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PCT/ EP97/ 00402 Novel phenant hri di nes Field of application of the

i nvention The invention relates to novel 6-phenyl phenanthridi nes which
are used in the pharmaceutical industry for the production of nedi canents.
Known t echnwaadmnemskground  The synt hesis of 6-phenyl phenatinrodooass i s
described in Chem Ber. 1939, 72, 675-67% J. Chem Soc., 1956, 4280-4283
and J. Chem Soc. (C), 1971, 1805-1808. :

-

Neue Phenanthridine

n eb ¢

Die Erfindung belrifft neue 6-Phenyiphenanthridine, die In der pharmazeutischen industrie zur Herstel-
lung von Medikamenten verwendet werden.

Bekannter technischer Hintergrund

In Chem. Ber. 1939, 72, 675-877, J. Chem. Saoc., 1956, 42804283 und J. Chem. Soc. {C), 1971,
1805-1808 wird die Synthese von 6-Phenyiphenanthridinen beschrieben.

der du

Es wurde nun gefunden, daR die nachfolgend néher beschriebenen neusn Phenanthridine Giberra-
schende und besonders vortellhafie Eigenschaften besitzen.

Gegenstand der Erfindung sind somit Verbindungen der Forme! 1 (siehe beigefilgtes Formelbiatt),

worin

R1 Hydroxy, 1-4C-Alkoxy, 3-7C-Cycloalkoxy oder 3-7C-Cycloalkylmethoxy oder ganz oder teilwei-
se durch Fluor substituiertes 1-4C-Alkoxy bedeutet,

R2 Hydroxy, 1-4C-Alkoxy, 3-7C-Cycloalkoxy oder 3-7C-Cycloalkyimethoxy oder ganz oder tellwei-
se durch Fluor substituieries 1-4C-Alkoxy bedeutet,

oder worin

Rt und R2 gemeinsam eine 1-2C-Alkylendioxygruppe bedeuten,

R3  Wasserstoff oder 1-4C-Alkyl bedeutet,

R31 Wasserstoff oder 1-4C-Alkyl bedeutet,

oder worin |

R3 und R31 gemeinsam eine 1-4C-Alkylengruppe bedeuten,

R4 Wasserstoff oder 1-4C-Alkyl bedautet,

RS Wasserstoff bedeutet,

" RS1 Wasserstoff bedeutet,
oder worin
RS und R51 gemeinsam eine zuséizliche Bindung darstelien,



Description of the invention It has now been found that the novel
phenant hri di nes described in greater detail bel ow have surprising and

particul arly advantageous properties. The invention thus relates to
conpounds of the formula | (see attached formula sheet), in which R1
I s hydr oxy wdergd! koxy, 3-7C cycloal koxy or 3-7C-cycl oal ky, W or
1-4C- al koxy which is conpletely_or partially subst Itute
fluorine, R2 i s hydroxy, 1-4C-al koxy,2 3-7C-cycl oal koxy or

3-7C cycl oal kyl met hoxy or 1-4C-al koxy which is conpletely or.

partially ﬁé‘b%inbﬁaﬁ@dﬂf%b&kﬁi&idn'ﬂen%sﬂd&s{éﬂ el and R2 together are a
1- 2C- al kyl % ;ié tboqmgf’ I S h drogen or 1-4C al kyl, R31 S
hydr ogen ﬂ%ﬂ?’ DR hed nd R31 together are a 1-4C-al kyl ene
group, R4 IRt Wassearseff) 1mmm&wmlqu&7WM@thyl bedeutet und
R72 und R73 unabhlingig voneinander

Wasserstoff, 1-7C-Alkyl, 3-7C-Cycloaikyl oder 3-7C-Cycloalkyimethyl bedeuten,
sowie die Salze dieser Verbindungen. '

1-4C-Alkoxy steht fiir Reste, die neben dem Sauerstoffatom einen gerackettigen oder verzweigien
Alkylrest mit 1 bis 4 Kohlenstoffatomen enthalten. Beispleiswelse selen genannt der Butoxy-,
iso-Butoxy-, sec.-Butoxy-, tert.-Butoxy-, Propoxy-, isopropoxy- und bevorzugt der Ethoxy- und Meth-
oxyrest. '

3-7C-Cycloalkoxy steht beispielsweise filr Cyclopropyloxy, Cyclobutyloxy, Cyclopentyloxy, Cyciohexy-
loxy und Cycloheptylaxy, wovon Cyclopropyloxy, Cyclobutyloxy und Cyclopentyloxy bevorzugt sind.

8-7C-Cycloalkylmethoxy steht beispielsweise fir Cyclopropylmethoxy, Cyclobutyimethoxy, Cyclopen-
tylmethoxy, Cyclohexylmethoxy und Cycloheptyimethoxy, wovon cydopropylmethoxy, Cyclobutyime-
thoxy und Cyclopentylmalhoxy bevorzugt sind.

Als ganz oder leilwaise durch Fluor substitulertes 1-4C-Alkoxy seien beispieisweise der 1,2,2-Trifluor-
ethoxy-, der 2,2,3,3,3-Pentafiuorpropoxy-, der Petﬂuorelhoxy-'. der 1,1,2 2-Tetrafluorethoxy-, der Trif-
luormethoxy-, insbesondere der 2,2,2-Trifluorethoxy- und bevorzugt der Difhuormethoxyrest genannt.

1-4C-Alkyl steit flir einen geradkeftigen oder verzweigten Alkyirest mit 1 bis 4 Kohlenstoffatomen.
Beispielsweise saien genannt der Butyl-, iso-Butyl-, sec.-Butyl-, tert.-Butyl-, Propyl-, Isopropyl- und
bevorzugt der Ethyl- und Methyirest. '

1-2C-Alkylendioxy steht beispielswelise fiir den Methylendioxy-(-O-CHz-0O-) und den Ethylendioxyrest
{(-O-CHrCHx-O-).

Haben R3 und R31 gemeinsam die Bedeutung 1-4C-Alkylen, so sind die Positionen 1 und 4 in Ver-
bindungen der Formel | durch eine 1-4C-Alkylenbricke miteinander verknlipft, wobei 1-4C-Alkylen fiir
geradkettige oder verzwelgte Alkylenreste mit 1 bis 4 Kohlenstoffatomen steht. Beispielsweise seien
die Reste Methylen (-CH,-), Ethylen (-CH»CHz), Trimethylen (-CH-CH-CH), 1,2-Dimethylethylen
I-CH{CH3)-CH(CH,)-] und Isopropyliden [-C(CHx)>-] genannt.



R51 I s hydrogen, or in which R5 and R51 together are an additional bond,

R6 Is a phenyl radical which is substituted by R7, where R7 s COOR71
or CON(R72) R73 and R71 is hydrogen, 1-7C-al kyl, 3-7C-cycloal kyl or
3-7C-cycl oal kyl met hyl and WO 97/ 28131

PCT/ EP97/ 004WD 97728131 . PCT/EP97/00402

R72 and R73 independently of one another gre each hydrogen, 1-7C-alkyl,
3-7C-cycl oal kyl or . 3-7C-cycl oal kyl methyl, and the salts of these
conpounds. 1-4C-al koxy represents radicals which, in addition to the

oxygen at omWepBREanéRE1 gemeirisayn eine Aysdkriiche Bindunghedenten) dann sind diedehlensiafiatomedn t 0
4 carbon at demsPositionsi wi wlet VdibintiigdnadenBérinelUbs! eie Dopftfbitdihgiteindndét Vet OXY ,
sec- but oxy, kﬁﬁh:[-but oxy, propoxy, isopropoxy and preferably the ethoxy and
met h- _

1-7C-Alky! steitt filr geradkettige oder verzweigte Alkylreste mit 1 bis 7 Kohlenstoffatomen. Beispiels-
weise seien genannt der Heptyl-, Isoheptyl-(2-Methylhexyl-), Hexyl-, isohexyl- {2-Methylpentyl-), Neo-
hexyl- (2.2-Dimethylbutyl-), Pentyl-, Isopentyl- (3-Methylbutyl-), Neopentyl (2.2-Dimethylpropy}-),
Butyl-, iso-Butyl-, sec.-Butyl-, tert.-Butyl-, Propy}-, Isopropyl-, Ethyl- und der Methyirest.

3-7C-Cycloalkyt steht fiir den Cyclopropyl-, Cyclobutyl-, Cyclopentyl-, Cyciohexyl und Cycloheptyl-
rest. Bevorzugt seien die 3-5C-Cycloalkyireste Cyclopropyl, Cyclabutyl und Cyclopentyl g_enannt.

3-7C-Cycloalkyimethyl steht fir einen Methyirest, der durch einen der vorstehend genannten
3-7C-Cycloalkylreste substituiert ist. Bevorzugt seien die 3-5C-Cycloalkylmethyireste Cyclopropylme-
thyl, Cyclobutylmethyl und Cyclopentyimethyi genannt.

Der Substituent R7 kann in Jeder geeigneten Position am Phenyliring angebunden sein. insbesonders
bevorzugt ist die Anbindung des Substituenten RY7 in 4-Position des Phenylrings.

Als belspielhafte durch R7 subslituierte Phenyireste seien genannt 4-Carboxyphenyl, 3-Carboxyphe-
nyt, 4-Methoxycarbonylphenyl, 3-Methoxycarbonyiphenyl, 2-Methoxycarbonyiphenyl, 4-Ethoxycarbo-
Rylphenyl, 3-Ethoxycarbonylphenyl, 2-Ethoxycarbonyiphenyl, 4-(N-Methylaminocarbonyl)phenyl,
3-(N-Methylaminocarbonyf)phenyl, 4-(N,N-Dimethylaminocarbonyf)pheny, 4-Carbamoylphenyl und
3-Carbamoyipheny!.

Hervmzuhebgnde Verbindungen der Formel 1 sind solche, worin

R1  1-4C-Alkoxy, 3-7C-Cycloalkoxy oder 3-7C-Cycloalkylmethoxy oder ganz oder teilweise durch
Fluor substitulertes 1-2C-Alkoxy bedeutet,

R2  1-4C-Alkoxy, 3-7C-Cycloalkoxy oder 3-7C-Cycloalkylmethoxy oder ganz oder teliwelse durch
Fluor substituiertes 1-2C-Alkoxy bedeutet, '

R3  Wasserstoff bedeutet,

R31 Wasserstoff bedeutet,

oder worin

R3 und R31 gemeinsam eine 1-2C-Alkylengruppe bedeuten,

: R4 Wasserstoff oder 1-4C-Alkyl bedeutet,.
. R5  Wasserstoff bedeutet,
R51 Wasserstoff bedeutet,
oder worin



oxy radi cal . 3-7C-cycl oal koxy represents, for exanple, cycl opropyl oxy,
cycl obut yl oxy, cycl opentyl oxy, cycl ohexyl- oxy and cycl oheptyl oxy, and
preferably cycl opropyl oxy, cyclobutyl oxy and cycl opentyl oxy.

3-7C cycl oal kyl net hoxy respresents, for exanple, cyclopropyl nethoxy,
cycl obut yl cycl open- tyl nmet hoxy, cycl ohexyl nmet hoxy,
cycloheptyﬁﬁ% o%?, and preferably cycl opropyl net hoxy, (? 'u—wvvpﬂethoxy
and cycl opent yl net hoxy. 1- 4C al koxy mﬁ?ch S conpletely or partially
substituted by 'fluorine is, for exanpl-e, the. 1,2, 2-trifluoro- ethoxy, the -

iiggf i awz"“wg{"fﬂ' 'ﬁpxy’ ha' ticular the
a uoro u oxy and in particul ar e

2,2, 2-trif &b@ﬁwgﬁ {’"ﬁf@"gﬂrﬁg W% onet hoxy radi cal .

1- 4C- al kyIR¥ emm@eac@nmmgmmmm br anched al kyl radical havi ng 1

“to 4 carbon at@inadsEelR Wﬂﬁ dfefudahe butyl, isobutyl,

sec-butyl, ter but ro and ef rabl the et hyI and

met hyl radi calR72 %@&W% M 8@" 3 '@i‘?ﬁﬂl‘iﬂ- t he :

met hyl enedsowiedig Safxedigser Verbiiupgemnd t he et hyl enedi oxy radi cal
(-OCHerr]-CHerr]-0).

Besonders hervorzuhebende Verbindungen der Formel | sind soiche, worin

R1  1-4C-Alkoxy, 3-7C-Cycioalkoxy oder ganz oder teliweise durch Fluor substitulertes 1-2C-Alkoxy
bedeutet,

R2 1-4C-Alkoxy, 3-7C-Cycloalkoxy oder ganz oder teiiweise durch Fluor substitulertes 1-2C-Alkoxy
bedsutet,

R3  Wasserstoff bedeutet,

R31 Wasserstoff bedeutet,

oder worin

R3 und R31 gemeinsam eine 1-2C-Alkylengruppe bedeuten,

R4  Wasserstolf oder 1-4C-Alkyl bedeutet,

R5 Wasserstoff bedeutet,

R51 Wasserstoff bedeutet,

oder worin

RS und R51 gemeinsam sine zusétzliche Bindung darstellen,

R6 einen durch R7 substitulerten Phenylirest darstelit, wobei

R7 COOR71 oder CON(R72)R73 bedeutet und
R71 Wasserstoff, 1-7C-Alkyl oder 3-7C-Cycloalkylmethyl bedeutet und
R72 und R73 unabhiinglg voneinander Wasserstoff oder 1-4C-Alkyl bedeuten,

sowie die Salze dieser Verbindungen.

Bevorzugte Verbindungen der Formel 1 sind solche, in denen
R1  Methoxy, Ethoxy oder Difiuormethoxy bedeutet,
R2 Methoxy, Ethoxy oder Difluormethoxy bedeutet,
R3 und R31 Wasserstoff bedeuten,
R4  Wasserstoff bedeutet,
R5 und R51 Wasserstoff bedeuten,
R8 einen durch R7 substituierien Phenylrest darstellt, wobei
R7 COOR?71 oder CON(R72)R73 bedeutst und
. R71 Wasserstoff oder 1-4C-Alky| bedeutet,
R72 Wasserstof{ bedeutet und
R73 1-4C-Alkyl bedeutet,



I f R3 and R31 together have the nmeaning 1-4C-al kyl ene, positions 1 and 4 in
conpounds of the fornula | are linked with each other by a 1-4C-al kyl ene
bri dge, and 1-4C-al kyl ene represents straight- chain or branched al kyl ene
radicals having 1 to 4 carbon atons. Exanples which may be nmentioned are

t he radi calwometsigl ene (-CH err]-), ethylene (-CH err]-CH aOT[EP»?7/00402
trinmethylene (-CHerr]-CHerr]-CHerr]-)g 1,2-di nethyl- ethylene

[-CH(CH err])-CH(CH err])-] and isopropylidene [-C(CH err])[err]]. If R5
and R51 together denote an additional- bond, the carbon atons in positions 2
and 3 of t bewiedieSelamdiesesVerbindurigen.nul a | are |inked with one another via a
doubl e bond.- 1-7C-al kyl represents straight-chain or branched al kyl

radi cal s ha@nedgsgestalung decteRoRuglérVEbindungeinder Fomial IGind SoisheDn el | oned ar e

the heptyl g4 s xyl), hexyl, isohexyl (2-methylpentyl),
ol Bte RIS
PCT/ EP97/ 0802 Methoxy, Ethoxy oder Difiuarmethoxy bedeutet, . 3.

R3 und R31 Wasserstoff bedeuten,

R4 Wasserstoff bedeutet, _

RS und R51 Wasserstoff bedeuten,

R6 einen durch R7 substituierten Phenylrest darstelit, wobei
R7 COOR71 bedeutet und

R71 Wassarstoff oder 1-4C-Alkyl bedeutet,
sowle die Salze dieser Verbindungen.

Als Salze kommen fiir Verbindungen der Formel | - je nach Substitution - alle Saiureadditionssalze
oder alle Salze mit Basen in Betrachl. Besonders erwiihni seien die phamakologisch vertraglichen
Salze der in der Galenik Gblicherweise verwendeten anorganischen und organischen Sauren und Ba-
sen. Als solche eignen sich einerseits wasseridsiiche und wasserunifsiiche Saursadditionssalze mit
sa:mren wie beispielsweise Salzséure, Bromwasserstoffsiure, Phosphorsiure, Salpetersiure, Schwe-
feisiure, Essigsiure, Zitronensiure, D-Gluconsiiure, Benzossiiure, 2-(4-Hydroxybenzoyl)-benzoe-
siiure, Buttersiure, Sulfosalicylsiure, Maleins3ure, Laurinsliure, Apfelsiure, Fumarsiure, Bemstein-
s8ure, Oxaiséure, Weinstiure, Embonsiiure, Stearinsiiure, Toluolsulfonsiiure, Methansulfonsfiure oder
3-Hydroxy-2-naphthoeséiure, wobel die Siuren bei der Salzhersteilung - je nachdem, ob es sich um
eine ein- oder mehrbasige Sdure handelt und je nachdem, weiches Salz gewdinscht wird - im aquimo-
laren oder sinem davon abweichenden Mehgenverhﬁltnis eingesetzt werden.

Andererseits kommen auch Salze mit Basen in Betracht. Als Beispiele fiir Salze mit Basen seien Al
kali- (Lithium-, Natrium-, Kalium-) oder Calcium-, Aluminium-, Magnesium-, Titan-, Ammonium-,
Meglumin- oder Guanidinlumsaize erwiihnt, wobei auch hier bei der Salzhersteliung die Basen im
aquimolaren oder einem davon abweichenden Mengenverhiltnis eingesetzt werden.

Pharmakologisch unverirﬁgfche Salze, die beispielsweise bei der Herstelluﬁg der erfindungsgemien
Verbindungen im industlieﬂen MaRstab als Verfahrenspredukie zunlichst anfallen kbnnen, werden
durch dem Fachmann bekannte Verfahren in pharmakologisch veririgliche Salze Ghergefithit.

Bei den Verbindungen der Formel | handelt es sich um chirale Verbindungen mit Chiralitatszentren in
_den Positionen 4a und 10b und je nach Bedeutung der Substituenten R3, R31, R4, R5 und R51 weite-
ren Chiralititszentren in den Poslitionen 1,2,3 und 4. Die Erfindung umfaBt daher alle denkbaren rei-
nen Diastereomeren und reinen Enantiomeren als auch deren Gemische in Jedem Mi-



neohexyl (2, 2-dinethyl butyl), pentyl, isopentyl (3-nethylbutyl), neopentyl
(2, 2-di net hyl propyl ), butyl, isobutyl, sec-butyl, tert-butyl, propyl,

i sopropyl, ethyl and the nethyl radical. 3-7C-cycl oal kyl represents the
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycl oheptyl radical.

Preference woosgtsisn to the 3-5C-cycl oal kyl radicals, cycl o%.pﬁg,,
-cycl obutyl and cycl opentyl . 3-7C-cycl oal kyl net hyl represents a ume“'?hyl

radi cal which is substituted by one of the abovenentioned 3-7C cycl oal kyl
radicals. Preference is given to the_ 3-5C cycloal kyl methyl radicals,

DSt 1 Ot el VoSl AR S Wl clungen JUF rormme 1

substituen . e ac S : . ) :

Parti cul ar&%'rag er ari‘?ﬁ%“ﬂ?ﬁ@ﬁ‘? g’%"%ﬁ%ﬂ%ﬂ“ﬁ@ﬁwg gyeingedes gind. inghesanderen 4

of the phebevorzugt sipd dabgl dierrpinenscipDiaftBreombren iubd die teineinaisyEnantivhiersdl sis ddth @bren Y

be menti ongemisénd irf jeder IMMEHRILS VAN URd IRSCH Eihf‘éﬁ)ﬁéum '

4- met hoxyc arbtg % p?} I 3%,[ hox?car bonyl ﬁs(lalny ) w@t‘%&?‘?&%%&ﬂ"ﬁﬁ&‘ﬁ?A ,

4- et ho_xyca&- ﬁ‘g Y, %ﬂ?’“ﬁ'\et hoxycar bonyl phenyl, 2-ethoxycar bonyi phenyl ,

4- (N- et hyl ami nocar bonyl ) phenyl, 3- (N-nmet hyl anmi nocar bonyl ) phenyl,

4- (N, N-di nlerkpaatiomersnioneamin gp isich pekannter Welsa {bejspiolsweigs durcitiHerstellung und Tren-

3- car banoyhyng entsphrechender diastereoisomerer Verbindungen) separiert werden. Vorzugsweise erfoigt eine
Enantiomerentrennung auf Stufe der Ausgangsverbindungen der Formel il (siehe beigefiigtes For-
melblatt). Altemativ kSnnen enantiomerenreine Ausgangsverbindungen der Formel It auch Ober
asymmetrische Synthesen dargestelit wepden,

Weiterer Gegenstand der Erfindung ist ein Verfahren zur Herstellung der Verbindungen der Formel |,
worin R1, R2, R3, R31, R4, RS, R51 und RB die oben angegebenen Bedeutungen besitzen, und ihrer
Salze. Das Verfahren ist dadurch gekennzeichnet, da8 man Verbindungen der Formet 1l (siehe bei-
geflgtes Formelblatt), in denen R1, R2, R3, R31, R4, R5, R51 und R6 die oben angegebenen Bedeu-
tungen besitzen, cyclokondensiert und gewlinschtenfalls anschiieBend erhaltene Verbindungen der
Formel | in ihre Salze tiberfuhrt, oder daB man gewiinschienfalls anschiieBend erhaltens Salze der
Verbindungen der Formet | in die freien Verbindungen Gberfihrt.

Gewilnschienfalls kdnnen erhaltene Verbindungen der Formel | durch Derivatisierung -in weitere Ver-
bindungen der Formel | Gbergetiihrt werden. Beispielsweise konnen aus Verbindungen der Formel |,
worin R7 eine Estergruppe darstelit durch saure oder alkalische Verssifung die enisprechenden Siu-
ren erhalten werden, durch Umsetzung mit Aminen der Formel HN{R72)R73 die entsprechenden Ami-
de dargestellt werden oder auch durch Umesterung von Estem der Formel | bzw. durch Veresterung
von Séuren der Formel | entsprechende Ester hergestellt werden. Die Umsetzungen erfolgen zweck-

maRigerweise analog dem Fachmann bekannter Methoden, z.B, so wie in den nachfolgenden Bei-
spielen beschrieben,

Die Cyclokondensation erfolgt auf eine dem Fachmann an sich bekannte Weise gemas
Bischler-Napieralski {z.B. so, wie in J. Chem. Soc., 1856, 4280-4282 beschrieben) in Gegenwart
eines geeigneten Kondensationsmittels, wie beispielsweise Polyphosphorsiure, Phosphorpentachiorid,
Phosphorpenloxid oder bevorzugt Phosphoroxytrichlorid, in einem geeigneten inerten Lasungsmittel,
z.B. In einem chiorierten Kohlenwasserstoff wie Chloroform, oder in einem cyclischen Kohlenwasser-
stoff wie Toluol oder Xylol, oder einem sonstigen inerten L3sungsmittel wie Acetonitril, oder ohne

- weiteres LOsungsmitte! unter Verwendung eines Uberschusses an Kondensationsmitte!, vorzugsweise
bei erhdhter Temperatur, insbesondere bei der Siedetemperatur des verwendeten LUsungs- bzw. Kon-
densationsmittels.



