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Neues Verfahren zur Herstellung von Norbenzomorphan einer

Zwischenstufe bei Herstellung von pharmazeutisch wertvoilen \
Benzomorphanderivaten, insbesondere von {(-}-(1R,58,2"R)-3'-Hydroxy-2-
{2-methoxypropyl)-5,9,9-trimethyl-6,7-benzomorphan ‘

Die vorliegende Erfindung betrifft ein neues Verfahren zur Hersteliung von
Norbenzomorphan - der zent_ralen'Zwischenstufe bei der Hersteliung von
pharmazeutisch wertvolien BenzomorphanderiVaten' der aligemeinen Formel 1,
insbesondere von (-)_-(1R.58.2"R)—3‘-Hydroxy-2-(2-methoxypropyl)-5,9,9-trimethyl-
-6,7-benzomorphan bzw. [(-)-(2R,6S.2'R)-3-(2-Methoxypropy!)-6,11,11-trimethyi-
-1,2,3,4,5.6-hexahydro-2,6-methanoc-benzo|ajoxacin-8-ol] (Bl 277),

-

#
4

worin

Ry  Wasserstoff, C4-Cg-Alkyl, Halogen. Hydroxy, C4-Cg-Alkoxy, einen Gber ein
Sauerstoff gebundenen Benzoylrest oder einen Alkylcarboxylrest mit einem
geradkettigen oder verzweigten Niederalkyirest mit 1 bis 6
Kohienstoffatomen - wobei der Alkyirest gegebenenfalls mit einem oder

. ‘'mehreren Halogenatom(en), die untereinander gleich oder verschieden sein
kdnnen, substituiert sein kann -

Nitro, Cyano, -NH,, -NH(C, -Cs-Alkyl), -N(C.i -Cg-Alkyl)2, wobei die Alkylreste
gleich oder verschieden sein kénnen, -NH-Acyl-(C4-Cg-Alkyl), worin Acyl far

. Benzoyi oder einen Alkylcarbonylrest mit einem geradkettigen oder
verzweigten Niederalkylrest mit 1 bis 6 Kohlenstoffatom(en), wobei der
- Alkylrest gegebenenfalis mit einem oder mehreren Halogenatom(en), die

untereinander gleich oder verschieden sein kénnen, substitiuert sein kann,

bedeuten kann.

ERSATZBLATT (REGEL 26)




(-)- (1R 5S, 2"R) - 3' - hydr oxy- 2- ( 2- met hoxypr opyl ) -

5,9,9-trinethyl -6, 7-benzonor phane : The present invention relates to a new
process for -preparing norbenzonmorphan - the central internediate in the
preparation of ywahjeglageut i cal ly usef uI benzonor phan deri vati vepcoiepoeinatr!
formula 1, particularly (-)-

(1R, 5S, 2" R) 3 hydroxy 2 (2 rret hoxypr opyl )= 2~9, 9-

trimethyl - - be zo -): (2R 6 R)-3-(2-
net hoxypr Opy ng ﬂ qlp H:‘f)eyghg %@#Mﬁ&ﬂ?@t werden, werden die

2, 6- met hano- aﬂagamél[‘mn rqqrmem i tdlger(d!nl SinaBbrafiehtr |

C1-Cg-Alkyl bzw. C4-Cg-Alkyl steht im allgemeinen far einen verzweigten oder
unverzweigten Kohlenwasserstoffrest mit 1 bis 6 bzw. 8 Kohlenstoffatom(en), der
gegebenenfalls mit eihem oder mehreren Halogenatom(en) - vorzugsweise Fiuor -
substituiert sein kann, die untereinander gleich oder verschieden sein kénnen. Als
Beispiele seien folgende Kohlenwasserstoffreste genannt:

Methyl, Ethyl, Propyl, 1-Methylethyl (Isopropyl), Buty!, 1-Methylpropyl, 2-
Methylpropyl, 1,1-Dimethylethyl, Pentyl, 1-Methylbutyl, 2-Methyibutyl, 3-Methylbutyl,
1,1-Dimethylpropyl, 1,2-Dimethylpropyl, 2,2-Dimethylpropyl, 1-Ethylproypy!, Hexyl, 1-
Methyipentyl, 2-Methyipentyl, 3-Methyipentyl, 4-Methylpentyl, 1,1-Dimethylbutyl, 1,2-
Dimethylbutyl, 1,3-Dimethylbuty!, 2,2-Dimethylbutyi, 2,3-Dimethylbutyl, 3,3-
Dimethylbutyl, 1-Ethylbutyl, 2-Ethylbutyl, 1,1,2-Trimethylpropyl, 1,2,2- _
Trimethylpropyl, 1-Ethyl-1-methylpropyi und 1-Ethyl-2-methylpropyl. Bevorzugt sind -

sofern nicht anders angegeben - Nlederalkylreste rmt 1bis 3 Kohlenstoffatomen wie

Methyl Ethyl, Propyl Isopropyl

Acyl steht im allgemeinen 'fdr‘"iaé'nzbyl oder far Alkylcarbonylreste - wie geradkettiges
oder verzweigtes Niederalkyl mit 1 bis etwa 6 Kohlenwasserstoffatom(en) - die Gber
eine Carbonylgruppe gebunden sind',' wobei_ der Alkylrest éegebenenfalls mit einem
oder mehreren Halogenatom(en), die untereinander gleich oder verschieden sein

- koénnen, substituiert sein kann. Bevorzugt sind Alkyireste mit bis zu 4
Kohlenstoffatomen. Als Beispiele seien genannt: Acetyl, Trifluoracetyl,
Ethylcarbonyl, Propyicarbonyl, Isopropylcarbonyl, Butylcarbonyl sowie
Isobutylcarbonyl. Besonders bevorzugt lst der Acetylrest.

Die eingangs erwéhnten Benzomorphanderivafe verkorpern vielversprechende
Wirkstoffe zur Behandiung neurodegenerativer Erkrankungen sowie
Gehirnischaemien verschiedener Genese. Beispielsweise seien genannt: Status
Epileptikus, Hypoglykémie, Hypoxie, Anoxie, Gehimtrauma, Gehimoedem, amorphe
laterale Sklerose, Huntington's Disease, Morbus Alzheimer, Hypotonie, Herzinfarkt,
Gehirn-Schlaganfall und perinatale Asphyxie. Das Benzomorphanderivat mit der

- Chiffre Blll 277 sowie verwandte Benzomorpahne sind u.a. in der Deutschen h

. Offenlegungsschrift DE-0S 41 21 821 eingehend beschrieben.
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Mefei n Rl err] denot es hydrogen, ([err]-al kyl, hal ogen, hydroxy,

€ err]-al koxy, a benzoyl group bound via an oxygen or an
al kyl car boxyl group having a straight-chained or branched
Cerr]-lower alkyl group - wherein the al kyl
WO 97/06146 : : PCT/EP96/03401
_ ae

Daneben sind weitere Synthesestrategien zum Aufbau von Benzomorphanderivateh
aus dem Stand der Technik bekannt [Deutsche Offenlegungsschrift 2 027 077,
Europaische Offeniegungsschrift 0 004 960]. Allerdings werden - mit Ausnahme der
DE-OS 41 21 821 - in diesen Publikationen lediglich Synthesen fur die Racemate
beschrieben, bei deren Aufspaltung letztendlich 50% des nicht gewlnschten
Isomeren verworfen werden missen. Daneben besteht u. a. bei einzeinen
Reaktionsschritten die Gefahr der Bildung von Regioisomeren.

~ Es ist daher die Aufgabe der vorliegenden Erfindung, die Nachteile der aus dem
Stand der Technik bekannten Verfahren zu berwinden und einen Herstellungsweg
bereitzustelien, bei dem zum einen die Bildung von - gegebenenfzalls auftretenden -
Regioisomeren beim Aufbau des Benzomorphan-Grundgeristes vermieden wird und
das es zum anderen erméglicht, das pharmakologisch wirksamere Stereoisomere in
héheren Ausbeuten zu gewinnen. ' '

Diese Aufgabe wird durch das im folgenden beschriebene Verfahren und
insbesondere durch die in den Beispielen wiedergegebene Verfahrensschritte
gel6st. Verschiedenartige, andere und weitere Merkmale, Ausgestaltungen des
Verfahrens und dergleichen, die der vorl:egenden Erfindung zugeordnet sind,
werden far den Fachmann aus der vorliegenden Beschreibung ersichtlich und in
Verbindung mit den Beispielen, in welchen die gegenwartig bevorzugten
Ausfihrungsformen der vorliegenden Erfindung beispielhaft dargestelit sind, noch
besser verstandlich. - Es wird jedoch ausdriicklich darauf hingewiesen , dafl die
Beispiele und die diesen zugeordnete Beschreibung lediglich zum Zwecke der
Eriuterung und Beschreibung vorgesehen und nicht als Einschrénkung der
Erfindung - insbésondere auf die Hersteliung von (-)-(2R,65,2'R)-3-(2-
Methoxypropylye, 11,11-trimethyl-1,2,3,4,5,6-hexahydro-2,6-methano-benzofa]-
oxacin-9-o! (BIll 277) - anzusehen sind.

Im Gegensatz zu den aus dem Stand der Techmk bekannten Verfahren wird durch
die vorliegende Erfindung ein verbesserter Herstellungsweg vorgeschlagen, bei dem
in der ersten Stufe ein geeignet substituiertes Benzylcyanidderivat 2,

- bei der Herstellung von Bill 277 beispielsweise m-Methoxybenzylcyanid -, in dem
R2 Wasserstoff, C4-Cg-Alkyl, Halogen, Hydroxy, C4-Cg-Alkoxy, einen Gber ein
Sauerstoff gebundenen Benzoyirest oder einen Alkyicarboxyirest mit einem
geradkettigen oder verzweigten Niederalkylrest mit 1 bis 6 Kohlenstoffatomen -
wobei der Alkylrest gegebenenfalls mit einem oder mehreren Halogenatom(en)
substituiert sein kann, bedeutet, mit einem Bromisobuttersaureester vom Typ 3in




'groﬁp may optionally ‘be substituted by one or nore - hal ogen at ons

which may be identical or different - nitro, cyano, NHerr],
NH(Cerr]-alkyl), N(Cerr]-alkyl)[err], o '
- 2- whergo 97/6éigs al kyl groups may be identi caI or = dlm@mog

NH-acyl - ([ err]-al kyl), wherein acyl
- {1 -
dem R3 C1-Cg-Alkyl oder Benzyl und bevorzugt C4-Cg-Alkyl bedeutet und
- besonders bevorzugt mit Bromisobuttersdureethylester (R3=C2H5) - zum _
entsprechend substituierten 3-Amino-2,2-dimethylbutanséureesterderivat 4 - bei der
Herstellung von BIll 277: 3-Amino-4-(3-methoxyphenyl)-2,2-
dimethylbutansdureethylester - umgesetzt wird: |

So ermdglicht das erfindungsgeman vorgeschiagene Verfahren den Aufbau der aus
der DE OS 20 27 077 bekannten 3-Aminodimethylbutansaure-Vorstufe in einem
Reaktionschritt - ausgehend von wohlféilen Ausgangsmaterialien -, wofﬁr im
genannten Stand der Technik 4 .Stufen erforderlich sind. ’ :

Zur Durchfuhrung dieser Ums_e‘tzung vom Typ einer Refonnatsky-Reaktion wird ein
Alkylhalogensilan - vorzugsweise ein Trialkyichlorsilan, besonders bevorzugt
Trimethylchiorsilan - und Zinkpulver in einem unter den gewshiten _
Reaktionsbedingungen -inerten_Lésungsmittel - vorzugsweise einem Ether oder in
einem Halogenkohlenwasserstoff, besonders bevorzugt Dichiormethan - vorgelegt.
Nach dem Verdinnen dieser Mischung mit einem polaren - inerten - L&sungsmitte!,
voxzugsweisé.éinehl cyclischen Ether, besonders bevorzugt Tetrahydrofuran - wird
die Reaktionsmischung - vorzugsweise auf RickfluBtemperatur - erwarmt und mit
einer Mischung des Bromisobuttersaureesters der aligemeinen Forme! 3 mit dem
geeignet substituierten Benzylcyanid der aligemeinen Formel 2 versetzt und weiter -
vorzugsweise auf RackfluRtemperatur - erwdrmt. Nach dem Abkahlen und dem
Abfiltrieren des Zinkpulvers wird das Reaktionsgemisch mit einem hinsichtlich der
Reduktion von Iiminofunktionen selektiven Reduktionsmittel - vorzugsweise einem
komplexen Alkaliborhydridderivat, besonders bevorzugt Natriumcyanoborhydrid -
und anschlieBend mit einem Alkanol - vorzugsweise einem geradkettigen oder
verzweigten C4-C 4-Alkohol, besonders bevorzugt Ethanot! - versetzt. Danach wird
mit einer wésserigen Ldsung einer basisch reagierenden Verbindung - vorzugsweise
mit Ammoniakiésung, besonders bevorzugt mit konzentrierter Ammoniakl&sung -

' versetzt und die organische Phase des Reaktionsgemisches isoliert. Nach dem




Qenétes benzoyl or an al kyl carbonyl group having a strai ght - chai ned or

branched Cerr]-1ower al kyl group, whi | st the al kyl group
may-optional ly be substituted by one or nore hal ogen atons which nay
be the same as one another or different from one anot her. Unl ess

ot herwi se spegbiohpéis Y stated, the general definitions are used/E®sbsabl ows:
Cerr]-alkyl or (Jerr]-al kyl generally denotes a branched or unbranched

hydrocarbon group having 1 to 6 or 1 to 8 €arbon atoms, which may
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Losungs%ttel - vorzugsweise in einem aliphatischen oder aromatischen
Kohlenwasserstoff, besonders bevorzugt in Toluol - aufgenommen und mit der
wasserigen Lésung einer Saure - vorzugsweise einer Mineralsaure, besonders
bevorzugt 2N Salzsaure - extrahiert. AbschlieRend wird die wasserige Phase mit
der wasserigen Losung einer basisch reagierenden Verbindung - vorzugsweise
Ammoniaklésung, besonders bevorzugt mit konzentrierter Ammoniakiésung -
alkalisch gestellt und danach mit einem organischen, mit Wasser nicht mischbaren
Extraktionsmittel - vorzugsweise mit einem Halogenkohlenwasserstoff, besonders
bevorzugt mit Dichlormethan - extrahiert. Der so erhaltene Exrtrakt wird nach dem

. Trocknen eingeengt und das 3-Amino-2,2-dimethylbutansiureesterderivat der

aligemeinen Formel 4 isoliert. q

Uberraschenderweise wurde nun gefunden, daf auf dieser Reaktionsstufe die C-C-
Kupplungsreaktion und die Reduktion der Iminogruppe zum Amin in einer Stufe
durchgefihrt werden kann, ohne - wie bei'katalytisbhen Hydrierungen gemeinhin
notwendig - zunéchst das Imin isolieren und reinigen zu missen. Hierdurch kann die
Bildung von Hydrolyseprodukten vermieden werden, deren Auftreten bei der '
gewdhnlichen wésserigen Aufarbeitung zu einer Ausbeuteminderung fUhrt.

in der zweiten Reaktionsstufe wird das so gewonnene 3-Amino-2,2- _
_dimethylbutariséureethylesterderivaf 4 mit einem Acryls&ureester (CH>=CH-COOR4,
R4 = C1-Cg-Alkyl oder Benzyl - vorzugsweise C4-Cg-Alkyl und besonders bevorzugt
Ethyl) zu dem entsprechenden 3-(2-Ethoxycarbonylethyl)amino-2,2-
dimethylbutanééureethylesterderivat 5 - bei der Herstellung von Blll 277
beispielég:e’ise: 3-(2-Ethoxycarbonylethyl)amino-4-(3-methoxyphenyl)-2,2-
dimethyibutansaureethylester (Rp = CH30-) - umgesetzt: |
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f ol I"owi ng hydrocarbon groups are nentioned by way of exanple: nethyl,
éthyl, propyl, 1-nmethylethyl (isopropyl), butyl, 1-nethylpropyl,
-~ 2-met hyl propyl, 1,1-dinethylethyl, pentyl, 1-methylbutyl, 2-nethyl butyl,

3- et hyl but yl ,wég-ﬂ,og“‘ret hyl propyl, 1,2-dinmethyl propyl, 2,2- degeiepyéésaprRy! .
1-et hyl propyl, hexyl, 1- nethylpentyl 2- nethylpentyl 3- nethylpentyl
4- nethylpentyl 1, 1- dinethyl butyl, 1 2- d hbeutyI 1, 3- dlnethylbutyl
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1- et hyl - 1- metiRathyiBptansaure vleﬁtﬁgﬂeﬂzah‘émw?mwyvlséwmeé in einanpupter den

stated, | owegewshijén Beaktivnsbedingungedh inedter Reaktions i ¢ vorsigeweidd in

ethyl,  propylindRfigdraaREMBYh odef vBLRAeiitts & 4-C4-Alkanol, besonders bevorzugt Ethanol
- gelést und - vorzugsweise auf Rackfluftemperatur - erwérmt. Nach erfolgter
Reaktion wird das L6sungsmittel i.Vak. entfemt und das resultierende 3-(2-
Ethoxycarbonylethyl)amino-2,2-dimethyibutansaureethylesterderivat 5 isoliert.

In der anschlieRenden dritten Reaktionsstufe wird das aus der vorangegangenen
Reaktionsstufe resultierende 3-(2-Ethoxycarbonylethyl)amino-2,2-
dimethylbutans&ureesterderivat 5 - bei der Synthese von Blli _277: 3-(2-
Ethoxywrbonylethyl)amino-4-(3-methcxyphenyl)-2-dimethylbutanééureester Zum
entsprechenden Plpendon - im Falle der Herstellung des BIi! 277: 5-Carboethoxy-
3 3-dtmethyI-2-(3-methoxyphenyl)methyl-4-p|per|don 6 cyclisiert:

Zur Durchfahrung des Cyclisierungsschritts vom Typ einer Dieckmann'schen
Esterkondensation wird das 3-(2-Ethoxycarbonylethyl)amino-2,2-
dimethylbutanséureesterderivat S in einem unter den Cyclisierungsbedingungen
inerten Losungsmittel - vorzugsweise in einem aliphatischen oder aromatischen
Kohlenwasserstoff, besonders bevorzugt in Toluo! - geldst und in Gegenwart einer
basisch reagierenden Verbindung, vorzugsweise einem Alkalialkoholat eines -
verzweigten oder unverzweigten Cy -C4-Alkohols besonders bevorzugt Kalium-tert.-
butylat - auf RackfluBtemperatur erhitzt und die bei diesen Temperaturen ﬂﬁchtlgen
Bestandteile der Reaktionsmischung destillativ - beispielsweise im Rahmen einer
azeotropen Reaktion - entfernt. Nach beendeter Reaktion, wird das




Acyl generally denotes benzoyl or alkylcarbonyl groups - such as )
strai ght-chai ned or branched | ower al kyl having 1 to about 6 carbon atons,
whi ch are bound via a carbonyl group, the al kyl group optionally being

-3- substituted by one or nore hal ogen atons which may be the sanme as or

di fferent frqpenmigother. Al kyl groups . PCT/EP96/03401

Reaktionsgemisch hydrolysiert und mit der wésserigen Losung einer sauer
reagierenden Verbindung - vorzugsweise mit wasserigen Mineralséuren, besonders
bevorzugt mit konzentrierter Salzséure - versetzt. Danach wird ein unter diesen
Bedingungen inertes, mit Wasser nicht mischbares Extraktionsmittel - bevorzugt ein
- Dialkylether, besonders bevorzugt Diethylether - zugeflgt und mit der wasserigen
Lésung einer basisch reagierenden Verbindung, bevorzugt mit wésseriger
- Ammoniakldsung, besonders bevorzugt mit konzentrierter Ammoniakiésung -
versetzt. Nach dem Abtrennen der organischen Phase sowie dem erschépfenden
Extrahieren der wésserigen Phase werden die vereinigten organischen Extrakte
nach dem Waschen mit Wasser sowie Trocken i. Vak. eingeengt und das
resultierende Piperidon vom Typ 6 - im Falle der Herstellung des BIll 277 das 5-
Carboethoxy-3,3-dimethyl-2-(3-methoxyphenyl)methyl-4-piperidon - isoliert. -
Alternativ kann die oben beschriebene Dieckmann-Kondensation auch mittels
Titantetrachlorid In einem halogenierten Kohlenwasserstoff - vorzugsweise
- Dichlormethan - durchgefahrt werden [M.N. Deshmukh et al., Synth. Commun. 25
(1995) 177] : - :

In der vierten Reaktionsstufs wird das Piperidonderivat 6 unter alkalischen oder -
sauren Bedingungen zu dem entsprechenden 3,3-Dimethyl-4-piperidonderivat 7 .
verseift und decarboxyliert. Dabei richtet sich die Wahl der Reaktionsbedingungen
nach der chemischen Natur des Ausgangsstoffes; so wird beispielsweise im Falle
der Herstellung des BlIl 277 unter den Bedingungen einer alkalischen Verseifung
gearbeitet, woraus das 2-(3-Methoxyphenyl)methyi-3,3—dimethyt-44piperidon
resultiert, welches in Form eines S&ureadditionsalzes - bevorzugt in Form seines
Hydrohalogenids - isoliert werden kann: ' '
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- Dazu wird das Piperidonesterderivat 6 in einem polaren, wasserhaitigen
Lésungsmittel bzw. L&sungsmittelgemisch - bevorzugt in einer Mischung aus einem
geradkettigen oder verzweigten C1 -C 4-Alkanol und Wasser, besonders bevorzugt in
einem Ethanol/Wasser-Gemisch - mit einer basisch oder sauer reagierenden




havi.ng up to 4 éar bon atons are preferred. Exanples inél ude: acetyl,
trifluoroacetyl, ethylcarbonyl, propylcarbonyl, i sopr opyl car bonyl,
but yl car bonyl- and i sobutyl carbonyl. The acetyl group is particul ar| y

preferred. W6 oh6di14e o phan derivatives nmentioned herei nbef og lE?%ﬁMog“t e
hi ghly prom sing active substances for treating neurodegeneratlve I sorders

as well as cerebroischaem as of vari ous origins. The follow ng nay be
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Hunti ngton' s bt 6&? 5@@@’@9 mikall insatzerqiner Saure
cerebral str deispieldwpiseiin Bedermaptiyon SalZEiard odarSohweraisales - eﬂﬁltztebevorzugt

nunber ed Bl \yigf £ufR8ckfluBtemperatur erwarmt . Nach erfolgter Verseifung wird das
Reaktionsmedium i. Vak. entfernt und der Rickstand in einem fur die anschlieRende
Salzbildung geeigneten Lésungsmitte! - - bevorzugt einem polaren organischen
~ Loésungsmittel, besonders bevorzugt in Aceton - aufgenommen und das
Séureadditionssalz gefalit.

Die anschlieBende Aufspaltung des so erhaltenen Gemisches der enantiomeren 3,3-
Dimethyi-4-piperidone - im Fall des Bill 277 des 2-(3-Methoxyphenyl)-methyl-3,3-
dimethyl-4-piperidon-hydrochlorids - vom Typ 7 gelingt auf den bekannten Wegen
zur Enantiomerentrennung - beispielsweise durch Umsetzung mit Apfels&ure,
Weinsaure, Mandels&ure oder Campfersulfonsiure, worunter Weinsaure bevorzugt
wird: : '

~ So liefert beispielsweise die Umsetzung mit D-(-)-Weinsaure das entsprechende
enantiomerenreine 3,3-Dimethyl-4-piperidonderivat vom Typ 8A oder 8B in Form
seines Hydrogentartrates, im Falle des Blll 277 z. B. das (+)-2-(3-
Methoxyphenyl)methy!-3, 3-d|methyl4-plpendomum-Hydrogentartrat (R2 = meta-
Methoxy).




rel ated benzonorphans are described in detail in German O fenl egungsschrift
DE-OS 41 21 821, inter alia. In addition, other -nethods of synthesis for
produci ng benzonor phan derivatives are known fromthe prior art [Gernman

O fenl egungsschrift 2 027 077, published European Application 0 004 960].
However, W t Ryd Baocd¢eption of DE-OS 41 21 821, these publi caicdrpveaRios! v
~describe nmethods of synthesising the racemates, which have to be cleaved
and eventual |y 50% of unwanted i soner hawegto be di scarded. Furthernore, in
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Piperidonderivat /7 in Form seines Saureadditionssalzes - beispielsweise als
Hydrochlorid - in Wasser gelést und mit einer basisch reagierenden Verbindung
oder - vorzugsweise - deren wasserigen Losung versetzt; besonders bevorzugt wird
konzentrierte wésserige Ammoniaklésung eingesetzt. Die wésserige Phase wird mit
einem organischen, mit Wasser nicht mischbaren Lésungsmittel - bevorzugt mit
einem Halogenalkan, besonders bevorzugt Dichlormethan - extrahiert. Nach dem
Trocknen und dem Einengen i. Vak. wird der Rackstand in einem unter den far die
Salzbildung angewandten Reaktionsbedingungen inerten Reaktionsmedium,
bevorzugt in sinem verzweigten oder unverzweigten C4-C4-Alkanol, besonders
bevorzugt in Ethanol - geldst und mit dem geeigneten Sterecisomeren einer der
genannten S&uren - beispielsweise D-(-)-Weinséaure - versetzt. Gegebenenfalls wird
eine ausreichende Menge eines Nichtlésemittels beziiglich des gewlinschten Salzes
- vorzugsweise des entsprechenden Hydmgentaﬂrates. vorzugsweise ein
verzweigtes oder unvelzweigtes C3-Cg-Alkanol, besonders bevorzugt Isopropanol -
zugeflgt, worauf das enantiomerenreine isomere des Piperidons als Piperidonium-
Hydrogentartrat kristallisiert; das ist bei der der Herstellung des Bl 277das
entsprechende (+)-2+(3-Methoxyphenyl)methyi-3,3-dimethyl4- - - - -

. piperidoniumhydrogentartrat (Rp = meta-Methoxy). S

Uberraschenderweise wurde nun festgestellt, daR nach dem Erhitzen der
Uberwiegend das andere Enantiomere enthaltenden Mutteriauge bei einem neuen
Kristallisationsversuch unter analogen Bedingungen ermeut ein grof3er Anteil des
gewiinschten Enantiomeren - beispielsweise in Form seines Hydrogentartrats -
gewonnen werden kann. Die thermische Racemisierung des nicht gewanschten
Enantiomeren und.die anschliefende Gewinnung des gewlinschten Sterecisomeren
kann durchaus mehrmals durchgefiihrt werden. Auf diese Weise kann im Falle des
(+)-.2-(3-Methoxyphenyl)methyl-3,3-diméthylA»piperidoniumhydrogentartrats die
Gesamtausbeute an dem gewlnschten Isomeren auf Gber 75 % gesteigert werden.

Die nachfolgende Wittig-Reaktion mit Methyltriphenylphosphoniumbromid fuhrt auf
der nachsten Stufe zum entsprechenden 4-Methylen-piperidinderivat 9 - im Falle des
- Blll 277 das (+)-2-(3-Methoxyphenyi)methyl-3,3-dimethyl-4-methylen-piperidin (R2 =
- meta-Methoxy) - das in Form seines Saureadditionssalzes - vorzugsweise in Form
eines Hydrohalogenids, besonders bevorzugt in Form seines Hydrochlorids - isoliert
werden kann. |




over cone the disadvantages of the processes known-fromthe prior art and to
prOV|de a method of production which on the one hand avoids the formation
of any regioisonmers during the synthesis of the basic

-4-  benzonor ghag, P“ucture and on the other hand nakes it poPETIEP26/63301
obtain the pharnmacologically active : -
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Zur Durchfiihrung der Wittig-Reaktion wird das 3 3-Dlmethylplperldondenvat 8 in
Form seines Saureadditionssalzes - beispielsweise als Hydrochlorid - in Wasser
geldst und mit einer basisch reagierenden Verbindung oder - vorzugsweise - deren
wasserigen Losung versetzt; besonders bevorzugt wird konzentrierte wasserige
Ammoniakiésung eingesetzt. Die wasserige Phase wird einem organischen, mit
Wasser nicht mischbaren Lésungsmittel - bévorzugt mit einem Halogenalkan,
besonders bevorzugt mit Dichlormethan - extrahiert. Nach dem Trocknen und dem
Einengen i. Vak. wird der Rackstand ih_.einem unter den far die Wittig-Reaktion
. angewandten Reaktionsbedingungen inerten Reaktionsmedium - bevorzugt in einem
cyclischen Ether, besonders bevorzugt in Tetrahydrofuran - aufgenommen und mit
einem eine Methylengruppe generierenden Wittig-Reagenz - bevorzugt einem
- Methyltriphenylphosphoniumhalogenid, besonders bevorzugt mit - -
S Methyltnphenylphosphomumbromld - in Gegenwart einer basisch reagierenden .
‘Verbindung, bevorzugt einem Akalialkoholat, besonders bevorzugt Kalium-tert.-
butanolat versetzt und - in Abhéangigkeit von der Reaktlonsfahigkelt der jeweils
emgesetzten Edukte - bei einer Temperatur im Bereich von O bis 80 °C - bevorzugt
in einem Bereich von 20 bis 60 °C und besonders bevorzugt bei ca. 40 °C -
umgesetzt. Nach erfolgter Umsetzung wird das Reaktionsgemisch mit Wasser und
einem mit Wasser nicht mischbaren organischen L&sungsmittel - bevorzugt mit
einem Halogenalkan besonders bevorzugt Dichlormethan - versetzt und die
organische Phase separiert. Nach erschépfender Extraktion der wésserigen Phase
und dem Trocknen der vereinigten Extrakte wird das Extraktionsmittel entfernt, der
Ruckstand mit einem fr die Bildung eines Saureadditionssalzes geeigengten'
Lésungsmittels, bevorzugt in einem verzweigten oder unverzweigten C4-C4-Alkanol,
besonders bevorzugt in Isopropanol, gelést und mit einer geeigneten Séure,
bevorzugt einer Mineralsaure - wie z.B. einer Halogenwasserstoffsaure, besonders
bevorzugt mit konzentrierter Salzséure - versetzt und das auskristallisierte '
Saureadditionssaiz des Wittig-Produktes 8 isoliert.

in der anschlieRenden 7. Reaktionssstufe erfolgt die Formylierung des Piperidin-
Stickstoffs - beispielsweise mit n-Butylformiat - woraus das entsprechende
enantiomerenreine N-Formyl-3,3-dimethyl-4-me'thylen'-piperidinderivat - bei der




stereoi sonmer in higher yields. =~ This objective is achieved by the process,
described bel ow and, nore particularly, by the process steps described in
t he Exanpl es. Various other, additional features, enbodinents of the
process and the |i ke associated with the invention will becone apparent to

t hose skill eqhgdoiag art fromthe description which foll ows peEMIslobache
nore readily understood in conjunction with the Exanples, which illustrate

the currently preferred enbodi nents of tHie-present invention by way of

Ssso6i ai ed e elun f"*gﬂg'ﬁ'?w"‘%%{ g’%ﬁéﬁ’dé’#“&"‘t o ‘19"§§22p'oes st rat i on
and descri &?‘z‘ﬁxﬂﬁ'@ B % RSty E%W"?Fééylﬁg'ﬁ'%ﬁ"i" ng"ﬁﬁeh%b@m iofem '
part] cul ar I'Eiynwréwltmnapar ation of (-)

[+]
B .
i .
N ‘\\\ K t“\
(";\ g;\
2 R
9 10

Hierzu wird das Piperidinderivat vom Typ 9, das auf der vorahgegangenen Stufe als
Hydrohalogenid isolierte wurde, zunachst in die entsprechende freie Base Gberfuhrt,

- indem beispielsweise das Piperidinderivat 9 in Form seines Hydrohalogenids in
Wasser gelst wird und mit einer basisch reagierenden Verbindung - vorzugsweise

mit der wasserigen Losung einer basisch réagierenden Verbindung und besonders -
bevorzugt mit konzentrierter Ammoniakisung - versetzt, das freie Piperidin mit
einem organischen Lésungsmittel, bevorzugt mit einem halogenierten
Kohlenwasserstoff und besonders bevorzugt mit Dichlormethan, extrahiert. Nach
dem Trocknen des Extraktes und dem Abdestillieren des Extraktionsmittels wird die

freie Base in einem organischen Lésungsmitte! - wie z.B. einem Kohlenwasserstoff,
bevorzugt in einem Alkylaromaten, besonders bevorzugt in Toluol - aufgenommen
und mit einem Formylierungsmittel - bevorzugt mit einem Alkylformiat, besonders
bevorzugt mit n-Butylformiat - zur Reaktion gebracht und das Reaktionsprodukt
:sol:ert

In der darauf folgenden Cyclisierungsreaktion erfolgt in Gegenwart entsprechend
reaktiver Lewis-Sauren - wie beipielsweise Mineralsalsauren, insbesondere
Bromwasserstoffséure und bevorzugt mit Suilfons&uren und besonders bevorzugt in
‘Gegenwart von Aluminium(lll)halogeniden, ganz besonders bevorzugt in Gegenwart
von Aluminiumtrichlorid - auf der achten Reaktionsstufe letztendiich der Aufbau des
Benzomorphanger(ists, der im Fall der Herstellung von Bill 277 zum entsprechenden
(-)-2-Formyl-3'-methoxy-5,9,9-trimethyl-6,7-benzomorphan (11) (Ro=m-OCHg) fGhrt.




