2. Lactose Anhydrous DTG 125 105 30 150
3. Sta-Rx 1500 6 6 6 30
4. Microcrystalline Cellulose 30 30 30 150
5. Magnesium Stearate 1 1 1 1

TOTAL 167 167 167 831

Capsule Formulation

Item Ingredients mg / capsule

5 mg 25 mg 100mg 500 mg

1. Compound of formula I 5 25 100 500
2. Hydrous Lactose 159 123 148 ---
3. Corn Starch 25 35 40 70
4. Talc 10 15 10 25
5. Magnesium Stearate 1 2 2 5

TOTAL 200 200 300 600

Tablet Formulation (Wet Granulation)

Item Ingredients mg / tablet

5 mg 25 mg 100mg 500 mg

1. Compound of formula I 5 25 100 500
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[0037] Manufacturing Procedure:

1. Mix Items 1, 2, 3 and 4 and granulate with purified water.
2. Dry the granulation at 50°C.
3. Pass the granulation through suitable milling equipment.
4. Add Item 5 and mix for three minutes; compress on a suitable press.

Claims

1. The use of compounds of the general formula

wherein

R1 is hydrogen, halogen, C1-C4-alkyl or C1-C4-alkoxy;

R2 is hydrogen;

R3 is hydrogen, amino, ureido, C1-C4-alkylcarbonyl, C1-C4-alkyl-sulfonylamino, C1-C4-alkylcarbamoyl,
carbamoyl, C1-C4-alkyloxycarbamoyl, C1-C4-alkylamino or

R2 and R3 taken together are -(CH2)m-

X is methylene, hydroxymethylene, C1-C4-alkoxymethylene or carbonyl.

n is 1 or 2 and

m is 3 or 4

as well as pharmaceutically acceptable salts for the manufacture of medicaments for the control or treatment
of acute forms of neurodegeneration caused by stroke and brain trauma, and chronic forms of neurodegeneration
such as Alzheimer's disease, Parkinson's disease, Huntington's disease, ALS (amyotrophic lateral sclerosis) and
neurodegeneration associated with bacterial or viral infections.

2. The use of [4- [3-[4-(4-Fluoro-phenyl)-3,6-dihydro-2H-pyridin-1-yl]-2-hydroxypropoxy] -phenyl] -urea,
N-[4-[3-[4-(4-Fluoro-phenyl)-3,6-dihydro-2H-pyridin-1-yl]-propoxy]-phenyl]-methanesulfonamide hydrochlo-

ride (1:1),

(continued)

Tablet Formulation (Wet Granulation)

Item Ingredients mg / tablet

5 mg 25 mg 100mg 500 mg

2. Lactose Anhydrous 125 105 30 150
3. Sta-Rx 1500 6 6 6 30
4. Microcrystalline Cellulose 30 30 30 150
5. Magnesium Stearate 1 2 2 5

TOTAL 167 168 168 835
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N- [4- [3-[4-(4-Fluoro-phenyl)-3,6-dihydro-2H-pyridin-1-yl]-2-hydroxypropoxy] -phenyl]-methanesulfona-
mide,

[4-[3-[4-(4-Fluoro-phenyl)-3,6-dihydro-2H-pyridin-1-yl]-2-hydroxypropoxy]-phenyl]-carbamic acid ethyl es-
ter,

N-[4-[3-[4-(4-chloro-phenyl)-3,6-dihydro-2H-pyridin-1-yl]-propoxy]-phenyl]-acetamide according to claim 1.

