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Isopr 1l 2-me a 1l 4-(2-chloro-3- -phenyl) -
1,4-dih o~2,6-dime 1~ idine-3,5-dicarboxylate

The present invention relates to the new compound.

rac-isopropyl 2-methoxyethyl 4- (2-chloro-3-cyano-phenyl) -
1,4-dihydro-2,6-dimethylpyridine-3,5-dicarboxylate and
its pure enantiomers, processes for their preparation and
their use as medicaments, in particular for the treatment
of cerebral and neuronal disorders, and a new inter-

mediate for their preparation.
. . ]

It has already been disclosed that some 1,4-dihydropyrid-
ines such as e.g. nimodipine have cerebral activity I[cf.

German Offenlegungsschrift 2 815 578]. Dihydropyridine

derivatives which in position 4 carry a phenyl ring which
is optionally substituted by halogen and/or cyano are
likewise descrlbed J.n general definitions and in some
cases also as spec:.f_:.c individual compounds (cf. German
O:Efenlegungsschrift 1 963 188, German Offenlegungsschrift
2 117 573 and EP-A-026 317). However, in position 4 the
specific 2-chlqro-3-'cyan6-pheny1 radical is not mentioned
for any of the previously known dihydropyridines. This
specific substituent in position 4, which is introduced
by means of the likewise new 2-chloro-3-cyano-
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their use as nedicanents, in particular for the treatnent of cerebral and
neuronal disorders, and a newinter- nediate for their preparation It has
al‘ready been di scl osed that some 1, 4-di hydropyrid- ines

ni modi pi ne have cerebral activity [cf. German O fenl eguié@@gﬁgf‘ fTMSBBngN
578] . Di.hydropyridine derivatives which in position 4 c phenyE-L+
which is optionally substituted by hal ogen and/or cyano are |ikew se’
described in gbsazaﬂd@MqutWiauappnppniannmrtmseslganneasesptébnse is

i ndi vi dual congguRdsehtia1CRI Gk L3N ILELIRISIEHY fihvhnlddal88, Gernan
O fenl egungsschrift 2 117 573 and EP-A-0267317). However, i1n position 4 the
speci fic 2-chl oro-3-cyano-phenyl radical is not nentloned for any of the

\% evihousl y knowhedi hgﬂéﬁ&iﬂ:l dlﬂﬁ&enﬂ_ﬁbﬁ spesidtds subfdltwﬁ | BoR®BuUhAON 4,
teh is IntrOdg%eQSo£rop§TEimetho£yéihyiEemﬁschlggg/32c§angtgh yX?no_
5 1,4-dihydro-2, 6-dimethylpyridine-3,5-dicarboxylate of the

formula (I)

H,CO-(CH,),-0,C CO,-CH(CH,), (I)

CH,

and its enantiomers.

The invention also relates to a plurality of processes
for the preparation of the compound of the formula (I)

10 according to the invention, which are characterized in
that

[A] 2-chloro-3-cyano-benzaldehyde of the formula (II)
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- 2- benzal dehyde via appropriate ring closure reactions,

el enent of the present invention. The present invention _relates
t He conpound rac-i sopropyl 2- net hoxyet hyl 4- (2-chl or o} 310y aneEpHaf BEEN-
1, 4-di hydr o- 2, 6-di net hyl pyri di ne- 3, 5- di car boxyl at eof {he f ®RBPLAGEDI )

CN

II
Cl ey

CHO

is reacted first with 2-methoxyethyl acetoacetate of the

formula

H,C-CO-CH, -CO, (CH,) ,OCH, (III)

(III)

if appropriate with isoclation of the corresponding

5 ylidene

compound of the formula (IV)

CN

ci
CH Iv)

Il
C-CO,-(CH,),OCH,

CO-CH,

and subsequently with isopropyl acetoacetate of the

formula

(V)

CH,-CO-CH,-C0,-CH (CH;) , (V)

and with ammonia or ammonium salts,
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and its enantioners. The invention also relates to a plurality of

processes for the preparation of the conpound of the forgasa (!'Ez__ ac\,".
td the invention, which are characterized in that [ Al THIS SHEET HA

PN H
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EEN

L

2- chl or o- 3- cyano- benzal dehyde of the fornula (11) REPLACED

or directly with the isopropyl amino-2-butencate which
can be prepared from ammonia and (V), of the formula (VI)

HacYCH-COZ-CH(CHa).‘,

NH,

(VD

in inert solvents v

or-

5 [B] 2Jchloro-B-cyano-benzaldehyde of the formula (II)-is_

reacted first with the compound of the formula (V),
if appropriate with isolation of the ylidene com-
pound of the formula (VII)

CN i

Cl
lcle (VID)
C-COz-CH(CHs)2

' CO-CH,

- and in a next step with the compound of the formula (III)
10 and with ammonia or ammonium salts or directly with the
2-methoxyethyl amino-2-butencate which can be prepared

from ammonia and (IIXI), of the formula (VIII)
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-3- [err]

THIS SHEET HAS BEEN
REPLACED

H,C.__, CH-CO,-(CH,),-OCH,
Y (VII)
NH,

in inert solvents,

or -

[C] compounds of the general formula (IX)

(IX)

in which

5 A represents the radical of the formula -CH(CH;), or

are reacted in inert solvents, if appropriate in the
presence of a base, with auxiliaries to give activated
carboxylic acid derivatives, which are optionally iso--
10 lated, and then reacted with alcohols of the formula (X)

E-OH : - (X)
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|s reacted first with 2-nethoxyethyl acetoacetate of the formula (I11)
Herr]GCOCHerr]-CJerr] (CHerr])[err]CCH err] (rer) | f
appropriate with isolation of the corresponding ylidene conpound of the

formula (1V) [err]

10

REPLACED

THIS SHEET HAS BEEN

in which

E depending on the definition of the substituent A,
either represents the -CH(CH;),- or -(CH,),-OCH,-

group,

if appropriate after conversion to the alkoxide using an

inorganic base,

and for the preparation of the enantiomers, the

~ appropriate optically active carboxylic.acid derivatives

are reacted with the appropriate alcohols, of’

the racemate is separated by chromatography on chiral

stationary phases.

§
The process according to thé invention can be illustrated
by way of example by the following reaction scheme:
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and subsequently with isopropyl acetoacetate of the formula (V)
CHerr]-CO-CHerr]-CJerr]-CH CH err])[err] (V) and with
armm oni a or anm onium salts, 4

THIS §HEET HAS BEEN

REPLACED
[A]
CN
Piperidine
+ HaC-CO-CH,-CO,- -OCHy —mm—»
o 3C-CO-CH,-CO5-(CHy)o-OCHg Acetic acid
CHO |
CN + H,C— C==CH-CO,-CH(CH,),
ol NH,
. CH -
H,C-0OC-C-CO,-(CH,),-OCH,
CN
—_— _ Cl .
H;CO-(CH,),-0,C CO,-CH(CH,),
CH,
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or directly with the isopropyl am no-2-butenoate which can be prepared from

ammoni a and (v), of the forrmula (VI) [err] in inert solvents, or
[ B] 2-chl oro-3-cyano-benzal dehyde of the formula (I1) is reacted first
with the conmpound of the fornmula (V), if appropriatge.with jsolation of
the ylidene com pound of the formula (VI1) [err] THIS SHEET HAS BEEN
: REPLACED ~
(8]
CN
cl +  HC—C==CH-CO,-(CH,),-OCH,
CH
NH,
C-CO,-CH(CH,),
CO-CH, CN
c
— (CH,),-HC-0,C CO,-(CH,),-OCH,
- | -
HC™ "N “CH,
H
] {
(] CN
Cl
H,CO-(CH,),-0,C o’ N, HO-CH(CHg),
I =
H,C I\Il CH,
H
CN
ci
— H,CO-(CH,),-0,C CO,-CH(CH,),
|
H,C til CH,
H
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aﬁd in a next step with the cohpound of the fornula (I111) and with ammoni a
or ammonium salts or directly with the 2-nethoxyet hyl am no-2-butenoate

whi ch can be prepared fromammonia and (I11), of the forpuaMIH)
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THIS SHEET HAS BEEN
REPLACED

Suitable solvents for processes [A] and [B] here are all
inert organic solvents which do not change under the
reaction conditions. These preferably include alcohols
such as methanol, ethanol, propanol or isopropanol, or
ethers such as diethyl ether, dioxane, tetrahydrofuran,
glycol dimethyl ether, or diethylene glycol dimethyl
ether, acetonitrile, or amides such as hexamethylphos-
phoramide or dimethylformamide, or acetic acid or
halogenated hydrocarbons such as methylene chloride,
carbon tetrachloride or hydrocarbons such as benzene or
toluene. It is also poséible to use mixtures of the
solvents mentioned. Isopropanocl, tetrahydrofuran, meth-
anol, dioxane and dimethylformamide are particularly
preferred.

Suitable solvents for process [C] are tPe abovementioned
solvents with the exception of the alcohols and acetic
acid.

Suitable bases for processes [A] and [B] are preferably
cyclic amines, such as, for example, piperidine, C,;-C;-
tri- and dialkylamines, such as, for example, di- and
triethylamine or pyridine or dimethylaminopyridine, in
particular piperidine, dimethylaminopyridine and pyrid-
ine.

Condensing agents are preferably employed as auxiliaries
for the activation of the carboxylic acid (IX). The
customary condensing agents are preferred here, such as
carbodiimides, e.g. N,N’ -diethyl-, N,N’ -dipropyl-,

e

[ —
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formula (I'X) [err]
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in inert solvents, or [ C cdrrpounds of the general

REPLACED

THIS SHEET HAS BEEN

N,N’ -disopropy¥l and N,N’-dicyclohexyléarbodiimide, N-(3-
dimethylaminoisopropyl) -N’ -ethylcarbodiimide hydro-
chloride, or carbonyl compounds such as carbonyldiimid-
azole, or 1,2-oxazolium compounds such as 2-ethyl-5-
phenyl-1,2-oxazolium-3-gulphonate or 2-tert-butyl-5-
methyl-isoxazolium perchlorate, or acylamino compounds
such as 2-ethoxy-l-ethoxycarbonyl-1,2-dihydroquinoline,
or propanephosphonic anhydride, or isobutyl chloro-
formate, or benzotriazolyloxy-tris(dimethylamino) -
phosphonium hexafluorophosphonate. N,N’-dicyclohexyl-

carbodiimide and carbonyldiimidazole are preferred.

