NEM/Bighly'selective process for the preparation of enantionerically pure
penyl - 5 substituted 1, 4-di hydropyri di ne- 3, 5- dicarboxylic aci d

derivatives The present_invention rela e o a neM/seIectlve
process for tﬁémmmlsm enantio

phenyl'SUbStiidﬁiﬁhﬁbﬁﬁdﬁﬂﬁl opyridine-3,5-dicarboxyllc aC|d

derivati ves. blication Angew. Chem 103, 1991, 1587-1605
descri bes t hepijenée Komeiti ance of 10 the abs&SAw1600Peocheni stry of

1, 4-di hydropyri dines for their pharnmacol ogical action as cal cium
ant agoni sts or cal ci um agoni sts and provides a |ist of the processes

avai |l abl e to date for preparing themin enantionnerically pure
form Al these processes . enphasi ze the separation of

. di astereoneric esters using chiral pool auxiliaries, the sel ection
of which being essentially a trial-and-error method with regard to the 15
substantial dj "

i ntroduction
particul ag t hgul® \4ldibvd -8 dibexvlic acid derivafives
frequently conp i cated from the technical and chenmical p0|nt of view,

and this, in turn, results in a decreased yield. Supri singly,
there has now been found a hi ghly sel ective nmethod by using mal ei m des 20
as auxiliaries. _ The invention relates to a new highly selective
process for tﬁheppmahvmoﬂf relates to a&mkeleclwel ﬁn‘rthe preparatlon of
phenyl - substituted 1, 4- iil hydr opyr i | ne-3 b X I I,

derivatives.

The publication Angew. Chem. 103, 1991, 1587-1605 describes the high importance of
10 the absolute stereochemistry of 1,4-dihydropyridines for their pharmacological action
as calcium antagonists or calcium agonists and provides a list of the processes available
to date for preparing them in enantionmerically pure form. All these processes
emphasize the separation of diastereomeric esters using chiral pool auxiliaries, the
selection of which being essentially a trial-and-error method with regard to the
15  substantial difficulties often encountered in their preparation and the introduction and
elimination into, or from, the molecules. In particular the elimination of a large number
of auxiliaries is frequently complicated from the technical and chemical point of view,
muiﬂﬁ&intun;numhshlackzﬁzsaiykkl_

Suprisingly, there has now been found a highly selective method by using maleimides
20  as auxiliaries. '

The invention relates to a new highly selective process for the preparation of
enantiomerically pure phenyl-substituted 1,4-dihydropyridine-3,5-dicarboxylic acid
derivatives of the general formula '(I)
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[err] - I n which

2
Rlerr] and Rlerr] are identical or different and represent straight-chain
of branched al kyl having up to 8 carbon atoms which is
optionally substituted by straight-chain or 5 branched al koxy
having up to 6 carbon atons or Eydroxyl, or represent cycl oal kyl
having 3 to 7 carbon atons, , and [err] R err] represents the
r adi cal in wiogh _COR’

N

H,C I?l CH, @
H
*mes'
in which

R! and R® are identical or different and represent straight-chain or branched alkyl
_ * having up to 8 carbon atoms which is optionally substituted by straight-chain or
5 branched alkoxy having up'to 6 carbon atoms or hydroxyl, or
represent cycloalkyl having 3 to 7 carbon atoms,

and
R*
R?  represents the radical R®
in which
10 R* and R’ are identical or different and

denote halogen, cyano, ethinyl, trifluoromethoxy, methylthio, nitro,
trifluoromethyl or straight-chain or branched alkyl, alkenyl, alkinyl or
alkoxy having up to 4 carbon atoms, and one of the substituents
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10 Rlerr] and Rlerr] are identical or different and

denote hal ogen, cyano, ethinyl, trifluoromethoxy, nmethylthio, nitro,
trlfluoronethyl or straégﬁ ﬁgaln or b hed al kyl, al kenyl, al kinyl or
al koxy haV|ng up to 4 ¢ bt the substituents

3 optionally represents hydr ogen,- and their
salts, . characterized in that the enantionerically pure benzylidene
conpounds of tahé theimsalts) - formula (11) or the benzylidene conpounds of
t he genheral fornula (11a) [err] i n which R err]
and Rl err] have the abovenenti oned neani ngs and A
represents hy@hﬂﬂ&@n tehat tdlﬁ!ﬁﬁﬁﬁbt&ﬁl ?W&Y mhé%eﬁeral
carbon 10 iﬁtb&'tﬂ@ lf resen phen or benzyl” which

are optionall fompﬂad[)onﬂnﬂxnzyhdeaelcdmmﬂ&mfdh& general formula (May different

substituents fromthe series consisting of hydroxyl, nitro, hal ogen,

R2
X COR'

R2
\Y (lta)

0% “cH,

in which
R! and R? have the abovementioned meanings
and

A represents hydrogen or straight-chain or branched alkyl having up to 8 carbon
10 atoms, or
represents phenyl or benzyl which are optionally up to trisubstituted by identical
or different substituents from the series consisting of hydroxyl, nitro, halogen,
cyano, carboxyl, trifluoromethyl, trifluoromethoxy, straight-chain or branched
aﬂmmyhawngupto(Sauhxlmnnscwbwzigwq)ofﬂmibnmﬂaJNRﬂP

15 -SO,R?
in which
R® and R’ are identical or different and
Le A 30 801 - Foreign countries -3-
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cyano, carboxyl, trifluoronethyl, trifluoronethoxy, straight-chain or

br anched al koxy having up to 6 carbon atons or by a group of
the formula -NR[err] R err] or 15 -SQerr err . in
whi ch’ R[ denqte hivdroges phenyk or steaights %W@Bﬁfl haxing up
4 deg9gqnﬁ%ﬂr , phenyl or straight-chain or branched
al kyl having up o 5 carbon atons and

Rl err] denot es straight-chain or branched al kyl having up to 4 carbon
atons or 5 phenyl , are converted, by reaction

in the case ofndhe enantionercal |y pure benzylidene conmpounds of the
general fornula (1l), with am nocrotonic esters of the general
formula (11) and, in the case of the benzyl i dene conpounds of the

general formmula (IR8a), dehétss ithigitahainsordrstiched Alkyl haviagup coré casbeh aorps o
am nocrotonic esters of the general forrmula (I11a) o
[err] 5 phenyl, * RS

. are converted, by reaction,
hlﬂuaaﬁw<ﬁ1heamnnknmukmﬁyIinebequkkmccmmpmmxk(ﬁihegpnanlﬁxnnﬂa
(), with aminocrotonic esters of the general formula (IT) and, in the case of the
benzylidene compounds of the general formula (fa), with the comresponding
10  enantiomerically pure aminocrotonic esters of the general formula (IIla)

0
NH,

NH .
/K/CozR1 () or /l\z/ N-A (llla)
X_-CO, _
O N

R, S

- in which
R! and A have the abovementioned meanings
in inert solvents, if appropriate in the presence of a base,

15 to the diastereomerically pure 1,4-dihydropyridines of the general formulae (IVa) and
(IVb) |
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I n which Rlerr] and A have the abovenenti oned neani ngs I n
inert solvents, if approprl ate in the presence of a base, 15 to the
diast er eoreri cal | y pure 1, 4-di hyd&opyrl di nes of the general formul o (1'va)
and (1'Vvb) 5

[err] [
abovenenti oned neani
el i m nated wRD
I solating the free
cust omary nethods.

i1 lustrated byﬂg@ onxme by the forrmllaéeof

i ch Rlerr], Rerr] and A have the
$ 5 =+@nd\.pe mal ei i de radi calk LSubseqaent | A
_ases d COI’]RI 0

in which
R!, R? and A have the abovementioned meanings
5 and the maleimide radical subsequently eliminated with weak bases under mild
‘conditions, if appropriate isolating the free acid, andtheearboxyl function is esterified

by customary methods.

