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a substituent; ethyl ester is reacted with Ié}-.'«m\inocrotonic acid ethyl ester or acetoacetic agy

[err]
i i | ester famaogia( (3 ) sch. 1,.74 ).
and [ err] are ident Ig%rqh 33 ﬁt iasa IE own théa?%er?ai ) l,ﬁﬁyﬁa%ﬁdﬁesmﬁeﬁes iéﬁﬂa a-a
straight- or br anCheéfl(ﬁﬁﬁ' E'roﬁllrh%l (FJTBYddert a{d0W, Vater, Naturwissenschaften 58, 578 s
15 (1971)). :

Further, it has been disclosed, in the applicant’s earlier German
Offenlegungsschriften (German Published Specifications) 2,117,571 and 2,117,573
that similar dihydropyridines can be used as coronary agents.

Our British Patent Specification No. 1,358,951 describes and claims
20 unsymmetrical 1,4-dihydropyridine dicarboxylic acid ester compounds of the 20

general formula:—

in which
R is a phenyl radical carrying at least one nitro, nitrile, azido, or
25 —SO0,—alkyl group [ being 0, 1 or 2] as substituent and optionally also 25
carrying at least one alkyl or alkoxy group or halogen atom as substituent,
the total number of substituents carried by R being at most three;
or a naphthyl, quinolyl, isoquinolyl, pyridyl, pyrimidyl, thenyl, furyl or pyrryl
radical optionally carrying at least one alkyl or alkoxy group or halogen atom
30 as a substituent; : 30
R! and R? are identical or different and are each a hydrogen atom or a
straight- or branched-chain alkyl group; and
R? and R* are different straight- or branched-chain or cyclic, saturated or
unsaturated hydrocarbon radicals, the carbon chain of each of which can be
35 intt;-.rrupted by one or two oxygen atoms and can carry a hydroxyl group as a 35
substituent.
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R2 and R4 are different straight- or branched-chain or cyclic, saturated or
unsat urated hydrocarbon radicals, the carbon chain of each of which can be
35 - - - Aterrupted—by—one—of two—oxygen—atens—ant—ecan—eary—ahyer oxyl
group as a 35 substituent. 1,516, 793

2 According to the present invention, we now provide isobutyl nethyl
1ﬂ§z§ihydro- 2. 6-di met hyl -4- (2-nitrophenyl)-3.5-pyridine dicarboxyl ate of

t ormula (I). [err] (1) The conpound of the: invention exhibits a very

po ful and | ong-1lasting cor ona%_ 5 action. ' .

5 Fuﬁr her  the new actjve Cn_rrpnl} _ ’78? the formula (1) is obtaifded when A)

2' - ni tr obgRpYdidge NEAGElRCHAntion, Ve ndwippRidlisbbutinle @il (4-@hyird-a (11)) [err]

(1) is readinrethylM-Chitrahedyl)aBB-pyridine dicarboxytatd of thefdapllag¢Bt er (formula 1H))
[err] 10 '

(ren) 10 if appropriate int NE,esence of water or inert organic

sol vents, or B) 2'-nit ro’b&pz,y%i&gnac&i&saceti c acid isobutyl ester (fornula
(1)) is reacted with aceicOaceticJagi d nethyl ester (forrﬂ)la(l\/)) [err]
(rv) 15 and ammonia, if apgolri@®ee in the presence of water~or inert

organic sglvents, or. .15 O 2'.-nitrobenzyl| deneaceto i,C aci d net hyl
est er (foﬁ&ﬂfﬁ‘p?‘\?f)d fhe f‘“rvf"tt"%}'f’a]‘lgtsraéﬁrép &4 r%/{\,ili ?%?Tngﬁarsﬁga%‘l%ﬁ%{gr ot onisc aci d

i sobutyl eStmirthéd, SeMewaacti%d Jompbed §f the/foym@h () is obtdidfedayhen opri ate in the
presence of Ala?-eitrobenzylilendacetodcstionacid isghutyl ester (formula (ID) 20 D)

2' -ni trobenzyli deneacet oacetic acid thyl ester (fornmula (V)) is reacted
W th acetoacetic acid isobutyl es&e@@_rnul a (M1)) [err] (M1) 3
1,516, 793 - :,g_ﬂzc\ AP 3 and @bnoni a, if
appropriate in the prese of Water or inert organic solvents, or E)
[err]-aninocrotonic acid i sobutylngésPer (Fornula (V1)) is reacted with
2-nitro- benzal dehyde (formula (VI I?) [err] (VIIIl) 5 and acetoacetic
aci d met hij|reastedayith( f-gpipesreforis Wé methyl estep (fopmilallB) i n t he presence of 5
water or inert organic solvents, or
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if appropriate in the presence of water or inert organic solvents, or
B) 2'-nitrobenzylideneacetoacetic acid isobutyl ester (formula (IT)) is reacted
with acetoacetic acid methy! ester (formula (IV))
o)
HaC —c/
\cnz—ooocﬂa . (Iv)
15 and ammonia, if appropriate in the presence of water or inert organic solvents, or. 15
C) 2'-nitrobenzylideneacetoacetic acid methyl ester (formula (V))
NO?2
'_(‘\?/0005”3 \2)
AN
is reacted with g-aminocrotonic acid isobutyl ester (formula (VI))
H.
53— Hee-00C M
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C.
s
e iz (V)
20 if appropriate in the presence of water or inert solvents, or 20

D) 2'-nitrobenzylideneacetoacetic acid methyl ester (formula (V)) is reacted
with acetoacetic acid isobutyl ester (formula (VII))
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F) [err]-am nocrotonic acid nmethyl ester (forrmula (I11)) is reacted with 2-
ni trobenzal dehyde (fornula (VII1)) and acetoacetic acid isobutyl ester
(formula (V1)) as