Suitable bases for variant [C] are alkali metal car-
bonates such as, for example, sodium carbonate or potas-
sium carbonate, or organic bases such as trialkylamines,
e.g. triethylamine, N-ethylmorpholine, N;methylpiperidine
or diisopropylethylamine, ox.' dimethylaminopyridine, 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU) or 1,5-diazabicyc16-
[4.3.0]lnon-5-ene . (DBN). Dimethylaminopyridine is
preferred.

The base is in general employéd in an amount from 0.01
mol to 1 mol, preferably from 0.05 mol to 0.1 mol, in
each case relative to 1 mol of compound of the formula
(Ix).

The auxiliaries according to variant [C] are in general
employed in an amount from 1 mol to 3 mol, preferably
from 1 mol to 1.5 mol, in each case relative to 1 mol of
the compound of the formula (IX).

. ThlsSheetHas Been Rep
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I n which A represents the radical of the fornuTa -CH(CH err])[err] or
-(CHerr] )[err]-OCHerr], are reacted in inert solvents, if_appropriate

in the presence of a base, with auxiliaries to give activateb'mﬂﬁbﬂEﬁfHﬁsspEN
acid derivatives, which are optionally iso- —————Egﬂﬁﬁzﬁl_;__J

Inorganic baseés according to [C] employed are alkali

metals or their hydrides. Sodium and sodium hydride are
preferred. The inorganic bases according to process ([C]
are in general employed in an amount from 0.1 to 10 mol,

5 preferably 0.2 to 2 mol, relative to 1 mol of the com-
pound of the formula IV.

The reaction temperature for the proéesses fal, [B] and

[C] can be varied within a relatively wide range. In

general, the reaction is carried out in a range from
10 -20°C to 200°C, preferably from 0°C to 1ll0°C.

The processes can be carried out at normal pressure,

elevated or reduced pressure (for example from 0.5 to 5

bar), preferably at normal pressure.

When carrying out the proce'ss accordiné to the invention
15 the ratio of the substances participating in the reaction

is arbitrary. In general, however, the reaction is

carried out with molar amounts of the reactants.

Enantiomeric pure forms are additionally obtained e.g. by
separating the racemate on chromatographic columns having
20 a chiral stationary phase.

The reactive acid derivatives of the general formula (IX)
are known in some cases or are new and can then be

prepared according to customary methods.

The compounds of the general formula (X) are known.
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ia;ted, and then reacted with al cohols of the fornula (X) E- OH

(X) -6- in which depending_on
the definition of the substituent A, ei t her represert Hllsﬁé“{ém HAS BEEN
-CH(CH err])[err]- or -(CHerr])[err]-OCH err] - REPLACED

10

15

The ylidene c¢difipound of the formula (IV) is new and can
be prepared, for example, as described above.

The ylidene compound of the formula (VII) is new and can
be prepared, for example, as described under [A] by
reaction of the compound of the formula (V) with 2-
chloro-3-cyano-benzaldehyde of the formula (II).

The compounds of the formulae (III), (V), (VI) and (VIII)-
are known per se.

2-chloro-3-cyano-benzaldehyde of the formula (II) is new
and can be prepared, for example, by converting

2~-chloro-3-cyano-toluene of the formula (XI)
CN !

cl (X1)

CH,

. first by bromination in the presence of a catalyst in
inert solvents and under a protective gas atmosphere and

irradiation

to the compound 2-chloro-3-cyano-benzal bromide of the
formula (XII)

This Sheet Has Been Replaced -
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group, if appropriate after conversion to the al koxi de using an inorganic

base, and for the preparation of the enantioners, the approprlate
optically active carboxylic acid derivatives are react vaJI ﬁ“ﬁASB EN
appropriate al cohols, or. the racemate i s separated hy %ﬁr ggﬂﬁﬁp
chiral stationary phases The process according to th
I1lustrated by way of exanple by the fol | owi ng reaction schene:
CN
Ci (XII)
C
H | er
Br

and in a second step treating the crude products with
silver salts in alcoholic solution and reacting to give
the aldehyde. .

Suitable solvents for the first step of the reaction are

5 preferably the abovementioned halogenohydrocarbons such
as dichloromethane or carbon tetrachlorlde. Carbon tetra-
chloride is particularly preferred.

Suitable brominating agents are preferably N-bromo-
succinimide or bromine. N-bromosuccinimide is particu-

10 larly preferred.

Suitable solvents for the second step of the process are
water or the abovementioned alcohols such as, for ex-
ample, methanol, ethanol, propanocl or isopropanol or
their mixtures. Ethanol is preferred.

15 Suitable catalysts are, for example, azoisobutyronitrile
or bisbenzoyl peroxide. Azoisobutyronitrile is preferred.
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REPLACED

The catalyst is in general employed in an amount £from
0.0005 mol to 0.05 mol, preferably from 0.005 mol to 0.02
mol, relative to 1 mol of the compound of the formula
(XI) .

N-Bromosuccinimide is employed in an amount from 2 mol to
5 mol, preferably from 2.2 mol to 3 mol, relative to 1
mol of the compound of the formula (XI).

The bromination is carried out in a temperature range
from 40°C up to the respective reflux temperature of the
solvent, preferably at the reflux temperature.’

The conversion to the aldehyde is carried out in a
temperature range from 20°C to 100°C, preferably from
40°C to 70°C. !
]

The reactions are in general carried out at normal
pressure. However, it is also possible to work at ele-
vated or reduced pressure (e.g. in a range from 0.5 to 5
bar) .

Suitable silver salts are in general salts such as silver
nitrate, silver carbonate or silver tetrafluorcborate.

Silver nitrate is preferred.

2-Chloro-3-cyano-toluene of the formula (XI) is known
(CAs 15015-71-5). '

2-Chloro-3-cyano-benzal bromide of the formula (XII) is

- This Sheet Has Been Rep
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for processes [A] and [B] here are all inert organic solvents which do not

change under the
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THIS SHEET HAS BEEN
REPLACED

new and can be prepared, for example, as described above.

The above preparation processes are only given for
clarification. The preparation of the compound of the
general formula (I) and its enantiomers is not restricted
to these processes, but any modification of these
processes and customary alternative processes are ap-
plicable in the same manner for the preparation of the
compound according to the invention.

The compound according to the invention and its pure
enantiomers exhibit an unpredictable, useful sSpectrum of
pharmacological action. They have’ a positive effect on -
learning and memory powers, as their memory-enhancing
effects in typical learning and memory models such as the
water maze, passive avoifiance or n‘temory tests in
automated Skinner boxes demonstrates. They have an
antidepressant potential, as their activity in the rat
swimming test according to Porsolt confirms. |

Binding assax- 83 _

The binding affinities to PN 200-110 binding sites in rat
brains or rat hearts were determined according to
i!ampe D.R., Mutledge A., Janis R.A., Triggle D.J.: Can.
Journ. Physiol. Pharmacol. 65, (1987) 1452.

Water maze:

0ld Wistar rats are placed in the starting position in a
plastic tank filled with cold water and subdivided by
vertical barriers. In order to reach a ladder  which

This Sheet Has Been Replaced
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reaction conditions. These preferably include al cohols such as nethanol,

et hanol , propanol or isopropanol, or ethers such as diethyl ether, dioxane,
t et rahydrofuran, glycol dinethyl ether, or diethylene glydg ' }
ether, acetonitrile, or anides such as hexanethyi phos- phdr ant SEEESHAS BEEN
di ret hyl formam de, or acetic acid or hal ogenated hydréeasbo LAGER as
met hyl ene chl oride, carbon tetrachl oride or hydrocarbons such as benzene or
toluene. It is enaddemdlid|animalsctei ascapes Hfomhbheowaters ey mxad:

| sopropanol .t chiag ol AnelE! Barpiaks. $HdAnd WhilRTh y]zi

are partlculargéﬁa erred e solvents rocess
abovenenti oned FdRding tthe [exit, aad ithe sunbexr 2fc 6x30F s 02 é‘é’@t V@Yam d.
Sui t abl.e bases tmrrepra%e&&%z{d@d arﬂ; Bl s2ca s, eher ﬁbrlc%@ defaRied as ﬁuch
s Tor X! cuslullsl S SIS L SidimfRg S LRty

of imaginary squares into which the tank is subdivided in

the direction away from the exit.

The rats remain in the maze until finding the exit, but
at longest 300 sec. They are then taken out, dried and
10 warmed under a red light. They then return to thelr hame
cages. :
In a typical experiment, two equivalent animal groups
(placebo, test substance each n = 15) are determined by
means of a preliminary test. The animals then go through
15 6 test sessions, two per day. Test substances or placebo
are administered orally 30 min before the experiments.
The measure of the learning- and memory-enhancing effect
of the test substances in comparison to placebo is
reduction of the time until reaching the exit, reduction
20 of the number of errors and increase in the number of

animals which find the exit at all.

Rat swimming test according to Porsolt
During a preliminary test, young rats are placed in a

glass cylinder (40 cm high, 20 cm diameter) which is
25 filled 17 cm high with water at 25°C. After 20 min in the
water, the animals are taken out and warmed under a lamp
for 30 min. In this preliminary test, all rats attempt to
get out of the cylinder until after.about 15 min they

This Sheet Has Been Replaced -
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triet hyl am ne or pyridine or dinmethylam nopyridine, in particular
pi peridi ne, dinmethylam nopyridine and pyrid- ine. Condensi ng agents are
preferably enpl oyed as auxili.aries for the activation %@e;}ﬁarrt;q@yﬁg@q

acid (I X). The customary condensi ng agents are preferrdgd erngLs as
carbodiimdes, e.qg. NN - di et hyl -, N, N - di propyl -
- 10 -

remain immobile ("behavioural despair", giving-up
behaviour). 24 h later, the test session starts in which
the rats are placed in the glass cylinder as on the
previous day, but this time for only 5 min. The lengths
5 of time for which the rats remain immobile during this
5 min are recorded. In this case, a rat is regarded as
immobile which, flbating upright in the water, only
carries out minimal movements in order to keep its head
above water. The antidepressant effect of the test:
10 substances is seen in the reduction of the period of
immobility in comparison to the placebo wvalues.
The compound according to the invention and its pure
enantiomers are superior to known dihydropyridines in
their effectiveness on learning and memory. Thus, for
15 example, (+) -isopropyl 2-methoxyethyl 4-(2-chloro-
3-cyanopheny1)-1,4-dihyd}o-2,G-dim;thyl-pyridine-
3,5-dicarboxylate in the water maze animal model (old
rats) significantly improves acquisition in the range
from 0.1 to 1.0 mg/p.o., while nimodipine only acts at
20 15 mg/kg p.o. At the same time, the compound according to
the invention does not show any or shows a distinctly
weaker blood pressure decrease than known compounds such
as e.g. nimodipine. In the normotensive rat animal model,
nimodipine decreases the blood pressure at 30 mg/kg p.o.
25 approximately 3 x more strongly than (+)-isopropyl 2-
methoxyethyl 4-(2-chloro-3-cyano-phenyl)-1,4-dihydro-2,6-
dimethyl-pyridine-3,S-dicarboxylate; the gsame is found in
the spontaneously hypertensive rat animal model (3 and