Compounds of the fornula | to be enphasized are those in which Rl S

1- 4C- al koxy, 3-7C-cycl oal koxy or 3-7C-cycl oal kyl net hoxy or 1-2C- al koxy
which is conpl e- tely or partially substituted by fluorine, R2

Is 1-4C- al koxy, 3-7C-cycl oal koxy or 3-7C-cycl oal kyl net hoxy or 1-2C al koxy
whi ch is com e7/28131 tely or partially substituted by PCREPPINS402R3

I's hydrogen, R31 is hydrogen, or in whigh R3 and R31 together are a

1- 2C-al kyl ene group, R4 i s hydrogen or 14C-al kyl, R5 i s hydrogen, R51
is hydrogen, or in which R5 and R51 together are an additional bond, R6

i s a phényl radical whichis substitut ed by R7, where R7 s COOR71 or

gO;I(C R72) :?7 | ffwmnq und ReB @? Sdemaden’ Sutlal2sh eﬁ’glgl in an sich bekannter Weiss

-cycl oa en a er

are each hyﬂ?oéfé‘ﬁ‘- B¥“ man g‘%!-ﬁ)‘m "! ugrglag@sﬁﬁa{)q@ B%Wﬁ?l gg&""“é)‘“s
einem geeigneten Losungsmittel umkristaliisiert oder einer der Ublichen Reinigungsmethoden, wie
beispielsweise der Saulenchromatographie an geeignetem Trigemmaterial, unterwirtt.

Salze erhait man durch Aufidsen der freien Verbindung in einem geeigneten Lsungsmittel, z.B. in
einem chiorierten Kohlenwasserstoff, wie Methylenchlorid oder Chioroform, oder einem niedermoleku-
taren aliphatischen Alkohot {(Methanol, Ethanol, Isopropanol), das die gewiinschte Siure bzw. Base
enthiit, oder dem die gewilnschte S3ure baw, Base anschiieBend zugegeben wird. Die Salze werden
durch Filtrieren, Umfalien, Ausfillen mit einem Nichtidsungsmittel fir das Anlageningssalz oder durch
Verdampfen des Lisungsmittels gewonnen. Erhaltene Salze konnen durch Alkalisierung bzw, durch
Ansiuem in die freien Verbindungen umgewandelt werden, welche wiederum in Salze Gbergefiihrt
werden kinnen. Auf diese Welse lassen sich pharmakologisch nicht vertriigliche Salze in pharmakoio-
gisch vertriigliche Salze umwandein.

Verbindungen der Formef 11 (siehe beigeflgtes Foﬁnelblalt), worin R1, R2, R3, R31, R4, RS, RS1 und
R die oben angegebenen Bedeutungen haben, sind aus den entsprachenden Verbindungen der For-
mel {ll (siehe beigeflgtes Formelblatt), worin R1, R2, R3, R31, R4, RS und R51 die oben angegebs-
nen Bedeutungen habeq, durch Umsetzung mit Verbindungen der Formel R6-CO-X, worin R6 die
oben angegebene Bedeutung hat und X eine geeignete Abgangsgruppe, vorzugsweise ein Chioratom
darstellt, zugiinglich. Beispieisweise wird die Benzoylierung wie in den nachfolgenden Beispleien oder
wie in J. Chem. Soc. (C), 1974, 1805-1808 beschrieben durchgefihst,

Verbindungen der Forme! R6-CO-X und Verbindungen der Formel 11l sind entweder bekannt oder kon-
nen auf bekannte Welse hergestelit werden.

Die Verbindungen der Formel ] Jassen sich z.B. aus Verbindungen der Formel [V (siehe beigeftigtes
Fommelblatl), worin R1, R2, R3, R31, R4, R5 und R51 die oben genannten Bedeutungen haben, durch
Reduktion der Nitrogruppe darstellen.

Die Reduktion erfolgt auf eine dem Fchmanri bekannte Weise, beispielsweise so wie in J. Omg.
Chem. 1962, 27, 4426 oder wie in den folgenden Baispielen beschrieben. Vorzugsweise erfolpt die
Reduktion durch katalytische Hydrierung, z.B, in Gegenwart von Raney-Nickel, in einem niederen
Alkohol wie Methano! oder Ethanol bel Raumtemperatur und unter Norrnal- oder erhShtem Druck.

" Gewlinschtenfalls kann dem Ltsungsmittel eine katalytische Menge einer Siure, wie beispieisweise
Salzstiure zugesetzt werden.
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Conpounds of the forrmula | which are particularly to be errphasi zed are
those in which R1 is 1-4C al koxy, 3-7C-cycloal koxy or 1-2C-al koxy which
i's conpl et ¢, .&rﬂ#artially substituted by quorine LE?E
1-4C al koxy 3 cycl oal koxy or 1-2C-al koxy which is corrp vy orz
partially-substituted by fluoriné R3 i s hydrogen, S
hydrogen, or in whi ch R3 and R31 together are a 1-2C al kyl ene group, R4
s hﬁdﬁe ggem@ewﬂ. ; echlglﬁ wa&mgnﬁéln ertdlg'ia@b’é?ff Fach |
ic et her an . addi tiopal,  bgn IS a phen | ca
which is 3&?82‘?‘??1 6‘9“@‘%8“ "““F%"Y&!‘Eﬁc)j‘m )“Em* Aiven
R71 i s hydCabeesiurdn. 7C-al kyl or 3-7C-cycl oal kyl net hyl and R72 and

R73 i ndependently of one another are each hydrogen or 1-4C-al kyl,
- Alternativ lassen sich enantiomerenreine Verbindungen der Formel i auch durch asymmetrische

Synthese ausgehend von Verbindungen der Formel 1Va (siehe beigefiigies Formelblatt) nach iminbi-

- dung mit optisch aktiven Aminen (2.B. R-(+)-1-Phenethylamin und S-(-}-1-Phenethylamin) durch Hy-
drierung und anschlieBende redukiive Spaltung des erhaltenen sekundéiren Amins gewinnen (2.8, wie
In Arch, Pharm. 1889, 322, 187 oder wie in den folgenden Beispielen beschrieben).

Verbindungen der Formel 1Va kdnnen beispielsweise ausgehend von Verbindungen der Formet IV in
elner dem Fachmann bekannten Weise (2.B. so wie in Tetrahedron 1968, 24, 6583 oder wie in den
Beisplelen beschrieben) erhaiten werden.

Die Verbindungen der Formel IV (siehe beigeflgtes Formelblatt), worin R1, R2, R3, R31 und R4 die
oben angegebenen Bedeutungen haben und R5 und R51 Wasserstoff bedeuten, sind entweder be-
kannt oder kinnen aus entsprechenden Verbindungen der Formel IV, worin RS und R5Y gemeinsam
eine weitere Bindung bedeuten, hergestelit werden. Die Reaktion kann auf eine dem Fachmann be-
kannte Weise erfolgen, vorzugsweise durch Hydrierung in Gegenwart eines Katalysators, wie bei-
spielsweise Palladium auf Aktiviohie, 2.B. so wie in J. Chem. So0c.{C), 1971, 1805-1808 oder wie in
den folgenden Beispielen beschrieben.

Die Verbindungen der Formel IV, worin RS und R51 gemeinsam eine weitere Bindung bedeuten, sind
entweder bekannt oder kinnen durch Umsetzung von Verbindungen der Formel V {siehe beigefiigtes
Formeiblatt), worin Rt und R2 die oben genahnten Bedeutungen haben, mit Verbindungen der Formel!
V! {siehe beigefigtes Formelblatt), worin R3, R31 und R4 die oben genannten Bedeutungen besitzen,
erhaiten werden.

Die Cycloaddition erfolgt dabei auf eine dem Fachmann bekannte Weise gemi Diels-Alder, z.B. so
wie In J. Amer. Chem. Soc. 1887, 79, 6550 oder inJ. Org. Chem. 1852, 17, 581 oder wie in den fol-
genden Beispielen beschrieben.

Bei der Cycloaddition erhaltene Verbindungen der Formel IV, worin der Phenylring und die Nitrogrup-

pe trans-stindig zueinander sind, kbnnen in einer dem Fachmann bekannten Waeise in die entspre-

chenden cis-Verbindungen GbergefUhrt werden z.B. so wie in J. Amer. Chem. Soc. 1957, 78, 6559
. oder wie in den nachfolgenden Belspielen beschrieben.



and the salts of these conpounds. Preferred conpounds of the formula |

are those in which R1 I s nmet hoxy, ethoxy or difluoronethoxy, R2 S
nmet hoxy, ethoxy or difluoronmethoxy, R3 and R31 are each hydrogen, R4 S
hydrogen, R5 and R51 are each hydrogen, R6 i s a phenyl radical which is
substi t ut ed wWays#igisawhere R7 s COOR71 or CON(R72) R73 andecT/EPITMB40RR71 i S
hydrogen or 1-4C-al kyl, R72 is hydrogen and R73 is

1-4C-al kyl, and the salts of these conmpounds. An enbodi ment of the
preferred conpounds of the fornmula | .arée those in which Rl I s 1ret hoxy or

et hoxy, = R2 Die Vebindunigbroder Foandl Ykyndo siod éntwesieobriarinbader kitdea auf tRdnnta Weise bér-

hydrogen, Ribstelit weiiehY5Ib Yeidihdudgen aBiFotnel VAktRndh telRpibaWIO6HF eine dem Fachmann be-
kannte Weise aus entsprechenden Verbindungen der Formel VI, so wie 2.B. in J. Chem. Soc. 1951,
2524 oder in J. Org. Chem. 1944, 8, 170 oder wie In den folgenden Beispielen beschrieben, bergestéllt
werden. :

Die Verbindungen der Formel VI (siehe beigefigtes Formelblatt), worin R1 und R2 die oben angege-
benen Bedeutungen haben, sind entweder bekannt oder kdnnen auf eine dem Fachmann bekannte
Weise, 50 wie z.B. in Ber. Disch. Chem. Ges. 1925, 58, 203 oder wie In den folgenden Beispielen
beschreben, hergesteiit werden.

Die nachfoigenden Beispiele dienen der niheren Erdduterung der Erfindung ohne sle einzuschriinken,
Ebenso kdnnen weitere Verbindungen der Formeln |, deren Herstellung nicht explizit beschrieben ist,
in analoger oder in einer dem Fachmann an sich vertrauten Weise unter Anwendung Gblicher Verfah-
renstechniken hergestelit werden. )

In den Beispielen steht Schmp. fiir Schmefzpunkt, d.Th. fiir der Theorie, Sdp. fir Siedepunkt, h fir
Stunde(n), RT fiir Raumtemperatur, SF filr Summenfonnel, MG filr Molgewicht, Ber, fiir Berechnet,
Gef. fir Gefunden. Die in den Beispielen genannten Verbindung_en und ihre Salze sind bevorzugter
Gegenstand der Erfindung.
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is a_phenyl radical which is substituted by R7, where R7 is COOR71 and
R71 is hydrogen or 1-4C-al kyl, and the salts of these conpounds. Sui t abl e
sal ts of of the formula I - depending on substi ' - are al
acid addition éﬂgfs or all salts with bases. The pharnaco#gg#ggvmvﬁ

tol erabl e salts of the inorganic and orﬁbnic aci ds and bases custonarily
used in pharmacy may be nentioned particularly. Those suitable are on the
one hand wat er-sol ubl e and mater-insoluble acid addition salts with acids
such as, for exanple, hydrochloric acid drobrom ¢ acid, phosphoric acid,
nitric acid, sulfuric acid, acetic ac tric acid, D-gluconlc aci d,
benzoi c aC|d 2-(4- hydroxybenzoyl)ben20|c aci d, butyrlc acid,
sulfosallg§#§§!@§%d mal eic acid, lauric acid, malic acid, fumaric aci d,
succinic ; lic acid, tartaric acid, enbonlc acid, stearic acid,

t ol uenesul foni ¢ aci d, nethanesulfonlc aci d or 3 hydroxy 2- naphth0|c aC|d
t he aci ds1bei fpg)-chasianien B {mgthéxyparbomyiip! e pRatdropnes it -
IS a nono- or lybasic aC|d and dependlng on whi ch salt is desired - in an
equi nol ar qua tive ratio or one differing therefrom

1,8 g (+/-)-cis-N-[2-(3,4-Dimethoxyphenyl)cyciohexyll-4-methoxycarbonyibenzamid werden in 50 mi
Acetonitrdl und 1,0 ml Phosphoroxychiorid geidst und 8 h bel 50°C geriihit. Das Reaktionsgemisch
wird in 100 mi gesittigie Natriumhydrogencarbonatitisung gegeben und mit Essigsiureethylester ex-
trahiert. Die organische Phase wird mit Natriumbydmgencarbonamsung und Wasser gewaschen, mit
Natriumsulfat getrocknet und elngeengt. Der Rilckstand wird aus Essigsureethylester/Petrolather um-
kristallisiert. Man erhait 660 mg (38,6 % d.Th.) der Titelverbindung mit Schmp.: 121,5-122,5°C.

8F: Cx Has N O ; MG: 379,46
Elementaranalyse: Ber.C7280H6,84 N80

Gef.:C72,70H6,81 N353

Ausgehend von den nachfoigend beschriebenen entsprechenden Ausgangsverbindungen erhiilt man
angalog der Arbelisweise nach Beisplel 1:

Schmp.: 138-137°C, Ausbeute 59,8 % d.Th.

SF: Cys Hag N Oy MG: 407,51

Elementaranalyse; Ber.C7389HT7,18N3,44
Gef.:C73,83H 7,27 N3,59

Schmp.: 126-127°C, Ausbeute 34,5 % d.Th.
SF:CaHnaF2NO MG: 41544
“Eiementaranalyse: Ber.. C868,50H 5,58 N3,37F 8,15
Gef.:C86,50H555N336 F 9,21



On the other hand, salts with bases are also suitable. Exanples of salts
with bases which may be nentioned are alkali netal (lithium sodium

pot assi um or cal cium alum num nmagnesium titanium anmmonium neglum ne
or guanidiniumsalts, here also in the salt preparation the bases being
enpl oyed i n V@9EWa3nol ar quantitative ratio or one differingctiesmmbiam
Phar macol ogically intolerable salts whichyjcan be initially obtained, for
exanpl e, as process products in the preparation of the conpounds according
to the i'nvention on_an |ndustr|al scaLe are converted |nto

pharmacologﬂ it 3 AN IO CRERANY MRS, 2314c4a10b-hexahyd

in the art. Wnds of the forrrul al are Chl ral corrpounds havi ng
chiral centers in p03|t|ons 4a and 10b and, dependi ng on the neaning of the
substi t uent R4, R5 and R51, further chiral centers in posi tions
1, 2, 3 andgﬁ' pTHes?ﬂMFrW%PéP&@Tﬁnbraces all feasible pure

di ast er eone Couttr Mo MG 39848 ners and al so ni xtures thereof in any m xing

ratij o, |nclﬂdhagaﬁﬂmyséacen35§&:7ﬁm;|§gma| s given to the conpounds of the

formula I in which the hydgQ ir;ﬂﬁltlons 4a and 10b are cis to
each other. Particul ar preFerencé |§§g°?\r€‘e ere to the pure cis

di astereoners and the pure cis enantlomers and al so mxtures thereof I n any

mxing rati®, ifmekckei8-Ethoxiro-nicilheXye pthiokycaiboiPhhefiviii 2.83.4:
he enantlorrers can be separ at ec

(-)-cis enantlw
(for exanple by I on and separation of

Schmp.: 123-124,5°C; Ausbeute: 81,9 % d.Th.
SF: Ca Hy N Oy ; MG: 393,48
Eiementaranalyse: Ber.: C 73,26 H6,82 N 3,56

Gef:C73,37HB,97N358
8. +]- 9-Digthoxy-6- etho enyil-1.2.3.4 X: rophenan-
din '
Ol: Ausbeute: 40,4 % d.Th.
SF: Cas Hag N O4; MG: 407,51
Elementaranalyse: Ber:.C73689H717N344
Gef:C73,10H7,1DN 3,33
7.
Of; Ausbeute: 19,2 % d.Th.

SF: Czs Hxy N O¢ ; MG: 407,51
Elementaranalyse x 0,5 H,O: Ber.: C 72,79 H 7,26 N 3,38
Gef.: C 71,90 H7,26 N 3,20

8. /= 9 -8-{4-{me he -1,2,3.4.4a,10b-hexahydrophe-
nanthridin

Schmp.: 212-214°C; Ausbeute: 52,7 % d.Th.
_ SF: Cz3 Has N O4; MG: 379,48
Elementaranalyse: Ber.:C72,80H 6,84 N 3,60
Gef:C72,69H6,68 N3,867



appropriate di astereoi soneric conpounds). A separation of enantioners is
preferably carried out at the stage of the starting naterials of the

formula I'll (see attached formnmula sheet). Alternatively, enantionerically
pure starting materials of the formula Il can also be prepared by

asymet r i cwoynkinses. WO 97/ 28131 PCT/EP97/00402

PCT/ EP97/ 00402 12 - 6- The

i nvention furthernore provides a process for. preparing the conpounds of the
formula | in which Rl, R2, R3, R31, R4; RS, R51 and R6 are each-as defined
above,~ and the salts thereof The process conprlses cycloconden5|ng

conpounds gpf s BOLTRhS ) -§- T4 ARk EaIB SR Dhe 2. SRR hexEhvitddhiandht: R2.
R3, R31, R4, 6 are eac , then
converti-ng co ds of the fornmula | obtained into their salts or, if

desired, then converting salts of the conpounds of the fornula | obtained
_into the fStimp.cog5oCAbSbeute: 46,6 % d.Th. '

SF: Cz5 Hye N Oy ; MG: 407,51
Drehwert: [a], -61,26° (c = 0,475, Ethanol)

Elementaranalyse: Ber:C73,60H 7,17 N 3,44
Gef:C73,55H 7,25 N 3,35

Schmp.: 92-125°C; Ausbeute: 48,2 % d.Th.
SF: Ca5 He N Oy ; MG: 407,51

Drehwert: {a]; +60,08° (c = 0,23, Ethanol)

Elementaranalyse: Bor:C73689H7,17TN344
Gef.:C 7386 H7,20N 3,60

Erstarrendes O1; Ausbeute: 58,1 % d.Th.
8F: C2a Hys N Oy ; MG: 379,48

Drehwert: [a]2 -90,0° (c = 0,2, Ethanol)

Elementaranalyse: Ber:.C7280H 8,64 N 3,609
Gef.:C72,80HB,90N354

Erstarrendes Ol; Ausbeute: 86,8 % d.Th.
SF: Czy Has N Oy ; MG: 379,46
Drehwert: [a]> +83,9° (¢ = 0,2, Ethanol)

- Elementaranalyse: Ber.:.C7280H 8,64 N 3,69
Gef. C72,99HB,73 N 366



| f desired, conpounds of the fornmula | obtained can be converted into
further conmpounds of the fornmula | by derivatization. For exanple, the
correspondi ng aci ds can be obtained from conpounds of the formula |I in

whi ¢ch R7 is an ester group by acidic or alkaline hydrolysis, or the
correspondi (e ¢3BkAES can be prepared by reaction w th am nper/epezidesaz§ or nul a
HN(R72) R73, or el se correspondi ng estersqygan be prepared by
transesterification of esters of the formJIa | or by esterification of
acids of the fornula 1. The reactlons are advant ageously carried out

anal ogousl| Y3t o {¥5icisc8is-Dinmtivexyi8cdf4cicionre pthoyicaben TS .42, 0h-hex

as descri bed |_MW bel ow. The cycl ocondensatlon is carri ed out
in a manner known per se to the person skilled in the art according to

Bi schl er- Napi eral ski (e.g. as described in J. Chem Soc., 1956, 4280-4282)
in the pr esveowewwﬁa.&mmmmmwm 4a @memamwu in
pol yphOSDhq&IoCmacmem Waﬁml mdmm%ﬁﬁmwm RAd 4Oragel DeiOS0°C

Ol o) p%‘??*ééfl@%‘"%"*ocawh‘gn SWMOW e %ﬁ@‘%ﬁ%ﬁ%

hydr ocar bor\"%’em e argAniseha Phase wirdmit
acet oni t ri INatiuosultat udtmh\eauﬁlﬂmhmm. ﬂet m:mwmmmmnaemm
agent, prefyginrdohan 138 gBEY KL Crh.) RIMRIVIibNEEg M SchapL keiu{ag¥c.at the boiling
poi nt of the solvent or condensing agent used. The substances according
to the invention are isolated and purified in a manner known per se, for
exanpl e by K GesiHx N Qs MF:418.82 sol vent under reduced pressure and

recryst al | iElemantdrimalysesi duBeroGt74|44 &B,9708848 suit abl e sol vent or subjecting
it to one of the customaryghuid 4433 é 8N 388 Nods, such’as, for exanple,

col um chromat ography on a suitable support material .

20mg (+/-)-cis-8,8-Diethoxy-8-[4-(methoxycarbonyl)phenyl}-1,2,3.4,4a,10b-hexahydrophenanthridin
werden in 3,0 m] konz. Salzsfiure und 5,0 ml Wasser gelist und 4 h bei 80°C geriihit. Der beim Ab-
kiihien enistehende Niederschlag wird abgesaugt und getrocknet. Man erhiilt 135 mg (58,1 % d.Th.)
der Titelverbindung mit Schmp.: 269°C.

SF: Ca4 Hzr N O4 X HCI; MG: 429,95
Elementaranalyse: Ber.:C87,05H8,56CI8,25N 3,28
Gef.:C88,90H6,51 CI 8,22 N 3,11

Ausgehend von den vorstehend beschriebenen entsprechenden Ausgangsverbindungen erhiit man
analog der Arbeitsweise nach Beispliel 14:

Schmp. 220°C (Zers.); Ausbeute 85 % d.Th.