(2R 6S 2' R) - 3-(2-met hoxypropyl)-6, 11, 11-tri et hyl -

1, 2,3, 4,5, 6- hexahydr o- 2, 6- net hano- benzo[[err]]oxaC|n 9-ol (BIlI 277). I n
contrast to the processes known fromthe prior art, the present invention
proposes an i mpovadidget hod of manufacture in whi ch, i n the fipet/EBIcAB4012
suitably substituted benzyl cyani de derivative (2) - m )

nmet hoxybenzyl cyani de, for exanple, in the pr paration of BIIl 277 - wherein
Rlerr] denotes hydrogen, -(err]-alkyl, halbég hydr oxy, C[errs al koxy, a
benzoyl group bound vig_an oxygen or an alkylcarboxyl group havdng a

strai ght- chai ned or b%ﬁmched | ower al kyl group with 1 to 6—earbon atons,
where the al kyl group ¥. O Q pr e hal ogen
atoms, is reacted withfa byono

wherein R3

1"
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Hierzu wird das Piperidinderivat 10 einer Suspension der erwahnten Lewis-Saure -
beispielsweise in Gegenwart von von Aluminium(lil)chlorid - in emem unter den
gewéhiten Reaktlonsbedmgungen inerten Lésungsmittel - vorzugswelse in einem
halogenierten Kohlenwasserstoff, besonders bevorzugt in Dichlormethan - zugefagt.
Nach dem Abschlu der Cyclisierungsreaktion wird die Reaktionsmischung
vorsichtig hydrolysiert. Danach wird die wasserige Phase abgetrennt und extrahiert.
Die vereinigten orgamschen Phasen werden nach dem Trocknen ezngeengt und das
Benzomorphandemrat vom Typ 11 |so||ert -

Ube’rraschendemeise wurde g‘e‘fﬂnd_en. dats bei der Durchfiihrung der
Cyclisierungsreaktion - im Gegensatz zu den‘im Stand-der Technik bereits - = - -
etablierten Verfahren - unter Verwendung von AICl3 das Cyhslerungsprodukt in fast

" quantitativer Ausbeute erhaiten wird. - Im Falle der meta-Substitution des-
Phenylsystems weist das erfindungsgeméfe Verfahren ferner denjenigen Vorteil auf,
daR die Cyclisierung selektiv in der para-Position - bezogen auf die Stellung von R
- stattfindet.

Die sich‘anschlieRende neunte Reaktionsstufe resultiert in der Abspaltung der
Formylgruppe und flihrt somit zum entsprechenden 3'-Methoxy-5,9,9-trimethyl-6,7-
benzomorphan 12.

1n" 12




denotes (Jerr]-alkyl or benzyl and preferably (Jerr]-al kyl and nost
preferably with bronoi sobutyrate (R3 = C2H5) - to obtain the
correspondi ngly substituted 3-am no-2, 2-

-5-  dinmethyl butanoic acid ester derivative (4) - ethyl 3-

©ami no-4- (3- nwbb(mmbenyl) 2, 2-di et hyl but anoat e i n t he nanufreTEPI&03ad1 Bl | |
277 -
-3~

Hierzu wird das Formylbenzomorphan 11 in einem polaren L&sungsmittel -
bevorzugt in einem Alkanol, besonders bevorzugt in n-Propanol - gel&st und mit
einer sauer reagierenden Verbindung - bevorzugt mit der wasserigen Ldsung einer
Mineralsaure, besonders bevorzugt mit konzentrierter Salzsaure - versetzt und
anschlieBend erwarmt. Nach erfolgter Abspaltung der Formylgruppe wird die
Reaktionsmischung nach dem Einengen mit Wasser versetzt und mit einem mit
Wasser nicht mischbaren Lsungsmittel - bevorzugt mit einem Ester einer
Carbonsiure, besonders bevorzugt Essigséureethylester - extrahiert. Die so
gereinigte wésserige Phase wird bevbrzugt mit konzentrierter Ammoniaklésung
basisch gestellt und mit einem organischen Lésungsmittel - bevorzugt mit einem
Halogenkohienwasserstoff, besonders bevorzugt mit Dichlormethan - extrahiert.
~Nach dem Trocknen und Einengen der vereinigten organischen Extrakte kann auf ‘
diese Weise zum Beispiel das entsprechende (-)-3'-Methoxy-5,9,9-trimethyl-6,7-
benzomorphan (Ro= m-CH30) isoliert werden. :

Auf dieser Stufe kann jetzt' falls gewlnscht - eine chemische Modifizierung des
Substituenten (R2) an der Phenyistruktur erfolgen - erfolgt sie nicht, erlangt Ro die

- Bedeutung von R4, wie in den Ansprlichen angegeben. So kann das aus der .
vorangegangenen Reaktlonsstufe resultlerende Benzomorphan—Denvat 12in der _
anschlieBenden Synthesestufe unter sauren Bedmgungen ‘vorzugsweise mit einer
Mineralséure, wie zum Beispiel mit Halogenwasserstoffsaure und besonders

~ bevorzugt mit Bromwasserstoffsaure - einer Etherspaltung unterworfen werden,
woraus die entsprechende freie Phenolteilstruktur resultiert.

13

Die Etherspaltung erfoigt dabei unter sauren Bedingungen - wobei sich die . -

. "Verwendung von Mineralsauren als vorteilhaft erwiesen hat. Besonders vorteilhaft
hat sich - im Falle des (-)-3'-Methoxy-5,9,9-trimethyl-6,7-benzomorphans - die
Verwendung von Bromwasserstoffséure herausgestelit. Das aus dieser
Verseifungsreaktion resultierende Verseifungsprodukt kann auf diese Weise in Fom\
seines Hydrobromids [(-)-3'-Hydroxy-5,9,9-trimethy!-6, 7—benzomorphan-hydrobrom|d]
in kristalliner, Modifikation gewonnen werden. :
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Beispiele

1. Reaktiorisstufe
3-Amino-4(3-methoxyphenyl)-2-dimethytbutanséure_ethylester (4) [R2 =m-CH30].

229,3 g (3,5 mol) Zink in 3,0 | Dichlormethan werden unter Stickstoff mit 230 ml
Trimethylchlorsilan versetzt und 20 min bei Raumtemperatur gertihrt. AnschlieRend
werden 1,1 | absolutes Tetrahydrofuran hinzugefagt und auf Rickfluf erwarmt. Zu
dieser Vorlage 148t man eine Mischung aus 500 g (2,6 mol)
Bromisobuttersdureethylester (1) und 226,4 g (1,5 mol) m-Methoxybenzylcyanid (2)
zutropfen und erwdrmt anschlieRend noch 1,5 h unter RackfluB. Man |4t abkahlen,
dekantiert vom Gberschissigem Zink ab und versetzt nach Kihlung auf ca. 10° C mit
96,7 g (1,5 mol) Natriumecyanoborhydrid. Anschliefend werden 300 mi Ethanol
langsam zugetropft (Gasentwickiung). Man [&Rt 20 min nachreagieren, versetzt mit
1,0 | konz. Ammoniakiésung, trennt die Phasen und wéscht die organische Phase
noch einmal mit einer Mischung aus 500 ml konz. Ammomaklésung und 500 ml
Wasser. Die organische Phase wird Gber Natriumsulfat getrocknet und im Vakuum _
eingeengt. Der Ruckstand wird in 2,3 | Toluc! aufgenommen und zweimal mit je 1,8 |
2 n Salzsdure ausgeschattelt. AnschlieRend wird die Wasserphase mit 700 ml konz.
Ammoniakiésung alkalisch gestelit und zweimal mit 2,2 | Dichlormethan extrahiert.
Nach dem Trocknen der organischen Phase Uber Natriumsulfat wird im Vakuum
eingeengt. Man isoliert den 3-Amino-4-{3-methoxyphenyl)-2-
-dimethylbutansaureethylester (4) in einer Ausbeute von 322,5g (81 % d. Th )als

- gelbes OL

2. Reaktionsstufe:

' 3-(2-Ethokycarbonylethyl)a'mino-4-(3-methoxyphenyl)-2-'

-d|methy|butansaureethylester B)[R2= m-CH3O]

382,2 g (1,4 mol) 3-Amino-4-(3-methoxyphenyl)-2-dimethylbutansiureethylester (4)
und 195,4 mi (1,8 mol) Acrylsaureethylester werden in 570 ml abs. Ethanol gelést
und 7 d unter RackfluR erhitzt. Anschlieend wird der Ansatz im Vakuum volistandig
eingeengt. Man isoliert den 3-(2-Ethoxycarbonylethylémino-4—(3-methoxyphényl)-
dimethylbutanséureethylester (5) in einer Ausbeute von 469,2 g (89,2 % d.Th.)

als rotbraunes Ol. '




Thus, the process proposed according to the invention makes it possible to
synt hesi se the 3-am nodi net hyl - but anoi ¢ acid precursor known from DE OGS 20
27 077 in one reaction step, starting fromcheap starting materi al s,
‘whereas the prior art specified requires 4 steps. In order to carry out

this reacti Quponbsisd i s a type of Reformatsky reaction, an aldqyd:rbs/omilane,'
preferably a trialkylchlorosilane, nost preferably trinmethylchloro- silane,
and- zi nc powder are placed in a solvent ~w¥th is inert under the reaction

condi ti ons 3cReaRfionBskifer abl y an ether or in a hal ohydrocarbon, nost
preferably dichloronethane. After the m xture has been diluted with an
I nert polar solvent, preferably a cyclic ether, nost preferabl

t et r ahydr oSeCanboethoxyrZ dadimethy2x(Bumethoxypheny!)methyl-4-piperidon (6

[Rp = m-CH30]

489,2 g (1,3 mol) 3-(2-Etoxycarbonylethylyamino-4-(3-methoxyphenyl)-2-dimethyl-
butansaureethylester (5) [Rp = m-CH30] werden in 7,8 | Toluol gelést und zunéchst
ca. 100 ml eines L&sungsmittel/Wasser-Gemisches abgeschleppt. Man 1&it auf ca.
70°C abkuhlen, versetzt mit 158,3 g (1,4 mol) Kalium-fert.-butylat und erwérmt 40
min auf 105° C, wobei das sich bildende Ethano! abdestilliert wird. AnschiieBend
kahit man auf 5° C ab und vesetzt mit 1,2 | Eiswasser und 280 ml konz. Salzséaure.
Man versetzt mit 1,2 { Ether und 220 ml konz. Ammoniakldsung, trennt die
organische Phase ab und extrahiert die wasserige Phase noch zweimal mit je 600 ml
Diethylether. Die vereinigten organischen Phase werden zweimal mit je 600 mi
Wasser gewaschen, (ber Natriumsulfat getrocknet und i.Vak. eingeengt. Man isoliert
das, 5-Carbethoxy-3,3-dimethyl-2-(3-methoxyphenyl)-methyl-4-piperidon (6)-in einer
Ausbeute von 390,1 g (85,1 % d. Th.) als rotbraunes Ol. .

.' 4 Reaktionsstufe:

2-(3-Methoxyphenyl)methyl-3,3-dimethyl-4-piperidon-hydrochiorid (7)
[R2 = m-CH30]

390,1 g (1,22 mol) 5-Carboethoxy-3,3-dimethyi-2-(3-methoxyphenyl)methyl-4-
piperidon (6) [R3 = m-CH30] werden in einer Mischung aus 204,8 g (5,1 mol)
Natriumh_ydroxyd; 680 ml Ethanol und 680 ml Wasser geldst und 20 min unter
RackfluR erhitzt. Man zieht das Lésungsmittel i. Vak. ab, nimmt den Rackstand in
Aceton auf und fallt das Hydrochlorid mit etherischer Salzséure. Man isoliert das 2-
(3-Methoxyphenyl)methyi-3,3-dimethyl-4-piperidori-hydrochiorid (7) in einer
Ausbeute von 311,9 g (90,1 % d.Th.) in Form weiRer Kirstalle vom Schmp.: 224 -

- 225°C. : :




heat'ed preferably to reflux tenperature, and mixed with a.mxture of the
br onoi sobutyrate of general fornmula 3 and the suitably substituted
benzyl cyani de of general formula 2 and heated further, preferably to reflux

tenperature. Aid®pesidse reacti on m xture has been cool ed and t perApogezaepIer
has been filtered off, the mxture is conbined wth a reduci ng agent which

is selective in -tb- - 6-
5. Reaktionsstufe: )

Enantiomerentrennung des Piperidons
(+)-2-(3-Methoxyphenyl)methyl-3,3 -dlmethyl-4-p|pendon|umhydrogentartrat (8)
[R2 = m-CH30]

28,7g '(1 01 mmol) 2-(3-Methoxyphenyl)methyl-3,3,dimethyl-4-piperidon-hydrochiorid
(7) werden in 57 ml Waser gel8st. Die wésserige Phase wird dreimal mit je 35 ml
Dichlormethan extrahiert. Die vereinigten organischen Phasen werden mit 25 mi
Wasser gewaschen, anschlieRend mit Natriumsulfat getrocknet und das
Ldsungsmittel danach im Vakuum abgezogen. Der Rickstand wird bei 80° C im
Vakuum bis zur Gewichtskonstanz getrocknet (24,7 g). AnschlieRend wird der
Rackstand in 200 mi Ethanol mit 15 g (100 mmol) D-(-)-Weins&ure warm gelést und
unter Rahren werden 50 ml Isopropanol und eine kleine Menge Impfkristalle
zugefigt. Man 148t 24 h bei Raumtemperatur kristallisieren und saugt von den
Kristallen ab (15 g, Schmp.: 142° C; [o}3 = + 31,7° (c=1 in MeOH)). Die Mutterlauge
wird im Vakuum bis zur Trockne eingedampft, mit 150 mi einer Mischung aus
Ethanol und Isopropanol (80 : 20) versetzt und 20 h unter Rickflul erhitzt. Danach
wird die L&sung wieder mit einer geringen Menge Impfkristalle versetzt und 6 Tage
stehen gelassen. Anschlielend wird erneut abgesaugt (6,65 g, Schmp. 142°C;
[o%5 = + 32,2° (C=1 in Methanol )) und die Mutterlauge weitere 20 h unter Rackflul
erhitzt und anschlieRend bis zur Trockenheit eingedampt. Der Rickstand wird in 100
mi Wasser aufgenommen, 10 mi 2N Salzs&ure zugefigt und dreimal mit je 25 ml
Diethylether extrahiert. Die etherische Phase wird verworfen (nichtbasische

' Verunreinigungen) und die wasserige Phase mit konz. Ammoniaklésung alkalisch
gestslit und erri_eut. dreimal mit je 30 m! Diethylether extrahiert. Die vereinigten
etherischen Phasen werden Gber Magnesihmsulfat getrocknet und im Vakuum
eingeengt (10,35 g Rickstand). Der Rickstand wird zusammen mit 6,28 g (42 mmol)
D-(+)-Weinsé&ure in 104 ml einer Mischung aus Ethanol und Isopropanol (80 : 20)-
warm geldst. Man versetzt mit Impfkristallen und 1a3t 1 d bei Raumtemperatur
kristallisieren. Die Kristalle werden abgesaugt (5,8 g, Schmp.: 142°C; [a]zl-_‘,‘s = +31,6°
(c=1 in Methanol)). Die Mutterlauge wird eingedampft und der Rackstand (11,5 g) in
72 ml einer Mischung aus Ethanol und Isopropanol (80 : 20) gel6st und 20 h unter
RackfluB erhitzt. AnschlieRend versetzt man mit Impfkristallen und &Rt 6 d bei
Raumtemperatur stehen. Die ausgefallenen Kristalle werden abgesaugt (266 g
Schmp 140° C; [a]25 = + 31,8° (c=1 in Methanol) und mit den vorherigen
Fraktionen vereinigt. Auf diese Weise gewinnt man das




terms of the reduction of imno functions, preferably a conplex alkali

met al borohydri de derivative, nost preferably sodi um cyanoborohydride, and
then with an al kanol, preferably a strai ght-chained or branched
Cerr]-al cohol, nost preferably ethanol. Then an aqueous solution of a

basi cal | y reggd omgg14s0nmpound, preferably amoni a sol uti on, noptrRPse3a@Eb| y
concentrated amoni a solution, is added and the organic phase of the

reaction mxture is isolated. After drying)and evaporation in vacuo the
residue rengl @-(@Me%&?bﬁ&}lﬁnétﬁy%‘ 3ld?ﬁlé§hy$-ﬂ|-b’ Béﬁdorﬂﬁﬁiﬁﬂﬁﬁeﬁtar&aﬁ(ﬁ) in

al i phatic or, ar no. ably in toluene, and
extracted V\?'f'ﬁ @FP&% 8@31&&5’%5@%5 preferably an inorganic
acid, nost preferably 2N hydrochl oric acid. Finally, the aqueous phase is
rradg al kaline with an aqueous solution of a basically reacting conmpound,

6. Reaktionsstufe:
(+)-2-(3-Methoxyphenyl)methyl-3,3-dimethyl-4-methylen-piperidinhydrochlorid (9)

24,0 g (60,3 mmol) (+)¥2-(3-Methox9phenyl)methyl-3,3-dimethyl-4- :
-piperidoniumhydrogentartrat (8) werden in 50 ml Wasser gel&st und mit 15 mi konz.
Ammoniakiésung und 50 ml Dichlormethan versetzt. Man trennt die Phasen,
extrahiert die wasserige Phase zweimal mit 25 m! Dichlormethan und trocknet die
vereinigte organische Phase tiber Magnesiumsulfat. Anschlieend wird das
Lésungsmittel im Vakuum abgezogen und der Rickstand in 3C mi abs.
Tetrahydrofuran aufgenommen.

25,7 g (720 mmol) Methyltriphenylphosphoniumbromid werden in 205 ml absolutem

~ Tetrahydrofuran suspendiert und unter Sticksstoff mit 8,1 g (720 mmol) Kalium-fert.-
butylat bei Raumtemperatur versetzt. Man 1&8t 30 min. bei 40°.C rahren, kahlt wieder -
auf Raumtemperatur ab und versetzt innerhalb von 10 min. mit der oben
hergesteliten Losung des Piperidons in 30 ml Tetrahydrofuran. Man (&8t 1 hbei
Raumtemperatur nachreagieren, kahit auf 10 °C und versetzt innerhalb von 15 min .
mit 66 ml Wasser. AnschlieBend wird das Tetrahydrofuran im Vakuum abgezogen,
der Rickstand mit 46 ml Dichlormethan und 30 mi Eiswasser versetzt. Die Phasen

- werden getrennt, die wasserige Phase noch zweimal mit je 15 ml Dichlormethan
extrahiert und die vereinigten organischén Extrakte noch éinmal mit 40 ml Waser
ausgeschdttelt. AnschlieRend wird Gber Magnesiumsulfat getrocknet, das
Lésungsniittel im Vakuum abgezogen, der Rtickstand in 85 ml isopropanol geldst
und unter Eiskhiung mit 5,7 mi konz. Salzssure versetzt. Nach 1 h wird abgesaugt
(8.5 g), die Mutteriauge zur emneuten Kristallisation mit 150 m! Diethylether versetzt
und nach 1 h erneut abgesaugt (5,2 g). Die Mutterlauge wird i. Vakuum eingedamptft,

- der Rackstand wieder in 30 ml Isopropanocl aufgenommen und mit 200 ml
Diethylether versetzt. Nach dreistindigem Kristallisieren bei Raumtemperatur wird .

" abgesaugt (2,1 g) und anschliefend alle Kristallisationsfraktionen bei-60° C
getrocknet. Alle drei Fraktionen erweisen sich im DUnnschichtchromatogramm

| (Dichiormethan: Methanol: konz. Ammoniak = 95 : 5 : 0,1) identisch.




preferably ammni a sol ution, nost preferably concentrated amoni a sol ution,
and then extracted with an organic, water-inmm scible extracting agent,
preferably a hal ohydrocarbon, nobst preferably dichloronethane. The extract

t hus obt ai ned meo 9iwosess and evaporated down and the PCT/EP96/03401
3-am no-2, 2-di et hyl but anoat e derivative of general fornula.4 is isolated.
It has now been found, surprisingly, that &% his.stage of the reaction the
C-C coupling Mencisolistt auﬂdiesdlWel'serdasf(+)-ﬁ€(3+Meﬂmxgnhnnyl)t-metHyl}3aaq‘dmtbﬂn4-be
carried out | ingnyldhohiBeRURRO) M KO befes Hy éT@m 8icd i diRet AliSbelltd vBH'15 o

avor o the' 1 or (RAPA A hyAPORER: 1990 AR0EC! e ot Horsed o MARe)- ol

to a reduction in yield during conventional aqueous morklng
7. Reaktionsstufe:

(+)-N-Formyi-2-(3-methoxyphenyl)methyl-3, 3-dimethyl-4-methylen-piperidin (10)
[R2 = 3-CH30)]

' 12,7 g (45 mmol) (+)-2-(3-Methoxypheriyl)methyl-3.3.—dimethyl-4-methylen—piperidin-
hydrochlorid (8) werden in 50 ml Wasser gel&st und mit 8 ml konz. Ammoniak
versetzt. Man extrahiert dreimal mit je 20 mi Dichlormethan, trocknet (ber
Magnesiumsulfat und zieht das Lésungsmittel i. Vakuum ab. Der Rickstand wird in
15 mi Toluol aufgenommen und emeut eingedamptft, erneut in 75 mi Toluol
aufgenommen und mit 23,1 g (22g mmol) n-Butylformiat 4 h unter RackfluR erhitzt.
Anschliefend wird i. Vakuum eingedampft, wonach 12,2 g (99,5 % d. Th.) des (+)-N-
-Formyl-2-(3-methoxyphenyl)methyl-3, 3-dimethyl-4-methylenpiperidins (10) als (o]

- verbleiben [a] 25 = 4+ 52,0° (c=1 in Methanol).

8. Reaktionsstufe:
(-)-2-Formyl-3'—methoxy-5.9,9-irimethyl—6,T-ben‘zomorphan (11) [Rp = 3-CH30)

Man legt 16 g (120 mmol) Aluminiumchlorid in 140 mi Dichlormethan bei einer
Temperatur von -10°C vor und tropft 10,9 g (40 mmol) (+)-N-Formyl-2-(3-
methoxyphenyl)methyi-3,3,-dimehyl-4-methylenpiperidin - geldst in 35 mi
Dichlormethan - so langsam zu, daR die Temperatur nicht Gber -5° steigt (ca. 45
min.). AnschlieBend [4Rt man 30 min bei 0°C nachreagieren, gieft auf 100 g Eis und
[akt kraftig rahren. Die organische Phase wird abgetrennt, die wasserige Phase  °
noch zweimal mit je 30 ml Dichlormethan extrahiert, die vereinigten orgamschen
Extrakte getrocknet und das L&sungsmittel im Vakuum abgezogen.

Man erhélt so das (-)-2-Formyl-3'-methoxy-5,9,9-trimethy|—6,7-benzomorphan (11) in |
einer Ausbeute von 10,9 g (99,6 % d.Th. als O; [oJ35 = - 198,4° (c=1 in Methanol)).




up.i In the second stage of the reaction, the ethyl 3-am no-

2, 2- di met hyl but anoat e derivative 4 is reacted with an acrylic acid ester
(CHerr]=CHCOOR[err], Rerr] C[err] al kyl or benzyl

-7-
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9. Reaktionsstufe:

(-)-3'-Methoxy-5,8,8-trimethyl-6,7-benzomorphan (12)
[R2 = 3-CH30]

9,57 g '(35 mmol) (-)-2-Formyl-3'-methoxy-5,9,9-trimethyi-6,7-benzomorphan (11)
werden in 75 ml n-Propanol geldst und mit 25 ml konz. Salzsaure und 14,3 mi

~ Wasser 14 h unter Rackfluf erhitzt. Anschlieend wird i. Vakkum eingedampft, der
Rackstand in 50 mi Eiswasser aufgenommen und dreimal mit je 20 mi
Essigsaureethylester extrahiert (wird verworfen). Die wasserige Phase wird mit 55 ml
konz. Ammoniak versetzt und dreimal mit 25 ml Dichlormethan extrahiert. Die
verainigten organischen Extrakte werden Uber Magnesiumsulfat getrocknet und im
Vakuum eingeengt. Man lsollert auf diese Weise das (-)-3'-Methoxy-5,9,9-trimethyl-
6,7-benzomorphan (11) i in einer Ausbeute von 7,9 g (92,0 %d. Th ) als O, [a]zn =-
66,0° (c-1 in Methanol).

10. Reaktionsstufe:
" '(~)-3'-Hydroxy-5 9 9-tnmethyl-6 7-benzomorphan-hydrobrom|d (13) [R1 3'-0H]

10 g_ {41 mmol) (-)-3'-Metho>__<y-5,9,9-trimethyl-6,7—benzomorphan (12) werden mit
22,5 mi Wasser und 77,5 ml 62 %iger Brorriwasserstoffséure 2 h unter RuckfluR
erhitzt. Anschlie@end wird im Vakuum eingeengt und der Riickstand aus ca. 80 m
Aceton umkristallisiert, wonach 11,8 g (92,8 %) d.Th.) des (-)-3'-Hydroxy-5,9,9-

~ trimethyl-6,7-benzomorphan-hydrobromids (13) in Form von Kristallen vom Schmp.:
>280° C; [o]%5 =- 55,8° (c=1 in Methanol) erhalten werden.