10 mg/kg p.o.). In the case of the compound according to

. This Sheet Has Been Replace
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N, N -di sopropyl and N, N -di cycl ohexyl carbodiim de, N-(3-

di nmet hyl am noi sopropyl )- N -et hyl car bodi i m de hydr o- chl ori de, or
carbonyl conpounds such as carbonyl diimd- azole, or 1,2-oxpzg{d]
conpounds such as 2-ethyl -5- phenyl -1, 2-oxazol i um 3-sul phonat e
2-tert-butyl-5- nethyl-isoxazolium perchlorate, or acylam
as 2-et hoxy-1-et hoxycarbonyl - 1, 2- di hydr oqui nol i ne, or propanephosphonic
anhydri de, or tbebumpentfiaws.o- af onome epotemt specific CNS effect is

benzotriazolyI9ﬁ¥r5§b§£d%£pqul@gkggﬁea wa%ﬂ§?ﬂod - undesired -

._L Ik A SB
ﬁ;: EEN

hexaf | uor ophosphonat e de and
carbonyld||n1da§696ta?% thfEFFé ovasgy; PEbFEBEEEes for variant [C] are

al kali metal car- bonates such as, for exanple, sodium carbonate or potas-
si um car bonate, or or anic bases .such s tria nes

triethyl am ne, A§+ ?ﬁﬁﬁﬁuﬂqfheltﬁ-ng ﬁ?PﬁFBiP%&Fﬁ dpropegties. the
d||sopropy$ethghmpbund candber empllayedofori dihee prieghration of medica-

di azabi cycl of 8, 0L Urlee- ZrenG DRIl beS SRl C¥eblnebdedoll nps - ene
( DBN) . D et anlnopyrl I ne I'S preferre
orders, as, for example, occur in dementias (multi-

infarct dementia, MID, primary degenerative dementia PDD, -
pre- and senile Alzheimer’s disease, HIV dementia and
10 other forms of dementia), Parkinson’s disease or amyo-

tropic lateral sclerosis. .

It is furthermore suitable for the treatment of cerebral
function disorders in old age, of organic brain syndrome
(OBS) and of age-associated memory impa%rment (AAMI) .

, _

15 It is useful for the prophylaxis and for the control of
the sequelae of cerebral circulatory disorders such as
cerebral ischaemias, strokes and of subarachnoid
haemorrhages.

It is suitable for the treatment of depressions and of

20 mania. Further areas of appliéation are the treatmént of
‘migraine, of neuropathies, which are caused e.g. by
-metabolic disorders such as diabetes mellitus, traumas,
intoxifications, microorganisms or autoimmune disorders,
of addictive disorders and withdrawal symptoms.

25 The present invention also includes pharmaceutical

R ————
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The base is in general enployed in an anount from0.01 nol to 1 nol,

preferably from0.05 nol to 0.1 nol, in each case relative to 1 nDI of
conpound of the formula (1X). The auxiliaries accordi ng mlc%
are in general enployed in an amount from1 nol to 3 ITD|EB$€ ﬁ?&%) rom
nmol to 1.5 nol, in each case relative to 1 nol of the co mmg oi—tne

formula (IX).

10

15 .

20

25

preparations which, in addition to inert, non-toxic,
pharmaceutically suitable auxiliaries and excipients,
contain the compound of the general formula (I), and
processes for the production of these preparations.

The active compound of the formula (I) should be present
in these preparations in a concentration of 0.1 to 99.5%
by weight, preferably of 0.5 to 95% by weight of the
total mixture.

In addition to the active compound of the formula (I),

the pharmaceutical preparations can also contain other

pharmaceutical active compounds.

The abovementioned pharmaceutical preparations can be
prepared in a customary manner by known methods, for
example 'using the excip;ent(s) or aux;l;ary( -ies).

In general, it has proven advantageous to administer the
active compound of the formula (I) in total amounts of

‘about 0.01 to about 50 mg/kg, preferably in total amocunts

of about 0.1 mg/kg to 10 mg/kg of body weight every .24
hours, if appropriate in the form of several individual

doses, to achieve the desired result.

However, it may sometimes be advahtageous to deviate from
the amounts mentioned, namely depending on the type and
the body weight of the subject treated, on individual
behaviour towards the medicament, the nature and severity

of the disorder, the type of ©preparation and

This Sheet Has Been Re plac
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S - | norgani ¢ bases according to [C]. enpl oyed are alkali metals or
their hydrides. Sodi um and sodium hydride are preferred. The inorganic

bases according to process [C] are in general enployed in -
0.1 to 10 nol, preferably 0.2 to 2 nol, relative to 1 nol pf'HHh Ig&&ha |
of the fornula IV. The reaction tenperature for the processes EK{‘ACF‘

and [C] can be varied within a relatively wde range. |In general, thé
][eact [ E)n [ ]s caradmthimtratiéh; arayed f roha - 2Gmer r%ﬂdt oiﬁﬂé){c'iﬂl] @Gt prvd’f:'eﬂlabl y
romO[err]C taq e T, s can be carried out at norma
pressure, el evaﬁf&n{;:}i1 14#%%%1%%% @%géﬁg%?br exanple fromO0.5 to 5 bar),
preferably at normal pressure.

The R; values shown in each case were determined - if not

stated otherwise - by thin layer chromatography on silica“

5 gel (aluminium foil,.silica gel 60 F 254, E. Merck). The
substance spots were visualized by observation under UV
light and/or by spraying' with 1% strength potassium
permanganate solution or with molybdataophosphoric acid
solution.

10 Flash chromatography was .carried out on silica gel 60,
0.040 - 0.064 mm, E. Merck. Elution with solvent gradi--
ents means: starting with the pure, non-polar solvent
mixture component, the polar eluent component is admixed
to an increasing extent unt:.l the deszred product is

15 eluted (TLC checking). With all products, the solvent was
distilled off at finally about 0.1 mm Hg.

-
cet Has Been Replaced
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Wien carrying out the process according to the invention the ratio of the
subst ances participating in the reaction is arbitrary. In general, however,
the reaction is carried out with nolar amounts of the reactants.

Enantioneric pure forns are additionally obtained e.g. by e?afa%+ﬂg¢Lhe.____
racemat e on chromat ographi c col uims having a chiral statioaa:?ﬂﬁﬁig HAS HifaN
reactive acid derivatives of the general formula (1X) are wn_REPLASED

cases or are ngeagiiingaeoimpoindg prepared according to customary mnethods.
The conpounds of the general formula (X) are known.

Example I

2-Methoxyethyl 2-acetyl-3-(2-chloro-3-cyano)-~-2-propenoate
__CN

Cl
CH

A

H,C-0C” ~CO,-(CH,),-OCH, .

-~ 0.5 ml of piperidine and 0.3 ml of glacial acetic acid,

5 dissolved in 4 ml of isopropanol, are added to 13.0 g
(7.5 mmol) of 2-chloro-3-qyanobenzaldghyde and 13.8 g

(86 mmol) of 2-methoxyethyl acetocacetate in 130 ml of
isopropanol. After stirring overnight at 40°C, the
mixture is concentrated, the residue is taken up in

10 toluene and the solution is filtered through silica gel
Kgo (solvent: toluene/ethyl acetate gradient 1:0 to
10:1). After evaporating, 16.3 g of yellowish oil are
obtained which is reacted further without further

- purification.

M

e
I
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12 - The ylidene conmpound of the fornmula (1V) is new and can be
prepared, for exanple, as described above. The ylidene conpound of the
formula (M 1) is new and can be prepared, for exanple, as described under

[A] by reaction of the conpound of the fornula (V) with 2-

chl or o- 3- cyano- benzal dehyde of the formula (11). The conpo ndglschgEhrqms BEEN
formulae (111), (V), (VI) and (VII1). are known per se. REPLACED
Example II

10

15

2-Chloro-3-cyano-benzal bromide

CN

Cl

100 g (0.66 mol) of 2-chlaro-3-cyano-toluene (CAS 15013-
71-5) are dissolved in 1.0 1 of carbon tetrachloride
under argon and treated with 280 g (1.6 mol) of N-bromo-
succinimide and 0.65 g of azoiscbutyronitrile. The
mixture is heated to reflux with v:.?orous stirring;
during the course of th:.s it is irradiated with a lamp
(300 W, Osram Ultra-V:.talux ). After 21 h and after 36 h,
a further 50 g of N-bromosuccinimide and 0.5 g of azoiso-
butyronitrile are added each time. The reaction is
complete after a total of 60 h. After cooling, insoluble
material is f£iltered off; the pfecipitate is subsequently
washed several times with carbon tetrachloride and
discarded. After concentrating the filtrate, 180 g of the
title compound are thus obtained as a crude product
(according to HPLC contains about 2% of corresponding
benzyl bromide and 1.2% of corresponding benzotri-
bromide) .

This Sheet Has Been Replaced
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2-chl or o- 3- cyano- benzal dehyde of the formula (I1) is new.and can be
prepared, for exanple, by converting 2-chl or o- 3-cyano-tol uene of the
formula (XI) [err] first by bromination in the presence of a
catalyst in inert solvents and under a protective gas atnosphere and

irradiation to the conpound 2-chl oro-3-cyano- benzal bro”{qﬁ*‘QHLﬂkrf\ssrrw
REPLACED

Example III

2-Chloro-3-cyano-benzaldehyde

CN

The crude product of. the compound from Example II is
dissolved in 1.5 1 of 95%.ethanol and warmed to 60°C. A
5 solution of 186 g (1.1 mol) of silver nitrate in 380 ml "
of water which has been mixed with 750 ml of ethanol is
rapidly added dropwise thereto at this temperature. After
addition is complete, the mi:.:ture is sub?equently stirred
for one’ hour and then mixed with 50 ml of saturated
10 sodium chloride solution. After cooling, the silver salts
are filtered off and the filtrate is concentrated. The
residue is taken up in methylene chloride and purified by
filtration through a short silica gel column (eluent:
dichloromethane) . After concentrating the product frac-
15 tions, 88 g (81%) of the . title compound are obtained.
m.p.: 86-89°C
1H-NMR (CHC1,): & = 7.55 ppm (t, 1H); 7.95 (dd, 1H); 8.20
(dd, 1H); 10.5 (s, 1H).