SF: Cx Hxy N O x HCI; MG: 401,89

Elementaranalyse: - Ber.:C85,75H8,02CI8,82N348
Gef.: C 65,63 H8,06 C18,58 N 3,80



Salts are obtained by dissolving the free conmpound in a suitable solvent,
for exanple in a chlorinated hydrocarbon, such as nethyl ene chloride or
chloroform or a | ow nol ecul ar wei ght aliphatic al cohol (nmethanol, ethanol,
i sopropanol ) which contains the desired acid or base, or to which the,
desired acighngpgse i s subsequently added. The salts are QQ%Q%Q

filtering, reprecipitating, precipitating with a nonsol verlt

addition salt or by evaporating the soldgn Sal ts obtained can be
converted into the free conpounds which in turn can be converted into

salts-bys[kq: 7d-8-C & oXbhavia) 8-«

phar macol ogi CS! X | 8 ﬁa

tol erabl e sal t5° 97/ 28131 _

PCT/ EP97/ 00402 _ -7-
Conmpounds s&;mthQWﬁWs@magﬁhed formul a sheet) in which Rl, R2, .
R3, R31, %E‘#@ f;.'(afeach as defined above can be obtained from
the correspon corrpou'n g P he formul a Illésee attached fornul a sheet)

i n whi ch rElemenaranalyse 2.6 H:@u Bt CAYPIRA7ENB.03EEH8&K s defi ned above by -
reaction with. conmpounds of t heef..as 5a/y0H BS7 A3, #6 c17,7ehi ch R6 i s as defined
above and X is a suitable |eaving group, preferably a chlorine atom The
benzoyl at |1ﬁn Ir Dl £ iried qut de crl bed i n the exarrpl es
bel ow or . A A A SO RN et 3,00, D D-T10XE ‘ qiC

Schmp.: > 250°C, Ausbeute: 32,4 % d.Th.

SF: Cys Has N O4 X HCI, MG: 415,92

Elementaranalyse: Ber.: C88,42H 830N 3,37Ci8,52
Gef.:C 66,37 H8,31.N3,24 C| 8,79

Schmp.: 259-260°C, Ausbeute: 32,6 % d.Th.

SF: Ca¢ Har N O, x HOE; MG: 420,05 |

Elementaranalyse: Ber.: 87,05H6,58N3,26C18,25
Gef.: C 87,05 H 6,67 N 3,18 C1 8,22

Schmp.: 170°C (Zers.), Ausbeute: 68,8 % d.Th.

SF: Cy; Hyy F2 N O, x HCY, MG: 437,88

Elementaranalyse x C;HsOH: Ber.:C 59,57 H583N280F 785C17,33
Gef:C 59,30 H5,76 N2,65 F 8,00 Cl 7,10

20. g laminocarbo .8.9.dimet X Ob-hexahydro-
phenanthridin

680 mg (+/)-cis-8,9-Dimethoxy-8-14-(methoxycarbony)phenyl}l-1,2,3,4,4a,10b-hexahydrophenanthri-
" din werden mit 25 mg Natriumcyanid in 13 mi 9 molarsr Methylamin-Ldsung in Ethanol im Autoklaven
10 h auf 80°C erwiirmt. Die Ldsung wird im Vakuum eingeengt, der Rackstand in Methylenchlorid
aufgenommen und mit Wasser extrahiert. Die organische Phase wird mit Natriumsulfat getrocknet,



Compounds of the formula R6-CO X and conpounds of the formula Il are

ei ther known or can be prepared in a nmanner known per se. The conpounds
of the formula Il can be prepared, for exanple, from conpounds of the
formula IV (see attached fornula sheet) in which Rl, R2, R3, R31, R4, R5
and R51 ar aveawu?sids defi ned above by reduction of the nitrBCYERW8402 The
reduction is carried out in a manner known to the person skilled in the
art, for exanple as described in J. Og, Chem 1962, 27, 4426 or in the

exanpl es bel ow. The reduction is preferably carried out by catal ytic
hydr ogenat #asri-tsingsmittel mMakuunmentiemt, siee Bagkstancdoin Diviméaghen ausaethr,i abgesakigled ge-

al cohol s Ugdrwrét. MR BB R (S, 1R . )er TiRREGIIrGIAMR BEtint. 20u214rEier

at nospheric or elevated pressure. If desired, a catalytic anount of an
acid, such as, for exanple, hydrochloric aC|d can be added to the solvent.
Enantiorrerswiyxphbammwds of the formula Il are obtained in a nanner

known to tggmasaafdiyseki |l | eyg,_:l@-,jm.lgrghﬂ-f’m exanple via salt formation of

ggled;acem c conpounds of Ge?..(t‘%.g}ll-l% Ibhm th optically active carboxylic

Al. {+])-ci 3 atho! an cloh 0! rbonyibe id

2,6 g (+/-)-cis-1,2-Dimethoxy-4-(2-aminocyciohexyl)benzel werden in 20 ni Methylenchiorid und 1 mi
Triethylamin gelost. Man tropft bei RT innerhalb von 3 h eine Lésung von 2,4 g 4-Methoxycarbonyl-
benzoesiurechiorid in 30 mt Methylenchlorid zu, extrahiert nach 1 h Rihren mit jo 50 ml Wasser, 2N
Salzsavre, ges. Natdumhydrogencarbonaﬂasung und nochmals Wasser. Die organische Phase wird
mit Natriumsulfat getrocknet, singeengt und aus Essigsiuresthytester kristallisiert. Man erhiilt 2,0 g
(45,5 % d.Th.) der Titelverbindung mit Schmp. 138-143°C.

Ausgehend von den nachfoigend beschriebenen entsprechenden Ausgangsverbindungen erhiit man
analog der Arbeitsweise nach Beispiel A1:

Schmp.: 151,56-152,5°C; Ausbeute: 78,9 % d.Th.

_AS. [+ O stho 1 lohe oxycarbo i

Schmp.: 126,5-127,5°C, Ausbeute: 58,7 % d.Th.



Al ternatively, enantionerically pure conpounds of the formula Ill can al so
be obtained by asymmetric synthesis starting from conpounds of the fornula
| Va (see attached forrmula sheet) by imne formation with optically active
am nes (for exanple R-(+)-1-phenethylanine and S-(-)-1-phenethylam ne,

fol | oned bygusdg@genati on and subsequent reductive cleava 60302
secondary ami ne obtained (as described or exanple, in Arch. Pharm 1989,
322, 187 or in the exanpl es bel ow). CE)%Tpounds of the fornmula |IVa can be
obtai ned, for exanple, starting from conpounds of the formula IV.in a
manner -known to the person skilled in the art (for exanple as described in
Tetrahedron 1968, 24, 6583 or in the exanples). The conpounds of the
formula | (see attached fornul a sheet R31 and R4 are
each as d Sed=sliian PEOYRASIVLEYCONRXYE A MOMOXVCARONYIDERZAIG nown, or t hey
can be prepared from correspondl ng corrpounds of the formula IV in whi ch R5
and R51 t polubsinecl®8)®E R adnf Ur t her bond. The reaction can be carried out in
a manner known to the person skilled in the art, preferably by WO

97/ 28131

PCT/ EP97/ 8@40£%

Schmp.: 144-144,5°C; Ausbeute: 50,8 % d.Th.

Schmp.: 122-124'(:, Ausbeute: 80,15 % d.Th.
Drehwent: [a]} -137.3° (c = 0,11, Ethanol)

A10. {+)-cis)

Schmp.: 123-125°C, Ausbeute: 86,75 % d.Th,
Drehwert: [a]; +134,8° (c = 0,138, Ethano)

Schmp.: 154,5-156°C, Ausbeute: 85,2 % d.Th.
Drehwert: [a]]) -167,7° (¢ = 0.2, Ethanol)

A12. (#)-cis-N-[2-{3,4-Dimathoxyphenyijcyclohexyl]-4-methoxycarhonylbenzamid

Schmp.: 153,5-154,5°C, Ausbeute: 85,1 % d.Th.
Drehwert: [a]’: +185° (c = 0,2, Ethanol)



-8 - hydrogenation in the presence of a catalyst, such as, for exanple,
pal | adi um on activated carbon, as described, for exanple, in J. Chem
Soc.(C), 1971, 1805-1808 or in the exanples bel ow. The conpounds of the
formula IV in which RS and R51 together denote a further bond are either
known or th¥ossasidse obtai ned by reaction of conpounds of PoT/EPIGMI2a V
(see attached formnmul-a sheet) in which RlL4gand R2 are as defined above with
compounds of the formula VI (see attached for-nula sheet) in which R3, R31
and R4 are each as defl ned above The cycloaddition is carried-out in a
manner knowRl-t dkkris-ha:Dime pevelobexylibenzel accor dance with

Di el s- Al der, as descrlbed for exarrple in J. Amer. Chem Soc. 1957, 79,

Compounds 50 DT Bone g ot ol er 208 Ml ot o e,
ring and t hB8T irnehalb yon§h mﬂam mih2mh Hydraginhydratrung 2,5 Raney-Niskel versetztt Nech
corr espondi Rheén theFRSEROBES wird) RAsgelnReN MitrdeRt, da¥ PR Sifgeengt tikd &e?ﬂnékaawe

The oxanpl cdo% Kertle ﬂfﬁ*@aﬁ%mm*ﬂvﬁ%wmﬁ‘@gfrr«ﬁ% - 40 8 St

known or caeraphiebr epared in a known nanner.

Ol; Ausbeute 74,4 % d.Th.

Ausgehend von den nachfolgend beschriebenen Ausgangsverbindungen erhalit man entspechend der

Arbeitsweise nach Beispiel B1:

B2. {+- % etho ingcyclohexylibenzol
Ol; Ausbeute: 65,9 % d.Th.

8_3. +f-)-cig-1,2-Di 2-aminoc benzo

Of; Ausbeute 42,8 % d.Th.

148 g {(+/-)-cis-2-Difiluormethoxy-1-methoxy-4-(2-nitrocyciohex-4-enylibenzol werden in 170 mi Etha-
nol geldst, mit 3,0 g Raney-Nickel versetzt und bei 50 bar Wasserstoffdruck 8 Tage im Autoklaven
hydriert. Die Suspension wird filtriert, das wsungstnittel im Vakuum entfemt und der Riickstand éiber
Kiessigel mit einer Mischung aus Toluo/Dioxan/Triethylamin 3/1/0,5 chromatographiert. Nach Ein-
dampfen entsprechender Fraktionen erhiit man 3,4 g (25,7 % d.Th.) der Titelverbindung ais 0.

Ausgehend von den nachfoigend beschriebenen entsprechenden Ausgangsverbindungen erhlit man
analog der Arbeltsweise nach Beispiel B4:

BS. {+/)cis-2-Ethoxy-1.methoxy-4-{2-aminocyclohexylibanzol
Ol; Ausbeute quantitativ
- B8, [#/.)-cis- - 0. inocyclohexylibenzol

Of; Ausbeute quantitativ



The conmpounds of the fornmula V, for exanple, can be prepared from
correspondi ng conpounds of the formula VII in a manner known to the person
skilled in the art, as described, for exanple, in J. Chem Soc. 1951, 2524
or inJ. Og. Chem 1944, 9, 170, or in the exanples bel ow The conpounds
of the forwolsaesfsi (see attached fornmula sheet) in which RE&rapodgdnar € each
as defined above are either known, or thgy can be prepared in a manner
known to the person skilled in the art, as described, for exanple, in Ber.
Dtsch. Chem Ges. 1925, 58, 203 or in the exanples bel ow. The fol |l ow ng
exanples serve to illustrate the invention in greater detail w thout
restrictipg. | ~ Shof iumfScyvefohbidMbbRiolHidroéniofd 0Se Preparation is
not explicitly described, can al so be prepared In a simlar nmanner or in a
manner famliar per se to the person skilled in the art using customary

pr ocess -t €@tthfheiEd.2-Diethoxydig(1-phanylethd aminogyclobexyiihenzol werdew fn 5 ! Etianel susf

Th. for omhapm 270 nR 108iger Pallddiun@olile versetztlund Bél 50T indS50 baRWdsSdrstoMmitk &

Cal Gul at oAt iy “‘?‘Jﬁ‘zﬁs mnt%@%“ 84 b YR o e

pref err ed®

Schmp.: 145-147°C ; Ausbeute: 59,0 % d.Th.
Drehwert: [a];, -60° (c = 0,12, Ethanol)

Ausgehend von den nachfolgend beschriebenen entsprechenden Ausgangsverbindungen erhdit man
analog der Arbeitsweise nach Beispiel B7;

BS. {+)-cis1 at m clohe } ro

Schmp.: 149-151°C ; Ausbeute: 52,8 % d.Th.
Drehwert: [a]2) +70° (c = 0,21, Ethanol)

B9. [:)-cis-1.2-Dimethoxy-4{2-aminocyciohexvilbenzol

12,0 g (#/-)-tis-1,2-Dimethoxy-4-(2-aminocyclohexyhbenzol und 8,2 g (-}-Mandelsdure werden in
420 mi Dioxan und 80 m! Tetrahydrofuran geidst und {iber Nacht bei RT gerGhit. Der Feststoff wird ab-
gesaugt, getrocknet, mit 100-mi gesittigter Natriumhydrogencarbonatisung versetzt und mit Essig-
siureethylester extrahiert. Die organische Phase wird mit Natriumsulfat getrocknet und unter vermin-
deriem Druck eingeengt. Man erhilt 4,8 g (40,0 % d.Th.) der Titelverbindung mit Schmp.: 80-81,5°C.

Drehwert: [a],’: -§8,5° (¢ = 1, Ethanol).

Ausgehend von den nachfolgend beschriebenen entsprechenden Ausgangsverbindungen erhilt man
anaiog der Arbeitsweise nach Beispiel B9:

B10. {+)-cis-1.2-Dimeth 2-aminocy o

Schmp.: 68-89°C; Ausbeute 37,2 % d.Th,
_Drehwert: [a]7) +59,2° (c = 1, Ethano



WO 97/ 28131

PCT/ EP97/ 00402 Exanpl es
Final products 1.

(+/-)-cis-8.9-di net hoxy- 6- [ 4- (met hoxycar bonyl ) pheny] - 1. 2. 3. 4. 4a. 10b- hexahyd
rophenant hr WQ 9881311, 8 g of PCI/EP97/00402
(+/-)-cis-N[2-(3,4.di met hoxyphenyl ) cycl otsexyl ] - 4- met hoxycar bonyl benzam de
are dissolved in 50 m of acetonitrile and 1.0 nl of phoshorus oxychloride
and stirred_at poured into 100 m
of sat ur at et s daEl coim. ' ; e BE M th ethyl acetate.
The organic phase S vvashed vmth SOdI um b| car bonate sol utlon and wat er,

dried with gegh ﬂm&ﬂoﬁ;ﬁ. méymwaaﬁ rz%:ﬁﬁhﬂh@néﬁ%ﬁuﬁ
from ethyl acetr@t ?qn?% mPJé.ion S‘i& Egem'\bv%ssgmi{scﬁes&r(%s’i;gun( %uc%"m?‘;m‘;*&n ::?f he

title compdd
P sting wird unter vermindertern Drnuck eingeengt, der Rlckstand in 200 mi Ethanol aufgenommen, mit

. § g ethanoifeuchtem Raney Nickel versetzt und bei RT und 30-80 bar Wasserstoffdruck 10 Tage hy-
: driert. Man saugt vom Katalysator ab, engt die LOsung unter vermindertemn Druck ein und chromato-
graphiert den Rickstand Gber Kieselgel mit sinem Gemisch aus Toluol/Dioxan/Triethylamin im Ver-
haitnis 20/2/11. Nach Einengen der entsprechenden Eluatfraktionen erhiiit man 2,15 g (38,4 % d.Th.)

der Titelverbindung als OI.

Drehwert: []} -3,7° (c = 0,27, Ethanol)

Ausgehend von den nachfoigend beschriebenen entsprechenden Ausgangsverbindungen erhidit man
analog der Arbeitsweise nach Beisplel C1:

C2, {+)-cis-1 et 4 lethyllaminocycloh

Ausgehend von 2-(3,4-Diethoxyphenylcyclohexanon und 8-(-)-1-Phenethylamin erhiit man die Titel-
verbindung als Ol

Ausbeute: 64,8 % d.Th.
Dretwert: [2]7 +7,1° (c = 0,58, Ethanof)

D1. 243.4-Diethoxyphenvilcyclohexanon

10,2 g 2-(3.4-Diethoxyphenyl)cyclohex-4-enon in 600 ml Tetrahydrofuran werden mit 1,5 mi konz.
Salzsure und 400 mg 10%iger Palladiumkohie versetzt und hydriert. Nach Abfiltrieren des Katalysa-
tors und Einengen der Lisung unter vermindertem Druck wird der Riickstand {iber Kieselgel mit sinem
Gemisch aus Petrolether/Essigsaureethylester im Verhiitnis 2/1 chromatographiert. Nach Einengen
der entsprechenden Eluatfraktionen erhait man 8,25 g (80,9 % d.Th.) der Titelverbindung als erstar-
rendes Ol.

Et. 243.4Diethoxvphenvileveiohex--enon

15,0 g (+/-)-trans-1,2-Diethoxy-4-(2-nitrocyclohex-4-enyl)benzol werden in 375 m! Ethanol geldst und
_ In 42 mi 20%ige Natriumethylatidsung getropft. Nach 20 min Rilhren bei RT wird in eine eisgekilhite
L8sung aus 67,5 mi konz. Salzséure und 1,35 g Hamstoff in 225 ml Wasser und 170 m! Ethanol ge-
tropft. Die Ldsung wird mit Wasset/Dichlormethan extrahiert, die organische Phase mit Natriumsulfal



EF: Cerr]HerrNJerr]; MN 379.46 El enental anal ysis: Calc.: C72.80 H
6.64 N 3.69 Found: C 72.70 H 6.61 N 3.58 Starting
fromthe corresponding starting materials described bel ow, the follow ng
conpounds are obtai ned anal ogously by using the procedure of Exanple 1:

2. (+/-)-w0788191 di et hoxy- 6-[ 4- (et hoxycar bonvl ) phenyl | - cr/EPo7/00402

. 2. 3. 4. 4a. 10b- hexahydr ophenant hridine ognp.: 136-137C, Yield 59.8% of Th.
EF: Cerr]Herr]NdJerr]; MN 407.51 El erental analysis: Calc.: C73.69 H
7.18 N 3.44 Found: C 73.83 H 7.27 N 3.59. 3.

(+/ -) -Ti s-g8trepkndt ynd untert veonipdeiemdirackejngderigt! DenBidkstandowirdiber Kipseigehmit Petioie. 3. 4
. 4a. 10b- heneiEssigshureetiiébier irh Orenidithls 2R Efomatdgraphiert. IN&h Eiveh§dn dér enépbiibndith 5%0
of Th.  EF uffucionbh Gl P10 34U o ) Hor Hsverinaung sis 1.

F1. {+[-)-cls- 0. X |

8,4 g (+/-)-cis-1,2-Dimethoxy-4-(2-nitrocyciohex-4-enylibenzol werden in 450 mi Methano! geldst, mit
2 ml konz. Salzsiiure versetzt und nach Zugabe von 500 mg Pd/C 10 %ig hydriert. Das Reaktionsge-
misch wird filtriert und das Fiitrat eingeengt. Schmp.: 84-86,5°C; Ausbeute quantitativ.

Ausgehend von den nachfoigend beschriebenen entsprechenden Ausgangsverbindungen erh&it man
analog der Arbeitsweise nach Beispiel F1: )

F2, (sl it ¢lo §

Of; Ausbeute 98,5 % d.Th.

F3. (+/)-trans-1.2-Dimethoxy-4-{2-nitrocycichexyhibenzol
Ol; Ausbeute: 47,0 % d.Th.

10,0 g (+/-)-trans-1,2-Dimethoxy-4-(2-nitrocyclohex-4-enyibenzol und 20,0 g Kallumhydraxid werden
in 150 ml Ethanol und 35 m! Dimethyiformamid geldst. AnschileRend wird eine Losung von 17,5 ml
konz. Schwefeiséure in 60 mi Ethanol so zugetropft, daR die innentemperatur 4°C nicht Obersteigt.
Nach 1 h Rihren wird auf 11 Elswasser gegeben, der Niederschiag sbgesaugt, mit Wasser gewa-

schen, getrocknet und das Rohprodukt aus Ethanol umkristallisiert. Schmp. 82,5-84°C; Ausbeute 86 %
d.Th,

Ausgehend von den nachfolgend beschriebenen entsprechenden Ausgangsverbindungen erhiift man
analog der Arbeitsweise nach Beispiel G1:

G2. {#l)-cl ethoxy.
" Of; Ausbeute quantitativ

G, =)-cls- 2. 0



El emrent al anal ysi s: Calc.: C66.50 H5.58 N 3.37 F 9.15

Found: C 66.59 H5.55 N 3.36 F 9.21 WO 97/ 28131

PCT/ EP97/ 00402 -10- 4.
(+/-)-cis-9-ethoxy-8-net hoxy- 6-[ 4- (rret hoxycar bonyl ) phenyl ]-1. 2. 3. 4. 4a. 10b-h
exahydr opheWe9228131  thridine mp.: 143.5-144.5[err]C, W"’B@%% of
Th. EF: Cer]Herr]NJerr]; MAN 393. 48 ERenent al anal ysi s: Calc.: C 73.26

H 6.92 N 3.56 Found: C 73.24 H 6.92 N 3.70 5.
(+/-)-cis-8-ethoxy-9-net hoxy- 6-[ 4- (nethoxycarbonyl)phenyl] 1.2.3.°4. 4a. 10b-h
exahydr ophenan- thridi ne

o 3 Ausbeute 96,5 % d.Th.

Schmp.: 96-97°C; Ausbeute 85,8 % d.Th.

" Ht. )-trans-1.2-Dimethoxy-4-{2-nitrocyc benzo

50,0 9 3,4-Dimethoxy-w-nitrostyrot und 1,0 9 (9,1 mmol) Hydrochinon werden in 200 mi abs. Toluol
suspendiert und bei -70°C mit 55,0 g (1,02 mol) filissigem 1,3-Butadien versetzt. Die Mischung wird
Im Autoklaven 8 Tage bei 180°C gerihrt und dann abgeklihik. Ein Teill des Losungsmittels wird am
Rotationsverdampfer entfermt, der entstehende Niederschiag wird abgesaugt und in Ethanol umksistal-
lisiert. Schmp.: 113,5-115,5°C; Ausbaute 76,3 % d.Th.

Ausgehend von den nachfoigend beschriebenen enisprechenden Ausgangsverbindungen erhit man
analog der Arbeitsweise nach Beispiel H1:

Schmp.: 80-81,5°C; Ausbeute 59,8 % d.Th.

H4.  f+/d-trans-2-Ethoxy-1-methoxy-4-{2-nitrocyclohex-4-enylibenzol
Schmp.: 129-130°C; Ausbeute: 75,7 % d.Th.
HS. {#/.)-trans-1-Ethoxy-2-methoxy-4-{2-nitrocyclohex-4-enviibenzol

“Schmp.: 70,5-72°C; Ausbeute: 86,8 % d.Th.



mp.: 123-124.5C; Yield: 81.9%of Th. EF:. (err]Herr]NJerr]; MN 393.48
El enent al anal ysi s: Calc.: C73.26 H6.92 N 3.56

Found: C 73.37 H 6.97 N 3.56 6.