Patentansprüche

1. Verwendung von Verbindungen der allgemeinen Formel

worin
R1 Wasserstoff, Halogen, ein C1-C4-Alkyl- oder C1-C4-Alkoxyrest ist;
R2 Wasserstoff ist;
R3 Wasserstoff, ein Amino-, Ureido-, C1-C4-Alkylcarbonyl-, C1-C4-Alkylsulfonylamino-, C1-C4-Alkylcarbamoyl-,
Carbamoyl-, C1-C4-Alkoxycarbamoyl-, C1-C4-Alkylaminorest ist oder
R2 und R3 zusammen -(CH2)m- sind;
X ein Methylen-, Hydroxymethylen-, C1-C4-Alkoxymethylenoder Carbonylrest ist,
n 1 oder 2 ist und
m 3 oder 4 ist
oder von pharmazeutisch annehmbaren Salzen zur Herstellung von Arzneimitteln zur Kontrolle oder Behandlung
von akuten Formen der Neurodegeneration, die durch Schlaganfall und Gehirntrauma verursacht wird und chro-
nischen Formen der Neurodegeneration, wie Alzheimer-Krankheit, Parkinson-Krankheit, Chorea Huntington, ALS
(amyotrophe Lateralsklerose) und Neurodegeneration, die mit bakteriellen oder viralen Infektionen verbunden ist.

2. Verwendung von
[4-[3-[4-(4-Fluorphenyl)-3,6-dihydro-2H-pyridin-1-yl]-2-hydroxypropoxy]phenyl]harnstoff,
N-[4-[3-[4-(4-Fluorphenyl)-3,6-dihydro-2H-pyridin-1-yl]-propoxy]phenyl]-methansulfonamidhydrochlorid (1:1),
N-[4-[3-[4-(4-Fluorphenyl)-3,6-dihydro-2H-pyridin-1-yl]-2-hydroxypropoxy]phenyl]methansulfonamid,
[4-[3-[4-(4-Fluorphenyl)-3,6-dihydro-2H-pyridin-1-yl]-2-hydroxypropoxy]phenyl]carbaminsäureethylester und
N-[4-[3-[4-(4-Chlorphenyl)-3,6-dihydro-2H-pyridin-1-yl]-propoxy]phenyl]acetamid gemäß Anspruch 1.

Revendications

1. Utilisation de composés de formule générale

dans laquelle
R1 est un atome d'hydrogène, un atome d'halogène, un groupe alkyle en C1-C4 ou alcoxy en C1-C4 ;
R2 est un atome d'hydrogène ;
R3 est un atome d'hydrogène ou un groupe amino, uréido, (alkyle en C1-C4)carbonyle, (alkyle en C1-C4)-

sulfonylamino, (alkyle en C1-C4)carbamoyle, carbamoyle, (alkyle en C1-C4)oxycarbamoyle, (alkyle en C1-C4)ami-
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no, ou
R2 et R3, pris ensemble, forment le radical -(CH2)m-,
X est un radical méthylène, hydroxyméthylène, (alcoxy en C1-C4)méthylène ou carbonyle,
n vaut 1 ou 2, et
m vaut 3 ou 4,
ainsi que de leurs sels acceptables d'un point de vue pharmaceutique, pour préparer des médicaments

destinés à la maîtrise ou au traitement de formes aiguës de neurodégénérescence provoquée par un accident
vasculaire cérébral et un traumatisme cérébral, et des formes chroniques de neurodégénérescence telles que la
maladie d'Alzheimer, la maladie de Parkinson, la maladie de Huntington, l'ALS (sclérose latérale amyotrophique),
et la neurodégénérescence associée à des infections bactériennes ou virales.

2. Utilisation, selon la revendication 1, des composés suivants :

[4-[3-[4-(4-fluoro-phényl)-3,6-dihydro-2H-pyridine-1-yl]-2-hydroxypropoxy]-phényl]-urée,
chlorhydrate (1:1) de N-[4-[3-[4-(4-fluoro-phényl)-3,6-dihydro-2H-pyridine-1-yl]-propoxy]-phényl]-méthane-
sulfonamide,
N-[4-[3-[4-(4-fluoro-phényl)-3,6-dihydro-2H-pyridine-1-yl]-2-hydroxy-propoxy]-phényl]-méthanesulfonamide,
ester éthylique de l'acide [4-[3-[4-(4-fluorophényl)-3,6-dihydro-2H-pyridine-1-yl]-2-hydroxy-propoxy]-phényl]-
carbamique,
N-[4-[3-[4-(4-chloro-phényl)-3,6-dihydro-2H-pyridine-1-yl]-propoxy]-phényl]-acétamide.
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