This Sheet Has Been Repla
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férnula (XI1) | -13 - [erri

THIS SHEET HAS Brying |
’ REPLACED

[lacunal

rac-Isopropyl 2-methoxyethyl 4- (2-chloro-3-cyano-phenyl) -
1,4-dihydro-2,6-dimethyl-pyridine-3,5-dicarboxylate

CN
. cl
(H,C),-HC-O,C CO,~(CH,),-OCH,
. HC CH,

-

18.6 g (60.5 mmol) of the compound from Example I and
5 8.7 g (60.5 mmol) of isopropyl amino-2-butencate in
250 ml of isopropancl are heated at reflux for 4 h. After
concentrating, a solid is obta;ned.whlch is digested with
ether (18.1 g). This is mixed with the same amount of
cyclohexane in 180 ml of toluene at boiling heat. After
10 cooling to room temperature, crystals are obtained which
are dried at 80°C in a recirculating air drying oven.
Yield: 17.6 g (67%)
M.p.: 148-149°C

.Example 2 and Example 3

15 (+) -rac-Isopropyl 2-methoxyethyl 4-(2-chloro-3-cyano-
phenyl) -1,4-dihydro-2, 6-dimethyl-pyridine-3,5-dicarboxyl-
ate
(-) -rac-Isopropyl 2-methoxyethyl 4-(2-chloro-3-cyano-
phenyl)-1,4-dihydro-2,6-dimethyl-pyridine-3,5-

This Sheet Has Been Replaced
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and in a second step treating the crude products with silver salts in

al coholic solution and reacting to give the al dehyde. Sui t abl epsobNERT HAS B}:EN
for the first step of the reaction are preferably the abovenen}i onedkgPLACED

hal ogenohydr ocar bons such as di chl oronet hane or carbon tetrachrortrdeCarpon
tetra- chloride is particularly prdferred. Sui tabl e brom nating agents

are preferably N-bronp- succinimde or brom ne. N-brom)sucm nimde i$

particu- |arlydacakboxgdat

CN
cl
(CHp),-HC—0,C CO,-(CH,),-OCH,
|
H,C CH,

N
i
H

The pure enantiomers of Example 1 can be obtained by

chromatography on chiral -.columns (e.g. Chiracel® OD-H,

eluent 95% n-heptane/5% mixture of 1% water/0.2% tri- -
5 fluorcacetic acid in ethanol). '

Example 2:
M.p.: 138-140°C

[@12% = 413.9 (c=1, cnc13)

Example 3:
10 M.p.: 138-140°C
[2]2° = -12.1 (c=0.9, CHC1,)

I —
heet Has Been Replaced
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Suitabl e solvents for the second step of the process are water or the
abovenenti oned al cohols such as, for ex- anple, nethanol, ethanol, propanol
| or their m xtures. Ethanol is preferred. Sui t abl e

or i sopropano

catal ysts are,

The cat al yst

10

for exanple, azoisobutyronitrile or bisbenzoy—petroxite
Azoi sobutyronitrile is preferred.
is in general enployed in an anount from

"THIS SHELT Hi
REPLACE

% BEEN

Patent claﬁns

1.

Isopropyl 2-methoxyethyl 4-(2-chloro-3-cyano-
phenyl)-1,4-dihydro-2,6-dimethyl-pyridine-3,5-
dicarboxylate as a racemate and its enantiomeric
forms. '

Process for the preparation of the compound
according to Claim 1, characterized in that

[A] 2-chloro-3-cyano-benzaldehyde of the formula

(1T)
CN

II
Ci (D

] §

CHO

is reacted first with 2-methoxyethyl acetoacetate of
the formula (III)

if appropriate with isolation of the corresponding
ylidene compound of the formula (IV)

This Sheet Has Been Ru eplaced
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0.0005 ol to 0.05 nol, preferably fromO.005 nol to 0.02 nol, relative to
1 nol of the conpound of the formula (XI). N- Br onosucci nim de i s enpl oyed
in an anount from2 nol to 5 nol, preferably from2.2 nol ta. 3-nol

relative to 1 nol of the compound of the fornmula (Xl). r»FTBE&HEFﬁtW@%BE@“
carried out in a tenperature range from40[err]C up to the | espe®EPACED

reflux tenperature of the solvent, preferably at the reflux tenperatdre.
The conversion to the aldehyde is carried out in a tenperature range from
20C to 100[err]C, preferably from 40[2{{]0 to 70[err] C The reactions are
in general carried out at nor ¥ However, it is also possible to
work at el e-

c
CH av)
C-CO,-(CH,),OCH,

C(')-CH3
and subsequently with :.sopropyl acetoacetate of the
formula (V) '
CH,-CO-CH,-CO,-CH(CH;), (V)
and with ammonia or ammonium salts,
5 or directly with ﬁhe isbpropyl amino-2-butenocate

which can be prepared from ammonia and (V), of the
formula (VI)

H,C CH-CO,-CH(CH,),
\f VD
NH, '
in inert solvents,
or
10 [B] 2-chloro-3-cyano-benzaldehyde of the formula

-This Sheet Has Been Replaced
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vated or reduced pressure (e.g. in arange from0.5to 5 bar) . Sui t abl e
silver salts are in general salts such as silver nitrate, silver carbonate
or silver tetrafluoroborate. Silver nitrate is preferred.

2- Chl oro- 3-cyano-tol uene of the formula (XI) is known (CAS 140#fxs &UeRY HAS BEEN
2- Chl or o- 3-cyano- benzal brom de of the fornula (XIl) is REPLACED

(II) is reacted first with the compound of the
formula (V), if appropriate with isolation of
the ylidene compound of the formula (VII)

CN

a
CH (VID)

I
C-CO,-CH(CH,),

CO-CH,

and in a next step with the compound of the formula

5 (III) and with ammonia or ammonium salts or directly
with the 2-methoxyethyl amino-2-bytenocate which can
be prepared from ammonia and (III), of the formula
(VIII) '

H,C___ CH-CO,-(CH,),-OCH,
Y (VIID)
NH, |

in inert solvents,
10 ' or

[C] compounds of the general formula (IX)

[
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15 new and can be prepared, for exanple, as described above. The above
preparaLLgn~ﬁfﬁCE§§§§T'§F€- only given for clarification. The preparation

of the conpoun oﬁﬂLQ_lganeral formula (1) and its enantleﬁer—fs—ﬁeP-ﬁ
restri ct &hfs Sheet esses, but any nodification of tHe5&S “F$§% B%ﬁ%]
cust omary - Mocesses are ap- plicable in the dane nBERHEGCH D,
preparatio und according to the invention. The conpound

according to the invention and its pure enantioners exhibit an
unpredi ctabl e, useful spectrum of pharir!o &) cal action. They have a
Q

positive effect on | earning and nenor ers, as their menory-enhanci ng
effects in typical |earning and nenor

A-0,C

in which
A represents the radical of the formula -CH(CH;),
or - (CHz) 2"0CH3I

are reacted in inert solvents, if approprlate in the

5 presence of a base, with auxiliaries to give activ-
ated carboxylic acid derivatives, which are option-
ally isolated, and then reacted with alcohols of the
formula (X)

E-OH (%)
10 . in which
E . depending on the definition of the substituent A,
either represents the -CH(CH;),- or -(CH,),-OCH;-

group,

if appropriate after conversion to the alkoxide

I
* c L M S *
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wat er maze, passivamamaﬁﬁﬁuﬁaﬁﬁﬁgaﬁnnry tests in automated Skinner boxes

denonstrates. They- ' ressant potential, as their activity in
the rat swinmming te g’m F Porsolt confirms. Bl ngl§@Lassays:,. Thel
binding affinities to ’ binding sites in rat brains qgﬂngEbearts[

were determ ned according to Ranpe D.R, Nutledge A, Jar A
D.J.: Can. Journ. Physiol. Pharmacol. 65, (1987) 1452. Water maze: "A d
Wstar rats are placesing atieisonganig basetion in a plastic tank filled
with cold water and subdivided by vertical barriers. In order to reach a
| adder whi ch

and for the preparation of the enantiomers, the
appropriate optically active carboxylic acid deriva-
tives are reacted with the appropriate alcohols, or

5 the racemate is separated by chromatography on
chiral stationary phases.

3. Medicament containing a compound according to Claim
1.
4. Process for the production of medicaments, charac--
10 terized in that a compound according to Claim 1 is
converted into a suitable administration form, if
appropriate using customary auxiliaries and
excipients. ' ’

5. Use of the compounds according to Claim 1 in the
15 control of disorders.

6. ©Use of the compound according to Claim 1 in the
production of medicaments for the control of
neuronal and cerebral disorders.

7. 2-Chloro-3-cyano-benzaldehyde.

20 8. Process for the preparation of 2-chloro-3-cyano-
benzaldehyde, characterized in that 2-chloro-

3-cyano-toluene is reacted in the presence of a

_—

L LT
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- 16 - enables the animals to escape fromthe water, they nmust swm
around thene barriers. The time which is required for finding the exit and
t e nunber of errors on the way there are recorded. In th
is defined as swinmming up a blind all'ey or sw nmng over

i magi nary squares into which the tank is subdivided in ,t
fromthe exit. The rats remain in the maze until flndlng the exit, "but at
| ongest 300 sec. Theatalysthdén inerh solvenits ctb @ivekheedourdspondiog
light. They then feb%f%alomlwor&&aﬁ@fs 18 Ped¥Pi§2inC¥BRVLARR! 4nt WO

equi val ent ani mal groups
“the presence of silver salt to give the aldehyde.