(+/-)-cis-8.9-di et hoxy-6-[ 3-(net hoxvcarbonyl ) phenyl ] -

. 2. 3. 4. 4a. wlyrhagsphydr ophenant hri di ne al; Yield: 40 40/ %E%
CerrJ]Herr]Nderr]; MN 407.51 El enent anal ysi s: %flm}g 9 H7. 17

N 3.44 Found: 3.10 H7.10 N 3. 33 7.
(+/-)-cis-8.9- dlethoxy 6- [ 2- (et hoxycar bonyl ) phenyl ] -1. 2. 3. 4. 4a. 10b- hexahyd
ropherant it.i d3sgPimetRoki-oWitedstiretl 9. 2% of Th. EF: C[err]H[err]qurr] M\

407. 51 El enent al anaIyS|sx05H[err]O Calc.: C 72. 79H726N336
Found: C 71.90 H 7.26 N 3. 20
207,09 ‘.’..4K-Dlmelhoxyhenzalde’hydt 100,0 g Ammoniumacetat und 125 mi Nitromethan werden in

1,01 Eisessig 3-4 h zum Sleden erhitzt. Nach Abkilhlen im Eisbad wird der Niederschlag abgesaugt,

mit Eisessig und Petrollither nad:gespnll und getrocknet. Schmp.: 140-141°C. Ausbeute: 178,0g
68,5 % d.Th.).

Ausgehend von den nachfoigend beschriebenen oder literaturbekannten Ausgangsverbindungen er-
hilt man analog der Arbeltsweise nach Beispiet 11:

2. 3-Difluormethoxy-4-methoxy-o-nitrostyrol

Schmp.: 120-123°C; Ausbeute 24,8 % d.Th.

3.  34-Diethoxy-p-nitrostvrol
Schmp.: 138-138,5°C; Ausbeute; 76,2 % d.Th.
4.  3Ethoxy-4-methoxv-o-nitrostvrol

Schmp.: 132-133°C; Ausbeute: 70,3 % d.Th.

5.  4Ethoxv-3-methoxy- o-nitrostyrol

Schmp.: 147-148,5°C; Ausbeute: 68,6 % d.Th.

J.  3-Difivormethoxy-4-methoxybenzaidehyd

In eine Mischung von 200 g Isovanillin, 8,7 g Benzyltimethylammonium-chlorid, 314 g 50-proz. Na-
tronlauge und 2 | Dioxan wird unter starkem Rihren ca. 2 h Chlordifiuormethan eingelsitet. Anschiie-
Bend wird die Mischung zwischen Eiswasser und Ethylacetat vertellt, die organische Phase abge-
trennt, die wiRrige Phase 2 mal mit Ethylacetat ausgeriihit, die verelnigten organischen Phasen Gber
Magnesiumsuifat getrocknet und im Vakuum eingeengt. Zur Entfemung von nicht umgesetztem iso-
vanitiin wird das Ol an neutralem Kiaseigel mit Toluol chromatographiert. Nach dem Eindampfen des
Eluats erhait man 249 g 3-Diflucrmethoxy-4-methoxybenzaldehyd als Ol



8. (+/-)-trans-8.9-di nmet hoxy- 6-[ 4- (net hoxycar bonyl ) phenyl ]-1

.2.3.4.4a. 10b- hexahydr ophenan- thridine mp.: 212-214C;, Yield:

52. 7% of Th. EF: Cerr]Herr]NJerr]; MAN 379.46 El enental analysis:

Calc.: C72.80 H6.64 N 3.69 Found: C 72.69 H 6.68
N 3. 67 Wey813128131 PCT/EF97/00402

PCT/ EP97/ 00402 9. 23

(-)-cis-8,9-diethoxy-6-[4-(nethoxycarbonyl)phenyl]-1.2.3.4.4a.10b-hexahydro
phenant hri di ne mp.: .92- 95[ er rl=Ci Y‘i&ledﬁ 46.@‘:_/%(‘); Th.

- Die erfindungsgeméiRen Verbindungen besitzen wertvoile phammakologische Eigenschafien, die sie
gewerblich verwertbar machen. Als selektive Zyklisch-Nukieotid Phosphodiesterase (PDE) Inhibitoren
. (und zwar des Typs 1V) eignen sie sich einerseits als Bronchialtherapeutika (zur Behandiung von
Atemwegsobstruktionen aufgrund Ihrer dilatierenden aber auch aufgrund ihrer atemfrequenz- bzw,
atemantriebssteigemden Wirkung) und zur Behebung von erekiiler Dysfunktion aufgrund der gefatdi-
latisrenden Wirkung, andererseits jedoch vor aliem zur Behandlung von Erkrankungen, inshesondere
entziindlicher Natur, z.B. der Alemwege {Asthma-Prophylaxe), der Haut, des Darms, der Augen, des
zentralen Nervensystems und der Gelenke, die vermiitelt werden durch Mediatoren, wie Histamin,
PAF (Plattichen- akfivierender Faktor), Arachidonsdure-Abkmmlinge wie Leukotriene und Prostaglan-
dine, Zylokine, interleukine, Chemokine, alpha-, beta- und gamma-interferon, Tumomnekrosisfaktor
(TNF) oder Sauerstolf-Radikale und Proteasen. Hierbei zeichnen sich die erfindungsgemafen Verbin-
dungen durch aine geringe Toxizltat, eine gute enterale Resorption (hohe Bioverfigbarkelt), eine gro-

e therapeautische Brelte und das Fehien wesentlicher Nebenwirkungen aus.

Aufgrund lhrer PDE-hemmenden Eigenschaften kdnnen die erfindungsgeméfen Verbindungen in der
Human- und Veterindrmedizin als Therapeutika eingesetzt werden, wobei sle beisplelsweise zur Be-
handiung und Prophylaxe folgender Krankhelten verwendet werden konnen: Akute und chronische
(insbesondere entzlndliche und allergeninduzierte) Atemwegserkrankungen verschiedener Genese
(Bronchitis, allergische Bronchitis, Asthma bronchiale); Dermatosen (vor allem proliferativer, entzind-
licher und allergischer Art) wie beispieisweise Psoriasis (vulgaris), toxisches und allergisches Kontak-
tekzem, atopisches Ekzem, seborthoisches Ekzem, Lichen simplex, Sonnenbrand, Pruritus im Geni-
toanaibereich, Alopecia areata, hypertrophe Narben, diskokier Lupus erythematodes, follikulire und
flachenhafte Pyodermion, endegene und exogene Akne, Akne rosacea sowie andere proliferative,
entzlindliche und allergische Hauterkrankungen; Erkrankungen, die auf elner Gberhdhten Freisetzung
von TNF und Leukotrienen bervhen, so z.B. Erkrankungen aus dem Formenkrels der Asthiitis
(Rheumatoide Arthritis, Rheumatoide Spondylitis, Osteoarthritis und andere anthritische Zusténde),
Erkrankungen des immunsystems (AIDS, Multiple Sklerose), Erscheinungsformen des Schocks [septi-
scher Schock, Endotoxinschock, gram-negative Sepsis, Toxisches Schock-Syndrom und das ARDS
(adult respiratory distress syndrom)] sowle generalisierte EntzGndungen im Magen-Darm Bereich
(Morbus Crohn und Colltis ulcerosa); Erkrankungen, die auf allergischen und/oder chronischen, Immu-
nologischen Fehireaktionen Im Bereich der oberen Atemwege (Rachenraum, Nase) und der angren-
zenden Regionen (NasennebenhBhien, Augen) beruhen, wie beispielsweise allergische Rhinitis/Sinu-
'sitis, chronische Rhinitis/Sinusitis, allergische Conjunctivitis sowie Nasenpolypen; aber auch Erkran-
kungen des Herzens, die durch PDE-Hemmstoffe behandelt werden kdnnen, wie beispielsweise Herz-
insuffizienz, oder Erkrankungen, dle aufgrund der gewebsreiaxierenden Wirkung der PDE-Hemmstof-



EF: (err]

Herr]N(Jerr]; MAN 407.51 Optical rotation: [err] -61.26 (c =

0.475, ethanol) Elenental analysis: . Calc.: C 73.69 H7.17 N 3.44
Found: C 73.55 H 7.25 N 3. 35 10.
9- di et hoxy- 6-[ 4- (et hoxycar bonyl ) phenyl ]-1. 2. 3. 4. 4a. 10b- hexahydr o

(+)-cis-8.
phenant hri

; . TEP97/00402
Clerr]Herr]NOJerr]; MAN 407.51 Optlcal é‘;tatlon: [err] +60.08 (c = 0. 23,

et hanol )

Found: C 73.66 H 7.20 N 3. 60 11.

(-)-cis-8,

7. G orr) FRRRFRER el mbNerblith 001 ' Lot o [er 1 - 90. 3?2%1”‘( c

owvoernsim p. . 92-125[err]C, Yield: 48.2% of Th.

El emrent al anal ysi s: Cal c.: 3.69 H7.17 N 3.44

£ isbharlel anitte/S kinfer, Wis bedsplonsiveiod BrrkilDya Ruiktion bdet K3iikén dér Nieren und der

0.2, ethanol)

Ein welterer Gegenstand der Erfindung ist ein Verfahren 2ur Behandlung von Siugeﬁaren einschileB-
lich Menschen, die an einer der oben genannten Krankheiten erkranit sind. Das Verfahren ist dadurch
gekennzeichnet, da man dem erkrankten Saugetier eine therapeutisch wirksame und pharmako-
fogisch vertriigliche Menge einer oder mehrerer der erfindungsgemaBen Verbindungen verabreicht.

Welterer Gegenstand der Erfindung sind die erfindungsgemiien Verbindungen zur Anwendung bei
der Behandlung und/oder Prophylaxe der genannten Krankheiten,

Ebenso betrifft die Erfindung die Verwendung der erfindungsgematen Verbindungen zur Herstellung
von Arzneimitiein, die zur Behandlung und/oder Prophylaxe der genannten Krankheiten eingesetzt
werden,

Woeiterhin sind'ArzneimIttel zur Behandlung und/oder Prophylaxe der genannten Krankheiten, die eine
oder mehrere der erfindungsgemien Verbindungen enthalten, Gegensiand der Erfindung.

Die Arzneimittel werden nach an sich bekannten, dem Fachmann geldufigen Verfahren hergestellt. Als
Arzneimittel werden die erfindungsgemiiBen Verbindungen (= Wirkstoffe) entweder als soiche, oder
vorzugsweise in Kombination mit geeigneten pharmazeutischen Hilfsstoffen z.B. in Form von Tablet-
ten, Dragees, Kapseln, Suppositorien, Pflastemn, Emuisionen, Suspensionen, Gelen oder L3sungen
eingesetzt, wobei der Wirkstoffgehalt vortellhafterweise zwischen 0,1 und 95 % betrigt.

Weiche Hilfsstoffe far die gewlinschien Arznelformulierungen geeignet sind, ist dem Fachmann auf-

grund seines Fachwissens gelaufig. Neben Lisemitteln, Gelbildnem, Salbengrundiagen und anderen
Wirkstofitriigem kinnen beispieiswelse Antioxidantien, Dispergiermittel, Emuigatoren, Konservie-
rungsrmittel, Losungsvermittier oder Permeationspromotoren verwendet werden.

For die Behandlung von Erkrankungen des Respirationsirakles werden die erfindungsgemiiBen Ver-
bindungen bevorzugt auch inhalativ appliziert. Hierzu werden diese entweder direkt als Pulver
{vorzugsweise in mikronisierter Form) oder durch Vernebeln von Ldsungen oder Suspensionen, die sis
enthalten, verabreicht. Bezliglich der Zubereilungen und Darreichungsformen wird beispielsweise auf
die Ausfahrungen im Europd#ischen Patent 163 985 verwiesen.

" Fir die Behandiung von Dermatosen erfoigt die Anwendung der erfindungsgemafen Verbindungen

nsbesondere in Form solcher Arzneimittel, die filr eine topische Applikation geeignet sind. Flr die
Herstellung der Arzneimittel werden die erfindungsgemifien Verbindungen (= Witkstoffe) vorzugs-



El ement al anal ysi s: Calc.: C72.80 H6.64 N 3.69

Found: C 72.80 H 6.90 N 3.54 12.

(+)-.ci s-8.9-di net hoxy- 6-[ 4- (et hoxycar bonyl ) phenyl ]-1. 2, 3. 4. 4a. 10b- hexahydr
ophenant hri di ne Ol which solidifies; Yield: 86.9%of Th. EF:

Cerr] H er r'WROp/#2) . MN 379.46 Optical rotation: [err] +8XCI/EPETA04eE 2

et hanol) El enental analysis: Calc.: C2¢2.80 H6.64 N 3.69

Found: C 72.99 H 6.73 N 3. 66 13.

L On. ok it i Sesianeiqs AR AEAgen SRS {paDALH wnd s Geslanelen Azhsoriterun:
g} +/ d) - Ci S- BePweltendRiditveityt: QM#WWWM&MME@MW?B
T of "t hi oSy e e G canidn Fontloed Gifill Bt Bl U osd B et |
concentrated under reduced pressure and the residue is partitioned
- Die erfindungsgemiiBen Arzneimittel werden nach an sich bekannten Verfahren hergestellt, Die Dosie-
- rung der Wirkstoffe erfolgt in der fir PDE-Hemmsloffe (blichen Grienordnung. So enthaiten topi-
' sche Applikationsformen {wie 2.B. Satben) fiir die Behandlung von Dermatosen die Wirkstoffe in einer
-Konzentration von beispieisweise 0,1-99 %. Die Dosis fiir die inhalative Appiikation betriigt dblicher-
welse zwischen 0,01 und 1 mg pro SprithstoR. Die Gbliche Dosis bei systemischer Thersple p.o. oder
L.v. liegt zwischen 0,1 und 200 mg pro Applikation,



WD 97/ 28131
PCT/ EP97/ 00402 -12-
bet ween et hyl acetate and dil ute sodi um bi carbonate sol ution. The organic
phase is dried with sodium sul fate and concentrated. The residue is
recrystal | woeg2Bt3am et hyl acetate. This gives 1.33 g (63. PermreFibosd2 of the
title conpound of mp.: .147-148C. EF3 C[err]H[err]hKIerr] MAN  419. 53
El emrent al anal ysi s: Calc.: C74.44 H 6 97 N 3.34
Found: C 74.13 H 6.84 N 3.48 14. -
(+/-)-Cis-6-(4-carboxyphenyl) - GBiglosiiseg
ridine hydr ochl ori de 220 ng of
(+/-)-cis-8,9-diethoxy-6-[4-(nethoxycarbonyl)phenyl]-1, 2,3, 4, 4a,
10b- hexahydr ophenant hri -

Bei der Untersuchung der PDE IV-Hemmung auf zellullirer Ebene kommt der Aktivierung von Entzin-

dungszellen besondere Bedeutung zu. Als Belsple! sel die FMLP (N-formyl-methionylleucyl-phenyl-
alanin}induzierte Superoxid-Produktion von neutrophilen Granulozyten genannt, die gls Lumi-
not-verstirkte Chemolumineszenz gemessen werden kann. [Mc Phail LC, Strum SL, Leone PA und
Sozzani §, The neutrophil respiratory burst mechanism. In "immunology Series™ 1992, 57, 47-76; ed.
Coffey RG (Marcel Decker, In¢c., New York-Basel-Hong Kong)].

el . 4a. 10b- hexahydr ophenant h

Substanzen, welche die Chemolumineszenz sowle dis Zytokinsekretion und die Sekretion entziin-
dungssteigernder Mediatoren an Entzindungszellen, insbesondere die neutrophilen und eosinophilen
Granulozyten, die T-Lymphozyten, die Monozyten und die Macrophagen hemmen, sind solche, weiche
die POE IV hemmen. Dieses Isoenzym der Phosphodiesterase-Familien ist besonders in Granulozyten
vertreten. Dessen Hemmung fihrt zur ErhShung der intrazelluliren zyklischen AMP-Konzentration und
damit zur Hemmung der zellularen Aktivierung. Die PDE IV-Hemmung durch die erfindungsgeméen
Substanzen ist damit ein zentraler Indikator fir die Unterdriickung von entziindlichen Prozessen.
{Giembycz MA, Could isoenzyme-selective phosphodiesterase inhibitors render bronchodtlatory the-
rapy redundant in the treatment of bronchial asthma?. Biochem Phammacol 1992, 43, 2041-2051;
Torphy TJ et al., Phosphodiesterase inhibitors: new opportunities for treatment of asthma. Thorax
1991, 48, 512-523; Schudt C et al., Zardaverine: a cyclic AMP PDE III/lV inhibitor, In "New Drugs for
Asthms Therapy”, 379-402, Birkhiiuser Verlag Basel 1991; Schudt C et al., Influence of selective
phosphodiesterase inhibitors on human: neutrophil functions and levels of cAMP and Ca,
Naunyn-Schmiedebergs Arch Pharmacol 1991, 344, 8682-650; Nielson CP st al., Effects of selective
phosphodiesterase inhibitors on polymorphonuciear leukocyte respiratory burst. J Allergy Clin Immu-
nof 1880, 86, 801-808; Schade et al., The specific type i} and iV phosphodiesterase inhibitor zarda-
verine suppress formation of tumor necrosis factor by macrophages. European Journal of Pharmaco-
logy 1993, 230, 8-14).



dine are dissolved in 3.0 m of conc. hydrochloric acid and 5.0 m of water
and stirred at 80[err]C for 4 h. The precipitate which is formed on cooling
is filtered off with suction and dried. This gives 135 ng (58.1% of Th.) of

the title c of mp.: 269[err]C. EF: Cerr]Herr] HCI

429. 95 El engrﬁ)%ﬁg%ﬁal ysis: Calc.: C67.05 H 6.56 O 8. 2%@

Found:* C 66.90 H 6.51 O 8.22 N 3.11 SRhrting fromthe correspondi ng
starting materials described above, the- foI I oW ng conpounds are obt ai ned
anal ogously by using the proced d 15.  (+/ -

Ci s- 6-(4-carboxyphenyl ) -8. 9-di ' ’ hexahydr ophenant hri di n
e hydr o- chl oride m p. : 220[ err] C (decorrp ); Yield: 65% of Th.

EF: Clerr] Ha@nodiROJ err] x HCl; MA 401. 89 El enental anal ysis: Calc.: C
65-75 H 6.02 G 8.82 N 3.48 Found: C 65.63 H 6.06

C 8.58 N 3.60
Der Aktivitatstest wurde nach der Methode von Bauer und Schwabe durchgefiihit, die auf Mikrotiter-

) ~ piatten adaptiert wurde {(Naunyn-Schmiedeberg’s Arch. Pharmacol. 1880, 311, 193-198). Hierbei er-
folgt im ersten Schritt die PDE-Reaktion. In einem zweiten Schritt wird das entstandene 5-Nukleotid
durch eine §-Nukieotidase des Schiangengiftes von Crotalus Atrox zum ungeladenen Nukieosid ge-
spalten. im driften Schritt wird das Nukleosid auf lonenaustauschsiulen vom verbliebenen geladenen
Substrat getrennt. Die Saulen werden mit 2 mi 30 mM Ammoniumformiat {pH 6,0) direkt in Minivials
elulert, in die noch 2 mi Szintillatorflissigkeit zur Z&hlung gegeben wird.

Die fir die erfindungsgemiiBen Verbindungen emittelten Hemmwerte ergeben sich aus der folgenden
Tabelle A, In der die Nummem der Verbindungen den Nummem der Beispiele entsprechen.

Tabelle A
Hemmung der PDE IV-Altivitiit
Verbindung «log 1Css

1 7,39
2 8,64
3 7,73
4 8,73

5 " 7,02
8 8.14
T 6,34
8 592
] 8,52
10 7,48
11 7.52
12 4,95
13 7,39
14 8.27
15 6,81
16 8,66
17 " 6,79
18 7,60
19 " 7.55
20 5,18




16.
(+/-)-cis-6-(4-carboxyphenyl)-9-et hoxy-8-nmet hoxy-1. 2. 3. 4. 4a, 10b- hexahydr oph

enant hri di ne hydr ochl ori de mp.: 180[err]C (deconp.); Yield: 53.4%
of Th. EF: Cerr]Herr]NJerr] x HO; MN 415.92 El enental analysis x 2.5
H20: - Calw0o9728139. 93 H 6.78 N 3.03 C 7.68 PCT/EPY7/00402

Found: C59.70 H6.57 N3.18 A 7.71 ¢ WD 97/28131

PCT/ EP97/ 00402 ' -13 - 17
(+/-)-cis-6-(4-carboxyphenyl)-8-ethoxy-9-nmet hoxy-1 .

. 2. 3. 4. 4a. 10b- hexahydr ophenant hri di Batentanspriighbedr ochl oride mp

>250[err]C, Yield: 32.4%of Th. EF. Cerr]J]Herr]NdJerr] x HC; MN 415. 92

1.  Verbindungen der Formel |,

Ra RS
R3 R4
R51
R2 H
R31
WH
R1 Z
R6 )

worin

R1  Hydroxy, 1-4C-Alkoxy, 3-7C-Cycloalkoxy oder 3-7C-Cycloalkyimethaxy oder ganz oder teilwei-
se durch Fluor substituiertes 1-4C-Alkoxy bedeutet,

R2 Hydroxy, 1-4C-Alkoxy, 3-7C-Cycloalkoxy oder 3-7C-Cycloalkyimethoxy oder ganz oder teliwei-
se durch Fluor substituiestas 1-4C-Alkoxy bedeutet,

oder worin

R1 und R2 gemeinsam eine 1-2C-Alkylendioxygruppe bedeuten,

R3  Wasserstoff oder 1-4C-Alky! bedeutet,

R31 Wasserstoff oder 1-4C-Alkyl bedeutet,

oder worin

R3 und R31 gemeinsam eine 1-4C-Alkylengruppe bedeuten,

R4  Wasserstoff oder 1-4C-Alkyl bedeutet,

R5  Wasserstoff bedeutet,

RS51 Wasserstoff bedeutet,

oder worin

RS und R51 gemeinsam eine zusiitzliche Bindung darstelien,

R6 einen durch R7 substituierten Phenyirest darstelit, wobei

R7 COOR71 oder CON(R72)R73 bedeutet und
R71 Wassaerstoff, 1-7C-Alkyl, 3-7C-Cycloalkyl oder 3-7C-Cycloalkylmethy] bedeutet und
R72 und R73 unabhiingig voneinander
Wasserstoff, 1-7C-Alkyl, 3-7C-Cycloalkyl oder 3-7C-Cycloalkyimethyl bedeuten,

" sowle die Saize dieser Verbindungen.

) D



El ement al anal ysi s: Calc.: C66.42 H6.30 N3.37 A 8.52
Found: C 66.37 H6.31 N 3.24 C 8.79 18.
(+/ -)-cis-6-(3-carboxyphenyl)-8.9-di et hoxy-1. 2. 3. 4. 4a. 10b- hexahydr ophenant h

ri di ne hydrochlori - de mp.: 259-260C, Yield: 32.6%of Th. EF:
Cerr]H err'WROf2831 x HO; MN 429.95 El enental anal ysis: PCEHEFPPMNZ g7 05
H6.56 N3.26 C 8.25 . 29 Found: C 67.05 H 6.67 N 3.19
c 8.22 19.