_ preferably C(Jerr]-al kyIWy ethyl) to obtain the

€orrespondi ng ethyl 3-(2- yl ) am no- 2, 2- di net hyl but anoat e
m paration of BIll 277 m ght be,

derivative 5 - which in t
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1.  Verfahren zur Herstellung von Norbenzomorphénen der allgemeinen Formel 1'

H
/

worin

Ry  Wasserstoff, C4-Cg-Alkyl, Halogen, Hydroxy, C4-Cg-Alkoxy, einen
Uber ein Sauerstoff gebundenen Benzoylrest oder einen
1 Alkylcarboxylrest mit einem geradkettigen oder verzweigten
Niederalkylrest mit 1 bis 6 Kohlenstoffatomen - wobei der Alkylrest
gegebenenfalls mit einem oder mehreren Halogenatom(en), die
_untereinander gleich oder verschieden sein - kénnen, substituiert
sein kann -

Nitro, Cyano, -_NH2. -NH(C1 -Ca-Alkyl), -N(C1-Ca'-AIkyl)2, wobei die
Alkylreste gleich oder verschieden sein kénnen, -NH-Acyl(C4-Cg-
Alkyl), worin Acyl fir Benzoyl oder einen Alkylcarbonyirest mit einem
geradkettigen oder verzweigten Niederalkylrest mit 1 bis 6
.Kohlenstoffatom(en) wobei der Alkylrest gegebenenfalls mit einem

- oder mehreren Halogenatom(en), die untereinander gleich oder
verschieden sein konnen, substitiuert sein kann,

- bedeuten kann,
dadurch gekennzeichnet, da man

a) ein Benzylcyanid der allgemeinen Formel 2, in der R Wasserstoff, Cq-
Cg-Alkyl, Halogen, Hydroxy, C4-Cg-Alkoxy, einen (ber ein Sauerstoff
gebundenen Benzoyirest oder einen Alkylcarboxylrest mit einem
geradkettigen oder verzweigten Niederalkylrest mit 1 bis 6
Kohlenstoffatomen - wobei der Alkylrest gegebenenfalls mit einem oder
mehreran mit einem oder mehreren Halogenatom(en), die




In order to carry out this Mchael addition, the ethyl _
3- am no- 2, 2- di net hyl but aimm"m ' ' I's dissolved with ethyl acryl ate
in a reaction medi um whi I"mm”m' the reactioh conditions chosen,

. preferably in a straight-c¢hafnedl of bramched ([ err]-al kanol, nost
preferably etwemabsi4aand heated, preferably to reflux tenperatromeEprobbiset the
reaction has taken place the solvent is elimnated in vacuo and the

resulting ethyl 3-(2-ethoxycarbonyl et hyl )-a?ﬂ Tio- 2, 2- di et hyl but anoate 5
untereinander gleich oder verschieden sein kdnnen, substituiert sein kann

- mit einem Bromisobuttersdureeester der aligemeinen Formel 3, in der R3
C1-Cg -Alkyl oder Benzyl bedeutet, in Gegenwart eines Alkylhalogensilans
und Zinkpulver in einem inerten Lésungsmittel und in Gegenwart eines
hinsichtlich der Reduktion von Iminofunktionen selektiven
Reduktionsmittels den Bedingungen einer Reformatsky-Reaktion unterwirft
und das resultierende 3-Amino-2,2-dimethylbutansaureethylesterderivat
der allgemeinen Formel 4 isoliert

und

b) das 3‘-Amino-2,2-dim'etﬁylb’uta’ns_éureés'terderivat der aligemeinen Formel 4
mit einem Acrylsaureester, in dem die Alkoholkomponente R4 die
Bedeutung einer C1-Cg-Alkylgruppe oder einer Benzylgruppe hat, den
Bedingungen einer Michael-Additionsreaktion unterwirft und das '
resultierende 3-(2-Ethoxycarbonylethyl)amino-2,2-
dimethylbutansaureesterderivat der allgemeinen Formel 5 isoliert '
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I s isol at ed. In the s rd reaction step, the 3-(2-
et hoxycar bonyl et hyl ) ani Hmﬂ wlﬂylﬂ anoi c aC| d ester derivative 5
resulting fromthe precedi ng rea

3- (2- et hoxycanpgyb@iugy! ) am no- 4- (3- net hoxyphenyl) 2- di net hyl falor) lﬁml d
ester in the case of the synthesis of BlIIIl 277 - is cycllsed to orm

correspondi ng pi per | done - 5-carboet hoxy- 3;32di net hyl -
c) das so hergestelite 3-(2-Ethoxycarbonylethyl)amlno-z 2-
dimethylbutansaureesterderivat der aligemeinen Formel 5 in einem inerten
Lésungsmittel in Gegenwart einer basisch reagierenden Verbindung den
Bedingungen einer Dieckmann'schen Esterkondensation unterwirft und das
resultierende Piperidonderivat der aligemeinen Formel 6 isoliert

und

d) das Piperidonderivat 6 unter sauren oder alkalischen Bedingungen in
einem polaren L&sungsmitte! oder L&sungsmittelgemisch unter Erhitzen
* zum entsprechenden 3,3-Dimethylpiperidonderivat der aligemeinen Formel
7 verseift und decarboxyliert, isoliert und gegebenenfalls mit einer Saure
das entsprechende Séureadditionssalz herstelit und isoliert

und




-8- (3 met hoxyphenyl ) met hyl - 4- pi peridone - 6 in the case of the

Preparation of BIIL 277 ﬁIIIIII|||I||III|H|I|I|HII|
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e) das so erhaltene Stereoisomerengemisch gegebenenfalls nach
Freisetzung der jeweiligen enantiomeren freien Basen in einem -
hinsichtlich der Enantiomerentrennung - inerten Reaktionsmedium 15st, mit
einem geeigneten Sterecisomeren einer zur Salzbildung mit einem
Sterecisomeren der Enantiomerenmischung geeigneten organischen Saure
versetzt, das gewiinschte Sterecisomere in Form seines Additionssalzes
mit der optisch aktiven Saure isoliert, die das nicht gewlnschte Isomere
enthaltende Mutterlauge erhitzt und dabsi das nicht gewunschte
Enantiomere thermisch in das gewlnschte Sterecisomere (berfihrt, mit
einer optisch aktiven enanfiomerenreihen, zur Bildung eines

_Séﬂreadditionssalzes befahigten organischen Séure versetzt und das so
als Saureadditionssalz vorliegende gewtinschte Stereoisomere ‘
gegebenenfalls unter Zugabe eines sich beziglich des gewiinschten
Salzes als Nichtidsemittels verhaltenden Mediums zufiigt und isoliert und

" diesen Vorgang gegebenenfalis wiederholt

und

f) das so erhaltene reine Sterecisomere nach dem Freisetzen aus dem
“enantiomerenreinen Saureadditionssalz in einem inerten L&sungsmittel mit
einem eine Methylengruppe generierenden Wittig-Reagenz in Gegenwart
einer basischen reagierenden Verbindung unterwirft und das
Reaktionsprodukt vom Typ 9 oder das entsprechende Strereoisomere
gegebenenfalls in Form seines S&ureadditionsalzes isoliert




In order to carry out the

eéster condensation, the 3- @“Eljmtlm
et hoxycar bonyl et hyI ) am no- utanoi c acid ester derivative 5 is
di ssol ved in awp@hpeias Which is |nert under the conditions of pgrEPsEABiRN -
preferably in an aliphatic or aromatic hydrocarbon, nost preferably in
toluene - and heated to reflux tenperature-RQ-the presence of a basically

reacting conpound, preferably an

L
|
u\\ | qm
—
8 9

g) das aus der Wittig-Reaktion hervorgegangene Alken 8 gegebenenfalls
zunéchst aus seinem Sé&ureadditionssalz freisetzt und die freie Base vom
Typ 9 in einem organischen Lésungsmitte! i6st und mit einem
Formylierungsmittel einer Formylierungsreaktion am Piperidinstickstoff
unterwirft und das Reaktionsprodukt vom Typ 10 oder dessen

‘entsprechende Sterecisomere isoliert

Eﬁ“ which is a type of Di eckmann

und

und

‘h) die so gewonnene Formylverbindung 10 - bzw. das entsprechende
. Stereoisomere - in einem inerten L&sungsmittel 16st und mit einer Lewis-
Sé&ure umsetzt und das aus dieser Umsetzung resultierende '
Cyclisierungsprodukt vom Typ 11 isoliert

1.




al kali netal al koxide of!m,mm&mmmum branched ([ err]-al cohol, nbst
pref erably potassiumterta1 pnmaiit he conponents of the reaction
m xture which are volatile at these tenperatures are elim nated by
distillation, e.g. within the scope of an azeotropic reaction. After the
reacti on haswendesidst he reaction m xture i s hydrol ysed and qefiapegdsdort h
t he aqueous solution of an acidically rgfg:‘_i ng conpound, preferably with
aqueous inorganic acids, nost preferably“w th concentrated hydrochloric
acid. Then an wundracting agent which is inert under these conditions and
imm scible with water, preferably a dial kyl ether, nost preferably

di ethylether, is added and conbined with the aqueous _sol ution of a

basi cal |y readli ripscaifpden@yclisierungsreaktion resultierende Benzomorphanderivat in

einem polaren Lésungsmittel 16st und mit einer sauer reagierenden

_Verbindung zur Reaktion bringt und das aus dieser Umsetzung
resultierende deformylierte Norbenzomorphan vom Typ 12 gegebenenfalls
in Form seines Saureadditionssalzes isoliert

7 )

1 : 12
und

j) falls gewtinscht nach Freisetiﬁn'g— der freien Benzomorphan-Base den '
 Substituenten R5 - im Falle dieser eine Alkoxygruppe verkérpert - auf dem
Wege einer Estherspaltung in eine freie Hydroxyfunktion tiberfihrt und das
Reaktionsprodukt - gegebenenfalls in Form seines Saureadditionssalzes
vom Typ 13, wobei die Base der allgemeien Foremel 1 entspricht, isoliert.
L]
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- 9- préferably Wi th j 2 solution, nost preferably with
concentrated ammmoni m&ﬂ[}g@ﬂﬁmt he organi ¢ phase has been separated
of f and the aqueous aS 'K tracted exhaustively, the conbi ned

organi ¢ extracyg otpbied@shed with water and dried in vacuo and gvEPsYsRsHT
down and the resulting piperidone of type 6 (nanely the

5- car boet hoxy- 3, 3-di met hyl - 2- (3- et hpxyp-hzdnyl ) met hyl - 4- pi peri done, in the
case of the r oquaén 2lir Bbtstelfthg vorl Rofbehz8idrbhdt 46 dlidemEihen Formet 1
nach Anspruch 1

worin

Ry -Wasserstoff, C,-Cg-Alkyl, Halogen, Hydroxy, C4-Cg-Alkoxy, einen
Gber ein Sauerstoff gebundenen Benzoyirest oder einen
1 Alkyicarboxylrest mit einem geradkettigen oder verzweigten
Niederalkylrest mit 1 bis 6 Kohlenstoffatomen - wobei der
Alkylrest gegebenenfalls mit einem oder mehreren |
Halogenatom(en), die untereinander gleich oder verschieden sein
kénnen, substituiert sein kann -

Nitro, Cyano, -NH,, -NH(C4-Cg-Alkyl), 4N(p1-cs_fAlky!_)2_,__wobei die
Alkylreste gleich oder verschieden sein kdnnen, -NH-Acyl-(C4-Cg-
Alkyl), worin Acyl fur Benzoyl oder einen Alkylcarbonylrest mit einem
geradkettigen oder verzweigten Niederalkyirest mit 1 bis 6
Kohlenstoffatom(en), wobei deir Alkyirest gegebenenfalls mit einem

- oder mehreren Halogenatdm(en), die untereinander gleich oder
verschieden sein kénnen, substitiuert sein kann,

bedeuten kann,
dadurch gekennzeichnet, da® man.

a) ein Benzylcyanid der aIIgerheinen Formel 2, in der Ro Wasserstoff, C1-CG-
Alkyl, Halogen, Hydroxy, C4-Cg-Alkoxy, einen Gber ein Sauerstoff
gebundenen Benzoylrest oder einen Alkylcarboxyirest mit einem
geradkettigen oder verzweigten Niederalkylrest mit 1 bis 6
Kohlenstoffatomen - wobei der Alkylrest gegebenenfalls mit einem oder
mehreren mit einem oder mehreren Halogenatom(en), die untereinander
gleich oder verschieden sein kénnen, substituiert sein kann - mit einem
Bromisobutterséureester der allgemeinen Formel 3, in der R3 C1-Cg -Alkyl




the Di eckmann condensat i e may al so be carried out using
titaniumtetrachl oride i Iu ﬁaﬂ& E IF ,E},ydrocar bon, preferably
di chl oronet hane [M N. De s gynth. Commun. 25 (1995) 177]. In

t he fpurth reaction step, the piperidone derivative 6 is saponified under
al kal i ne or woisd/eraadi ti ons and decarboxyl ated to obtain thEREHONdi ng
3,3-di methyl - 4-piperidone derivative 7. ,dhe choice of reaction conditions
wi || depend on the chem cal nature of thé ISt arti ng material; thus, for
exanpl e, when pr eqsieriBenzpl bedeutet, in Geganwart ieinerohlylnglpgensiianiii ti ons of
ﬁL Fﬁg;gghz ap|0)m f {%iﬁrptgvgr igﬁﬁﬁéthhlit:ﬁ'teml__&dn@smittel umsetzt, die Reaktionsmischung
nyl ) me o= - dine - A e C | I n
the formof an ac?mtjﬂaicbr?réoﬁt?f ﬁ}?gg‘?‘g{ é@ﬁé}ﬁﬂ%gﬁgﬁ@@vgfgbﬁé&ﬂ
hydr ohal i de: und das Reaktionsgemisch mit einem hinsichtlich der Reduktion von
Iminofunktionen sélektiv’_en Reduktionsmittel versetzt und das
" Reaktionsgemisch mit einem Alkanol verdunnt und danach mit einer
wisserigen Lésung einer basisch reagierenden Verbindung versetzt, die
organische Phase abtrennt und einengt, den Rickstand in einem inerten
Losungsmitte! aufnimmt, die erhaltene Ldsung mit der wasserigen Losung
einer Saure extrahiert, die vereinigten wasserigen Extrakte mit einer
basisch reagierenden Verbindung alkalisch stellt, diese alkalische L&sung
mit einem mit Wasser nicht mischbaren organischen L&sungsmittel
extrahiert und das resuitierende 3-Amino-2,2-dimethylbutanséure-
esterderivat der aligemeinen Formel 4 isoliert

und

b) das &Mino-2,2—dimethylbutanséureesterderiva_t der aligemeinen Formel 4
mit einem Aclylséiufeester, in dem die Alkoholkomponente R4 die
Bedeutung einer C4-Cg-Alkylgruppe oder einer Benzyigruppe hat, einer
Michael-Additionsreaktion in einem inerten Losungsmitte! unterwirft, das
'Reaktionsmedium nach erfoigter Reaktion entfernt und das reéulti_ere’nde 3-
(2-_Ethoxycarbonylethyl)amino_-2.2-dimethylbutanséureethylesterderivat der
aligemeinen Formel 5 isoliert y ' -




[err] urTose the pi peri done ester derivative 6 is
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). das so hergestelite 3-(2-Ethoxycarbonylethyl)amino-2,2-
- dimethylbutans&ureesterderivat der aligemeinen Formel 5 in einem inerten -
Loésungsmittel in Gegenwart einer basisch reagierenden Verbindung den
Bedingungen einer Dieckmann'schen Esterkondensation unterwirft, die
fidchtigen Bestandteile der aus der Cyclisierungsreaktion resultierenden
Reaktionsmischung destillativ.entfernt, danach das Gemisch hydrolysiert -
und mit der wasserigen L&sung einer sauer reagierenden Verbindung
versetzt, die resultierende Mischung mit einem mit Wasser nicht-
mischbaren orgamschen Losungsmlttel und einer wésserigen Lésung einer
basisch reagierenden Verbtndung versetzt, die vereinigten organischen
Extrakte einengt und das resultierende Piperidonderivat der aligemeinen
Formel 6 isoliert

und

und




n /
- 10 - heat ed in a polar, ue nt or mixture of solvents -
preferably in a mxture\m\lg iﬁﬂ f mned or branched ([err]-al kanol and

wat er, nost preferably i m xture - with a basically or
aci di caIIy reacting conmpound - preferably with an al kali netal hydroxide or

an i norgani oweordsi14e0st preferably with _ , PCT/EP96/03401
B ~29~
d) das Piperidonderivat 6 unter sauren oder alkalischen Bedingungen in
einem polaren Lésungsmittel oder Lésungsmittelgemisch unter Erhitzen
zum entsprechenden 3,3-Dimethylpiperidonderivat der allgemeinen Formel
7 verseift und decarboxyliert, isoliert und gegebenenfalls mit einer Saure
das entsprechende Séureadditionssalz herstelit und isoliert

und

e) das so erhaltene Sterecisomerengemisch gegebenenfalls nach
Freisetzung der jeweiligen enantiomeren freien Basen in einem -
hinsichtlich der Enantiomerentrennung - inerten Reaktionsmedium lbst mit
einem gesigneten Sterecisomeren einer zur Salzbildung mit einem
Sterecisomeren der Enantiomerenmischung geeigneten organischen Saure
versetzt, das gewuinschte Stereoisomere in Form seines
Saureadditionssalzes mit der optisch aktiven Saure isoliert, die das nicht
gewinschte Isomere enthaltende Mutterlauge erhitzt und dabei das nicht
gewiinschte Enantiomere thermisch in das gewtinschte Stereoisomere
aberfahrt, mit einer optisch aktiven enantiomerenreinen, zur Bildung eines
S4aureadditionssalzes beféhigten organischen Séure versetzt und das so
al$ Saureadditionssalz vorliegende gewlinschte Sterecisomere

- gegebenenfalls unter Zugabe eines sich bezlglich des gewﬂnschten‘
Salzes als Nichtiosemittels verhaltendes Medium zufigt und das Salz
isoliert und gegebenenfalls diesen Vorgang wiederholt




sodi um hydroxide or, if an acid is used, Hﬁ xanmpl e, in the presence of

hydrochl oric acid or sul phﬂ ‘ﬂ'“n ably, the mixture is heated to
reflux tenperature. After

s occurred the reaction nmedi um

i's elimnated jyodsgig and fhe" resi due |s taken up in a sol venpcyipsdisiud
sui tabl e for subsequent. salt formation, erably a polar organic solvent,
nost preferably-acetone, and the acid addl on salt is precipitated. The
subsequent cl eavi ng of the resulting mxture of the ena?tlonerlc

3, 3- dlnethyl 4- plperIdO'“ QL _case of BlIIIl 277, N
hyl - 4- leerldone y
pt-hods of enanti olger

sul phonic acid, tartari coaci d bei ng's,

und

f) das so erhaltene reine Stereoisomere nach dem Freisetzen aus dem

: enantlomerenremen Séureadditionssalz in einem inerten Lésungsmlttel mit
einem eine Methylengruppe generierenden Wlttlg-Reagenz in Gegenwart
einer basischen reagierenden Verbindung in einem Tmperaturintervall von
0 bis 80 °C einer Wittig-Reaktion unterwirft, das Reaktionsgemisch nach
erfolgter Umsetzung mit Wasser sowie mit einem mit Wasser nicht

- mischbaren organischen L&sungsmittel versetzt, die wasserige Phase
erschdpfend extrahiert, das Reaktionsprodukt vom Typ S, oder nach
Zugabe einer Protonenséure, das entsprechende Strereoisomere in Form
seines Sdureadditionsalzes isoliert |

FR] - R

und

g) das aus der Wittig-Reaktion hervorgegangene Alken 9 gdf. zunachst aus
seinem Saureadditionssalz freisetzt und die freie Base vom Typ 9 in einem
" organischen Lésungsmitte! 16st und mit einem Formylierungsmittel einer




preferred:

WO 97/06146 - ' PCT/EP96/03401
Formylierungsreaktion am Piperidinstickstoff unterwirft und das
Reaktionsprodukt vom Typ 10 oder dessen entsprechendes Sterecisomere
isoliert

4]

- g
R - TR

und

h) die so gewonnene Formylverbindung 10 - bzw. das entsprechende
' Stereoisomere - in einem inerten Losungsmittel I6st und mit einer Lewis-
Sé&ure umsetzt und das aus dieser U'msétzung resultierende
Cyclisierungsprodukt vom Typ 11 isoliert |

0.
\ﬁ .

N .\\\ .
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1n

10
und: -

i) dasausder Cyclisierungsreaktiqn resultierende Benzomoiphanderivat in
einem polaren Lésungsmittel 16st und mit einer sauer reagierenden
Verbindung zur Reaktion bringt und das aus dieser Umsetzung
resultierende deformylierte Norbenzomorphan vom Typ 12 nach Zugabe
der Mineralséure in Form seines Saureadditionssalzes isoliert

-_

AW i




-11- [err]
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11 12
und

j) falls gewiinscht nach Freisetzung der freien Benzomorphan-Base den
Substituenten R - im Falle dieser eine Alkoxygruppe verkérpert - auf dem
Wege einer Estherspaltung in eine freie Hydroxyfunktion Gberfihrt und das
Reaktionsprodukt - gegebenenfalls in Form seines Saureadditionssalzes
vom Typ 13, wobei die Base der alligemeien Foremel 1 entspricht, isoliert.

H
4

13

3. Verfahren zur Herstellung von Norbenzomorphan der aligemeinen Formel 1, in
der R4 die in Anspruch 1 angegebene Bedeutung hat, nach Anspruch 2,
dadurch gekennzeichnet, daR man

a) ein Benzylcyanid der aligemeinen Formel 2, in der Ro Wasserstoff, C4-Cg-
Alkyl, Halogen, Hydroxy, C4-Cg-Alkoxy, einen Gber ein Sauerstoff
gebundenen Benzoylrest oder einen Alkyicarboxyirest mit einem

- geradkettigen oder verzweigten Niederalkyirest mit 1 bis 6
Kohlenstoffatomen - wobei der Alkylrest gegebenenfalls mit einem oder
mehreren mit einem oder mehreren Halogenatom(en), die untereinander
gleich oder verschieden sein kdnnen, substituiert sein kann - mit einem
Bromisobutylbutterséureester der aligemeinen Formel 3, in der R3 C1-Cg -
Alkyl bedeutet, in Gegenwart eines Trialkylhalogensilans und Zinkpulver in

0




In this way, the reaction with D-(-)-tartaric acid, for exanple, yields the
gorrespondi ng enantionerically pure 3, 3-dinethyl-4-piperidone derivative of
type 8A or 8B in the formof the hydrogen tartrate thereof, and in the case
of BIlI 277, for exanple, (+)-2-(3-methoxyphenyl)-

met hyl - 3, 3- dwed7osiae4- pi peri doni um hydrogen tartrate (R err]PCI/EP96/03401

net a- met hoxy) . In order to separate thgssoners, for exanple via the
corresponding tartrates, the piperidone derivative 7 in the formof its

aci d addition saleinem.kther und einem Halogenalkan umsetzt, die Reaktionsmischung

erwarmt, nach erfolgter Reaktion abkGhien 1&R8t, das Zinkpulver abtrennt
und das Reaktionsgemisch mit einem hinsichtlich der Reduktion von
Iminofunktionen selektiven komplexen Alkaliborhydridderi\iat versetzt und
das Reaktionsgemisch mit einem C4-C4-Alkohol verdinnt und danach mit

" einer wasserigen Ammoniaklésung versetzt, die organische Phase abtrennt
und einengt, den Rickstand in einem aliphatischen oder aromatischen
Kohlenwasserstoff aufnimmt, die erhaltene Lésung mit der wésserigen
Lésung einer Minerals&ure extrahiert, die versinigten wéasserigen Extrakte
mit wasseriger Ammoniakiésung alkalisch stelit, diese alkalische Lésung
mit einem Halogenkohlenwasserstoff extrahiert und das resuitierende 3-
Amino-2,2-dimethylbutansaureethylester-Derivat der aligemeinen Formel 4
isoliert

und

b) das 3-Amino-2,2-dimethylbutanséureesterderivat der aligemeinen Formel 4
“mit einem Acrylsaureester, in dem die Alkoholkomponente R4 die
Bedeutung einer C4-Cg-Alkylgruppe oder einer Benzylgruppe hat, einer
. Michael-Additionsreaktion in einem geradkettigen oder verzweigten C1-C4-
Alkohol unterwirft, das Reaktionsmedium nach erfolgter Reaktion entfernt
_ und das resultierende 3-(2-Ethoxycarbonylethyl)amino-2,2-
dimethylbutans&ureesterderivat der aligemeinen Formel 5 isoliert

.




hydrochl oride, is dissolved in water and m xed with a basically reacting
conpound or, preferably the aqueous solution thereof; it is particularly
preferabl e to use concentrated aqueous ammoni a sol ution. The aqueous

phase is extr adofoésd h an organic, water-inmm scible sol vent, pAAF&sNMoY
with a haloal kane, nost preferably dichlor t hane. After drying and
evaporation in vacuo, the residue is dissolded in a react I on medi um whi ch

is

und

" ¢) dasso hergestellte 3-(2-EthoXyc_arbonylethyl)amino—2‘,2—
-dimethylbutanséureesterderivat der aligemeinen Formel 5 in einem
aliphatischen oder aromatischen Kohlenwasserstoff in Gegenwart eines
Alkalialoholats eienes geradkettigen oder verzweigten C4-C4-Alkohols den
Bedingungen einer Dieckmann'schen Esterkondensation unterwirtt, due
flachtigen Bestandteile der aus der Cyclisierungsreaktion resultierenden
Reaktlonsmlschung destillativ entfernt, danach das Gemisch hydrolys:ert
und mit der wésserigen Lésung einer Mineralséure versetzt, die
resultierende Mischung mit einem mit Wasser nicht mischbaren
Dialkylether und mit wésseriger Ammoniakiosung versetzt, die vereinigten
organischen Extrakte einengt und das resuitierende Plperldondenvat der
aligemeinen Formel 6 isoliert '

4
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- 12 - inert under the reaction conditions used for salt formation,
preferably in a branched or unbranched (err]-al kanol, nost preferably in
et hanol, and m xed with the appropriate stereoi sonmer of one of the above-
menti oned acids, such as D-(-)-tartaric acid. If desired, a sufficient
quantity of Womimspévent - preferably a branched or unbranchedI/EP96/03401
(err]-al kanol, nost preferably isopropamrg-- with regard to the desired
salt - preferaply the corresponding hydrogen tartrate, is added, whereupon
t he enanti omerd)c&as\Piparidondasivat 6oin einer Missbung aws eingm geradkeitigesuodars t he
Cor T espondi ng (e A e B B e per  doni um
correspondi Nng ( +)anasifhas z - di - 4- pi per
hydrogen tartrat eA Ifﬁ@@g%@g%ﬁég %leﬁera\fsaure Uinter Erhitzén zum

entsprechenden 3,3-Dimethylpiperidonderivat der allgemeinen Formel 7

verseift und decarboxyliert, das Produkt isoliert und gegebenenfalis mit

‘einer Protonenséure das entsprechende Séaureadditionssalz herstellt

" ) _ ' "
: ,'.
P ’
e °7(gm [’]/):\Q |
0 o Rz l . 0 gz )

é . 7

und

e) - das so erhaltene Stereoisomerengemisch gegebenenfalls nach
Freisetzung der jeweiligen enantiomeren freien Basen in einem
geradkettigen oder verzweigten C1-C4-Alkohol I5st, mit dem
entsprechenden Enantiomeren der Apfelsaure, Weinséure, Mandelséure

~ oder Campfersulfonsaure versetzt, das gewinschte Stereoisomere in Form

. seines Additionssalzes mit der optisch aktiven Saure isoliert, die das nicht
gewunschte Isomere enthaltende Mutterlauge erhitzt und dabei das nicht
gewilnschte Enantiomere thermisch in das gewiinschte Stereoisomere
Uberfahrt, mit einer optisch aktiven, enantiomerenreinen, zur Bildung eines
Séureadditionssalzes béfahigten, organischen Séure versetzt und das so

- als Saureadditionssalz vorliegende gewinschte Stereocisomere
gegebenenenfals durch Zugabe eines C3-Cg-Alkohols kristallisiert und

" isoliert und diesen Vorgang gegebenenfalls wiederholt -

S
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- It has now, surprisingly, been found that after heating the nother |iquor
whi ch predom nantly contains the other enantiomer, a fresh attenpt at
crystallisation under anal ogous conditions will again yield a |arge anmount
of the desiregoyIngidsomer, €.9. in the formof its hydrogen t aurbEosaor
Thermal racem sation of the unwanted enantionmer and subsequent-recovery of
the desired stereoisomer can certainly be-i‘_a'rri ed out several tines. In
this way, in the case of'l‘ (+)-2-(3-net hoxyphenyl) -

met hyl - 3, 3-di net hyl - 4- pi ' '

H
[ 3 0 hydrogen tartrate, t,he tetal yield of
desired i somer can be i ncr ) nmore _thap 75% Ttte opbs Wttig
reaction with nmethyltri\pbs
_ | N

R
2 Ry

8,

und

f) das so erhaltene reine Stereoisomere nach dem Freisetzen aus dem
enantiomerereinen S&ureadditionssalz in einem - gegebenenfalls
cyclischen - Ether mit einem Methyltriphenyphosphoniumhalogenid in
Gegenwart eines Alkalialkoholats in einem Temperaturintervall von 20 bis -
60 °C einer Wittig-Reaktion unterwirft, das Reaktionsgemisch nach
erfoigter Umsetzung mit Wasser sowie mit einem Halogenélkan versetzt,
die wasserige Phase erschipfend extrahiert, das Reaktionsprodukt vom
Typ 9 oder gegebenenfalls das entsprechende Strerecisomere nach

- Zugabe einer Protonensaure in Form seines Saureadditionsalzes isoliert

H
.\‘\ N ‘\\‘
%
' '

g) das aus der Wittig-Reaktion hervorgegangene Alken 9 gegebenenfalis
zunachst aus seinem Saureadditionssalz freisetzt und die freie Base vom
Typ 9 in einem Alkylaromaten als Lésungsmitte! I16st und mit einem

_—
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und




phosphoni um brom de | eads, in the next step, to the correspondi ng

4- met hyl ene-pi peridine derivative 9 - in the case of BlIIlI 277, _

(+)-2-(3-net hoxyphenyl ) nmet hyl -3, 3- di met hyl - 4- met hyl ene- pi peridine (R err]

= meta-nmethoxy) - which may be isolated in the formof its acid addition

salt, preferngbloynsiaét he formof a hydrohalide, nost preferabcrmresiodge: f orm
' - 13 -

of its hydrochlori de. Q‘,,?_
Alkylformiat einer Formylierungsreaktion am Piperidinstickstoff unterwirft

und das Reaktionsprodukt vom Typ 10 oder dessen entsprechendes
Stereoisomere isoliert

e - KR

h) die so gewonnene Formylverbindung 10 - bzw. das entsprechende
Stereoisomere - in einem halogenierten Kohlenwasserstoff 16st und mit
einem Aluminium(lil}halogenid umsetzt und das aus dieser Umsetzung
resultierende Cyclisierungsprodukt vom Typ 11 isoliert

0.

Ha o

1
10

und

i) das ausder Cyclisierungsreaktion resultierende Benzomorphanderivat 11
in einem Alkanol I6st und mit der wéassserigen L&sung einer '
Halogenwasserstoffsdure zur Reaktion bringt und das aus dieser

. Umsetzung resultierende deformylierte Norbenzomorphan vom Typ 12
gegebenenfalls, nach Zugae einer Protonensaure in Form seines
Saureadditionssalzes isoliert -

* c L ] s *




[err?'