The process acoordmgtothenwmtloncmbexllusn'atedbywayofexamplebythe
* formulae of the following scheme:
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[ B] [err]

)

NH,
/K/ Coz

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

i-propanol, A

v

1. DBU
2. carbonyldiimidazole

3.|i3-ﬂrzganol.

H,C
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CN [ A] NH2 [err]

1. DBU
CN
o cl
N-CH,CH; * ﬁH
C-CO,-(CH,),-OCH,
CO-CH,
CN
o]
cl
co, N-CH,-C¢H,
| 0
:;u CH,
H
CN
cl
CO;—CH(CH,),
i
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Surprisingly, the process according to the invention gives the chiral
conpounds of the general formula (1) in a sophisticated manner in
‘véry high enantjonmeric purity conbi ned with very high yields. 5
"In contrast tolhe abovenentioned @ior art, the process according to the
i nvention provi des a h enanti ogel ective route f,&’,{ t he synthesis

of enantionerically pure atitu 2
4- phenyl - 1, 4- di hydr opyri di ne- 3| 5- di'car Jox ,h-bnz_geqqi;d deri V?J/RQQQQ-(QB—DZF@PH@,

mal ei m de radicals in the conpSuedSOHr: general formula (1V) and (IVa)
as auxiliaries, these existing in Bpth enantionerically pure fornmns.
The mal ei mides, in turn, 10 cagabeggbtainéd fromthe corresponding (R)- or
(S)- maleic acid via a single, sinpl% chem cal reaction. The process
according to the invention is also distinguwsheeNDby the - fact that, in
contrast to the prior art, the mal ei m'des auxi | i ariges, can be
“introduced readily into the benzyliHene npou of the general
formula (I1) or into the ami nocrotoniz esters fof \gg gaperal formula
(111a). Moreover, tHuonseahdi ni d&,COABHIME A\ CO,™ 2o ’

8 can be elimnated selectively frijmg|!l conpodpnds in a highly
sophi sti cat ed manner under ver } i tions, using weak bases.
~Moreover, sinply and systematically 3 varying the radical Ain the

mal ei mi des of the general fornulae (1V) andi(I1Va) allows t he problem

to be solved in an optinmal fashion wwth a view to the dihydropyridine in 5
question. Due to the rigid, cyclic structure of the nal eimdes, the
correspondi ng di astereonerically hydr opyri di nes of the
general fornmula (l1V/IVa) not only stallize in very high yields
but are al so di stinguished by substantia id f erent

crystal i zati dnPBh lirim(ayzrog. Thesé& ad
al so make posét gﬁe—vew HEh el fe of b
gener al f or nul3a-praPpnoh ®MAPdi ng to t he i ny on, are not achi eved by

any known auxiliary. A furthg{ ogige of the process according
to the invention, in particular with a vi to costs, is the fact
that the entire reactjion sequence is very short and presents few
conplications and that even the various internedi ates can be obtained in
very good 15 yields and with high diastereoneric or enantioneric purity.

vant a(cbes, whi ch, i n' t he end,
COyGH He)e)rrpounds of the

Surprisingly, the process according to the invention gives the chiral compounds of the
general formula (I) in a sophisticated manner in very high enantiomeric purity
~ combined with very high yields. :

5  In contrast to the abovementioned prior art, the process according to the invention
provides a highly enantioselective route for the synthesis of enantiomerically pure
substituted 4-phenyl-1,4-dihydropyridine-3,5-dicarboxylic acid derivative by using
maleimide radicals in the compounds of the general formula (IV) and (IVa) as
auxiliaries, these existing in both enantiomerically pure forms. The maleimides, in turn,

10  can be obtained from the corresponding (R)- or (S)- maleic acid via a single, simple
chemical reaction. The process according to the invention is also distinguished by the
fact that, in contrast to the prior art, the maleimides, as auxiliaries, can be introduced -
readily into the benzylidene compounds of the general formula (II) or into the
aminocrotonic esters of the general formula (IlIa). Moreover, the maleimide radicals
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The process according to the invention is suitable in principle for the
synt hesi s of enantionerically pure di hydropyridine-3,5-dicarboxylic
atid derivatives. - Suitable solvents for the reaction, of the

conpounds of che beceliminated (selectively drom iall

Conditf ons, - THIA® ¥ C?@f@&%’&t‘“”de %\%%i‘ﬂ?@ﬁ%%ﬁ%v&‘%@ﬁc#&%@wg

propanol or @ﬂ%‘i’ﬁ ttle(}hal%ﬁﬂﬂéé;ofﬁié%héﬁl ﬂrﬂhlh!'(l‘ﬁﬁﬁf(lVd)ﬂm

t et rahydr of ur an, d| met h et her or, d| et hyI ene gl ycol dj net hyI

et her, acetonrthepﬂobr husdvea/usmbp'amal fashion withk Qﬁcﬁ%@h’ﬁ"

triam de rdlmeth mde | i d

et hyl ace ateq"‘ﬁtl tlﬁ&e r‘at?ﬁ b%?@&“%&?hﬂlgsﬁ'ﬁgﬁ%c@ewmg

carbon 25 t ?wﬁm;&‘%mms@:ﬂleam >(¥VHV9,) @t only
Y, | t | S pOSS

t ol uene. Equal to use m xtures of t

abovenent i onedrystallizenins vmysh;glopaldslbmgr@rakoedﬁh@mhed by substmaﬂzashﬁmt
t enper at ures can ﬁe vari W|th| n a substantial range. In general, the
process is carfyY '20[ err]C and 120[err]C, preferably bet ween
60[err] C-and 90[err]C 9

- The reactions can be carried out, under at onmospheri ¢ @r ssur e, . but, Is?
under el evat edhese @Fa?‘ém efyeﬂ’oh@ of the

L0 tabl & W Sofbol® ?ﬁ@%ﬁ%ﬁ t?ﬁmgta Qﬁé@@%un@e‘*ﬁ?&ﬁéﬁeﬁ oLy

and (I111) area'ﬁ kneWhYduxiliygy.at e or isopropanol . Sonme of the
conpounds of the general formula (ll1a) are known or can be prepared by
customary net hods, for exanple by reacting the correspond| ng al dehydes with

2- al koxyal kyl “ﬁd@va{u Rk
(rrr) are knoﬁwwffm%Wca y pure benzy |dvgiri%ﬁe)a

conpounds of tthecogts)iy thie fact thiat the( éritire aeaetion sequence isawety cshortbandopresents: fewy
reacting complications and that even the various intermediates can be obtained in very good
15  yields and w1th high diastereomeric or enantiomeric purity.

The process according to the invention is suitable in principle for the synthesis of
enantiomerically pure dihydropyridine-3,5-dicarboxylic acid derivatives.

Suitable solvents for the reaction of the compounds of the formulae (Tla) and (Illa) are
generally all inert organic solvents which do not undergo changes under the reaction

20  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
hexamethylphosphori¢ triamide or dimethylformamide, or acetic acid or esters, such as
ethyl acetate, or halogenated hydrocarbons, such as methylene chloride, carbon

25 tetrachloride or hydrocarbons such as benzene, xylene or toluene. Equally, it is possible
to use mixtures of the abovementioned solvents. Isopropanol is preferred.

The reaction temperatures can be varied within a substantial ranige. In general, the
process is carried out between 20°C and 120°C, preferably between 60°C and 90°C.
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al dehydes of the general formula (V)

R err]-CHO (V) I n which 15 Rl err] has the
abbovenenti oned neani ng wi-th enantiomerically pure acetoacetic
esters of thememmsmeaxtwpmmderatomosphai@pm}sm, but also under elevated

ilgert sol-vlagt\gglz!g&m %@%@hﬁ??ﬁ?@@ 9 Oriﬁ e@g @&Wa‘g‘}tc}ﬂl@

Sui t abl e sol vgﬂé&p 8?1 e[St step are all inert organic solvents which
do not undergo ges under the reaction conditions. These preferably
i nclude al cohol's, such as met hanol , et hanol, propanol or isopropanol,

or ethers, th et.her, dio t &t r ahydr af u

o et o o o eca B8 compomme F S8 BT et o,
am des, s ch %ﬁm@ X&@Qﬂiﬂ ric triamde or dinethylformam de, or
acetic aC|d or eg?er sucﬁ as ethyl ‘acetate, or hal ogenat ed

hydr ocar bons, such as dlchloronethane car bon tetrachlorlde or

Wle i xturoe Sora T e GHERBMR Afdhe EFR ﬁﬂrﬁa@m P SplvR kS b€ preppred B
Bases which arcﬁstgﬁﬁéiéﬁa*, %ﬁlﬂ byt Ractihg Sthesdtiesporling Gldehydes rvith

such as, for "piperidine, Jerr]-derr]-tri- and

di al kyl am nes 2-alkouqtallqd,ao¢toaoeme5npl e, di- and triethylam ne or
pyridine or dinethylam nopyridine. Piperidine is preferred.
The compounds of the general formula (IIT) are known per se.