Thls Sheet Has Been Replaced
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(pl acebo, test substance each n = 15) are determ ned by neans of a
prelimnary test. The animals then*go through 6 test#sescinnq two_per day
il

Test substances or placebo are adm nistered orally 3 A BeLorest g

experinments. The neasure of the |earning- and nenory-{enhanBERgaeEDf ect @f

the test substances in conparison to placebo is reduction of the time until

reachi ng the exit f .nd |ncr- the
~nunber of ani mals=w - s

to Porsolt DuringlLa s iy 5 ; 1%

cylinder (40 cm high, 20 cn1d|aneter) mhlch is filled 17 cn1h|gh mnth wat er

at - 25[err]C. After 20 mn in the water, the animals are taken out and

war med under alAbsbtrafalr 30 nmin. In this prelimnary test, all rats attenpt

to get out of the cylinder until after about 15 mn they

The present invention relates to the new compound
rac-isopropyl 2-methoxyethyl 4-(2-chloro-3-cyano-
phenyl)1l,4-dihydro-2, 6-dimethylpyridine-3,5-dicarboxylate
and its pure enantiomers, processes for their preparation
and their use as medicaments, ‘_in" particular for the
treatment of cerebral and neuronal disorders, and a new
intermediate for their preparationm. -
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Le A 30 548-Foreign countries - 32 -



U OTT Le T
Lour)

CREPRACEMENT SHEET

. =
T TT. T

5 m1[}39ﬁb?/ 1996

= 17 - remain i mmobile ("behavioural despair", giving-u
24 h later, the test session starts in which the rats are plac
gl ass cylinder as on the previous day, but this tinme for only
| engths of tinme for which the rats remain imobile during this
recorded. In this case, arat is regarded as i mobile which, f
upright in the water, only carries out i hi fral novenments in orfek.ta keep
its head above water. The antidepressant effect of the test supstancés is
seen in the reduction of the period of inmmbility in conpari sorte—tfe ~
pl acebo val ues.

oat |

Isopropyl 2-methoxyethyl 4-(2-chloro-3-cyano-phenyl)-
1,4-dihydro-2,6-dimethyl-pyridine-3,5-dicarboxylate

The present invention relates to the new compound
rac-isopropyl 2-methoxyethyl 4- (2-chloro-3-cyano-phenyl) -
1,4-dihydro-2,6-dimethylpyridine-3,5-dicarboxylate and
its pure enantiomers, proéesses for their preparation and
their use as medicaments, in particular for the treatment
of cerebral and neurcnal disorders, and a new inter-
mediate for their preparation. '

It has already been disclosed that some 1,4-dihydropyrid-
ines such as e.g. nimodipine have cerebral activity [cf.
German Offenlegungsschrift 2 815 578]. Dihydropyridine
derivatives which in position 4 carry a phenyl ring which |
is optiocnally substituted by halogen and/or cyano are
iikewise described in general definitions and in some
~cases also as specific individual compoundé (cf. German
' Offenlegungsschrift 1 963 188, German Offenlegungsschrift
2 117 573 and EP-A-026 317). However, in position 4 the
specific 2-chloro-3-cyano-phenyl radical is not mentioned
for any of the previously known dihydropyridines. This
specific substituent in position 4, which is introduced
by means of the 1likewise new 2-chloro-3-cyano-



The corrpound according to the invention and its pure enanti ongr SF{EQLM:EMENT SHEET
SUperlor to known dlhydropyrldlnes in their effectiveness on llegrmng—ard
nenory. Thus, for exanple, (+)-isopropyl 2- met hoxyet hyl  4-{( 3- Z 0&8
3-cyanopheny|)-1,4-dihydro-2,6-dinethyl-pyridine- 3, 5-di car boxjyliat e Y 896
wat er nmaze ani mal nodel (old rats) significantly inproves acqqi dition in
the range fromO0.1 to 1.0 ng/p.o., while #ipoodipine only actsjat 15 ng/kg
p.o. At the sane tinme, the conpound according to the inventi ornr—does—ret -
show any or shows a distinctly weaker blood pressure decrease than known
conpounds such as e.g. ninodipine. In the nornotensive rat ani mal nbdel,
nlnDdlplne(ﬂﬁﬁﬁﬁﬁ&ﬂéh&&ab#b@dappespuiatetriﬁgnquyq;Q)rQﬁﬁ#xﬁnmateﬁy 3 x

Tor o110 ol )L Gl e TERDSPHEBAL savencion.

di net hyl - pyri di ne- 3, 5- dlcarboxylate the same is found in the spont aneousl y

hypertensi ve jgd 2R @ded®del kardddnl0 Falkted O. ko | Nthée CoGMpOEndhe
conpound according'to _
rac-isopropyl 2-methoxyethyl 4- (2-chloro-3-cyano-phenyl) -
1,4-dihydro-2, 6-dimethylpyridine-3,5-dicarboxylate of the

formula (I)

HyCO-(CH,),-0,C CO,-CH(CH,), (D)

CH,

and its enantiomers.

The invention also relates to a plurality of processes
for the preparation of the compound of the formula (1)
according to the invention, which are characterized in
that

[A] 2-chloro-3-cyano-benzaldehyde of the formula (II)



- 18 - the invention, a nore potent specific CNS effect is therefore to

be ‘expected with a smaller - undesired - effect on the cardi¢v ﬁﬁﬂﬁﬁ ENT SHEET
system As a result of its pharmacol ogi cal properties, thelc
be enpl oyed for the preparation of medica- nments for the tredt
central degenerative dis- orders, as, for exanple, occur in de nflBNOV 1996
(multi- infarct denmentia, MD, prinmary degenerative denentia |POD, pre- and
senile Al zheinmer's disease, H 'V denentia and other forns of denentia),

Par ki nson' s di sease or anyo- tropic lateral sclerosis.

nt of

CN
I
cl (1)
CHO

is reacted first with z—me_thoxyethyl acetoacetate of the
formula (III)
H,C-CO-CH,-CO, (CH,) ,0CH, (III)

if appropriate with isolation of the corresponding
ylidene compound of the formula (IV) '

CN

cl
vy

il ‘
C-CO,~(CH,),OCH,

CO-CH,

and subsequently with isopropyl acetoacetate of the
formula (V)

CH,-CO-CH,-C0,-CH(CH,), (V)

and with ammonia or ammonium salts,



It is furthernore suitable for the treatment of cerebral funci

in old age, of organic brain syndrome (OBS) and of age-asst|at@5%ﬁB ff*iE?
i mpai rment (AAM) . It is useful for the prophylaxis and forjthe control

of the sequel ae of cerebral circulatory disorders such as cerg¢bfalqg NOV 1996

| schaem as,
for the treatnent of depressions and of -mani.a. Further areas ¢f

strokes and of subarachnoid haenorrhages. I{ §s suitable

are the treatnent of mgraine, of neuropathies, which are caugsed e.g. by
met abol i ¢ di sorders such as diabetes nellitus, traumas, intoxitrcations,
- m croorgani sns or autoi mune di sorders, of addi cti ve dlsorders and

withdraval sygpt @ifectl}NQwiifSent HRGPROpYL Adrtin & ST BN GBS MABELhI Cal

can be prepared from ammonia and (V), of the formula (VI)

H,C.___CH-CO,-CH(CH,),

(VD
NH,

in'inert solvents,
or

[B] 2- chloro 3- cyano-benzaldehyde of the formula (II) is
reacted first with the compound of the formula (V),
if appropriate with isolation of the ylidene com-
pound of the formula (VII)

I CN
cl _
CH (ViD)

Il
C-CO,-CH(CH,),

CO-CH,

and in a next step with the compound of the formula (III)
and with ammonia or ammonium salts or directly with the
2-methox?ethy1 amino-2-butencate which can be prepared
from ammonia and (III), of the formula (VIII)



- 19 - preparations which, 1in addition to inert, non-toxic,

pharmaceutically suitable auxiliaries and excipients, contai ”F{E?EA@EMH?&HUBHEET

of the general fornmula (1), and processes for the producti.on these

pr epar ati ons. The active conpound of the fornmula (1) shoulld jbe prea%n{ i, N

these preparations in a concentration of 0.1 to 99.5% 18 N 996
- 5 -

HyC__,CH-CO,~(CH,),-OCH,
: (VHI)
NH,

in inert solvents,
or

{C] compounds of the general formula (IX)

(IX)

in which

A represents the radical of the formula -CH(CH,), or

are reacted in inert solvents, if appropriate in the
presence of a base, with auxiliaries to give activated
carboxylic acid derivatives, which are optionally iso-
lated, and then reacted with alcohols of the formula (X)

E-OH (X)



by wei ght,

preferably of 0.5 to 95% by wei ght of the total mixture. In

addition to the active conpound of the fornmula (1), the pharnmaceuti cal

preparations can also contain other pharnaceutical active congoyng Fcﬁﬂiﬁe
abovenenti oned pharmaceutical preparations can be prepared in a¥@géﬁgﬁﬁﬁ‘

manner by known net hods, for exanple using the excipient(s) or
auxiliary(-ies). In general, it has ptogen advantageous to ddni nig KOVt1986

ET

active conpound of the fornula (1) in total anounts of about G Q1 to about
50 ng/ kg, preferably in total anmounts of about 0.1 ng/kg to 10 ngrkgof

body wei ght e¥§r¥h24 hours, if appropriate in the formof seveyal
S

i ndi vi dual

do fghachieve the desired result.

E depending on the definition of the substituent A,
either represents the -CH(CH;),- or -(CH,),-OCH,-

group,

if appropriate after conversion to the alkoxide using an
inorganic base,

and for' the preparation of the enantiomers, the
appropriate optically active carboxylic acid derivatives
are reacted with the appropriate alcohols, or.

the racemate is separated by chromatography on chiral
stationary phases.

The process according to the invention ¢an be illustrated
by way of example by the following reaction scheme:



However, it may sonetines be advantageous to deviate fromthe
nment i oned, nanely depending on the type and the body wei ght of

treated, on individual behaviour towards the nedicament, the rfatfure and
severity of di sorder, the type of preparation and 18 NOV 1996
- 20 - adm nistration, and the time and interval at which gdninistration
t akes pl ace. -7 -
(Al
CN
Piperidine
~i + H3C-CO'CH2'C02'(CH2)2'OCH3 Acetic acid
CHO
CN + H,C— C==CH-CO,-CH(CHj),
NH
cl 2
~ CH
H,C-OC-C-CO,-(CH,),-OCH,
CN
| _ Ci
H,CO-(CH,),-0,C CO,-CH(CH,),

amounts

RRELAGRMEA: SHEET

H3 'i‘ CHa
H



The Rl err] val ues shown in each case were deternmined - if not|sRERLAGEMENT SHEET
ot.herwise - by thin | ayer chromatography on silica gel (alum pibmftoil,

silica gel 60 F 254, E. Merck). The substance spots were visugl | zepg oy 1996
observation under WV |light and/or by spraying with 1@6strengtﬁ hot assi um

per manganate sol ution or w th nol ybdat aophosphoric acid sol utiof- Fash
chromat ography was carried out on silica gel- 60, 0.040 - 0.064 mm E.