) i SRR AR oY o100 12,4 12, 100
69. 8% pf TR EF4C-Blkexy; Wmﬂgmrwmdwmm&d&l teilveise adurch
ggﬁlﬂémé ég%gﬁﬁg’%&% 9. 57 H5. 83 N2.89 F7.8 d 7. 33_
3-?O-Cycloatkoxy oder 3-70-cydoalky!metmxy oder ganz oder tellweise durch
Fluor substitulertes 1-2C-Alkoxy bedeutet,
) R3  Wasserstoff bedeutet,
R31 Wasserstoff bedeutet,
oder worin
R3 und R31 gemeinsam sine 1-2C-Alkylengruppe bedeuten,
R4  Wasserstoff oder 1-4C-Alkyl bedeutet,
RS  Wasserstoff bedeutet,
RS1 Wasserstoff bedeutet,
oder worin , :
RS und R51 gemeinsam eine zusétzdiche Bindung darstellen,
R6  einen durch R7 substituierten Phenyirest darstellt, wobel
R7 COOR71 oder CON(R72)R73 bedeutet und '
R71 Wasserstoff, 1-7C-Alkyl oder 3-7C-Cycloalkylmethyl bedeutet und
R72 und R73 unabhiingig voneinander Wasserstoff oder 1-7C-Alkyl bedauten,
sowie die Salze dieser Verbindungen.

3.  Verbindungen der Formel | nach Anspruch 1, in denen
Rt 1-4C-Alkoxy, 3-7C-Cycloslkoxy oder ganz oder teilweise durch Fluor substituiertes 1-2C-Alkoxy
bedeutet, '
R2 4-4C-Alkoxy, 3-7C-Cycloalkoxy oder ganz oder tefiweise durch Fluor substitulertes 1-2C-Alkoxy
bedeutet,
R3  Wasserstoff bedeutet,
R31 Wasserstoff bedeutet,
oder worin
R3 und R31 gemeinsam eine 1-2C-Alkylengruppe bedeuien,
R4  Wasserstoff oder 1-4C-Alkyl bedeutet,
R5 Wasserstoff bedeutet,
R51 Wasserstoff bedeutet,
oder worin
RS und R51 gemeinsam eine zus#tzliche Bindung darstellen,
R8 einen durch R7 substituierien Phenyirest darstellt, wobei
‘R?7 COOR7t oder CON(R72)R73 bedeutet und
R71 Wasserstoff, 1-7C-Alky! oder 3-7C-Cycloalkylmethy! bedeutet und
R72 und R73 unabhiingig voneinander Wasserstoff oder 1-4C-Alkyl bedeuten,

RN N AR A



20.

(+/-)-cis-6-[4-(Nnethyl am nocar bonyl ) phenyl ] - 8. 9-di net hoxy-1. 2. 3. 4. 4a. 10
b- hexahydr ophenan- t hri di ne 680 ng of

(+/-)-cis-8,9-di net hoxy- 6-[4- (et hoxycar bonyl ) phenyl -1, 2, 3, 4, 4a, 10b- hexahyd
rophenan- worsnasiae with 25 ng of sodiumcyanide in 13 nl pérRparmbae

met hyl am ne solution in ethanol are heaggd to 90C in an autoclave for 10 h.
The solution is concentrated under reduced pressure and the residue is
taken up in nethylene chloride and extracted with water. The organi c phase
is dried whwindieSdizediesasVaindyngethe sol vent is renoved under reduced pressure
and the residue is treated with diethyl ether, filtered off with suction

0
200- 211 flor r pemiolnan dae oy {adh Apsefich 11l ferb ' ;“GM‘A', 'a7e a8 B emental
anal ysi s: R1  Methoxy, Ethoxgedder Difhonfi@h@@ bitieditef) 2 N
Cound. ¢, 8, Ofetod. B e DtvomennSodll 15
R3 und R31 Wasserstoff bedeuten,
R4  Wasserstoff bedeutet, '
RS und R51 Wasserstoff bedeuten,
R6 einen durch R7 subsiituierten Phenyirest darsteilt, wobel
R7 COOR71 oder CON(R72)R73 bedeutet und
R71 Wasserstoff oder 1-4C-Alkyl bedeutet,
R72 Wasserstoff bedeutet und
R73 1-4C-Alkyt bedeutet,
sowie die Salze dieser Varbindungen.

8. Armzneimittet enthaltend eine oder mehrere Verbindungan. nach Anspruch 1 zusammen mit phar-
mazeutischen Hilfs- und/oder Triigerstoffen. '

8. Verwendung von Verbindungen nach Anspruch 1 zur Herstellung von Arzneimitieln fir die Be-
handiung von Atemwegserkrankungen.

I



-14- Starting materials Al.
(+/-)-cis-N-[2-(3, 4-di net hoxyphenyl ) cycl ohexyl ) - 4- net hoxycar bonyl benzam de
2.6 g of (+/-)-cis-1,2-dinethoxy-4-(2-am nocycl ohexyl)benzene are di ssol ved
in 20 mM of wetdmsmpe chloride and 1 ml of triethylamne. At RT. a solution
of 2.4 g of 4-nethoxycarbonyl benzoyl chloride in 30 m of nﬁFﬁWz
chloride is added dropw se over a perioa Hf}3 h, and the mixture is stirred
for 1 h and then extracted with 50 ml _each of water, 2 N hydrochloric

acid, sat. sodium bi carbonate sol uti opoRagLEIXGs Nore with water. The

organi c phase is dried with sodiumsulfate, concentrated and crystal- |ized
fromethyl acetate. This gives 2.0 g (45.5% of Th.) of the title conpound
of mp. 139-143[err]C. Starting fromthe corresponding starting materials
descri bed bel ow, the follow ng conpounds are obtai ned anal ogously by using
the procedure of Exanple Al: A2, R4 RS
(+/-)-cis-N[2-(3-difluoronethoxy-4-
onyl benzam de Ql; Yield 96.5% of TH

R2
Rt
R4 RS
R3 R4
R51
R2
R31
HN
R1
o)
Rs>= (ny
()]
Re RS R4 RS
R3 R4 | R3 R4
ro R61 R51
R31 R31
R1 NO, v) R1 (IVa)
R2 x-NO,
U\/ R3-CH=C(R4)-C(R4)=CH-R31 (V)
R1 V) |



A3.
T -cis-

Yield 58. 7% of Th.

(+/-)-cis- N-[2 (3 et hww@mk%wbsn%nmmwMWMYnet hoxycar bonyl benza
Yinisinafionalzficg 04 o

m de

(+/-)-

m de |

(+/-)
al;

T 1260527 Ster T Y et 58T
-(S1) Irtdraliodal patentiashiiedidabxy phenyl ) cy

(+/-)
N-[ 2-(3.4-di et hoxyphenyl )cycl ohexyl ]
A4,

mp.: 151.

- 4- et hoxycar bonyl benzam de

cis- N ’WR("QT'% 65’&@“??45?%65?9%%5 TW&TW&EW?RAEOMW §CBr bony! benza

clnhe

Yield: 96.27% of Th.
€07D 221712, AB1K 31/47
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AT7.

+/ Ci 3-di et hoxyphenyl ) cycl ohexyl ] - 2- met hoxycar nzam de
Enp ) @O %f%gfﬁrr] C Yield: 59.6% of Th WO 97/ 2813%)&[)&’&7? 00402
PCT/ EP97/ 00402 - 15- A8.
(+/-)-trans-N-[ 2- (3, 4-di met hoxyphenyl )cycl ohexyl ] - 4- net hoxycar bonyl benzam d
e mp.: 189-1 93C, Yield: 48.0% of Th. A9. .
(-)-cis-N-f2-(3.4-di et hoxyphenvl)cycl ohexyl ] -4- met hoxycar bonyl benzam de

Novel phenanthridines

Field of application of the invention

The invention relates to novel 8-phenylphenanthridines which are used in the pharmaceutical industry
~ for the production of medicaments.

Known technical background

The synthesis of 6-phenylphenanthridines is described in Chem. Ber. 1939, 72, 675-677, J. Chem.
Soc., 1956, 4280-4283 and J. Chem. Soc. (C), 1971, 1805-1808.

Description of the invention

It has now been found that the novel phenanthridines described in greater detail below have surprising
and particularly advantageous properties.

The invention thus relates to compounds of the formula | (see attached formula sheet), in which

R1 is hydroxy, 1-4C-afkoxy, 3-7C-cycloalkoxy or 3-7C-cycloalkylmethoxy or 1-4C-alkoxy which is
completely or partially substituted by fluorine,

R2 is hydroxy, 1-4C-alkoxy, 3-7C-cycloalkoxy or 3-7C-cycloalkyimethoxy or 1-4C-alkoxy which is
completely or partially substituted by fluorine,

or in which

R1 and R2 together are a 1-2C-alkylenedioxy group,

R3 is hydrogen or 1-4C-alkyl,

R31  is hydrogen or 1-4C-alkyl,

or in which

R3 and R31 together are a 1-4C-alkylene group,

R4 is hydrogen or 1-4C-alkyl,

RS is hydrogen

R51 is hydrogen,

or in which

RS and R51 together are an additional bond,

R6 is a phenyl radical which is substituted by R7, where

R7 is COOR71 or CON(R72)R73 and
R71 is hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl and



122-124[err]C, Yield: 80.15%of Th. Optical rotation: [err] -137.3 (c

P-

0.1 1.weldrpi Al 0.

+) - CI S VKI-QZ (3%3}) di et hoxyphenyl ) cycl ohexyl ] - 4- met hoxycar bon{jPE’gﬁ%{ﬂ?‘f%
p.: 123- 125[err]C Yield: 86.75% of Tha.Optical rotation: [err]

34 8[err] (c = 0.135, ethanol) A 11.
) -
p.
) -
P-

| s-N-[ 2- t )c cl ohex - met hoxycar bonyl benzam de
154, Es 1%%[%‘9%%‘3“%@?95 ARGt fe Eﬁt‘ﬁ'&y&m%ﬂalqﬁhvi ?r@ﬁycloaiml?oﬂ
= 0 2, et fafkycioalkiiribthyl, oh -4 ] o b d
- enyl ) cycl ohexy nmet hoxycar bonyl benzan de
ggbg‘%ls%i é'[err] ERB@AB% 85. 1% of Th. Optical rotation: [err]
+165[ err] (¢ = 0.2, ethanol)
1-4C-alkoxy represents radicals which, in addition to the oxygen atom, contain a straight-chain or

m
(
m
+
(-
m
(c =
(+
m

branched alkyl radical having 1 to 4 carbon atoms. Examples which may be mentioned are the
butoxy, isobutoxy, sec-butoxy, tert-butoxy, propoxy, isopropoxy and preferably the ethoxy and meth-
oxy radical.

3-7C-cycloalkoxy represents, for example, cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyl-
oxy and cycloheptyloxy, and preferably cyclopropyloxy, cyclobutyloxy and cyclopentyloxy.

3-7C-cycloalkylmethoxy respresents, for example, cyclopropylmethoxy, cyclobutylmethoxy, cyclopen-
tylmethoxy, cyclohexyimethoxy and cycloheptylmethoxy, and preferably cyclopropylmethoxy, cyclobu-
tylmethoxy and cyclopentylmethoxy.

1-4C-alkoxy which is completely or parﬁally substituted by.fluorine is, for example, the.1,2,2-trifluoro-
ethoxy, the 2,2,3,3,3-pentafluoropropoxy, the perfluoroethoxy, the 1,1.2,2-tetrafluoroethoxy, the tri-
fluoromethoxy and in particular the 2,2,2-trifluoroethoxy and preferably the diftluoromethoxy radical.

1-4C-alky! represents a straight-chain or branched alky! radical having 1 to 4 carbon atoms. Examples
which may be mentioned are the butyl, isobutyl, sec-butyl, tert-butyl, propyl, isopropyl and preferably
the ethyl and methyl radical.

1-2C-alkylenedioxy represents, for example, the methylenedioxy (-O-CH,-O-) and the ethylenedioxy
radical (-O-CH,-CHz-0-).

If R3 and R31 together have the meaning 1-4C-alkylene, positions 1 and 4 in compounds of the
formula 1 are linked with each other by a 1-4C-alkylene bridge, and 1-4C-alkylene represents straight-
chain or branched alkylene radicals having 1 to 4 carbon atoms. Examples which may be mentioned
are the radicals methylene (-CH,-), ethylene (-CH>-CH,-), trimethylene (~CHxCH,-CHy-), 1.2-dimethyl-
ethylene [-CH(CH,)-CH(CHj3)-] and isopropylidene [-C(CHs)2.}.

If RS and R51 together denote an additional bond, the carbon atoms in positions 2 and 3 of the
compounds of the formula | are linked with one another via a double bond.

1-7C-alkyl represents straight-chain or branched aiky! radicals having 1 to 7 carbon atoms. Examples
which may be mentioned are the heptyl, isocheptyl (2-methylhexyl), hexyl, isohexy!l (2-methylpentyl),



B1. (+/-)-cis-1 .2-dimethoxy-4-(2-amn nocycl ohexyl ) benzene 8.5 g of
(+/ ) C &713 @ rret hoxy-4- (2-nitrocycl ohexyl ) benzene are di 400
ol e i

ano and, at RT, admi xed in portions with 7 m of hydrazine
hydrate and 2.5 g of Raney ni ckel over -a{period of 8 h. The reaction
mxture is stirred at RT overnight and then filtered, thefiltrateis

concentr ated i due .i,s, chr 0 hed over usi

Concent | gt ey e e S R S aRgl Yt b RS L. o
of Th. isofiityly decibgtyf, teviabutyheprapyh isbprogylnethyd andithe niktint radivald bel ow, t he

foll ow ng conpounds are obtained by using the procedure of Exanple B1:

WO 97/ 28131

PCT/ EP9%70crycinalkyl represents the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl radical.

Preference is given to the 3-5C-cycloalkyl radicals, cyclopropyl, cyclobutyl and cyclopentyl.

3-7C-cycloatkylmethyl represents a methyl radical which is substituted by one of the abovementioned
3-7C-cycloalkyl radicals, Preference is given to the 3-5C-cycloalkylmethyl radicals, cyclopropylmethyl,
cyclobutylmethyl and cyclopentyimethyl.

The substituent R7 may be aitached to any suitable position on the phenyl ring. Particular preference
- is given to the substituent R7 attached in position 4 of the phenyl ring.

Examples of R7-substituted phenyl radicals which may be mentioned are 4-carboxyphenyl, 3-carboxy-
phenyl, 4-methoxycarbonylphenyl, 3-methoxycarbonylphenyl, 2-methoxycarbonylphenyi, 4-ethoxycar-
bonylphenyl, 3-ethoxycarbonylphenyt, 2-ethoxycarbonylphenyl, 4-(N-methylaminocarbonyl)phenyl,
3-(N-methylaminocarbonyf)phenyl, 4-(N,N-dimethylaminocarbonyi)phenyl, 4-carbamoylpheny! and
3-carbamoyliphenyl.

Compounds of the formula | to be emphasized are those in which

R1 is 1-4C-alkoxy, 3-7C-cycloalkoxy or 3-7C-cycloalkylmethoxy or 1-2C-alkoxy which is comple-
tely or partially substituted by fluorine,

R2 is 1-4C-alkoxy, 3-7C-cycloalkoxy or 3-7C-gycloalkylmethoxy or 1-2C-alkoxy which is comple-
tely or partially substituted by fluorine,

R3 is hydrogen,

R31 is hydrogen,

or in which

R3 and R31 together are a 1-2C-alkylene group,

R4 is hydrogen or 1-40-atkyl

R5 is hydrogen,

R51 is hydrogen,

or in which

R5 and R51 together are an additional bond,

R6 is a phenyl radical which is substituted by R7, where

' R7 is COOR71 or CON(R72)R73 and

R71 is hydrogen, 1-7C-alky! or 3-7C-cycloalkylmethyl and
R72 and R73 independently of one another are each hydrogen or 1-7C-alkyl,

and the saits of these compounds,



-16 - B2. (+/-)-trans-1. 2-di net hoxy- 4- (2- am nocycl ohexyl ) benzene al;

Yield: @ @eef31Th. B3. . ~ PCT/EP97/00402
(+/-)-cis-1.2-di et hoxy-4-(2-am nocycl ohexyl ) benzene Ql; Yield: 42.8% of
Th. B4. : 4.

(+/-)-cis-2-difluoronethoxy-1-nmethoxy-4-(2-am nocycl ohexyl)benzene 14.6 g

of (+/ - k. 6l.Sqadi - 1- OV Ol AN TS - 4- enyl ) benzene
are di SE;S@'P@H‘%F%%’%& W@%@é%ﬁhgﬁh%xbem F%‘{eé’%gy{él’%pﬁ hé%y ni ckel and
~hydr ogeRat ed i§ hr4@ngtkax doiCaaysloalkoxy onj-aCaiony whiskis spmplgielysy padiallyfsybstigiterbis

The suspensi @godpe, filtered, the solvent is renoved under reduced pressure
and the_residue, s, chromatographed over silic, el using a m xture of

ol uenaRd: oxi -AGAIKERE SHr<YrieAko/or 16k MEIEHE camplgielich PemlE.SHpRd by o
fractions giviesins, 4 g (25. 7% of Th.) of the title conpound as an oil.

R3 is hydrogen,

R31 is hydrogen,

or in which

R3 and R31 together are a 1-2C-alkylene group,

R4 is hydrogen or 1-4C-alkyl,

R5 is hydrogen,

R51 is hydrogen,

or in which

R5 and R51 together are an additional bond,

R6 is a phenyl radical which is substituted by R7, where

R7 is COORT71 or CON{R72)R73 and '
R71is hydrogen', 1-7C-alkyl or 3-7C-cycloalkylmethyl and
R72 and R73 independently of ane another are each hydrogen or 1-4C-alkyi,

and the salts of these compounds.

Preferred compounds of the formula | are those in which
R1 is methoxy, ethoxy or difluoromethoxy,
R2 is methoxy, ethoxy or difluoromethoxy,
R3 and R31 are each hydrogen,
R4 is hydrogen,
R5 and R51 are each hydrogen, _
R6 is a phenyl radical which is substituted by R7, where
R7 is COOR71 or CON{R72)R73 and

R71 is hydrogen or 1-4C-alkyl,

R72 is hydrogen and

R73 is 1-4C-alkyl,
and the salts of these compounds.

An embodiment of the preferred compounds of the formula 1 are those in which
R1 is methoxy or ethoxy,

R2 is methoxy, ethoxy or difluoromethoxy,

R3 and R31 are each hydrogen,

R4 is hydrogen,

R5 and R51 are each hydrogen,



Starting fromthe appropriate starting materials described bel ow, the
fol | om Ngoemptainds are obt ai ned anal ogously by using the proredswssod
Exanpl e B4: B5. (+/-)-cis-2-ethoxy-1

- met hoxy- 4- (2- am nocycl ohexyl ) benzene -&l; Yield quantitative B6.
(+/-)-cis-I-ethoxy-2-nethoxy-4-(2-am nocycl ohexyl)benzene Ql; Yield

quant i t @l Ve is g fifen lra&aniw‘ﬁicﬁ islsuBstittitéd BYPRY, whieke?- @M nocycl ohexyl) benzene
hydrochlorlde 2. %

(-)-cis® 2- &%998%?3@9[2 (1- phenyl et hyl )anmi nocycl ohexyl ] benzene are

suspended | nﬁi@.gﬁ,ydﬂfgesbham@]ayk adm xed with 270 ng of 10% pal | adi um on
car bon an alh/%?nat ed at O[err]C and a hydrogen-pressure of 50 bar for 6

days. Tﬁ% ‘1$§°?'PP‘%“8 ®d off, the solution is concentrated under
reduced

Suitable ;a_lts of comppunds of the formula | - depending on substitution - are ali acid addition salts or
all salts with bases. The pharmacologically tolerable salts of the inorganic and orgahic acids and
_bases customarily used in pharmacy may be mentioned particularly. Those suitable are on the one
hand water-soluble and water-insoluble acid addition salts with acids such as, for example,
hydrochloric acid, hydrobromic acid, phosphoric acid, nitric acid, sulfuric acid, acetic acid, citric acid,
D-gluconic acid, benzoic acid, 2-(4-hydroxybenzoyl)benzoic acid, butyric acid, sulfosalicylic acid,
maleic acid, lauric acid, malic acid, fumaric acid, succinic acid, oxalic acid, tartaric acid, embonic
acid, stearic acid, toluenesulfonic acid, methanesulfonic acid or 3-hydroxy-2-naphthoic acid, the acids
being employed in the salt preparation - depending on whether it is a mono- or polybasic acid and
depending on which salt is desired - in an equimolar quantitative ratio or one differing therefrom.

On the other hand, salts with bases are also suitable. Examples of salts with bases which may be
mentioned are alkali metal (Jithium, sodium, potassium) or calcium, aluminum, magnesium, titanium,
ammonium, meglumine or guanidinium salts, here also in the salt preparation the bases being
employed in an equimolar quantitative ratio or one differing therefrom.

Pharmacologically intolerable salts which can be initially obtained, for example, as process products in
the preparation of the compounds according to the invention on an industrial scale, are converted into
pharmacologically tolerable salts by processes known 1o the person skilled in the art.

The compounds of the formula | are chiral compounds having chiral centers in positions 4a and 10b
and, depending on the meaning of the substituents R3, R31, R4, R5 and R51, further chiral centers in
positions 1, 2, 3 and 4. The invention therefore embraces all feasible pure diastereomers and pure
enantiomers and also mixtures thereof in any mixing ratio, including the racemates. Preference is
given to the compounds of the formula | in which the hydrogen atoms in positions 4a and 10b are cis
to each other. Particular preference is given here to the pure cis diastereomers and the pure cis
enantiomers and also mixtures thereof in any mixing ratio, including the racemates. Preference is
given here to the {-)-cis enantiomers.

The enantiomers can be separated in @ known manner (for example by preparation and separation of
appropriate diastereoisomeric compounds). A separation of enantiomers is preferably carried out at
the stage of the starting materials of the formula il (see attached formula sheet). Alternatively,
enantiomerically pure starting materials of the formula Ill can also be prepared by asymmetric
syntheses.



pressure and the product that crystallizes is filtered off wth suction and
dri ed. o81a445- 147C, Yield: 59.0% of Th. Optical rotatiguy

-60[ er r}’vc??:ﬂimg%l& et hanol ) WO 97/ 28131 FENERSHibdao

PCT/ EP97/ 00402 -6- -17-
Starting fromthe appropriate starting materials described bel ow, the

foll ow ng conpounds are obtai ned anal ogously by using the procedure of
Exanpl e B7: B8. ( +)-cis-1 .2-diethoxy-4-(2-am nocycl ohexvl)benzene
hydr ochTier indention fiorthermdrd Prolided p erackSs folYprebaringGle 88mpdunddof thipfdrmala iowaich on:

[err] +§Q,[ F?’zf. rF\]3, §§1 ,ﬁ49 R%}Rsﬁén*&%%% each as defined above, and the salits thereof. The process
comprises cyclocondensinQ compounds of the formula 1l {see attached formula sheet) in which R1,
R2, R3, R31, R4, R5, R51 and R6 are each as defined above and, if desired, then converting
compounds of the formula | obtained into their salts or, if desired, then converting salts of the
compounds of the forﬁula | obtained into the free compo_unds.

if desired, bompounds of the formula | obtained can be converted into futher compounds of the
formula | by derivatization. For example, the corresponding acids can be obtained from compounds of
the formula | in which R7 is an ester group by acidic or alkaline hydrolysis, or the corresponding
amides can be prepared by reaction with amines of the formula HN(R72)R73, or else corresponding
esters can be prepared by transesterification of esters of the formula | or by esterification of acids of
the formula |. The reactions are advantageously carried out analogously to methods known to the
person skilled in the art, for example as described in the examples below.