10 'Ihé enantiomerically pure benzylidene compounds of the general formula (II) are new
and can be prepared by reacting

aldehydes (?f the general formula (V)
R-CHO \)
in which
15 R has the abovementioned meaning

with enantiomerically pure acetoacetic esters of the general formula (VI)

0]
(0] 0]
Hsc JUJ\ o N-A
o 0

*R, S
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15 'In general, the base is enployed in an anount of 0.01 nol to 0.10 nol,

preferably from 0.05 nol to 0.08 nol, per nole of the al dehyde.
Preferably suitable acids are (Jerr]-([err]-al kyl carboxylic acid, such as,
for exanpl e, #cwhich aci ds. In general, the acid is enpl oyed
in an anount of 0.01 nol to O.10 mol , preferably from 20 0.05 nol to
0.08 nol, per nole of the al dehyde. The reaction tenperature in
the first ste A BathEabyvemeéfiontd fieaniagsubst antial range. In general ,
t he process |s carried out in the range from20[err]C to 120[err]C,
preferably from 30[err]C to 60[err]C The processes can be
carried out under a er ressure, 1:QF -

reduced pressi} %’ﬁm@g% @&W@?&@”@ﬁg&y& Bfo'fcﬁlhder

at nospheric pr essure. The al dehydes of the gener aI formul a
(V) are known or can be prepared by customary met hods, The

enant i omer i calSujtable selventsfot the Sfirsk Stem&egﬁthIorg@umlga@/m@rdp Aetyndergq: an
gener al i : ergia &4 by 462 A Mhction condition. “TiRse (pRkferdbh) %dﬂd%eﬁlo&{rolg h?.lch as
methanol ethanol, propanol or isopropanol, or ethers, such as diethyl ether, dioxane,
tetrahydrofuran, glycol dimethyl ether or diethylene glycol dimethy] ether, acetonitrile,
or amides, such as hexamethylphosphoric triamide or dimethylformamide, or acetic acid
or esters, such as ethyl acetate, or halogenated hydrocarbons, such as dichloromethane,
10 carbon tetrachloride or hydrocarbons such as benzene ar toluene. Equally, it is possible
to use mixtures of the abovementioned solvents. Dichloromethane is preferred.

Bases which are preferably suitable for the first step are cyclic amines, such as, for
example, piperidine, C,-Ci-tri- and dialkylamines, such as, for example, di- and
triethylamine or pyridine or dimethylaminopyridine. Piperidine is preferred.

15  In general, the base is employed in an amount of 0.01 mol to 0.10 mol, preferably from
0.05 mol to 0.08 mol, per mole of the aldehyde.

Preferably suitable acids are C,-C,-alkylcarboxylic acid, such as, for example, acetic
acids.

In general, the acid is employed in an amount of 0.01 mol to 0.10 mol, preferably from
20  0.05 mol to 0.08 mol, per mole of the aldehyde.

The reaction temperature in the first step can be varied within a substantial range. In
general, the process is carried out in the range from 20°C to 120°C, preferably from
30°C to 60°C. '

The processes can be carried out under atmospheric pressure, elevated pressure or
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I n which 10 A has the abovenenti oned neani ng wi th di ketene or
di ket ene/ acetone addition product (2,2,6-trinethyl-1,3-di oxin-4-one)

i inert solvents. General ly sui tabl e soI vents_a ydr ocar bops
such as, for @eduepd qressure; foc, example: feom 0.5 é?i%fﬂ'ai?gfd@a@' heric

preferred. 15 The reactions are carried out |n a tenperature range from
90[err]Cto 1W§‘FF]C preferably - from 100[err]C to 110[err]C.
12 The reactions are generally carried out under atnospheric

pressure. However, it is also possible to carry out t he reactions
under super at riepidehydesoof the igenaralsformulad V) raees known or can be Elfﬂ-'@om he

range fromO.5 t bar). Sonme of the enantiorrerlcally pure im des
of the generalm?tﬁ la (VI1) are known [cf, 5 for exanple, THL 1990,
4949; J. Am Chem Soc., 2589, 1989] or can be prepared by reacting
(S)-(-)- or (R-(-)- ITB.|€IC .acid with the cqrrespondi ng. agipnes in one of the
abovenent iS%ne meriqsHy pure;enmpoupds of the general are nevy;an

100[err]C to ﬂﬁ?i&cﬁ&gc preferably from 130[err]Cto 150[err] C.

(S)- or (R)- maleimides of the general formula (VII)

HO VI

in which
10 A has the abovementioned meaning

with diketene or diketene/acetone addition product (2,2, 6-1nmethyl-l ,3-dioxin-4-one)
in inert solvents.

Generally suitable solvents are hydrocarbons, such as, for example, benzene, toluene or
xylene. Toluene is preferred.

15 The reactions are carried out in a temperature range from 90°C to 140°C, preferably
from 100°C to 110°C.

Le A 30 801 - Foreign countries -11-
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Drketene and 2,2,6-triethyl-1,3-dioxin-4-one are known. 10 The
enantromerrcally pure am nocrotonrc esters of the general formula (I111a)

are new and can be prepared, for exanple, by adding anmonia or

anmoni um sal t The reactions a'mgutemllyeam edowt atmospﬁ/encrmmtwamwemmaalso

acet oacetic este of the eral . a VI ui.t abl.e .sql.v

are those whiPg§s {'?i% no'ﬂgﬁﬁ "F?aﬁ] ig0r § hmcm&s%me ,

compound of tgg.w@linﬂ-fy frond 0.5 ta'lsq,dg-)aact ion with the ammonium salts
ol uen

is 15 carri out in t In a water separator under refl ux
The reactions are carried out in a tenperature range from50[err]Cto

ot ons. ar S4B BF e pantipoperia o e”h%é%%%%%éﬁwrmm&%f% 1

to . 50 5fo? wmrwgot 4949; 3| Aen. ICHetn. [SoR., 2388,51989] Ot'éari be
under atnospheric o eratnpspherrc pressure (for exanmple in the
range from1 teactmg)es»(-)- or (R%—(-)—mﬂmer avithhthenearrespending aminegdncong of; the

ammoni um sal t ani nQr

amoni um aceté?qy @Wﬁ@%?ﬁ%@ﬁ%ﬁ%d& %wrﬁ% I{"%pﬁ@r‘agﬂped
The enant i one{ged, pyefirdbly PEHNG30°0%0 450%e general formula (1V) are new and
can be 25 prepared as descri bed above.

13 The substituted pyrrolidine-2,5-dion-3-yl radical is elimnated
fromthe enangy I - g' SHe % dik@Bwh! di nes of the general
formula (1V) M%&@?%%g’“&%% k P kﬂr nert sol vents. Preferred
are ethyl acetate, tetrahydrofuran or mxtures of these two.

Sui t abl e bases ar eneral ly al kalji netal car bo as r exa | e,
Sodi um 510 o aTbo aardiopirisais s ARLBeRBisRiR &S Of Jhe, aéncesl dagasla (TMrAs

2 g e e i

preparation of the abovementioned acetoacetic esters of the general formula (VI).