Surprisingly, the substance according to the invention, of the fornula (r,
has 10 a particularly strong coronary action. Anongst the series of the
simlar 1,4-dihydropyridine derivatives known fromthe state of the art, q
such a strong and | ong-lasting coronary action, especially after enteral
adm ni stration,_ has hitherto not been denonstrated. In addition, the 15
conpound accor Y '

corresponding 15 dh{GkrRv lbeﬁ}eﬁ'laMhm pidsEncé SPWer dr HTHlRGR sabénebr L NE
art. It thus representB)da-dimﬁ adid iséBues est& [PErmala (YVI))APREEEESith Bhltro- '
enri chment of phar rhenyal #M@=@@ﬁwbdMHDbccordlng to the invention is chira
and can exi st in stereo- |soner|c forms which have an inage/relationship to
each other (enantioners, anti- 6;& These can, in turn again
occur in different confornatlons Bot h the 20 racemc form anh t he
anti podes are included within the present0|nvent|on Dependi ng on the
nature of the starting materials used, the synthesis of the conpound
according to the |n\m¢met9ﬁceeaacm)eeﬂ\§§%ﬂes@¢m@b (BY), if aporprsiatednthegpresensaof ons: >

¢ t
A) : e ixa‘::mg[:%%roﬁl methyl ester (fo u&c %gg% élrLAc)(edB)\nﬂ[ 8r rl O
[err] 4 mtrobenzaldehyde (formula (VIII)) and acet %i butyl ester (formula
4 E) [err] F) (YI&) ag su¢her Guspséranmde nevforganis sbiventsy| ae -(Vl11) used

as starting md@erials ﬁ W Fhsteng °qfi"f‘%§°é1‘%‘|“lé°“8?n’8§ Bémblﬁé‘béﬁa%d i nto

accordance with net R0y r.}ﬁ{/wsamfeﬁ Ay ﬁ'?;ém aﬂ@w 8@pfrldide QANatiVed kndWrnlirom
Reacti ons XV, 204 ethes&q:o et/ § qchAstrcﬁga mg ronary achio®lespecialymafteSOC .

67, 1,017 (1945); afeterab o strated. In additiep '
(Met hods  of Or‘@anlc % ,g@w gff?kn fr gﬁ%&taﬁ% thalﬁgﬁgioﬁﬁpgg out®

processes A-F accor DthE Qpédilﬂ@ exdids, fa enmmmm afpaky.| Ci pating in the
reaction are in each cﬁlsﬁec omippr’t@mena\tce %@ﬂdcmkl&rmamms

The ammoni a used is'® )é‘i'fft’l%iy ln %@ﬁ a o‘nhf’f)’n(:;‘:““°m°§h?“&f nt.s
whi ch can be #8ed al?ﬁemtfefm hal u pol&dre m&maéu Wwitli® théPadsent i %

preferentially incl udeDependingbg theuriuragf the stariog mredalsm&ehamokynﬂeslhefrtbe such
as di oxane or dieth P mpAuR accasing [t dheafnveRtion @n i Eprepgpiad by, she foliowing

di met hyl f or mam de, f"hyl sul phoxi de or acetonitrile. The reacti on

t enperatures can be varl ed withinh a substantial range. In 1 gener al ,
the reaction is carried out at nperature of frop.20 to N}, pre- 15

ferably at 50 to [el{)r']ac,,;amg i y at the boili nggbom dda®, SOl vent .
The reaction can be’cegried o t’]nder grarml  pressur#® but L under
el evated pressure. In genera;:/ \normal I eSs Ufngo Ts used. e Mretedi ng
processes of preparati OQ are given seielys for clarification and 20 t he
preparation of the conp Und (1) is nofllPestricted to these processes;
instead, 20
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any nodification of these processes can be used in the same manner for the
preparation of the conmpound (l1). The conpound according to the invention is
a substance whith—canmbeused—as—a nedi carenrt—Wen—used-enterally or
parenterally it produces a powerful and 25 | ong-1asting increase in
myocardi al perfusion and can therefore be enployed for 25 the prophylaxis
andg eatment of ischaem ¢ heart diseases,. especially if they are conbi ned
wi {h¥ Wypert ensi on. The present invention prOV|des a pharnmaceuti cal
conmpdsition containing as active ingredient the conpound of the invention
in adfi xture with a solid or 301516798 quefi ed gaseous diluent, 4r in

adm xture with a liquid diduent other than a solvent 30 of a nol ecul ar

wei ght | ess than 200 (pr Wgbly less than :55:0) ex;,ofi n the presefice of a
surfaceE)actHl’:’c;z,_e nt,H Thgﬂ,,nv maf PEOMdosleS_adgghar maceut i cal
conposi ti onsgont ai fj ng+as acti e i ngreél t #che colghund of the invention

in the formof a ezl e or isBtBRic 35 aqu'@%us §B uti on.
35 The invention also provides a nedi canent in dosage unit form conprising
t he conound of the invention. The invention also provides a nmedi casent in

the formof tablets (i udi ng | ozenges and granul e€)) dragees, capsul es,

pills, arrpog& es or sup beOr i es com 40 HE‘C\pri Si conmpound of the
i nvent i Bh A '—‘z@__) di canent" as used
in this Spe(?c/f [ cat,#%ﬁ maansxim cally discr ete @ portions suitable
for nedical adm ffstration. & Medicanent in dosage unit form' as used in