Merck. Elution with solvent gradi- ents neans: starting with the pure,

non- pol ar sol vent m xture conponent,

to an increasing extent until the desired product

t he pol ar el uent conponent
is eluted (TLC checking).

is adm xed

Wtheal | products, ghe solvent was distilled off at finally about 0.1 mm

Hg. CN
cl +  HC—G==CH-CO,-(CH,),-OCH,
CH
NH,
C-CO,-CH(CH,),
CO-CH, CN .
| Cl
—_ (CHy),-HC-0,C CO,~(CH,),-OCH,
' P
HC™ "N CH
H
& oN
cl
H,CO~(CH,),-0,C o SN, HO-CH(CHg)p
. =
He” N7 e,
H
CN
cl
— H,CO-(CH,},-0,C CO,-CH(CH;),
[
HyC CH,

N
|
H
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Suitable solvents for processes [A] and [B] here are all
inert organic solvents which do not change under the
reaction conditions. These preferably include alcohols
such as methanol, ethanol; propanol or isopropanocl, or
ethers such as diethyl ether, dioxane, tetrahydrofuran,
glycol dimethyl ether, or diethylene glycol dimethyl
ether, acetonitrile, or amides such as hexamethylphos-
phoramide or dimethylformamide, or acetic acid or
halogenated hydrocarbons such as methylene chloride,
carbon tetrachloride or hydrocarbons such as benzene or
toluene. It is also poséible to use mixtures of the
solvents mentioned. Isopropanol, tetrahydrofuran, meth-
anocl, dioxane and dimetﬁylformamide are particularly
preferred.

Suitable solvents for process [C] are the abovementioned
solvents with the exceptiord of the alcdohols and acetic
acid.

‘Suitable bases for processes [A] and [B] are preferably
cyclic amines, such as, for example, piperidine, C,-C,-
tri- and dialkylamines, such as, for example, di- and
triethylamine or pyridine or dimethylaminopyridine, in
particular piperidine, dimethylaminopyridine and pyrid-

ine.

Condensing agents are preferably employed.as auxiliaries
for the activation of -the carboxylic acid (IX). The
customary condensing agents are preferred here, such as
carbodiimides, e.g. N,N’-diethyl-, N,N’-dipropyl-,



0.5 m of piperidine and 0.3 nl of glacial acetic acid, dissoljeFPLACRMENT SHE

of isopropanol, are added to 13.0 g (78.5 mmol ) of

2-chl or o- 3- cyanobenzal dehyde and 13.8 g (86 mol ) of 2-nethoxyethyhggﬁﬁv-wg6

acetoacetate in 130 m of isopropanol. After stirring overnigh
40[err]C, the m xture is concentrated, the residue i's taken ufg

—+

and the solution is filtered through siklpoa-gel Klerr] (solvent:

H b | L
Irrortene

tol uene/ ethyl acetate gradient 1:0 to 10:1). After evaporating,

'16.3 g of

yel lowi sh oi|l are obtained which is reacted further w thout further.
purification. g y_disopropyl and N,N’-dicyclohexylcarbodiimide, N-(3-

dimethylaminoisopropyl) -N’ -ethylcarbodiimide

hydro-

chloride, or carbonyl compounds such as carbonyldiimid-

azole, or 1,2-oxazolium compounds such as 2-ethyl-5-
phenyl-1,2-oxazolium-3-sulphonate or 2-tert-butyl-5-
" methyl-isoxazolium perchlorate, or acylamino compounds
such as 2-ethoxy-1l-ethoxycarbonyl-1,2-dihydroquinoline,
or propanephosphonic anhydride, or isobutyl ‘chloro-

formate, or benzotriazolyloxy-tris (dimethylamino) -.
phosphonium hexafluorophosphonate. N,N’ -dicyclohexyl-
carbodiimide and carbonyldiimidazole are preferred.

Suitable bases for variaﬁt [c] are alkali métal car-

bonates such as, for example, sodium carbonate or potas-

sium carbonate, or organic bases such as trialkylamines,

e.g.triethylamine,NGethylmorpholine,Nimethylpiperidine

or diisopropylethylamine, o dimethylaminopyridine, 1,8-
diazabicyclo[5.4.0}lundec-7-ene (DBU) or 1, 5-diazabicyc16-
[4.3.0]non-5-ene (DBEN) . Dimethylaminopyridine is

preferred.

The base is in general employéd in an amount from 0.01
mol to 1 mol, preferably from 0.05 mol to 0.1 mol, in
each case relative to 1 mol of compound of the formula

(IX).

The auxiliaries according to variant [C] are in general

employed in an amount from 1 mol to 3 mol, preferably

from 1 mol to 1.5 mol, in each case relative to 1 mol of

the compound of the formula (IX).
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Inorganic bases according to [C] employed are alkali
metals or their hydrides. Sodium and sodium hydride are
preferred. The inorganic bases according to process [C]
are in general employed in an amount from 0.1 to 10 mol,
preferably 0.2 to 2 mol, relative to 1 mol of the com-
pound of the formula IV. '

‘The reaction temperature for the processes [A]l, [B]l and

[C] can be varied within a relatively wide range. In
general, the reaction is carried out in a range from
-20°C to 200°C, preferably from 0°C to 110°C.

The processes can be carried out at normal pressure,
elevated or reduced pressure (for example from 0.5 to 5
bar), prefera.bly'at normal pressure.

When carrying out the procekls according to the invention
the ratio of the substances participating in the reaction
is arbitrary. In general, however, the reaction is

carried out with molar amounts of the reactants.

Enantiomeric pure forms are additionally obtained e.g. by
separating the racemate on chromatographic columns having
a chiral stationary phase.

The reactive acid derivatives of the general formula (IX)
are known in some cases or are new and can then be

prepared according to customary methods.

The compounds of the general formula (X) are known.



100 g (0.66 nol) of 2-chloro-3-cyano-toluene (CAS 15013- 71-5) ? ﬁE ACEN SH
dissolved in 1.0 1 of carbon tetrachloride under argon and treat tH ”‘2@0 LE
g (1.6 nmol ) of N-bronp- succininde and 0.65 g of azoisobutyronjtgile. The
mxture is heated to reflux with vigorous stirring; during the godir Se8NOV 1996
this it isirradiated with a lanp (300 W GsramU tra-Vitalux[ekr]). After

21 h and. after 36 h, a further 50 g of N4y anmosuccini mde and 0§5 g of

azoi so- butyronitrile are added each tine. The reaction is conplete after a
total of 60 h. After cooling, insoluble material is filtered off; the
precipitate i tI & £ cagb a ride
and di scardedihif ?iga%g%cent rating t G%I I t% at e, a""éﬂ?) Q]‘E ?%gt ?Hdl e‘EMnO

" conpound are PRUPTEBREPAed I9F £@Epde . pAsddescrikest Q90 HPLC cont ai ns
about 2% of correspondi ng benzyl brom de and 1. 2% of correspondi ng

benzotri - bronkqeylidene compound of the formula (VII) is new and can
be prepared, for example, as described under [A] by
reaction of the compound of the formula (V) with 2-
chloro-3-cyano-benzaldehyde of the formula (II).

The compounds of the formulae (III), (V), (VI) and (VIII)
are known per se.

2-chloro-3~cyano-benzaldehyde of the formula -(II) is new
and can be prepared, for example, by converting

2-chloro-3~-cyano-toluene of the formula (XI)
CN , - :

cl XD

CH,

first by bromination in the presence of a catalyst in
inert solvents and under a protective gas atmosphere and
irradiation

to the compound 2-chloro-3-cyano-benzal bromide of the
formula (XII)
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CN

C (xm

and in a second step treating the crude products with
silver salts in alcoholic solution and reacting to give
the aldehyde.

Suitable solvents for the first step of the reaction are
preferably the abovementioned halogenchydrocarbons such
as dichloromethane or carbon tetrachloride Carbon tetra-
chloride is particularlj_préferred.

Suitable brominating agents are preferably N-bromo-
succinimide or bromine. N-bromosuccinimide is particu-

larly preferred.

~ Suitable solvents for the second step of the process are
water or the abovementioned alcohols such as, for ex-
ample, methanol, ethanol, propanol or isopropanol or
their mixtures. Ethanol is preferred.

Suitable catalysts are, for example, azoisobutyronitrile
or bisbenzoyl peroxide. Azoisobutyronitrile is preferred.



The crude product of the conmpound from Exanple Il is dissolv dHEPLA{,@fI\TOE
95% et hanol and warned to 60C. A solution of 186 g (1.1 nol) joffsti+ver
nitrate in 380 mM of water which has been mxed with 750 nml df H?f@b Iﬁ@
rapi dly added dropwi se thereto at this tenperature. After additjio V %96
conplete, the mxture is subsequently stirred for one hour and ithen m xed
wth 50 mM of saturated sodiumchloride gal ution. After coolijng, the silver "~
salts are filtered off and the filtrate is concentrated. The i i
taken up in nmethylene chloride and purified by filtration through a short

si | :jcat g;al CO|1;HQ‘] &ﬂgpﬁﬁt qbcm,p;gﬁéﬁfﬂtelbm pibied Cﬁgﬂcﬁﬂt &g;bum tfrom
roduct frac- tions 0 e e oun obt ai ,ne
86 89[err] c [ &20995\ MQ%( %ﬁo%[é% 1"5’1'[81’#9‘&1?5%2?’5 ?a‘s‘?i (d;de

1H); 8.20 (ddmoll) ;rdDative, tdH1 mol of the compound of the formula
(XI1).

N-Bromosuccinimide is employed in an amount from 2 mol to
'5 mol, preferably from 2.2 mol to 3 mol, relative to 1
mol of the compound of the formula (XI).

The bromination is carried out in a temperature range
from 40°C up to the respective_reflux temperature of the
solvent, preferably at the reflux temperature..

The conversion to the aldehyde is carried out in a
temperature range £rom 20°C to '100°C, preferably from
40°C to 70°C. '

The reactions are in general @carried out at normal
pressure. However, it is also possible to work at ele-
vated or reduced pressure (e.g. in a range from 0.5 to 5
bar).

Suitable silver salts are in general salts such as silver
nitrate, silver carbonate or silver tetrafluoroborate.

Silver nitrate is preferred.

2-Chloro-3~cyano-toluene of the formula (XI) is known
(CAs 15015-71-5).

2-Chloro-3-cyano-benzal bromide of the formula (XII) is
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new and can be prepared, for example, as described above.

The above preparation processes. are only given for
clarification. The preparation of the compound of the
general formula (I) and its enantiomers is not restricted
to these processes, but any modification of these
processes and customary alternative processes are ap-
plicable in the same manner for the preparation of the
compound according to the invention.

The compound according to the invention and its pure
enantiomers exhibit an unpredictable, useful spectrum of
pharmacological action. 'r'hey have a positive effect on -
learning and memory powers, as their mory-enhéncing _
effects in typical learning and memory models such as the
water maze, passive avoidance or memory tests in

. automated Skinner boxes demonstrates. They have an

antidepressant potential, as their activity in the rat
swimming test according to Porsolt confirms.