Suitable solvents are those Wluch have been mentioned in the preparanon of the
compound of the general formula (VI). The reaction with the ammonium salts is
15  carried out in toluene in a water separator under reflux.

The reactions are carried out in a temperature range from 50°C to 120°C, preferably
from 5°C to 80°C.

The reactions are generally carried out under a subatmospheric pressure of 0.1 to
0.5 bar. However, it is also possible to carry out the reactions under atmospheric or
20  superatmospheric pressure (for example in the range from 1 to 5 bar).

Suitable ammonium salts are generally ammonium salts of organic or inorganic acids,
such as, for example ammonium acetate or ammomum formate. Ammonium acetate is
preferred.

The enantiomerically pure compounds of the general formula (IV) are new and can be
25  prepared as described above.
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dfnethylaninopyridine, 1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene (DBU) or
1, 5-di azabi cycl o[ 4. 3. 0] non- 5- ene (DBN)
1,°8-di azabi cycl o[ 5. 4, O] undec- 7- ene preferyed. The base |

applied in an Bwsubstitsed pymolidine-2 -dien-3ﬂrrad1§alasacl;m111m&% OIWF‘@Hd’h

cave Pl e SV GDAGhY ARREL 5P oS SRR g P RGN bt

O[err] C to 50[ifiért bélvents.cPrefepiet \aré kthyl acetats,cetialiydrofarahtotmixtures of thesd bwo.
reaction is generally carried out under atonospheric pressure. However, it

Is also 15 possible to carry out the reaction under superatnospheric or

Wihout sl atMRGORrisFs ate grerelh, ke B cithitisd MIOF o, B Bompl soc
general 5  dafiiofiliea® potassiuly catioriade, afergaﬂbshasasesﬁchhs triulkylamins; for Exemp

enanti oneri cal | y pure conpounds Qf the general forjula
[err] triethylamine, N-ethylmorpholine, N-methylpiperidine orldnsoproéyYetL ing. 1or

d
represents an Bl OREEBOPYARRIE 1.8 MERIERILIES Olundee 7- 6 (DBL). 3,
activation wi th5-dinzabieydlof3:0jnonSreneof (DBN)abol\;&-dmzabloyum[Sﬂcﬁ]undﬁcs%emt his
preferred.

10  The base is applied in an amount of 1 mol to 5 mol, preferably 1 mol to 2 mol, in each
case per mole of the enantiomerically pure compounds of the general formula (IV).

‘The reaction is carried out in a temperature range from 0°C to 50°C, preferably at
room temperature.

The reaction is generally carried out under atomospheric pressure. However, it is also
15  possible to carry out the reaction under superatmospheric or subatmospheric pressure
(for example in the range from 0.5 to S bar).

Without isolating the free enantiomerically pure acid, the compounds of the general
formulae (IV) or (IVa) are subsequently converted to the enantiomerically pure
compounds of the general formula (VIII) '

-Rz

~ R'O,C " _coD |
20 | Rs (VI

HC™ N7 ~cH,
H
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presence of ethyl acetate, and, in a |last step, the products are reacted
with a suitable al cohol (R[err]-OH) in the presence of ane of the
abovenent i oned bases, preferably N, N-di met hyl ami nopyri di ne, at the
refl ux tenperamuﬂmﬂbf the al cohol in question, to gi ve the
enantionerically pure conpounds of the general fornmula (I) according to the
10 I nventi on. Auxiliaries which are preferably enpl oyed for
activating t hR!GadR>have théshdlericti onednmﬂﬁyﬁgen5|ng agents. Condensi ng
agents which are preferably enployed are the customary condensi ng
agents, such as carbodiimdes, for exanple N, N -diethyl-

N, N - di propyl N, N d||sopropyl N, N - dlcyclohexylcarbodiinide, 15

N ( 3- dlnethylgﬂgn0|sopropyl) N - ethylcarbodiinide hydrochl ori de, or
car bonyl conpounds, such as carbonyl diim dazol e, or 1,2-oxazolium
conpounds, such as 2-et hyl - 5- phemyl-l 2-oxazol i um 3- sulphonate or
2-tert-butyl - D net nepreseptsxanzastivating radical, for exanaple dmjdagelykcy| anmi no
conpounds, such as 2-ethoxy-1-ethoxycarbonyl - 1, 2- di hydr oqui nol i ne,
or propanephosphoni ¢ anhydride, or isobutyl chloroformate, or 20

benzot ri-azol ylbgswedns iof @etivation Wit an aubtliayih @k o ditcabovemenitivhed solvents i the

N, N -di - cycl ohexyl carbodi i m de and carbonyl di i m dazole are

preferred. Mm%memwawmmm@mm :
Tl e of the f O ARneold

nol e of the fla@hgl ?%_Qg)ai@ g’& BtmmoelofTBﬁe.tPg pr Qlghlyout
]lcmder Oagﬁospgﬂb : | Ejacdhslreﬂmdtmméxﬂ&eh ofithe stdohel rf qnmm,rftd e

rom to ar prefera under atm)sp ri c pressure,

15 The %‘(ﬁ mwﬁ E MW@ arceeding fo the
gener al - are knomn or can be prepared as descri bed above.
Preferre enan |omer| cally pure conpounds of the general forrmula (1) which
are prepared by the process according to the i nvention are those 5

' WRTCN T Ailiaries hith are: preferably ‘employed Sof achvaiing the ‘catboaylic acid are
condensing agents. Condensing agents which are preferably employed are the
customary condensmg agents, such as carbodiimides, for example N,N'-diethyl-,
N,N'-dipropyl-, N,N -diisopropyl-, N,N'-dicyclohexylcarbodiimide,

15 N-(3-dimethylaminoisopropy.l)-N"-eﬂ1ylcarbodiinﬁde hydrochloride, or carbonyl
compounds, such as carbonyldiimidazole, or 1,2-oxazolium compounds, such as
2-ethyl-5-phenyl-1,2-oxazolium 3-sulphonate or 2-tert-butyl-S-methyl-isoxazolium
perchlorate, or acylamino compounds, such as 2-ethoxy-1-ethoxycarbonyl-
1,2-dihydroquinoline, or propanephosphonic anhydride, or isobutyl chloroformate, or

20  benzotriazolyloxy-tris(dimethylamino)phosphonium hexafluorophosphonate. N,N'-di-
cyclohexylcarbodiimide and carbonyldiimidazole are preferred.

In general, the auxiliaries are employed in an amount of 1 mol to 3 mol, preferably
1 mol to 1.5 mol, in each case per mole of the free carboxylic acid.

The processes can be carried out under atmospheric pmsure, elevated or reduced
25  pressure (for example from 0.5 to 5 bar), preferably under atmospheric pressure.

Le A 30 801 - Foreign countries -14 -
: - This Sheet:Has Been Reﬂlaced

[T




répresent strai ght-chain or branched al kyl having up to 8 carbon atoms

whi ch I's optionally substituted by straight-chain or branched
al’koxy having up to 5 - carbon atons or hydroxyl, or_represents
cycl opropyl , - dhelactieated enantiomericellyypure i, 4xdihydropyridines ofithe genesglt formula (VIII)
and [err] R err]
represents t hdS EAVELEr f%%bﬁprepamdasd&mbedl#‘é&u ch Rlerr]
and R[err] are identical or different and in each case 15 denote

fluorine, bronine, chlorine, cyano, ethinyl, trifluoronethoxy, methyl

nitro, methyl {Poeferred renfntiomericailyrypure cmnpoun@tofdhalgmcal ermmiladd) avhidx are

havi ng up to 3 car bon. ato opriate, one of the
substituents PERASGRY the process ﬁq” g‘ﬁj die and salts thereof.
16 Particularly preferred corrpounds of the general formula (1) which
are prepared by the process according to the invention are those:

in which 5 imwhigherr] and Rlerr] are identical or different and represent

R! and R? are identical or different and
represent straight-chain or branched alkyl having up to 8 carbon atoms which
is optionally substituted by straight-chain or branched alkoxy having up to 5
carbon atoms or hydroxyl, or represents cyclopropyl, cyclopentyl, cyclohexyl or