this Specification neans Bﬁ/yb'%al |y discrete coherent units suitable for

medi cal adnmi %&B@&b&@fﬁ@%ﬁmﬂwmm%@ agahﬁlxgﬂa&ms% @ow! tiple (up 45
to four tlffmsﬂheaiferaubmulcid ﬁe;(aekmmaéc@rdandeo;vlﬂnlreétmdse owd febm | y dose of the

corrpound hﬂshteffatllfh(gtqrﬁ fts Pt 6?)hAaC§e§9 E.dr and/ or encl osed
wi t hidn an lc By dose’ or, for
exanpl e, a f:arryﬁhgt sbces@drs A@-—Hlal otnﬁﬁg @ thamd udaﬁ;ﬁ:pwddk depend on

whet her t mﬂwmdqlrmalmhﬂt reatswn@rebe cadntae sinployd awmem@tely ihegquiexanpl e, tw ce,

e 4 TS R A e 10

50 preferentlally include alcohols such as ethanol and such as
5 The phardmxa:reudm dlahylo@lmn,osn glamhacaccwrdd |pm;lnleo dtMylfmnam;ldeon may, for

exanpl e, d deeterjiiitans ons ut I on errul ons of the

el e nqeadae g ot i AT S T et o
povvder S. heblszlhl $0etot 120 tandesspezatly mmmutofm sol@&ﬂpOSl tions (e.qg.

gr anul at es aétio‘Bcan be canrigd l?Ft P ANl fradropah tpeessuzgh bett gso wrdgfees, capsul es

and pills % % R E rs, e.g. starch,
sugass, marﬂen;?il r§1£ |c°§§gil§?m isChot (&};cda&nf Ei@"p'gﬂ%g%&ggﬂ‘g caa@oxyrret hyl

cel | Tose any modifioatiopedf|thése procdisesi cantbie\used inatheisarest @gnneg@ram ne and pol yvi nyl

pyrroli dor"’é“’%%i’?&n%%ﬁfﬁéti"é’ &tﬁgﬁ% on i a ibst@l xs,ﬁmLan 2ed i)S' ntegrating
agents, e.glmedkadkontaOen ucalc Sy B pFodBes b How onat e;
(e) zment dJorgdastinginaneate gy mlocasdmdl pexlftamne;gcanphﬁretbfelm en(pfo{ccrfesor pt %n

accel er at dhgprophyjpxis a&@)‘réﬁiﬁ?‘éroﬁﬁﬁﬂeﬁ}ﬁﬁﬁ ditressnesatrindy i Y)2sur f ace active

combiné€ th h

agents, €. Toehihen Yncafa@lfpmgidxsc £hkmiRARS Qfipalitn coltlinBfl3pr ptive carriers,
e.g. kaol |aamarudgrbd§mmiu b(ﬁn I‘mv@ﬁtﬁﬁnSm admixturé alith,a ©id ot um and

nmagnasi umligeelisd g uaﬁ!épeg a ji er thay a solvent 36rhe
tagl ets, cﬁ?gg,ﬁ% ?0 W ?rgg%:ggﬁﬁsg ?;r@ho } s WEthaceut i cal 15

The mventmn further provxdes a pharmaceutical composition containing as
active ingredient the compound of the invention in the form of a sterile or isotonic .
35 aqueous solution. 35
The invention also provides a medicament in dosage unit form comprising the
comound of the invention.
The invention also provides a medicament in the form of tablets (including
lozenges and granules), dragees, capsules, pills, ampoules or suppositories com-
40 prising the compound of the invention. 40
*“Medicament” as used in this Specification means physically discrete
coherent pomons suitable for medical administration. “Medicament in dosage
unit form” as used in this Specification means physically discrete coherent units
suitable for medical administration each containing a daily dose or a multiple (up
45 to four times) or submultiple (down to a fortieth) of a daily dose of the compound 45
of the invention in association with a carrier and/or enclosed within an envelope.
Whether the medicament contains a daily dose or, for example, a half, a third, or a
quarter of a daily dose will depend on whether the medicament is to be
administered once or, for example, twice, three times or four times a day
50 respectively. 50



conpositions of the invention can have the customary coatings, envel opes
and protectlve matrices, mhlch nay contaln opaC|f|ers They can be SO
const i tutec , : : = 3
partrcular part of the |ntest|nal tract possrbly over a perrod of trne

The coatings, envel opes and pro- 20 tective matrices may be made. for
exanpl e, of pelyneric substances waxes. . 20 - The ingredient can al so

be made up in mcroencapsul ated formtogether with one or several of the
abovenentioned diluents. The diluents to be used in pharmaceuti cal : l
conpositions adapted to be forned into supgp@®ddtori es can, for exanple, b#é

t he usual wat ér-Sol ubl.leh havil Sl aP%%UQJtenZ 4 H ent S suchféa
pol yet hyteme gl ycol saaph, ? Bhel fBrrd -of GAlpHaiond, I °°”g%arh° floRY ofl fhe Gotive2D
[err]-al cohol with {ngﬂedl]mtflmtidlt;poﬁscordio)l-aq.reom dimu:rte spupd, baaﬂewbrlnowuérs The

phar maceut i cal, conpgsi® 6415"‘9\@% ?ﬁ mﬁ?ﬁn@ﬁg s&f‘} .
bearpre: con 4 T G S G ENC T W BT

above- nenti oned excigdsis,00g. OdartR@yivethyl Telllosé 4ig @hdiDdelel eadenwiiv e talghte) v 2

except in the pres eggém?,@nd polyvm!dfpyerotl,dnnha@gﬁrmﬁtwes eﬂolaétd)
sol vents, disgol vin %m%‘“e par j% 'g}ﬁﬂhlﬁ% f sugp

di luents are Wwater, qlﬁ{ comﬁaﬂa@ e
et hyl acetate, benz Ycemllenmg*t?ar#}e,n lad weahm,mprerzp oémea ite; 1(,1)3-

but yl ene gl ycol , g%r STARRS AL aecwla. INJEGPSIUS SRR Pﬂléi‘t‘i‘ﬂ?‘te]
ur

gl ycerol, tetrsahydr He Uhdlbts, 24rgRBO capsaRS ¥d il eaaeglf%@.phe phafndalicy aci ds
esters of sorbitol &mpositions of thel mtetnﬁmcanh&wedfe customary coatmgs, envelopes and