Binding assays:
The binding affinities to PN 200-110 binding sites in rat

brains or rat hearts were determined according to
Rampe D.R., Mutledge A., Janis R.A., Triggle D.J.: Can.
Journ. Physiol. Pharmacol. 65, (1987) 1452.

Water maze:

0ld wWistar rats are placed in the starting position in a
plastic tank filled with cold water and subdivided by
vertical barriers. In order to reach a ladder which



18.6 g (60.5 nmol) of the conpound from Exanple | and 8.7 g (|p(REPLABEMENT SHEET
of isopropyl am no-2-butenoate in 250 m of isopropanol are sdar
reflux for 4 h: After concentrating, a solid is obtained whichfi gkgﬁﬁva@96
~with ether (18.1 g). This is nmixed with the sane anmount of cyc] ohexane i n
180 m of toluene at boiling heat. After cooling to roomtenpefal _

crystals are obtained which are dried at G in a recirculating air drying
oven. Yield: 17.6 g (67% Mp.: 148-149[err]C Exanple 2 and Exanpte—3 —
(+)-rac-1sopropyl 2-methoxyethyl 4-(2-chloro-3-cyano- phenyl) .
-1, 4-di hydro- 2.Ragh @Bt Rhle- R¥iNA13Ctd wsldpd EpGa -tld ewater, they must

swim around these barriers. The time which is required

for finding the exit and the number of errors on the way

there are recorded. In this case, an error is defined as

swimming up a blind alley or swimming over the boundary

of imaginary squares into which the tank is subdivided in

-the direction away from the exit.

The rats remain in the maze until finding the exit, but
at longest 300 sec. They are then taken out, dried and
warmed under a red light. They then return to their home
cages. : -

In a typical experiment, two equivalent animal groups
(placebo, test substance each n = 15) are determined by
means of a preliminary test. The animals then go through
6 test sessions, two per day. Test substances or placebo
are administered orally 30'min before’the experiments.
The measure of the 1eafning-_and memory-enhancing effect
of the test substances in comparison to placebo is
reduction of the time until reaching the exit, reduction
of the number of errors and increase in the number of

animals which £ind the exit at all.

Rat swimming test according'to Porsolt
During a preliminary test, young rats are placed in a

glass cylinder (40 cm high, 20 cm diameter) which is
filled 17 cm high with water at 25°C. After 20 min in the
water, the animals are taken out and warmed under a lamp
for 30 min. In this preliminary test, all rats attempt to
get out of the cylinder until after about 15 min they



(-)-rac-I1sopropyl 2-nethoxyethyl 4-(2-chloro-3-cyano- _ REPLACEMENT SHEET
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remain immobile ("behavioural despair"‘, giving-{ip
behaviour). 24 h later, the test session starts in which
the rats are placed in the glass cylinder as on the
previous day, but this time for only 5 min. The lengths
of time for which the rats remain immobile during this
5 min are recorded. In this case, a rat is regarded as
immobile which, floating upright in the water, only
carries out minimal movements in order to keep its head
above water. The antidepressant effect of the test
substances is seen in the reduction of the period of
immobility in comparison to the placebo values. |

The compound according to the invention and its pure
enantiomers are superior to known dihydropyridines in
their effectiveness on learning and memory. Thus, for
example, (+) -isopropyl 2-methoxyethyl 4-(2-chloro-
3-cyanophenyl)-1,4-dihydro-2,6-diméthyl-pyridine-
3,5-dicarboxylate in the water maze animal model (old
rats) significantly improves acquisition in the range
from 0.1 to 1.0 mg/p.o., while nimodipine only acts at
15 mg/kg p.o. At the same time, the compound according to
the invention does not show any or shows a distinctly
weaker blood pressure decrease than known compounds such
as e.g. nimodipine. In the normotensive rat animal model,
nimodipine decreases the blood pressure at 30 mg/kg p.o.
approximately 3 x more strongly than (+)-isopropyl 2-
methoxyethyl 4-(2-chloro-3-cyano-phenyl)-1,4-~dihydro-2,6-
dimethyl-pyridine-3,5-dicarboxylate; the same is found in
the spontaneocusly hypertensive rat animal model (3 and
10 mg/kg p.o.). In the case of the compound acc_ording to



The pure enantioners of Exanple 1 can be obtained by chromat ogr BEMACBHENT SHEET
chiral colums (e.g. Chiracel[err] OD-H, eluent .95% n- hept anef 5% m xtuare of
1% water/0.2%tri- fluoroacetic acid in ethanol). Exanple 2: D. 19 oV 199
138-140[err]C [err] = +13.9 (c=1, CHO[err]) Exanple 3: Mp.: 138-1%(&{err?é
[err] =-12.1 (c=0.9, CHC [err])

- 18 -

the invention, a more potent specific CNS effect is
therefore to be expected with a smaller - undesired -

effect on the cardiovascular system.

As a result of its pharmacological ©properties, the
compound can be employed for the preparation of medica-
ments for the treatment of central degenerative dis-
orders, as, for example, occur in dementias (multi-
infarct dementia, MID, primary degenerative dementia PDD,
pre- and senile Alzheimer’s disease, HIV dementia and
other forms of dementia), Parkinson’s disease or amyo-
"tropic lateral sclerosis.

It is furthermore suitable for the treatment of cerebral
~ function disorders in old age, of organic brain syndrome
(OBS) and of age-associated memory impairment (AAMI).

It is useful for the prophylaxis and for the control of
the sequelae of cerebral circulatory disorders such as
cerebral ischaemias, strokes and of subarachnoid

haemorrhages.

It is suitable for the treatment of depressions and of
mania. Further areas of appliéation are the treatment of
migraine, - of neuropathies, which are caused e.g. by
metabolic disorders such as diabetes mellitus, traumas,
intoxifications, microorganisms or autoimmune disorders,
of addictive disorders and withdrawal symptoms.

The present invention also includes pharmaceutical
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4-(2-chl or o- 3- cyano- phenyl ) -1, 4-di hydr o- 2, 6- di et hyl - pyri di fie-3,5-
di carboxylate as a racemate and its enantioneric forns. P. | Hr®REVS1996
for the preparation of the conpound according to Caini,

characterized in that
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preparations which, in addition to inert, non-toxi.c,
pharmaceutically suitable auxiliaries and excipients,
contain the compound of the general formula (I), and
processes for the production of these preparations.

The active compound of the formula (I) should be present
in these preparations in a concentration of 0.1 to 99.5%
bj weight, preferably of 0.5 to 95% by weight of the
total mixture.

In addition to the active compound of the formula (I),
the pharmaceutical preparations can also contain other
pharmaceutical active comﬁounds.

The abovementioned pharmaceutical preparations can be
prepared in a customary manner by known methods, for
example using the excipient(s) or auxiliary(-ies).

In general, it has proven advantageous to administer the
active compound of the formula (I) in total amounts of
-about 0.01 to about 50 mg/kg, preferably in total amounts
of about 0.1 mg/kg to 10 mg/kg of body weight every 24
hours, if appropriate in the form of several individual

doses, to achieve the desired result.

However, it may sometimes be advantageous to deviate from
the amounts mentioned, namely depending on the type and
the body weight of the subject treated, on individual
behaviour towards the medicament, the nature and severity

of the disorder, the type of preparation and



[A] 2-chl oro-3-cyano-benzal dehyde of the fornula

(11) RERLAPEMENT SHEET
Is reacted first with 2-nethoxyethyl acetoacetate of the fprpura (ITT)
Herr]GCOCHerr]-COerr] (CHerr])[err]CCH err] (H1 D) 1 iNfGV1996
appropriate with isolation of the correspondi ng yl i dene COTpnundeof t he
formula (1V) :
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administration, and the time and interval at which

administration takes place.

The R, values shown in each case were determined - if not
stated otherwise - by thin layer chromatography on silica
gel (aluminium foil, silica gel 60 F 254, E. Merck). The
substance spots were visualized by cobservation under UV
light and/or by spraying with 1% strength potassium
permanganate solution or with molybdataophosphoric acid'
solution. '

Flash chromatography was carried out on silica gel 60,
0.040 - 0.064 mm, E. Merck. Elution with sclvent gradi--
ents means: starting with the pure, non-polar solvent
mixture component, the polar eluent compénent is admixed
to an increasing extent until the desired product is
eluted (TLC checking). With+all products, the solvent was
distilled off at finally about 0.1l mm Hg.
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Starting compounds

Example I

2-Methoxyethyl 2-acetyl-3-(2-chloro-3-cyano)-2-propenocate
CN

Cl
CH

A

H,C-0C” ~CO,(CH,),-OCH,

0.5 ml of piperidine and 0.3 ml of glacial acetic acid,
digsolved in 4 ml of isopropanocl, are added to 13.0 g
(78.5 mmol) of 2-chloro-3-cyancbenzaldehyde and 13.8 g
(86 mmol) of 2-methoxyethyl acetoacetdte in 130 ml of
isopropanocl. After stirring overnight at 40°C, the
mixture is concentrated, the residue is té.ken up in
toluene and the solution is filtered through silica gel
Kgg (solvent: 'toluene/ethyl acetate gradient 1:0 to
10:1). After evaporating, 16.3 g of yellowish oil are
obtained which is reacted further without further

purification."



and subsequently with i.sopropyl acetoacetate of the formula (V] REPLACEMEMT SHEET
CHerr] -COCHerr]-CJerr-CH (CHerr])[err] (V) and W th—afonta

or amoni um sal ts, or directly with the isopropyl am no-2-bu e"loa,'tgﬁﬁv %b
can be prepared fromamonia and (V), of the formula (VI) [erf] 6

- 22 -

Example II

2-Chloro-3-cyano-benzal bromide

CN

.Cl

c
H/ \Br

Br

100 g (0.66 mol) of 2-chloro-3-cyano-toluene (CAS 15013-
71-5) are dissolved in 1.0 1 of carbon tetrachloride
under argon and treated with 280 g (1.6 mol) of N-bromo-
succinimide and 0.65 g of azoisobutyronitrile. The
nixture is heated to reflux with wvigorous stirring;
during the course of this ¥t is irradiated with a lamp
(300 W, Osram Ultra-Vitalux®). After 21 h and after 36 h,
a further 50 g of N-bromosuccinimide and 0.5 g of azoiso-
butyronitrile are added each time. The reaction is
complete after a total of 60 h. After cooling, inscluble
material is filtered off; the p::"ecipitate is subsequently
washed several times with carbon tetrachloride and
discarded. After concentrating the filtrate, 180 g of the
title compound are thus obtained as a crude product
(according to HPLC contains about 2% of corresponding
benzyl bromide and 1.2% of corresponding benzotri-
bromide) ..



in inert sol veht S, or [ B] 2-chl oro-3-cyano- benzal dehyde (f H}gpggé@};gml §HEET

_=28 -
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Example IIX

2-Chloro-3-cyano-benzaldehyde

_CN

Cl

c
H Xg

The crude product of. the compound from Example II is
dissolved in 1.5 1 of 95% ethanol and warmed to 60°C. A
solution of 186 g (1.1 moi) of silver nitrate in 380 ml

_of water which has been mixed with 750 ml of ethanol is

rapidly added dropwise thereto at this temperature. After
addition is complete, the mixture is _subéequently stirred
for one hour and then mixéd with 50 ‘ml of saturated
sodium chloride solution. After cooling, the silver salts
are filtered off and the filtrate is concentrated. The
residue is taken up in methylene chloride and purified by
filtration through a short silica gel column (eluent:
dichloromethane). After concentrating the product frac-
tions, 88 g (81%) of the.title compound are obtained.
m.p.: 86-89°C

'H-NMR (CHCl;): & = 7.55 ppm (&, 1H); 7.95 (dd, 1H); 8.20
(dd, 1H); 10.5 (s, 1EH).