In order to carry out the Wttig reaction the 3, 3-

di net hyl pi peri done derivative 8 is dissolved in water in

WO 97/06146 _ . PCT/EP96/03401

11 - 12

und:

i

falls gewlnscht, nach Freisetzung der freien Benzomorphan-Base den
Substituenten R> - im Falle dieser eine Alkoxygruppe verkdrpert - auf dem
Wege einer Esherspaltung in eine freie Hydroxyfunktion Uberfithrt und das

- Reaktionsprodukt - gegebenenfalls in Form seines S#ureadditionssalzes

vom Typ 13, in dem die Base allgemeien Formel 1 entspricht, isoliert

13

4. 'Verfahren zur Herstellung von Norbenzomorphan der aligemeinen Formel 1, in
der R4 die in Anspruch 1 angegebene Bedeutung hat, nach Anspruch 3,
dadurch gekennzeichnet, da man

a) ein Benzylcyamd der aligemeinen Formel 2, in der R» Wasserstoff, C1-06-

Alkyl, Halogen, Hydroxy, C4-Cg-Alkoxy, einen Gber ein Sauerstoff
gebundenen Benzoylrest oder sinen Alkylcarboxyirest mit einem

~ geradkettigen oder verzweigten Niederalkylrest mit 1 bis 6

—
0y gy

Kohlenstoffatomen - wobei der Alkyirest gegebenenfalls mit einem oder
mehreren mit einem oder mehreren Halogenatom(en), die untereinander
gleich oder verschieden sein kdnnen, substituiert sein kann.- mit einem
Bromlsobutylbuttersaureester der aligemeinen Formel 3, inder R3 C4-Cg-



the formof its acid addition salt, e.g. the hydrochloride, and m xed with
a basically reacting conpound or, preferably, an aqueous sol ution thereof;
it is particularly preferable to use concentrated aqueous anmoni a sol ution.
The aqueous phase is extracted with an organic, water-imm scible solvent,
preferably awbabmak&ane, nost preferably dichl oronethane. APCIEPS6/348y and
evaporation in vacuo, the residue is takegp.up in a reaction mediumwhich is
" inert under the reaction conditions usedg?or the Wttig reaction

preferably a cyclAlkyldedertetipsteganmast von Ghiastrirstiisianuad ZinkrulyaniBd wit h
ﬁe :Nrf]t |t 't gi r ﬁggelnt [!i’ghﬁhniéﬁﬁﬁrrgcﬁd&iem %gbmhﬂmitgrétrﬁhydrdft:ﬁreumbé&t.aﬁe
mot hyl tri phenyl BH@%%W@HF'HH“E’P%G&E%i haﬁhs#ﬁ'bgésj’e‘%%%”gf‘ abldhlan apt. das
reacting conpoundinkpuivesrabirenntund idasiReaktioasgermisch imitNatrsmcyaneberhyerid
potassiumtert. - Jusddi @R daé RebRIGHSYRMIdcHAmit ETREAGIVErQUNM Undeddriditaamit r om
" konzentrierter wasseriger Ammoniaklésung versetzt, die organische Phase
abtrennt und einengt, den Ruickstand in Toluol aufnimmt, die erhaltene
Lésung mit 2N Salzséure extrahiert, die vereinigten wésserigen Extrakte
mit konzentrierter wasseriger Ammoniaklésung alkalisch stelit, diese
alkalische Lésung mit Dichlormethan extrahiert und das resuitierende 3-
Amino-2,2-dimethylbutanséureester-Derivat der aligemeinen Formel 4
isoliert

und

b) das 3-Amino-2,2-dimethylbutansiureesterderivat der allgemeinen Formei 4 '
mit einem Acrylsaureester, in dem die Alkoholkomponente R4 die
Bedeut{mg einer C4-Cg-Alkylgruppe hat, einer Michael-Additionsreaktion in
Ethanol als Losungsmittel unterwirft, das Reaktionsmedium nach erfolgter

-Reaktion entfernt und das resultierende 3-(2-Ethoxycarbonylethyl)amino-
2,2-dimethylbutans&ureesterderivat der aligemeinen Formel § isoliert

* ¢ L M s *




0 tc; 80[err] C - depending on the reactivity of the educts used - preferably
i\n the range from20 to 60[err]C and nost preferably at about 40[err]C
After the reaction has ended the reaction mxture is mxed with water and a

wat er- i nm sciwb®706idani ¢ sol vent, preferably a hal oal kane, nogér/BpRiBERD! Y
di chl oronet hane, and the organic phase is separated. After the aqueous

phase has been extracted exhaustively and ¢4e-conbi ned extracts have
‘.

und
c) das so hergestelite 3-(2-Ethoxycarbonylethyl)amino-2,2-

. -dimethylbutanséureesterderivat der alilgemeinen Formel 5§ in Toluol in
Gegenwart von Kalium-tert.-butanolat den Bedingungen einer
Dieckmann'schen Esterkondensation unterwirft, die flichtigen Bestanditeile
der aus der Cyclisierungsreaktion resuitierenden Reaktionsmischung
destillativ entfernt, danach das Gemisch hydrolysiert und mit konzentrierter
Salzséure versetzt, die resultierende Mischung mit Diethylether und mit
konzentrierter Ammoniaki&sung versetzt, die vereinigten organischen
Extrakte einengt und das resultierende Piperidonderivat der afigemeinen
Formel 6 isoliert |

"und

A AL




- 14- - been dried, the extracting agent is elimnated, the residue is
di ssolved with a solvent suitable for formng an acid addition salt,
preferably in a branched or unbranched C[err]-al kanol, nost preferably
| sopropanol, and m xed with a suitable acid, preferably an inorganic acid,
such as a hydwok#béigs aci d, nost preferably concentrated hydr ®CEIEPRé/@346ici d,
and the acid additiion salt of the Wttig E)Loduct 9 which crystallises out
I's isolated. | n the subsequent 7th st agé of the reaction the piperidine
nitrogen is for®lyldasHipeddgndegvetnin ejneyEthanoiiasseeMisehung inGegeawart
correspondi ng enanionoNatriufMydioxydtw\ Salisivire dder Stwéfeldaufe ORteh Eritaen

auf Ruckflutemperatur zum entsprechenden 3,3-Dimethylipiperidonderivat

der aligemeinen Formel 7 verseift und decarboxyliert, das

Reaktionsprodukt isoliert und gegebenenfalls mit Chlor- oder

" Bromwasserstoffséure das entsprechende Hydrohalogenid herstellt

und

e) das so erhaltene Stereoisomerengemisch gegebenenfalls nach
Freisetzung der jeweiligen enantiomeren freien Basen in Ethanol l8st, mit
dem entsprechenden Enantiomeren (D- oder L-Form) der Weins&ure
versetzt, das gewiinschte Stereoisomere in Form des entsprechenden

- Tartrates isoliert, die das nicht gewinschte Isomere enthaltende
- Mutterlauge erhitzt und dabei das nicht gewiinschte Enantiomere thermisch
in das gewinschte Stereoisomere tberflhrt, mit D- oder L-Weinsé&ure
~ versetzt und das so als entsprechendes Tartrat vorliegende gewlinschte
-Stereoisomere gegebenenenfals durch Zugabe von Isopropanol
kristallisiert und den Niederschiag isoliert und diesen Vorgang
gegebenenfalis wiederholt

—
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pi pé’ri di ne derivative of type 10 - in the manufacture of BlIlIl 277, the
correspondi ng (+)-N-fornyl-2-(3- . o
et hoxyphenyl ) met hyl - 3, 3-di net hyl - 4- et hyl ene-pi peridine (Rlerr] =

net a- met hoxy) ‘wo94/bdi4e _ PCT/EP96/03401
" -42-
I |
X N o
—
° ® o R2
7 8
H
|
N
0 R2
BB.
und '

f) dasso erhaltene reine Stereoisomere nach dem Freisetzen aus dem
enantiomerereinen Saureadditionssalz in Tetrahydrofuran mit
Methyltriphenyphosphomumbromnd in Gegenwart von Kalium-fert.-
-butanolat bei einer Temperatur von 40 °C einer Wittig-Reaktion untenmrﬂ,
das Reaktionsgemisch nach erfolgter Umsetzung mit Wasser sowie mit-
Dichlormethan versetzt, die wasserige Phase erschdpfend extrahiert, das

_ Reaktlonsprodukt vom Typ 9 oder das entsprechende Strerecisomere in-
Form seines Hydrohalogenids isoliert

T oy

\\\‘

und

@) das aus der Wittig-Reaktion hervorgegangene Alken 9 gegebenenfalis
zunachst aus seinem S&ureadditionssalz freisetzt und die freie Base vom
Typ 9 in Toluol I6st und mit n-Butylformiat einer Formylierungsreaktion am

||!I||Ij IR ) R




To do this, the piperidine derivative of type 9 which was isolated as the
hydrohalide in the proceeding stage, is first converted into the
corresponding free base, for exanple by dissolving the piperidine
derivative 9 in the formof its hydrohalide in water and mxing it with a

basi cal |y regglorersgompound, preferably with the aqueous sol PCT/EP6®E4E

basically reacting conpound and nost preferably with concentrated anmoni a

sol ution, and extracting the free piperi&i3re with an organic solvent,
Piperidinstickstoff unterwirft und das Reaktionsprodukt vom Typ 10 oder

dessen entsprechendes Stereocisomere isoliert

Y °\w" . |
KR - AR

und , | : _— : ‘
h) die so gewonnene Formylverbindung 10 - bzw. das entsprechende -
Stereoisomere - in Dichlormethan I6st und bei einer Temperatur von nicht

gréBer als -5°C mit Aluminium(lil)chlorid umsetzt und das aus dieser
Umsetzung resultierende Cyclisierungsprodukt vom Typ 11 isoliert

N . | . >

10

und

i) das aus der Cyclisierungsreaktion resultierende Benzomorphanderivat 11 '
in n-Propanol I6st und mit konzentrierter Salzsaure zur Reaktion bringt und
das aus dieser Umsetzung resultierende deformylierte Norbenzomorphan
vom Typ 12 in Form seines Hydrochlorids isoliert

e

A




preferably a hal ogenat ed hydrocarbon and nost preferably with
di chl oronet hane. After the extract has been dried and the extracting agent
distilled off, the free-base is taken up in an organic solvent such-as a

hydrocarbon, Ritgbheeigy i n an al kyl aromatic conpound, nost pr,,@flﬁi' b34oi N
t ol uene, and reacted with a formul ati ng. agent, preferably an al kyl.t ormat e,

nost pr_eferabl y n- butylformate, apd the r&hctlon product is isolated. I n
t he subsequent reaction of cycli sayl on, at the 8th stage of,* he reaction,

t he benzonorphan structure is ‘ n

" 12
und

j) falls gewiinscht nach Freisetzung der freien Benzomorphan-Base den
. Substituenten R - im Falle dieser eine Alkoxygruppe verkérpert - auf dem
Wege einer Etherspaltung in eine freie Hydroxyfunktion Gberfihrt und das
Reaktionsprodukt - gegebenenfalls nach Zugabe von Chlor- oder .
Bromwasserstoffséure in Form seines Hydrohalogenids der allgemeinen
Formel 13, wobei die Base der aligemeinen Foremel 1 entspricht, isoliert.

12 . 13

5. Ve_rfahren zur Herstellung von No;benzomorphan der aligemeinen Formel 1, in
" der Rq eine Hxdroylgruppe bedeutet, die sich in 3'-Stellung befindet, nach
Anspruch 4, dadurch gekennzeichnet, dal man

a) ein Benzylcyanid der allgemeinen Formel 2, in der Ry die Bedeutung einer
Methoxygruppe hat , die sich in 3-Stellung befindet, mit Bromisobutylbutter-
_séureethylester (3) (R3=C2Hg) in Gegénwart von Chiortrimethylisilan und
Zinkpulver in Dichlormethan nach dem Vedinnen mit Tetrahydrofuran
umsetzt, die Reaktionsmischung erwarmt, nach erfolgter Reaktion
abkahlen laRt, das Zinkpulver abtrennt und das Reaktionsgemisch mit
Natriumcyanoborhydrid versetzt und das Reaktionsgemisch mit Ethanol
verdinnt und danach mit konzentrierter wésseriger Ammoniaklésung -

R N




finally synthesised, in the presence of correspondingly reactive Lew s
acids, such as inorganic acids, especially hydrobrom c acid and preferably
wi t h sul phonic acids and nost preferably in the presence -of
alumniun(I11)halides, and especially in the presence of al um nium
trichloride, wowesiast he case of the preparation of Bl 277 RCU/EPICHAS t O
the corresponding (-)-2- fornyl-3 nmet hoxy-5,9, 9-trinmet hyl -6, 7- benzonor phan

(11) (Rlerr] :mOCH[errd) [err] ~4s*-
: versetzt, die organische Phase abtrennt und einengt, den Riickstand in

Toluol aufnimmt, die erhaltene Lésung mit 2N Salzséure extrahiert, die
vereinigten wasserigen Extrakte mit konzentrierter wasseriger
Ammoniaklésung alkalisch stellt, diese alkalische Lésung mit
Dichiormethan extrahiert und den resuitierenden 3-Amino-4-(3-
methoxyphenyl)-2,2-dimethylbutansdureethylester (4, Ro=

3-OCHg) isoliert
. ?kfo : | R3s°
. llllz 2

und

b) den 3-Amino-'4-(3-methoxyphenyl)-2.2-dimetl'aylbutansaureathylester'(4,'
Ro= 3-OCH3) mit Acryls&ureethylester (R4=CoHs) einer Michael-
Additionsreaktion in Ethanol als Losungsmitte! unterwirft, das
Reaktionsmedium nach erfolgter Reaktion entfernt und den 3-(2-
Ethoxycarbonylethyl)amino-4-(3-methoxyphenyl)-2- '

_ dimethylbutansaureethylester (5, Ro=3-OCH3) isoliert

'und

* c L M s *




! . .

For this purpose the piperidine derivative 10 is added to a suspension of
the above-nentioned Lew s acid, for exanple in the presence of .
alumniun(lll)chloride, in a solvent which is inert under the reaction

condi tions chqggreélssf €rably in a hal ogenated hydrocarbon, st r/EPY6/03401
-46- -

c) den 3-(2-Ethoxycarbonylethyl)amino-4-(3-methoxyphenyl)-2-
-dimethylbutansaureethylester (5, Ro=3-OCHg) in Toluol in Gegenwart von
Kalium-tert.-butanolat den Bedingungen einer Dieckmann'schen
Esterkondensation unterwirft, die filichtigen Bestandteile der aus der
Cyclisierungsreaktion resultierenden Reaktionsmischung destillativ
entfernt, danach das Gemisch hydrolysiert und mit konzentrierter Salzs&ure
versetzt, die resultierende Mischung mit Diethylether und mit konzentrierter
Ammoniakidsung versetzt, die vereinigten organischen Extrakte einengt
und das §-Carboethoxy-3,3-dimethyl-2-(3-methoxyphenyl)methyl-4-
piperidon (6, R2=3-OCHg3) isoliert

und

d) das 5-Carboethoxy-3,3-dimethyl-2-(3-methoxyphenyi)methyi-4-piperidon (6,
R2=3-OCH3) in einer Ethanol/Wasser-Mischung in Gegenwart von
Natriumhydroxyd bzw. Salzsaure oder Schwefelssure unter Erhitzen auf
RackfluRtemperatur zum 2-(3-Methoxyphenyl)methyl-3,3-dimethyl-4-

~ -piperidon-hydrochlorid (7, R2 = m-CH30) verseift und decarboxyliert, das
Reaktionsprodukt isoliert und mit Chlorwasserstoffséure das '

- entsprechende 2-(3-Methoxyphenyl)methyl-3,3-dimethyl-4-piperidon- -
-hydrochlorid falit

6 7
—_—
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- 16 - preferably in dichloronmethane. After the cyclisation reaction has
ended the reaction mxture is carefully hydrol ysed. Then the aqueous phase
is separated of f and extracted. The conbi ned organi ¢ phases are dried and
evapor at ed down and the benzonor phan derivative of type 11 is isol ated.

WO 97/06146 - PCT/EP96/03401

-('f} -
und

e) das so erhaltene Stereoisomerengemisch des 2-(3-Methoxypheny|)methyl-

-3,3-dimethyl-4-piperidon-hydrochlorids vom Typ 7 (R2=3-OCHg3) nach
" Freisetzung der jeweiligen enantiomeren freien Basen in Ethanol I&st, mit

D-(-)-Weinsdaure versetzt, das gewiinschte (+)-2-(3-Methoxyphenyl)methyi-
-3,3-dimethyl-4-piperidoniumhydrogentartrat vom Typ 8A (Rp=3-OCH3)
isoliert, die das nicht gewlinschte Isomere enthaltende Mutterlauge erhitzt
und dabei das nicht gewilinschte (-)-2-(3-Methoxyphenyi)methyl-3,3-
~~dimethyl-4-piperidon (8B, Rp=3-OCH3) thermisch in das gewlinschte (+)-
2-(3-Methoxyphenyl)methyi-3,3-dimethyl-4-piperidon (8A) Gberfahrt, mlt D- ‘
(-)-Weinsaure versetzt und das gew(inschte (+)-2-(3-
Methoxyphenyl)methyl-3,3-dimethyi-4-piperidoniumhydrogentartrat vom
Typ 8A (Rp=3-OCH3) durch Zugabe von Isopropanol kristallisiert und den
Niederschlag isoliert und diesen Vorgang wiederholt

und

f) das so erhaltene reine (+)-2-(3-Methoxyphenyl)methyl-3 3-dimethyl-4-

. -piperidoniumhydrogentartrat vom Typ 8A (Ro=3-OCHg) nach dem Freisetzen
aus dem enantiomerereinen Saureadditionssalz in Tetrahydrofuran mit
Methy!triphenyphosphoniumbromid in Gegenwart von Kalium-tert.-butanolat bei
einer Temperatur von 40 °C einer Wittig-Reaktion unterwirft, das

|




i . .
It has been found, surprisingly, that when the cyclisation reaction is
garried out - by contrast to the established processes of the prior art -
using AlCl[err], the cyclisation product is obtained in a virtually
quantitative yis$ 14hen the phenyl systemis neta- substitut g-fdhiRea5435 €SS
according to the i1nvention al so.has the advantage that the cyclisation -
occurs selectively in the para-position, baged on the position of R2. The
ninth reaction sRegktismsgemisth mach erfsigtdrUmsetz0Ag ehib Wasser sdbwidwitf or ny |
gr ou gngpgh; hus 2'6@@ Rt vG b WS was%ariaeﬁn%tsﬁ%&r%p%ﬁa EidirdRERY bad (+2-
'(3-lﬁetr oxyphenyi)methyl-3,3-dimethyl-4-methylen-piperidin (8) isoliert und mit
. Chlorwasserstoffsiure in das (+)-2-(3-Methoxypheny_|)methyl—3.3-dimethy|-4-
-methylen-piperidinhydrochlorid vom Typ 9 (Rp=3-OCH3g) tberfihrt

- ; _
| _
.\\\ Ny “\\\
Ry Rz
8 9

@

und

g) dasausder \Mttig-Re_aktion hervorgegangene (3-Methoxyphenyl)methyi-
-3,3-dimethyl-4-methylen-piperidin (9) (R2=3-OCHa3) aus seinem
 Hydrochlorid freisetzt und die freie Base in Toluol I5st und mit n-
Butylformiat einer Fo_rmylierungsfeakt_ion am Piperidinstickstoff unterwirft
und das (+)-N-Formyl-2-(3-methoxyphenyl)methyl-3,3-dimethyl-4-methylen-
piperidin vom Typ 10 (Rp=3-OCHg3} isoliert

‘\\\ N ““ .
Ry P
. i 10 :

14

' uhd

h) das (+)-N-Formyl-2-(3-methoxyphenyl)methyi-3,3-dimethyl-4-methyien-
piperidin vom Typ 10 (R2=3-OCHg) in Dichlormethan I&st und mit
Aluminium(lit)chiorid umsetzt und das aus dieser Umsetzung resultierende
(-)-2-Formyl-3'-methoxy-5,9, 9-trimethy|-6,7-benzomorphari vomTyp 11 ~ -
(R2 = 3'-CH30) isoliert

= € L M 5. *




For'ihis, t he fornyl benzonorphan 11 is dissolved in a pofar sol vent, :
preferably in an al kanol, nost preferably in n-propanol, and m xed with an
acidically reacting

WO 97/06146 | PCT/EP96/03401
=49~ o
S> .

11
10

und

i) das aus der Cyclisierungsreaktion resultierende (-)-2-Formyl-3'-methoxy- . | ,
5,9,9-trimethyl-6,7-benzomorphan vom Typ 11 (Rz = 3'-CH30) in n- ' i
Propanol 1&st und mit konzentrierter Salzséure zur Reaktion bringt und das
aus dieser Umsetzung resultierende (-)-3'-Methoxy-5,9,8-trimethy!-6,7-
benzomorphan vom Typ 12 (Rz = 3'-CH30) mit Chlorwasserstoffséure in
das Hydrochlorid tberfthrt :

11 : - 12

und

N O




)

corrpeound, preferably with the aqueous solution of an inorganic acid, nost
preferably with concentrated -17-

hydrochl ori c acid, and then warned. After.the fornyl group-has been cleaved

the reaction Rybiédied S €vaporated down and mxed with water ped/Epséizst ed
W|th a water-inmmscible solvent, preferably with an ester of

~§o-

j) nach Freisetzung des freien (-)-3'-Methoxy-5,9,9-trimethy!-6,7-
benzomorphans vom Typ 12 (R = 3'-CH30) aus dem Hydrochlorid die 3'-
Methoxyfunktion mit wésseriger Bromwasserstoffséure unter
RickfluRbedingungen in eine freie Hydroxyfunktion Gberfihrt und das (-)-3'-
Hydroxy-5,9,9-trimethyl-6,7-benzomorphan vom Typ 1 mit
Bromwasserstoffsaure in das entsprechende (-)- -3'-Hydroxy-5,9,9-trimethyl-
6,7-benzomorphan-hydrobromid der aligemeinen Formel 13, (R2=3'-OH), die
der aligemeinen Formel 1 entspricht, Gberfihrt.

12 , 13

6. Verfahren nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet, daf
im Falle R1 die Bedeutungvon

Nitro, Cyano, -NHy, -NH(C4-Cg-Alkyl), -N(C4 -Cs-AlkyI)z, wobei die
Alkylreste gleich oder verschieden sein kénnen, -NH-Acyl-(C41-Cg-Alkyl),
worin Acyl far Benzoyl oder einen Alkylcarbonylrest mit einem geradkettigen
oder verzweigten Niederalkyirest mit 1 bis 6 Kohlenstoffatom(en), wobei der
Alkylrest gegebenenfalls mit einem oder mehreren Halogenatom(en), die

~ untereinander gleich oder verschieden sein kdnnen, substitiuert sein kann,

hat,
eine Verb'induﬁg der aligemeinen Formel 12, in der Ry Wasserstoff bedeutet,

auf an sich bekannte Weise in die entsprechend funktionalisierte Verbmdung
der aligemeinen Formel 13 ubergefuhrt wird.

I

| 0




a carboxylic acid, nost preferably ethyl acetate. The aqueous phase thus
purified is preferably made basic with concentrated: amoni a sol uti on and
extracted with an organic solvent, preferably w th a hal ohydrocarbon, nost
preferably with dichl oromethane. After the drying and evaporation of the
conbi ned organi c extracts, the correspondifg.

(-)-3' -methoxy-5,9,9-trinethyl -6, 7- benzonorphan (Rlerr] = mCHerr]O nay
be obtained irng4d¢frvey, for exanple. At this stage, if desired, chemca
nmodi fication of the substituent (R2) at the phenyl structure may take
place;"if not, R2 will have the sane nmeaning as Rl, as specified in the
cl ai ms. Thus, whesbgogooer phan derivative 12 resulting freaT(BR96/e34dlng
reaction step may be subjected to ether splitting under acid conditions,
Method of preparing norbenzomorphan as an
intermediate in the preparation of pharmaceutically
useful benzomorphane derivatives, in particular
(-) - (1R, 58,2"R) -3' -hydroxy-2- (2-methoxypropyl) -
5,9,9-trimethyl-6,7-benzomorphane

The present inventioh relates to a new process for
preparing norbenzomorphan - the central intermediate in
the preparation of pharmaceutically useful benzomorphan
derivatives of general formula 1, particularly (-)-
(1R,SS,2"R)—3'-hydroxy-2—(2-methoxypropyl)-5,9,9¥
trimethyl-6,7-benzomorphan and [(-)-(2R,6S,2'R)-3-(2-
methoxypropyl)-6,11,11—trimethy1—1,2,3,4,5,6—hexahydrof
2, 6-methano-benzo [a] oxacin-9-0l1] (BIII 277).

wherein

R denotes hydrogen, C,¢-alkyl, halogen, hydroxy, _
C,s-alkoxy, a benzoyl group bound via an oxygen or
an alkylcarboxyl group having a straight-chained or
branched C,_¢-lower alkyl group - wherein the alkyl
group may optionally be substituted by one or more
halogen atoms which may be identical or different -

nitro, cyano, NH,, NH(C,g-alkyl), N(C;_g-alkyl),,



preferably with an inorganic acid such as hydrohalic acid and nost
preferably w-th hydrobrom c acid, resulting in the corresponding free
phen61 partial structure. [err]

- 2 -

wherein the alkyl groups may be identical or
different, NH-acyl- (C;g-alkyl), wherein acyl
denotes benzoyl or an alkylcarbonyl group having a
straight-chained or branched C, s-lower alkyl group,
whilst the alkyl group may optionally be
substituted by one or more halogen atoms which may
be the same as one another or different from one
another.

Unless otherwise specifically stated, the general
definitions are used as follows:

C;¢-alkyl or C;g-alkyl generally denotes a branched or
unbranched hydrocarbon group having 1 to 6 or 1 to 8
carbon atoms, which may optionaliy be substituted by one
or more halogen atoms, preferably fluorine, which may be
the same as or different from one another. The
following hydrocarbon groups are mentioned by way of
example:

methyl, ethyl, propyl, l-methylethyl (isopropyl), butyl,
l-methylpropyl, 2-methylpropyl, 1,l1-dimethylethyl,
pentyl, 1l-methylbutyl, 2-methylbutyl, 3-methylbutyl,
1,1-dimethylpropyl, 1,2-dimethylpropyl, 2,2-
dimethylpropyl, l-ethylproypyl, hexyl, l-methylpentyl,
2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 1,1~
dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl,
2,2-dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl,
l1-ethylbutyl, 2-ethylbutyl, 1,1,2-trimethylpropyl,
1,2,2-trimethylpropyl, l-ethyl-l-methylpropyl and 1-
ethyl-2-methylpropyl. Unless otherwise stated, lower
alkyl groups having 1 to 3 carbon atoms such as methyl
ethyl, propyl and isopropyl are preferred.

Acyl generally denotes benzoyl or alkylcarbonyl groups -
such as straight-chained or branched lower alkyl having
1l to about 6 carbon atoms, which are boﬁhd via a
carbonyl group, the alkyl group optionally'being

This:Sheet Has Been Reilaced

1l IIIIII ]




Et her splitting is carried out under acid conditions, and the use of
m neral acjds has proved advantageous. It has proved particularly
berieficial to use hydrobromc acid, in the case of

(-)-3" -nethoxy-5,9,9-trimethyl -6, 7-

v -3"'

substituted by one or more halogen atoms which may be
the same as or different from one another. Alkyl groups
having up to 4 carbon atoms are preferred. Examples
include: acetyl, trifluoroacetyl, ethylcarbonyl,
propylcarbonyl, isopropylcarbonyl, butylcarbonyl and
isobutylcarbonyl. The acetyl group is particularly
preferred.

The benzomorphan derivatives mentioned hereinbefore
constitute highly promising active substances for
treating neurodegenerative disordefs as well as
cerebroischaemias of various origins. The following may
be mentioned by way of example: status epilepticus,
hypoglycaemia, hypoxia, anoxia, cerebral trauma,
cerebral oedema, amorphous lateral sclerosis,
Huntington's disease, Alzheimer's disease, hypotonia,
cardiac infarct, cerebral stroke and perinatal asphyxia.
The benzomorphan derivative numbered BIII 277 and
related benzomorphans are described in detail in German
Offenlegungsschrift DE-OS 41 21 821, inter alia.

In addition, other methods of synthesis for producing
benzomorphan derivatives are known from the prior art
[German Offenlegungsschrift 2 027 077, published
European Application 0 004 960]. However, with the
exception of DE-0OS 41 21 821, these publications merely
describe methods of synthesising the racemates, which
have to be cleaved and eventually 50% of unwanted isomer
have to be discarded. Furthermore, in some reaction
steps, there is the risk of the formation of
regioisomers. |

The objective of the present invention is therefore to
overcome the disadvantages of the processes known from
the prior art and to provide a method of production
which on the one hand avoids the formation of any
regioisomers during the synthesis of the basic



benzonor phan. The saponification product resulting fromthis reaction of
saponjfication can thus be obtained in the formof its hydrobrom de

[ (-)-3" -hydroxy-5,9,9- trinethyl -6, 7-benzonor phan- hydrobrom de] in a
crystalline nodification. - 19 -
Exanpl es -4 -

benzomorphan structure and on the other hand makes it
possible to obtain the pharmacologically active
stereoisomer in higher yields.

This objective is achieved by the process described
below and, more particularly, by the process steps
described in the Examples. Various other, additional
features, embodiments of the process and the like
associated with the invention will become apparent to
those skilled in the art from the description which
follows and will be more readily understood in
conjunction with the Examples, which illustrate the
currently preferred embodiments of the present invention
by way of example. However, it is expressly pointed out
that the Examples and the associated description are
provided purely for the purposes of illustration and
description and are not to be regarded as restricting
the invention, particularly to the preparation of (-)-
(2R, 6S,2'R) -3- (2-methoxypropyl) -6,11,11-trimethyl-
1,2,3,4,5,6-hexahydro-2, 6-methano-benzo [a] oxacin-9-0ol
(BIII 277).

In contrast to the processes known from the prior art,
the present invention proposes an improved method of
manufacture in which, in the first step, a suitably
substituted benzylcyanide derivative (2) - m-
methoxybenzylcyanide, for example, in the preparation of
BIII 277 - wherein R% denotes hydrogen, C;¢-alkyl,
halogen, hydroxy, Cbﬁ~alkbxy, a benzoyl group bound via
an oxygen or an alkylcarboxyl group having a straight-
chained or branched lower alkyl group with 1 to 6 carbon
atoms, where the alkyl group may optionally be
substituted by one or more halogen atoms, is reacted
with a bromoisobutyric acid ester of type (3) wherein R;
denotes C,; 3-alkyl or benzyl and preferably C;_¢-alkyl and
most preferably with bromoisobutyrate (R; = CHs)- to
obtain the correspondingly substituted 3-amino-2,2-



1st Reaction step Et hyl 3-am no-4(3-net hoxyphenyl ) - 2-di net hyl but anoat e
(4) [Rerr] = mCHerr]Qq. 229.3 g (3.5 nol) of zinc in 3.0 litres of

di ¢hl oronet hane are mixed with 230 ml of trinethyl- chlorosilane under
nitrogen and stirred for 20 minutes at anbient tenmperature. Then 1.1 litres
of absolute tetrahydrofuran are added and the mi xture is heated to reflux
tenperature. To this mxture is added dropw se a m xture of 500 g (2.6 nol)

of ethyl br0m'&%ﬂk§fﬂ$lﬁ:éﬂ&l@n§c:€36eé‘t8r(&eisl@tl:ivgf (4) - ethyl 3-
m met hoxybenzyl cn}/anl
3 methoxyphenyl) -2,2-dimethylbutancate in the
manufacture of BIII 277 -:

. o Ry~
¥;7L\f9 o
_ NH

Thus, the process proposed according to the invention
makes it possible to synthesise the 3-aminodimethyl-
butanoic acid precursor known from DE OS 20 27 077 in
one reaction step, starting from cheap starting
materials, whereas the prior art sgpecified requires 4
steps.