35 For parenteral aﬁ{ﬁ‘ieﬁ V€ fa tCF‘bPYh'cl’ ?Rﬁﬁﬁef& CBE?PHI BSUS‘WEQI}PI}‘} be
sterile, and, if ap £} ajég  pokk i éﬁ’?’ &g pro-

conposi tions ahi ch aememmnmawasmaa fmhmpla. df lyuﬁﬁakubdadddeﬂms such 28
liquid diluents, e. 'Watllt%rcdmt tﬂplalsalbemhdﬂ up nmpwneapemgbq/bohtogdtﬁer with
surface-active agen hede ral E ﬁ’gi& “t“ %:ij %t hyI ene

hed uen in armace w% m osn {ﬁedQQ Lé’
for g}la& G bo/the @ Jail pﬁﬂer-l
leﬁa‘ggy

sorbite 40 and sor fidsapio
met ahydr oxi de25 bent mtuehts,,su rpo cbrs angdfaes(e.p. cmr:oambdndhgh ettére(eeof AISI

the pharnaceuti cal ith £5-fa plothp an al sa_contain
col ouring agents an&aﬁ%‘ ?ﬁ\?&%ﬁ gé(wg‘“"rj"s&‘ o 8;“‘;‘,35& hgag 45

additions (e.g. pepgelusibmbf solventolayi lgcpl‘ausexght ¢low R0 exwpetnelm preseagent s

(e.g. 45 sa¥thari asurfree- chéaqs se isiql L0RE O sifi Sit he 30
i nvention in generai °§:‘ m E\'a% “fg; :1“?&3‘?3&“ 5‘5 to 95%
of the active ingre gmeouve glycero] In
addition to a corrpoutrdlydfofltrfueyl|a1wboitpctbr¢thyteheglp¢msranddmyt acabdsteao:rfpoﬂmbll ons

50 and nedi ca¥fent s %{Crep aregferﬁs a&Iﬁntstr i0 rlél %?utt%?snang ?ﬁﬂsﬁlgs silitgthd be Etfr?le,

pharma- ceutically gt if 9-iso camen f the:
present invention nay The phayma uttc m“sowtmi @b Guspensions edxatonmin tle t he

el caent s C?nc?ﬁa%z;%ﬁ@ @%@tﬁ@%ﬁﬁé&?ﬁSwﬁﬁﬁﬁ?ﬂ 00

sol e diluent. The dbenednié, eag ﬁfﬁlﬁttraﬁm’ahth(liﬂSmﬂQﬂaStheieuf.l ng the ned i cament

according to the |nven‘b warmacgéwelr%qm s‘%élsad@gﬂ uwemr ca@falﬂtohelr
shape or packgaging, additlon ag W’Eﬁ% gﬁ;‘@m ﬂ t&gggpl € 45

any of the follow ngccha I ncl udr ng Iozenges an granu es),
pills, dragees, capsul'@s Pha etyrcalopqmma erg t invergiopdn (gendrilese
forns may be made uﬁ’ 0 ‘é‘éal &0% Jethp ﬁﬁ?’%ﬂ‘?@ﬁ’t‘mbéiorre

such as capsukgs, | nc lﬁ’onﬁﬁ Q%g&ﬁ%duﬁ@oﬁm/ﬂtldﬂﬁﬁ YRiphidtmiauEl6d] SorkgdSitibHar t 1 01
of the nedi canent smcihct ' amentgiasgrding tathe lo'ccthem;n alsbhepnprine btber plormlai | y
ctivg 0
dose for adm nistr a?qlgﬁu Qif:luetn%% ﬂe mflegtt:aamengs of t?\e present invention may be any of those
mentxoned above in relation to the pharmaceutical compositions of the present

55 invention. Such medicaments may include solvents of molecular weight less than 55
200 as sole diluent.

The discrete coherent portlons constituting the medicament according to the
invention will generally be adapted, by virtue of their sha ge or packaging, for
medical administration, and may be, for example, any of the following: tablets,

60 (including lozenges and granules), pills, dragees, cafsules, suppositories and 60
ampoules. Some of these forms may be made up for delayed release of the active
mgredlent Some, such as capsules, include a protective envelope which renders
the portions of the medicament tphysncally discrete and coherent.

The preferred daily dose for administration of the medicaments of the
65 invention is 0.005 mg to 1 g of active ingredient. - 65




65 i nvention is 0.005 ng to | g of active ingredient.
65 6 1,516, 793
—6The product ti oned-pharmaceutical conpositions. and
medi canments is carried out by any net hod known in the art, for exanpl e, by
m xing the active ingredient(s) with the diluent(s) to forma
phar maceuti cal conposition (e.g. a granulate) and then form ng t-he
c sition into the nedicanent (e.g. 5 tabl ets).
5 Js invention further provides a nethod of conbating (including
pr eﬁtion reli ef and cure of) 1sher|bove- nenti oned di seases i ng non- human

ani mal's, Bh npri Se nlsTerlg totnecagfomalglaco ound- of the
et on i S LS T m o o
medi camentth@gdiné ﬁlhftﬂleﬁt(k) Bv iluent(s) tb o+ ﬂh@ﬂnaceutlcal composition