< FE
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(1) is reacted first with the conpound of the formul a (V[ ATMT Qs
EERACEMEVT §F

appropriate with isolation of the ylidene conmpound of thejf a
[err] - and in a next step with the conpound of the|fornula
(111) and with amonia or amonium salts or directly 18 NOV 1996
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[lacunal

rac-Isopropyl 2-methoxyethyl 4- (2-chloro-3-cyano-phenyl) -
1,4-dihydro-2,G-dimethyl-pyridine-B,S-dicarboxylate
CN

Ci

(H,C),-HC-0,C CO,~(CH,),-OCH,

HC” CH,

I—Z

18.6 g (60.5 mmol) of the compound from Example I and
8.7 g (60.5 mmol) of isopropyl amino-2-butencate in
250 ml of isopropanol are heated at reflux for 4 h. After
concentrating, a solid is obtained which is digested with
ether (18.1 g). This is mixed with the same amount of
cyclohexane in 180 ml of toluene at boiling heat. After
cooling to room temperature, crystals are obtained which
are dried at 80°C in a recirculating air drying oven.
Yield: 17.6 g (67%)

M.p.: 148-149°C

Example 2 and Example 3

(+) -rac-Isopropyl 2-methoxyethyl 4-(2-chloro-3-cyano-
phenyl) -1,4-dihydro-2, 6-dimethyl-pyridine-3,5-dicarboxyl-
ate ' '

(-) -rac-Isopropyl 2-methoxyethyl 4-(24chloro-3-cyano-
phenyl)-1,4-dihydro-2,6-dimethyl-pyridine-3,5-



wi th the 2-nmethoxyethyl am no-2-butenoate which can be. preparie®EPLAGBMENT SHEET |
ammonia and (111), of the formula (VII1) [err] I n inert] gotvents;
or [ C] conmpounds of the general formula (IX) 18 NOV 1996
- 25 -
dicarboxylate
CN
Cl
(CH,Z),-HC—O,C CO,-(CH,),-OCH,
||
HC™ ? CH,
H

The pure enantiomers of Example 1 can be obtained by -
chromaéogra.phy on chiral columns (e.g. Chiracel® oOD-H,
eluent 95% n-heptane/5% ;nixture of 1% water/0.2% tri- -
fluorocacetic acid in ethanol).

Example 2: '
-M.p.: 138-140°C

[212% = +13.9 (e=1, CHC1,)

Example 3:

M.p.: 138-140°C

[¢12° = -12.1 (c=0.9, CHC1,)
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Patent claims

1. Isopropyl 2-methoxyethyl 4-(2-chloro-3-cyano-
phenyl) -1,4-dihydro-2,6-dimethyl-pyridine-3,5-
dicarboxylate as a racemate and its enantiomeric
forms. '

2. Process for the preparation of the compound
according to Claim 1, characterized in that

[A] 2-chloro-3-cyano-benzaldehyde of the formula
B & = 3

CN

Ci @

CHO

is reacted first with 2-methoxyethyl acetoacetate of
the formula (III) ' '

H,C-CO-CH,-CO, (CH,) ,0CH, (III)

if appropriate with isolation of the corresponding
ylidene compound of the formula (IV)

* . C L M S *



in which

i h the presence of a base,

A represents the radical of the formula -CH(CH err]){ E’
-(CHerr])[err]-OCH err], are reacted in inert solvents, if &p 8
with auxiliaries to give activ- ated clarboxylic

acid derivatives, which are option- ally isolated, and then redctled @ NGV 1994

acEMAIT SHEET

in

al cohol's of the fornula (X) E- OH (%)
whi ch - 27 -
CN
Ci
ﬁH Iv)
C-CO,~(CH,),0CH,
CO-CH,

and subsequently with isopropyl acetoacetate of the
formula (V) :

CH;-CO-CH,-CO,-CH(CH,), (V)
and with ammonia or ammonium salts,

or directly with the isopropyl amino-2-butencate
which can be prepared from ammonia and (V), of the

‘formula (VI)

HacYCH-COZ-CH(CHa)Z

(VD
NH,

"in inert solvents,

or

[B] 2-chloro-3-cyano-benzaldehyde of the formula

* 4 L. M s *



E dependi ng on

-CH(CH err])[err]- or -(CHerr])[err]-CCH err]- group, | f Jappropriate
after conversion to the al koxide ' - 30

i nor gani ¢ base,

the definition of the substituent A ei t her eaEEHfA@EMENTH%“EE;W

- Y& NGV 3996
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(II) is reacted first with the compound of the
formula (V), if appropriate with isolation of
the ylidene c¢ompound of the formula (VII)

CN

cl
ﬁH (VID)
C-CO,-CH(CH,), -

CO-CH,

and in a next step with the compound of the formula
(III) and with ammonia or ammonium salts or directly
with the 2-methoxyethyl amino-2-butenocate which can
be prepared from _a:mmoﬁia and (IIf) . of the formula
(VIII)

H,C.___CH-CO,~(CH,),-OCH,
| (VIII)

NH,

in inert solvents,
or

[C] compounds of the general formula (IX)

| R )RR AR



and for the preparation of the enantioners, the appropri g
active carboxylic acid deriva- tives are reacted with the
al cohol s, or the racemate i s separated by chromatography|o
chiral stationary phases. .- 3. Medicanent containing a conpoyng angcu(glyﬁg%

to daim 4. Process for the production of nmedi canents,

chd

‘R hﬁ’éﬁmﬁréw

Al QC-

terized in that a conpound according to-Caim1 is conver fed—Tmto—=
suitable adm nistration form if appropriate using custé@nary
auxiliaries and exci pi ents. |
' CN
cl
A-O,C COOH =)

in which

A represents the radical of the formula -CH(CH;),
oxr -(CHz)z-OCH3,

are reacted in inert solvents, if appropriate in the
presence of a base, with auxiliariés to give activ-
ated carboxylic acid derivatives, which are option-
ally isclated, and then reacted with alcohols of the
formula (X) '

E-OH (X)

in which

E . depending on the definition of the substituent A3,
either represents the -CH(CH;),- or ~-(CH,),-OCH;-

group,

if appropriate after conversion to the alkoxide

* [ . L | S *



5. Use of the conpounds according to Claim1l in the pr Ll@ velT SHEET
nmedi caments for the c %ﬁgﬂ’% lgA§gE fls - 6. Use of the co n lnd =
according to daiml REPLACKS O uctfi on of nedi canents for |the con ol

of - neuronal and cerebral—diserders- 7. 18 NOV 1996
2- Chl or 0- 3- cyano- benzal dehyde. 8. Process for the preparatijor) of

2-chl or o- 3-cyano- benzal dehyde, chamcterized in that } 2-chloro-

3-cyano-toluene is reacted in the presence of a _ -

using an inorganic base,

and for the ?reparation of the enantiomers, the
appropriate optically active carboxylic acid deriva-
tives are reacted with the appropriate alcohols, or

.the racemate is separated by chromatography on
chiral stationary phases.

3. Medicament containing a compound according to Claim
1.

4. Process for the pro&ucticn of medicaments, charac-’
‘terized in that a compound according to Claim 1 is
converted into a suitable administration form, if
appropriate using cuétomary ‘"auxiliaries and
excipients. '

5. Use of the compounds according to Claim 1 in the
control of disorders. '

6. Use of the compound according to Claim 1 in the
production of medicaments £for the control of

neuronal and cerebral_ disorders.
7. 2-Chloro-3-cyano-benzaldehyde.

8. Process for the preparation of 2-chloro-3-cyano-
benzaldehyde, characterized in that 2-chloro-

3-cyano-toluene is reacted in the pfe'ence of a
[

i i

R —————

| ) O R



-31 - catalyst in .i nert solvents to give the corre di ]
brom de, and this is reacted in solvents i noe of sl LAGEMENT SHEET
e the ol'dehde. | n the presence of sil @Eéa@aﬂ *iro

18 NGV 1996
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catalyst in inert solvents to give the corresponding
benzal bromide, and this is reacted in solvents in
the presence of silver salt to give the aldehyde.

A
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Isopropyl 2-methoxyethyl 4-(2-chloro-3-cyano-phenyl) -
1,4-dihydro-2,6-dimethyl-pyridine-3,5-dicarboxylate

Abstract

The present invention relates to the new compound
rac-isopropyl 2-methoxyethyl 4-(2-chloro-3-cyano-
phenyl)1, 4-dihydro-2,6-dimethylpyridine-3,5-dicarboxylate
and its pure enantiomers, processes for their preparation
and their use as medicaments, in particular for the
treatment of cerebral and neuronal disorders, and a new
intermediate for their preparation.
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using an inorganic base,

and for the preparation of the enantiomers, the
appropriate optically active carboxylic acid deriva-

tives are reacted with the appropriate alcochols, or

the racemate is separated by chromatography on

chiral stétionary phases.

Medicament containing a compound according to Claim-

1.

Proceass for the pro&uction of medicaments, charac-’

terized in that a compound according to Claim 1 is
converted into a suitable administration form, if
appropriate using cuétomary "auxiliaries and
excipients.

Use of the compounds according to Claim 1 in the

production of medicaments for the control of disorders.

e —————

Use of the compound according to Claim 1 in the
production of medicaments for the control of

neuronal and cerebral disorders.
2-Chloro-3-cyano-benzaldehyde.
Process for the preparation of 2 -chloro-3 -cyano-

benzaldehyde, characterized in that 2-chloro-

3-cyano-toluene is reacted in the presence of a

g T
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