In order to carry out this reaction, which is a type of
Reformatsky reaction, an alkylhalosilane, preferably a
trialkylchlorosilane, most preferably trimethylchloro-
silane, and zinc powder are placed in a solvent which is
inert under the reaction conditions chosen, preferably
an ether or in a halohydrocarbon, most preferably
dichloromethane. After the mixture has been diluted
with an inert polar solvent, preferably a cyclic ether,
most preferably tetrahydrofuran, the reaction mixture is
heated, preferably to reflux temperature, and mixed with
a mixture of the bromoisobutyrate of general formula 3
and the suitably substituted benzylcyanide of general
formula 2 and heated further, preferably to reflux
temperature. After the reaction mixture has been cooled
and the zinc powder has been filtered off, the mixture
is combined with a reducing agent which is selective in



the resulting mxture is then refluxed for 1.5 hours. It is allowed to

cool ,, decanted off fromthe excess zinc and after cooling to about 10[err]C
m xXed with 96.7 g (1.5 nol) of sodi um cyanoborohydride. Then 300 m of

et hanol are slowy added dropw se (gas evolved). The reaction is allowed to
continue for 20 mnutes, 1.0 litre of conc..amonia solution is added, the
phases are separat ed and the organic phase 1s washed once nore with a

m xture of 500 dgynpf L2 P! 'ﬂnlﬁggféﬁ&{%ngf ELrabi¢ a

organic phase is drie over sodi um suI ate and evapor at ed down in vacuo
The residue i s MReXRIkRE Metalk &Oth%?{l@%ed%HV%%Y%ct@ﬂst ce with

1.8 litres of éﬁéﬂ‘mfﬁé&lﬁﬁl aﬁmmydﬁﬂa@pugn@haﬁ@nlmﬂndanal kal i ne

with 700 n Ofﬁéﬁﬁf nnqpﬂﬁ %# | on_and, %ﬁ ah gar with g 2 litres

of di chl or omet HETHEE jéérﬁ‘cs%%% hag ?)%Ié?\ gwePedodi um

sul phate it is Quajadradted ,dowsstd praftsrebly ethanol. Then an -aqueous

: solution of a basically reacting compound, preferably

ammonia solution, most preferably concentrated ammonia
solution, is added and the orgénic phase of the reaction
mixture is isolated. After drying and evaporation in
vacuo the residue remaining is taken up in an inert
solvent, preferably in an aliphatic or aromatic
hydrocarbon, most preferably in toluene, and extracted
with an aqueous solution of an acid, preferably an
inorgénic acid, most preferably 2N hydrochloric acid.
Finally, the aqueous phase is made alkaline with an
"aqueous solution of a basically reacting compound,
prefefably ammonia solution, most preferably
concentrated ammonia solution, and then extracted with
an organic, water-immiscible extracting agent,
preferably a halohydrocarbon, most preferably
'dichloromethane. The extract thus obtained is dried and
evaporated down and the 3-amino-2,2-dimethylbutanocate
derivative of general formula 4 is isolated.

" It has now been found, surprisingly, that at this stage
of the reaction the C-C coupling reaction and reduction
of the imino group to the amine can be carried out in a
single step, without first having to isolate and purify
the imine, as is generally necessary in catalytic
hydrogenation. This will avoid the formation of
hydrolysis products, the occurrence of which leads to a
reduction in yield during conventional aqueous working
up.

In the second stage of the reaction, the ethyl 3-amino-
2,2-dimethylbutanocate derivative 4 is reacted with an
acrylic acid ester (CH,=CH-COOR,, R, = Cig-alkyl or benzyl



The et hyl 3-am no-4-(3-nmethoxyphenyl)-2 -di nethyl - but anoat e (4) is
Isolated in a yield of 322.5 g (81% of theory) as a yellow oil

20 -

2nd Reaction step

-7 -

- preferably C,¢-alkyl and most preferably ethyl) to
obtain the corresponding ethyl 3-(2-
ethoxycarbonylethyl)amino-2, 2-dimethylbutanocate
derivative 5 - which in the case of the preparation of
BIITI 277 wight be, for example: ethyl 3-(2-
ethoxycarbonylethyl) amino-4- (3-methoxyphenyl) -2, 2-
dimethylbutanocate (R, = CHgn:

In order to carry out this Michael addition, the ethyl
3~amino-2,2-dimethylbutanocate derivative 4 is dissolved
with ethyl acrylate in a reaction medium which is inert
under the reaction conditions chosen, preferably in a
straight-chained or branched C,.,-alkanol, most
preferably ethanol, and heated, preferably to reflux
temperature. After the reaction has taken place the
solvent is eliminated in vacuo and the resulting ethyl
3- (2-ethoxycarbonylethyl)amino-2,2-dimethylbutanoate 5
is isolated.

In the subsequent, third reaction step, the 3-(2-
ethoxycarbonylethyl) amino-2, 2-dimethylbutanocic acid
ester derivative 5 resulting from the preceding reaction
step - e.g. 3-(2-ethoxycarbonylethyl)amino-4-(3-
methoxyphenyl) -2-dimethylbutanocic acid ester in the case
of the synthesis of BIII 277 - is cyclised to form the
corresponding piperidone - 5-carboethoxy-3,3-dimethyl-2-



Et hyl 3-(2-ethoxycarbonyl et hyl)am no-4-(3- met hoxyphenyl)
- 2-diyret hyl butanoate (5) [Rlerr] = mCHerr]Qg 382.2 g (1.4 nol) of ethyl
3-dm no- 4- ( 3- net hoxyphenyl ) - 2-di net hyl but anoate (4) and 195.4 m (1.8 nol)
of ethyl acrylate are dissolved in 570 nml of absolute ethanol and refl uxed
for,7 d. The mxture is then evaporated down conpletely in vacuo. The ethyl
3-(2-et hoxycar bonyl - et hyl am no-4- ( 3- net hoxyphenyl ) - di net hyl but anoat e (5)
s isolated in @ Widlbafp G P dediBf 200ipd RERSHS 256 215 eddll shabLoye of |
3rd Reaction step .

the preparation of BIII 277:

R4
: |
o o)
N
e
o
: o
7
o] — R4
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R, o} R,

In order to carry out the cyclisation step, which is a
type of Dieckmann ester condensation, the 3-(2-
ethoxycarbonylethyl)amino-2,2-dimethylbutanoic acid
ester derivative 5 is dissolved in a solvent which is
inert under the conditions of cyclisation - preferably
in an aliphatic or aromatic hydrocarbon, most preferably
in toluene - and heated to reflux temperature in the
presence of a basically reacting compound, preferably an
alkali metal alkoxide of a branched or unbranched
Ci-4~alcohol, most preferably potassium tert.-butoxide,
and the components of the reaction mixture which are
volatile at these temperatures are eliminated by
distillation, e.g. within the scope of an azeotropic
reaction. After the reaction has ended, the reaction
mixture is hydrolysed and combined with the agqueous
solution of an acidically reacting compound, preferably
with aqueous inorganic acids, most preferably with
concentrated hydrochloric acid. Then an extracting
agent which is inert under these conditions and
immiscible with water, preferably a dialkylether, most
preferably diethylether, is added and combined with the
aqueous solution of a basically reacting compound,



5- Car boet hoxy- 3, 3-di net hyl - 2- (3- net hoxyphenyl ) net hyl - 4- pi peri done (6)
[Rlerr] = mCHerr]Q 469.2 g (1.3 nol) of ethyl

3- ("2- et hoxycar bonyl et hyl ) - am no- 4- ( 3- net hoxyphenyl ) - 2- di net hyl but anoat e
(5 [Rerr] = mCHerr](Q are dissolved in 7.8 litres of toluene and first
about 100 ml of a solvent/water m xture are,distilled off. The residue is

all owed to cool to about 70[err]C, nixed Wih 158.3 g (1.4 nmol) of

potassiun1tert.pgggégg$$¥2@g%$$$&§§oﬁg ééﬁié]%%%ﬁﬁ%ég[gbg es, whilst the

et hanol fornmedis dist i I's then cool ec g and m xed
with 1.2 |itrePraferabliateithngoneentrabed caneonhadeotitdpne adifger:. 2

litres of ethercrdds ¢ Phas6Nkas APEERAI SepatHtEQ@NofEeaAddeHe hBReBUGANI C
phase i s separat.ed o and t he agueous.phase is.extracted tw ce ngre W th
Phes

f
600 m of di et BH2TRF2S TSR HEFHRGE DR gerheustively, the co

organic extracts are washed with water and dried in
vacuo and evaporated down and the resulting piperidone
of type 6 (namely the 5-carboethoxy-3,3-dimethyl-2-(3-
methoxyphenyl)methy1—4—piperidone, in the case of the
production of BIII 277 - is isolated. Alternatively,
the Dieckmann condensation described above may also be
carried out using titanium tetrachloride in a
halogenated hydrocarbon, preferably dichloromethane
[M.N. Deshmukh et al., Synth. Commun. 25 (1995) 177].

In the fourth reaction step, the piperidone derivative 6
is'saponified under alkaline or acid conditions and
decarboxylated to obtain the corresponding 3,3-dimethyl-
4-piperidone derivative 7. The choice of reaction
conditions will depend on the chemical nature of the
starting material; thﬁs, for example, when preparing
BIII 277, the work is done under the conditions of
alkaline saponification, resulting in 2-(3-
methoxyphenyl)methyl-3,3-dimethyl-4-piperidone, which
can be isolated in the form of an acid addition salt,
preferably in the form of its hydrohalide:

H

. i

N N

o —>
e
R,
(o}
(o] R, Q R,

.For this purpose the piperidone ester derivative 6 is



phases are washed twice with 600 m of water, dried over sodi um sul phate
and evaporated down in vacuo. The 5-

carbet hoxy- 3, 3-di met hyl - 2- ( 3- net hoxyphenyl ) - net hyl - 4- pi peri done (6) is
isolated in a yield of 390.1 g (95. 1% of theory) as a reddi sh-brown oil.
- 21 - 4th Reaction step - 10 -

heated in a polar, aqueous solvent or mixture of
solvents - preferably in a mixture of straight-chained
or branched C,_;-alkanol and water, most preferably in an
ethanol/water mixture - with a basically or acidicaliy
reacting compound - preferably with an alkali metal
hydroxide or an inorganic acid, most preferably with
sodium hydroxide or, if an acid is used, for example, in
the presence of hydrochloric acid or sulphuric acid;
preferably, the mixture is heated to reflux temperature{
After saponification has occurred the reaction medium is
eliminated in vacuo and the residue is taken up in a
- solvent which is suitable for subsequent salt formation,
preferably a polar organic solvent, most preferably
acetone, and the acid addition salt is precipitated.

The subsequent cleaving of the resulting mixture of the
enantiomeric 3,3-dimethyl-4-piperidone - in the case of
BIII 277, 2-(3-methoxyphenyl)-methyl-3,3-dimethyl-4-
piperidone-hydrochloride - of type 7 is carried out by
the known methods of enantiomer separation, e.g. by
reacting with mélic acid, tartaric acid, mandelic acid
or camphor sulphonic acid, tartaric acid being
preferred:



2- ( 3- Met hoxyphenyl ) net hyl - 3, 3- di et hyl - 4- pi peri done- hydrochloride (7) [R2
=mCHerr]Qg 390.1 g (1.22 nol) of 5-carboet hoxy-3, 3-di net hyl - 2- ( 3-

met hoxyphenyl ) net hyl - 4- pi peri done (6) [Rlerr] = mCHerr]Q are dissolved
in a mxture of 204.8 g (5.1 nmol) of sodium hydroxide, 680 m of ethanol
and. 680 m of water and refluxed for 20 mnytes. The solvent is elimnated
in vacuo, the residue is taken up in acetoné and the hydrochloride is
precipitated with ethereal hydrochloric acid. The

2- ( 3- net hoxyphenyl ) net hyl - 3, 3-di net hyl - 4- pi peri done-hydrochloride (7) is
Isolated in a yield of 311.9 g (90.1% of theory) in the formof white
crystals, mp. 224 -225[err]C

I i
N N “\\\
R
Q 2 . o R,

8a

SB'
In this way, the reaction with D-(-)-tartaric acid, for
example, yields the corresponding enantiomerically pure
3,3-dimethyl-4-piperidone derivative of type 8A or 8B in
the form of the hydrogen tartrate thereof, and in the
case of BIII 277, for example, (+)-2-(3-methoxyphenyl) -
methyl-3,3-dimethyl-4-piperidonium hydrogen tartrate
(R, = meta-methoxy) .

In order to separate the isomers, for example via the
corresponding tartrates, the piperidone derivative 7 in |
the form of its acid addition salt, e.g. the
hydrochloride, is dissolved in water and mixed with a
basically réacting compound or, preferably the aqueous
solution thereof; it is particularly preferable to use
concentrated aqueous ammonia solution. The aqueous
phase is extracted with an organic, water-immiscible
solvent, preferably with a haloalkane, most preferably
dichloromethane. After drying and evaporation in vacuo,
the residue is dissolved in a reaction medium which is



5th Reaction step Enanti oner separation of the piperidone
(+)-2-(3-Met hoxyphenyl ) net hyl - 3, 3-di net hyl - 4- pi peri doni um hydrogen
tartrate (8) [Rerr] = mCHerr]Q 28.7 g (101 nmmol) of

2- ( 3- net hoxyphenyl ) et hyl - 3, 3- di met hyl - 4- pi peri done- hydrochloride (7) are
di ssolved in 57 m of water. The aqueous phase is extracted three tines
with 35 nl of dichloronethane. The conbi ned “organi ¢ phases are washed with

25 m of vater,ihbge fhhed whenrsadi Efihey 3% AR Uy Fv e S removed
in vacuo. The rg idue.is dried err In vacuo unti
ormation, preferably in a branched or unbranched

C,-4-alkanocl, most preferably in ethanol, and mixed with
the appropriate stereoisomer of one of the above-
mentioned acids, such as D-(-)-tartaric acid. If
desired, a sufficient quantity of a nonsolvent -
preferably a branched or unbranched C;g-alkanol, most
preferably isopropanol - with regard to the desired salt
- preferably the corresponding hydrogen tartrate, is
added, whereupon the'enanﬁiomerically pure isomer of the
piperidone crystallises out as the piperidonium hydrogen
tartrate; i.e. in the preparation of BIII 277, the
corresponding (+)-2- (3-methoxyphenyl)methyl-3,3-
dimethyl-4-piperidonium hydrogen tartrate (R, = meta-
methoxy) .

It has now, surprisingly, been found that after heating
the mother liquor which predominantly contains the other
enantiomer, a fresh attempt at crystallisation under
analogous conditions will again yield a large amount of
the desired enantiomer, e.g. in the form of its hydrogen
tartrate. Thermal racemisation of the unwanted
enantiomer and subsequent recovery of the desired
stereoisomer can certainly be carried out several times.
In this way, in the case of (+)-2-(3-methoxyphenyl) -
methyl-3,3-dimethyl-4-piperidonium hydrogen tartrate,
the total yield of desired isomer can be increased to
more than 75%.

The subsequent Wittig reaction with methyltriphenyl-
phosphonium bromide leads, in the next step, to the
corresponding 4-methylene-piperidine derivative 9 - in
the case of BIII 277, (+)-2-(3-methoxyphenyl)methyl-3,3-
dimethyl-4-methylene-piperidine (R, = meta-methoxy) -
which may be isolated in the form of its acid addition
salt, preferably in the form of a hydrohalide, most
preferably in the form of its hydrochloride.



constant weight is achieved (24.7 g). Then the residue is dissolved warmin
200 nmj of ethanol with 15 g (100 nmml) of D-(-)-tartaric acid and 50 m of

i s6propanol and a small amount of seed crystals are added with stirring.
The m xture is left to crystallise for 24 hours at anbient tenperature and
suction filtered to renove the crystals (1539 m p. 142[er2r]C [[err]] .

[err] = +31.7[err]
H H
| I
N. “\\\ N. “\\
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In order to carry out the Wittig reaction the 3,3-
dimethylpiperidone derivative 8 is dissolved in water in
the form of its acid addition salt, e.g. the
hydrochloride, and mixed with a basically reacting
compound or, preferably, an aqueous solution thereof; it
is particularly preferable to use concentrated aquebus
ammonia solution. The aqueous phase is extracted with
an organic, water-immiscible solvent, preferably a
haloalkane, most preferably dichloromethane. After
drying and evaporation in vacuo, the residue is taken up
in a reaction medium which is inert under the reaction
conditions used for the Wittig reaction, preferably a
cyclic ether, most preferably tetrahydrofuran, and mixed
with a Wittig reagent which generates a methylene group
- preferably a methyltriphenylphosphonium halide, most
preferably methyltriphenylphosphonium bromide - in the
presence of a basically readting compound, preferably an
alkali metal alkoxide, most preferably potassium tert.-
butoxide, and reacted at a temperature in the range from
0 to 80°C - depending on the reactivity of the educts
used - preferabiy in the range from 20 to 60°C and most
preferably at about 40°C. After the reaction has ended
the reaction mixture is mixed with water and a water-
immiscible organic solvent, preferably a haloalkane,
most preferably dichloromethane, and the organic phase
is separated. After the aqueous phase has been
extracted exhaustively and the combined extracts have



(c=1in MeOH)). The nother liquor is evaporated to dryness in vacuo,
conmbined with 150 m of a m xture of ethanol and isopropanol (80:20) and
refluxed for 20 hours. Then the solution is again mxed with a snmall anount
of seed crystals and left to stand for 6 days. It is then suction filtered
again (6.65 g, mp. 142[err]C; [[err]][err] = +32.2[err] (C=1 in nethanol))
and the nother liquor is refluxed for a furltheér 20 hours and then

evaporated to ess. . The sidue is taken up_in 100,m. o ter, 10 mM of
O hydrochl or i 5B ki hE8 SifireReiAdvrarBe; TsceriBiratefhs Ebo | nee
with 25 m of dreshghet herdisheleefiewtth phaskventdssthabidd Eoenlfasiming
I mpurities) an h u S 4 |.n Lt a ni a
sol ution and eg%éaf?gg §ﬁ§£%£§ﬁn§%1§ﬁp§9§f§%5§gynﬁng% gféﬁﬁ%ﬁgt er. The
conbi ned et her eXFPFRRSReA aFe« tR1RNGY ermealy s fprabl phiferkpaasedporated

down in mixed with a suitable acid, preferably an inorganic
acid, such as a hydrohalic acid, most preferably
concentrated hydrochloric acid, and the acid additiion
-salt of the Wittig product 9 which crystallises out is
isolated. '

In the subsequent 7th stage of the reaction the
piperidine nitrogen is formylated, e.g. with n-
butylformate, resulting in the corresponding
enantiomerically pure N-formyl-3,3-dimethyl-4-methylene-
piperidine derivative of type 10 - in the manufacture of
BIITI 277, the corresponding (+)-N-formyl-2-(3-
methoxyphenyl)methyl-3,3-dimethyl-4-methylene-piperidine
(R, = meta-methoxy) : |

o)

i N
N “\\ N “\\\
R2 i Rz
10

To do this, the piperidine derivative of'type 9 which
was isolated as the hydrohalide in the proceeding stage,
is first converted into the corresponding free base, for
example by dissolving the piperidine derivative 9 in the
form of its hydrohalide in water and mixing it with a
basically reacting compound, preferably with the aqueous
solution of a basically reacting compound and most
preferably with concentrated ammonia solution, and
extracting the free piperidine with an organic solvent,



vacuo (10.35 g residue). The residue together with 6.28 g (42 mmol) of
D(+):tartaric acid is dissolved warmin 104 ml of a m xture of ethanol and
i sopropanol (80:20). Seed crystals are added and the m xture is left to
crystallise for 1 d at anbient tenperature. The crystals are suction
filtered (5.8 g, mp. 142[err]C, [[err]]Ler%] = +31.6 (c=1 in nethanol)).
The nother liquor is evaporated down and the residue (11.5 g) is dissol ved

in72m of a T':i‘éf!éfaﬂi hﬁQ% gﬁgtga Pé@&kb&ﬁoaﬁﬁ) méQE b%k%&%@lfyor

20 hours. Then seed s are t e mxture is all]owed tq sfand
for 6 days at a%%F%n@l?E%%E?E?EPEHeTheA§F9§t5P§ BrEXREEL BRBaPEPB Sfdedon

filtered (2. 66 gndMRe éﬁ@{:e&tiﬁg &beht] dlistilled+3t£8 thelfiraenphlgandls)
and conbi hed with the fracti '

rga lH thhs mﬁé . hydrogarbon
(+) - 2- ( 3- met hoxyPRgRy né?h?? 9rge BFﬁe?ﬂ%Yg 5 BRGBr PHORI PR SRESSR
tartrate (8) |spneferabﬂylmnaanoaakyylekdmati@Ocmmpgup¢5%moBttheory)

preferably in toluene, and reacted with a formylating
agent, preferably an alkylformate, most preferably n-
butylformate, and the reaction product is isolated.

In the subsedquent reaction of cyclisation, at the 8th
stage of the reaction, the benzomorphan structure is
finally synthesised,'in the presence of correspondingly
reactive Lewis acids, such as'inorganic acids,
especially hydrobromic acid and preferably with
sulphonic acids and most preferably in the presence of
aluminium(III)halides, and especially in the presence of
aluminium trichloride, and in the case of the
preparation of BIII 277 this leads to the corresponding
(-) -2-formyl-3'-methoxy-5,9,9-trimethyl-6, 7-benzomorphan
(11) (R, = m-OCH;) .

(o]
§\| : N

N. W

11
10

For this purpose the piperidine derivative 10 is added
to a suspension of the above-mentioned Lewis acid, for
example in the presence of aluminium(III)chloride; in a
solvent which is inert under the reaction conditions
chosen, preferably in a halogenated hydrocarbon, most



- 23 - ©6th Reaction step :
(+)-2-(3- Met hoxyphenyl ) net hyl - 3, 3-di net hyl - 4- et hyl ene- pi peri di ne
hydr ochl ori de (9)

- 16 -

preferably in dichloromethane. After the cyclisation
reaction has ended the reaction mixture is carefully
hydrolysed.  Then the aqueous phase is separated off and
extracted. The combined organic phases are dried and
evaporated down and the benzomorphan derivative of type
11 is isolated.

It has been found, surprisingly, that when the
cyclisation reaction is carried out - by contrast to the
establiéhed processes of the prior art - using AlCl;, the
cycligation product is obtained in a virtually
Quantitative yield. When the phenyl system is meta-
substituted the process according to the invention also
has the advantage that the cyclisation occurs
selectively in the para-position, based on the position
of R,.

The ninth reaction step which follows results in the
cleaving of the formyl group and thus leads to the
corresponding 3'-methoxy-5,9,9-trimethyl-6,7-
benzomorphan 12.

.R2

11 12

For this, the formylbenzomorphan 11 is dissolved in a
polar solvent, preferably in an alkanol, most preferably
in n-propanol, and mixed with an acidically reacting
compound, preferably with the agueous solution of an
inorganic acid, most preferably with concentrated



24.0 g (60.3 mmol ) of (+)-2-(3-nethoxyphenyl)nethyl -3, 3-

dlnethyl 4- pi peridoni um hydrogen tartrate (8) are dissolved in 50 m of
wat'er and conbined with 15 m of conc. ammonia solution and 50 ml of

di chl oronet hane. The phases are separated, the aqueous phase is extracted
twice with 25 m of dichloronethane and the-conbined organic phase is dried
over magnesi um sul phate. Then the solvent I's renoved in vacuo and the

res: duefis tﬁk| d&hdmeﬁéﬂa@idab&%%&%%ﬁmwowf%@ﬁ thgggérﬁlﬁjzo
oL 06 TR RSNl urL b g e e, Suopendes, 10,205 It o o)
of potassium tea‘\tapdut&md ddowai aiddi mited enpEh avater dhé axxtractedswithrred
for 30 ”inUteséﬂwé%gfifééiséfﬁiémgéEwght, preferably with an ester of
' a carboxylic acid, most preferably ethyl acetate. The -
aqueous phase thus purified is preferably made basic
with concentrated ammonia solution and extracted with an
organic solvent, preferably with a halohydrocarbon, most
preferably with dichloromethane. After the drying and
evaporation of the combined organic extracts, the
corresponding (-)-3'-methoxy-5,9,9-trimethyl-6,7-
benzomorphan (R, = m~-CH;0) may be obtained in this way,
for example. |

At this stage, if desired, chemical modification of the
substituent (R,) at the phenyl structure may take place;
if not, R, will have the same meaning as R,, as specified
in the claims. Thus, the benzomorphan derivative 12
resulting from the precediné reaction step may be
subjected to ether splitting under acid conditions,
preferably with an inorganic acid such as hydrohalic
acid and most preferably with hydrobromic acid,
resulting in the corresponding free phenol partial
structure. '

12 13

Ether splitting is carried out under acid conditions,
and the use of mineral acids has proved advantageous.
It has proved particularly beneficial to use hydrobromic



to anmbi ent tenperature once nore and within 10 m nutes conbined with the
above_prepared solution of the piperidone in 30 m of tetrahydrofuran. The
resulting mxture is left to react for 1 hour at anbient tenperature,
cooled to 10[err]C and then m xed with 66 m of water within 15 m nutes.
The, tetrahydrofuran is then elimnnated in ygcuo and the residue is m xed
with 46 m of dichloronmethane and 30 mM of 1ce water. The phases are
separated, the 2GUEE0UH RNAS Cdde & I ACK £5l INbSEoHPLL, IV § N dDndthpl -6, 7-

di chl or onet hane and the conbi ned organi c_extracts are extracted, once nore.
with 40 of mORRIAR he TH(RAROTAE Hr GEOR RFOTCH CSS o SIRBHEFEm ( he
solvent is elimhia esbddtiAcust ddiporibSicheion chsschwvedoe noBbaithedf in

i sopropanol and,5 7. _of:canc., hydrochl oric.ac{yd, ar _whil st cooling
w o §oe et (hstim Gt T R ORe RS O £71 13 B GRE- 495" B ot ner
liquor is nixedndinatifBl- 44 7 dfenanompranehydopbromide] in a

crystalline modification.:



- 24 - recrystallisation and after 1 hour it is suction filtered again
(5.2 g). The nother liquor is evaporated down in vacuo, the residue is
takKen up in 30 m of isopropanol once nore and m xed with 200 m of
diethylether. After 3 hours' crystallisation at anbient tenperature it is
suction filtered (2.1 g) and "~ 19 - '

Examples
1lst Reaction step

Ethyl 3—amino¥4(3-methoxypheny1)-2—dimethy1butanoate (4)
[Rz = m—CH30] .

2292.3 g (3.5 mol) of zinc in 3.0 litres of
dichloromethane are mixed with 230 ml of trimethYl-
chlorosilane under nitrogen and stirred for 20 minutes
at ambient temperature. Then 1.1 litres of absolute
tetrahydrofuran are added and the mixture is heated to
reflux temperature. To this mixture is added dropwise a.
mixture of 500 g (2.6 mol) of ethyl bromoisobutyrate (1)
and 226.4 g (1.5 mol) of m-methoxybenzylcyanide (2) and
the resulting mixture is then refluxed for 1.5 hours.
It is allowed to cool, decanted off from the excess zinc
and after cooling to about 10°C mixed with 96.7 g
(1.5 mol) of sodium cyanoborohydride. Then 300 ml of
ethanol are slowly added dropwise (gas evolved). The
reaction is allowed to continue for 20 minutes, 1.0
litre of conc. ammonia solution is added, the phases are
separated and the organic phase is washed once more with
a mixture of 500 ml of conc. ammonia solution and 500 ml
- of water. The organic phase is dried over sodium
~sulphate and evaporatéd down in vacuo. The residue is
taken up in 2.3 litres of toluene and extracted twice
with 1.8 litres of 2N hydrochloric acid. Then the
aqueous phase is made alkaline with 700 ml of conc.
ammonia solution and extracted twice with 2.2 litres of
dichloromethane. After the organic phase has been dried
over sodium sulphate it is evaporated down in vacuo.
The ethyl 3-amino-4-(3-methoxyphenyl)-2-dimethyl-
butanoate (4) is isolated in a yield of 322.5 g (81% of
theory) as a yellow oil.



subsequently all the crystallisation fractions are dried at 60[err]C Al
three.fractions proved to be identical according to thin |ayer
chromat ogr aphy (di chl or onet hane: net hanol : conc. ammonia = 95:5:0.1). In
this way the (+)-2-(3-nmethoxyphenyl)-nethyl -3, 3-

di net hyl - 4-met hyl ene-pi peridine (9) is isolgfed in the formof its
hydrochloride in a yield of 15.8 g (93.2% of theory), mp. 199 - 200[err];
[[err]] [err] =2m89RrR8ateéidni BrEpt hanol). 7th Reaction step

(+) - N-For nyl - 2- ( 3- net hoxyphenyl ) net hyl - 3, 3-di met hyl - 4-
' Ethyl 3-(2-ethoxycarbonylethyl)amino-4-(3-
methoxyphenyl) -2-dimethylbutanocate (5) [R, = m-CH;0]

382.2 g (1.4 mol) of ethyl 3-amino-4- (3-methoxyphenyl) -
2-dimethylbutanoate (4) and 195.4 ml (1.8 mol) of ethyl
acrylate are dissolved in 570 ml of absolute ethanol and
refluxed for 7 d. The mixture is then evaporated down
completely in vacuo. The ethyl 3-(2-ethoxycarbonyl-
ethylamino-4- (3-methoxyphenyl) -dimethylbutanocate (5) is
isolated in a yield of 469.2 g (89.2% of theory) as a
reddish-brown oil.