10 ~ cycloheptyl,
and
R4
R?>  represents the radical R®
in which

_ R* and R® are identical or different and in each case
15 denote fluorine, bromine, chiorine, cyano, ethinyl, trifluoromethoxy, inethyl,
nitro, methylthio, trifluoromethyl or straight-chain or branched alkoxy having up
to 3 carbon atoms, and, if appropriate, one of the substituents represents
“hydrogen,

and salts thereof,

Le A 30 801 - Foreign countries -15-
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5‘ straight-chain or branched al kyl having up to 8 carbon atons
which is optionally substituted by nethoxy or hydroxyl,

or represents_cycl opropyl, cyclopentyl, cyclohexyl ¢l.oheptyl

and Paticulanly prefemed-compounds ef theigengral fmlﬂq(l)vglmhwmt%
Rlerr] and Rl err] are i,dentigcal or d|f e and denote

fluorine, chlmam%éﬁﬁ ﬂtef onet hoxy, nethyl, nethyltio,
nitro, trlfluoronethyl or straight-chain or branched al koxy
having up to 3 carbon atons, and, if appropriate, one of the

substituents inephighents hydrogen, = 15 and salts thereof.
Enanti orrerically pure conpounds which-are very particularly preferably

prepared by the process according to the invention are (4R)- and
(4S) -i sopropyR?! Grd l@tai’é)iﬂéﬂﬁ&w&ﬂxﬂ'm re%m
4- (2-chl oro- 3-cyano- phenyl ) -1, 4- di hydr o- 2 di met hyl - pyrlglne 3,5-di¢ égboxy
| ate. 5 .Thestpai @cdmamﬂgd allkyh avinge ppi ton 83 e s Whi
enantionerically pure 17
halogenphenyl-subs ‘HP@&SE“%”EP%&HHB%P?‘%°%E¥m8¥y5he general formula (1),
whi ch are or represents cyclopropyl, cyclopentyl, cyclohexyl or cycloheptyl,

and

R4
RS
R?  represents the radical

10  in which

R* and R are identical or different and denote

fluorine, chlorine, cyano, ethinyl, trifluoromethoxy, methyl, methylthio, nitro,
trifluoromethyl or straight-chain or branched alkoxy having up to 3 carbon
annna,mntifappnnxﬁﬂe,oneofthesdhﬁhwmﬂsnﬁne&mﬂslumhogm;

15  and salts thereof.

Enmﬂhxnaﬁaﬂb/punsconmmmmdsvwﬁdhanavaorpmﬁwukwbrpniaabbrpnqmmxiby
the process according to the invention are (4R)- and (4S)-isopropyl-(2-methoxyethyl)-
4-(2-chloro-3-cyano-phenyl)-1,4-dihydro-2,6-dimethyl-pyridine-3,5-dicarboxylate.

The process according to the invention allows access to the enantiomerically pure
Le A 30 801 - Foreign countries - 16--
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val uabl e cerebrally active pharmaceutcals, in a highly enantiosel ective
manner conbined with a very high yield.
18 Starting conpounds

(35) 1 Benzy - belopphemreHPpRwed Ly itYBFIRgcs of 45 Beral Totmula (D, wiich are
bore) i's adaoPlue, Srdbplly ! abhive ' phiffbOREaR, iR gy, CnarfiosdletiY matpl? |

g, 43.8 mol)céﬂbhedmano&jr%ghgiel&,l ene (18 m) at 130[err]C. The
acetone which forns is distilled off fromthe reaction m xture. .
Stirring is continued for 2 hours at 130C, the reaction solution is cooled
to 50[err]C, and the solvent is stripped off in vacuo. The residue is
purified by col unm chromat ography 10 on silica gel (eluent diethyl
ether). After the product fractions have been concentrated, '11.8 g
(93% of the title conpound are obtai ned. [err]H NVR (CDCl[err]):
[err] = 2.28 (s, 3H); 2.77 (dd, J = 18 Hz, 5 Hz, 1 H); 3.19 (dd, J =

18 Hz, 8 Hz, 1H); 3.56 (s, 2H); 4.68 (AB system 2H); 5.49 (dd, J =8 Hz, 5
Hz, 1H); 7.25-7.42 ppm (m 5H); énol H weak singulet at 11.68 ppn).
15 Exampl e 11

(3S) - 3-(3- Am nocr ot onyl oxy) - 1- benzyl - pyrrol i di ne-2, 5-di one

Le A 30 801 - Foreign countries -17-
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[érr] 19 A
suspensi on of N-benzyl-(S)-maleimde (1700 g, 8.28 nol) in toluene (6.8 1)

i $ heated at 105[err]C, and 2, 2,6-trinethyl-1, 3-di oxi n-4-one (85%
pure, 1447 g, run in in the course of approximtely 20
m nut es, the acetone which forns being distilled of f together with

toluene. Stirring is continued for 2 hours at 100-105[err]C, nore 5

acet one/ t ol Ue']ﬁaﬁﬂe”ﬂﬂ d off. Toluene (1 1) is run into the reaction
sol ution, and e batMyl s cooled to 70[err]C. After anmmoni um acet ate
(1207 g, 15.7 nol) has been added, the mxture is refluxed in a water

separ at or at d 250 300 ours. Ethyl acetate
(3.41) is ruz:?é)ﬁfb}’?@' bmwl%&ééﬁggrature and washed

wi th saturated. aqueous Nchq err] solution, the organic phase is dried over
10 Na[err] SO err] and the solvent is di stilled off in vacuo at
35-40[rer]C. The residue is takenQp in | sopropanol (4.2 1), and the
solvent is distilled off in vac at 25-65[g C. The residue is

[
agai n taken up in isGpropgnol Deplhe, pensi on i s refluxed, during
solvés. A the mixture has cooled to

whi ch process he | i

5-7[err]C, water (178 isQun i preC|p|tated product is filtered
of f and washed with |sopropanollvﬁter (1:1, 3.4 1), and 15 t he product is
dried in vacuo at 50[err]C Yield 1990 g (83% mp.:
104-105[err] C [err]H NVR (CDCl[err]): [err] =1.94 (s, 3H); 2.71
(dd, J =18 Hz, 5 Hz, 1 H; 3.12 (dd, J = 18 Hz, 8 Hz, 1H) 4.57 (s,
1H); 4 71 (AB system 2H); 4.74 (s, broad, 1H); 5.40 (dd 20 =8 Hz, 5

(formila 8y 226 rimetiyleh Fafomiee R (62 45 ok 5% pure) is w1
(3'S)-2- acet ylz dnitfonCoF NRA/I(SRABRIBIE (90 g, 43.8 m:ﬁolpm@mmm] in xylene
err] (18 ml) at 130°C. The acetone which forms is distilled off from the reaction mixture.
Stirring is continued for 2 hours at 130°C, the reaction solution is cooled to 50°C, and
the solvent-is stripped off in vacuo. The residue is purified by column chromatography
10  onsilica gel (eluent: diethyl ether). After the product fractions have been concentrated,
11.8 g (93%) of the titie compound are obtained.
'H NMR (CDCl,): 8 =2.28 (s, 3H); 2.77(dd, J=18 Hz, SHz, 1 H); 3.19 (dd, J =
18 Hz, 8 Hz, 1H); 3.56 (s, 2H); 4.68 (AB system, 2H); 549 (dd, ] = 8 Hz, 5 Hz, 1H);
7.25-7.42 ppm (m, 5H); enol H: weak singulet at 11.68 ppm).