10 Prefer a(bbyq gtahdatsbmmhndfomﬁnng e ¢<mpes1tmnomto| ti;e aamcmesrt éed in an anount

?Lefsgoglc'(t)l ng%ns mver:llhoarﬁg'th%f I’ro 19es l%ﬂ'leYhowe ‘%né éﬁ rTveél,%fc;nV: lS;G/&Jed that
I 9(!' PQ-U ’
par ent er al domp(ﬂesmdremmafphgetol thé s e o gfduy;d of thé rnaqembn hbsme hy or intra- 15

venousl| y) adrrwtralwn}x @Hesng op [in yheeformrad| 4 (edieansat asrording oyth*‘ves pre;gé)al |y

perﬂpngual h r co sitions
and nedi carmnbef&rﬁ%g lt éﬁﬁégg&gom y‘“"ggﬁ{ég% argg.ﬂ?sw&{eﬁ%gra l((')\ffdfparenteral

adm ni str fffg i dtis ehyi 5&2}@& tlhesptacthgasm “%"’{Lé‘ﬁ H eﬂs erprtall)t,he case of
i ntraveno Y Aeraram in 01 to. | no/kg,
pr ef lar abl Mnlba%@a i Jgﬂ mposm})' 1a ggiiy to aCh' eve
effective thﬁsfdi'etthose\mﬁaﬂtei for lantbﬂanmsmt@ 1 aémtnﬂtraﬂlon 20 adm nistration the

‘dosage is (. doesnerabit has eré of body wei ght

P R “?@a? frogihe

anmoufit s Mesddinsee n’iﬂh dbsagqo.ao ub wmmg. f&@blﬁeomt onaigigorof t he

wei-ght of ltoldlewulsttdaﬂis ﬁ? . of the .nature of the adm ni stratlon
o

rout e, but:‘ng(,}tl "Hg{f@rjga e ﬁméﬁnﬁ Eﬁ%ca i Puits i ndi vi dual

behayi our "6f 148 aQinisttafinVroltepbu sthedmi npst er ed.
Thus It rmspetse,sfof amegl and ntsmdmdudsbemmouaowmda megdicine bensswtaMn t he

above- ment ve-mentio I;FB mou ; ist in 0 cases the upper 1191 per limt
‘Kﬂ%‘ﬂ&bo‘éxw a:led ré‘{‘@"{ El?t ngg& agﬁvgs il ﬁ

ment i oned HiiSion hRredlitaibet ered it can be
30 30 aohdwisahﬂ te diviledhesé e stebwﬂmdivﬁttuel aﬁmmﬁsmdwns ok thed@oherke afdm np@t r at i ons

over the cfé) ¢ sy dosag 80 Fheﬂv fdb§ isrationcinj humapy i saged for
S ni ot Ty E@m%m st::;';:ﬁﬁoa o:aﬁm TRl ol Seneeof i ne
above commtaamais 4d@6 do rFldRn ey hessuredwitls@e sidi Ng action in
hear3s rrusc¢fem e!eheommsticaﬁmemmrs adm ni stered to dc')gz and t he ny8kardi al

per fusi on yeTiEARER nGeies (ociptinl toe hearyay dgnet i o 1 ow

met er tion after perlingual administration, so that the substance has ast bSt ance
i ncr eases lnding petioh LLs¢rOwhenfusedhim thie away,,in 3éry dow dests avenous and ent er al

adni #1 stray | 6'H‘e fﬁ“‘@fﬂh“c Yeﬁ‘rgaﬁw&ﬁ@ﬁ%@é“ﬁ’t‘@ﬂ%ﬁﬂ“ﬁ“‘ﬁﬁ@%Uﬁ'pI et 0 esor p-
tion afterS%Pin g %% ation, so that the substance has a strong
and long- lasting action even vh@easeimédart n this way, in very | ow doses. 40
The results of the investigati onsgh%qw%s after syb-lingual admnistration

are #10 shommbdsgn;yh& t abl e which Increaseoflb[borgeart erfuysion

res

hal f-1ife of administered Loweri ng ofaction, pressure
sublingually by % in minutes in%
0.003 23 100 0
0.01 46 133 5
50 0.1 142 184 13 50

It can be secen that the compound according to the invention increases the
perfusion of the heart muscle, as a function of the dose, and, surprisingly, the
effective doses are very low. The action of the substance starts a few minutes after
sublingual administration and lasts, depending on the dose, for 2 to 6 hours (in the

55 table, the half-life of the action is given as a more accurate yardstick of the 55
duration of action). At the same time, it causes a slight and equally long-lasting



45 Dose, ny/ kg, t he duration of bl ood

45 adm ni stered of action, pressure

subl i nguaty by—046 - A~ RHes A—%-0—-003

23 100 0 0.01 46

133 : ' 5 50 0.1 142 184
13 " 50 It can be seen that the conpound according to the

i nvention increases the perfusion of the heart nuscle, as a function of th
dose, and, surprisingly, the effective doses are very |low. The action of

t he substance starts a few mnutes after sghd9gual adm nistration and 7

| asts, dependi Ag on the.do TO o.nours (1N The

a1 feror the acipRergar e sell ol Bn TPty L WO B2l FFhase 0

duration of acti on) AtThEh!br@ame idcaﬁmgltb the limvefition Blthg'bl’breaﬂﬁiabié]dad the
| ong- 1 asti ng ophylaxts and therapy of acute and chronic ischaemicsh rt 7diases in the