3rd Reaction step

5-Carboethoxy-3,3-dimethyl-2- (3-methoxyphenyl)methyl-4-
piperidone (6) [R, = m-CH,0]

469.2 g (1.3 mol) of ethyl 3-(2-ethoxycarbonylethyl) -
amino-4- (3-methoxyphenyl) -2-dimethylbutanocate (5) [R2\=
m-CH;0] are dissolved in 7.8 litres of toluene and first
about 100 ml of a solvent/water mixture are distilled
off. The residue is allowed to cool to about 70°C,
mixed with 158.3 g (1.4 mol) of potassium tert.-butoxide
and heated to 105°C for 40 minutes, whilst the ethanol
formed is distilled off. It is then cooled to 5°C and
mixed with 1.2 litres of ice water and 280 ml of conc.
hydrochloric acid. 1.2 litres of ether and 220 ml of
conc. ammonia solution are added, the organic phase is
separated off and the aqueous phase is extracted twice
more with 600 ml of diethylether. The combined organic
phases are washed twice with 600 ml of water, dried over
sodium sulphate and evaporated down in vacuo. The 5-
carbethoxy-3,3~-dimethyl-2- (3-methoxyphenyl) -methyl-4-
piperidone (6) is isolated in a yield of 390.1 g (95.1%
of theory) as a reddish-brown oil. )



met hyl ene-pi peridine (10) [Rlerr] = 3-CHerr]O] 12.7 g (45 mmol ) of

(+) - 2: (3- net hoxyphenyl ) net hyl - 3, 3-

di et hyl - 4- met hyl ene- pi peri di ne-hydrochloride (9) are dissolved in 50 ml of
wat er and conbined with 8 ml of conc. ammonia. The m xture is extracted
three times with 20 m of dichloronethane, o,dri_ed over magnesi um sul phate
and the solvent is elimnated in vacuo. The residue is taken up in 15 m of

t ol uene and evagex at&sh eipawm nore, taken up again in 75 m of tol uene
and refluxed for 4 hours with 23.1 g (22 g nmol) of n- butylformate. The
m xture is then evaporated down in vacuo, after which 12.2 g (99. 5% of

theory) of (+)-2¢ (F-aMenhoRyBemel hnxyybny| 3 réihyth] 34 dpipehjdode-

e e i penk A 0L BLE o) & WP OF a0 o | ([err)err] =
390.1 g (1.22 mol) of 5-carboethoxy-3,3-dimethyl-2-(3-
methoxyphenyl)methyl-4-piperidone (6) [R; = m-CH3;0] are
dissolved in a mixture of 204.8 g (5.1 mol) of sodium
hydroxide, 680 ml of ethanol and 680 ml of water and
refluxed for 20 minutes. The solvent is eliminated in
vacuo, the residue is taken up in acetone and the
hydrochloride is precipitated with ethereal hydrochloric
acid. The 2-(3-methoxyphenyl)methyl-3,3-dimethyl-4-
pipefidonefhydrOChloride (7) is isolated in a yield of
311.9 g (90.1% of theory) in the form of white crystals,
m.p. 224 -225°C.

5th Reaction step

Enantiomer separation of the piperidone
(+) -2- (3-Methoxyphenyl)methyl-3,3-dimethyl-4-
piperidonium hydrogen tartrate (8) [R, = m-CH30]

28.7 g (101 mmol) of 2-(3-methoxyphenyl)methyl-3,3-
dimethyl-4-piperidone-hydrochloride (7) are dissolved in
57 ml of water. The aqueous phase is extracted three
times with 35 ml of dichloromethane. The combined
organic phaseé are washed with 25 ml of water, then
dried with sodium sulphate and the solvent is removed in
vacuo. The residue is dried at 80°C im vacuo until a
constant weight is achieved (24.7 g). Then the residue
is dissolved warm in 200 ml of ethanol with 15 g

(100 mmol) of D-(-~)-tartaric acid and 50 ml of
isoprbpanol and a small amount of seed crystals are
added with stirring. The mixture is left to crystallise
for 24 hours at ambient temperature and suction filtered
to remove the crystals (15 g, m.p. 142°C; [x]2® = +31.7°



- 25 - 8th Reaction step
(-)-2:Fornyl -3' - net hoxy-5,9,9-trinet hyl -6, 7-benzonorphan (11) [Rerr] =

3'“CHerr]Q

- 22 -

(c=1 in MeOH)). The mother liquor is evaporated to
dryness in vacuo, combined with 150 ml of a mixture of
ethanol and isopropanol (80:20) and refluxed for 20
hours. Then the solution is again mixed with a small
amount of seed crystals and left to stand for 6 days.

It is then suction filtered again (6.65 g, m.p. 142°C;
[0]2® = +32.2° (C=1 in methanol)) and the mother liquor
is refluxed for a further 20 hours and then evaporated
to dryness. The residue is taken up in 100 ml of watef,
10 ml of 2N hydrochloric acid are added and the mixture

'1s extracted three times with 25 ml of diethylether.

The ethereal phase is discarded (nonbasic impurities)
and the aqueous phase is made alkaline with conc.
ammonia solution and extracted three times more with

30 ml of diethylether. The combined ethereal phases are
dried over magnesium sulphate and evaporated down in
vacuo (10.35 g residue). The residue together with

6.28 g (42 mmol) of D-(+)-tartaric acid is dissolved
warm in 104 ml of a mixture of ethanol and isopropanol
(80:20). Seed crystals are added and the mixture is
left to crystallise for 1 d at ambient temperature. The
crystals are suction filtered (5.8 g, m.p. 142°C, [al? =
+31.6° (c=1 in methanol)). The mother liquor is
evaporated down and the residue (11.5 g) is dissolved in
72 ml of a mixture of ethanol and isopropancl (80:20)
and refluxed for 20 hours. Then seed crystals are added
and the mixture is allowed to stand for 6 days at
ambient temperature. The crystals precipitated are
suction filtered (2.66 g, m.p. 140°C; [al2® = +31.8° (c=1
in methanol) and combined with the previous fractions.
In this way (+)-2-(3-methoxyphenyl)methyl-3,3-dimethyl-
4-piperidonium hydrogen tartrate (8) is obtained in a
total yield of 30.11 g (75% of . theory).



16 g (120 mml) of alum niumchloride are placed in 140 m of

di chl-oronet hane at a tenperature of -10[err]C and 10.9 g (40 mmol) of
(+)-N-fornyl -2-(3-net hoxyphenyl)- nethyl -3, 3-di net hyl - 4- net hyl ene

pi peridine - dissolved in 35 m of dichloronmethane - are added dropw se so
slowy that the tenperature does not rise appve -5 (about 45 min.). Then
the mxture is left to react for 30 mnutes at O[err]C, poured onto 100 g
of ice and stirsel regetavs ¥tephe organic phase is separated off, the
aqueous phase is extracted twice nore with 30 m of dlchloronethane t he
conbi ned organic extracts are dried and the solvent is elimnated in vacuo.

In this way the(&)}224BeMb¥ho&&pM&hbdxye&h&ﬂ}ar34ﬂﬂMeﬂhyH}4LﬂﬂﬂﬁyMEﬂ¢man
(11) is Obta'neslb@rgdlhgl%y%&oggl%fide (9)

24.0 g (60.3 mmol) of (+)-2-(3-methoxyphenyl)methyl-3,3-
dimethyl-4-piperidonium hydrogen tartrate (8) are
dissolved in 50 ml of water and combined with 15 ml of
conc. ammonia solution and 50 ml of dichloromethane.

The phases are separated, the aqueous phase is extracted
twice with 25 ml of dichloromethane and the combined
organic phase is dried over magnesium sulphate. Then
the solvent is removed in vacuo and the residue is taken
up in 30 ml of absolute tetrahydrofuran.

25.7 g (720 mmol) of methyltriphenylphosphonium bromide
are suspended in 205 ml of absolute tetrahydrofuran and
combined under nitrogen with 8.1 g (720 mmol) of
potassium tert.-butoxide at ambient temperature. The
mixture is stirred for 30 minutes at 40°C, cooled down
to ambient temperature once more and within 10 minutes
combined with the above prepared solution of the
piperidone in 30 ml of tetrahydrofuran. The resulting
mixture is.left to react for 1 hour at ambient
temperature, cooled to 10°C and then mixed with 66 ml of
water within 15 minutes. The tetrahydrofuran is then
eliminated in vacuo and the residue is mixed with 46 ml
of dichloromethane and 30 ml of ice water. The phases
are separated, the aquedus phase is extracted twice more
with 15 ml of dichloromethane and the combined organic
extracts are extracted once more with 40 ml of water.
Then the mixture is dried over magnesium sulphate, the
solvent is eliminated in vacuo, the residue is dissolved
in 85 ml of isopropanol and 5.7 ml of conc. hydrochloric
acid are added whilst cooling with ice. After 1 hour
the mixture is suction filtered (8.5 g), the mother
-liquor is mixed with 150 ml of diethylether for



(99.6% of theory in the formof an oil; [[err]][err] = -198.4[err] (c=1in
met hapol ) ).. 9th Reaction step :
(-)-3"-Methoxy-5,9,9-trinethyl -6, 7-benzonorphan (12) [Rerr] = 3 -CHerr]Q
9.57 g (35 mml) of (-)-2-fornyl-3'-nethoxy-5,9,9-

trimet hyl - 6, 7- benzonor phan (11) are dissalveg in 75 ml of n-propanol and
refluxed with 25 m of conc. hydrochloric acid and 14.3 m of water for 14
hours. The m xtuveerysthhdisatrdpo andd afvwtr 1N heagud.t tike sweAdide 1S taken

up in 50 nmi of kEEt&@Eﬁraaaﬂnﬁﬁ%ﬂicbﬁq The mother liquor is evaporated
down in vacuo, the residue is taken up in 30 ml of
isopropanocl once more and mixed with 200 ml of
diethylether. After 3 hours' crystallisation at ambient
temperature it is suction filtered (2.1 g) and
subsequently all the crystallisation fractions are dried
at 60°C. All three fractions proved to be identical
according to thin layer chromatography
(dichloromethane:methanol:conc. ammonia = 95:5:0.1).

In this way the (+)-2-(3-methoxyphenyl)-methyl-3,3-
dimethyl-4-methylene-piperidine (9) is isolated in the
form of its hydrochloride in a yield of 15.8 g (93.2% of
theory), m.p. 199 - -200°%; [a]2® = +59.9 (c=1 in
methanol) .

7th Reaction step

(+) -N-Formyl-2- (3-methoxyphenyl) methyl-3,3-dimethyl-4-
methylene-piperidine (10) [R, = 3-CH;0) ]

12.7 g (45 mmol) of (+)-2-(3-methoxyphenyl)methyl-3,3-
dimethyl-4-methylene-piperidine-hydrochloride (9) are
dissolved in 50 ml of water and combined with 8 ml of
conc. ammonia. The mixture is extracted three times
with 20 ml of dichloromethane, dried over magnesium
sulphate and the solvent is eliminated in vacuo. The
residue is taken up in 15 ml of toluene and evaporated
down once more, taken up again in 75 ml of toluene and
refluxed for 4 hours with 23.1 g (22 g mmol) of n-
butylformate. The mixture is then evaporated down in
vacuo, after which 12.2 g (99.5% of theory) of (+)-N-
fbrmyl-z-(3—methoxyphenyl)methyl—3,3—dimethy1-4—
methylene piperidine (10) are left in the form of an oil
[¢]3° = +52.0° (c=1 in methanol).



three tines with 20 ml of ethyl acetate (discarded). The aqueous phase is
conbined with 55 ml of conc. amonia and extracted three tines with 25 ni

of ~ - 26 - dichl oronethane. The conbi ned
organi c extracts are dried over magnesi um sul phate and evaporated down in
vaguo. In this way the (-)-3'-nethoxy-5,9,8strimethyl-

8th Reaction step

(-)-2-Formyl—3'-methoxy-5,9,9~trimethyl—6,7-benzomorphan
(11) [R, = 3'-CH,0] '

16 g (120 mmol) of aluminium chloride are placed in

140 ml of dichloromethane at a temperature of -10°C and
10.9 g (40 mmol) of (+)-N-formyl-2-(3-methoxyphenyl) -
methyl-3,3-dimethyl-4-methylene piperidine - dissolved
in 35 ml of dichloromethane - are added dropwise so
slowly that the temperature does not rise above -5°
(about 45 min.). Then the mixture is left to react for
30 minutes at 0°C, poured onto 100 g of ice and stirred
vigorously. The organic phase is separated off, the
aqueous phase is extracted twice more with 30 ml of
dichloromethane, the combined organic extracts are dried
and the solvent is eliminated in vacuo.

In this way the (-)-2-formyl-3'-methoxy-5,9,9-trimethyl-
6,7-benzomorphan (11) is obtained in a yield of 10.9 g
(99.6% of theory in the form of an oil; [w]2® = -198.4°
(c=1 in methanol)).

9th Reaction step

(-)-3'-Methoxy-5,9,9-trimethyl-6, 7-benzomorphan (12)
[R, = 3'-CH;0]

9.57 g (35 mmol) of (-)-2-formyl-3'-methoxy-5,9,9-
trimethyl-s,7—benzomorphan (11) are dissolved in 75 ml -
of n-propanol and refluxed with 25 ml of conc.
hydrochloric acid and 14.3 ml of water for 14 hours.
The mixture is then evaporated down in vacuo, the
residue is taken up in 50 ml of ice water and extracted
three times with 20 ml of éthyl acetate (discarded).
The aqueous phase is combined with 55 ml of conc.
ammonia and extracted three times with 25 ml of



6, 7- benzonorphan (11) is isolated in a yield of 7.9 g (92. 0% of theory) as
an oil; [[err]][err] = -66.0[err] (c=1 in nethanol). 10t h Reaction step
(-)-3'-Hydroxy-5,9,9-trinethyl -6, 7- benzonor phan- hydrobromide (13) [Rerr]
= 3" -CH 10 g (41 mmol ) of (-)-3'-nethoxy-5,9,9-trinethyl-6,7-

benzonor phan (12) are refluxed for 2 hours gfth 22.5 m of water and 77.5
m ™ of 62% hydrobrom ¢ acid. Then the m xture is evaporated down in vacuo

and the residuedighleebmethhbsedTheOr-aRIREa8GrEhndt 3%RkaRes afder Which
dried over magnesium sulphate and evaporated down in
vacuo. In this way the (-)-3'-methoxy-5,9,9-trimethyl-
6,7-benzomorphan (11) is isolated in a yield of 7.9 g
(92.0% of theory) as an oil; [a]Z® = -66.0° (c=1 in
methanol) .

10th Reaction step

(-)-3'-Hydroxy-5,9,9-trimethyl-6, 7-benzomorphan-
hydrobromide (13) [R; = 3'-0H]

10 g (41 mmol) of (-)-3'"-methoxy-5,9,9-trimethyl-6,7-
benzomorphan (12) are réfluxed for 2 hours with 22.5 ml
of water and 77.5 ml of 62% hydrobromic acid. Then the
mixture is evaporated down in vacuo and the residue is
recrystallised from about'80 ml of acetone, after which
11.8 g (92.8% of theory) of (-)-3'-hydroxy-5,9,9- |
trimethyl-6, 7-benzomorphan-hydrobromide (13) are
obtained in the form of crystals, m.p. >290°C; [al?® =
-55.8° (c=1 in methanol).



11.8 g _(92.8%of—theory) of (-)-3'-hydroxy-5,9,9-

tri rr;et IhyI -6 7|iﬁmmm“ n- hydrobrom de (13) are obtained in the form of
crystal g, “‘ . [[err]][err] = -55.8 (c=1 in nethanol

- 27 - ﬂ!‘ ‘H“ L M S * [ ] ( )

Patent Clains Newclains 1. A process for

preparing norbenzonor phans of general - 27 -

Patent Claims

1. Process for preparing norbenzomorphans of general
formula 1

wherein

R, denotes hydrogen, C,¢-alkyl, halogen, hydroxy,
- Cy.g-alkoxy, a benzoyl group bound via an oxygen or
- an alkylcarboxyl group having a straight-chained or
branched C, ¢-lower alkyl group - wherein the alkyl
group may optionally be substituted by one or more
halogen atoms which may be identical or different -

nitro, cyano, NH,, NH(C,g-alkyl), N(C,s-alkyl),,
wherein the alkyl groups may be identical or
different, NH-acyl- (C,s-alkyl), wherein acyl
denotes benzoyl or an alkylcarbonyl group having a
straight-chained or branched C,¢-lower alkyl group,
whilst the alkyl group may optionally be
substituted by one or more halogen atoms which may
be the same as one another or different from one
another,

characterised in that

a) a benzylcyanide of general formula 2 wherein R,
denotes hydrogen, C,¢-alkyl, halogen, hydroxy,
C,-s-alkoxy, a benzoyl group bound via an
oxygen or an alkylcarboxyl group having a
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formula(1) [err] wherein R err] denot es hydrogen, (err]-al kyl,
hal ogen, hydroxy ([ err]-al koxy, a benzoyl group bound via an oxygen or an

alkylcal mﬂﬂu] ng a straight-chained or branched (Jerr]-Iower
al kyl ,mnmm ﬂm al kyl group nmay optionally be
- 28 -

straight-chained or branched lower alkyl group
having 1 to 6 carbon atoms - where the alkyl
group may optionally be substituted by one or.
more halogen atoms, which may be identical or
different, - is subjected to the conditions of
a Reformatsky reaction with a bromoisobutyric
acid ester of general formula 3 wherein R;
denotes C,g-alkyl or benzyl, in the presence
of an alkylhalosilane and zinc powder in an
inert solvent in the presence of a reducing
agent which is selective with regard to the
reduction of imino functions, and the
resulting ethyl 3-amino-2,2-dimethylbutanocate
derivative of general formula 4 is isolated

R,
B;J\fo ' \O
> | s

and

b) the 3-amino-2,2-dimethylbutanoic acid ester
derivative of general formula 4 is subjected
to the conditions of a Michael addition
reaction with an acrylic acid ester wherein
the alcohol component R, denotes a C;s-alkyl
group or a benzyl group, and the resulting 3-
(2-ethoxycarbonylethyl)amino-2, 2-
dimethylbutanoic acid ester derivative of
general formula 5 is isolated

Sheet Has Been Replaced -
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substituted by one or nore hal ogen atons which nmay be identical or
different,  nitro, cyano, NHerr], NH(Cerr]-alkyl), N(Cerr]-alkyl)[err],

wher ei s may be identical or different, NH acyl-

(C[er mmmm“m\“lu ME -acyl denotes benzoyl or an al kyl carbonyl group
havi ng & strai ght-thdi ned or branched C[er%b-Lomer al kyl group, and the
al kyl group may optionally be substituted by one or nore hal ogen atons

whi ch nmay be identical or different, or the corresponding st er eoi soner

whi ch conprises cyclising a conpound of formula (10) .
929*s o 0

and

¢)  the 3-(2-ethoxycarbonylethyl)amino-2,2-
dimethylbutanocic acid ester derivative of
general formula 5 thus prepared is subjected
to the conditions of a Dieckmann ester
condensation in an inert solvent in the
presence of a basically reacting compound and
the resulting piperidone derivative of general
formula 6 is isolated

I4 H
|
0 0
R N
7 3
0
0
~
_ ° — R
HN -
R 0
2 0 R,
5 6
and

d) the piperidone derivative 6 is saponified and

She etHasBeenRi
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erein Rl err] denotes denotes hydrogen, ([err]-al kyl, hal ogen,
C[eri,mmm wm&mm oyI group bound via an oxygen or an al kyl car boxyl
gro ht - chai ned or branched Cerr]-Ilower alkyl group -
wherein the group may optionally be substituted by one or nore

hal.ogen atoms mhlch may be identical or_ % ferent, in an inert solvent
and in the presence of a Lews acid to y|e conpound of formula (11)

decarboxylated under acid or alkaline
conditions in a polar solvent or solvent
mixture, with heating, to obtain the
corresponding 3,3-dimethylpiperidone
derivative of general formula 7, isolated and
if desired the corresponding acid addition
salt is prepared using an acid and isolated

H
1
N
—>
(o] Rz
6 7
and
e) the stereoisomer mixture thus obtained is

dissolved, optionally after release of the
enantiomeric free bases, in a reaction medium
which is inert with respect to enantiomer
separation,.then combined with a suitable
stereoisomer of an organic acid suitable for
salt formation with a stereoisomer of the
mixture of enantiomers, the desired
gstereocisomer is isolated in the form of its
addition salt with the optically active acid,
the mother liquor containing the unwanted
isomer is heated and in this way the unwanted
enantiomer is converted thermally into the
desired stereoisomer; mixed with an optically
active enantiomerically pure organic acid
capable of forming an acid addition salt and
the desired stereoisomer thus present as an
- ——————— acid addition salt is optionally added, with

"l



[err] wherein Rlerr] is as defined above, followed by

?21; (r)]r nmm”mnmnﬂmuml dic conditions to yield a conpound of formula (12)

and

f)

- 31 -

the addition of a medium which behaves ag a
nonsolvent relative to the desired salt, and
then isolated and this process is repeated as

necessary
H
|
N ‘\‘\\
—_
R
2 0 R2
7
A
H
I
N
R

[e] 2

BB.

the pure stereoisomer thus obtained, after
release from the enantiomerically pure acid
addition salt, is reacted in an inert solvent
with a Wittig reagent generating a methylene
group in the presence of a basically reacting
compound and the reaction product of type 9 or
the corresponding sterecisomer is isolated,
optionally in the form of the acid addition
galt thereof
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wher,ej ' defi ned above, followed, if desired, and if R err]
reprlmﬂmplgﬁ’w'u’juiﬂ%d group Rlerr] by isolation of the conpound of formula
(1) 7 L

s acid-addition salt and liberation of the free base

of this if desired,
for.amul a

or,

and

g)

and

h)

2] iy

where it is desired to produce a conpound of
- 32 -

H
|
o \‘\‘ N : \“\\
‘ —_—>
R2

the alkene 9 obtained from the Wittig reaction
is optionally first freed from its acid
addition salt and the free base of type 9 is
dissolved in an organic solvent and Subjected,
with a formylating agent, to a formylatihg
reaction at the piperidine nitrogen and the
reaction product of type 10 or the

corresponding stereoisomer thereof is isolated

N

. \\_\ N. “\\

the formyl compound 10 thus obtained, or the
corresponding stereocisomer, is dissolved in an
inert solvent and reacted with a Lewis acid
and the cyclising product of type 11 resulting
from this reaction is isolated

I
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(1) in | [ - ydroxy and Rlerr] represents an al koxy group, the
free belmlmiulﬂa!w\"m"mﬁ in which Rlerr] is

- 29 - TN verted by ether splitting into a conpound of
formula (1) in which Rerr] is hydroxy, which may be i solated in the

formof the acid-addition salt or free - dmse,

N 3

11
10

and

i) the benzomorphan derivative resulting from the
cyclising reaction is dissolved in a polar
solvent and reacted with an acidically
reacting compound and the deformylated
norbenzomorphan of type 12 resulting from this
reaction is optionally isolated in the form of
its acid addition salt

11 12

and

j) if desired, after liberation of the free
benzomorphan base, the substituent R,, if it
constitutes an alkoxy group, is converted by
ether splitting into a free hydroxy function

and the reaction product is isolated,
-_
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and/ or where Tt TS desi+ed to produce a conpound of formula (1) in which

R[qrr]an NH err], NH(Cerr]-alkyl), N(Cerr]-alkyl)[err],
wher ei mml”m W may be identical or different, NH acyl -
(Cderr]*alkyly, ei n acyl denotes benzoyl or an al kyl carbonyl group
havi ng a strai ght chai ned or branched Cler34-+4ower al kyl group, and the
al kyl group may optionally be substituted by one or nore hal ogen atons
whi ch may be identical opptiodafliigrémt ther fora @drt@@p@wdﬁh@ddﬁ¢ﬁ&nisoner,

a conpound of fornmul asgig) th%r%'fC%fR[t%:’e] 15 Rydregen is functionalised
by reactions known per se X ocess as clainmed in claim
1 wherein the conpoun§°§ﬁeﬁ§9ﬁdﬁég(rﬁbQ@Peﬁﬁé dermadisoddi ng

stereoi sonmer or an acid-addition salt of either thereof is prepared from
a conmpound of forrmula (9) [err]

H
H ’
’ N
N
—
Rl
R,
12 13
2. Process for preparing norbenzomorphan of general

formula 1 according to claim 1

wherein

R denotes hydrogen, C;-¢-alkyl, halogen, hydroxy,
C,g-alkoxy, a behzoyl group bound via an oxygen or
an alkylcarboxyl group having a straight-chained or
branched C, ¢-lower alkyl group - wherein the alkyl
group may optionally be substituted by one or more
halogen atoms which may be identical or different -

nitro, cyano, NH,, NH(C,g-alkyl), N(C,g-alkyl),,
wherein the alkyl groups may be identical or
different, NH-acyl-(C;g-alkyl), wherein acyl
denotes benzoyl or an alkylcarbonyl group having a

This Sheet Has Been R
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wherein [ tned in claim1, by fornylation with a
forny]adi H ﬂﬂu t organi ¢ solvent after |l i beration of the free
base. * 3.¢ s claimed in claim2 wherein the conmpound of

formula (9) is prepared froma correspondi ng
- 35 - .

straight-chained or branched C, ¢-lower alkyl group,
whilst the alkyl group may optionally be
substituted by one or more halogen atoms which may
be the same as one another or different from one
another, characterised in that '

a) a benzylcyanide of general formula 2 wherein R,
denotes hydrogen, C,-alkyl, halogen, hydroxy,
C,s-alkoxy, a benzoyl group bound via an oxygen
or an alkylcarboxyl group having a straight-
chained or branched lower alkyl group having 1

. to 6 carbon atoms - where the alkyl group may
optionally be substituted by one or more
halogen atoms, which may be identical or
different, - is reacted with a bromoisobutyric
acid ester of general formula 3 wherein R;
denotes C;_3-alkyl or benzyl, in the presence of
an alkyl halosilane and zinc powder in an
inert solvent, the reaction mixture is heated,
allowed to cool after the reaction has ended,
the zinc powder is sepérated off and the
reaction mixture is mixed with a reducing
agent which is selective with regard to the
reduction of imino functions and the reaction
mixture is diluted with an alkanol and then
mixed with an aqueous. solution of a basically
reacting compound, the organic phase is '
removed and evaporated down, the residue is
taken up in an inert solvent, the resulting
solution is-extracted with the agqueous
solution of an acid, the combined agqueous
extracts are made alkaline with a basically
reacting compound, this alkaline solution is
extracted with a water-immiscible organic
solvent and the resulting 3-amino-2,2-
dimethylbutanoic acid ester derivative of
general formula 4 is isolated
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]




conpound of forrmula (8) : ' - 30 - [er

pound o | Wy LI

- 36 -

0 Ry

Br;\f o
NH 2
N, ¢ oL  —» :

R o

3
R,
2 3 4
and
b) the 3-amino-2,2-dimethylbutanoic acid ester

derivative of general formula 4 is subjected
with an acrylic acid ester wherein the alcohol
component R, denotes a C;g-alkyl group or a
benzyl group, to a Michael addition reaction
in an inert solvent, the reaction medium is
eliminated once the reaction has ended and the
resulting ethyl 3- (2-ethoxycarbonylethyl)
amind—z,2—dimethylbutanoate derivative of
general formula 5 is isolated

4
L}

0 0
R
) R, 0” 3
H,N —> HN
o R,

and
-

i



wherein R err] is as defined in claim2, in an inert organic solvent by a
Wttig reaction serving to introduce a nethyl ene group ?ﬁjﬂ?ﬁﬁ??ﬁ‘TTﬂr***-—
cafbonyl group, the free base of the conpound of formula ' infwSit

| i berated fromany acid-addition salt by treatnent with dgﬂmﬁﬂ"ﬂ"’uwn”m
process as clainmed in claim3 wherein the glesired stereoi sonsr @ s %

ponpound of fornmula (8) is prepared froma stereoisoneric mxture of the
conmpound of forrmula (7) inthe formof its free base

and

c) the 3-(2-ethoxycarbonylethyl)amino-2,2-
dimethylbutanoic acid ester derivative of
general formula 5 thus prepared is subjected
to the conditions of a Dieckmann ester
condensation in an inert solvent in the
presence of a basically reacting compound, the
volatile components of the reaction mixture
resulting from the reaction of cyclisation are
eliminated by distillation, then the mixture
'is hydrolysed and mixed with the agqueous
solution of an acidically reacting compound, ...
the resulting mixture is combined with a
water-immiscible organic solvent and an
aqueous solution of a basically reacting
compound, the combined organic extracts are
evaporated down and the resulting piperidohe
derivative of general formula 6 is isolated

1 * H
o N
IR3 .
o
o
-
(o] — R,
_ HN o
R, O R,
5 6
and
d) the' piperidone derivative 6 is saponified.
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[err] wherein R err] is as defined in claim3, by addition to the
m xture of. a stereoi somer of an optically active organic aﬂmmmuﬁmnmmsnl
an optically active acid-addition salt with the desired st Al kil i

conmpound of forrmula (7) in a reaction nediuminert to enant i oner

separation, followed by isolation of the_spgd.salt and thermal conversion
of remai ni ng undesired stereoi soner of

decarboxylated under acid or alkaline
conditions in a polar solvent or mixture of
solvents, with heating, to obtain the
corresponding 3,3-dimethylpiperidone
derivative of general formula 7 and isolated
and if desired the corresponding acid addition
salt is prepared using an acid and then

isolated
i i
. N N
o m
R '
4
o0
0 R, (o] Rz
6 7
and
e) the mixture of stereoisomers thus obtained is

dissolved, optionally after liberation of the
énantiomeric free bases, in a reaction medium
which is inert relative to the enantiomer
separation, mixed with a suitable stereoisomer
of an organic acid which is suitable for salt
formation with a stereoisomer of the
enantiomer mixture, the desired stereoisomer
is isolated in the form of the acid addition
salt thereof with the optically active acid,
the mother liquor containing the unwanted
isomer is heated and the unwanted enantiomer
is thereby converted thermally into the
" desired stereoisomer, mixed with an optically
‘active, enantiomerically pure, organic acid
capable of fofming an acid addition salt and
the desired stereoisomer, thus present as an
acid additioh salt, is optionally added, with
e
eet Has Been Reilaced
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formula (7) into desired stereoi soner, followed by_?UFFHEF“Hﬁ*TTTWPfO t he

resul ting mxture of the said optically active org further
optically active acid-addition salt with the desi rﬂ"’mmﬂmﬂ}mﬁ MF‘ t he
conmpound of forrmula (7) and isolation of this

- 31 - followed by repetition of the cychg as necessary and de5|red.

the addition of a medium which behaves as a
nonsolvent relative to the desired salt, and
the salt is isolated and this process is
repeated as necessary

i i
N N
—_—
R
[o] 2 o Rz
7
8p
H
]
N
0 R
23
and

f) the pure stereocisomer thus obtained, after
liberation from the enantiomerically pure acid
addition salt, is subjected to a Wittig
reaction in an inert solvent with a Wittig
reagent geherating a methylene. group in the
presence of a basically reacting compound and
in a temperature range from 0 to 80°C, after
the reaction the mixture is combined with
water and a water-immiscible organic solvent,
the aqueous phase is extracted exhaustively,
the reaction product of type 9 is isolated or,
after the addition of a proton acid, the
corresponding stereoisomer is isolated in the
form of the acid addition salt thereof

//
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5. A process as clainmed in claim4 wherein the
prepared f.roma conpound of

compound of formta+(7) is

(N w

formula (5) [err]

- 40 -

N ‘\‘\\ ‘\\\\

and

g) the alkene 9 obtained from the Wittig reaction
~ is optionally first freed from its acid
addition salt and the free base of type 9 is
dissolved in an organic solvent and subjected,
with a formylating agent, to a formylating
reaction at the piperidine nitrogen and the
reaction product of type 10 or the

corresponding stereoisomer thereof is isolated

' 0
H Qj
' .