The cyclocondensation is carried out in a manner known per se to the person skilled in the art
according to Bischler-Napieraiski (e.g. as described in J. Chem. Soc,, 1956, 4280-4282) in the
presence of a suitable condensing agent, such as, for example, polyphosphoric acid, phosphorus
pentachloride, phosphorus pentoxide or preferably phosphorus oxytrichloride, in a suitable inert
solvent, for example in a chlorinated hydrocarbon such as chloroform, or in a cyclic hydrocarbon such
as toluene or xylene, or another inert solvent such as acetonitrile, or without a further solvent using an
excess of condensing agent, preferably at elevated temperature, in particular at the boiling point of the
solvent or condensing agent used.

The substances according to the invention are isolated and purified in a manner known per se, for
exampie by distilling off the solvent under reduced pressure and recrystallizing the residue obtained
- from a suitable solvent or subjecting it to one of the customary purification methods, such as, for
example, column chromatography on a suitable support material.

Salts are obtained by dissolving the free compound in a suitable solvent, for example in a chlorinated
hydrocarbeon, such as methylene chloride or chloroform, or a low molecular weight aliphatic alcohol
(methanol, ethanol, isopropanol) which contains the desired acid or base, or to which the desired acid
or base is subsequently added. The salts are obtained by filtering, reprecipitating, precipitating with a
nonsolveﬁt for the addition salt or by evaporating the solvent. Salts obtained can be converted into the
free compounds, which in turn can be converted into salts, by alkalization or by acidification. In this

manner, pharmacologically intolerable salts can be converted into pharmacologically tolerable salts,



B9. (-)-cis-1.2-dinmethoxy-4-(2-am nocycl ohexyl ) benzene 12.0 g of

(+/-) - oy g8 Met hoxy- 4- (2- am nocycl ohexyl ) benzene and 6pg
(-)mandelic acid are dissolved in 420 ml of di oxane and 60 n?‘ﬁg?%ﬂmoz

tetrahydrofuran and stirred at RT overnizght. The solid is filtered off with
suction, dried, adm xed with 100 mM of saturated sodi um bi carbonat e

| ut d t Th h d d w
sodi um SarpEs b 1RE lBRuE N rearbachen diuRsaerun wRbSBcRE FRTRRE Ry paccsi andy
(40. 0% »8 arEhaa):h a$ defined tabweecao (embtairdd dfornthp corréPerdiing. cofipotinds iof thle foraiuld lion:

[err]  redBusinbs Bong&% sﬁééfﬁﬂ ‘%\Lh}ch R tfér hﬁ %f R8RS gﬁd QQPE;%%@QF% e%eﬁ%%%%o%usl y

materl a s €scri npoun are ob
usi ng therepelinnaith eorefoumsaeithe chgrula RﬁB@Q—X m whxch R6 is as defined above and X is a

(+) - ci sqhade Q’éa% % refe%abi\jfh RAfoMfE élbli?.xh‘hibé‘r%ﬁ n, f ?ampréﬁs @a%ﬁ! but
Gram

Yield: 37.2% of ical rotation

Cl. (-9Yesgtitedin e gSbetow prin 4. 1ChoRe §9F-dEh B taitd 1 ohexyl ] benzene

Compounds of the formula R6-CO-X and compounds of the formula 1li are either known or can be
prepared in a manner known per $e.

The compounds of the formula [ll can be prepared, for example, from compounds of the formula iV
(see attached formula sheet) in which R1, R2, R3, R31, R4, R5 and R51 are each as defined above
by reduction of the nitro group.

The reduction is carried out in a manner known to the person skilled in the art, for example as
described in J. Org. Chem. 1962, 27, 4426 or in the examples below. The reduction is preferably
carried out by catalytic hydrogenation, for example in the presence of Raney nickel, in a lower alcohot
such as methanol or ethanol at room temperature and under atmospheric or elevated pressure. If
desired, a catalytic amount of an acid, such as, for example, hydrochlo.ric acid, can be added to the
solvent.

Enantiomerically pure compounds of the formula Iif are obtained in a manner known to the person
skilled in the art, for example via salt formation of the racemic compounds of the formula llI with
optically active carboxylic acids.

Alternatively, enantiomerically pure compounds of the formula Il can also be obtained by asymmetric
synthesis starting from compounds of the formula 1Va {see attached formula sheet) by imine formation
with optically active amines (for example R-(+)-1-phenethylamine and S-(-)-1-phenethylamine,
followed by hydrogenation and subsequent reductive cleavage of the secondary amine obtained (as
described, for example, in Arch. Pharm. 1989, 322, 187 or in the examples below).

Compounds of the formula [Va can be obtained, for example, starting from compounds of the formula
IV in a manner known to the person skilled in the art (for example as described in Tetrahedron 1968,
24, 6583 or in the examples).

The compounds of the formula IV (see attached formula sheet) in which R1, R2, R3, R31 and R4 are
each as defined above and RS and R51 are hydrogen are either known, or they can be prepared from
corresponding compounds of the formula {V in which R5 and R51 together denote a further bond. The
reaction can be carried out in a manner known to the person skilled in the art, preferably by



4. Ol‘g of 2-(3, 4-di et hoxyphenyl)cycl ohexanone, 2.0 m of

R-(+) - lypbenaeii am ne and 20 ng of toluenesul fonic acid arpcyessiajoderl i n
150 m of toluene and heated under reflux using a water separator for 18 h.

The solution is concentrated under redued pressure and the residue is
taken up in 200 mM of ethanol, adm xed wwth 5 g of Raney nickel (noistened

wth et ; - r d re for
10" days SaRunaBRE e bRGRPEREL oAy sitlids o7 B, oAladlIKC P RIS BRSNS
concent dgsqsled; ferexamplguin ddChrme $904@). 497 . 1305-1888 pria éhei exampied helewgr aphed over
silicca gel using a mxture of toluene/dioxane/triethylamne at a ratio of

20/ 2/ 1. _Concentr at iqzn of the appropriate eluate fractions gives 2.15 @Ye '
(38. 4% dfe PAMPOYIdsoh &g formida &Y i WhiRly Resand R3y fogethergopple A funherafiong pre pither |
- 3. 7[ er «khowrc or they tan @t lvdtairel by reactioW\Of Bathpddihdd of the formula V (see attached formula
PCT/ EP9 4 . . - -
Star 1 g PEOME Bh,309 7 4P &5 SPTTE: b atith PP 9L e fouis Ve fflached
f ol | owi figymeiargheethhovhigheRDH RBAinmbR4 arecdaolyasddfipedgbovei ng t he procedure of
Exanpl e Cl: '

The cycloaddition is carried out in a manner known to the person skilled in the art in accordance with

Diels-Alder, as described, for example, in J. Amer. Chem. Soc. 1957, 79, 6559 or in J. Org. Chem.

1952, 17, 581, or in the examples below.

Compounds of the formula IV obtained in the cycloaddition having the pheny! ring and the nitro group
trans to one another can be converted into the corresponding cis compounds in 2 manner known to
the person skilled in the art, as described, for example, in J. Amer. Chem. Soc. 1957, 79, 6559 or in
the examples below.

The compounds of the formulae VI and V are either known or can be prepared in a known manner.
The compounds of the formula V, for example, can be prepared from corresponding compounds of
the formula Vil in a manner known to the person skilled in the art, as described, for example, in J.
Chem. Sac. 1851, 2524 orin J. Org. Chem. 1944, 9, 170, or in the examples below.

The compounds of the formula VIl (see attached formula sheet) in which R1 and R2 are each as
defined above are either known, or they can be prepared in a manner known to the person skilled in
the ‘art, as described, for example, in Ber. Dtsch. Chem. Ges. 1925, 58, 203 or in the examples belqw.
The following examples serve to illustrate the invention in greater detail without restricting it. Further
compounds of the formula i, whose preparation is not explici'dy described, can also be prepared in a
similar manner or in a manner familiar per se to the person skilled in the art using customary process
techniques.

In the examples, m.p. stands for melting point, of Th. for of theory, b.p. for boiling point, h for hour(s),
RT for room temperature, EF for empirical formufa, MW for molecular weight, calc. for calculated.
The compounds mentioned in the examples and their salts are the preferred subject of the invention.



C2. (+)-cis-1,2-di et hoxy-4-[2-(1-phenyl et hyl ) am nocycl ohexyl ] benzene
Starti nyvoraizsi( 3, 4- di et hoxyphenyl ) cycl ohexanone and PCT/EPS7/00402
S-(-)-1-phenethylam ne, the title conpound is obt ai ned as an oil
Yield: 64.6%of Th. Optical rotation: [ePr] +7.1 (c = 0.56, ethanol) D1.
2- (3. 4-di et hoxyphenyl ) cycl ohexanone 10.2 g of

2- (3, 4-di et hoxyphenyl ) cycl ohex-4-enone in 600 ml of tetrahydrofuran are
adm xed with 1.5 m of conc. hydrochloric acid and 400 ng of 10% pal | adi um
on carbon and hydrogenated. The catalEX8mpies fj|tered off, the solution is
concentrated under reduced pressure and the residue is chromatographed over
silica %?Q;“ﬁiﬁﬁuﬁ m xture of petroleumether/ethyl acetate in a ratio of
2/ 1. Co of the appropriate eluate fractions gives 8.25 g (80.9%
of Th.) of the title conpound as an oil which solidifies.

1. +/-}-Cis-8 S-dimetho -8-[4-(methoxycarbonylphenyl]-1,2.3.4,4a,10b-hexahydrophenanthridine

1.8 g of (+/-)-cis-N-[2-(3,4-dimethoxyphenyljcyclohexyl]-4-methoxycarbonylbenzamide are dissolved
in 50 m! of acetonitrile and 1.0 ml of phoshorus oxychloride and stirred at 50°C for 8 h. The reaction
mixture is poured into 100 mi of saturated sodium bicarbonate solution and extracted with ethyl
acetate. The organic phase is washed with sodium bicarbonate solution and water, dried with sodium
sulfate and concentrated. The residue is recrystallized from ethyl acetate/petroleum ether. This gives
660 mg (38.6% of Th.) of the title compound of m.p.: 121.5-122.5°C.

EF: CosHasNO 4, MW 379,46
Elemental analysis: Calc.:C72.80 H6.64 N 3.69 *

Found: C72.70 H6.61 N 3.58

Starting from the corresponding starting materials described below, the following compounds are
obtained analogously by using the procedure of Example 1:

2, (+/-)-cis-8,9-diethoxy-6-[4-(methoxycarbonyl)phenyll-1,2.3.4.4a.10b-hexahvdrophenanthridine

m.p.: 136-137°C, Yield 59.8% of Th.

EF: CasH2oNO4; MW 407.51

Elemental analysis: Calc.: C73.69H7.18 N3.44
Found: C 73.83 H7.27 N 3.59

3. {+/-)-cis-9-difluoromethoxy-8-methoxy-6-[4-{methoxycarbonyphenyil-1.2.3.4.4a,10b-hexa-
hydrophenanthridine

m.p.: 126-127°C, Yield 34.5% of Th.

EF: CasHaaFoNOy; MW: 415.44

Elemental analysis: Calc.: C66.50 H5.58 N 3.37 F 9.15
Found: C 66.59 H 5.55 N 3.36 F 9.21



El. 2- (3. 4-di et hoxyphenyl ) cycl ohex- 4- enone 15.0 g of (+/-)-trans-1
, 2-di et sAadaa- Ni trocycl ohex-4-enyl )benzene are dissol vegn of
et hanol U\g?%?/g%{(ﬁd dropwise to 42 m of 20% strength sodi umg,g:r{%%i%ggmz
solution. The mxture is stirred at RT.fjor 20 mi n. and then added dropw se
to an ice-cooled solution of 67.5 m of conc. hydrochloric acid and 1.35 g
of urea.in 225 m_of water and 170 ml of ethanol. The solution is extracted
with wafter/ §Hais fRethoxy oxycarbonyhehenyilyl 2.44.42, 100 hexahvdroghenan-
sul f at e andtgiameent rat ed under reduced pressure. The residue is
chr omat ogr aphed over silica gel using petroleumether/ethyl acetate in a
ratio of 2/1. Concentration of the appropriate eluate fractions gives 10. 33
g (77. 1m.pf 14B:A-}44°Ct Yieldt §8.6% ot Bnpound as an oil . F1.
(+/-)-ciepféi4ﬁ57gbm\no§§é-4§-(2- ni trocycl ohexvl ) benzene 8.4 g of

ci s-172='di net hoxy-

(+-)- met hoxy-4-(2-nitrocycl ohex-4-enyl )benzene are dissolved in
450 ni Etemeatahaprlysis: adifdled W-2HHB. SN 3F6conc. hydrochl oric acid and
hydr ogenat ed after the paded-io B4l s 318y of Pd/ C 10% The reaction m xture
is filtered and the filtrate is concentrated. Mp.: 84-86.5err]C, Yield
gquantitative.

5. {+/-)-cis-8-ethoxy-9-methoxy-6-[4-(methoxycarbonyliphenyi]-1.2.3.4,4a,10b-hexahydrophenan-

thridine

m.p.: 123-124.5°C; Yield: 81.9% of Th. _
EF: C24H27NOy4; MW: 393.48
Elemental analysis: Calc.: C73.26 H6.92 N 3.56
" Found: C 73.37 H6.97 N 3.56

6. {+/-)-cis-8,9-diethoxy-6-[3-methoxycarbonyl}phenyfl-1.2,3.4.4a, 10b-hexahvdrophenanthridine

Oil; Yield: 40.4% of Th.

EF: C2sH2sNO,; MW: 407.51

Elemental analysis: Calc:C7369H717N3.44
Found: C 73.10 H7.10 N 3.33

7. {+/-)-cis-8 8-diethoxy-6-[2-(methoxycarbonyliphenyll-1.2.3 4.4a.10b-hexahydrophenanthridine

Oil; Yield: 19.2% of Th.

EF: CasHagNOy; MW: 407.51 .

Elemental analysis x 0.5 H,0: Calc.:.C72.79H7.26 N 3.36
Found: C 71.90 H 7.26 N 3.20

8. (+/-)-trans-8.9-dimethoxy-6-[4-(methoxycarbonyl)phenyl}-1.2.3.4 4a, 10b-hexahydrophenan-

thridine

m.p.: 212-214°C; Yield: 52.7% of Th.

EF: CysHasNO4; MW: 379.46

Elemental analysis:  Calc.: C 72.80 H 6.64 N 3.69
Found: C 72.69 H 6.68 N 3.67



WO 97/ 28131
PCT/ EP9 Wc?@?ﬁ& 31 T(EPQIY%MOZ

PC
Starting fromthe appropriate starting materials described be
fol |l ow ng conpounds are obtai ned anal ogaysly by using the procedure of
Exanpl e F1: F2. (+/-)-cis-1 .2-diethoxy-4-(2-nitrocycl ohexyl)benzene
al; Yield: . of :
(+/ -)-trrans+~=2-¢n Iy AT ¢ et ; f :
of Th. Gl. (+/ )-cis-1.2-dinmet hoxy 4-(2- nltrocycl ohex- 4- enyl)benzene
m.p.: 92-95°C; Yield: 46.6% of Th.
EF: CosHagNO,4; MW: 407.51

Optical rotation: [a] -61.26° (¢ = 0.475, ethanol)

Elementat analysis: . Calc.. C73.69 H7.17 N 3.44
Found: C 73.55 H 7.25N 3.35

10. (+)-cis-8,9-diethoxy-6-[4-(methoxycarbonyl}phenyll-1.2,.3,4 43.10b-hexahydrophenanthridine

m.p.: 92-125°C; Yield: 48.2% of Th.
EF: CasHaoNO4; MW: 407.51
Optical rotation: [a];o +60,08° (c = 0.23, ethanol)

Elemental analysis: Calc.: C73.69 H 7.17 N 3.44
Found: C 73.66 H 7.20 N 3.60

11.  (-)-cis-8 9-dimethoxy-6-[4-(methoxycarbonyl}phenyl]-1,2.3.4 4a 10b-hexahydrophenanthridine

Oil which solidifies; Yield: 58.1% of Th.
EF: CosHasNOy; MW: 379.46
Optical rotation: [a], -80.0° (¢ = 0.2, ethanol)

Elemental analysis: Calc.; C72.80 H6.64 N 3.69
Found: C 72.80 H 6.90 N 3.54

12.  (+)-cis-8,9-dimethoxy-6-[4-{methoxycarbonyliphenyll-1.2,3 4.4a.10b-hexahydrophenanthridine

QOil which solidifies; Yield: 86.9% of Th.
EF: CaaHasNO4; MW: 379.46
Optical rotation: [a];, +83.9° (¢ = 0.2, ethanol)

Elemental analysis: Calc..C7280 H6.64 N 389
Found: C 72.99 H 6.73 N 3.66

13. (+/)-cis-8.9-dimethoxy-8-[4-(cyclopropyimethoxycarbonylphenyll-1.2,3.4.4a. 10b-hexahydro-
phenanthridine

2.0 g of (+/-)-cis-8,9-dimethoxy-6-(4-carboxyphenyl)-1,2,3,4,4a,10b-hexahydrophenanthridine are sus-
pended in 12.0 ml of cyclopropylmethanol, admixed with 1.0 ml of thionyl chloride and stirred at 50°C
for 4 days. The solution is concentrated under reduced pressure and the residue is partitioned



10.0 g of (+/-)-trans-1, 2-di net hoxy-4-(2-nitrocycl ohex-4-enyl)benzene and
20. 0 g wo 9o2xr3si um hydroxi de are dissolved in 150 m of etdegmepe7aedo3S N
of di nmethyl formam de. A solution of 17.5 m of conc. sulfuric acid in 60 m
of ethanol is subsequently added dropw-42-in such a way that the internal
tenperature does not exceed 4C. The m xture is stirred for 1 h and then

Pasheq Stvferetnfaoib alffhithe sy BESELRUE Shfioh Sre'andelciihali i alfbd Ui Medp P
et hanol sulfaerand cgpoestraiad.dine Fesiduiistearystaliigast fromm sthyl agetate: Thig Oiven 3 Bd63.7% of

appr opriy & tfé @lel doRfpotif 8l gt f470fs8ec | bed bel ow, the follow ng conpounds are
obt ai ned anal ogously by using the procedure of Exanple GL: K.

(+/ -cis-2-difluoronethoxy-1-methoxy-4-(2-nitrocycl ohex-4-enyl)benzene
O |5 Yi Ef:aCgHpambj; Mwiame.53 G3. , _
(+1 ) - Chginknr SRV chic & A4 198Y5\Pf5x- 4-envl ) benzene Ol Yield 96. 5%

of Th.
Found: C 74,13 H 6.84 N 3.48

14.  (+/-)-cis-6-(4-carboxypheny)-8,9-diethoxy-1,2,3 4,43, 10b-hexahydrophenanthridine
hydrochloride '

220 mg of (+/-)-cis-8,9-diethoxy-6-[4-(methoxycarbonyl)phenyl}-1,2,3,4,4a,10b-hexahydrophenanthri-
dine are dissolved in 3.0 mi of conc. hydrochloric acid and 5.0 ml of water and stirred at 80°C for 4 h.
The precipitate which is formed on cooling is filtered off with suction and dried. This gives 135 mg
(58.1% of Th.} of the titte compound of m.p.: 269°C.

EF: C24H2;NO,4 X HCI; MW: 429.95
Elemental analysis: Calc.: C67.05 H6.56 C18.25 N 3.26
Found: C 66.90 H 6.51 C1 8.22 N 3.11

Starting from the corresponding starting materials described above, the following compounds are
obtained analogously by using the procedure of Example 14:

15.  (+/-)-cis-8-{4-carboxyphenyi}-8,8-dimethoxy-1.2,3.4.4a,10b-hexahydrophenanthridine hydro-
chioride

m.p.: 220°C (decomp.); Yield: 65% of Th.

EF: CoH3NO4 x HCI; MW: 401.89

Elemental analysis: Cale,: C65.75H6.02 CI 882N 3.48
Found: C 65,63 H 6.06 C1 8.58 N 3.60

16.  {+/)-cis-6-(4-carboxypheny)-9-ethoxy-8-methoxy-1.2.3 4.4a.10b-hexahydrophenanthridine
hydrochloride :

m.p.: 180°C (decomp.); Yield: 53.4% of Th.

EF: CaxaHsNO4 x HCI;, MW: 415,92 _

Elemental analysis x 2.5 H,0: Calc.:C59.93H6.78 N3.03Cl 7.68
Found: C 59.70 H 6.57 N 3.18 Cl 7.71



4.

(+/-)-cis-2-ethoxy-1 -nmethoxy-4-(2-nitrocycl ohex-4-enyl)benzene
mp.: 66w6&7s13«C, Yield: 97.2% of Th. Gb. PCT/EPS7/00402
(+/-)-cis-1-ethoxy-2-nmet hoxy-4-(2-nitrocycl ohex-4-enyl)benzene m p. :
96-97C, Yield 95.8% of Th. WO 97/ 28131
PCT/ EP97/ 00402 -20 -

(+/-) - trgns-dry. ds S ATEL IR ey -8 efloki-S Pt R P99 £ £ YOG A ARBhenanthridine

hydrochloride

m.p.: >250°C, Yield: 32.4% of Th.
EF: CasHasNOy4 x HCI; MW: 415.92
Elemental analysis: Calc.: C66.42 H6.30 N 3.37 Ci 8.52
' Found: C 66.37 H 6.31 N 3.24 C1 8.79

18. +/-)-cis-6-(3-carboxyphenyl)-8,9-diethoxy-1,2.3.4.4a,10b-hexahydrophenanthridine hydrochlori-

de

m.p.: 259-260°C, Yield: 32.6% of Th.

EF: Ca4H27NO4 X HCI; MW: 429,95

Elemental analysis: Calc.: C67.05H6.56 N 3.26 C1 8.25
Found: C 67.05 H6.67 N 3.19 C1 8.22

19. (+/-)-cis-6-(4-carboxyphenyl}-8-difluoromethoxy-8-methoxy-1,2.3.4.4a,10b-hexahydrophenan-

thridine hydrochloride

m.p.: 170°C {decomp.), Yield: 69.8% of Th.