15 Examplel .

(3S)-3-(3-Aminocrotonyloxy)-1-benzyl-pyrrolidine-2,5-dione
0O
NH, O
NS o . .
_ e} :

Le A 30 801 - Foreign countries -18 -
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20 A sol ution of the conpound of Exanple | (12.6 g, 43.6 mmol) and
2-chl or o- 3-cyano- benzaldehyde (7.2 g, 43.6 mmol ) in dichloronethane

0y e o EEie) 3

o oo T ey o,
~chromat ography_on silica_ge (eI uent et Qe&.&r % Coﬁf)-%g&am&at

produtct fragt@ﬁrﬁ@ﬁﬁhﬁ with talaene. SHirFing 1§ y L]

(25, 51y .32, BeorelSEEA b zd?ﬂb‘?@%%ﬁﬁ@%fﬁmé%%%f ““"ﬁé‘h)a?‘d“

(5-4%155; 585)9 g Tthé"ﬁdtchﬁs?@ode&?o (70?C.OAlfter ammonium cetate! @207/ g( ﬂ5r7nmbl) has) been

- Egzzlyl) Ey;r gﬁd@ngleznmfoﬁ-(ﬁﬂy?‘?d i 2 Wates, seraraton gt 6396 apd, 230309, T??fng’r
Fer r ]y 4 OB Bl Eﬁ?ﬁ ari @y‘* D%rrhﬂllﬂ'%é % %?ﬁg@gng%ﬁmammmﬁ

g}802 gl 0. ZgWaslﬁ)wﬁholsaﬁxaequuwls NhH@(Bcseit;tion, the organic phase is dried over
o {2 o 900 NG, abd e Solvent £ iiled d St 5405 The TRidue?s Satleh 13 iR
_ isopropanol (4.2 1), and the solvent is distilled off in vacuo at 25-65°C. The residue is
again taken up in isopropanol (2.5 1). The suspension is refluxed, during which process
the solid dissolves. After the mixture has cooled to 5-7°C, water (1.8 D) is run in,
precipitated product is filtered off and washed with isopropanol/water (1:1, 3.4 I), and
15  the product is dried in vacuo at 50°C.
Yield 1990 g (83%)
m.p.: 104-105°C
'H NMR (CDCL): & = 1.94 (s, 3H); 2.71 (dd, J = 18 Hz, S Hz, 1 H); 3.12 (dd, J =
18 Hz, 8 Hz, 1H); 4.57 (s, 1H); 4.71 (AB system, 2H); 4.74 (s, broad , 1H); 5.40 (dd,
20 J=8Hz 5 Hz 1H); 7.20-7.44 (m, 5H); 7.88 ppm (s, broad, 1H). :

Example I (formula IT)

1-Benzylpyrrolidine-2,5-dion-3-yl  (3'S)-2-acetyl-3-(2-chloro-3-cyanophenyl)-
2-propenoate

CN

C
o
X
N—CH
H,c-0c” TCO-0 2‘—©
- o
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| sopropanol (1100 m), and the m xture is refluxed for 8.5 hours. It is
cooled to room 21
ténperature, and the crude product, which has precipitated, is washed tw ce
using in A solutioh ofahnec&ﬂﬁbunﬂ offExamnbe b()mﬁ)g, 43,6 minolédnd ﬂ.-chiumes-ayano-

and 1 he._suportepemionyl {7 (5. 4% mmob in i iamietiane f80'ml s e Fifh wiowmdne
2% et ot o (Q00 MR LELHAS) dhiliidl Wehe b8y (168 HE. P ol Acfe thirhg B!

(41% ﬂlwdemearmuter: sepacaters fgrel8 ho@d. Afbef ithd dichldromethahe &bbutipn has
239 240 C H .NVR DVS = , 6d);
2. B3 (.S 5 Foplsdt roam, fempeiap, 1t i yagid Wit ek 0 s drledcovsy Nayk; o3 s
(s, 3H; 3. 37coﬁcéﬁra€é@ ﬁ'ipacu(?’ 'I%réslél?e fs?mﬁw bg‘éoﬁnn éhr@;ﬁatlf_aéﬁph on mhc%
Jlerr] =15 Hz, 5 (s 7. 77
(m 8|-()sluent ether) Aﬂelr muenating d)el product fractipns, 13.0 g (68%)eoﬁ:thq:)t|ﬂqd
f EX le I1] th | 3- t te 15
LT g 6 o rinBiHpun Bte Pusingd an maRRBIRSF EAEGOE { 38 ), and the m xtur e
is refl uxed figr NMR d(cnél %Ué%s& | e5pi(eg] U, Wm@s’ﬂq&, R&gcsmtﬁﬁ?fénd SIH);

filtered of f, washe et hy acetate dried i n vacuo at

40[ err] 1O '4.63-480e(my -2H); §. 5@-5(&@1 1H); 727-D|935(mat9ﬁ)ner| c excess [err]
99. 5% (HPLC, Chiracel OD H) 20 Exampl e V
(4R) -1 m dazol yl - 2- met hoxyet hyl - 4- (2- chl or o- 3- cyano- phenyl ) - 1, 4- di hydro 2, 6-

di met hyl - Exammmvd(mﬁnﬁafwgl car boxyl ate
22

(4R,3'S)-(1-Benzyl-pyrrolidine-2,5-dion-3-yl)-(2-methoxyethyl)-4-(2-chloro-3-cyano-
phenyl)-1,4-dihydro-2,6-dimethyl-pyridine-3,5-dicarboxylate |

O
o)
o
R}
H,

15 Variant A:

The___ compound of Example II (80.0 g, 0.244 mol) and 2-methoxyethyl 2.-acetyl-
3-(2-chloro-3-cyano-phenyl)-2-propenoate (83.29 g, 0.243 mol) are treated with
isopropanol (1100 ml), and the mixture is refluxed for 8.5 hours. It is cooled to room

Le A 30 801 - Foreign countries -20- —
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CN [err] ' The conpound of Exanple IV (73.9 g 0.128 nol)
I s suspended in ethyl acetate (480 m) and tetrahydrofuran (96 m),
and the suspension is treated with 1, 8-di azabi cycl o[ 5. 4. 0] undec- 7- ene
(DBU, 29.0 rrtemlibrdtﬂﬁé and theaonide tproduet] veltich hmp&cipmed,msrmsheémme 1fsﬁ1g1m1rs

Then,1 N HC (300 ml ). is added, andthe yre is stirre ously
for 15 ni nut WE](QP g H}‘é‘l é‘bﬁ&‘l‘“&’t@d&%ﬁ%ﬁa@%ﬂ

dr i ed over “SW%@?H@%‘?}@“@%@’@%ﬁﬁﬁﬂﬁ??ﬁﬁ@fff%ﬁ%m b

the residue mnixtuekbas cqolddrto&'bhml temperaturethe produétdis @lteted. offif washed withdethyl on
of N, N-carbonyl diimd 0.154 nol), 10 the mxture is stirred
at room tsenpéi’e&%tﬁr(g&"ﬁi ‘féﬂﬁgmga"&‘ﬁ&tﬁ G-5[err]C for 30 ninutes.
The product %§18h5ﬂ§§ gﬁﬁ,ﬁCl pitated is filtered off, washed with ethyl

' n

acet ate (25 m d“dried in vacuo. Yi eI'd: 42.6 g (76%

m p.: 180[ er Dissteér@oméric exdess\&RI(SCOCHPEC) ChiragebOD-H) 1. 90 (s, 3H); 2.48 (s,
3H): 3.22 (s, 3Hé 34 3.52 (m 2H); 4.10 (t,2H); 5.58 (s, 1H);
6.02 (s, 1H M 89'(20 7.25-7.58 (m 4H): 7.91 (s, 1H).

L o 226 0 e S 0 1
4- (2- chilér o- 38d;aarsoHp,hHﬂi);|3)161(s43Hp 3,37-3.50, (0, 2H)y3.95y4.12 £, 2H); 4.52, 4.64 (AB
pyridine-3, 5. SRTDOXVIAIE 2wy, 525 (s, 1H); 5.53 (dd, T = 8 Hz, 5 Hz, 1H); 7.22-7.77 (m

8H).
Variant B (via II and IIT)

The compound of Example III (3.0 g, 6.9 mmol) and 2-methoxyethyl 3-aminocrotonate
15 (1.1 g, 6.9 mmol) are treated with ethyl acetate (38 ml), and the mixture is refluxed for

5 hours. The product which has precipitated is filtered off, washed with ethyl acetate

(3 ml) and dried in vacuo at 40°C.