N ‘\‘\\ N o

and
h) the formyl compound 10_thus obtained, or the
corresponding stereoisomer, is dissolved in an
inert solvent and reacted with a Lewis acid
and the cyclising product of type 11. resulting
from this reaction is isolated
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wherein Rlerr] is as defined in claim4 and R err] and R €rT] may be the

sane or different and denote benzyl or lower alkyl, by a cyghs '

conditions of a Di eckmann ester condensation in the presencE Hm Ilmml H“I

forma conpound of fornmula (6) [err] “* ¢ L M 0§
- 41 -

N. "‘\\\

11
10

and

i) the benzomorphan derivative resulting from the
cyclising reaction is dissolved in a polar
solvent and reacted with an acidically
reacting compound and the deformylated
norbenzomorphan of type 12 resulting from this
reaction is optionally isolated in the form of
its acid addition .salt, after the addition of
the inorganic acid

}

N

11 © 12

and

3) if desired, after liberation of. the free
benzomorphan base, the substituent R,, if it

—  _ constitutes an alkoxy group, is converted by
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wher ei n j{ierr and Rlerr] are as defined above, foll owed by saponification
41|

under . m’m’uuﬂmdl tions in a polar solvent or solvent m xture and
decar box d tenperature to yield the conpound of formula

(7) or an aci ‘d- &4dd*ti dn salt thereof. 6. A process as clainmed in claimb5
whecrein the conmpound of formula (5) is prepgred froma conpound of formula

4 _

) ether splitting into a free hydroxy function
and the reaction product is isolated,
optiohally in the form of the acid addition
salt thereof of type 13, the base
corresponding to general formula 1.

H
H ’
/ N
N
_—
RJ.
R,
12 ) 13

3. Process for preparing norbenzomorphan of general

formula 1 wherein R, is defined as in claim 1, according
to claim 2, characterised in that

a) a benzylcyanide of general formula 2 wherein R,
denotes hydrogen, C,.g-alkyl, halogen, hydroxy,
C,-s-alkoxy, a benzoyl group bound via an oxygen
or an alkylcarboxyl group having a straight-
chained or branched lower alkyl group having 1
to 6 carbon atoms - where the alkyl group may
optionally be substituted by one or more
halogen atoms, which may be identical or
different, - is reacted with a
bromoisobutylbutyric acid ester of general
formula 3 wherein R; denotes C,¢-alkyl, in the
presence of a trialkylhalosilane and zinc
power in an ether and a haloalkane, the
reaction mixture is heated, allowed to cool
once the reaction has ended, the zinc powder
is removed and the reaction mixture is
combined with a complex alkali metal
- borohydride derivative which is selective with
This Sheet Has B
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- 32 - [err]

wherein R err] and Rlerr] are as defined in

claimb, by a Mchael

<

and

b)

Sheet Has Been Reﬂlaced
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addition reaction with a benzyl or |ower alKkyl

- 43 -

regard to the reduction of imino functions,
and the reaction mixture is diluted with a
Ci-s~alcohol and then with an aqueous ammonia
solution, the organic phase is separated and
evaporated down, the residue is taken up in an
aliphatic or aromatic hydrocarbon, the
solution obtained is extracted with the
aqueous solution of an inorganic acid, the
combined aqueous extracts are made alkaline
with aqueous ammonia solution, this alkaline
solution is extracted with a halohydrocadrbon
and the resulting ether 3-amino-2,2-
dimethylbutanocate derivative of general
formula 4 is isolated

the 3-amino-2,2-dimethylbutancate derivative
of general formula 4 is subjected to a Michael
addition reaction with an acrylic acid ester
wherein the alcohol component R, denotes a C;.g-
alkyl group or a benzyl group, in a straight-
chained or branched C,_,-alcohol, after the
reaction has ended the reaction medium is
eliminated and the resulting 3-(2-
ethoxycarbonylethyl) amino-2,2-dimethylbutanoic
acid ester derivative of general formula 5 is
isolated



7. A process as clained in claim6 wherein the conmpound of fornmula (4)

I S prepared—by Teaction of a benzyl cyanide of formula (2) wherein
Rlerr] is fi [ claim6 with a bronoi sobutyl butyrate of
forml a (Bﬂmﬂmmmmumﬂzlmr] is as defined in claim6 [err]
- .o* €L M 5% - 44 -~
R4
o o)
IR3
o
N '
R, o o
H,N — _ "
o R,
4 5
and

c) the ethyl 3- (2-ethoxycarbonylethyl)amino-2,2-
dimethylbutanoate derivative of general
formula 5 thus prepared is subjected to the
conditions of a Dieckmann ester condensation
in an aliphatic or aromatic hydrocarbon in the
presence of an alkali metal alkoxide of a
straight-chained or branched C,_,-alcohol, the
volatile components of the reaction mixture
resulting from the reaction of cyclisation are
eliminated by distillation, then the mixture
is hydrolysed. and mixed with the  aqueous
gsolution of an inorganic acid, the resulting
mixture is combined with a water-immiscible
dialkylether and with agueous ammonia
solution, the combined organic extracts are
evaporated down and the resulting piperidone
derivative of general formula 6 is isolated

_—
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under conditions of a Reformatsky reaction in the
al kyl-hal osilane _and zi nc powder

redu0|n

solv
organlc aci d
pl ace in an al kanol
i nor gani ¢ aci d.

and

d)

and

selective with regard to reduction of

e
mﬁuuﬂ I’"zﬂ,ﬂtd in any of claims 1 to 7

L tionis a hal ohydr,gcar bon,
of an A (I'l1l) bhalide,
and the acid-addition salt fornmed is

presence of an
I nert solvent in the presence of a
i mino functions.
wherein the inert

the Lewis acid is an
efornylatlon reaction takes
that of an

in an

t he

H
|
N
o
o)
(o)
7~
(o) - R4
(o]
o R,

the piperidone derivative 6 is saponified and
decarboxylated in a mixture of a straight-
chained or branched €, ,-alcohol and water in
the presence of an alkali metal hydroxide or
an inorganic acid, with heating, to obtain the
corresponding 3,3-dimethylpiperid6ne
derivative of genéral formula 7, the product
is isolated and optionally the corresponding

acid addition salt is prepared with a proton
acid |

1 H
N 1
. ] N
E——
o R, (o} R,
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- 33- 9 A process as claimed in any of claims 1 to 8 wherein the inert

sol ven ﬂmﬁion I's dichloronethane, the Lewis acid is nethane

SUf IOh ll!ﬂ“ mmm u iniun(l11) chloride, the cyclisation is effected at
anm -5 err]C, the defornylation reaction takes place in

n propanol and the acid-addition - 46 -

e) the mixture of stereoisomers thus obtained is
dissolved, optionally after liberation of the
enantiomeric free bases, in a straight-chained
or branched C,,-alcchol, mixed with the
cbrresponding enantiomers of malic, tartaric,
mandelic or camphor sulphonic acid, the
desired stereoisomer is isolated in the form
of its salt of addition with the optically
active acid, the mother liquor containing the
unwanted isomer is heated and in this way the
unwanted enantiomer is thermally converted
into the desired stereoisomer, mixed with an
optically active, enantiomerically pure

_organic acid capable of forming an acid
addition salt and the desired stereoisomer
thus occurring as an acid addition salt is
optionally crystallised by the addition of a
Cs;g-alcohol and then isolated and this
procedure is repeated as necessary

H
| |
N N ‘\‘\\
—_
R
(o} 2 o R,
7
5a
H
i
N.
(o] Rz

]
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salt fornmed is that of -hydrochloric acid. 10. A process as clainmed in
any ?umﬁnmmnlu wherein the organic solvent in the fornylation
r eact ,aronatic conpound and the fornylating agent is an

al-kyl forfmte." S1r A process as clainmed in any of clains 2 to 9 wherein
t he. organic solvent in the fornylation readtZien is toluene and the
fornmylating agent is n-butyl fornate. 12. A process as clainmed in any

of claims 3 to 11 wiedein in the Wttig reaction, reaction is carried out
in a cyclic ether with a nethyl triphenyl phosphonl um

£) the pure stereoisomer thus obtained is
liberated from the enantiomerically pure acid
addition salt and then subjected to a Wittig
reaction, in an optionally cyclic ether with a
methyl triphenylphosphonium halide in the
presence of an alkali metal alkoxide in a
temperature range from 20 to 60°C, then after
the reaction has taken place the reaction
mixture is mixed with water and with a
haloalkane, the agqueous phase is extracted
exhaustively, the reaction product of type 9
or optionally the corresponding stereoisomer
is isolated in the form of ite acid addition
salt after the addition of a proton acid

|
\\“ N “‘\\

Z—n

and

g) the alkene 9 obtained from the Wittig reaction
is optionally first liberated from its acid
addition salt and the free base of type 9 is
dissolved in an alkyl aromatic compound as
solvent and subjected, with an alkyl formate,
to a formylation reaction at the piperidine
nitrogen and the reaction product of type 10
or the correspbnding stereoisomer thereof is

_ isolated
X
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halide at a tenperature of from20 to 60[err]Cin the presence of an
aIkalfTﬁﬁ?ﬂ‘?ﬂﬂunﬁfk%—igllomed by mxing of the reaction m xture with

wat er a e and exhaustive extraction. 13. A process as
clained "ﬂ ﬂﬂu 3to 12 wherein in the Wttig reaction, reaction
S £arr|e outL hydrofuran wi th oegByL triphenyl phosphoni um

brom de at a tenperature of 40[err]C in the presence of potassium
t-but oxi de, followed by m xing of the reaction mxture with water and

di chl oronet hane and exhaustive extraction. 14. A process as clained in

any of clains 4 to 13 yhereln t he reaction nedlun1%@frt to enanti oner

FR - KR

9 10

and

h) the formyl compound 10 thus obtained, or the
corresponding stereoisomer, is dissolved in a
halogenated hydrocarbon and reacted with an
aluminium(III)halide and the cyclisation
product of type 11 resulting from this
reaction is isolated

11

i0

and

i) the benzomorphan derivative 11 resulting from
the reaction of cyclisation is dissolved in an
alkanol and reacted with the aqueous solution
of a hydrohalic acid and the deformylated
norbenzomorphan of type 12 resulting from this
reaction is isolated optionally after the
addition of a proton acid, in the form of the
‘acid addition salt thereof '

- This Sheet Has Been Rcﬂ
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separation is a Cerr]

al kanol, the optically active organic acid is

sel ected—Frommmat T,

- 34-

4.

formula 1 wherein R, is defined as in claim 1,
to claim 3,

a k”jmmilgmm;ﬂﬂ sol at :
stereo shexoptically active organic acid.

tartaric, nandelic
onic acid, and a non-solvent conprising a ([err]
st isolation of the salt of the desired

R2

11 12

and
3) if desired, after 1iberation of the free
benzomorphan base, the substituent R,, if it
denotes an alkoxy group, is converted into a
free hydroxy function by the method of ether
splitting and the reaction product is
isolated, optionally in the form of the acid
addition salt thereof of type 13,

base corresponds to general formula 1

in which the

H
/

N

12 13

Process for preparing norbenzomorphan of general
according

characterised in that

a benzylcyanide of general formula 2 wherein R,

a)
denotes hydrogen, C,.¢-alkyl, halogen, hydroxy,
____________________;Cks-alkoxy, a benzoyl group bound via an oxygen or

* This Sheet Has B
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rocess as clainmed in any of clains 4 to 14 wherein the reaction

rredl ur“!i,lﬂ"ﬂ""l ﬂlmml,omer separation is ethanol, the optically active

or gani L-tartaric acid and a non-solvent which is used to
assi'st isolalidh 6f t#he salt of the desired stereoisoner with the D- or
L-tartaric acid is isopropanol. 16. A ppocess as clained in any of
claine 5 to 15 wherein the cyclisation under D eckmann ester condensation

conditionsfis carri egh Glikylitabaatiiphpicup hHVfﬂgNEuétrdmgthmhéimedrbrhe
presence of an ol kabieartBlal LI il el ol 4ol gbads
fol |l owed by hydrol ysitonsf 1iuheneduhaa&%kylngﬁqup\maY1Optlonally be
substituted by one or more halogen atoms, which may
be identical or different, - is reacted with a
bromoisobutylbutyric acid ester of general formula
" 3 wherein R; denotes C,-s-alkyl, in the presence of
chlorotrimethylsilane and zinc powder in
dichloromethane after diluting with
tetrahydrofuran, the reaction mixture is heated,
then when the reaction has ended it is allowed to
cool, the zinc powder is separated off and the
reaction mixture is combined with sodium
cyanoborohydride and the resulting mixture is
diluted with ethanol and then mixed with
concentrated aqueous ammonia solution, the organic
phase is separated off and evaporated down, the
residue is taken up in toluene, the solution
obtained is extracted with 2N hydrochloric acid,
the combined aqueous extracts are made alkaline
with concentrated aqueous ammonia solution, this
alkaline solution is extracted with dichloromethane
and the resulting 3-amino-2,2-dimethylbutanoic acid
ester derivative of general formula 4 is isolated

and
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aqueous inorganic acid, and conbi nation of the resulti ng ' re with a
wat er ~i mm sci bl e di al kyl ether and aqueous anmoni a, andi H Il ",t"""
organi c extracts. 17. A process as clainmed in any of a
wherein the cyclisation under Di eckmann ester condensation conditions is
carried out in toluene in the presence of spotassiumt-butoxide, volatile
conmpounds are elimnated by distillation followed by hydrolysis of the
i x':]u&e aﬂdl i X|hng W)t h iy achdntiirics- 2@ -Biesthy dardsngiie ereid ddigean xture
W t i ethyl ether and agueqQus. .amoni a n V%Bmt'o ogl '
sol vent s. 18. A processfféérslvcaf%aliv&c?r# rg%aeazldarrfl orﬁc a4|1nl1' ﬂ\%%‘?%d_
saponi fication is carri edcow Mithagbladddvicmenteaction with an acrylic
acid ester, wherein the alcohol component R,
denotes a C,¢-alkyl group, in ethanol as
solvent, the reaction medium is removed once
the reaction has ended and the resulting 3-(2-
ethoxycarbonylethyl) amino-2, 2-dimethylbutanoic

acid ester derivative of general formula 5 is

isolated
R4
]
o) o)
R
’ 3
2 o]
R, O/ 3 o
H,N —> HN
o R,

and

ci the 3- (2-ethoxycarbonylethyl)amino-2,2-

‘ dimethylbutanoic acid ester derivative of
general formula 5 thus obtained is subjected
to the conditions of a Dieckmann ester
condensation in toluene in the presence of
potassium tert.-butoxide, the volatile
components of the reaction mixture resulting
from the reaction of cyclisation are
eliminated by distillation, then the mixture
is hydrolysed and combined with concentrated

—_— hydrochlorié acid, the resulting mixture is

Thi combined with diethylether and concentrated
IS Sheet

Ly



conprising a mxture of CJerr] al kanol and water, acid conditions—are
provi ded by an inorganic acid, and

al kaline conditions are provided by an al kali netal hydr__o>”||“|| "ll"l“"“lll\ﬁml
* 4 L M L) *

process as clainmed in claim16 or claim 17
- 52 -

ammonia solution, the combined organic
extracts are evaporated down and the resulting
piperidone derivative of general formula 6 is
isolated

and

d) the piperidone derivative 6 is saponified and
decarboxylated in an ethanol/water mixture in
the presence of sodium hydroxide or
hydrochloric acid or sulphuric acid whilst
heating to reflux temperature, to obtain the
corresponding 3,3-dimethylpiperidone
derivative of general formula 7, the reaction
product is isolated and the corresponding
hydrohalide is optionally prepared with
hydrochloric or hydrobromic acid

(o]
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\/\,herm—11—s=apen4—£4_1;au_QLS carried out in a mxture of ethanol and wat er ,

e of sul phuric or hydrochloric acid, or of sodium hydroxide.
20 m&wga "' ',Iu din any of clains 6 to 19 wherein the M chael
addi t rried out in a CJerr] al kanol followed by
el im nation of any solvent medi um 21. _Agproceas as claimed in any of

clains 6 to 19 wherein the Mchael addition reaction is carried out in
et hanol as solvent, followed by elimnation of any sol vent nmedi um

and

e) the mixture of stereoisomers thus obtéined is
dissolved in ethanol, optionally after
liberation of the enantiomeric free bases,
‘mixed with the corresponding enantiomer (D- or
L-form) of tartaric acid, the desired
stereoisomer is isolated in the form of the
corresponding tartrate, the mother liquor
containing the unwanted isomer is heated and
in this way the unwanted enantiomer is
converted thermally into the desired
stereoisomer, then mixed with D- or L-tartaric
acid and the desired stereoisomer thus present
as the corresponding tartrate is optionally
crystallised by the addition of isopropanol
and the precipitate is isolated and this
procedure is repeated as necessary

%A

and
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22. A process as clainmed in any of clains 7 to 21 wherein the reaction of

t he benzyl Hﬂﬂmwummmnlna (2) with a bronoi sobutyl butyrate of fornula
(3) is carti esence of a trial kyl hal osilane and zi nc powder
in an ether “and h&l ofl k&ne* at el evated tenperature, followed by renpval of

the zinc powder, reduction with a conplex ghkali netal borohydride and
extraction and isolation of the conpound of fornmula (4). 23. A process as

claimed in any of clfi ns thd pude WiRiRidL ddier aaaid wbfidd®, bepoyl cyani de
of fornmula (2) with a branmgi sohQutyl butyrate of fornula s carried._out

i n di chl or onet hane dilutIﬂ%ﬁ?%%%%&ré%ﬁﬁhﬁh%u%ﬂ? E*ﬂ?%ﬁ%ééi%ﬁd%??%n@c?g
chlorotrinet hyl sil ane, t realdsidisnt ised r edieisuppesrdd ito sodiintig

cyanobor ohydri de, the zinghawds! ﬂﬁ;Eé¥§§ﬁ§hfgf&¥aﬁrWEEEQ§éEﬁ§ia“d pri or

to the sel ective reduction,
trlphenylphosphonlum bromide in the presence

of potassium tert.-butoxide at a temperature
of 40°C, then when the reaction has ended the
mixture is combined with water and
dichloromethane, the aqueous phase is
extracted exhaustively, the reaction product
of type 9 or the corresponding stereoisomer is
isolated in the form of its hydrohalide

H
|
.\‘\\ : N .-‘\\\
—_—>
R2

2 =t

and

g) the alkene 9 obtained from the Wittig reaction
is optionally first liberated from its acid
addition salt and the free base of type 9 is
dissolved in toluene and subjected with n-
butylformate to a reaction of formylation at
the piperidine nitrogen and the reaction
product of type 10 or the corresponding
stereoisomer thereof is isolated

R
Has Been Reflaced
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and the_iégn@eaﬂd—ef——%OWa (4) is extracted and isol at ed.

- - 24 claimed in claim?22 or claim23 wherein the
extract m‘ “ M Bj of t he conmpound of fornmul a (4) is carried out by
diluti n_ ' ai ned after selective reduction with a (Jerr]

al cohol and then with aqueous ammoni a sql ud Qn, separating and

)

‘\‘\\ . N o

and

h) the formyl compound 10 - or the corresponding
stereoisomer - thus obtained is dissolved in
dichloromethane and reacted with
aluminium¢(III)chloride at a temperature of not
more than -5°C and the cyclisation product of

. type 11 resulting from this reaction is

isolated

o)
»

o
\w N

N W
Y
R2
2
11
10
and

i) the benzomorphan derivative 11 resulting from
the reaction of cyclisation is dissolved in n-
propancl and reacted with concentrated
hydrochloric acid and the deformylated

norbenzomorphan of type 12 resulting from this

This Sheet Has Been Reﬂlaced
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evaporating down t he organic phase, taking up the residue in an aliphatic

”nlm m'“ mlﬂlm H extracting the solution obtained with an agueous
soru ni ¢ acid, making the conbi ned aqueous extracts
alkallne wi t h "agdeolis amoni a solution, extracting the al kaline solution

wi th a hal ohydrocarbon and evaporating dowg - 25. A process as clai ned
in claim?22 or 23 wherein the extraction and isolation of the conpound of
formula (4) is carried %éa@&’l@h'ﬂélﬂgolﬁ'@e&‘ Xh UEBe OPb2InN8E atker

sel ective reduction with et g wth concentrated aqueous anmoni a

sol ution, separating- andh ﬁ%*%f?éﬁ down t he organi c phase, taking up
t he reS|due I n tol uene, extractlng the solution obtained wth 2N
hydrochl oric acid, making the conbpned aqueous
| )

N

11 12

and

3) if desired, after liberation of the free
benzomorphan base, the substituent R,, if it
denotes an alkoxy group, is converted by ether
splitting into a free hydroxy function and the
reaction product is isolated, optionally after
the addition of hydrochloric or hydrobromic
acid, in the form of its hydrohalide of
general formula 13, the base corresponding to
general formula 1.

H

H /

’ N
N .

—_
R R
2
12 13

5. Process for preparihg norbenzomorphan of general
formula 1 wherein R, denotes a hydroxy group in the 3'-
position, according to claim 4, characterised in that

This Sheet Has Been Re!ilaced




extracts alkallne wi th concentrat ed aqueous ammoni a solution, extracting
t he al- kjl"u!l Imnmmmmh a dichl oronet hane and evaporati ng down. 26.
A proce ny of clainms 1 to 25 wherein the group R2

represents a mbt hd xy group. 27. Process for preparing norbenzonorphan of
general fornula 1 wherein Rlerr] denotes %7hxdroxy group in the 3'-
position, according to claim4, characteriSed in that a) a

benzyl cyani de Qi)geﬂ§rﬁén£91§¥£ﬁ1&ewar&éﬂeﬁiff£$rm%1a 2 wheQSFHtﬁs a

met hoxy group in .the_3-posit
bronDISObutyIbutyraI@e?%FeS a methoxy group in the 3 p031tlon is

reacted with ethyl bromoisobutylbutyrate (3) (R; =
C,Hs) in the presence of chlorotrimethylsilane and
zinc powder in dichloromethane after dilueion with
tetrahydrofuran, the reaction mixture is heated,

- left to cool after the reaction has ended,'the zZinc
powder is separated off and the reaction mixture is
combined with sodium cyanoborohydride and then
diluted with ethanol and then mixed with
concentrated aqueous ammonia solution, the organic
phase is separated off and evaporated down, the
residue is taken up in tolueﬁe, the solution
obtained is extracted with 2N hydrochloric acid,
the combined aqueous extracts are made alkaline
with concentrated aqueous ammonia solution, this
alkaline solution is extracted with dichloromethane
and the resulting ethyl 3-amino-4-(3-
methoxyphenyl) -2, 2-dimethylbutanocate (4, R, =
3-0CH;) is isolated

and

b) the ethyl 3-amino-4-(3-methoxyphenyl)¥2,2—
dimethylbutanoate (4, R, = 3-OCH;) is subjected
with ethyl acrylate (R, = C,H;) to a Michael
addition reaction in ethanol as solvent, then

ssml}lllailllslelelnlllqim




I n tMotri nmet hyl si | ane and zi nc powder in

dlchljr fter dilution - . - 37
I m‘ﬂ Hutetrahydrofuran, the reaction mxture is

heat ed,* | &f ter the reaction has ended, the zinc
powder is separat ed off and sé he reaction m xture is conbi ned
with sodi um - -

when the reaction has ended the reaction
medium is eliminated and the ethyl 3-(2-
ethoxycarbonylethyl)amino-4-~ (3-methoxyphenyl) -
2-dimethylbutanocate (5, R, = 3-OCH;) is

isolated
R4
]
o)

R, 0"

HN _ ' _—_
' o]
4 5

and

c) the ethyl 3-(2-ethoxycarbonylethyl)amino-4-(3-
methoxyphenyl) -2-dimethylbutanoate (5, R, =
3-0CH,;) is subjected to the conditiomns of a
Dieckmann ester condensation in toluene in the
presence of potassium tert.-butoxide, the
volatile components of the reaction mixture
resulting from the reaction of cyclisation are
removed by distillation, after which the
mixture is hydrolysed and mixed with
concentrated hydrochloric acid, the resulting
mixture is combined with diethylether and with
concentrated ammonia solution, the combined
organic extracts are evaporated down and the
5-carboethoxy-3,3-dimethyl-2-(3-
methoxyphenyl)methyl-4-piperidone (6, R, ="
3-0CH;) is isolated

I ————
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cyanobor ohydri de and then diluted with ethanol

) ! _ and then
m xed-wtt ) concentrated aqueous anmoni a SSTJFTEE“TT-—-~—_

- organi ¢ phase is separated off and evaporalﬂ”lﬂ
resi due is taken up in toluene, the sol uti ﬂm"'!u
is extracted with 2N hydrochloric acid, the_ *cofrbi aqu
extracts are made al kal i ne ~ WPt concentrat ed aqueous annnnla
sol uti on, this alkaline solution is extracted with
di chl oronet hane and the resulting ethyl 3-
am no- 4- ( 3- met hoxyphenyl ) - 2, 2- di net hyl - but anoate (4, Rerr]
=3-CCHerr], Rerr] = CHerr]CHerr]-) is : ylsolated [err]
0s_ O é
S
0
o)
) . RS
HN
Rz © o) R,
5 6
and

d) the 5-carboethoxy-3,3-dimethyl-2-(3-
methoxyphenyl)methyl-4-piperidone (6, R, =
3-0OCH,;) is saponified and decarboxylated in an
ethanol/water mixture in the presence of
sodium hydroxide or hydrochloric acid or
sulphuric acid, with heating to reflux
temperature, to obtain the 2-(3-
methoxyphenyl)methyl-3,3-dimethyl-4-
piperidone-hydrochloride (7, R, = m-CH;0), the.
reaction product is isoclated and the
corresponding 2- (3-methoxyphenyl)methyl-3,3-
dimethyl-4-piperidone-hydrochloride is
precipitated with hydrochloric acid

H
|
N N
OY[HI\Q
(o]
o} R,
" 7

-

i



and b) t he ethyl 3-am no-4- (3-nethoxyphenyl)-2 2-
di et hylbut anoate (4, R err] =3 -OCCHerr], Rerr] = CH [ err] CH [ err] ﬁ

| AE T D

- 60 -

and

e) the stereoisomer mixture of the 2-(3-
methoxyphenyl)methyl-3,3-dimethyl-4-
piperidone-hydrochloride of type 7 (R, =
3-0CH;) thus obtained is dissolved in ethanol,
after the enantiomeric free bases have been
liberated, then mixed with D- (-)-tartaric
acid, and the desired (+)-2-(3-methoxyphenyl) -
methyl-3,3-dimethyl-4-piperidonium hydrogen
tartrate of type 8A (R, = 3-OCH;) is isoléted,
the mother liquor containing the unwanted
isomer is heated and in this way the unwanted
(-) -2- (3-methoxyphenyl) methyl-3,3-dimethyl-4-
piperidone (8B, R, = 3-OCH;) is thermally
converted into the desired (+)-2-(3- ,
methoxyphenyl)methyl-3,3-dimethyl-4-piperidone
(8a), mixed with D-(-)-tartaric acid and the
desired (+)-2-(3-methoxyphenyl)methyl-3,3-
dimethyl-4-piperidonium hydrogen tartrate of
type 8A (R, = 3-0OCH;) is crystallised by the
addition of isopropanol and the precipitate is
isolated and this procedure is repeated

This Sheet I-Ias Been RTlaced

[N




IS subjected wth ethyl

ended the reaction

‘acrylate to a M chael T additioen-—

et hoxycar bonyl et hyl ) am no- 4- ( 3- nethoxyphenyl)

reacti.on i.n ethanol as solvent, thﬁgm umis elim nat\ggegnt rﬂ’“ﬂm}"ﬂ”ﬂﬂ H"I

2-di met hyl but anoate (5,

=+

and

£)

Rierr] SCIHerUBf{ar]:

H
|
N “\‘\\_
(n;\
R
0 Rz

8a

2 —m

b

the pure (+)-2-(3-methoxyphenyl)methyl-3,3-
dimethyl-4-piperidonium hydrogen tartrate of
type 8A (R, = 3-OCH;) thus obtained is
liberated from the enantiomerically pure acid
addition salt and then subjected to a Wittig
reaction in tetrahydrofuran with methyl
triphenylphosphonium bromide in the presence
of potassium tert.-butoxide at a temperature
of 40°C, after the reaction is complete the
mixture is combined with water and with
dichloromethane, the aqueous phase is
extracted-exhaustively, the (+)-2-(3-
methoxyphenyl)methyl-3,3-dimethyl-4-methylene-

‘piperidine (9) is isolated and converted with

hydrochloric acid into the (+)-2-(3-

'methoxyphenyl)methyl—B,3-dimethyl—4-methy1ene—

piperidine hydrochléride of type 9 (R, =

This Sheet Has Been Re Ii
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CH err]CH err], and Rlerr] = CHerr]CHerr]) is isolated [err]
] -~ B g, _ \

ORI O o

3-0CH,)
(9)

H H

| |

N. ‘\\\\ N “\\\

— (n;k i Q
(o] Rz RZ
8 9
and

g) the (3-methoxyphenyl)methyl-3,3-dimethyl-4-
methylene-piperidine (9) (R, = 3-OCH;) obtained
from the Wittig reaction is liberated from its
hydrochloride and the free base is dissolved
in toluene and subjected with n-butylformate
to a formylation reaction at the piperidine
nitrogen and the (+)-N-formyl-2-(3-
methoxyphenyl)methyl-3,3-dimethyl-4-methylene-
piperidine of type 10 (R, = 3-OCH;) is isolated

(o)

H .
A
N \\\‘ ) N |\\‘\
E[;\ [[9\
R2 Rz

9

and

h) the (+)-N-formyl-2-(3-methoxyphenyl)methyl-
3,3-dimethyl-4-methylene-piperidine of type 10
(R, = 3-0OCH;) is dissolved in dichloromethane
and reacted with aluminium(IiI)chloride‘and

| |Iiii|e|t|ilii||Been Ileﬁaced




CH[err]CH err], Rerr] = CHerr]CHerr]) is subjected

and @) the ethyl 3- (2-ethoxycarbonylethyl)am no-4- (%\R[\r‘]\
met hexyphenyl ) - 2- di et hyl but anoate (5, Rerr] = 3- OCH‘err]

conditions of a Di ecknann ester condensation in tol Hmm I!!’!H”
presence of potassiumtert.-butoxide, the volatile ‘cohpome

the reaction m xture resulting from tée Teaction of cyclisation are
renoved by distillat ter whi ch_t he xture i ysed
and mixed with concentrth 2558FU¥ rérl@engﬁy Fh@ ?egﬁFpﬁﬁgyﬁlxture
is conbi ned with dletMybehhemoapﬂannbh type tOndRpt+ ad edCEWOIONI a

sol ution, the combined resulting from this reaction is isolated

N. -“\\\

a1
10

and

i) the (-)-2-formyl-3'-methoxy-5,9,9-trimethyl-
6,7-benzomorphan of type 11 (R, = 3'-CH;0)
resulting from the cyclisation is dissolved in
n-propanol and reacted with concentrated
hydrochloric acid and the (-)-3'-methoxy-
5,9,9-trimethyl-6, 7-benzomorphan of type 12 (R,
= 3'-CH;0) resulting from this reaction is
converted with hydrochloric acid into the
hydrochloride '

}

N

11 12
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organi c extracts are evaporated down and the

5- carbogthﬂxy 3, 3-di net hyl - 2- ( 3- nethoxypheﬁyl)neth;r_Z‘BrBEFTHBHE‘t6~—
I_?[gsr)r]_ [_err] 3-CCH err], Rerr] = CHerr]CHerr]) is '5Ollmﬂnm'”,"l”m,I”"I

- 64 -

and

j) after liberation of the free (-)-3'-methoxy-
5,9,9-trimethyl-6, 7-benzomorphan of type 12
(R, = 3'-CH;0) from the hydrochloride, the 3'-
methoxy function is converted with aqueous
hydrobromic acid into a free hydroxy function
under reflux conditions and the (-)-3'-
hydroxy-5,9, 9-trimethyl-6, 7-benzomorphan of
tYpe 1 is converted with hydrobromic acid into
the corresponding (-)-3'-hydroxy-5,9,9- '
trimethyl-6, 7-benzomorphan-hydrobromide of
general formula 13 (R, = 3'-OH) which
corresponds to general formula 1.