EF: CxH»1F2NO, x HCI; MW: 437,88

Elemental analysis x C,HsOH: Calc.: C 59.57 H5.83 N2.89 F 7.85 C{ 7.33
Found: C 59.39 H5.76 N 2.65 F 8.00 C1 7.10

20.  (+/-)-cis-6-[4-(N-methylaminocarbonyl)phenyl]-8,9-dimethoxy-1,2,3.4.42,10b-hexahydrophenan-

thridine

6380 mg of (+/-)-Cis-8,9-dimethoxy-6-[4-(methoxycarbonyli)phenyi}-1,2,3,4,4a,10b-hexahydrophenan-
thridine with 25 mg of sodium cyanide in 13 ml of 9 molar methylamine solution in ethanol are heated
to 90°C in an autoclave for 10 h. The solution is concentrated under reduced pressure and the residue
is taken up in methylene chloride and extracted with water. The organic phase is dried with sodium
sulfate, the solvent is removed under reduced pressure and the residue is treated with diethyl ether,
filtered off with suction and dried. This gives 380 mg (56.1% of Th.) of the title compound of m.p. 209-

211°C.

EF: CagHyeN203; MW: 378.48
Elemental analysis: Calc.:C7299H6.92 N 7.40
Found; C 7264 H6.99 N 7.44

H1.



50.0 g of 3,4-dinethoxy-[err]-nitrostyrene and 1.0 g (9.1 mml) of

hydr oquisp98f284a§ suspended in 200 m of abs. toluene and C,
adm xed mntﬁ 55.0 g (1.02 nol) of liquid 1, 3-butadi ene. ThgbgFigh@g&#%
stirred in an autoclave at 160[err]C feri46 days and then cool ed. Sone of
the solvent is renoved using a rotary evaporator, and the resulting

preci pi tne I S frl ste_red off with suction and recrystallized from ethanol.

M p. : 1%—%—% = g rr]C, Yield .76.3%of Th. Starting fromthe
appropriate starting materials descrl bed bel ow, the follow ng conpounds are
obt ai negy AnakHAGUL Y- Y iRk ABlphEnBEREAELUNS. Aln b ATBl GintHzamigel 2.

(+ - ) trans-Z=difru net hoxy- I- C -Z4-enyl ) benzene

mp.: 100-102[err]C, Yield.62.3% of Th. H3.

é 5/ 8)1 g p8ng 0&(#2(%-&tMPﬁ)éthéx%ﬁzﬂé:hﬁé?@)ﬁﬁhéa@%’enﬂe;ﬁWé HRES¥ANE 20 M & methylene

(+-)- tL H%J@za"et 1BAGS rIRATRS A IRT( 9 SOlPan R 3 P demathenysarberytospagyl chioride in

30 mi of methylene chioride is added dropwise over a period of 3 h, and the mixture is stirred for 1 h
and then extracted with 50 mi eachi of water, 2 N hydrochloric acid, sat. sodium bicarbonate solution

and once more with water. The organic phase is dried with sodium sulfate, concentrated and crystal-
lized from ethyl acetate. This gives 2.0 g (45.5% of Th.) of the title compound of m.p. 139-143°C,

Starting from the corresponding starting materials described below, the following compounds are
obtained analogously by using the procedure of Example A1:

A2. +/-)-cis-N-[2-(3-difluoromethoxy-4-methoxyphenyi)cyclohexyll-4-methoxycarbonyibenzamide
Oil; Yield 96.5% of Th.

A3. (+1-}-cis-N-[2-(3 4-diethoxyphenyhcyclohexyll-4-methoxycarbonylbenzamide

Qil; Yield 58.7% of Th.
Ad, {(+{-)-cis-N-[2-(3-ethoxy-4-methoxyphenyl)cyclohexyll-4-methoxycarbonylbenzamide
m.p.: 151.5-152.8°C; Yield: 78.9% of Th.

AB5. {+/-}-cis-N-{2-(2-ethoxy-3-methoxyphenyl) cyclohexyli-4-methoxycarbonylbenzamide

m.p.: 126.5-127.5°C; Yield: 58.7% of Th.

A6, {(+/-)-cis-N-I2-(2 3-diethoxyphenylcyclohexyl]-3~-methoxycarbonylbenzamide

Oil; Yield: 96.27% of Th.

AT. (+/-)-cis-N-[2-(2,3-diethoxyphenyl)cyclohexyl}-2-methoxycarbonylbenzamide

m.p.: 144-144.5°C; Yield: 59.6% of Th.



mp.: 129-130[err]C

Yield: 75.7% of Th. H5.

(+/-) -t Ra8g7h8iNOXY- 2- met hoxy-4- (2-nitrocycl ohex-4-enyl )b o
70.5-72[err]C, Yield: 66.8%of Th. I 1. 3. 4-di met hoxy- [ :’?é - ﬁlg??(gig?yrene

207.0 g of 3, 4-dinet

hoxybenzal dehyde, 1050 g of ammoni um acetate and 125

m of nitronethane are heated to the boil in 1.0 | of glacial acetic acid

for 3-4 h. Thg m xt
filteredBoff SAyE

s d oled in an ice path and the precipitate is
f ' dpenzamidenct 1 ol eum

ether and dried. Mp.: 146- 141 [err]C Yield: 179.0 g (68.5%of Th.)

i ter at (1B PR STY

@f&tigﬂ@% gp.}.heri al s described bel ow or known fromthe
OW ng ‘conpdunds are obtai ned anhal ogously by using the

procedure of Exanple 11:
A9, {-)-cis-N-[2-(3.4-diethoxyphenyl)cyclohexyll-4-methoxycarbonylbenzamide

m.p.: 122-124°C; Y

ield: 80.15% of Th.

Optical rotation: [a]:": -137.3° (¢ = 0.11, ethanol)

A10. (+)-cis-N-[2-(3.4-diethoxyphenyl}cvclohexyl]-4-methoxycarbonylbenzamide

m.p.: 123-125°C; Yield: 86.75% of Th.
Optical rotation: [a]f: +134.8° (¢ = 0.135, ethanol)

Al1.  [)-cis-N-[2-(3 4-dimethoxyphenylcyclohexyll-4-methoxycarbonylbenzamide

m.p.: 154.5-156°C;

Yield: 85.2% of Th.

Optical rotation: [a:]zbo -167.7° (c = 0.2, ethanol)

A12.  (+)-cis-N-[2-(3 4-dimethoxyphenyljcyclohexyll-4-methoxycarbonylbenzamide

m.p.: 153.5-154.5°C; Yield: 85.1% of Th.
Optical rotation: [a];0 +165° (¢ = 0.2, ethanol)

B1. (+/-)-cis-1,2-dimethoxy-4-(2-aminocyclchexyl)benzene

8.5 g of (+/-)-cis-1,2-dimethoxy-4-(2-nitrocyclohexyl)benzene are dissolved in 400 ml of methanol and,

at RT, admixed in portions with 7 mi of hydrazine hydrate and 2.5 g of Raney nickel over a period of 8

h. The reaction mixture is stirred at RT overnight and then filtered, the fiitrate is concentrated and the

residue is chromatographed over silica gel using a mixture of toluene/ethyl acetate/triethylamine =

4/2/0.5.

Oil; Yield 74.4% of

Th.

Starting from the starting materials described below, the following compounds are obtained by using

the procedure of Example B1:



WD 97/ 28131

PCT/ EP9 AAR0A0R131 _ PCT/EPI7Rb402 | 2.
3-di fl uoronet hoxy- 4- met hoxy-[err]-nitrostyrene mp.: 120- 123f err]C, Yield
24. 8% of Th. 13. 3.4-di ethoxvy-[ert¥snitrostyrene mp.: .

136-136. 5[err] C Yield: 76.2% of Th. 14.

- - /- - - Ni . - . i . 0,
gf eEI-EOXyBZL% nef-ur']-foi(anSL‘le,ﬁ-trigmemotgyr-g-a-gmr egn ggxclohgwﬂbénz%g’ g-133lerr] G Yield: 70.3%

Oil; Yield: 65.9% of Th.

B3, (+/-)-cis-1,2-diethoxy-4-(2-aminocyclohexyhbenzene

Oil; Yield: 42.8% of Th,

B4. (+1-)-cis-2-difluoromethoxy-1-methoxy-4-(2-aminocyclohexylibenzene

14.6 g of (+/-)-cis-2-difluoromethoxy-1-methoxy-4-(2-nitrocyciohex-4-enyl)benzene are dissovied in
170 ml of ethanol, admixed with 3.0 g of Raney nickel and hydrogenated in an autoclave at a
hydrogen pressure of 50 bar for 9 days. The suspension is filtered, the solvent is removed under
reduced pressure and the residue is chromategraphed over silica gel using a mixture of toluene/dioxa-
neftriethylamine 3/1/0.5. Goncentration of the appropriate fractions gives 3.4 g (25.7% of Th.) of the

»

title compound as an oil.

Starting from the appropriate starting materials described below, the following compounds are
obtained analogously by using the procedure of Example B4:

BS. (+/-)-cis-2-ethoxy-1-methoxy-4-(2-aminocyclohexyl)benzene

Ofl; Yield quantitative

B6. +/-)-cis-1-ethoxy-2-methoxy-4-(2-aminocyclohexyllbenzene

Oil; Yield quantitative

BY. {-y-cis-1,2-diethoxy-4-(2-aminocyclohexyhibenzene hydrochloride

2.2 g of (-)-cis-1,2-diethoxy-4-[2-(1-phenylethyhaminocyclohexyljbenzene are suspended in 50 mi of
ethanol, admixed with 270 mg of 10% palladium on carbon and hydrogenated at 50°C and a hydrogen
pressure of 50 bar for 6 days. The catalyst is filtered off, the solution is concentrated under reduced
pressure and the product that crystallizes is filtered off with suction and dried.

m.p.: 145-147°C; Yield: 59.0% of Th.
Optical rotation: [oz]zm0 -80° (¢ = 0.12, ethanol)



15. 4D boiggt33- net hoxy-[err]-nitrostyrene mp.: 147- 14@CifEPaYicedad:

68. 6% of Th. J. -~ 3-difluoronethoxy-4-net hoxybenzal dehyde Wth
vigorous stirring, chlorodifluoronmethand’fs introduced into a mixture of
200 g of isovanillin, 6.7 g of benzyltrimethylamonium chloride, 314 g of

50% st r ety ACHE Sappriphiate) SNBRP MAGIaROkdsLHRA BdIsly, 2thé BliowilgOXESouh&Y are

approximptely 2 h. The m.xture is subsequently partitioned between
i ce-wat 8 aﬁﬁéa%al’ms‘ﬁg%’ﬂﬂ'igetf’eP'i"?&e‘{S‘Feg%frﬁ"gmB‘ﬁgge is separated off, the

aqueous phase is extracted twice with ethyl acetate and the conbined

gregggiegag.pggggi-@g.ﬁ%Qfekﬁ%.ag.smm@g@@ggﬁgg&ala&gﬁ@m@@g@gng entrated under

chromat ogr aphed over neutral silica gel using toluene. Evaporation of the
el uat e g{.ygﬂgz.psqo(gcﬁ&d%ng,“m(orret hoxy- 4- net hoxybenzal dehyde as an oil.
Optical rotation: [a]f:_ +70° (¢ = 0.21, ethanol)

BS.  {)-cis-1.2-dimethoxy-4-(2-aminocyclohexylbenzene

12.0 g of (+)-cis-1,2-dimethoxy-4-(2-aminocyclohexyl)benzene and 6.2 g of {(-ymandelic acid are
dissolved in 420 m! of dioxane and 60 ml of tetrahydrofuran and stirred at RT overnight. The solid is
filtered off with suction, dried, admixed with 100 ml of saturated sedium bicarbonate solution and
extracted with ethyl acetate. The organic phase is dried with sodium suifate and concentrated under
reduced pressure. This gives 4.8 g (40.0% of Th.) of the title compound of m.p.: 80-81.5°C.
Optical rotation: [a]f: -58.5° (c = 1, ethanol)

Starting from the appropriate starting materials described below, the following compounds are
obtained analogously using the procedure of Example B9:

B10. (+)-cis-1.2-dimethoxy-4-{2-aminocyciohexyllbenzene

m.p.: 68-69°C; Yield: 37.2% of Th.
Optical rotation: [a];o +59,2° (c = 1, ethanol)

C1. (-)-cis-1,2-diethoxy-4-[2-(1-phenylethyl}aminocvclohexyilbenzene

4.0 g of 2-(3,4-diethoxyphenyljcyclohexanone, 2.0 ml of R-(+)-1-phenethyla@ﬁne and 20 mg of
toluenesulfonic acid are dissolved in 150 mi of toluene and heated under reflux using a water
separator for 18 h. The solution is concentrated under reduced pressure and the residue is taken up.in
200 mi of ethanol, admixed with 5 g of Raney nickel {(moistened with ethanol) and hydrogenated at RT
and 30-60 bar of hydrogen pressure for 10 days. The catalyst is filtered off with suction, the solution is
concentrated under reduced pressure and the residue is chromatographed over silica gel using a
mixture of toluene/dioxaneftriethylamine at a ratio of 20/2/1. Concentration of the appropriate eluate
fractions gives 2,15 g (38.4% of Th.) of the title compound as an oil.

Optical rotation: [a], -3.7° (¢ = 0.27, ethanol)
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PCT/ EPO (4§ @4d131 Pcwﬁpgm?a%o
Commercial Uility The conpounds according to the invention have val uabl e
phar macol ogi cal properties which make t4w8wm commercially utilizable. As

sel ective cyclic nucl eot [ de phosphodi est erase (PDE) inhibitors (nanely of

type | e r s h as, bronc t her apeutics (for
the trea arﬁ‘ﬂt ¥ro$| g‘ler urcuwonse%ahs ?é@&ﬁ?ﬁ lgSlgw‘t ﬂ‘e tOHEi”‘P%t WQ Pt d %?1
but al s@btameaeoajwmsbbyu&egthempdmabﬁvmpte:@i: or respiratory
drive-increasing action) and for the elimnation of erectile dysfunction on
account of the vasodi | at| ng actlon but .on the ot her hand especially for

g ipthoxy-4-12 ylethyRamip jbepzenemat ory nature, e.g.
of the airways (asthrra prophyl aX|s) of the sk| n, of the intestine, of the
eyes, of_the centr nervous system and of the joints which are nedi ated by
medi at oSO - ﬁl“?ieé'?ﬂxmf’e" REeIRsenoar apd §c,(t)11t,‘%5‘ﬂ“ﬁ@”"f'%t6? dhg title gompAEddsi ¢
aci d deri vat iobesnedslanas. | eukot ri enes and prostagl andi ns, cyt oki nes,
i nt erl euki ns, chenoki nes, al pha-, beta- and ganma-i nt erferon t unor
necr osi s factor (TNF) or oxygen free radicals and proteases. The compounds
accor di Yigld: 846¥eofiThivent i on here are di stinguished by |ow toxicity, good

ent er al O%h&@mbﬁdh%&ﬁ ah 1bjcaay 86 letlahb ty) . great therapeutic breadth and
t he absence of sig I cant side effects.

D1. 2-(3,4-diethoxyphenylicyclohexanone

10.2 g of 2-(3,4—diethoxyphenyl)cyelohex-benone in 600 ml of tetrahydrofuran are admixed with 1.5
ml of conc. hydrochloric acid and 400 mg of 10% palladium on carbon and hydrogenated. The catalyst
is filtered off, the solution is concentrated under reduced pressure and the residue is chromato'graphed
over silica gel using a mixture of petroleum etherfethyl acetate in a ratio of 2/1. Concentration of the
appropriate eluate fractions gives 8.25 g (80.9% of Th.) of the title compound as an oil which
solidifies.

E1. 2-(3.4-diethoxyphenyl)cyclohex-4-enone

15.0 g of (+/-)-trans-1,2-diethoxy-4-(2-nitrocyclohex-4-enyl)benzene are dissolved in 375 m! of ethanol
and added dropwise to 42 ml of 20% strength sodium ethoxide solution. The mixture is stirred at RT
for 20 min. and then added dropwise to an ice-cooled solution of 87.5 ml of cong. hydrochloric acid
and 1.35 g of urea in 225 ml of water and 170 m! of ethanol. The solution is extracted with
water/dichloromethane and the organic phase is dried with sodium suifate and concentrated under
reduced pressure. The residue is chromatographed over silica gel using petroleum ether/ethy! acetate
in a ratio of 2/1, Concentration of the appropriate eluate fractions gives 10.33 g (77.1% of Th.) of the
title compound as an oil.

F1. {+£)-cis-1,2-dimethoxy-4-(2-nitrocyclohexyl)benzene

84 g of (+/-)-cis-1,2-dimethoxy-4-(2-nitrocyclohex-4—enyl)benzené are dissolved in 450 ml of
methanol, admixed with 2 mi of conc. hydrochloric acid and hydrogenated after the addition of 500 mg
of Pd/C 10%. The reaction mixture is filtered and the filtrate is concentrated. M.p.: 84-86.5°C; Yieid
quantitative.



On account of their PDE-inhibiting properties, the conpounds according to
t he i nvewi ¢08168N be enpl oyed as therapeutics in human and peatEsdmsye
medi ci ne, where they can be used, for exanple, for the treatnent and
prophyl axis of the following illnesses-18eute and chronic (in particular
inflammatory and al |l ergen-i nduced) respiratory di seases of various origins
(bronch i hj t e 1y
of prol %t%ledr%gtf?dv&e%g P Qhﬁﬁ‘%@ﬁ‘@ng‘g {ﬁq}'?‘gr%%%n%gt EJR% g'gc ﬂ&&,ﬁ&? gmg)exarrp"gl
pSor i as@@alnmr@mp@'ybyttmméhemrdcedmeeqf@mmeieﬂact eczemn, atopic eczens,
seborrheic eczema, |ichen sinplex, sunburn, pruritus in the anogenital
area, al opeC| a ar eat a, hyert roh| c scars, discoid |upus erythenmatosus,
follicuFar af¥ dedsdicthaly-45(2nitigcyciohexylibegeane, o s and exogenous acne, acne
rosacea and ot her pr oI iferative, inf I ammatory and al l ergic skin disorders;
di sor deéﬁ'\”%] %53; & ased on an excessive rel ease of TNF and | eukotri enes,
i ' % JVdl'sorders of the arthritic type (rheumatoid arthritis,
rheunmat oi d spondylitis, osteoarthritis and other arthritic conditions),

di sordegs of E*I-E—ﬁahm-'aﬁgewg%g-p-%@g;@goh%h[ﬁbme feSCl erosis), types of shock
[ septic shoc endo TVE Sepsis, toxic shock syndrone
and ARDS (adult respiratory distress syndrone)] and al so generalized

i nf | anmpiiivaas; 4700% berpast roi ntestinal region (Crohn's di sease and

ul cerative colitis); disorders which are based on allergic and/or chronic,
faul ty i nmunol ogi cal reactions in the region of the upper airways (pharynx,
nose) a@d. t hg/adisdcedim - AN lahacabnWbenress, eyes), such as, for
exanple, allergic rhinitis/sinusitis, chronic rhinitis/sinusitis, allergic
conjunctivitis and al so nasal polyps; but al so diseases of the heart whi ch
can be 13@a ed Oy)-POE-1,2Hinethoxy-4-(2-sitrotyclebex-f-enylibeazapk eandc 208 gcof potassium

| nSuf {1 ()il ard bistlieRif PSoimiMiiefang 3 BE B@aheﬂynﬁ&m%sa@umm&?ontd%ev 5 mi of

ti ssue-relaxant action o bitors, suc exa

erect i | eNgySifticRsidin &) mies efhagolds s‘tqﬁ%q‘!?ﬂ’&h% SFRPWisR AN SHCB YRy t‘“ﬁ “é:‘{)ﬁ??é’{?f i on
W th Ki @Rpyrakir®86ss not exceed 4°C. The mixture s stirred for 1 h and then poured onto 11 of ice-water,

the precipitate is filtered off with suction, washed with water and dried and the crude product is
fecrystallized from ethanol. m.p.: 82.5-84°C; Yield 86% of Th.

Starting from the appropriate stasting materials described below, the following compounds are
obtained analogously by using the procedure of Example G1:

Oil; Yield quantitative
G3. {+/-)-cis-1 2-diethoxy-4-{2-nitrocyclohex-4-enyl)benzene
Oil; Yield 96.5% of Th.

G4. (+/-)-cis-2-ethoxy-1-methoxy-4-(2-nitrocyclohex-4-enylibenzene

m.p.: 66-67°C; Yield: 97.2% of Th.

m.p.: 96-97°C; Yield 95.8% of Th.
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PCT/ EP9 Ay@QA2131 ‘ PCTiEPP%"omz The

i nvention further relates to a nethod for the treatnent of nmammals,

i ncl udi ng humans, who are suffering fromoone of the abovenenti oned

i Il nesses. The process conprises adninistering to the sick mammal a

therapeq_r' cal ¥d t ol erabl e anobunt of one
0

or nore oOf t : The invention

furthernore relates to the conmpounds according to the invention for use in

the t reaioregibs AdiRinoRs-ARlesRIEnS afd 1683 'rﬁrﬂ&iﬁ&ﬁ%dr%ﬁgﬁdn%?é’s nb8&in 200 mi

invention |1kew se rel ates

s accordrn
i nvent i dff aP%r“"F‘HE" ot Poﬁd'B‘f‘eqr’e'@? 22PEr{t 92 Mo ligyid 1 Srimtagipag. %mmﬂuée is

t r eat e rgtirrad Y @falmcmbyd $00°8 16t ddys and iheﬁra&ﬂ& @ﬁ.telo@&%oboavenﬁy 9é;ﬁwema§.ﬁg at he

I nvention rel ates ch nt a “pore t ounds
_ rotary evaporator aqucriE ﬂle resm?tmg pr\é\'zi:]npltate ?s ﬂtered off w?th suction and recrysta!irzed

ethanol. M.p.: 113.5-115.5°C; Yield 76.3% of Th.

Starting from the appropriate starting materials described below, the following compounds are
obtained analogously by using the procedure of Example H1:

H2. (+/-)-trans-2-difluoromethoxy-1-methoxy-4-(2-nitrocyclohex-4-enyl)benzene

m.p.: 100-102°C; Yield 62.3% of Th.
H3. {+/-)-trans-1,2-diethoxy-4-(2-nitrocyclohex-4-enyl}benzene '
m.p.: 80-81.5°C; Yield 59.8 % of Th.

H4. {+1-)-trans-2-ethoxy-1-methoxy-4-(2-nitrocyclohex-4-enyl}benzene

m.p.: 129-130°C; Yield: 75.7% of Th.
HS. (+/-)-trans-1-ethoy-z-meihoxy-4—(2—gitrog\gclohex—ri-enx!}benzene
m.p.: 70.5-72°C; Yield: 66.8% of Th.