Yield: 1.3 g (33%)

Diastereomeric excess > 99.5% (HPLC, Chiracel OD-H)

20 Example V

(4R)-Im1damlyl—2-methoxyethyl—4—(2—chloro—3-cyano-phenyl)-1 ,4-dihydro-2,6-dimethyl-
pyridine-3, 5-dlcarboxylate
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23 CN

[err] The conpound of Exanple V (73.2 g, 166 mrbl) and
NR- di et hyl am nopyri di ne (0.93 g, 7.6 mmol ) are refluxed in
i sopropanol (530 m) for 20 hours h action mxture is slowy

cooled to O-5[err]C and stirred B
which 5 has crystallized is fi 2d_of f, washed with cold i sopropanol
(35 mM) and dried in vacuo. erQecrystalllzatlon of the crude
product from ethyl acetate o (§50 rd)/cyclohexane (450 M), 53.2 g

(749 of the title conpound arjg obt . mp.: 138-140[err]C

5[err]C for 1 hour. Crude product

[err][err] = +13.9 (6D NE

-24 - Patent dains \}\R)CGS| f of the Har ation of enantiomericall y -
pure phenyl -substituted 1, 4- A hyd 8I¥r ¥ ne- 3, 5-di carboxylic acid
derivatives of the general f BGI altl)

“The w@omd of Example IV (73.9 g, 0.128 mol) is suspended in ethyl acetate
480 ml) and tetrahydrofuran (96 ml), and the suspension is treated with
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU, 29.0 ml, 0.192 mol) and stirred at room
5  temperature for 12 hours. Then, 1 N HCI (300 ml) is added, and the mixture is stirred
vigorously for 15 minutes. The ethyl acetate phase is separated off, washed in each
case once using 1 N HCI (150 ml) and saturated aqueous NaCl solution and dried over
Na,SO,. The solvent is stripped off in vacuo and the residue is taken up in ethyl
acetate (420 ml). After an addition of N,N'-carbonyldiimidazole (25.0 g, 0.154 mol),
10  the mixture is stirred at room temperature for 12 hours and at 0-5°C for 30 minutes.
The product which has precipitated is filtered off, washed with ethyl acetate (25 ml)
and dried in vacuo. |
Yield: 42.6 g (76%)
m.p.: 180°C
15 'H NMR (CDCl,): 8 = 1.90 (s, 3H); 2.48 (s, 3H); 3.22 (s, 3H); 3.40-3.52 (m, 2H); 4.10
(t,2H); 5.58 (s, 1H); 6.02 (s, 1H); 7.08 (d, 1H); 7.25-7.58 (m, 4H); 7.91 (s, 1H).

Dihydropyridines of the formula (I)
Example 1

(4R)-Isopropyl 2-methoxyethyl 44(2-chloro-3-cyaho-phenyl)-1,4-dihydro—2,6-dimethyl—
20  pyridine-3,5-dicarboxylate '
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[err] i n which Rlerr] and Rlerr] are identical or
different and represent Stralght chain or branched al kyl havi ng
up to 8 carbon atons which is optionally substituted by

strai ght-chain or branched.al koxy 3 éNup to 6 carbon atons or

hydr oxyl , or repr esent oal kyl having 3 to 7 carbon atons,
and . Rlerr] represents thay ad 8I [err] I n which

HCO_~0 O-CH(CH,),

H,C

The compound of Example V (73.2 g, 166 mmol) and N,N-dimethylaminopyridine
(0.93 g, 7.6 mmol) are refluxed in isopropanol (530 ml) for 20 hours. The reaction
" mixture is slowly cooled to 0-5°C and stirred at 0-5°C for 1 hour. Crude product which

5  has crystallized is filtered off, washed with cold isopropanol (35 ml) and dried in

vacuo. After recrystallization of the crude product from ethyl acetate

(150 mlycyclohexane (450 ml) 53.2 g (74%) of the title compound are obtained.

m.p.: 138-140°C

[«]2 =+13.9 (c = 1, CHCL)
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- 25 - Rlerr] and Rerr] are identical or different anthisSheetHasBeenRepl
denot e hal ogen, cyano, ethinyl, trifluoronethoxy, nethylthio,
nictro, trifluoronmethyl or straight-chain or branched alkyl, *HN’I”III,“"I T"l
al kinyl or al Patent€lamsg up to 4 carbon atons, -and one of the

substituents optionally represents hydrogen, and their salts,

characterized in that the enantionerically pure benzylidene conpounds of

the general formil Prddaé@ for ﬂhepbepaiwibndeﬁeenmﬂmeﬁwl o urehqﬂmybmﬂ:bnuned
formula (11a) whi ch errl, I{E%err have
abovenenti oned nea ;%b}’dmmﬂme'ﬂﬁ‘dlcafb@&lm ﬂ*ﬂaﬁwfﬂ&ﬁa
or branched al kyl having up to 8 car bon atom;

represents phenyl or benzyl which are optionally up to trlsubstltuted by

i dentical or different substituents ﬁﬂom t he series consisting of hydroxyl,
nitro, hal ogen, cyano, car boxx trifjl woromethyl, trifluoromethoxy,

strai ght-chain or branched aIR<6>Q h GP.Ro 6 carbon atoms or by a
group of the fornmula -NRerr]R err ‘orl SHerr]Rerr]

He” SN cH, @

R! and R® are identical or different and represent straight-chain or branched
~ alkyl having up to 8 carbon atoms which is optionally substituted by
straight-chain or branched alkoxy having up to 6 carbon atoms or

hydroxyl, or
10 represent cycloalkyl having 3 to 7 carbon atoms,
and
R4
R?  represents the radical R®
in which
Le A 30 801 - Foreign countries -24-
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_ 26 - i n which Rlerr] and Rlerr] are identical or different

and denot e hydr ogen, phenyl or straight-chain or branched al kyl
having up to 5 carbon atons a%er,r] denot es
straight-chain or br ancR‘eandaRﬁﬂe nﬂmqabongdfemt rbon at ons

or phenyl are converted, e
enanti O?ITEI’I cally pure benzyl‘?%'gf? %ﬁ%@uﬁ@b’b@ﬂﬁé mﬂ“%?% ame{:l}ylt)luo
wi th ani nocrotonic esters of pirgriflebfindthyl o Sithigh mﬂﬁomdndmmaamﬂ,of

t he benzyl i dene conpounds  of t he general for rrul a (lla), with the
correspondi ng enant i orer i cal alkingl,oe alkexy bgvisgdp © 4 B atoms, pad necof-the

formila (411a) [err] mﬂiﬁm%ioﬁﬁonallyrepr&semshydrogm
and their salts,

characterized in that the enantiomerically pure benzylidene compounds of the
general formula (IT) or the benzylidene compounds of the general formula ({1a)

R? 0 R?
| X _COR'
N . PO () (Ia)
coz—QfN a
o v 0” “cH,
CH, - '
*R, S

10 in which
R! and R? have the abovementioned meanings
and

A represents hydrogen or straight-chain or branched alkyl having up to 8

carbon atoms, or
15 represents phenyl or benzyl which are optionally up to trisubstituted by
identical or different substituents from the series consisting of hydroxyl,
nitro, halogen, cyano, carboxyl, trifluoromethyl, trifluoromethoxy,
straight-chain or branched alkoxy having up to 6 carbon atoms or by a

group of the formula -NRR” or -SOR®

This Sheet Has Been Reﬂ
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Rlerr] and A have the abovenenti oned nmeani ngs in inert SOWI‘\
appropriate in the presence of a base, to the di astereorrermgadhgé‘

e TR

R® and R’ are identical or different and
denote hydrogen, phenyl or straight-chain or branched alkyl
having up to 5 carbon atoms