7 | owering of tshe bl \?ﬁ g%@?g ﬁsf@ﬁi@%’?"ﬁﬁ%ﬁ ﬁylﬁ%ﬂdl onal 3
advantage in the thefcapyft& HORAFSY, It paaﬁ:alaﬂy sul Eleff&niﬂé)blﬁ #g to
the invention is thevkfhpons osthetaamemefntmnedh@ §/is asaniginegwith Hypertan: om)f

acute and chropjc is follo a te; ""' metho
The subst ance EUan bedglé.hf; y;gtlst:" &gﬁgﬁﬁiﬁﬁ et?h 4' 'fmmp ‘tﬁf{tﬁg@%& ther
of angina:pectoris conplalints and attacks, and for the t her apy of cond|

tions after a heart infarct. It is partlcul ar suitable for the therapy of

cases in which one of the abovenenti.gn ed hear t ses is conbined with-
hypertensi on. The foll ow ng Exanple WésPF eyt aIternatlve nethods of
preparation of 10 i sobut yl nethyl

1. 4-di hydr o- 2. 6-di net hyl - 4- (2-ni trophenyl ) - 3 5 pyr|d|ne : 10

di carboxyl ate in accordance wrth t he Emlﬂ:ﬂlil(lhoc seAr Exampl e |- (Process

A 14. 6 50 0‘]462 pgctl 671 t
1 M St s T e a%w%r‘“a%f%t h

ester, in 80 m of dbled}thasoblent wis ditilied affértlvacod and Ghe il r&du«mlsrmlxaafvhlhm

After the react|on nlitsle ethandiqBhecprofiusy crystaiseslot cly\af fh" 4 ‘Fﬂvasl n
vacuo and the gﬁgﬁg’é apd cecrysialiiged from, ethanol.¢ 'é“géi"f?aﬁqé) f?f %ﬁf} oddct 20
crystallised c Iet fter a short time and was filtered off and _
recrystallised from et hanol Mel ting Esamgle 2 (Brdcet6BL yi el d: 15.2 20 g
(78% . (50 mmols) of 2l -mt;obenzyhdeneace(tioacet}llclacxd 1sol()iut6yl fs(tseg
t t
20 Exanmple 2 (Pr Ocesg )ofv‘iléls r&e(z%..ﬂl gth soet tr::l:::n:ala.c:;ohlzttlleon,y messoerrmagf metrlrllanol
2' - ni trobenzyl hgleneawat hemtal for24dud unda efl JTleSbledEnt waghemdistilled omm'iraﬁl (5Q5

mmol s) of acet oacetr%ﬂdahq lyresidy Iwa%@txedf 11 ¢ ﬁh’@ ¢
cent strength aqueou ‘iﬁﬂg % t;‘&’[‘_@}‘l 'HEY %‘zdlzgmﬁgtha"d wer e
ux.

heated for 24 hours under g<'en distilled off in

vacuo | 2b.and he oy (skdug mas -mven? ﬁﬂ?‘f bofioh N2 b1 e oy odugy,

crystallised com pl B85 (56 ﬁrots)tflprmu tMﬁ’cSac dberyedteo
recrystallised from ehirghwkre hokted forc20 untundﬁﬁeﬂt{xeAft]:r t th@lct;bn rhiktu@e had 619 .

Exarrpl e 3 (Process Cigol thhe ?_olvent was 1 Jid residue was triturated
2' -ni trobenzyl bdeneacetneggglgggt%ggf r?,yelde Eag(?-/:f;t)ﬂnggso together with 7.

g (50 mmls) of [err]-am nocrotonic acrd |sobutyl ester in 80 mM of ethano
were heated for 20 hour ng }ﬁ' requx Xap
8

S50l . he Sol vert wgacs dhl TEH L A F Rt i o

triturated mmols) of a 25 per cent strength aqueous ammonia solutlon in 80 ml of isobutanol,

40 were heated for 15 hours under reflux. After the reaction mixture had cooled, the 40
solvent was distilled off in vacuo. The oily residue crystallised co J)letely
ov;rmglht and was triturated with ether, filtered off and recrystallised from
ethano

Melting point: 150—152°C yield: 10.9 (56%).

45 Example 5 (Process E). 45
7.85 (50 mmols) of B-aminocrotonic acid 1sobutf'l ester together with 7.6 g (50
mmols) of 2-nitrobenzaldehyde and 5.8 g (50 mmols) of acetoacetic acid methyl
ester in 80 ml of ethanol were heated for 24 hours under reflux. After the reaction
mixture had cooled, the solvent was concentrated in vacuo and the solid residue
50 was triturated with ether, filtered off and recrystallised from ethanol. 50
Melting point: 151—152°C, yield: 14.5 g (75%).

Example 6 (Process F).
5.8 g (50 mmols) of g-aminocrotonic acid methyl ester together with 7.6 g (50
mmols) of 2-nitrobenzaldehyde and 7.85 g (50 mmols) of acetoacetic acid isobutyl



with ether, filtered off and recrystallised fromethanol. 35
Melting point: 150-[err], yield: 14.5 (749%.

2' -ni trobenzyli deneacet oacetic acid nethyl ester together with 7.85 g (50
mol s) of acetoacetic acid isobutyl ester and 6 mM (88 nmmols) of a 25 per
cgnt\strength aqueous ammoni a solution, in 80 nm of isobutanol, 40

:‘ heated for 15 hours under reflux. After the reaction m xture had
cegled, the 40 solvent was distilled off in vacuo. Thé oily residue
crysallised conpletely overni ght!6d% was triturated with ethe¥, filtered
of f and r&REY® Bl bS&Rknbl, QBete BN the bl fof HORRA! The solveft+as’ 1, yiel d: 10.9
(56% . 45hen distilled off in vacuo and the solid residue was fexfspllied SrofRtmess E) .