1. 3.4-dimethoxy-w-pitrostyrene

207.0 g of 3.4-dimethoxybenzaldehyde, 100.0 g of ammonium acetate and 125 ml of nitromethane
are heated to the boil in 1.0 | of glacial acetic acid for 3-4 h. The mixture is cooled in an ice bath and
the precipitate Is filtered off with suction, rinsed with glacial acetic acid and petroleum ether and dried.
M.p.: 140-141°C. Yield: 179.0 g (68.5% of Th.)

Starting from the starting materials described below or known from the literature, the following
compounds are obtained analogously by using the procedure of Example 11:



according to the invention for the treatnent and/or prophylaxis of the

i 'l nesseg,g@gnsdianed. The nedi canents are prepared by net hpgdgekgpnsygper se
which are famliar to the person skilled in the art. As medi canents, the
conpounds according to the invention (=-attive conpounds) are elther

enpl oyed as such, or preferably in conmbination with suitable pharmaceutical

auxiliarj,es, g g 10 Lhe formof tablets, coated tablets, capsules,

supposi tori es—pagtﬁ]er—%rrg'f-m-oﬁr—suéﬁpeﬂm ons, gels or sol uti ons, the
active conpound content advantageously being bet ween 0.1 and 95% The
person skid .l mliar on the basis of his expert know edge
wth the'lﬁgux‘[%gﬂg?:dés vﬁ %%giiﬁsw table for the desired pharnaceuti cal
formul ati ons. Beside sol vents, gel-form ng agents, ointnent bases and ot her
active cmrpouad-mnsdg,'@tmuosiﬂeﬂes possi ble to use, for exanple, antioxidants,
di spersants, enulsifiers, preservatives, solubilizers or perneation
pronoters. For the treatnent of disorders of the respiratory tract, the
conpoundms.paciee+136.58C; tYield:176.22ofdmt | on are preferably al so adm ni stered by
inhal ation. For this purpose, these are either admnistered directly as a
powder ( pref erably in mcronized form or by atom zing solutions or

suspensﬂéns Briethxy-dnmethoxy-pinitrastygeh respect to the preparati ons and
adm nistration fornms, reference is made, for exanple, to the details in
Eur opean Patent 163 965 Faor_the treatnent of dernatoses, the conpounds

accor di "o 3eHE3 G Vis: |78ﬁ/°aﬁfghappl ied, in particular,
15, 4-ethoxy-3-methoxy-e-nitrostyrene

m.p.: 147-148.5°C; Yield: 68.6% of Th.

J. 3-difluoromethoxy-4-methoxybenzaldehyde

With vigorous stirring, chlorodifluoromethane is introduced into a mixture of 200 g of isovanillin, 6.7 g
of benzyltrimethylammonium chloride, 314 g of 50% strength aqueous sodium hydroxide solution and
2 | of dioxane for approximately 2 h. The mixture is subsequently partitioned between ice-water and
- ethyl acetate, the organic phase is separated off, the aqueous phase is exiracted twice with ethyl
acetate and the combined organic phases are dried over magnesium sulfate and concentrated under
reduced pressure. To remove unreacted isovanillin, the oil is chromatographed over neutral silica gel
using toluene. Evaporation of the eluate gives 249 g of 3-difluoromethoxy-4-methoxybenzaldehyde as

an oil.



in the formof those nmedi canents which are suitable for topical

appl i catj,8Ry7,J55944 t he production of the medicanments, the conpe?l{%g,ga,?ﬁgl%rdi ng

to the invention (= active conpounds) are preferably m xed w | e
pharmaceutical auxiliaries and additionagdy processed to give suitable
pharmaceutical fornulations. Suitable pharmaceutical fornulations which may
be nmentioned are, for exanple, powders, enul sions, suspensions, sprays,
oils, ointnents, fatty ointnents, creans, pastes, gels or solutions.

WO 97/ 28131 Commercial Utility
PCT/ EP97/ 00402 -24- The

nmedi canents according to the invention are prepared by nethods known per
se. The Tie sagwouridst dveording itw ¢hec innprdion deve avalmgble Iphgrenacologited pospedies edhich make
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vasodilating action, but on the other hand especially for the treatment of disorders, in particular of an
inflammatory nature, e.g. of the airways (asthma prophylaxis), of the skin, of the intestine, of the eyes,
of the central nervous system and of the joints which are mediated by mediators such as histamine,
PAF (platelet-activating factor), arachidonic acid derivatives such as leukotrienes and prostaglandins,
cytokines, interleukins, chemokines, alpha-, beta- and gamma-interferon, tumor necrosis factor (TNF)
or oxygen free radicals and proteases. The compounds according to the invention here are
distinguished by low toxicity, good enteral absorption (high bioavailability), great therapeutic breadth

and the absence of significant side effects. '

On account of their PDE-inhibiting properties, the compounds according to the invention can be
employed as therapeutics in human and veterinary medicine, where they can be used, for example,
for the treatment and prophylaxis of the following illnesses; acute and chronic (in particular
inflammatory and allergen-induced) respiratory diseases of various origins (bronchitis, allergic
bronchitis, bronchial asthma); dermatoses (especially of proliferative, inflammatory and allergic
nature) such as, for example, psoriasis (vulgaris), toxic and allergic contact eczema, atopic eczema,
seborrheic eczema, lichen simplex, sunburn, pruritus in the anogenital area, alopecia areata,
hypertrophic scars, discoid lupus erythematosus, follicular and widespread pyodermias, endogenous
and exogenous acne, acne rosacea and other proliferative, inflammatory and allergic skin disorders;
disorders which are based on an excessive release of TNF and leukotrienes, i.e., for example,
disorders of the arthritic type (rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis and other
arthritic conditions), disorders of the immune system (AIDS, multiple sclerosis), types of shock [septic
shock, endotoxin éhock, Gram-negative sepsis, toxic shock syndrome and ARDS (adult respiratory
distress syndrome)] and also generalized inflammations in the gastrointestinal region (Crohn’s disease
and ulcerative colitis); disorders which are based on allergic and/or chronic, faulty immunological
reactions in the region of the upper airways (pharynx, nose) and the adjacent regions (paranasal
sinuses, eyes), such as, for example, allergic rhinitis/sinusitis, chronic rhinitis/sinusitis, allergic
conjunctivitis and also nasal polyps; but also diseases of the heart which can be treated by PDE
inhibitors, such as, for example, cardiac insufficiency, or disorders which can be treated on account of
the tissue-relaxant action of the PDE inhibitors, such as, for example, erectile dysfunction or colics of
the kidneys and the ureters in connection with kidriey stones.
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i nhi bi t t@fmehMandidn pphylaxis of the illnesses mentioned.

The invention fikewise relates to the use of the compounds according to the invention for the
production of medicaments which are employed for the treatment and/or prophylaxis of the illnesses
mentioned.

Furthermore, the invention relates fo medicaments which contain one 'or more of the compounds
according to the invention for the treatment and/or prophylaxis of the illnesses mentioned.

The medicaments are prepared by methods known per se which are familiar to the person 3killed in
the art. As medicaments, the compounds according to the invention (= active compounds) are either
employed as such, or preferably in combination with suitable pharmaceutical auxiliaries, e.g. in the
form of tablets, coated tablets, capsules, suppositories, patches, emuisions, suspensions, gels or
solutions, the active compound content advantageously being between 0.1 and 95%.

The person skilled in the art is familiar on the basis of his expert knowledge with the auxiliaries which
are suitable for the desired pharmaceutical formulations. Beside solvents, gel-forming agents,
ointment bases and other active compound carriers, it is possible to use, for example, antioxidants,
dispersants, emulsifiers, preservatives, solubilizers or permeation promoters.

For the treatment of disorders of the respiratory tract, the compounds according to the invention are
preferably also administered by inhalation. For this purpose, these are elther administered directly as
a powder (preferably in micronized form) or by atomizing solutions or suspensions which contain
them. With respect to the preparations and administration forms, reference is made, for example, to
the details in European Patent 163 965.

For the treatment of dermatoses, the compounds according to the invention are apptlied, in particular,
in the form of those medicaments which are suitable for topical application. For the production of the
medicaments, the compounds according to the invention (= active compounds) are preferably mixed
with suitable pharmaceutical auxiliaries and additionally processed to give suitable pharmaceutical
formulations. Suitable pharmaceutical formutations which may be mentioned are, for example,
powders, emulsions, suspensions, sprays, oils, ointments, fatty ointments, creams, pastes, gels or
solutions.



i soenzyne of the phosphodi esterase famlies is particularly represented in
gr anul ogybesy/eghse i nhibition leads to an increase in the i pgpediotses
cyclic AWP concentration and thus to the inhibition of cellular activation.
PDE IV inhibition by the substances accoting to the invention is thus a
central indicator of the suppression of inflamuatory processes. (G enbycz
MA, Coul d i soenzynesel ective phosphodi esterase inhibitors render

bronchodi | atory therapy redundant in the treatnment of bronchial asthma?

Bi ochemThisanedicanentsomsording to thg4nveptimmare prappieyd by Jnethods knownmien sg Hbdidesage ofis e
| NNT DT Ghe acRRNeaRRARS ik Bid B 1k hdd: B¢ nﬁa%afma%sau%ﬁ%rﬁmpm ihBiors. A6us
512 523; Schudt C et Zar daveri ne; 'V 1 nhibitaor.
In " New me@gpfﬂ&ﬁ%@m@ﬂbmﬁw examplg, QB‘Z"E"EE) 9 HBR WRAtmeRt of 4grmalnses candin .

ﬁchudt Ghetactpde. conipaﬁrhdsaﬂcaecaa&emhméﬂ o eRbAPIPMToe%! Thasae fohadmitisiratio By
unman neutr

nct, evel,s of cAMP .an [err .
Naunyn- SRR eyt ACAN o por piy BUE ATBHb g costin e etse sy
Ef f ect s sy$temid therapw .00 hoislisbleteséncl. hiamd 208mdparadminiivalipml ynor phonucl ear
| eukocyte respiratory burst. J. Allergy din Imunol 1990, 86, 801-808;
Schade et al., The specific type Ill and |V phosphodi esterase inhibitor
zardaverine suppress formati on of tunor necrosis factor by nmacrophages.
Eur opean Journal of Pharnacol ogy 1993, 230, 9-14). WO 97/ 28131
PCT/ EP97/ 00402 -26 -



Inhibition of PDE IV Activity Methodol ogy The activity test was carried
out acconydigrpsier t he nmet hod of Bauer and Schwabe, which waspeteportodnd
mcrotiter plates (Naunyn-Schm edeberg's Arch. Pharnmacol. 1980, 311,
193-198). The PDE reaction takes place h8¥e in the first step. In a second
step, the resulting 5 -nucleotide is cleaved to give the uncharged

nucl eosi de by a 5'-nucl eoti dase é}gmgﬂ;g, %Qg%&%gylgﬁpm fromCrotalus atrox. In
the third step, the nucl eoside i t he renmai ni ng charged
substrate on ion exchange colums. Using 2 m of 30 nM anmonium fornmate (pH
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{(Marcel Decker, Inc., New York-Basel-Hong Kong)}.

Substances which inhibit chemoluminescence and aiso cytokine secretion and the secretion of
proinflammatory mediators from inflammatory cells, in particutar neutrophilic and eosinophilic
granulocytes, T lymphocytes, monocytes and macrophages, are those which inhibit PDE IV. This
isoenzyme of the phosphodiesterase families is particularly represented in granulocytes. Its inhibition
leads to an increase in the intraceliular cyclic AMP concentration and thus to the inhibition of cellular
activation. PDE |V inhibition by the substances according to the invention is thus a central indicator of
the suppression of inflammatory processes. (Giembycz MA, Could isoenzyme-selective
phosphodiesterase inhibitors render bronchodilatory therapy redundant in the treatment of bronchial
asthma? Biochem Pharmacol 1992, 43, 2041-2051; Torphy TJ et al., Phosphodiesterase inhibitors:
new opportunities for treatment of asthma. Thorax 1991, 46, 512-523; Schudt C et al.,, Zardaverine: a
cyclic AMP PDE I/1V inhibitor. In *New Drugs for Asthma Therapy”, 379-402, Birkhduser Verlag Basel
1991; Schudt C et al, Influence of selective phosphodiesterase inhibitors on human neutrophil
functions and levels of CAMP and Ca; Naunyn-Schmiedebergs Arch Pharmacol 1991, 344, 682-690;
Nielson CP et al., Effects of selective phosphodiesterase inhibitors on polymorphonuclear leukocyte
respiratory burst. J. Allergy Clin Immunol 1990, 86, 801-808; Schade et al., The specific type 11l and IV
phosphodiesterase inhibitor zardaverine suppress formation of tumor necrosis factor by macrophages.
European Journal of Pharmacology 1993, 230, 9-14).
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The activity test was carried out according to the method of Bauer and Schwabe, which was adapted
to microtiter plates (Naunyn-Schmiedeberg’s Arch. Pharmacol. 1980, 311, 193-198). The PDE
reaction takes place here in the first step. In a second step, the resulting 5-nucleotide is cleaved to
give the uncharged nucleoside by a 5-nucleotidase of the snake venom from Crotalus atrox. In the
thid step, the nucleoside is separated from the remaining charged substrate on ion exchange
columns. Using 2 ml of 30 mM ammonium formate (pH 6.0), the columns are eluted directly into
minivials to which is additionally added 2 ml of scintillator fluid for counting.

The inhibitory values determined for the compounds according to the invention follow from Table A

below, in which the numbers of the compounds correspond to the numbers of the examples.

Table A
Inhibition of PDE 1V Activity

Compound -log ICso
1 7.38
2 8.84
3 1.73
4 8.73
5 7.02
6 8.14
7 6.34
8 5.92
9 8.52
10 7.48
11 7.52
12 4.95
13 7.38
14 8.27
15 6.81
16 8.66
17 6.79
18 7.69
19 7.55
20 5.18
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1. A compound of the formula |

in which

R1 is hydroxy, 1-4C-afkoxy, 3-7C-cycloatkoxy or 3-7C-cycloalkylmethoxy or 1~4C-alkoxy which is
completely or partially substituted by fluorine,

R2 is hydroxy, 1-4C-alkoxy, 3-7C-cycloalkoxy or 3-7C-cycloalkylmethoxy or 1-4C-alkoxy which is
completely or partially substituted by fiuorine,

or in which

R1 and R2 together are a 1-2C-alkylenedioxy group,

R3 is hydrogen or 1-4C-alkyl,

R31  Is hydrogen or 1-4C-alkyl,

or in which

R3 and R31 together are a 1-4C-alkylene group,

R4 is hydrogen or 1-4C-alkyl,

RS is hydrogen

R51  is hydrogen,

or in which

RS and R51 together are an additional bond,

R6 is a phenyl radical which is substituted by R7, where

R7 js COOR71 or CON(R72)R73 and
R71 is hydrogen, 1-7C-alkyl, 3-7C-~cycloalkyl or 3-7C-cyctoaltkylmethyl and
R72 and R73 independently of one another are each hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl or
3-7C-cycioalkyimethyl,

and the salts of this compound.

L



in \;\,hi ch R1 I s hydroxy, 1-4C- al koxy, 3- 7C—cy'c| oal koxy or

3-7C- cygieallyidiet hoxy or 1-4C-al koxy which is conpl gi@ty
partially substituted by fluorine, R2 i s hydroxy, 1-4C-al 05;;/?#00402

3-7C-cycl oal koxy or 3-7C-cycl oal kyl met ha28~ or 1-4C-al koxy which is
conpl etely or partially substituted by fluorine, or in which RlL and R2

together are a 1-2C- | enedi ox roup, \R3 . . is hydrogen or 1-4C al kyl,
R31 is hydrdag‘éoﬁn (9?‘""? Q@gﬁ"ﬂgﬁ?a%?'%mﬁm‘%‘ﬂ'h@%ﬂ’ R31 together are a
1- 4C- al IRfl ends gﬂotqﬂsoxﬁla-mmycmalhpdy og&iACaycldalid@nethdxylor 1/26-alkoxy whidly thr eogrepie- R5 1

I s hydrogen, Dthsﬁé‘ ol 0get her are an additional bond, R6
Is a phenyl 19( Eﬁrﬁ\é\?’\k Ich1s subst €t ed by R7, where R7 Is COOR71 or.

CON( R72R&73 aﬁ MC-QIKOW.F@??LC'P!&M%H)g'é?'ﬂcﬂq'@"aflfkﬁgmoxyC9f 1eCAjkoxpwhicly s epmple-

3-7C-cycl oal qu,yap,ggm" @mggt,mtedbyﬂﬁg,;’neand R73 i ndependently of one anot her
are each hydro )7’ -al kyl, 3-7C-cycl oal kyl or

3-7G cy&Poal Ié?/ﬁ‘f?é‘l%% . and the salts of this conpound.
R31 is hydrogen,

or in which

R3 and R31 together are a 1-2C-alkylene group,

R4 is hydrogen or 1-4C-alkyl,

RS is hydrogen,

R51 is hydrogen,

or in which

RS and R51 together are an additional bond,

R6 is a phenyl radical which is substituted by R7, where

R7 is COOR71 or CON(R72)R73 and
R71 is hydrogen, 1-7C-alkyl or 3-7C-cycloalkyimethyl énd
R72 and R73 independently of one another are each hydrogen or 1-7C-akkyl,

and the salts of this compound.

3. A compound of the formula | as claimed in claim 1, in which

R1 Is 1-4C-alkoxy, 3-7C-cycloalkoxy or 1-2C-alkoxy which is completely or partially substituted by
fluorine,

R2 is 1-4C-alkoxy, 3-7C-cycloatkoxy or 1-2C-alkoxy which is completely or pariially substituted by
fluorine,

R3 is hydrogen,

R31 is hydrogen,

or in which

R3 and R31 together are a 1-2C-alkylene group,

R4 is hydrogen or 1-4C-alkyl,

RS Is hydrogen,

R51 is hydrogen,

or in which

R5 and R51 together are an additional bond,

R6 is a phenyl radical which is substituted by R7, where

R7  is COOR71 or CON(R72)R73 and
R71 is hydrogen, 1-7C-alky! or 3-7C-cycloalkylmethyl and
R72 and R73 independently of one another are each hydrogen or 1-4C-alkyl,

R AR
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A conpound of the fornmula | as claimed in claim1l1, in which R1 S

1- 4C- al koxy, 3-7C-cycl oal koxy or 3-7C cy@9l-oal kyl met hoxy or 1-2C- al koxy

whi ch is conpl e- tely or partially substituted by fluorine, R2

s 1-4C. hﬂxs?é .C- | koxy or 3-7C-cycl oal kyl net hoxy or 1-2C- al koxy
whi ch i saﬂléonp gs-&tglgﬂﬁétugﬁ“y or partially substituted by fluorine, R3 S

hydr ogen, R31 i s hydrogen, or in which R3 and R31 together are a

1-2C al ky!| enes egrptRind fine forhRa MySENERE iPdairh-Hfrvtlidy| . RS s hydrogen,
R51 I s hydrogen, or.in vm\)dmch R5 and R51 together are an additional bond,
R6 i &1 pH%ﬂth"?‘ya&‘h@é‘f“ uopmethoxynst j t ut ed by R7, where R7 i s COOR71
or CON( RZ2) RisSmethdxy, ethoxy or difluoromethoxy,

R3 and R31 are each hydrogen,
R4 is hydrogen, .
R5 and R51 are each hydrogen,
R6 is a pheny! radical which is substituted by R7, where
R7 is COOR71 or CON{R72)R73 and
R71 is hydrogen or 1-4C-alkyi,
R72 is hydrogen and
R73 is 1-4C-alkyl,
and the salts of this compound.

5. A medicament comprising one or more compounds as claimed in claim 1 together with
pharmaceutical auxiliaries andfor excipients.

6. The use of campounds as claimed in claim 1 for the production of medicaments for the
treatment of respiratory diseases.

L



R71 is hydrogen, 1-7Cal kyl or 3-7C-cycloal kyl net hyl and R72 and
R73 1 ndewesdeatdly of one another are each hydrogen or 1-7C al lPgT/EFendo4dze

salts of this conpound. 3. A conpout2@-of the fornula | as clainmed in

claiml1, in which R1L Is 1-4C- al koxy, 3-7C-cycl oal koxy or 1-2C- al koxy

which is conpletely-or “partially substituted by fl{uorine, R2 S

1- 4C- al koxy, 3-7C-cycl oal koxy or 1-2 ich is conpletely or

partially substituted by fl c%ﬁ‘?éﬁw is hydrogen, R31 "is

hydr ogeng, or ARBombdusl offRe #r8uB31l together are a 1-2G

I s hydrogen or 1ﬁ_ﬁﬁdc_al kyl, R5 I s hydrogen, R51 i awﬁ\&wﬁ i ch
I ch
R71

R5 and R51 together are an additional bond, R6 I sija enyl adl ca
is substituted by R7, where R7 i's g5or CON(R%2) R@é
i s hydrogen, 1-7C-al kyl or 3-7C-cyclo y%ﬁ_and R72 and

i ndependent |y of one another are ea®8.\y 1- 4C

R2

R1

in which

R1 is hydroxy, 1-4C-alkoxy, 3-7C-cycloatkoxy or 3—7C-cyc|oalkylmethdxy o:: 1-4C-alkoxy which is
completely or partially substituted by fluorine,

R2 is hydroxy, 1-4C-atkoxy, 3-7C-cycloalkoxy or 3-7C-cycloalkylmethoxy or 1-4C-alkoxy which is
compietely or partially substituted by fluorine,

or in which

R1 and R2 together are a 1-2C-alkylenedioxy group,

R3 is hydrogen or 1-4C-alkyl,

R31 s hydrogen or 1-4C-alkyl,

or in which '

R3 and R31 together are a 1—40-alkylene group,

R4 is hydrogen or 1-4C-alkyl,

R5 is hydrogen

R51  is hydrogen,

or in which

R5 and R51 together are an additional bond,

R6 isa phehy! radical which is substituted by R7, where

R7 . is COOR71 or CON{R72)R73 and
R71 is hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl and
R72 and R73 independently of one another are each hydrogen, 1-7C-alkyl, 3-7C-cycloalky! or 3-
TC-cycloalkyimethyi,

and the salts of this compound.

A
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(57) Abstract

Compounds of formula (I), where R1, R2, R3, R31, R4 R5
R4, RS, RSlandksmvethemmungsgwenmthe R3 R4
description, are new active bronchial therapeutic agents.
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(57) Zusammenfassung R2

Verbindungen der Formel (I), worin R, R2, R3, R3{, R31
R4, RS, RSlundRdeemderBesclueibmgmgcgcbencn H
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5. A nmedi canent conprising one or nore conpounds as clainmed in claim1l
together with pharmaceutical auxiliaries and/ or excipients. 6. The use
of conpounds as clainmed in claim1 for the production of nedicanents for
the treatnment of respiratory diseases.
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