5 and

R®  denotes straight-chain or branched alkyl having up to 4 carbon
atoms or phenyl,

are converted, by reaction,
| ~ in the case of the enantiomerically pure benzylidene compounds of the general
10 - formula (II), with aminocrotonic esters of the general formula (II) and, in the
case of the benzylidene compounds of the general formula (Ila), with the

corresponding enantiomerically pure aminocrotonic esters of the general formula
() -

NH,

NH .
)\/COF (1) or )\2/ N-A  (lila)
X-CO,
. _ : 0O
*R, S

15 in which
R! and A have the abovementioned meanings
in inert solvents, if appropriate in the presence of a base,
to the diastereomerically pure 1,4-dihydropyridines of the general formulae
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Rlerr], R err] and A have the abovenenti oned neani ngs and—the
mal ei m de radical is subsequent ly elimnated wth weak bases under

m*l d conditi ons, ropjate isolating the free aci d andT'B1 laced
function i S @&e&df by customary mnet hods. ﬁ"ﬁmﬁﬁ@i

conmpounds of the general formula (II1)

.0 ' [err] i n whi ch

- 28 - Rl err] has the meaning @iven in Claim1 and

represents hydrogen or straight-chai nffor branched al kyl havi ng up to 8
carbon atons, or R? reps@sent 2 phenyl or benzyl which are

optionally up to tgisubstiftte I dentical or different
substituents fromépz‘a L gﬁg g of hydroxyl, (IVa) nitro,
hal ogen, cyano, carboxyl|l td{fluoronetdyl, trifluoromethoxy, :
straight-chain or b%ﬁa having up to 6 carbon atons or by a

group of the fornul NR efr]ReBr] or -SOerr]Rerr] in
whi ch H
0
2
l;* * N-A
R'0,C.. _A_ _CO," (IVb)
H,C r]l CH,
H
in which
5 R!, R? and A have the abovementioned meanings

and the maleimide radical is subsequently eliminated with weak bases under
mild conditions, if appropriate isolating the free acid, and the carboxyl function
is esterified by customary mgthods.

2. Benzylidene compounds of the general formula (If)

R | .0
N\ * l N-A
10 _ CO;
o) -
CH,

*R, S

in which
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R[-err] and R[err] are identical or different and

denot e hydrogen, phenyl or straight-chain or branched al kyI Th1 ShectHasBeenRe laced
having up to 5 carbgn atom;

denot es strai ght - cRain ﬂxeammggivmwmﬁ?éanmlgau@ to 4 car bo

atons or phenyl. 3. Process for the preparation of

enantionerjcally pure benzylidene conpound of the general formul a
(11) according to @ ai MrépresehyIiyden’t drelphi-Giin & bpiticHie alkyl having up!)e8
gener al forrrula (V) R err]- CI—IaOlky th
whi ch Rl err] mgnmmnu ng given in daim1l are
reacted with enantionerically. p S {

for mul a (M) repme}/lls Lﬁ %ﬁﬁ%&%&ﬁ%ﬂ&ﬁyw%m&%w
[err] 5 identical or different substituents from the series consisting of hydroxyl,

nitro, halogen, cyano, carboxyl, trifluoromethyl, trifluoromethoxy,
straight-chain or branched alkoxy having up to 6 carbon atoms or by a
group of the formula -NR°R” or -SO,R® ' |
in which

10 RS and R’ are identical or different and

denote hydrogen, phenyl or straight-chain or branched alkyl
having up to 5 carbon atoms

and

R®  denotes straight-chain or branched alkyl having up to 4 carbon
15 atoms or phenyl.

3. Process for the preparation of the enantiomerically pure benzylidene compound
of the general formula (II) according to Claim 2, characterized in that aldehydes
of the general formula (V)
R2-CHO
20 ~ in which
R2  hasthe meaning given in Claim 1

are reacted with enantiomerically pure acetoacetic esters of the general formula
(VD
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-in which

A has t he rfeaning giv’enir'ICIaimz ' .t'-'-'in'i'nert

R

solvents and in the presence of a base and of a carboxyli.c acid.

Enantionerically pure am nocrotonic esters of the general: fﬂ{sw&?ﬂé JneQe
[err] i n which A has the meani ng g|
5. Process for the preparation of enantionerically pure af I

esters of the
characterized
formula (VI1)

10

general fornula (ll@da) according to- Cla
Oin that (- or (R -malinides of t he general

H,C 0 N-A
O . -

*R, S

in which
A has the meaning given in Claim 2
in inert solvents and in the presence of a base and of a carboxylic acid.

Enantiomerically pure aminocrotonic esters of the general formula (IIIa)
O
NH, L[ A
/K/COZ _
6]

A has the meaning given in Claim 2.

in which

Process for the preparation of enantiomerically pure aminocrotonic esters of the

.. general formula (IIla) according to Claim 4 characterized

in that maleimides of general formula VI

—2q9 -
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- 30 - A [err] o inwhich A

has the neaning given in Caim?2 : : are reacted
wi'th di ketene or 2, 2, 6-trinethyl-1,3-dioxin -4-one in an inert
sol vent followed by adding ammonia or anmonium salts in situ. 6.

1,4-Di hydropyr| dines of the general fornulae (1Va) and (I Vb)
[err] _

in which
A has the meaning given in Claim 2
are reacted with diketene or with the diketene/acetone

addition product in inert solvents at temperatures between 50 and.120°C by
adding ammonia or ammonium salts in situ to the reaction mixture.
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X ‘31 - in which. - R[ err] andR[e”] ha

e-meani-ng gi ven:

in daim1l and ' A has the meani ng .given in € dim 2. 7.
Process for the preparation of diastereoneric |,4-dihydropyridines of the
gener al f dt-nul abHDikdropyritiiges\af) the gencrall foemilae (VA and §TVIhar act er i zed
I n that benzyl i dene conpounds of the general formula (I1). ér of the
general fornula (I'la) are reacted in apcordance with Caiml with
am nocrotoni c esters of the general fghrmula (I111) or of the general
formula (l111a) in inert solventR?if . r\Eropriateinthe presence of a
base. 8. Enantiorrerhfd’:\bl Fe agehadace ® esters of the gener al '
formula (V). 2 2 [edr] i n which
A has the neaning given injd d{m 2. o :
H,C I;l - "CH,
H
R'0,C
in which
R! and R? have the meaning given in Claim 1 and
5 A has the meaning given in Claim 2.

7. Process for the preparation of diastereomeric 1,4-dihydropyridines of the general
formulae (IVa) and (IVb) according to Claim 6, characterized in that
benzylidene compounds of the general formula (II) or of the general formula
(ITa) are reacted in accordance with Claim 1 with aminocrotonic esters of the

10 general formula (III) or of the general formula (Ila) in inert solvents, if

appropriate in the presence of a base.

8. Enantiomerically pure acetoacetic esters of the general formula (VI)

This Sheet Has Been Replaced -
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- 32 - 9 Process for the preparation of acetoacetic esters of the

general formula (V) - according to claim3, characterized in that - -
(S)- or (R -malimdes of the general formula (V1)

[err] . i n which A - has. the neaning given in Clalm
2 are.reacted with di kebane r with theydi ket ene/ acetone addition
pr oduct 2,2,6-trimethyl - - di X|n 4-0 n inert solvents. 10.
Use of derivatives of - opti cal | I li mi des RiA t he general formul a
(Vi) _ according to'@®aim9 in @ rati on of enantioneric

di hydr opyri di ne conpounds according ta\C aim 1.

0

*R,S
in which
A has the meaning given in Claim 2.

9.  Use of acetoacetic esters of the general formula (VI), characterized in that (S)-

5 or (R)-maleimides of the general formula (VII)
O
N-A
HO
O
*R,.S
in which

A has the meaning given in Claim 2

are reacted with diketene or with the diketene/acetone addition product
10 2,2,6-trimethyl-1,3-dioxin-4-one in inert solvents.

10. . Use of derivatives of optically active maleimides of the general formula (VII)
according to Claim 8 in the preparation of enantiomeric dihydropyridine
compounds.

NS
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