45 7.85 (50 Meitnespoinyt I5ted 32 Caritldoldbg @k aci d i sobutyl ester together with
7.6 g (50 NP1zt WE C{A@Mn%'sgmenzal dehyde and 5.8 g (50 mmol s) of acetoacetic

aci @ nmet hyl 1egiodttyl fetiyl M4-dilydethadigkthyer@-niRphasi-B 8pyradindiour s ynder
refl ux. Alicaghoxylpte of thedbinoda (l} xt ure had cool ed, the sol vent was concentrated

in vacuo and the solid residue 50 was triturated with ether,-filtered
off and recrystallised from et hano NOg 50 Melting point: 151-[err],
yield: 14.5 g (75%. Exar’rp‘ﬁ.ﬁ_,@c.(oﬁro . 5.8 g (50 mmts) of

[err]-am nocrotonic acid #=€thyl e ogether with 7.6 g (50 nmols) of
2-ni trobenzal dehyde and 7.85 g (50 thmls) of acetoacetic acid isobutyl 8

1,516,793 ;5 A process for preparing isobutyl methyl l.4-dihydro-2.8-dﬁ1§tt1$'[-4-(2--n 80 m of
et hanol , Meseha, Lphridinedieerbboddte inovhickd hour's. The solvent was then

di st0i | | ed of4) Z-pitrpbanadidencacetdneetisaiciddsobuig) estee (femuls @B} yst al | i sed%from
ethanol. Melting point: 151-[err], yield: 13.6 g (70%9. VWHAT WV CLAIM I S: -
5 1. Isobutyl nethyl o -

1. 4-di hydr o- 2. 6-di net hyl -'ﬂi;_%wi t/@gp en";?f') -3. 5-pyridi ne- 5 di carboxyl ate
of the fornula (1) [err] R A“prace s for preparing isobut)yl met hyl

1. 4-di hydro- 2. 6-di net hyl - 4- (2- nijgOphenyl)-3.5-pyridine-di carboxylate in
whi ch 10 A) 2'-nitrobenzyli deneacetoacetic acid isobutyl ester
(formul aif fehdtdd with p-aminocrdfdnic Qi) mdthyl eftaqfoesluli(ily [ err] - am nocrotoni c acid
met hyl ester (formula (111)) [err] (I111) if appropriate in the presence of
wat er or inert organic solvents, o > B)

2' -ni trobenzyl i deneacet oaceti c. air 1Sobutyl ester (forupa (I1)) is
reacted 15 with acetoacetic acid methyl ester (formula (1V)) [err] (IV)
and ammoni a, if appropriate it he“presence of water or inert organic
solvents, or C 2'-nitrobenzylideneacetoacetic acid nethyl ester (fornula
(V) [errif agpbbpriate in the presence of water or inert organic solvents, or

(V)15 ) 'snitreteodybdenvacttoadetic rdid motiutyh extest(formula €B) igrdagtebut y| 1&st er
(fornul a v(itm acytoacetic acid methyl ester (formula (IV))

O

H=C -c/ _ av)
\mz—ma

and ammonia, if appropriate in the presence of water or inert organic solvents, or
C) 2'-nitrobenzylideneacetoacetic acid methyl ester (formula (V))

: ' ' > 20
20 : r(c\f _,C00CHs, v)
C .
4 \d's

is reacted with B-aminocrotonic acid isobutyl ester (formula (VI))

Hs | . .
.j Bl V1)

if apbropriate in the presence of water or inert solvents, or



|
[err] (VI)'){, appropriate in the presence of water or inert solvents, or
(\ )

8 1,516, 793

8 esler n of et hanol, were heat eql,sf(,o,gghe boil for 24 hours ~The 4
sol vgnt was

recrystal | ised frcmeatingoil of Mbanol, vgr amd to il léi?"ri4 ho SeT*‘f SOWSHtG"alg (700/()
VHATIVE CLAI M | S: -then distilled off in v cuo }? gglg as recryst 1sed rom ethan

1. 4-di hydro-2. 6-di matIY"Ilel mg4p?"f nit r1 phé | di ne- 5

di carjboxy! at g of the WHNTUWE ut? Jé dr?r@pﬁypethyl -4-(2-nitrophenyl)-3.5-pyridine g
(1) 4. A process f o‘@h Y (- - s
1. 4-di hydro- 2. 6- dl‘ﬁﬁ’t’ﬁvyﬁt (‘5”96 HIfP nyl ) - pyridi ne-di carboxylate in =}
whiclf 10 A 2'-nit robenzyl [ deneac acetl c acid isobutyl ester
(forfula (11)) 10 [err] II) isre ith [err]-am nocrotonic
acid{nmethyl ester (formula (111)) ieg;r]*zcr?“ opfiate in the preséHce of
wat er] or inert organic solvents, H ond3)

2' - nift robenzyhdeneacet oacetic acid i sobuty est er (formula (I1) ; ) react ed
15 wifjt h acetoacetic axial pmb&syﬂor @sipemn fsdmleraet W \h4-diliydey-2.66 i a,

apprdpriate in t henifrp yridiper igarpgx n D or C) 10
2' - nift robenzy i denea é’b‘é"tbeﬁzy ef'f]acﬁ’@f’ g‘t:alétlser& f%%ﬁu%’?g"y‘?v; )ﬁ) [err] 20 20
(V) ifs reacted with [err]-am nocrotonic aC|d isgbutyl ester (formula (V1))
[err]} (VI) if appropriate in the pgg._sence srozor inert solvents, or

9 (0199)