.12 i3

6. Process according to one of claims 1 to 5,
characterised in that, if R; denotes nitro; cyano, -NH,,
-NH (C,g-alkyl), -N(C,¢-alkyl), wherein the alkyl radicals
may be the same or different, -NH-acyl-(C;g-alkyl),
wherein acyl may also denote a benzoyl radical or an
alkyl-carbonyl radical having a branched or unbranched
lower alkyl radical having 1 to 6 carbon atom(s),
wherein the alkyl radical may be substituted by one or
more halogen atom(s) which may be the same or different,

a compound of general formula 12, wherein R, denotes

hydrogen is processed by methods known per se to give a
compound of general formula 13 which is functionalised
correspondingly.
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Patent Claims
New claims
1. A process for preparing norbenzomorphans of general

formula (1)

wherein R; denotes

hydrogen, C;.¢-alkyl, halogen, hydroxy, C,;.¢-alkoxy, a2 -
benzoyl group bound via an oxygen oxr an alkylcarboxyl

group having a straight-chained or branched C,..-lower

alkyl group, wherein the alkyl group may optionally be
substituted by one or more halogen atoms which may be

identical or ‘different,

nitro, cyano, NH,, NH{C;_ g~alkyl), N(C;_g-alkyl),, wherein
the alle groups may be identical or different, NH-acyl-
(C;.g-alkyl), wherein acyl denotes benzoyl or an
alkylcarbonyl group having a straight-chained or
branched C,_¢-lower alkyl group, and the aikyi group ﬁay
optionally be substituted by one or more halogen atoms
which may be identical or different, or the

. corresponding stereoisomer

which comprises cyclising a compound of formula (10)
0

R

i0



the 5

- car boet hoxy- 3, 3-di net hyl - 2- ( 3-

"
;Qbﬁﬁﬂlﬂfﬂﬁ"ﬂﬂlﬂﬂﬂﬂ | CE N ER R GG S

sodi um hy roxi d& of hydrochl oric acid or
decar boxyl ated with heat ing

2-(3-

pi peri done- hywllﬁ@.e@i@rkpeiéﬂotda[ eenoteamh@idregehn() C;iralkyl, halogeagti on
product is i sgl at giikgggr tRePzﬂyl dﬁmq}dlr oc%’f e é}ptép)g&phenyl )

et hyl

-3, 3-

sul phuric acid and

nmet hoxyphenyl ) net hyl -3, 3-di net hyl -

EIS

preci pi t at ed 3Lkl esgaiposnl Qg:r@u}aclmv x@grq st:ra:.ght -chained or

branched C;.q-lower alkyl group - wherein the alkyl group
may optionally be substituted by one or more halogen
atoms which may be identical or different, in an inert
golvent and in the presence of a lLewis acid to yield a-
compound of formula (11)

o

D

N

11

wherein R, is as defined above, followed by deformylation
under acidic conditions to yield a compound of formula

(12)

/H

N

i2

wherein R, is as defined above,

foliowed, if desired, and if R, represents the desired
group R, by isolation of the compound of formula (1) in
the form of its acid-addition salt and liberation of the
free base of this if desired,

or, where it is desired to produce a compound of formula
(1i_ in which R, is hydroxy and R, represents an alkoxy
group, the free base of formula (12) in which R, is

met hoxyphenyl ) rret(%?g‘"i;\

21'8,00

to02B8ef| ux tenperature, to obtain the
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e) the stereoi sonmer mxture of the 2-(3-

-~ 29 -

alkoxy is converted by ether splitting into a compound
of formula (1) in which R, is hydroxy, which may be
isolated in the form of the acid-addition salt or free

base,

and/or where it is desired to produce a compound of
formula (1) in which R; is nitro, cyano, NH,,
NH(C;.p~alkyl), N(Q,.¢~alkyl),, wherein the alkyl groups
may be identical ox-different, NH-acyl-(C,.g-alkyl),
wherein acyl denotes benzoyl oxr an alkylcarbonyl group
having a straight-chained or branched C;_¢-lower alkyl
group, and the alkyl group may optionally be substituted
by one or more halogen atoms which may be identical or
different, or the corresponding stereoisomer, a compound
of formula (12) in which R; is hydrogen is functionalised
by reactions known per gse in the art.

2. A proceas as claimed in claim 1 wherein the
compound of formula (10) or the corresponding
stereoisomer or an acid-addition salt of either thereof
is prepared from a compound of formula (9)

2

l“\

wherein R, is as defined in claim 1, by formylation with
a formylating reagent in an orxrganic solvent after
liberation of the free base.

3. A process as claimed in claim 2 wherein the
compound of formula (8) is prepared from a corresponding
compound of formula (8)

ﬁkﬂmﬂmm&

pi peridone-hydrochl ori de of\eet

nsquo



3- OCH[/m us ob "is dissolved in ethanol, after the
“enanti wj 7’” s have been. | i berated, then m xed with

D(-)- tar€ar the desired (+)-2-(3- nethoxyphenyl) -
met hyl - 3, 3 dlnethyl plperldonlun1hydrogen - tartrate of type 8A :”4é°“
(Rferr] = 3-OCHerr]) is isolated, : 28 mot her |iquor containing the
unmanted | soner is heated and I n th| way the unwant ed (-) -2-

( 3- net hoxyphenyl ) net hyl - 3, 3- di et hyl - pi peridone (8B, Rerr] =
3-CCHerr]) is thermally convéfted into the desired (+)-2-(3-

met hoxyphenyl ) net hyl - 3, 3- di net hyl - Q,plg-rid- e (8A), mxed with
D-(-)-tartaric acid and the esye - ( 3- met hoxyphenyl ) net hyl - 3, 3-

type 8A (Rlerr] =

di et hyl - 4- pi peri doni um hydrogen |tartfyate
on of isopropanol and the

3-OCH err]) is crystallised by th
precipitate is

' wherein R; is as defined in claim 2, in an inert organic
solvent by a Wittig reaction serving to introduce a
methylene group in place of the carbonyl group, the free
base of the compound of formula (8) being first
liberated from any acid-~addition salt by treatment with
base.

4. A procegs as claimed in claim 3 wherein the desired
stereoisomex of the compound of formula (8) is prepared
from a stereoisomeric mixture of. the compound of formula

{7) in the form of its free base

H
|

N.

o1

wherein R, is as defined in claim 3, by addition to the
mixture of a stereoisomer of an optically active organic
acid which forme an optically active acid-addition salt
with the desired stersoisomer of the compound of formula
«(7) in a reaction medium inert to enantiomer separation,
followed by imolation of the said salt and thermal
conversion of remaining undesired stereoisomer of
formula (7) into deaired stereoisomey, followed by
further addition to the resulting mixture of the said
opt;cally active organic acid to form further optically
active acid-addition salt with the desired stereoisomer
of the compound of formula (7) and isolation of this,
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followed by repetition of the cycle as necessary and

degired.
S. A process as claimed in ¢laim 4 wherein the
compound of formula (7) is prepared from a compound of
formula (5) r4
o o /Ra
o .
o
N
R

wherein R, is as defined in claim 4 and R; and R, may be
the same or different and denote benzyl or lower alkyl,
by a cyclisation under conditions of a Dieckmann ester
condensation in the presence of a base, to form a
campound of formula (6)

Z—n

whgrein R, and R, are as defined above, followed by |
saponification under acid or alkaline conditions in a
éolar solvent or solvent mixture and decarboxylation at
elevated temperature to yield the compound of formula
(7) or an acid-addition salt thereof.

6. A process as claimed in claim 5 wherein the
compound of formula (S5) is prepared from a compound of

formuyla (4)
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wherein R, and R; are as defined in claim §, by a Michael
addition reaction with a bengyl or lower alkyl acrylate.

7. A procesgs as claimed in claim 6 wherein the
compound of formula (4) is prepared by reaction of a
benzyl cyanide of foxmula (2) wherein R; is as defined in
claim 6 with a bromoisobutyl butyrate of formula (3)
wherein R, is as defined in claim 6

under conditions of a Reformatgky reaction in the
presence of an alkylhalosilane and zinc powdexr in an
inert solvent in the presence of a reducing agent
selective with regard to reduction of imino functions.

8. A process as claimed in any of claims 1 to 7
wherein the inert solvent in the cycligation is a
haléhydrocarbon, the Lewis acid is an oxganic acid

or an Al(III) balide, the deformylation reaction takes
plage in an alkanol and the acid-addition salt formed is

that of an inorganic acid.



he—ptre—(=+7=2- ( 3- et hoxyphenyl ) met hyl - 3, 3-

and )

acid

tetrahydrofuran wth nethyl

presence

+
L

“di met hyl - | ' ' hydr ogen tartrate of type 8A (Rlerr] =3
- OCH en Ill m milﬂ UWd S liberated fromthe enantionerically pur
* MOIl's and then subjected to a Wttig reaction in aﬁhﬁo

tri phenydgphosphoni um brom de in the
of potassiumtert.-butoxide at a tenperature
9. A process ag claimed in any of claime 1 to 8

wherein the inert solvent in the cyclisation is
dichloromethane, the Lewis acid is methane sulphonic
acid or aluminium(III) chloride, the cyclisation'is
effected at not higher than -5°C, the deformylation
reaction takes place in n-propanol and the acid-addition
salt formed is that of hydrochloric acid.

10. A process as claimed in any of claims 2 to 9
wherein the organic solvent in the formylation reaction
is an alkyl aromatic compound and the formylating agent
is_an alkyl formate.

1. A process as claimed in any of claims 2 to 9
wherein the organic solvent in the formylation reaction
is toluene and the formylating agent is n-butyl formate.

12. A procesa as claimed in any of claims 3-to 11
wherein in the Wittlg reaction, reaction is carried out
in a cyclic ether with a methyl triphenylphosphonium
halide at a temperature of from 20 to 60°C in the
presence of an alkali metal alkoxide, followed by mixing
of the reaction mixture with water and a haloalkane and

exhaugtive extraction.

13. A process as claimed in any of claims 3 to 12
wherein in the Wittig reaction, reaction is carried out
in tetrahydrofuran with methyl triphenyl phosphonium
bromide at a temperature of 40°C in the presence of
potassium t-butoxide, followed by mixing of the reaction
mixture with water and dichloromethane and exhaustive

extraction.

14. A process as claimed in any of claims 4 to 13
wherein the reaction medium inert to enantiomexr
separation is a C,., alkanol, the optically active
organic acid is selected from malic, tartaric, mandelic

Q§§E@MMM&
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of 40[err]C after the reaction is conplete the m xture is i“) ’ﬁkbuummm&

“with water and with tﬂgc?l-'_;)rczjm(agtlane t he aqlﬂ“‘“nm;‘“““‘““\

extracted exhaustively,
met hoxyphenyl ) net hyl - 3, 3- di net hyl - 4- net hy] ene- pﬁpéTl&lne (9) is 2 ﬁbﬂ
| sol ated and converted with hydrochl ic acid into the (+)-2-(3-

3, 3-di.neth t hyl ene--
thhoxyphenyl%gpté%phor sdfn% ﬁéc aJ“E %n% non-gsolvent comprising
a C;.3 alkanol is used to aspeist ipolation of the salt of
the desired stereoisomer with the optically active

organic acid.

15. A process as claimed in any of claims 4 to 14
wherein the reaction medium inert to enantiomer _
separation is ethanol, the optically active organic acid
is D- or L-tartaric -acid and a non-solvent which is used
to assist isclation of the galt of the desired
stereoisomer with the D~ or L-tartaric acid is

isopropanol.

16. A process as claimed in any of claimg 5 to 15
wherein the cyclisation under Dieckmann ester
condensation conditions is carried out in an aliphatic
or aromatic hydrocarbon -in the presence of an alkali
metal alkoxide of a ¢, 4 alkanol, volatile components of
the reaction mixture are eliminated by distillation
followed by hydrolysis of the mixture and mixing with
aqueous inorganic acid, and combination of the resulting
mixture with a water-immiscible dialkyl ether and
aqueous ammonla, -and evaporation of organic extracts.

17. A process as claimed in any of claime S to 16
wherein the cyclisation under Dieckmann ester
condensation conditions is carried out in toluene in the
presence of potagsium t-~butoxide, volatile compounds are
eliminated by distillation followed by hydrolysis of the
mixture and mixing with hydrochloric acid, and
combination of the mixture with diethyl ether and
aqueous ammonia, and evaporation of organic solvents.
18, A process as claimed in claim 16 or claim 17 -
wherein saponification is carried out in a polar solvent
comprising a mixture of C, , alkanol and water, acid
conditions are provided by an inorganic acid, and



pi peri di ne hydrochloride of type 9 (Rlerr] = 7‘~_—3_‘_CCHF€fff%—ferrﬁ%q%umuma
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alkaline conditions are provided by an alkali metal

hydroxide,

19. A process as claimed in claim 16 or claim 17
wherein saponification is carried out in a mixture of
ethanol and water, in the presence of sulphuric or
hydrochloric acid, or of sodium hydroxide.

20. A process as claimed in any of claims 6 to 12
wherein the Michael addition reaction is carried out in
a Cy., alkanol followed by elimination of any solvent

medium.

21. A process as claimed in any of claims 6 to 19
wherein the Michael addition reaction is carried out in
ethanol as solvent, followed by elimination of any

" solvent medium.

22. A process as claimed in any of claims 7 to 21
wherein the reaction of the benzyl cyanide of formula
(2) with a bromoisobutyl butyrate of formula (3) is
carried out in the presence of a trialkylhalosilane and
zinc powder in an ether and haloalkane at elevated
temperature, followed by removal of the zinc powder,
reduction with a complex alkali metal borohydride and
extraction and igolation of the compound of formula (4).

23. A process as claimed in any of claimg 7 to 21
'wherein the reaction of the benzyl cyanide of formula
(2) with a bromoisobutyl butyrate of formula (3) is
carried out in dichloromethane diluted with
tetrahydrofuran, the alkylhalosilane is
chlorotrimethylgilane, the selective reducing agent is
gsodium cyanoborohydride, the zinc powder is removed.
after the reaction and prior to the selective reduction,

and. the compound of formula (4) is extracted and

isolated.
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Wttig reaction is liberated fromits hydrochl oride by *the additich

al kali and the free base is dissolved in toluene and subj ect ede2gop
wWith n-butylformate to a reaction of - 3@ornylation at the piperidine
nitrogen and the (+)-N-fornyl-2-(3-nmet hoxyphenyl ) net hyl -3, 3-

di net hyl - 4- neehyl ene pricpeisisdiaze chbimede ihOclBiar 22 or claim-gX¥Herr]) is

I sol at ed [errbherein the extraction and isolation of the compound of
formula (4) is carried out by diluting the mixture
obtained after gelective reduction with a C; 4 alcohol
and then with aqueous ammopia solution, separating and
evaporating down the organic phase, taking up the
residue in an aliphatic or aromatic hydrocarbon,
extracting the solution obtained with an agueous
solution of an inorganic acid, making the combined
aqueous extracts alkaline with aqueous ammonia solution,
extracting the alkaline solution with a halohydrocarbon

and evaporéting down.

25. A process as claimed in claim 22 oxr 23 wherein the
extraction and isolation of the compound of formula (4)
is carried out by diluting the mixture obtained after
selective reduction with ethanol, mixing with
concentrated aqueous gmmonia solution, separating and
evaporating down the organic phase, taking up the
residue in toluene, extracting the solution obtained
with 2N hydrochloric acid, making the combined aqueous
extracta alkaline with concentrated agqueous ammonia
solution, extracting the alkaline solution with a
dichloromethane and evaporating down.

26. A process as claimed in any of claims 1 to 25
wherein the group R, represents a methoxy group.

27. Process for preparing norbhenzomorphan of general
formula 1 wherein R, denotes a hydroxy group in the 3'-
position, according to claim 4, characterised in that

-a) . a benzylcyanide of general formula 2 wherein R,
denotes a methoxy group in the 3-position is
reacted with ethyl bromoisobutylbutyrate (3) )
in the presence of chlorotrimethylsilane and
zinc powder in dichloromethane after dilution



and Ry The—(+)—=N-formyl - 2- (3- met hoxyphenyl ) net hyl - Regutenesk
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with tetxrahydrofuran, the rxeaction mixture is
heated, left to cool after the reaction has
ended, the zinc powder is geparated off and
the reaction mixture is combined with éodium
cyanoboxrohydride and then diluted with ethanol
and then mixed with concentrated aqueous
ammonia solution, the organic phase is
separated off and evaporated down, the residue
is taken up in toluene, the sclution obtained
is extracted with 2N hydrochloric acid, the
combined aqueous extracts are made alkaline
with concentrated aqueous ammonia solution,
this alkaline solution is extracted with
dichloromethane and the resulting ethyl 3-
amino-4- (3 -methoxyphenyl) -2, 2~dimethyl -
butanoate (4, R, = 3-OCHy, Ry = CH,CH,-) is
isolated

*and

b) the ethyl 3-amino-4- (3-methoxyphenyl)-2,2-
dimethylbutanoate (4, R, = 3-OCH;, R; = CH3CH,-)

- is subjected with ethyl acrylate to a Michael
addition reaction in ethanol as solvent, then
when the reaction hag ended the reaction -
medium is eliminated and the ethyl 3-(2-
ethoxycarbonylethyl)amino-4-~ (3-methoxyphenyl) -



(R[é‘rr‘——ﬁ—eeHPeLL;;_Ls di ssol ved in dichl oronet hane and rea&&§d¢w@&&
falun1 chlorlde and t he

” y-5,9, 9- trlnethyl 6, 7- benzonor phan, of type
(R[ern resulting fromthis reaction is isolated [eﬁﬁﬂgbo

and

c)
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2-dimethylbutancate (5, R; = 3-0CH;, R; =
CH3CH,, and R, = CH;CH.) is jisolated

[+
0 /R3

(¢]
3 Eif::f;I,JZ:=o
— NI
RI
]

the ethyl 3-{Z-ethoxycarbonylethyl)amino-4-(3-
methoxyphenyl)-z-dimethylbutanoaté'(5, R, =
3-OCH;, R; = CHCH;, R, = CH;CH;) is subjected
to the conditions of a Dieckmann estexr
condensation in toluene in the presence of
potassium tert.-butoxide, the volatile
components of the reaction mixture resylting
from the reaction of cyclisation are removed
by distillation, after which the mixture is
hydrolysed and mixed with concentrated
hydrochloriq acid, the resulting mixture is-
combined with diethylether and with
concentrated ammonia solution, the combined
organic extractg are evaporated down and the
5-carboethoxy-3,3-dimethyl-2- (3~
methoxyphenyl)methyl-4-piperidone (6, Rg =
3-OCH,, Ry = CH,CH,) is isolated |



and 1) -)-2-for I43'-nethoxy-5,9,9-trinethyl--
S RN

S
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and

d) the S5-¢arboethoxy-3,3-dimethyl-2-(3-
methoxyphenyl)methyl-4-piperidone (6, R; =
3-0CH,, R, = CH;CH,). is saponified in an
ethanol/water mixture in the presence of
sodium hydroxide or hydrochloric acid ox
sulphuric acid and decarboxylated with heating
to reflux temperature, to obtain the 2-(3-
methoxyphenyl)methyl-3,3~dimethyl-4-
piperidone-hydrochloride (7, R, = m-CH;0), the
reaction product is isoclated and the
corresponding 2-(3-methoxyphenyl)methyl-3,3-
dimethyl-4-piperidone-hydrochloxide is
precipitated with hydrochloric acid

Vefoenon

Sheed
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han of type 11 (Rerr] =3 -CHerr]O resul ting froﬁa hﬂaww&
W@W! Mmm"fd I n n- propanol and reacted with concentrat ed5:>\eek

bycll
hydr:oc he (-)-3'-methoxy-
5,9,9-tri met hyl " 637 Benzonor phan of type 12 (Rlerr] =3 -CHerr]O
resulting fromthis reaction is converted with hydrochloric acid into
t he hydr ochl oride [err] - 40 -

and

e) the gstereoisomer mixture of the 2-(3-

methoxyphenyl) methyl-3,3-dimethyl-4- -
piperidone-hydrochloride of type 7 (R, =
3-0OCH,) thus obtained is dissolved in ethanol,
after the enantiomeric free bases have been
liberated, then mixed with D-(-)-tartaric
acid, the desired (+)-2~(3-methoxyphenyl) -
methyl-3,3-dimethyl-4-piperidonium hydrogen
tartrate of type 8A (R; = 3-OCH,) is isolated,
the mother liquor containing the unwanted
igomer is heated and in this way the unwanted
(-) -2- (3-methoxyphenyl)methyl-3,3-dimethyl-4-
piperidone (8B, R; = 3-OCH;) is thermally
converted into the desired (+)-2-(3-

.methoxyphenyl)methyl-3,3-dimethyl-4-piperidone

(8a), mixed with D-(-)-tartaric acid and the
desired (+)-2-{3-methoxyphenyl)methyl-3,3-
dimethyl-4-piperidonium hydrogen tartrate of
type 8A (R, = 3-OCH;) is crystallised by the
addition of isopropanol and the precipitate is
igolated and thig procedure is repeated

]oo



- 44 - and )y —after—tiberation of the free (-)-3'- - met hoxy- Replacement
*5,9, 9- tr Em’ @nzom)rphan of type 12 (Rl err] 3'-CHerr]O el

t he hydr met hoxy function is converted W th aqueOU§g!*m
hydr obr ontc aci ree hydr oxy function under reflux conditions
and the (-)-3'- hydr oxy-5, 9, 9-tci gethyl -6, 7- benzonor phan of type 1
Is converted with hydrobromc acid into t he correspondi ng
(-)-3"-hydroxy-5,9, 9- trimethyl -6, 7- benzonor phan- hydr obrom de of
general formula 13 (Rerr] = 3'-0H) which corresponds to general
formula 1.
H H
[ |
N N “‘\
—_— Lo
o} R’ 0 Rz
? “A
14
[
N
o R,
b -]
and

£) the pure (+)-2-(3-methoxyphenyl)methyl-3,3-
dimethyl-4-piperidonium hydrogen tartrate of
type 8A (R, = 3-OCH;) thus obtained is
liberated from the enantiomerically pure acid
addition salt and then subjected to a Wittig
reaction in tetrahydrofuran with methyl
triphenylphosphonium bromide in the presence
of potassium tert.-butoxide at a temperature
of 40°C, after the reaction is complete the
mixture is cowbined with water and with
dichloromethane, the agueous phage is

- extracted exhaustively, the (+)-2-(3-
methoxyphenyl)methyl-3,3-dimethyl-4-methylene-
piperidine (9) is isolated and converted with
hydrochloric acid into the (+)-2-(3-
methoxyphenyl)methyl-3,3-dimethyl-4-methylene-
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piperidine hydrochloride of type 9 (R, =

3 - OCI'IB )
i B |
ol .\\\\ N- |“‘\
0 R _ R,

and

g) the (3-methoxyphenyl)methyl-3,3-~dimethyl-4-
methylene-piperidine (9) (R, = 3-OCH;) obtained
from the Wittig reaction is liberated from its
hydrochloride by the addition of alkali and
the free base is dissolved in toluene and
gubjected with n-butylformate to a reaction of
formylation at the piperidine nitrogen and the
(+) ~N-formyl-2- (3-methoxyphenyl)methyl-3,3-
dimethyl-4-methylene-piperidine of type 10 (R,
= 3-0CH,;) is isolated

o

i N
‘ N .“\‘\ N 1“\\
. Rz | Rz
9 20 .

" and )

ﬁ) the (+)-N-formyl-2-(3-methoxyphenyl)methyl-
' 3,3-dimethyl-4-methylene-piperidine of type 10
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(R, = 3-0CH,) is_dissolved in dichloromethane
and reacted with aluminium(III)chloride and
the (-)-2-formyl-3'-methoxy-5,9,9-trimethyl-
6,7-benzomorphan of type 11 (R, = 3'-CH,;0)
resulting from this reaction is isolated

1
1

and )

i) the (-)-2-formyl-3'-methoxy-5,9,5-trimethyl-
6,7-benzomorphan of type 11 (R, = 3'-CH0)
resulting from the c¢yclisation is digsolved in
n-propanol and reacted with concentrated
hydrochloric acid and the (-)-3!'-methoxy-
5,9,9-trimethyl-6,7-benzomorphan of type 12 (R,
= 3'-CH;0) resulting from this reaction is
converted with hydrochloric acid into the
hydrochloride

W

1 _ 12
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and

3) after liberation of the fxee (-)-3'-methoxy-
5,9,9-trimethyl-6,7-benzomorphan of type 12
(R, = 3'-CH,0) from the hydrochloride, the 3'-
methoxy function is converted with aqueous
hydrobromic acid into a free hydroxy function
under reflux conditions and the (-)-3'-
hydroxy-5,9,9~trimethyl-6,7-benzomorphan of
type 1 is converted with hydrobromic acid into
the corresponding (-)-3!-hydroxy-5,9,9-
érimethyl-s,7-benzomorphan-hydrobromide of
general formula 13 (R, = 3'-OH) which
corresponds to general formula 1.

2 . o
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wherein the alkyl groups may be identical or
different, NH—acyl—(Cbﬂ—alkyl), wherein acyl
denotes bénzoyl or an alkylcarbonyl group having a
straight-chained or branched C.¢-lower alkyl group,
whilst the alkyl group may optionally be
substituted by one or more -halogen atoms which may

be the same as one another or different from one

another.

Unless otherwise specifically stated, the general

definitions are used as follows:

Ci-s-alkyl or C;g-alkyl generally denotes a branched or
unbranched hydrocarbon group having 1 to .6 or 1 to 8
carbon atoms, which may optionally be substituted by- one
or moré halogen atbms, preferably fluorine, which may be
the same as or different from one another. The
following hydrocarbon gfoups'are mentioned by way of
example: | ' o

methyl, ethyl, propyl, l-methylethyl (isoproéyl), butyl,
l-methylpropyl, 2-methylpropyl, 1,1-dimethylethyl,
pentyl,ll—methylbutyl, 2-methylbutyl, 3-methy1buty1,
1,1l-dimethylpropyl, 1,2-dimethylpropyl, 2,2- }
dimethylpropyl, l-ethylpropyl, hexyl, l-methylpentyl,
2-methylpentyl, 3-methy1péntyl, 4-methylpentyl, 1,1-
dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl,
2,2~dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl,
l-ethylbutyl, 2-ethylbutyl, 1,1,2-trimethylpropyl,
1,2,2-trimethylpropyl, l-ethyl-l-methylpropyl and 1-
ethyl-2-methylpropyl. Unless otherwise stated, lower
alkyl groups having 1 to 3 carbon atoms such as methyl,
ethyl, propyl and isopropyl are preferred.

Acyl generally denotes benzoyl or alkylcarbonyl groups -
" such as straight-chained or branched lower alkyl having
1 to about 6 carbon atoms, which are bound via a
carbonyl group, the alkyl group optionally being
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1 (54) Title: METHOD OF PREPARING NORBENZOMORPHANE AS AN INTERMEDIATE IN THE PREPARATION OF PHAR-

MACEUTICALLY USEFUL BENZOMORPHANE DERIVATIVES, IN PARTICULAR (-)<(1R,55,2"R)-3'-HYDROXY-2-(2-
METHOXYPROPYL)-5,9,9-TRIMETHYL-6, 7-BMMORPHANE —

549 Beulchmmg NEUES VERFAHREN ZUR HERSTBLLUNG VON NORBENZOMORPHAN EINER ZWISCHENSTUFB BE!
HERSTELLUNG VON PHARMAZEUTISCH WERTVOLLEN BENZOMORPHANDERIVATEN, INSBESONDERE
VON (-)-(IR,5S,2"R)-3"-HYDROXY-2-(2-METHOXYPROPYL)-5,9.9-TRIMETHYL-6,7-BENZOMORPHAN

(7)) Absiraet

the ral - intermediate '

farmula (1), in particular R

()-(IR,55,2"R)-3"-hydroxy-

2-(2-methoxypropyl)-5,9.9-

trimethyl-6,7-benzomorphane  or

[(-)«(2R.65,2'R)-3-(2-methoxypropyl)-6,1 1,11-trimethyl-1,2,3,4,5,6-hexahydro-2, 6-mﬂmnobenzo[a]oxacm—9—ol] (BIIT 277).

{§7) Zusammenfassung

Die vorliegende Erfindung bemifft ein nenes Verfahren zur Herstellung von Norbenzomorphan - der zentralen ZWMhensmfe bei
der Herstellung von pharmazeutisch wertvollen Benzomorphanderivaten der allgemeinen Formel (1), insbesondere von (-)-(IR,58,2'R)-3'-
Hydroxy-2-(2-methoxypropyl)-5,9 9-mmethyl-6,1-benzomoxphan bzw. {(-)-(2R, 68.2’R)-3—(2-Methoxypmpyl)-6 11,11-trimethyl-1,2,3,4,5,6-
hexahydro-2,6-methano-benzo[e Joxacin-9-ol) (BIN 277). .