9 D) J2'-nitrobenzyli deneacet oacet i ca%m d methz»,LFJ ester (formula (V)) is
reactjed with acetoacetic acid i sobutyl estee (Pornula (V1)) [err] (V1)
and gmonia, if appropriate in the presence of water or inert organic

sol vgnts, or 5 is reacted Wjth[fegmaipaczotprie @sid msihyk euer Gprmula iy | ester (formul a
(M))]is reacted with 2- 5 nitrobenzal dehyde (forrmula (VII1)) and
acetmceti c acid nmethyl ester [err] (VII4) (dorgula (1V)), if apprﬁf)ri ate
int presence of water or inert organic golvents, or F) (i)

[err]} am nocrotonic acid nethyl ester (jzgyﬁuj,g (1)) is reacted with 2-

if appropriate in the presence of water or inert organic solvents, or
pp 2p-mtrobenzyhdeneacetoacenc acid isobutyl ester (formula (ID)) is reacted 15

15
with acetoacetlc acid methyl ester (formula (IV))

O

/
HaC -C\ (IV)
Oiz—ms

and ammonia, if appropriate in the presence of water or inert organic solvents, or
C 2 -mtrobenzyhdeneacetoacetlc acid methyl ester (formula (V))

NOz v 20

O/C\O‘a

is reacted with g-aminocrotonic acid isobutyl ester (formula (VI))

"sﬁ ~ HpC~00C

\g’ (VD)

Hg: N"‘z

if api)ropriate in the presence of water or inert solvents, or

OO O




10 ni t robenzal dehyde (fornmula (VI11)) and acetoacetic acid isobutyl

ester (formula 10 (VI1)), as such or in water or in inert organic

sol vent s—3—Aprocess—accorthrg—to—eclar-m2—wheretn—thereaction s carried
out at a tenperature of from20 to [err]. 4. A process for the production

of a conmpound according to claiml sub- 15 stantially as hereinbefore
descri bed in any one of the. Exanpies: : 15 5. A conpound
according to claim1 whenever prepared by a process according to any one o

claims 2 to 4. 6. A phar rraceutlcal corrp05|lt|on cont aining as an actlve _

i ngredient a cof

or |iquefieéd gaSOUS 2@) 2-n1troﬂélhiyﬂmﬁac@{oaéeﬂc @Qmmﬁ &teW(fonmﬁad )Cikji‘eQCtgdl Uent
ot her than a sol ventwithfac@oareticait asbuty? @steve(Fginiuld @3B) t han 200 except i1 n the

presence of a surface-active agent. 7. A pharnmaceutical conposition
containing as an active ingredient a coy‘bound acc&gdi ng toclaim1 or 5in
the formof a sterile or isotonic aqﬂe sol n. 8. (A
conposi tion.according to claim6 or coﬁ?a gﬁg\ om 0 5to 95% by 25
wei ght of the said active ingredient. 9. A nedi cam?nt in dosage unit form

conprising a conpouRgy a66&Hiflifignd | nedi Gane n the
formof tablets, pillsgg@ raamegfion&'%sﬁ fﬁg éﬁefgéﬁiof P&tgfxl?ar m:% 8?2:;%::51 :ﬁt; 2- 5
supposi tori es conpr iniitohepzaldehydepGonmulaaYHD) dnmg:etoaceub acidniethyr este

30 11. A method of conbating coronary di sease in non-human ani mal_s whi ch
conprises adninistering to the aninmals an @dtive conpound according to
claiml or 5 either alone or in adm xture Vi t'"f2a diluent or in theviprm of
a medi canent according to claim9 or 10. 35>~ 12. A met hod according
to claim 11 in which the active conpound is 35 administered in an
amount of from 0. OOQfDrmuja (!U)),rtﬁpppmprmgubbd emq: bvapeorn rgabR. solﬁcnﬂ:ebhod

according to claim 19 HCIWE ith 2-
adm ni stered ent eralg i 82:%9 °€?’ gﬂﬁo in i 9{0; °‘°a§3{tﬁn“§‘ ant sPrF 1§ g 10
RANSFORD, Chartered Pa eAtpr aratcsqrdeuBumoms buarymmuaaa;onhmmlﬂm out\&l A 2RA

Printed for Her Maj é%¥® e ffP@ o Ptce byth ur i er Prﬁ .
Leani ngt on Spa,, 1978ank IProcifonih u Q‘HH 8 5
Bui | di ngs, London, WC2A mp oﬁﬂmi moamas 1 rmgénbzer ? .a process
according to any one of clalms 2to 4.
6. A pharmaceutical composition containing as an active mgrednent a
compound according to claim 1 or S in admixture with a solid or liquefied gaseous
20 diluent or in admixture with a liquid diluent other than a solvent of a molecular 20
weight less than 200 except in the presence of a surface-active agent.
7. A pharmaceutic composmon containing as an active ingredient a
colmpound according to claim 1 or 5 in the form of a sterile or isotonic aqueous
solution
25 8. A composition according to claim 6 or 7 containing from 0.5 to 957 by 25
weight of the said active ingredient.
9. A medicament in dosage unit form comprising a compound according to
claim 1 or 5.
10. A medicament in the form of tablets, pills, dragees, capsules, ampoules, or
30 suppositories co dpnsmg a compound according to claim | or 5. 30
11. A method of combating coronary disease in non-human animals which
comprises administering to the animals an active compound according to claim 1
or 5 cither alone or in admixture with a diluent or in the form of a medicament
according to claim 9 or 10,
35 12. A method according to claim 11 in which the active compound is 35
administered in an amount of from 0.0001 to 10 mg per kg body weight per day.
13. A method according to claim 11 or claim 12 in which the active compound
is administered enterally or parenterally.
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